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Dedication

The International Society for the Study of the Lumbar Spine (ISSLS) is a unique organi-
zation.  Its membership includes representatives from all the continents who come together
yearly to discuss their unique perspectives on all facets of lumbar disease.  It is an organi-
zation that thrives on discussion and whose members have dedicated their professional
lives to advancing the knowledge of spine disease so that people may live active and pro-
ductive lives.  Many of the membership, past and present, were and are “household names”
in the spine world who, through their research and teaching, have made significant contri-
butions to our understanding of the spine.  Many others who are not “household names”
have also contributed to advancing our knowledge through their active participation in the
society.  This third edition of the ISSLS textbook is dedicated to the following members
who have passed on; each of them has contributed through their research, teaching, and
discussion that are reflected in the pages of this third edition: Alf Breig, Alexander Brod-
sky, John Bromley, Ralph Cloward, Stephan Dorhring, George Dommissee, Alan Dwyer,
George Ehni, Harry Farfan, Harry Fahrni, William Fielding, Edward Froning, Jacob Gra-
ham, Beckett Howorth, Carlyle Hudson, Shunichi Inoue, Bernard Jacobs, Rae Jacobs,
Henry LaRocca, Bruno Lassale, Ian MacNab, John McCulloch, James Morris, Philip
Newmann, William Park, Homer Pheasant, Frank Raney, Lester Russin, Antonio Martino,
David Selby, Lyman Smith, Arthur Thibodeau, Henk Verbiest, Henrik Weber, Thomas
Whitecloud.

The Editorial Board on behalf of the ISSLS membership
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Preface

This third edition of the International Society for the Study of the Lumbar Spine textbook represents a
complete revision of the prior edition. A significant amount of new information is included— from the
basic science of spine disease to surgical management of lumbar disorders. The members of this soci-
ety who have contributed their excellent work are also the ones whose research has led to the many
advances in the care and management of spinal disorders. This is an inclusive textbook emphasizing the
basic science behind the clinical problems we face on a daily basis; it is comprehensive and covers all
facets of the diseases that affect the lumbar spine. We are grateful to all the members of this society who
have contributed chapters in order to make this the authoritative textbook on the lumbar spine. 

This book is intended for all physicians and allied personnel who care for patients with low-back dis-
orders. Hopefully, it will answer all the questions that the reader has to better understand the etiology,
pathophysiology, clinical diagnosis, and management of lumbar disease.

Harry N. Herkowitz, M.D.
Jiri Dvorak, M.D.

Gordon R. Bell, M.D.
Margareta Nordin, Dr.Sci., P.T., C.I.E.

Dieter Grob, M.D.
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CHAPTER 1

Epidemiology and the Economics 
of Low Back Pain

Alf Nachemson

Epidemiology is critical to understanding the scope of a
problem and gives information about its magnitude and
the demand on medical and social resources. It is
extremely important in our industrialized societies and
gives information on the natural history, important for
patient counseling about prognosis. It can also identify
risk factors, both individual and external, which is
beyond the scope of this chapter. It is also of importance
to demonstrate both the societal burden of the ailment
and its severe consequences for the individual quality of
life (1).

Most studies in the literature talk about prevalence
which is the percentage of people in a known population
who have the symptom during a specified period. Point
prevalence is the percentage who has pain on the day of
the interview. One-month or one-year prevalence is the
percentage who has pain at sometime within the past
month or the past year. Lifetime prevalence is the per-
centage who can remember pain at sometime in their life.
Incidence is the percentage of people in a known popula-
tion who develop new symptoms during a specified
period of time. It is commonly applied to those who
report injuries or present for health care within a speci-
fied period.

Most recent surveys define low back pain as pain
occurring between the costal margins and the gluteal
folds. Some surveys use a diagram to show pain areas.

Back pain has often been defined differently. Epidemi-
ologic rates for “back symptoms,” “back disability,” or
“health care for back pain” respectively can all differ
dependent of study sample.

Another major limitation of defining back pain is that
surveys depend entirely on individual’s own report of pain
and disability, which is open to subjective bias, particu-
larly when one is reporting from a disliked working envi-
ronment. There may be recall bias: the longer ago the time
of back pain is asked about, the more unreliable the

answer. People with more severe trouble may be more
likely to include earlier information within the period of
the question (2–4) and present pain when questioned
increases recall of earlier periods (5). Official statistics
may overcome this problem to provide more accurate data
about work loss, health care use, sickness verification and
benefits, but these usually give lower rates for each of
these than self-reports from population surveys (6). For
example, a Danish study showed that only 25% of those
reporting lower back pain in the past month ever visited a
health care practitioner and less than 5% received sickness
benefits; i.e., collecting unemployment (7).

There may also be sampling bias. Many surveys study
selected group(s) of workers or patients, who may not be
representative of the general population. 

Raspe (8), Shekelle (9), and Andersson (2) reviewed
altogether several hundred epidemiologic studies of low
back pain from North America, Great Britain and Europe,
in particular the Scandinavian countries. Because many
of the surveys do not ask comparable questions, they give
different results. Thus, the definition of morbidity chosen
for the survey is of importance for the resulting frequency
of pain.

The best available evidence on the epidemiology of
low back pain is from large, representative, population
surveys (2,10–19). Most recent surveys have used similar
wording for their questions, and many have asked about
pain lasting more than 24 hours, to exclude minor or
passing symptoms.

Many international surveys of low back pain report a
point prevalence of 15% to 30%, a 1-month prevalence
between 19% and 43%, and a lifetime prevalence of
about 60% to 80%. The exact figures in different studies
appear to depend mainly on the wording of the question
rather than any difference in the people studied (Table 1-
1). What is clear, however, are the similarities of preva-
lence at any age, from 10 to 90 years of age.
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The Nuprin Pain Report (17) found that 56% of Amer-
ican adults said they had at least one day of back pain in
the last year. Fourteen percent had pain for more than 30
days in the year. Back pain was the second most common
pain after headache. Most back pain was mild and short-
lived and had very little effect on daily life, but recur-
rences were common. The most recent larger population
study from Canada reported 8% with significant back
pain in a 6-month period (20).

Von Korff et al. (18) found that 41% of American
adults between the ages of 26 and 44 years had back pain
in the last 6 months. Most people had occasional short
attacks of pain, but they reported that they had had these
attacks over a long period. Their pain was usually mild or
moderate and did not limit their activities.

Some British surveys give comparable figures; Mason
(21) found point prevalence around 15%, 1-month preva-
lence of 40%, and lifetime prevalence of 60%. Walsh et
al. (19), Mason (21), and Papageorgiou et al. (13) found
an almost identical lifetime prevalence of 60%, the same
as reported in Belgium (16). In Tibet rural population the
point prevalence was 34% and 12-month prevalence was
42% (22).

Population surveys suggest that the age of onset of
back pain is spread fairly evenly from the teens to the
early 40s. It is uncommon to develop nonspecific low
back pain for the first time after the mid-50s. However,
several recent studies of children show a higher preva-
lence of back pain than previously realized (Table 1-1).
Brattberg (23,24) carried out a longitudinal study of 471
schoolchildren aged 10, 13, and 15 years in the county of
Gävleborg in Sweden. In each year’s survey, about 26%
of children said they had back pain, but only 9% of the
children reported back pain in both surveys in 1989 and
1991. Burton et al. (25) prospectively studied 216 ado-
lescents from 11 through 15 years of age. Only 12% of
11-year-olds said they had ever had back pain, but by age
15 this number rose to 50%. The back pain these children
describe was usually recurrent but did not deteriorate

with time. Adolescents appear to have about the same
prevalence of back pain as adults, but it is rarely disabling
and few seek health care. Burton et al. (25) suggest that
most adolescent back trouble should be considered a nor-
mal life experience and should not have undue signifi-
cance attached to it. There is no evidence on whether it
predicts low back trouble in adult life. The study by
Hellsing (26) of 19-year-old conscripts suggests the same
finding when they were followed up to 10 years later.

The General Survey on Living Conditions in Sweden
(27) found that neck and back problems are among the
most common causes of “chronic sickness.” About 3% to
5 % of the population between the ages of 16 and 44
years and 11% to 12% of those between the ages of 45
and 64 years report back problems as a “chronic sick-
ness”. For those between the ages of 65 and 84 years the
frequency of back pain is somewhat reduced or 9% to
11%, although Brattberg (28,29) reported a higher preva-
lence of 45%. Back trouble is the most common cause of
chronic sickness in both men and women under age 64
and the second most common cause of sickness for those
between the ages of 65 and 74. Only circulatory system
problems are more common among those in the 65+ age
group. There is a slight increase over time of back pain in
the general population according to the General Survey
on Living Conditions (27). As an average for the popula-
tion between 16 and 84 years (men and women), 6.5%
reported back pain symptoms in 1985 compared to 8.0%
in 1994. Linton et al. (30), in a study covering subjects
living in the middle part of Sweden, but limited to sub-
jects 35 to 45 years of age, found even higher prevalence
figures, although these were probably dependent on how
the questions were asked. 

Other Scandinavian studies (3,31–33) have all de-
scribed point prevalence of around 30%, 1-year preva-
lence of around 50%, and lifetime prevalence up to 80%
or more. 

The traditional clinical classification of back pain is
acute, recurrent, and chronic, but recent epidemiologic
studies show that back pain is usually a recurrent, inter-
mittent, and episodic problem. Croft et al. (12,34) suggest
that the most important epidemiologic concept, and also
an important clinical concept, is the pattern of back pain
over long periods of the individual’s life, and that the
experience of back pain may be better expressed as the
total days of pain over 1 year. Von Korff et al. (18) also
described this recurrent trait in back symptoms in the
United States, as have others (35,36). 

WORK LOSS DUE TO BACK PAIN

It is difficult to get accurate information on the amount
of work loss attributed to back pain. In many countries,
including Sweden since 1991, the first 2 weeks of sick
pay are paid by employers who hold the data individually
and do not return any statistics to any central authority.
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TABLE 1-1. One-month back pain prevalence at different
ages and in different countries

Age (yr) Country Yes (%)a

10–15 Sweden 40
12–15 France 50
15–18 Switzerland, Finland 32
25–35 Sweden, Denmark, Great Britain 35
40–50 Great Britain, Germany, Sweden, 40

Finland, Tibet
40–60 Austria 68
55–65 Great Britain, Holland 30
70–85 Sweden 45
85+ Sweden 40

aPercentage of individuals who responded “yes” to the
question, “Have you had any low back pain in the last
month?”



Social security data contain claims and benefits paid,
which depend on entitlement. The recent monograph by
Waddell et al. (37) goes to unsurpassed length to describe
this. The back pain absenteeism from no less than 13
countries was compared, demonstrating differences as
well as similarities. There is little, if any evidence to sug-
gest any physical basis to the overall level of reported
back pain or disability in any of the examined industrial-
ized societies. Instead, cultural, societal, and economic
factors seem to play a more important role. According to
the Waddell report, “There is now extensive evidence that
psychosocial factors are more important than any physi-
cal changes in the back for development and maintenance
of chronic pain and disability” (37).

In the 1970s, Valkenburg and Haanen (38) conducted a
study in Zoetermeer, Netherlands of 6,500 men and
women 20 years of age and older and provided data as seen
in Table 1-2. These authors performed a physical and X-ray
examination that demonstrated increasing “degenerative”
changes with age that were not directly related to disabil-
ity. Many others have since supported these findings.

Andersson (2) found that back problems were the most
common cause of activity limitation in adults under age
45 and the fourth most common in those between the
ages of 45 to 64. Seven percent of adults reported a dis-
ability due to their back or due to both their back and
other joint problems that limited their activities for an
average of about 23 days each year. These figures suggest
that 7% to 14% of U.S. adults have some disability due to
back pain for a least 1 day each year, and just over 1% of
Americans are permanently disabled by back pain and
another 1% are temporarily disabled by back pain at any
one time. These figures have been confirmed by Murphy
and Volinn (39), with little observable change over the
years studied.

Walsh et al. (19) conducted a population survey using
clinical measures of low back disability based on eight
activities of daily living. The 1-year prevalence of a dis-
ability score of 50% or more was 5.4% for men and 4.5%
for women, while the lifetime prevalence was 16% and
13%, respectively. The 1-year prevalence of time off work
because of back pain was 11% for men and 7% for
women, while the lifetime prevalence was 34% and 23%,
respectively.

The South Manchester Study (14) found that 8% of
adults said they had bed rest for back pain at some time
in the past 12 months. However, these figures are again
self-reports about what people said they did about back
pain, not the treatment they received.

The Clinical Standards Advisory Group (40) estimated
that work loss due to back pain in the United Kingdom in
1993 was about 52 million days, while 106 million days’
sickness and invalidity benefits were paid for back pain.
However, there was only overlap of 7 million days be-
tween these two groups. Most of the workers who lost
short periods of work were paid by their employers, did
not receive any state sickness benefits, and did not appear
in the official statistics, while most of the benefits went
to people who were not employed (41).

Guo et al. (42) provide the best estimate of work loss
due to back pain in the United States, using data on 30,074
workers from the National Health Interview Survey. In
1988, about 22.4 million people, or 17.6% of all U.S.
workers, lost an estimated 149 million days of work due to
back pain. This can be compared to the very recent figures
in Sweden that claim the world record of sickness absence
in recent years. Short-term sickness of less than 1 year was
registered for a total of 380,000 workers in a population of
4.4 million of working age; and 480,000 subjects were sick
more than 1 year or permanently disabled in 2001 (43,44).
According to Murphy and Volinn (39), the prevalence of
back illness has not changed much in the U.S. since those
1988 rates. Comparison can be made to recent Swedish
rates provided in the following paragraphs.

In most studies, about half the total days missed from
work due to back pain are accounted for by the 85% of
people who are off work for short periods, with a median
of less than 7 days (45). The other half is accounted for
by the 15% of people who are off work for more than 1
month. This is reflected in the total social costs of back
pain. It is widely quoted that 80% to 90% of the health
care costs of back pain are for the 10% of patients with
chronic low back pain and disability (2,46–48). Watson et
al. (49) showed that the same is true for the social costs.
In 1994, back pain in the island of Jersey accounted for
11% of all sickness absence. Only 3% of those off work
with back pain were off for more than 6 months, but they
accounted for 33% of the benefits paid. 

WORK LOSS DUE TO BACK PAIN IN SWEDEN

The city of Gothenburg, with its 450,000 inhabitants,
has been a source of much Swedish epidemiologic data
through the late 1990s (2,45,47,50–54). 

In the studies just mentioned from the 1970s, Svensson
and Andersson (50–52) indicated that between 2% and 6%
of all people reporting illness in Gothenburg suffered work
loss due to back pain. An interesting fact was that one-
fourth of the men who said they never had had back pain
actually had been off work 1 day or more with that diag-
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TABLE 1-2. Low back complaints and work disability in the
Dutch city of Zoetermeer (38) in the 1970s

Men Relative Women Relative
(%) (%) (%) (%)

Point-prevalence 22.2 30.2
Lifetime incidence 51.4 57.8
>3 months 14.3 28 19.6 34
Unfit for work 24.3 47 19.5 34
Work change 4.2 8 2.4 4



nosis when insurance data were checked. This illustrates
the difficulty in relying on memory in questionnaire sur-
veys. Sweden’s workforce of approximately 4.4 million
people between the ages of 18 and 65 years of age lost
approximately 58 workdays per year on an average due to
sickness in 2001. As a comparison, it can be calculated that
the annual amount of working days lost among the 125
million people of similar age in the U.S. amounts to 150
million per year (42). In Sweden with 4.4 million people of
working age the same work loss due to low back pain was
50 million days (i.e., approximately 8 times higher).

There was a reduction in number of subjects on overall
sick leave from 1993 to 1997 after which time sick-list-
ing again increased considerably (55) (Fig. 1-1). In addi-
tion there has been a steep increase in new permanent dis-
ability claims granted, from 45,000 in 1997 to 70,000 in
2002; 20% of which are due to back pain (43,44,54)
(Table 1-3). The total number of days lost because of back

disability in Sweden, including both short-term absen-
teeism and those on permanent disability exceeded 50
million in 2002 (43,44,55). This figure may be somewhat
uncertain because the exact diagnosis is not always clear;
it is known, however, that 49% of all sick subjects for
more than 1 year have a musculoskeletal disorder, and
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FIG. 1-1. Total number of sick days paid 1992 to 2002 in Sweden (excluding the first 14 days covered
by employer), approximately 30% due to low back pain (43–45,54).

TABLE 1-3. New disability pensions granted in Sweden
(1996–2002)

Year Total no. No. for back pain

1996 39.245 8.464
1997 41.198 8.673
1998 34.487 5.951
1999 39.506 6.735
2000 49.237 8.458
2001 57.081 10.014
2002 (approx.) 63.000 13.000



70% of this percentage according to the Gothenburg stud-
ies (45,54) is back pain, while 25% of permanent disabil-
ity pensions are granted for back problems. 

SCIATICA

Few surveys use strict criteria for “sciatica.” Several
reports give a lifetime prevalence of 14% to 40% for leg
pain associated with back problems but they do not dis-
tinguish true radicular pain from the more common
referred leg pain. Deyo and Tsui-Wu (56) estimated the
lifetime prevalence of “surgically important disc hernia-
tion” to be about 2%. Lawrence (57) reported a preva-
lence of “sciatica suggesting a herniated lumbar disc” in
3.1% of men and 1.3% of women. Neither of these stud-
ies gave diagnostic criteria. Heliovaara et al. (58) in Fin-
land reported the only large population survey with clin-
ical criteria of radicular pain. That study had a lifetime
prevalence of back pain of 77% in men and 74% in
women, while the lifetime prevalence of any associated
leg pain was 35% in men and 45% in women. Applying
strict diagnostic criteria for radicular pain, however, the
lifetime prevalence of actual “sciatica” was only 5% in
men and 4% in women, also later confirmed (59). Svens-
son and Andersson (50–52) performed cross-sectional
studies of two groups of subjects, one consisting of 940
men between the ages 40 and 46 years and 1,760 women
between the ages of 38 and 64 years. They found preva-
lence rates for all back pain between 60% and 70% with
a 1-month prevalence of 35%. Sciatica (or any leg pain)
was described by around 30%. This is, however, a differ-
ent symptom than true radiculopathy. In Belgium, such
symptoms necessitating surgery amounted to a yearly
incidence of 1 per 1,000 population (60).

WORK-RELATED BACK INJURIES

Back injuries make up almost one-third of all work-
related injuries in the U.S., where there are now about 1
million worker compensation claims for back injuries per
annum; the percentage in Sweden, with its general insur-
ance system, is considerably less (5% to 6%) and actually
not increasing (54). In Sweden, a steep decline by 80%
was noted in 1995/1996 when the rules were changed and
back pain was no longer regarded as clearly work-related
(47,54). 

In the U.K. in 1990/1991, the Health and Safety Exec-
utive recorded 34,720 nonfatal back injuries causing at
least 3 days off work, which accounted for approximately
23% of all work-related injuries (61,62). Most back
injuries were less serious “sprains or strains,” but these
minor back injuries led to longer time off work and to
higher health and compensation costs than any other
minor injuries. The issues of work-relatedness are dealt
with in several recent reviews including those by the U.S.
National Research Council (63) and the Sweden Institute

for Working Life (64) as well as large prospective cohort
studies (65). There is an association between reported low
back pain and low back pain disability with certain tax-
ing work postures, but there is an equally strong associa-
tion between low back pain disability and psychosocial
factors, especially those related to the workplace
(37,66,67). The socioeconomic burden of back pain was
recently very thoroughly described in a monograph by
Waddell et al. (37). The authors describe how the whole
problem of disabling low back pain must be looked upon
from a wider psychological, social, and political perspec-
tive. When the different trends in low back pain disability
are related to the ease of getting benefits, as well as the
cultural views in different countries, the different per-
centages of wage replacements of sickness and perma-
nent disability, and subsequently the absence rates are
better understood. How a person is looked upon and
accepted in society when declaring they are not fit for
work is obviously also a factor.

IS BACK PAIN INCREASING?

An historical review by Allan and Waddell (68) con-
cluded that human beings have had back pain all through
history, and it is no more common or severe today than it
has always been. Epidemiologic studies show no evi-
dence of any convincing change in the prevalence of back
pain. Leboeuf-Yde and Lauritsen (69) found no definite
trend in 26 Nordic studies from 1954 through 1992, and
apparent differences are probably mainly due to the word-
ing of the questions. Leino et al. (66) in Finland found
that the prevalence of back pain remained unchanged
from 1978 to 1992 in annual surveys that have used iden-
tical questions each year. Murphy and Volinn (39) ana-
lyzed U.S. National Health Interview Survey data and
found a 22% increase in chronic low back pain (continu-
ous for more that 3 months) and a 35% increase in activ-
ity limitation due to back pain between 1987 and 1994,
but a reduction thereafter. 

Similarly, there is no clear evidence of any increase in
the number of work-related back injuries. Data from the
U.K. (11,40,62) show no definite trend. Data from the
U.S. are conflicting (39,69). The National Council on
Compensation Insurance (70) reported a gradual rise in
the proportion of worker compensation claims due to
back injuries from 1981 to 1990. However, Murphy and
Volinn (39), also using data from the Washington State
Department of Labor and Industries and a large worker
compensation provider covering approximately 10% of
the privately insured labor force, estimated that the
annual low back pain claim rate actually decreased by
30% between 1987 and 1995. In Norway and the Nether-
lands, however, low back disability is increasing at a rate
similar to Sweden (37,43,44).

Swedish data detailed until 1991 in the The Swedish
State Health Technology Board (SBU) report (45) showed
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an increase in the incidence and duration of sickness
absence due to back pain in the 1970s and 1980s, and a
particular increase in the number of people going on
long-term disability and early retirement between the
mid-1980s and early 1990s; however, since the early
1990s until 1997 there was a definite decrease in sickness
absence and early retirement due to back pain followed
by a steep increase until 2002 (43). These changes can be
partly explained by both increasing loss of jobs and
increasing sickness benefits. Data from the U.K. suggest
that the annual rate of new Department of Social Services
(DSS) claims for invalidity benefit for back pain have
changed very little over the past 20 years, but an increas-
ing proportion of people receive benefit for much longer
periods so that the total numbers on benefit and the
amount and costs of benefit paid are increasing (37,62).
Cross-cultural or international comparisons are, however,
difficult to make (37,71). 

Despite popular belief, there is no clear historical or
epidemiologic evidence that the symptom of back pain
has changed since the time any recording has been done.
There is no evidence of any change in the pathology of
the lower back throughout recorded history. The preva-
lence of low back pain has not changed, at least over the
past 30 years. Instead, all the evidence is of an increase in
chronic disability attributed to nonspecific low back pain.

HOW BACK PAIN BECOMES DISABLING

Pain and disability are subjective. Pain per se does not
meet the definition of impairment (abnormality), but if
activity aggravates pain and the individual avoids or
reduces their activities, then pain may lead to disability.
However, low back pain and disability depend more on
psychosocial factors than on the physical condition of the
back, and can best be understood and managed by a
biopsychosocial model (37,61), which is more consistent
with the latest evidence on the development of chronic
pain and disability:

• The symptom of back pain arises from a physical
process in the back and ensuing nociception. The key to
chronic pain and disability may be failure to recover,
rather than the development of a different syndrome.

• As pain becomes chronic (greater than 12 weeks) atti-
tudes and beliefs, distress, and illness behavior play an
increasing role in the development of chronicity and
disability (34,37,66,67,72–76).

In an attempt to explain the transition from acute to
chronic low back pain, Turk (77) stressed that demo-
graphic and psychosocial factors, including socioeco-
nomic ones, are better predictors of chronicity than clini-
cal, radiologic, or physical factors. This was reiterated in
the same author’s argument for more attention to the psy-
chosocial dimension when treating patients with chronic
back pain (78). This all occurs within the social context

(varying worldwide), and leads to social interactions with
others, including in particular family, coworkers, and
health care providers.

It is well known that there are close links between
physiological and psychological events (37,54,76). Non-
specific low back pain seems to be mainly a matter of dis-
turbed function or painful musculoskeletal dysfunction.
Disability is reduced function (76). It is a matter of what
the individual does (or does not do) and of altered per-
formance. Pain behavior or illness behavior is also a mat-
ter of what the individual does (or does not do) (76).

Disability due to back pain involves both physical dys-
function and illness behavior, which in a sense are simply
two sides of the same coin. Behavior always involves
motor and physiologic activity; and physiologic proc-
esses always have behavioral expressions (72,73). 

Low back pain and disability are clearly related, but
they are not the same and the link between them may be
much weaker than often assumed. One study (75) found
that severity of pain only accounted for about 10% of the
variance of low back disability. It is important to make a
very clear distinction between pain and disability con-
ceptually, in clinical practice, and as the basis for social
security and sickness benefits (76,79). Another example
of importance for ratings of disability is the fact that mea-
sured reduced mobility of the lower back is not related to
pain or overall ability (80).

Pain is “an unpleasant sensory and emotional experi-
ence associated with actual or potential tissue damage, or
described in terms of such damage” (81). Pain is a symp-
tom, not a clinical sign, a diagnosis, or a disease. It is not
possible to assess pain directly: assessment always
depends on the individual’s report of their subjective
experience, so the report of pain always depends on how
the individual thinks and feels about it and communicates
it. A disability, on the other hand, is restricted activity.
The most comprehensive definition of disability is by the
World Health Organization (WHO) (82), which defines a
disability as “any restriction or lack (resulting from an
impairment) of ability to perform an activity in the man-
ner or within the range considered normal for a human
being.” There are a number of assumptions in the WHO
definition. It assumes that what is normal is to have no
disability or restriction of any kind, which does not allow
for the range that is normal by gender and age. It assumes
that disability is “due to an impairment,” which implies a
physical basis and cause-and-effect relationship that may
not be an accurate reflection of disability associated with
pain. It is often taken to imply that disability is a health
problem, which is not always true. Nevertheless, the core
of all the definitions of disability is that it is restricted
activity. For the purpose of sickness benefits or compen-
sation, disability is often considered as incapacity for
work, although the definition and degree of incapacity
varies in different jurisdictions. Clinical assessment of
disability usually relies on the patient’s own report, so
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again the definition is subjective and open to the same
influences as the report of pain (83–85). 

Fordyce et al. (72) considered further the nature of
impairment and disability associated with low back pain
from a biopsychosocial perspective. The problem is that
it is not possible to assess back pain, but only the person
with the pain. Pain, suffering, and pain behavior all con-
found questions of impairment and disability. The term
disability may mean either loss of capacity or simply
reduced activity, but observation of performance cannot
distinguish these. Reduced performance may reflect
actual loss of capacity, or the individual may stop before
they reach their physical limits, or they may not even
attempt the activity. Fordyce (73) further defines a “state
of disability as when the person prematurely terminates
an activity, under-performs or declines to undertake it.”
The concept and measure of disability cannot be inde-
pendent of performance. It is not possible to separate
body and mind. Physical defects affect a person’s beliefs
and expectations about their situation. On the other hand,
beliefs and expectations help to shape the impact of phys-
ical defects on activity. The extent to which psychologi-
cal and social processes can influence physical activity
should not be underestimated, and vice versa. Concepts
of impairment and disability must allow for this dynamic
interaction. Disability is not only a question of physical
impairment, nor is it only functional capacity: it is a ques-
tion of behavior and performance. Performance depends
on anatomical and physiological abilities, but also on
psychological and social resources. Performance depends
on effort. Testing itself may cause pain and inhibit per-
formance. Capacity may be set by physiological limits;
but performance is set by psychological limits. (72,73).
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CHAPTER 2

Pathophysiology of Nerve Root Pain in Disc
Herniation and Spinal Stenosis

Kjell Olmarker, Robert R. Myers, Shinichi Kikuchi, and Björn Rydevik

Lumbosacral nerve roots are known to be intimately
involved in the pathophysiology of disc herniation and
spinal stenosis (1). During the last decade there has been
an increasing interest in this topic, and recent research
has aimed at defining basic pathophysiologic events at
the cellular or subcellular level responsible for the patho-
physiology of nerve root pain. In this chapter, the current
knowledge about these mechanisms is reviewed and dis-
cussed in relation to the clinical features of lumbar disc
herniation and spinal stenosis.

SYMPTOMATOLOGY OF NERVE ROOT
INVOLVEMENT

The symptoms of nerve root pathophysiology may be
divided into two main categories: pain and nerve dys-
function (2). Nerve root pain is typically radiating in
nature, and is usually related to a specific nerve root or
roots innervating tissue below the knee. Nerve dysfunc-
tion may be present in both motor and sensory modali-
ties, thus producing both motor weakness and sensory
disturbances. One may assume that pain and nerve dys-
function result from different pathophysiologic events,
but they usually coincide, indicating that nerve root
pathophysiology is very complex.

PATHOPHYSIOLOGIC MECHANISMS

Two specific mechanisms at the “tissue level” may be
defined: mechanical deformation of the nerve roots and
biologic or biochemical activity of the disc tissue with
effects on the roots. The mechanical deformation theory
is the oldest concept of nerve root injury induced by her-
niated disc tissue and dates back to the turn of the last
century with some clinical observations on injuries in the
lumbosacral junction with subsequent leg pain, and more

recently to Mixter and Barr’s seminal observations (1–5).
The theory that biologic activity of the disc tissue may
injure the nerve roots recently was confirmed experimen-
tally (6). The experimental knowledge regarding these
two mechanisms is discussed separately.

MECHANICAL EFFECTS

The spinal nerve roots are relatively well protected
from external trauma because they are enclosed by the
vertebral bones (Fig. 2-1). However, the nerve roots do
not posses the same amounts and organization of protec-
tive connective tissue sheaths as do the peripheral nerves
(Fig. 2-2). Therefore, the spinal nerve roots may be par-
ticularly sensitive to mechanical deformation resulting
from intraspinal disorders such as disc herniations or
protrusions, spinal stenosis, degenerative disorders, and
tumors (7–9). There has been moderate interest in study-
ing nerve root compression in experimental models.
Gelfan and Tarlov in 1956 and Sharpless in 1975 per-
formed initial experiments on the effects of compression
on nerve impulse conduction (10,11). Although no cali-
bration was performed of the compression devices used,
both papers indicated that nerve roots were more sus-
ceptible to compression than peripheral nerves. During
recent years, however, the interest in nerve root patho-
physiology has increased considerably. A number of stud-
ies are reviewed in the following.

Experimental Nerve Root Compression

Some years ago, a model was presented for evaluation
of the effects of compression of the cauda equina in pigs
that allowed for experimental, graded compression of
cauda equina nerve roots at known pressure levels for
the first time (7,8). In this model, the cauda equina was
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compressed by an inflatable balloon that was fixed to
the spine (Fig. 2-3). The cauda equina could be
observed through the translucent balloon also. This
model made it possible to study the flow in the intrinsic
nerve root blood vessels at various pressure levels (12).
The experiment was designed in a way that the pressure
in the compression balloon was increased by 5 mm Hg
every 20 seconds. The blood flow and vessel diameters
of the intrinsic vessels could be observed simultane-
ously through the balloon using a vital microscope. The
average occlusion pressure for the arterioles was found
to be slightly below and directly related to the systolic
blood pressure. The blood flow in the capillary networks
was intimately dependent on the blood flow of the adja-
cent venules. This corroborates the assumption that
venular stasis may induce capillary stasis and thus
changes in the microcirculation of the nerve tissue,
which has been suggested as one mechanism in carpal
tunnel syndrome (13). The mean occlusion pressures for
the venules demonstrated large variations; however, a
pressure of 5 to 10 mm Hg was sufficient to induce

venular occlusion. It is assumed that the capillary blood
flow also is affected in such situations because of retro-
grade stasis.

In the same experimental setup, the effects of gradual
decompression were studied after initial acute compres-
sion for a short while (14). The average pressure for start-
ing the blood flow was slightly lower at decompression
than at compression for arterioles, capillaries, and
venules. However, it was found that there was not a full
restoration of the blood flow until the compression was
lowered from 5 to 0 mm Hg. This observation further
stressed the previous impression that vascular impair-
ment is present even at low-pressure levels. 

Compression-induced impairment of the vasculature
may be one mechanism for nerve root dysfunction
because the nutrition of the nerve root is affected. How-
ever, the nerve roots also have a considerable nutritional
supply via diffusion from the cerebrospinal fluid (CSF)
(15). To assess the compression-induced effects on the
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FIG. 2-2. The nerve root and the peripheral nerve differ in
their microscopic anatomy. The axons of the nerve root are
located in the endoneurial space and covered by cere-
brospinal fluid and the dura sleeve. The axons of the periph-
eral nerves are located in the endoneurium of the fascicles
that are enclosed by the perineurium. These fascicles are all
enclosed by the epineurium that is formed by loose connec-
tive tissue. (From Weinstein JN, Rydevik BL, Sonntag VKH,
eds. Essentials of the spine. New York: Raven Press, 1995,
with permission.)

FIG. 2-1. Drawing of the intraspinal course of a human lum-
bar spinal nerve root segment. The vertebral arches have
been removed by cutting the pedicles (1), and the opened
spinal canal can be viewed from behind. The ventral (2) and
dorsal (3) nerve roots leave the spinal cord as small rootlets
(4) that caudally converge into a common nerve root trunk.
Just prior to leaving the spinal canal, there is a swelling of the
dorsal nerve root called the dorsal root ganglion (5). Caudal
to the dorsal root ganglion, the ventral and dorsal nerve roots
mix and form the spinal nerve (6). The spinal dura encloses
the nerve roots both as a central cylindrical sac (7), and as
separate extensions called root sleeves (8). (From Olmarker
K. Spinal nerve root compression. Thesis. Göteborg, Swe-
den: Göteborg University, 1990, with permission).



total contribution to the nerve roots, an experiment was
designed where 3H-labeled methylglucose was allowed to
be transported to the nerve tissue in the compressed seg-
ment both via the blood vessels and via the CSF diffusion
after systemic injection (16). The results showed that no
compensatory mechanism from CSF diffusion could be
expected at the low-pressure levels. On the contrary,
10 mm Hg compression was sufficient to induce a 20% to
30% reduction of the transport of methylglucose to the
nerve roots as compared to control.

It is known from experimental studies on peripheral
nerves that compression also may induce an increase in
the vascular permeability, leading to intraneural edema
formation (17). Such edema may increase the endoneu-
rial fluid pressure, which in turn may impair the
endoneurial capillary blood flow and in such a way jeop-
ardize the nutrition of the nerve roots (18–21). Because
the edema usually persists for some time after the
removal of a compressive agent, edema may negatively
affect the nerve root for a longer period than the com-
pression itself. The presence of an intraneural edema is
related also to subsequent formation of intraneural fibro-
sis (22), and may contribute to the slow recovery of some
patients with nerve compression disorders. To determine
if intraneural edema may form in nerve roots because of
compression, the distribution of Evan’s blue albumin
(EBA) in the nerve tissue was analyzed after compression
at various pressures and durations (23). The study showed
that edema formed even at low-pressure levels, predomi-
nantly at the edges of the compression zone.

The function of the nerve roots has been studied by
direct electrical stimulation and recordings either on the
nerve itself or in the corresponding muscular segments
(24–27). During a 2-hour compression period, a critical
pressure level for inducing a reduction of Monophasic
action potential (MAP) amplitude seems to be located
between 50 and 75 mm Hg. Higher pressure levels (100
to 200 mm Hg) may induce a total conduction block with
varying degrees of recovery after compression release. To
study the effects of compression on sensory nerve fibers,
the electrodes in the sacrum were used to record a com-
pound nerve action potential after stimulating the sensory
nerves in the tail (i.e., distal to the compression zone).
The results showed that the sensory fibers are slightly
more susceptible to compression than the motor fibers
(26,27). Also, the nerve roots are more susceptible to
compression injury if the blood pressure is lowered phar-
macologically (25). This further implies the importance
of the blood supply to maintain the functional properties
of the nerve roots. 

Onset Rate of Compression

One factor that has not been fully recognized in com-
pression trauma of nerve tissue is the onset rate of the
compression. The onset rate (i.e., the time from start to
full compression) may vary clinically from fractions of
seconds in traumatic conditions to months or years in
degenerative processes. There may be a wide variation
even in clinically rapid onset rates. With the presented
model it was possible to vary the onset time of the applied
compression. Two onset rates have been investigated.
Either the pressure is preset and compression is started by
flipping the switch of the compressed air system used to
inflate the balloon, or the compression pressure is slowly
increased over 20 seconds. The first onset rate was 0.05
to 0.1 seconds, which provided a rapid inflation of the
balloon and a rapid compression onset.

Such a rapid onset rate has been found to induce more
pronounced effects on edema formation (23), methylglu-
cose transport (16), and impulse propagation (24) than
the slow onset rate. Regarding methylglucose transport,
the results show that the levels within the compression
zone are more pronounced at the rapid than at the slow
onset rate at corresponding pressure levels. There was
also a striking difference between the two onset rates
when considering the segments outside the compression
zones. The levels approached baseline values closer to the
compression zone in the slow rather than the rapid onset
series. This may indicate the presence of a more pro-
nounced edge zone edema in the rapid onset series, with
a subsequent reduction of the nutritional transport also in
the nerve tissue adjacent to the compression zone. 

For the rapid onset compression, which is likely to be
more closely related to spine trauma or disc herniation
than to spinal stenosis, a pressure of 600 mm Hg main-
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FIG. 2-3. Schematic drawing of experimental nerve root
compression model. The cauda equina (A) is compressed by
an inflatable balloon (B) that is fixed to the spine by two L-
shaped pins (C) and a Plexiglas plate (D). (From Olmarker K,
Holm S, Rosenqvist AL, et al. Experimental nerve root com-
pression. A model of acute, graded compression of the
porcine cauda equina and an analysis of neural and vascu-
lar anatomy. Spine 1991;16(1):61–69, with permission.)



tained only for 1 second is sufficient to induce a gradual
impairment of nerve conduction during the 2 hours stud-
ied after the compression was ended (28). Overall, the
mechanisms for these pronounced differences between
the different onset rates are not clear, but may be related
to differences in displacement rates of the compressed
nerve tissue toward the uncompressed parts because of
the viscoelastic properties of the nerve tissue (9). Such
phenomena may lead not only to structural damage of the
nerve fibers, but also to structural changes in the blood
vessels with subsequent edema formation. The gradual
formation of intraneural edema also may be closely
related to the described observations of a gradually
increasing difference in nerve conduction impairment
between the two onset rates (23,24). 

Multiple Levels of Nerve Root Compression

Patients with double or multiple levels of spinal steno-
sis seem to have more pronounced symptoms than
patients with stenosis only at one level (29). The pre-
sented model was modified to address this interesting
clinical issue. Using two balloons at two adjacent disc
levels, which resulted in a 10-mm uncompressed nerve
segment between the balloons, induced a much more pro-
nounced impairment of nerve impulse conduction than
had been previously found at corresponding pressure lev-
els (30). For instance, a pressure of 10 mm Hg in two bal-
loons induced a 60% reduction of nerve impulse ampli-
tude during 2 hours of compression, whereas 50 mm Hg
in one balloon showed no reduction. 

The mechanism for the difference between single and
double compression may not simply be because the nerve
impulses have to pass more than one compression zone at
double level compression. There also may be a mecha-
nism based on the local vascular anatomy of the nerve
roots. Unlike for peripheral nerves, there are no regional
nutritive arteries from surrounding structures to the intra-
neural vascular system in spinal nerve roots (7,31–34).
Therefore, compression at two levels might induce a
nutritionally impaired region between the two compres-
sion sites. In this way, the segment affected by the com-
pression would be widened from one balloon diameter
(10 mm) to two balloon diameters, including the interja-
cent nerve segment (30 mm). This hypothesis was partly
confirmed in an experiment on continuous analyses of
the total blood flow in the uncompressed nerve segment
located between two compression balloons. The results
showed that a 64% reduction of total blood flow in the
uncompressed segment was induced when both balloons
were inflated to 10 mm Hg (35). There was complete
ischemia in the nerve segment at a pressure close to the
systemic blood pressure. Data from a study on the nutri-
tional transport to the nerve tissue at double level com-
pression demonstrated that there is a reduction of this
transport to the uncompressed nerve segment located

between the two compression balloons similar to that
within the two compression sites (36). Thus, there is
experimental evidence that the nutrition to the nerve seg-
ment located between two compression sites in nerve
roots is severely impaired, although the nerve segment
itself is uncompressed.

Also, it was evident that the effects of nerve conduc-
tion were enhanced if the distance between the compres-
sion balloons was increased from one to two vertebral
segments (30). However, this was not the case in the
nutritional transport study where the methylglucose lev-
els in the compression zones and the uncompressed inter-
mediate segment were similar between double compres-
sion over one and two vertebral segments (36). This
indicates that the nutrition to the uncompressed nerve
segment located between two compression sites is af-
fected almost to the same extent as at the compression
sites, regardless of the distance between the compression
sites, but that functional impairment may be directly
related to the distance between the two compression sites.
The impairment of the nutrition to the nerve segment
between the two compression balloons thus seems to be
more important than the fact that the nerve impulses have
to overcome two compression sites in double-level com-
pression.

Double-level compression of pig cauda equina with
electrical nerve root stimulation to simulate a walking sit-
uation showed that an initial short-term increase in cauda
equina blood flow rapidly decreased (37). Such observa-
tions further support the pathophysiologic significance of
double-level cauda equina compression in spinal stenosis.

Chronic Experimental Nerve Root Compression

The discussion of compression-induced effects on nerve
roots has dealt with acute compression so far (i.e., com-
pression that lasts for some hours and with no survival of
the animal). To better mimic various clinical situations,
compression must be applied over longer periods. Probably
many changes in the nerve tissue, such as adaptation of
axons and vasculature, occur in patients but cannot be
studied in experimental models using only 1 to 6 hours of
compression. Another important factor in this context is
the onset rate, which was discussed in the preceding text.
In clinical syndromes with nerve root compression, the
onset time probably is quite slow. For instance, a gradual
remodeling of the vertebrae to induce spinal stenosis leads
to an onset time of many years. Of course, it is difficult to
mimic such a situation in an experimental model. Also, it
is impossible to have absolute control over the pressure act-
ing on the nerve roots in chronic models because of the
remodeling and adaptation of the nerve tissue to the
applied pressure. However, knowledge of the exact pres-
sures is probably less important in chronic than acute com-
pression situations. Instead, chronic models should induce
a controlled compression with a slow onset time that is eas-
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ily reproducible. Such models may be well suited for stud-
ies on pathophysiologic events as well as intervention by
surgery or drugs. Some attempts have been made to induce
such compression.

Delamarter et al. presented a model on the dog cauda
equina in which they applied a constricting plastic band
(38). The band was tightened around the thecal sac to
induce a 25%, 50%, or 75% reduction of the cross-sec-
tional area. The band was left in place for various lengths
of time. Analyses were performed and showed both struc-
tural and functional changes that were proportional to the
degree of constriction.

To induce a slower onset and more controlled com-
pression, Cornefjord and collaborators used a constrictor
to compress the nerve roots in the pig (39). The constric-
tor initially was intended to induce vascular occlusion in
experimental ischemic conditions in dogs. The constric-
tor consists of an outer metal shell that is covered on the
inside with a material called amaroid that expands when
in contact with fluids. Because of the metal shell, the
amaroid expands inward with a maximum expansion
after 2 weeks, resulting in compression of a nerve root
placed in the central opening of the constrictor. Com-
pression of the first sacral nerve root in the pig resulted
in a significant reduction of nerve conduction velocity
and axonal injuries using a constrictor with a defined
original diameter (39). Also, it was found that there is an
increase in substance P in the nerve root and dorsal root
ganglion following such compression (40). Substance P
is a neurotransmitter related to pain transmission. Thus,
the study may provide experimental evidence that nerve
root compression produces pain. The constrictor model
also has been used to study blood flow changes in the
nerve root vasculature (41). It could then be observed that
the blood flow is not reduced just outside the compres-
sion zone, but significantly reduced in parts of the nerve
roots located inside the constrictor.

One important aspect in clinical nerve root compres-
sion conditions is that the compression level is probably
not stable but varies as the result of changes in posture
and movements (42,43). Konno and collaborators re-
cently introduced a model where the pressure could be
changed after some time of initial chronic compression
(44). An inflatable balloon was introduced under the lam-
ina of the seventh lumbar vertebra in the dog. The normal
anatomy and the effects of acute compression using com-
pressed air were first evaluated in previous studies (45).
By inflating the balloon at a known pressure slowly over
1 hour with a viscous substance that would harden in the
balloon, a compression of the cauda equina could be
induced with a known initial pressure level. The com-
pression was verified by myelography. Because the bal-
loon under the lamina comprised a twin set of balloons,
the second balloon component could be connected to
compressed air and could be used to add compression to
the already chronically compressed cauda equina.

In conclusion, acute nerve root compression experi-
ments have established critical pressure levels for inter-
ference with various physiologic parameters in the spinal
nerve roots. However, studies on chronic compression
may provide knowledge more applicable to the clinical
situation.

Spinal Stenosis: Experimental–Clinical Correlation

There is substantial knowledge about critical levels of
pressure for inducing changes in nerve root nutrition and
function. These critical levels are of interest in under-
standing the basic pathophysiologic mechanisms of com-
pression-induced changes in nerve roots. However, such
absolute pressure levels may be of relatively less signifi-
cance in chronic situations. When nerve tissue is com-
pressed, there is a gradual displacement of the nerve tis-
sue from the compressed to the uncompressed segments
(46,47). If the pressure is of an extremely low onset rate
(e.g., spinal stenosis), there may be an adaptation of the
nerve tissue to the applied pressure. In cadaver experi-
ments, Schönström et al. found that when a hose clamp
was tightened around a human cadaver cauda equina
specimen, there was a critical cross-sectional area of the
dural sac when the first signs of pressure increase among
nerve roots were recorded by a catheter placed in the
compression zone (48). This cross-sectional area was
approximately 75 mm2, which was found also to correlate
with a corresponding measurement on CT scans in spinal
stenosis patients (49). The pressure increased when the
hose clamp was further tightened. However, pressure
dropped with time because of creep phenomena in the
nerve tissue the. When the pressure did not normalize
within 10 minutes, the “sustained size” was registered
and was found to be in the range of 45 to 50 mm2 (48).
This indicates that even in acute compression, there is an
adaptation of the nerve tissue to the applied pressure. In
a longer perspective, this probably means that the nerve
also may be reorganized in its microstructural elements,
which results in a nerve with a smaller diameter. Under
such circumstances, with gradually decreasing nerve
diameter, the nerve pressure acting on the nerve is re-
duced to some degree.

Despite these important aspects regarding chronic
changes in compressed spinal nerve roots, it is interesting
to note the correlation between the animal experimental
observations regarding critical pressures for functional
and nutritional changes in nerve roots under compression
on one side, and the measurements of pressure levels
among nerve roots in human cadaver lumbar spines fol-
lowing experimental constriction of the dural sac. Acute
pressure increase among cauda equina nerve roots to 50
mm Hg was induced when the cross-sectional area of the
dural sac was reduced to 63 mm2, and a pressure of 100
mm Hg was induced at a cross-sectional of 57 mm2 (50).
Such pressure levels correlate with in vivo observations
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regarding physiologic changes in cauda equina nerve
roots following experimental compression (7,12,23).

Epidural pressure measurements have been performed,
evaluating for example the relationship between epidural
pressure and posture (43). It was found that the local
epidural pressure at the stenotic level was low in lying
and sitting postures, and high in standing postures. Pres-
sure was increased with extension but decreased with
flexion of the spine. The highest epidural pressure, 117
mm Hg, was found in standing with extension. Measure-
ments also have been reported regarding changes in
epidural pressure during walking in patients with lumbar
spinal stenosis (51). It was found that the pressure
changed during walking with a wave pattern of increase
and decrease. Such observations correlate with the previ-
ously mentioned experimental observations regarding
intermittent cauda equina compression (42).

Mechanical Deformation and Pain

There are some experimental observations that indi-
cate that mechanical nerve deformation per se may
induce impulses that could be interpreted as pain by the
central nervous system. Howe and collaborators found
that mechanical stimulation of nerve roots or peripheral
nerves resulted in nerve impulses of short duration, and
that these impulses were prolonged if the nerve tissue
had been exposed to mechanical irritation by a chromic
gut ligature for 2 to 4 weeks (52). The same results were
obtained in an in vitro system using rabbit nerve roots
(53). However, in this setup it was also evident that the
dorsal root ganglion was more susceptible to mechani-
cal stimulation than the nerve roots. The dorsal root
ganglion has drawn a special interest in this regard, and
an increase in the level of neurotransmitters related to
pain transmission has been found in the dorsal root gan-
glion in response to whole body vibration of rabbits
(54). A similar increase also has been seen in the dorsal
root ganglion and nerve root after local constriction of
the same nerve root (40). In vivo models of pain behav-
ior have demonstrated that a severe mechanical defor-
mation, such as ligation, of the nerve root generally is
not painful (55–57). However, it seems that if chromic
gut sutures are used, the additional irritation makes the
mechanical compression painful. Recent studies have
shown that disc incision with leakage of nucleus pulpo-
sus into the epidural space or a light mechanical defor-
mation and slight medial displacement of the nerve root,
does not produce pain behavior in a rat model, whereas
the combination of the two factors produces pain
(58–60). This is discussed in the following.

Interesting observations have been made regarding
contact pressure between the nerve root and the disc in
patients with lumbar disc herniation (61). Nerve root
pressure before discectomy varied from 7 to 256 mm Hg
(mean, 53 mm Hg). The magnitude of nerve root pressure

correlates with the severity of neurologic deficits, but not
with the degree of straight leg rising.

Neuropathology and Pain

There is a considerable body of work on the relation-
ship of pain to neuropathologic changes that has been
reviewed recently (62). In fact, much of what is known has
been studied in relationship to mechanical and inflamma-
tory injury of the sciatic nerve in the rat. Entrapment of a
peripheral nerve produces pathologic change in propor-
tion to the degree of compression and its duration (63), as
is known to be the case for nerve root compression. In an
electron microscopic study (63), minor degrees of nerve
compression were associated with ischemic injury to
Schwann cells, resulting in their necrosis and in demyeli-
nation. Severe nerve compression was associated with
injury to the axon resulting in Wallerian degeneration.
Subsequent experiments established the relationship of
pain to these forms of neuropathologic change (64). These
studies established that mild levels of ischemia producing
demyelination generally were not painful, whereas severe
ischemia producing Wallerian degeneration resulted in
hyperalgesia. In fact, the pathology of the chronic con-
striction injury model of neuropathic pain is based on this
relationship and the added insult of inflammation caused
by the chromic gut ligatures used to compress the nerve
(65). It is now recognized that the cytokine-driven
processes of Wallerian degeneration are the dominant neu-
ropathologic factors linking nerve injury and pain (64,66,
67) and that the degree and extent of wallerian degenera-
tion relates directly to the magnitude and duration of
hyperalgesia (68). 

BIOLOGIC AND BIOCHEMICAL EFFECTS

The clinical picture of sciatica with a characteristic dis-
tribution of pain and nerve dysfunction, but in the
absence of herniated disc material both at radiologic
examination and at surgery, has indicated that the
mechanical component is not the only factor that may be
responsible for sciatic pain. Therefore, it has been sug-
gested that the disc tissue per se may have injurious prop-
erties that may be of pathophysiologic significance (9).
However, not until recently was it confirmed in an exper-
imental setup that local, epidural application of autolo-
gous nucleus pulposus in the pig with no mechanical
deformation, induces significant changes in both struc-
ture and function of the adjacent nerve roots (6). This
finding has opened up a new field of research, which is
reviewed in the following.

Biologic Effects of Disc Tissue (Nucleus Pulposus)

No changes in nerve function or structure were
observed after placing autologous nucleus pulposus,
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obtained from a lumbar disc in the same animal, onto the
tibial nerve in a rabbit (69). However, there are certain
differences in microscopic anatomy and vascular perme-
ability between peripheral nerves and nerve roots that
make the extrapolation from peripheral nerve experi-
ments to spinal conditions difficult. McCarron and col-
laborators applied autologous nucleus pulposus from
discs of the dog’s tail in the epidural space of the animal
(70). They observed that an epidural inflammatory reac-
tion did not occur when saline was injected as control.
However, the nerve tissue was not assessed in this study.

Olmarker and collaborators presented a study that
demonstrated that autologous nucleus pulposus might
induce a reduction in nerve conduction velocity and light
microscopic structural changes in a pig cauda equina
model of nerve root injury (Fig. 2-4) (6). However, these
axonal changes had a focal distribution and the quantity
of injured axons was too low to be responsible for the sig-
nificant neurophysiologic dysfunction observed. A fol-
low-up study of areas of the nerve roots exposed to
nucleus pulposus that appeared to be normal by light
microscopy, revealed that there were significant injuries
of the Schwann cells with vacuolization and disintegra-
tion of the Schmidt-Lanterman incisures (Fig. 2-5) (71).
Schmidt-Lanterman incisures are essential for the normal
exchange of ions between the axon and surrounding tis-
sues. Therefore, an injury to this structure would be likely
to interfere with the normal impulse conduction proper-
ties of the axons. However, the distribution of changes
was too limited to fully explain the neurophysiologic dys-
function observed. For instance, a recent study that
demonstrated that freezing of the nucleus pulposus pre-
vented the reduction in nerve conduction velocity also
demonstrated these characteristic changes histologically
in spite of normal nerve conduction (72). However, the
potency of the nucleus pulposus was further emphasized
in an experiment using a dog model where it was seen

that a surgical incision of the annulus fibrosus, with min-
imal leakage of nucleus pulposus, was enough to induce
significant changes in structure and function of the adja-
cent nerve root (73). 

Because there is no structural correlate to the func-
tional changes, continued studies have assessed the
potential effects of nucleus pulposus on the nerve root
nutrition. Epidural application of autologous nucleus pul-
posus within 2 hours induces an intraneural edema
(74,75) that leads to a reduction of the intraneural blood
flow (75). Histologic changes of the nerve roots are pres-
ent after 3 hours (76), and a subsequent reduction of the
nerve conduction velocity starts 3 to 24 hours after appli-
cation (6,76).

From these initial experiments, it could be concluded
that nucleus pulposus has significant properties to injure
the nerve roots by its mere presence. However, the mech-
anisms for the nucleus pulposus–induced nerve root
injury are not yet fully understood. These studies indi-
cated that inflammatory reactions were present, at least
epidurally. This initiated a study where a potent anti-
inflammatory agent, methylprednisolone, was adminis-
tered at different times intravenously after nucleus pulpo-
sus application (77). The results showed clearly that the
nucleus pulposus–induced reduction in nerve conduction
velocity was eliminated if methylprednisolone was ad-
ministered within 24 hours of application. If methylpred-
nisolone was administered within 48 hours the effect was
not eliminated but significantly lower than if no drug was
used. This observation indicates that the negative effect
does not occur immediately but develops during the first
24 hours after application. However, if methylpred-
nisolone is administered within 24 hours, some areas in
the nerve roots demonstrate normal impulse conduction
properties with light microscopic axonal changes in the
same magnitude as in the previous study (6). This further
corroborates the impression that the structural nerve
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FIG. 2-4: A: A nerve root exposed to fat for seven days. There are no apparent changes. B: A nerve
root exposed to autologous nucleus pulposus for seven days. There is pronounced axonal degenera-
tion and the normal architecture of the endoneurial space has been markedly changed.
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injury inducing nerve dysfunction may not be found at
the light microscopic level but must be sought for at the
subcellular or molecular level.

Although methylprednisolone may intervene with the
pathophysiologic events of the nucleus pulposus–induced
nerve root injury, it was not clear if this resulted from the
anti-inflammatory properties of the methylprednisolone or
something else. To establish if the presence of autologous
nucleus pulposus could initiate a leukotactic response from
the surrounding tissues, a study was initiated that assessed
the potential inflammatory properties of the nucleus pul-
posus (78). Autologous nucleus pulposus and autologous
retroperitoneal fat were placed in separate perforated tita-
nium chambers and placed subcutaneously with a sham
chamber in the pig. Seven days later, the number of leuko-
cytes was assessed for the chambers. The number of leuko-
cytes was the same between the fat and the sham chambers.
However, the nucleus pulposus–containing chambers had a
number of leukocytes that exceeded the two others by
250%. In another experiment, autologous nucleus pulposus
and muscle were placed in Gore-Tex (W. L. Gore & Asso-
ciates, Inc., Flagstaff, AZ) tubes subcutaneously in rabbits
(79). After 2 weeks, there was an accumulation of T-helper
and T-suppresser cells in the tube with nucleus pulposus
that persisted the full observation time of 4 weeks.

Nucleus pulposus may also interfere with the nutrition
to the intraspinal nerve tissue. Following application to

the dorsal root ganglion, the intraneural blood flow was
dramatically decreased and there was a simultaneous
increase of the tissue fluid pressure (75). The authors sug-
gested that this might indicate that the nucleus pulposus
induced intraneural edema because of the increased vas-
cular permeability of the intraneural capillaries.

Kawakami et al. recently showed that neuropathic pain
in an experimental setting seems to be mediated by infil-
trating leukocytes (80), a finding consistent with the
observations of neuroimmune inflammatory changes and
pain (81). In rats made leukopenic by nitrogen mustard,
the pain response was absent after application of nucleus
pulposus, whereas normal rats with nucleus pulposus
application displayed a pathologic response to stimula-
tion. The same group also demonstrated that inhibition 
of cox-2 might reduce nucleus pulposus–induced pain
behavior (82). Taken together, this further supports the
idea that autologous nucleus pulposus may elicit inflam-
matory reactions when outside the intervertebral disc
space and that such reactions may not necessarily be
restricted to resorption of the herniated tissue but be inti-
mately involved in the pathophysiology of sciatica.

Nucleus Pulposus and Sciatic Pain

Pain is much more difficult to assess that nerve con-
duction in controlled experimental studies for obvious
reasons. The available literature indicates that pain may
be induced by both mechanical and nucleus pulposus–
mediated factors. The role of the nucleus pulposus in this
context is interesting although uncommon in patients
with obvious symptoms of disc herniation but no visible
herniation at radiologic examination or surgery (19,83).
The existing data suggest that communication between
the intradiscal and epidural space is sufficient for induc-
ing effects on the nerve roots, indicating that annular dis-
ruption with a discrete leakage of nucleus pulposus mate-
rial into the spinal canal, with no visible herniation, could
be enough to induce symptoms. The potential of nucleus
pulposus material to induce pain was indicated in clinical
studies that showed that noncontained herniations (where
the nucleus pulposus is in contact with the epidural
space) are much more painful and have a more pro-
nounced straight leg-raising (SLR) than contained herni-
ations (84–86).

Recent studies on rats, using pain behavior assessment,
have indicated that nucleus pulposus may well be in-
volved in pain production. Pain behavior in this context
refers to response thresholds to thermal and mechanical
stimulation. Kawakami et al. showed that a three-level
laminectomy and an application of homologous nucleus
pulposus or annulus fibrosus taken from three interverte-
bral discs in another rat, applied at three nerve roots, pro-
duced pain behavior (57); whereas Olmarker and Myers
showed that facetectomy with incision of the disc and
transfer of the autologous nucleus pulposus to the adja-
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FIG. 2-5. Seven days after the application of nucleus pulpo-
sus. Myelinated nerve fiber with prominent vesicular swelling
of a Schmidt-Lanterman incisure (SL). Note the mononuclear
cell (M) in close contact with the nerve fiber. A, Well-pre-
served axon; M, myelin sheath; S, outer Schwann cell cyto-
plasm; Arrowheads, Myelin sheath layers outside the
Schmidt-Lanterman incisure. (Bar: 2.5 mm) (From Olmarker
K, Nordborg C, Larsson K, et al. Ultrastructural changes in
spinal nerve roots induced by autologous nucleus pulposus.
Spine 1996;21(4):411–414, with permission.)



cent nerve root or dorsal root ganglion did not produce
pain behavior (58). This indicates that there may be a
dose-response curve between pain behavior and the
amount of nucleus pulposus material in the epidural
space. However, in Olmarker’s model, pain behavior was
present when the disc incision was combined with a
slight medial displacement of the nerve root or dorsal
root ganglion (DRG), and induced a mild mechanical
deformation; whereas the displacement per se was found
not to produce pain behavior (58). This observation is
consistent with the neuropathologic understanding of
pain and the consequences of combined mechanical and
inflammatory injury to nerve fibers that are superim-
posed to increase the number of fibers injured and the
corresponding increase in proinflammatory cytokines
(67,68). The same pathophysiologic response was ob-
served in a study assessing walking patterns, in which it
was seen that the combination of displacement and disc
incision produced detectable changes (60). A pain behav-
ior study assessing changes in spontaneous behavior
showed that the combined action of displacement and
disc incision produced changes, whereas displacement or
disc incision alone did not produce changes (87).

These experimental studies on pain behavior may indi-
cate that the presence of nucleus pulposus has sensitized
the nerve tissue to become sensitive to mechanical defor-
mation. It is known that compression of peripheral nerves
is not painful and that touching of a normal nerve root dur-
ing local anesthesia is not painful (88). However, touching
of a nerve root exposed to a disc herniation often repro-
duces sciatic pain (88). This clinical observation and the
experimental finding that nucleus pulposus sensitizes the
nerve root relates very well. It may be assumed that, in the
pathophysiology of sciatica, except for inducing nerve dys-
function, nucleus pulposus can sensitize the nerve tissue to
produce pain when exposed to mechanical stimulation.

Although the combination of a mechanical component
and the presence of nucleus pulposus seems to be a pre-
requisite to produce changes in the in vivo situation, neu-
rophysiologic studies have demonstrated that the mere
application of nucleus pulposus may induce increased
neuronal pain transmission (89). This may indicate that
pain behavior assessment is a gross instrument to detect
pain and that nucleus pulposus may induce pain in the
absence of a mechanical component as well.

Theoretically, one may hypothesize two different mech-
anisms by which mechanical or biologic factors may
induce pain; either by direct stimulation of nerves or inner-
vated structures, or by neuroischemia. A vascular impair-
ment of the nerve tissue with a nutritional deficit that
results in ischemia of the nerve seems to be a likely pain
mechanism, and could be induced by both mechanical and
biologic factors. In studies where pain was suspected to
result from direct stimulation of the nerve roots, the
nucleus pulposus material primarily was in contact with
the surrounding meninges, not the axons (56–58,60,84,

87,90). Also, in a study where locally anesthetized patients
re-experienced their sciatic pain after local stimulation of
the nerve root, the meninges might have been the actual tis-
sue of stimulation (88). The spinal dura mater is known to
contain nerve endings, and stimulation of the dura has
been suggested as a mechanism for sciatic pain (9,91,92).
Irritation or stimulation of the dura as an important factor
for sciatica could explain many clinical features. The dura
is segmentally innervated, as indicated in Figure 2-6; the
sensory nerves travel in a caudal-lateral direction and are
drained to the corresponding nerve root by the nerve of
Luschka (93–96). Stimulation of the dura at a point where
the dorsolateral herniations appear (Fig. 2-6I) should be
recorded by the corresponding nerve root (97). However,
the irritation may spread medially to the contralateral seg-
ment at this location, producing bilateral symptoms; or lat-
erally, producing symptoms from levels above. Similarly, a
lateral disc herniation (Fig. 2-6II) could produce symp-
toms in the lower level. If the pain of the straight leg rais-
ing test is the result of dura irritation caused by friction to
the herniated mass, one may consider the phenomenon of
“crossed SLR” to be based on simultaneous stimulation of
the contralateral dura. Such a “radiculitis” or “local menin-
gitis” could be regarded as similar to peritonitis. In peri-
tonitis, a reflector muscle contraction usually is present
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FIG. 2-6. Suggested area of innervation by one recurrent
sinuvertebral nerve (nerve of Luschka). Disc herniation at
location I may be recorded by the same nerve and also by
the nearby innervation areas, laterally and contralaterally, as
indicated by the arrows. At location II, a lateral disc hernia-
tion of the disc one level below may affect the same nerve
root but also the root one level below, located medial to this
root, as indicated by the arrows. (From Olmarker K. The
experimental basis of sciatica. J Orthop Sci 1996;1:230–242,
with permission.)



over the affected area. An analog for this local meningitis
could be the reflector ipsilateral contraction of the spinal
muscles, producing “sciatic scoliosis,” or lateral bending
of the spine at the level of herniation.

To speculate further, one could elaborate that the deep
visceral pain presented earlier as referred pain may be
related to painful conditions in the nerve (e.g., neuroische-
mia), and that the sharp, distinct pain presented as radicu-
lar pain may be related to dura irritation. However,
although these proposed mechanisms are subject to specu-
lation, the view of spinal pain may change dramatically in
coming years based on new ideas and concepts as well as
rapidly increasing knowledge about the molecular events
active in the pathophysiology of sciatica.

Mechanisms and Transport Routes

When considering various pathophysiologic mecha-
nisms below the tissue level, three mechanisms seem rea-
sonable: (a) a direct neurotoxic effect on the nerve tissue;
(b) a vascular impairment; and (c) inflammatory or
immunologic reactions.

It is difficult to relate the observed histologic changes of
nerve tissue as induced by nucleus pulposus to direct neu-
rotoxic effects or ischemia. There is always reason to
assume that there are neurotoxic substances acting on the
axons present in the nucleus pulposus. However, histologic
observations indicate that the changes are focal and mainly
found in the center of the nerve roots, resembling a
mononeuritis simplex induced by nerve infarction caused
by embolism of the intraneural vessels (6,71,98). Particu-
larly in view of the work of Jayson et al. that indicate an
impairment of the venous outflow from the nerve roots
owing to periradicular vascular changes, one must consider
vascular impairment as a highly interesting factor
(99–102). Even relatively large molecules deposited in the
epidural space may be found in the intraneural vessels of
the adjacent nerve roots within seconds after application
(103). Considering the possibility of epidurally placed sub-
stances to penetrate the relatively impermeable dura, cross
over the CSF, and then diffuse through the root sheath and
into the axons, this vascular route may seem more relevant.
As mentioned, nucleus pulposus seems to have certain
inflammatory properties (6,78–80,104). Because many
inflammatory mediators are involved in vascular and rheo-
logic phenomena such as coagulation, one may suspect
that vascular impairment of the nerve root may result from
vascular embolism. In fact, it was observed in a vital
microscopic study that the presence of nucleus pulposus
may induce thrombus formation in microvessels (78).
Inflammatory mediators might also exert a direct effect on
the myelin sheaths, as indicated by an electron microscopic
study of nerve roots exposed to autologous nucleus pulpo-
sus in the pig (71). There were significant injuries of
Schwann cells with vacuolization and disintegration of the
Schmidt-Lanterman incisures, which closely resembles the

injury pattern of inflammatory nerve disease (105,106). As
described, results from recent studies have indicated that
epidural application of nucleus pulposus induces an
increase of the vascular permeability and a subsequent
reduction of the blood flow in the adjacent nerve roots,
which suggests that vascular impairment is pathophysio-
logically important.

It has been suggested also that because the nucleus pul-
posus is avascular and thus “hidden” from the systemic
circulation, presentation of the nucleus pulposus could
result in an autoimmune reaction directed to antigens
present in the nucleus pulposus, and that bioactive sub-
stances from this reaction could injure the nerve tissue
(107–113). Also, there could be autoimmune reactions,
not only in the disc, but also in components from the
nerve tissue that are released as the result of injury, such
as basic myelin protein. It is not clear if such immuno-
logic reactions occur, but ongoing research has demon-
strated immunoreactivity in some patients at the time of
surgery. An interesting study assessed the possible pres-
ence of immune complexes in herniated disc tissue
obtained at surgery as an indicator of immunoactivation
(114). It was found that there was IgG in close relation to
the disc cells in herniated disc material. However, no IgG
was found in the residual disc evacuated at the time of
surgery. Neither immune complex was found in control
disc material obtained at spine surgery for causes other
than pain. Although inconclusive, this study might indi-
cate that immunologic activation may be present in some
cases of sciatica.

Components of the Nucleus Pulposus of the
Intervertebral Discs

The nucleus pulposus mainly comprises proteoglycans,
collagen, and cells (115,116). Therefore, the observed
effects as induced by the nucleus pulposus at local appli-
cation probably should be contributed to one or more of
these components. The proteoglycans have gained most
attention; and are suggested to have a direct irritating effect
on the nerve tissue (113,117,118). Neither the collagen nor
the cells previously were suggested to be of pathophysio-
logic importance. However, recent studies of the cells of
the nucleus pulposus showed that these cells are capable of
producing metalloproteases such as collagenase or gelati-
nase, as well as interleukin-6 and prostaglandin E2, and do
so spontaneously in culture (104). Using the same pig
model as described, the possible role of the nucleus pulpo-
sus cells for the nucleus pulposus–induced nerve injury
has been assessed (72). In a blind fashion, autologous
nucleus pulposus was subjected to 24 hours of freezing at
-20°C and digestion by hyaluronidase or a heating box at
37°C for 24 hours. The treated nucleus pulposus was reap-
plied after 24 hours and analyses were performed 7 days
later. It was evident that there were no changes in nerve
conduction velocity in animals where the nucleus pulposus
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had been frozen and the cells killed, whereas in the other
two series the results were similar to application of unal-
tered nucleus pulposus. Therefore, it seems reasonable that
the cells are responsible in some way for inducing the
nerve injury and that the structural molecules are of less
importance. This assumption was further supported by a
study using the same model, which showed that application
of cultured pig disc cells to the cauda equina reproduced
the reduction in nerve conduction velocity (119). However,
application of disc cell membranes also reproduced this
reduction, indicating that the responsible substances prob-
ably are membrane bound.

Substances such as IgG, hydrogen ions, NO, and PLA2
might be responsible for the pathophysiologic reactions
(113,120–124). Another substance produced by the disc
cells that has similar pathophysiologic effects as nucleus
pulposus is tumor necrosis factor-a (TNF-a) (125). The
possible involvement of TNF and other related cytokines
in the pathophysiology of sciatica is discussed in the fol-
lowing.

Cytokines as Mediators of Nerve Dysfunction and
Pain

Tumor necrosis factor is known to be a regulatory proin-
flammatory cytokine that has both specific biologic effects
as well as the ability to up-regulate and act synergistically
with other cytokines, such as IL-1B and IL-6 (126–131).
Immediately after nerve injury, TNF is released and up-
regulated by Schwann cells at the site of nerve injury
(132). This is followed by the release and up-regulation of
TNF in many other endoneurial cells, including endothe-
lial cells, fibroblasts, and mast cells. Tumor necrosis factor
also is produced by chondrocytes and disc cells (125,
133–136). The local production of TNF is the stimulus that
results in macrophage attraction to the injury site (66),
which then contributes massively to the concentration of
proinflammatory cytokines in the injured tissue. Several
studies have clearly shown that blocking TNF production
or delaying the invasion of macrophages to the site of
nerve injury results in reduced or delayed neuropathologic
change and reduced hyperalgesia (81,137). When perform-
ing a meta-analysis on the biologic or pathophysiologic
effects induced by TNF and nucleus pulposus, one may
find that there is almost a perfect match. For instance, TNF
is known to induce axonal and myelin injury similar to that
observed after nucleus pulposus application (138–144),
intravascular coagulation (145–147), and increased vascu-
lar permeability (147). Tumor necrosis factor is also known
to be neurotoxic (141,143,148,149) and to induce painful
behavioral changes (138,150) as well as ectopic nerve
activity when applied locally (139,151). Interestingly, TNF
is sequestered in a membrane-bound form and is activated
after shedding by certain enzymes. Matrix metallopro-
teinases (MMP) are particularly important in this regard.
MMP-9 and MMP-2 are up-regulated immediately after a

nerve injury (152). Matrix metalloproteinases process the
inactive, membrane-bound form of TNF and its receptors
to the biologically active form. MMP-9 and TNF receptors
are also retrogradely transported from the site of nerve
injury to the corresponding dorsal root ganglion and spinal
cord (153), where they may have a direct role in gene reg-
ulation. This may relate to the observation that cell mem-
branes of disc cells are sufficient to mediate nucleus pul-
posus–induced effects (119).

Tumor necrosis factor was found in disc cells; when
TNF was inhibited with a nonspecific cytokine inhibitor,
the nucleus pulposus–induced reduction in nerve con-
duction velocity following experimental application of
nucleus pulposus in a pig model was completely blocked
(125). When using more specific TNF inhibitors, such as
a monoclonal antibody to TNF (infliximab) and a soluble
TNF-receptor (etanercept), the inhibition was equally
effective (154). Application of selected cytokines in the
pig model showed that TNF reduced the nerve conduction
velocity per se (155). IL-1B and interferon-γ only
induced a slight reduction of nerve conduction velocity.

Application of certain cytokines to intraspinal nerves
may also increase the somatosensory neural response
(156). Discharges from wide dynamic range neurons fol-
lowing stimulation of a receptor field of a dorsal root
ganglion exposed to nucleus pulposus increased signifi-
cantly following application (157). This may be related to
the sensitization of the sensory system caused by proin-
flammatory cytokines and the production of low-grade
spontaneous electrophysiologic activity in nociceptors by
TNF (151), which by itself is an important factor that
contributes to sensitization. The administration of an anti-
body specific for TNF efficiently inhibited this effect. An
in vivo study assessing changes in spontaneous behavior
clearly showed that changes induced by the combined
action of mechanical deformation and disc incision was
markedly inhibited by intraperitoneal injection of a mon-
oclonal antibody specific for TNF (59). It seems that TNF
is an important mediator both for the observed effects on
nerve function and pain induced by local application of
nucleus pulposus. Additional support for this hypothesis
comes from previous work which showed that blockade
of TNF up-regulation in macrophages by thalidomide
(137) and down-regulation of TNF by IL-10 administra-
tion (158) reduced the magnitude and duration of hyper-
algesia following nerve injury. Because cytokine interac-
tions are complex, other cytokines, such as IL-1B and
IL-6, may be involved as well (155,156,159,160). How-
ever, because these cytokines are induced by TNF, their
exact role has not been completely evaluated.

Suggested Mechanism of Action of Tumor Necrosis
Factor

It is known that even relatively large substances that
are placed in the epidural space are found in the intra-
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neural capillaries of the nerve root and dorsal ganglion
(103). Therefore one may assume that TNF may reach the
intraneural capillaries following release from disc cells in
the herniated nucleus pulposus. Tumor necrosis factor
induces an activation of endothelial adhesion molecules
(e.g., ICAM and VCAM), thereby adhering circulating
immune cells to the vessel walls (Fig. 2-7) (129,161,162).
Because of the TNF-induced increased vascular perme-
ability, these cells migrate into the endoneurial space
where the axons are located (163–165). The cells then
release their content of TNF and other cytokines, which
may induce an accumulation of ion channels locally in
the axonal membranes (166–168). The channels may
allow for an increased passage of sodium and potassium,
which may result in spontaneous discharges and dis-
charges of ectopic impulses following mechanical stimu-
lation. Tumor necrosis factor by itself can cause sponta-
neous electrical activity in A-delta and C-nociceptors
(151). Such discharges, regardless of whether they come
from a pain fiber or a nerve fiber transmitting other sen-
sory information, are interpreted as pain by the brain
(169–172). Such a mechanism may relate to the sensiti-
zation of the nerve roots seen in the mentioned experi-
mental and clinical studies and may relate to motion-
evoked sciatic pain, such as the straight-leg raising test.

Studies have also indicated that local application of
nucleus pulposus may disintegrate the myelin sheath (71,
73). This is a known effect of TNF (138,163,173–175). In
particular, this injury seems to affect the Schmidt-Lanter-
man incisures, which are responsible for the ion exchange
between the axon and surrounding tissues (176–179).
This could also contribute to the formation of ectopic
impulses and the sensitization to mechanical stimuli.

Recent work regarding molecular events in the patho-
physiology of neuropathic pain has suggested a potential
role of TNF for inducing allodynia (139,180–185). Tumor
necrosis factor may mediate the formation of allodynic
states in both the dorsal root ganglion and spinal cord
level because of its local up-regulation, which occurs via
a positive feedback loop caused by TNF itself. Interest-
ingly, this cycle seems to be broken by a direct effect of
TNF on the up-regulation of anti-inflammatory cytokines
such as IL-10, which eventually leads to a reduction of
TNF and the physiologic balance of proinflammatory and
anti-inflammatory cytokines. Such regulation seems to be
induced both by mechanical injury to peripheral parts of
the axons and also as a direct effect of TNF exposure, and
thereby further enhances the impression that TNF may be
an important mediator of neuropathic pain. Tumor necro-
sis factor is a potent activator of cells, and because it is
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FIG. 2-7. Suggested mechanism of action for tumor necrosis
factor (TNF). A: Tumor necrosis factor from cells of the her-
niated nucleus pulposus enters the endoneurial capillaries
and activates the endothelial adhesion molecules. B: Circu-
lating white blood cells adhere to the vessel walls (1) and
extravasate from the capillaries out among the axons
because of a TNF-induced increase in vascular permeability
(2). Tumor necrosis factor also induces an accumulation of
thrombocytes that will form an intravascular thrombus (3).
C: There is a local release of TNF from the extravasated
white blood cells among the axons that induce myelin injury,
an accumulation of sodium channels, and induce allodynic
events in the dorsal root ganglion and at the spinal cord level.
The thrombus, together with the edema, induces a nutritional
deficit in the nerve root because of increased permeability.
Both the local effects of TNF and the nutritional deficit may
induce pain and nerve dysfunction.
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retrogradely transported from the site of nerve injury to
the DRG and spinal cord, it may be this proinflammatory
stimulus that activates central glia and neurons (153).

Apart from directly affecting the endoneurially located
axons, TNF may also indirectly interfere with the axons
by compromising the nutritional transport. It is known
that TNF may induce intravascular coagulation, similar to
nucleus pulposus, following local application (73,145,
154,186,187). This reduces the local blood flow in the
intraneural capillaries (75). A nutritional reduction in-
duces ischemia in the nerve root, which may induce neu-
roischemic pain.

There is evidence that TNF may be an important medi-
ator of nerve dysfunction and pain. The unfortunate cir-
cumstance that TNF is produced and released from cells
in the nucleus pulposus, when displaced from its natural
environment in the center of the intervertebral disc out
into the spinal canal in close contact to the nervous struc-
tures, may be one key event for the onset of nerve dys-
function and sciatic pain.

CYTOKINE INHIBITORS IN CLINICAL
STUDIES FOR THE TREATMENT OF SCIATICA

Based on the recent experimental findings that TNF
may both mimic nucleus pulposus–induced nerve dys-
function and pain, pilot clinical trials regarding the possi-
ble use of TNF inhibition for the treatment of sciatica
have been initiated. Karppinen et al. administered a mon-
oclonal antibody specific for TNF (infliximab, Remi-
cade) to 10 volunteers waiting for surgery for radiologi-
cally verified disc herniations with severe sciatica (188).
In this open-label study, infliximab reduced pain assessed
by the Visual Analogue Scale (VAS) by 50% 1 hour after
infusion. After 2 weeks, 60% of the patients were pain
free. Three months after the single infusion, 90% were
pain free. No adverse drug reactions were seen and no
patients required surgery.

Genevay et al. administered a TNF inhibitor in the
form of a soluble TNF-receptor (etanercept, Enbrel
[Immunex Corporation, Thousand Oaks, CA]) by three
subcutaneous injections to 10 patients with severe sciat-
ica (189). Ten days after commencing the treatment, the
patients had a 70% reduction of VASL (leg pain assessed
by VAS). At 6 weeks the reduction was 83%. The results
were statistically significantly better than for seven
patients treated with three intravenous injections of
methylprednisolone.

Taken together, these preliminary, open-label observa-
tions strongly indicate a potential clinical effect of TNF
inhibition for the treatment of sciatica. It may be surpris-
ing that TNF inhibition seems to be so much superior to
anti-inflammatory treatment by NSAID or methylpred-
nisolone or even morphine. One may conclude that it is
more efficient to act at the responsible mediators directly
than aiming at general anti-inflammatory effects. This

clinical comparison strongly supports the TNF hypothesis
of neuropathic pain (67,125,154). Sciatica has a neuro-
pathic pain component; nonspecific anti-inflammatory
medication and morphine are less efficient in such condi-
tions. Nevertheless, it must be remembered that clinical
studies so far have only been open label and the role of
TNF inhibition must be evaluated in randomized, prospec-
tive studies before any conclusions regarding its efficacy
for the treatment of sciatica may be drawn (190). 

SILENT DISC HERNIATIONS AND LOW BACK
PAIN

The relationship between the herniated disc and sciat-
ica may seem well established. However, circumstances
imply that we are still unaware of some mechanisms. For
instance, why do approximately one third of all persons
who have never suffered from sciatica have disc hernia-
tions that may be visualized by radiology? If the presence
of a disc hernia is a prerequisite for sciatica, why do not
all patients displaying disc herniations have sciatica? Sci-
atica is a special form of pain, which (unlike low back
pain) is sharp, distinct, and usually located to the distrib-
ution area of one spinal nerve root segment. It is most
likely a form of neuropathic pain (i.e., pain resulting from
direct pathology of the involved nerve), and it is likely
that sciatica may occur because of irritation or injury of
the nerve root in the spinal canal adjacent to a herniated
disc. As described, recent research has demonstrated that
the pathology leading to nerve root pain (i.e., sciatica) is
based on the combined action of a sensitization of the
nerve by proinflammatory cytokines derived from the
intervertebral disc cells and simultaneous mechanical
deformation of the nerve root (58,60,191). Thus, from an
experimental standpoint it seems necessary that there is
both a sensitization and mechanical deformation in order
to produce pain, and that disc leakage or mechanical
deformation per se do not produce pain, at least not at
detectable levels.

It can be demonstrated that acute injection (experi-
mental herniation) of nucleus pulposus material into the
spinal canal does not result in nerve root compression.
Instead, the gel-like nucleus pulposus spreads among the
intraspinal nervous structures, almost reaching the adja-
cent disc levels (Fig. 2-8). This is most likely what hap-
pens when there is an acute herniation when the semiliq-
uid nucleus pulposus leaks through a rupture of the
annulus fibrosus (Fig. 2-9A,B). Later, the herniated
nucleus pulposus is partly resorbed and a healing process
around the site of rupture at the surface of the disc is ini-
tiated. This may result from a reactive process induced by
the cytokine activity of the disc, which significantly acti-
vates fibroblastic processes. The result, based on the
degree of resorption and scar formation, is a slight
rounded scar over the rupture site of the disc (Fig. 2-9C).
This scar is probably what is referred to as a herniated
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disc in the clinical setting. Because of the absence of a
mechanical factor, the patient has not experienced any
neuropathic pain (i.e. sciatica) during this process and the
disc hernia is called a “silent disc herniation” when
encountered by radiology. However, because local appli-
cation of nucleus pulposus is known to induce reduced
nerve function in experimental models, one may assume
that the patient may suffer from various degrees of
reduced sensibility and motor function during the leakage
of nucleus pulposus material, maybe at a subclinical
level. Likewise, if there is already mechanical compres-

sion of the nerve root (e.g., by lateral canal stenosis or an
osteophyte), the sensitization of the nerve root induced by
cytokines from the leaking disc may induce sciatic pain.
However, no disc herniation is seen by radiology or at
surgery in this case. Repeated episodes of leakage may
result in a larger scar at the disc surface and there may be
a build-up of a scar. At some point the scar will be large
enough to interact with the nerve root mechanically. A
new leakage of disc material at this point therefore may
induce both a sensitization of the nerve root and mechan-
ical deformation by the disc herniation scar, and there
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FIG. 2-8. Epidural injection of nucleus pulposus in the pig lumbar spine studied by radiology. Nucleus
pulposus was obtained from another pig. A: The abdomen was incised and a needle connected to a
syringe with nucleus pulposus mixed with Mixobar and Urografin was introduced into the disc from the
abdominal side. The tip of the needle was placed in the epidural canal, just penetrating the dorsolateral
annulus fibrosus. B: The nucleus pulposus in an amount approximately corresponding to one interver-
tebral disc was gently injected into the spinal canal, resembling an acute herniation (black). The injected
material spread in the spinal canal, almost reaching both adjacent disc levels. C: In the antero-poste-
rior view it was seen that the injected material was mainly located on the side of the injection. An aster-
isk indicates the injection site. D: Thirty minutes after the injection, the lumbar segment was removed
and the specimen was radiographed in the axial direction. It was seen that the injected material (1) after
injection from the dorsolateral aspect of the disc (2) was located in the epidural space, outside the the-
cal sac (3). The thecal sac was displaced slightly to the contralateral side to the injection (left). The
nerve root adjacent to the injection site (4) did not seem to be compressed. Instead, it was covered by
the injected material on the dorsal side.
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may be neuropathic or sciatic pain in that specific nerve
root (Fig. 2-9D). Radiology at this time reveals the scar
from the previous leakage and, rightfully, is regarded as
the cause of the present problems, although not in the
sense previously assumed.

One also may consider if the so-called silent disc is
silent. As discussed, patients may have discrete reduction
in sensory and motor function in the early phases of a new
disc leakage. However, we also know that there are sensory
nerve endings at the surface of the intervertebral disc
(192–195). Because many of the substances produced and
released from the disc cells may be neurotoxic and neu-
roirritative, they may stimulate the local nerves at the disc
surface. Cavanaugh et al. showed that silent receptors at the
disc surface are triggered by a proinflammatory substance
such as carrageenan (196). Disc-derived proinflammatory
cytokines may have a similar action. Although pain from
sensitization of a nerve root with locally derived ectopic
nerve impulses from the axons induces a sharp neuropathic
pain in the corresponding dermatome of that specific nerve
root, the pain derived from local stimulation of nerve end-
ings has a different localization and different characteris-
tics. Kuslich et al. showed that local stimulation of the pos-
terior surface of the disc in conscious volunteers results in
a dull pain in the lumbar area, and suggests that the poste-

rior disc surface is the site of low back pain (88). Taken
together, irritation of local nerve endings by disc-derived
substances might induce spontaneous discharges that
induce low back pain in relation to a herniation of disc
material into the spinal canal. We speculate that each time
there is a leakage of disc material there is an episode of low
back pain. In relation to the previous discussion about
repeated episodes of disc leakage leading to a disc hernia-
tion scar that eventually will mechanically affect the adja-
cent nerve root, one may assume that there will be repeated
episodes of back pain as well. Repeated episodes of low
back pain are common in patients with sciatica, and low
back pain is in fact the strongest predictor of sciatica (197).
This clinical observation thus may closely relate to this
speculative scenario. It is also common that sciatica is pre-
ceded by several days of low back pain, which based on the
previous discussion may be explained as direct stimulation
of nerve endings of the disc surface before the sensitization
of the nerve root and the subsequent neuropathic pain
develops. Silent disc herniations (i.e., leakage of nucleus
pulposus without sciatica) may thus be silent with respect
to sciatica, but may be a not previously recognized mecha-
nism for low back pain.

CONCLUSIONS

The pathophysiology of sciatica is a complex event
with numerous substances and mechanisms acting at var-
ious levels. Recently, these mechanisms have attracted
attention also by basic scientists, and thus a number of
studies looking into neuroimmune events have provided
important insights to the pathophysiologic mechanisms
that account for the human problem. It seems clear that the
intervertebral disc per se has certain biologic effects that
contribute directly to these pathophysiologic processes.
Epidural application of nucleus pulposus induces both
structural and functional changes, which relate closely to
the nerve dysfunction seen in radiculopathies such as sci-
atica. Nucleus pulposus also seems to sensitize the nerve
roots to produce pain when exposed to mechanical defor-
mation, whereas nucleus pulposus application or mechan-
ical deformation alone does not seem to induce significant
pain. These experimental observations correlate with the
clinical impression that preoperative touching of nerve
roots that have been exposed to disc herniation under local
anesthesia reproduces the sciatic pain, and that surgical
removal of the mechanical compression of the nerve root
often relieves the symptoms. It thus seems that substances
from the nucleus pulposus, in combination with mechani-
cal deformation, initiate the pathophysiologic events lead-
ing to pain and nerve dysfunction. The substance of
importance in this regard clearly seems to be TNF. The
activation and up-regulation of this ubiquitous proinflam-
matory cytokine produces acute pain and the neuropatho-
logic changes associated with chronic pain states. Tumor
necrosis factor stimulates fibroblast scar formation in a
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FIG. 2-9. Formation of a disc herniation. A: The nerve root (1)
and the central thecal sac with nerve roots and at some levels
the spinal cord (2) are located just dorsal to the intervertebral
disc with its connective tissue ring annulus fibrosus (3) and its
semiliquid center nucleus pulposus (4). B: If the annulus fibro-
sus ruptures there may be a leakage or herniation of nucleus
pulposus, as indicated by the black arrow out onto the surface
of the disc and into the spinal canal (5). The surface of the disc
is innervated by local sensory nerve endings (6) and the
nucleus pulposus may irritate and stimulate these nerve end-
ings. Because this leakage is not combined with any com-
pression of the nerve root, there will not be any sciatic pain.
C: The disc herniation heals and becomes organized, and a
dense scar will form (7). This dense herniation scar may com-
press the nerve root (1) mechanically but because the biologic
activity of the herniated intervertebral disc is now reduced,
there is no radicular pain. This is what is called a “silent disc
herniation” when accidentally found at radiologic examination.
D: At later herniations the newly herniated nucleus pulposus
material (8) will reach the nerve root. In this case, the com-
bined action of the nucleus pulposus and the previous scar tis-
sue (7) induce nerve root pain (i.e., sciatica).



vicious cycle whereby the local presence of TNF stimu-
lates other cells to up-regulate this cytokine. Thus, initia-
tion of this cycle by the leakage of TNF from herniated
nucleus pulposus produces a cascade of tissue injury, scar
formation, and local pain. Superposition of mechanical
injury to the nerve root in this environment exacerbates
the neural immune insult, causing macrophage mediated
wallerian degeneration with significant increases in TNF
concentrations. We suggest that these combined events
explain the problem of sciatica. Interestingly, there is also
ongoing research indicating an immune reactivity in some
patients after disc herniation, which might be involved in
the later pathophysiologic phase, thus contributing to
chronicity of the symptoms. The recent success of human
trials with anti-TNF agents strongly supports this inter-
pretation of the neural immune studies summarized in this
chapter. Although the pathophysiology of sciatica is far
more complex than one might first suspect, we are certain
that future research will reveal both substances and mech-
anisms of importance to the induction of symptoms in sci-
atica, and we hope that such research may provide a basis
for improved diagnosis and treatment of this common dis-
order.
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CHAPTER 3

Biomechanical Considerations of 
Disc Degeneration

Allison M. Kaigle Holm and Sten H. Holm

Mobility and stability of the spine are governed by a
complex neuromusculoskeletal system. Panjabi (1) elo-
quently described the spinal stabilizing system as three
subsystems (Fig. 3-1): passive (disc, ligament, bone,
and passive muscle), active (tendons and active muscle),
and neural (the nervous system and neural components
within the passive and active structures). The biome-
chanical characteristics of the lumbar spine are depen-
dent upon the integrity of all three subsystems. Under
normal conditions, the musculoskeletal structures inter-
act in a highly coordinated and optimized fashion via
neural networks, to produce the desired movements and
achieve the requirements for stability. However, injury
or degenerative processes disrupt the intricate balance,
and cause a transfer in unfavorable loads onto other
spinal structures. This often leads to pain or dysfunc-
tion. With regard to the intervertebral disc, degenerative
processes are believed to alter the disc’s mechanical
properties as well as the surrounding structures. This
underlying belief has fueled an extensive amount of
research aimed at elucidating the biomechanical conse-
quences of disc degeneration.

STRUCTURE AND FUNCTION

It is important to have some basic knowledge of the indi-
vidual structures of the lumbar spine, as well as their func-
tions and interactive processes, in order to understand how
disturbances to a single structure can adversely affect sec-
ondary structures, and ultimately the spinal system as a
whole. Many examples of this can be found in the litera-
ture. Disc degeneration transmits unfavorable stresses onto
other spinal structures, particularly the facet joints. A radi-
ographic study by Butler et al. (2) found that disc degener-
ation caused secondary osteoarthritic changes in the facet
joints, most likely due to a shift in the mechanical loading.
Using a sheep model, facet joint arthrosis has been shown

to occur in response to experimentally induced disc degen-
eration (3). Substantial bone remodeling in vertebrae adja-
cent to intervertebral discs that sustained lesions of the
annulus has also been observed (4). Changes in muscle
fiber type of the multifidus and erector spinae muscles
(5–7), and structural changes in the connective tissue of the
multifidus (8) have been reported clinically in patients
with lumbar disc herniation.

The intervertebral disc is a deformable connective
structure, with a very low capacity for remodeling and
repair due to its avascularity in the mature state. This
makes it particularly vulnerable to fatigue failure. A
turgescent central nucleus pulposus exists in the healthy
state; it is designed to sustain and transmit pressure while
surrounded by an annulus fibrosus, a highly organized
arrangement of collagen fiber layers that can resist move-
ments in all directions due to the fibers’ alternating
oblique orientation. Due to the arrangement of the annu-
lus fibers and regardless of the type of loading, the disc
annulus, partly or in whole, is subjected to tensile
stresses. The three major constituents of the interverte-
bral disc are water, collagen, and proteoglycans. Their
proportions vary radially within the disc, as well as with
aging and degeneration (9,10). The outer annulus has the
highest collagen content and the lowest water and proteo-
glycan contents, whereas the nucleus has high water and
proteoglycan contents and low collagen content (11). The
biomechanical properties of the intervertebral disc de-
pend largely on the tissue’s hydration. The collagen fibrils
provide the tensile strength of the intervertebral disc. The
turgid action of the water-binding proteoglycans sur-
rounded by the collagenous framework provides the load-
bearing capacity (12). The principal functions of the
intervertebral disc are to allow joint mobility and transfer
axial loads between the vertebrae. Together with the ver-
tebrae, the disc resists approximately 80% of the com-
pressive force acting on the spine in the upright standing
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posture (13). The intervertebral disc allows rotations
(flexion-extension, lateral bending, and axial) between
the vertebrae, as well as translational movements caused
by compressive or shear forces.

A cartilaginous end plate, which joins the vertebral body
and intervertebral disc, provides a nutritional pathway to
the avascular intervertebral disc. The end plates deflect
when sufficient axial loads are transferred between the
intervertebral disc and vertebral body. Disruption in the
nutritional pathways through the end plate is believed to be
a key mechanism for disc degeneration (14).

The zygapophysial joints, or commonly called facet
joints, are synovial joints formed between the superior and
inferior articular processes of adjacent vertebrae. These
cartilage-covered articulating processes or facets, along
with the fibrous capsule that encloses the joint, provide a
locking mechanism that can resist shear translation and
axial rotation between the vertebrae. Bony impact, as well
as tension of the joint capsule, play major roles in provid-
ing passive stability during bending of the lumbar spine.
According to Adams and Hutton (15), the facet joints nor-
mally bear approximately 20% of the spinal compressive
force, but if there is a loss in disc height due to degenera-
tive changes, load bearing can be as high as 70%. In a
lumbar motion segment, the intervertebral disc provides
approximately 40% to 50% torque strength, while the

remaining strength is attributed to the posterior elements
and the interspinous ligaments (16).

The ligaments of the lumbar spine provide passive tensile
resistance to external loads. The amount of stability pro-
vided by a particular ligament depends not only on its
strength, but also on its architectural arrangement and the
loading circumstances. Ligaments are most effective in
resisting loads along the same direction of their fibers. With
disc degeneration, narrowing of the disc space can reduce
the ligamentous tension, and thus decrease its effectiveness
in providing passive translatory or rotatory stability.

Devoid of the muscles, the osseoligamentous spine is
inherently unstable at low loads (approximately 90 N)
(1,17). Therefore, the neuromuscular system must fulfill
the supplementary and adaptive role of maintaining pos-
tural stability in vivo. Disturbances in the precise motor
control strategies, particularly those of repetitive nature,
may have detrimental effects on the lumbar spinal struc-
tures (e.g., cause pain or dysfunction). The lumbar spine is
directly influenced by a number of bilateral muscles, both
intersegmental and polysegmental, acting in a well-coordi-
nated manner in order to balance the actions of gravity or
execute controlled movements, as well as provide passive
elastic tension. The muscles not only produce movements,
but also generate compressive and shear forces that con-
tribute to the high internal forces to which the lumbar spine
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FIG. 3-1. Schematic of the bilateral active and passive structural arrangement and sensory innervation
on the L3-L4 level.



is subjected. The complex recruitment patterns of the lum-
bar musculature are not well established. However, biome-
chanical and neurophysiologic evidence suggests that the
deep intrinsic muscles are recruited to control motions at
the intervertebral level, whereas the long multisegmental
muscles may be involved in a more “global” control of the
overall spinal orientation (18–20).

The innervation pattens of the active and passive struc-
tures of the lumbar spine have, for the most part, been
determined. The load-sensitive nerve endings, or me-
chanoreceptors, found in muscle (muscle spindles) and
tendon (Golgi tendon organs), provide proprioceptive
information regarding tension levels, essential for con-
trolling muscle tone. Although the presence of nerve end-
ings in the passive structures has been well documented
(21–28), their role has not been clearly established.
Regarding the articular structures, the outer annulus of
the intervertebral disc and the capsules of the facet joints
contain both free nerve endings and mechanoreceptors.
These structures act as proprioceptive transducers for
monitoring the position and movements of the motion
segment. The neurologic feedback from these passive
structures provides sensory information needed to regu-
late muscle tension, and hence the mobility and stability
of the lumbar spine. In addition to a regulatory function,
the presence of a nerve supply in the articular structures
makes these structures potential sources of pain (22).

BIOCHEMICAL AND STRUCTURAL CHANGES
ASSOCIATED WITH DISC DEGENERATION

Disc degeneration is the deterioration and remodeling
of the physical and chemical properties of the tissue—
whole or in part—with retrogressive pathologic changes
in the cells or macromolecules (14). The changes ob-
served in degenerated discs are similar to those found in
normal aging (29,30), but they are more pronounced with
disc degeneration, may occur earlier in life and with more
severe changes, and are often associated with clinical
symptoms (31). 

The principal biochemical sign of disc degeneration and
aging is the loss in proteoglycans and hence loss of water,
particularly in the nucleus (11,30,32,33). Cells in the
nucleus change their shape and begin to synthesize colla-
gen types not found in normal intervertebral discs (34).
Structurally, the nucleus pulposus becomes progressively
more fibrous and opaque, with increased pigmentation
(34–37). The demarcation between the annulus-nucleus
boundary becomes less distinct and delamination of the
mid-to-outer annulus occurs, particularly in the anterior
annulus (38,39) (Fig. 3-2). Delamination is believed to be
a precursor stage for the development of concentric tears in
the annulus fibrosus (40). Abnormalities can be found in
the ultrastructural features of the collagen fibrils of the
annulus fibrous (e.g., widened fibrils or irregular fibril
cross-sectional diameters) (41). Radial fissures and cracks

in the annulus fibrosus can form cavities within the disc
(42). There can be inward buckling of the inner annulus as
well as increased radial bulging of the annulus (43,44).
Radiographically identifiable pathology associated with
disc degeneration includes disc space narrowing, osteo-
phyte formation around the margins of the vertebral bod-
ies, and sclerosis of the vertebral end plates (45,46).

For describing the degree of degeneration according
to morphologically observed changes, Nachemson (47)
created an integer grading scale ranging from 0 (no
macroscopic signs of degeneration) to 4 (severely
degenerated). This grading scheme or versions similar
to it are commonly referred to when classifying the
degeneration status of specimens used in biomechani-
cal studies. Kirkaldy-Willis (48) described the process
of degeneration as having three sequential phases: (a)
an early phase of dysfunction, where the motion seg-
ment does not function normally but the pathologic
changes are minimal (grade 1); (b) instability, an inter-
mediate phase where there is increased joint laxity
which may be exemplified as abnormal segmental
motion (grade 2); and (c) the restabilization phase char-
acterized by fibrosis in the posterior joints and osteo-
phyte formations, which lead to decreased segmental
motion (grades 3 and 4).

MECHANICAL FACTORS AS POSSIBLE
PATHOMECHANISMS OF DISC
DEGENERATION

There are several theories about the possible pathome-
chanisms of disc degeneration. Mechanical, chemical,
age-related, autoimmune, hereditary, and genetic factors
have all been implicated (49). Considerable attention 
has focused on trying to understand the etiologic role
mechanical loading plays in disc degeneration. This par-
tially stems from the fact that back pain is the leading
cause of disability among the working population (50).
There is an underlying belief that pathology leading to
back symptoms can result from mechanical factors that
damage spinal structures (51–53). Farfan et al. (16), for
example, postulated that intervertebral disc degeneration
results from imposed torsional strains that cause impair-
ment in the function of the facet joints. Although there is
no clear dose-response relation between occupational
loading exposure and degenerative findings, physical
workload has been found to predict spinal injury in truck
drivers (54). Suspected occupational risk factors for back
pain include the following physical demands: heavy
physical loading; materials handling including lifting,
bending, twisting, pulling or pushing; prolonged static
postures; and whole body vibration (52,55–57). However,
there are discrepancies in the literature regarding which
physical factors are associated with an increased preva-
lence of low back pain. Marras et al. (58) assessed the
contribution of dynamic trunk motions to the risk for low
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back disorders during occupational lifting in industry. An
increase in the magnitude of the following workplace fac-
tors significantly increased the risk for low back disor-
ders: lifting frequently, load movement, trunk lateral
velocity, trunk twisting velocity, and trunk sagittal angle. 

There is evidence to suggest that occupational exposures
have an effect on disc degeneration, specifically with regard
to lumbar disc degeneration; however, the contribution of
such risk factors appears to be modest, particularly when
compared to familial influences (52). A critical review of
the literature was recently made by Hansson and Wester-
holm (59) to assess whether or not existing scientific evi-
dence substantiates relationships between low back prob-
lems and the following different physical work exposures:
patient handling and care, lifting of patients, materials han-
dling, heavy physical work, heavy lifting, bent or twisted
work positions, standing or walking, prolonged sitting, and
exposure to whole body vibration. The review revealed that

there is strong evidence of an association between an
increased occurrence of low back problems and frequent
heavy lifting (greater than 15 kg) and twisted or bent work-
ing positions, whereas frequent lifting of less than 10 kg
shows a strong negative association. Moderate evidence
supports an association between whole body vibration and
an increased occurrence of low back problems.  Limited
evidence yields an association between patient handling
and care, patient lifting, and heavy physical work and an
increased occurrence of low back problems. There is cur-
rently insufficient evidence for an association between low
back pain and standing, walking, or prolonged sitting.

Loading effects on the lumbar spine during physically
demanding tasks are not only dependent on the load mag-
nitude, but also the loading rate and history (60,61). This is
partly because the intervertebral disc and ligaments are
viscoelastic structures. The viscoelastic behavior has been
well documented for the intervertebral disc, both normal
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FIG. 3-2. Comparative photographs of cross-sectional and sagittal views of a degenerated disc (A, B)
and the adjacent disc (C, D) from an experimental model (end-plate injury) of disc degeneration, show-
ing gross morphologic changes in both the annulus and nucleus structures. (From Kawchuk GN, Kaigle
AM, Holm SH, et al. The diagnostic performance of vertebral displacement measurements derived from
ultrasonic indentation in an in vivo model of degenerative disc disease. Spine 2001;26:1348–1355, with
permission.)
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and degenerated (62–70). The outflow of tissue fluid and
the stretching of the collagen fibers of the annulus fibrosus
under loading cause approximately a 20% reduction in the
height and volume of the disc (71). Intradiscal pressure has
also been shown to decrease with creep loading (72). Such
reductions make the tissue more elastic (73), less resistant
to bending (60) and shear loading (74), and causes greater
axial loading on the facet joints (75). When loading is
removed, the disc imbibes fluid and recovers from the
deformation, although complete recovery requires a con-
siderable amount of time. With repetitive physical tasks,
even at relatively low physiologic loads, the spinal struc-
tures may suffer from fatigue. Mechanical fatiguing can
make the disc, as well as other viscoelastic spinal struc-
tures (e.g., ligaments, tendons, and fascia) more vulnerable
to microdamage. Considering the very low repair capacity
of the mature intervertebral disc, accumulative structural
damage is believed to be an underlying cause of disc
degeneration and low back pain (76).

Trying to establish cause and effect in disc degeneration
is extremely difficult. In a degenerated disc, structural dis-
ruption is accompanied by cell-meditated changes in com-
position. It is not clear as to whether progressive biochem-
ical changes in the disc alter its structural integrity, or
whether mechanical disturbances precipitate biochemical
changes in disc cell metabolism (77). Adams and Dolan
(76) described how structural failure may cause biologic
degeneration of tissues by a number of mechanisms: by
altering the mechanical environment of the cells, by inter-

fering with metabolite transport to and from the cells, or by
breaking down barriers and allowing an inflammatory or
even autoimmune reaction to occur. Biochemical observa-
tions by Pearce et al. (78) support the hypothesis that low
proteoglycan concentrations in all the discs of a spine pre-
cede degeneration.

EXPERIMENTAL MODELS OF DISC
DEGENERATION

In order to perform controlled investigations of the
etiology and progression of disc degeneration, animal
models are often used. Experimental models have the
advantage of allowing standardized evaluations of bio-
mechanical, histochemical, and morphologic phenomena
of the degenerative process, directly from initiation of the
process. There are several different ways in which exper-
imental disc degeneration can be induced in vivo, either
chemically or mechanically. Injection of a matrix-degrad-
ing enzyme (e.g., chymopapain), into the disc can pro-
duce degenerative changes (79). A number of investiga-
tors have mechanically produced degeneration in vivo in
rat and mice tail discs chronically loaded with an external
compression device (80–82). Disc degeneration as a
result of torsional injuries has been demonstrated in vivo
in rabbit models (83,84). A scalpel stab incision into the
annulus fibrosus, with or without penetration into the
nucleus pulposus (Fig. 3-3), is a technique that has fre-
quently been used to mechanically induce disc degenera-
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FIG. 3-3. Comparative photographs (sagittal view)
of motion segments from mechanically induced
porcine disc degeneration models showing the mor-
phologic changes: (A) no intervention, (B) 3
months’ postscalpel stab incision into the annulus
fibrosus, and (C) 3 months’ postscalpel stab incision
into the annulus fibrosus with penetration into the
nucleus pulposus. (From Kaigle AM, Holm SH,
Hansson TH. Kinematic behavior of the porcine
lumbar spine: a chronic lesion model. Spine 1997;
22:2796–2806, with permission.)
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tion (85–94). In rabbit, sheep and pig, this model has
been shown to cause progressive degeneration which bio-
chemically and structurally resembles that in human disc
degeneration. A new injury model, involving penetration
of the end plate via the vertebral body, has been shown to
produce symmetrically widespread degenerative changes
in the disc that resemble human disc degeneration (i.e.,
declines in concentrations of water, cells, and proteogly-
cans as well as intradiscal pressure) (38). This is a model
in which the severity of the degenerative changes can
vary according to the penetration diameter or depth
(38,95). Loss in hydrostatic pressure in the nucleus and
disruption of nutritional pathways through the end plate
are believed to be two key mechanisms behind this model
of disc degeneration. Deficient metabolite transport has
been linked with degenerative changes (96). This model
mimics human degeneration caused by end-plate frac-
tures or nucleus herniation through the end plate.

BIOMECHANICAL CONSEQUENCES OF DISC
DEGENERATION

In everyday life, the structures of the lumbar spine are
continuously subjected to pure as well as combined
physiologic loads (e.g., compressive, tensile, shear, tor-
sional, and combinations thereof). Disc degeneration
affects both the geometry and material properties of the
motion segment. While geometric changes can be
expected to decrease flexibility, changes in material
properties may cause the opposite response. The extent
to which each of these factors affects the spinal behavior
is also dependent on the direction of loading. For these
reasons, along with the fact that the intervertebral disc is
an anisotropic structure, it is necessary to perform bio-
mechanical testing which includes both simple and com-
plex loading modes. 

For several decades, numerous studies have been per-
formed in order to assess how the biomechanical prop-
erties of the lumbar spine are affected by intervertebral
disc degeneration. Accurate knowledge of the inter-
vertebral disc’s biomechanical properties in healthy,
injured, or diseased states is essential for performing
valid mathematical analyses of the intervertebral disc,
for refining injury (failure) criteria, and for developing
artificial disc replacements, as a few examples. Studies
have used various methodologies in order to quantify
the physical properties—elastic and viscoelastic—as
well as the kinematic behavior. Since the degenerative
status can be determined, the majority of studies of
intervertebral disc degeneration are conducted using
cadaveric material (isolated discs, motion segments, 
or whole lumbar spines) or in vivo animal models.
Methodologies for performing such analyses have pri-
marily employed servohydraulic-type material testing
devices or used similar techniques that can measure the
load-displacement behavior.

Elastic Behavior

With regard to biomechanical testing, axial compres-
sion has been a popular test mode for studying the inter-
vertebral disc, perhaps due to physiologic as well as prac-
tical considerations; namely that the disc is a major
compression-carrying structure in the spine (97) and that
compression testing is a relatively straightforward exper-
imental test mode that can provide considerable informa-
tion about the disc’s physical properties. Early biome-
chanical studies from the 1950s by Brown et al. (98) and
Hirsch et al. (99–101) described the nonlinear mechani-
cal characteristics of in vitro lumbar motion segments
under axial compression, as well as other test conditions.
Studies such as these were motivated by the fact that disc
degeneration was viewed as a possible pathologic ana-
tomical explanation for low back pain, and although no
pain mechanisms were identifiable at the time, the impor-
tance of mechanical factors was strongly recognized.
Hirsch and Nachemson (101) demonstrated differences in
the mechanical behavior between cadaveric motion seg-
ments with normal and degenerated discs, noting that for
the same applied axial load, degenerated discs deformed
more easily than healthy discs, particularly at higher
loads. Nachemson et al. (102) reported differences in
stiffness between less degenerated discs [grades 0 to 2 on
a total 5-point scale of 0 (normal) to 4] and grossly
degenerated discs (grades 3 and 4) that were dependent
on the loading configuration. In axial compression, less
degenerated discs were stiffer than grossly degenerated
discs. However, in flexion and extension modes, more
degenerated discs were found to be less flexible, while in
lateral bending and torsion, there were no significant dif-
ferences. Fibrosis in the posterior joints of the grossly
degenerated discs may explain the observed increase in
stiffness in the flexion and extension loading modes
observed in the degenerated discs. Keller et al. (68) also
reported a decrease in axial compressive stiffness with
increasing grades of degeneration [1 to 3 on a total 4-
point scale of 1 (normal) to 4]. In a recent in vitro study,
Brown et al. (103) examined lumbar motion segment
stiffness under flexion-traction loading. A nonlinear
trend, which coincided with the degenerative process
described by Kirkaldy-Willis (48), dysfunction-instabil-
ity-restabilization, was observed between motion seg-
ment stiffness and degeneration grade; reduced stiffness
was found in discs with early stages of degeneration
whereas discs with more severe degenerative changes
showed a tendency toward increased stiffness.

Viscoelastic Behavior

Using static and dynamic axial compression test
modes, it has been shown that degeneration alters the vis-
coelastic (time-dependent) behavior of the intervertebral
disc. Virgin (70) was the first to demonstrate that the hys-
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teresis behavior was greater in discs that showed actual
signs of degeneration than in middle-aged or older discs
that did not show any degenerative signs. This means that,
in the degenerate state, there is greater energy loss during
loading-unloading cycles, which can be of considerable
importance with regard to repetitive axial vibration.
Koeller et al. (69) studied the effects of age and degener-
ation on the creep response of the intervertebral disc
under dynamic axial compression. From the middle of
the third to the beginning of the sixth decade, only slight
alterations in the biomechanical properties were found,
whereas later in life, where there was a greater occur-
rence of disc degeneration, increased creep was observed
in the lumbar spine. Kazarian (65) performed static axial
compression tests on older cadaveric lumbar motion seg-
ments with various degrees of degeneration. The creep
behavior was found to correlate with the degree of degen-
eration; the degenerate discs exhibited greater initial
deformation and approached equilibrium at a more rapid
rate compared with the nondegenerate discs. Similar
behavior has been confirmed by Keller et al. (68).

Internal Disc Mechanics

With the intervertebral disc being an inhomogeneous
structure, there are regional material property differ-
ences, particularly in the annulus fibrosus, which reflect
the variations in structural and biochemical composi-
tion. Such regional properties will affect the manner in
which the intervertebral disc responds to loading and
must be taken into consideration when performing ana-
lytical representations. Brown et al. (98) were perhaps
the first group to map the regional tensile strengths of
the intervertebral disc. Rectangular vertebra-disc-verte-
bra sections from different locations of the disc were
axially stretched to failure. In this normal material, the
strongest areas were found to be in the anterior and pos-
terior portions of the disc, while the central portion was
the weakest.

More recent studies of the radial and circumferential
variations in the tensile properties of nondegenerate lum-
bar disc specimens have reported that, when loaded along
the plane of the lamella, the anterior annulus is stiffer and
stronger than the posterolateral regions, and the outer
annulus is stiffer and stronger than the inner regions
(10,104). Ebara et al. (104) speculated as to how load dis-
tribution would benefit from a lower tensile modulus in
the inner annulus fibrosus. They stated that the lower val-
ues for the tensile modulus and the larger values for strain
suggest that the inner annulus fibrosus is likely to be
more deformable, and thus be more successful at distrib-
uting applied loads in a uniform manner across the inner
annulus fibrosus, as compared to the more restrictive
outer annulus. Therefore, the more deformable inner
annulus fibrosus may provide for significant energy dis-
sipation within the tissue. Acaroglu et al. (105), using

multiple-layer annulus specimens, evaluated the effects
of aging and degeneration on the regional tensile proper-
ties when loaded along the plane of the lamellae. Degen-
eration was found to be accompanied by significant
decreases in the failure properties (i.e., failure stress and
strain energy density), indicating that degenerated annu-
lus fibrosus will fail at lower stresses and require less
energy to fail. Also, a significant decrease in the Poisson
ratio, which is a ratio of the transverse and axial strains in
the tissue, was found. This indicates structural changes in
the annulus lamellae, which will affect the internal
stresses in the disc and thus the overall manner in which
the disc bears loads. Fujita et al. (106) studied in vitro the
radial tensile properties of normal and degenerated lum-
bar annulus fibrosus, when loading perpendicular to the
plane of the lamellae. The radial tensile behavior of the
annulus was highly nonlinear and showed region-depen-
dent behavior that was likely due to radial variations in
interlaminar weaving. Compared to specimens from both
the inner and outer annulus of normal discs, specimens
from the middle layers were stiffer and failed at smaller
strain magnitudes with radial tensile loading. Differences
due to degeneration were noted; moderately degenerated
discs showed a 30% decrease in yield and ultimate stress
compared with normal discs.

Umehara et al. (107) studied variations in the disc’s
axial compressive properties as a function of location in
the disc and degeneration. Using an indentation tech-
nique on whole disc specimens, the axial compressive
elastic modulus was assessed in lumbar discs with vari-
ous degrees of degeneration. In normal discs, the elastic
moduli were lowest in the nucleus as well as the lateral
portions of the annulus, whereas the values were signifi-
cantly greater in the posterior and anterior annulus, being
greatest in the anterior portion. This normal distribution
pattern, which correlated with the distributions of tensile
strengths reported in earlier studies, was affected by disc
degeneration. In normal discs, the distribution was sym-
metrical about the midsagittal plane, whereas the more
severely degenerated discs showed asymmetrical and
irregular profiles and higher nucleus moduli. In the
slightly degenerated discs, the lowest values of the elastic
moduli were found in the posterolateral portions of the
disc, which is also the region where disc disruption is
clinically found to occur most frequently (108). Farfan et
al. (16) found that the location of maximum stress under
torsional loading was at the posterolateral angles of the
intervertebral disc, again coinciding with the common
site of clinical disc protrusion.

Annular lesions of the radial, circumferential, or rim-
lesion type compromise the disc’s internal mechanical
integrity. Such lesions appear to evolve independent of
age or each other (40), and may be the result of fatigue
failure or part of a degeneration process. A study has
examined how the type and severity of such lesions in
lumbar intervertebral discs alter the biomechanical prop-
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erties (109). Flexion-extension stiffness increased with
greater tear severity, which was believed to be partly due
to the accompanied loss in disc height. Increasing sever-
ity of circumferential tears and rim lesions correlated
with decreasing joint axial torsional stiffness. With a cir-
cumferential tear, interlamellar bonding is absent in a
portion of the annulus; thus the disc’s ability to transfer
shear forces induced by torsional loading is reduced. It
has been suggested that interlaminar separation and
matrix failure between the lamellae might be a more clin-
ically relevant injury mechanism than tensile failure of
the collagen fibers within a lamella (106). It is believed
that with loss of cohesion between the annulus lamellae,
other structures of the motion segment, particularly the
facet joints, have to provide a greater portion of torsional
resistance, and that this could play a major role in early
degenerative changes (16). With a rim lesion, there is a
defect in the annulus attachment close to the bone of the
vertebral rim, which compromises the transferring of tor-
sional loads across the motion segment. Thompson et al.
(109) reported that radial tears showed little or no effect
on the axial torsional stiffness. Schmidt et al. (110) com-
pared the stiffness (flexion-extension, axial rotation, lat-
eral bending) in cadaveric motion segments with and
without high intensity zones (i.e., radial tears, in the
annulus fibrosus viewed on magnetic resonance images).
In this study, the presence of a radial tear was associated
with a significant reduction in stiffness in the motion seg-
ment in axial rotation.

A direct means for measuring loading on the spine is
with intradiscal pressure measurement techniques. In a
healthy disc, the pressurized gelatinous nucleus pulposus
acts as a hydraulic cushion that generates tensile stresses
in the annulus, permitting applied loads and pressures to
be evenly distributed over multiple spinal segments. The
lamellae of the annulus fibrosus are believed to primarily
bulge radially outward due to the hydrostatic pressure 
in the nucleus. However, with aging and degenerative
processes, the reduction in water content and increased
fibrosis in the nucleus result in reduced hydrostatic
behavior, and there are structural disruptions in the annu-
lus lamellae and end-plate regions. In degenerated discs,
there have been reported observations of inward bulging
of the inner lamellae (43,44,77), and that such bulging is
associated with pressure loss in the nucleus (81). Under
loading, such changes alter the internal disc mechanics,
producing high stress concentrations that may cause pain
or even further disc disruption. Since the nucleus of a
severely degenerated disc does not always exhibit hydro-
static behavior, discometric studies of such material must
be interpreted with caution.

In a number of pioneering in vivo human studies,
Nachemson et al. (111–116) measured intradiscal pres-
sure in lumbar intervertebral discs during various activ-
ities. From these and the later studies by Andersson et
al. (117,118) and Schultz et al. (119), intradiscal pres-

sure measurements, electromyographic data, and biome-
chanical modeling have altogether provided vital infor-
mation that has been used to establish workplace rec-
ommendations as well as clinical treatment strategies
for disc diseases. Recent in vivo investigation (120,121)
using modern pressure transducer technology has sub-
stantiated the findings of the intradiscal pressure studies
from the 1960s and 1970s. In a healthy male volunteer,
Wilke et al. (121) measured the intradiscal pressure 
in the L4-L5 disc and found good correlation with
Nachemson’s data, with two exceptions. First, intradis-
cal pressure was found to be lower in relaxed sitting
than in relaxed standing, and second, the pressures
while lying supine and lying on the side were essentially
the same, whereas Nachemson found a threefold pres-
sure increase in side lying. However, in a larger group of
subjects (8 healthy volunteers and 28 patients with low
back pain), Sato et al. (120) measured L4-L5 intradiscal
pressures during various postures that corroborated the
earlier findings of Nachemson et al.

Several investigators have examined how the internal
disc mechanics are altered by disc degeneration. In
moderately degenerated human discs, the intradiscal
pressure has been shown to be approximately 30% less
than in nondegenerate discs (111,114). Using an in vivo
porcine model, Ekström et al. (122,123) and Holm et al.
(38) measured the intradiscal pressure in normal lumbar
discs and discs with experimentally induced degenera-
tion, as well as the disc adjacent to the degenerated
level. The intradiscal pressure in the disc adjacent to the
degenerated level, which did not show morphologic
signs of degeneration, was found to be slightly higher
than in normal discs. This increase can be expected due
to the redistribution in mobility demands and alignment
of the segments adjacent to those with increased stiff-
ness (i.e., degenerated or fused) (124). Intradiscal pres-
sure has been shown to be highly dependent on the
angle of the motion segment (120). Similar to the in
vivo human studies discussed previously, the intradiscal
pressure in the degenerated disc was significantly lower
(more than 50%) compared to the pressures in the adja-
cent and normal discs. Sato et al. (120) reported a pro-
gressive decline in intradiscal pressure with increasing
disc degeneration grade. Using stress profilometry,
age-related degenerative changes in cadaveric lumbar
motion segments have been shown to reduce the sagittal
diameter of the central hydrostatic region (nucleus and
inner annulus) of the disc by approximately 50% and the
pressure by 30%, and increase the width of the “func-
tional” annulus by 80% (125) (Fig. 3-4). Structural dis-
ruptions, such as radial fissures or fractures in the end
plate, increase the space available to nucleus material,
thus reducing the central intradiscal pressure (77).
Stress profilometry has shown that compressive stresses
are transferred from the nucleus to the annulus, particu-
larly the posterior region where increases in peak
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stresses by 160% have been reported (125). Similar
effects in the stress redistribution (i.e., reduced nucleus
pressure and increased peak compressive stresses in the
posterior annulus) have been observed with sustained
(creep) loading (72).

Spinal Kinematics

Several biomechanical investigations, both in vitro
and in vivo, have looked at the effects of disc degenera-
tion on spinal kinematics. Mimura et al. (126) per-
formed a comprehensive investigation into the relation-
ship between multidirectional flexibility of whole
cadaveric lumbar spines and disc degeneration. Flexion-
extension, lateral bending, and axial rotation pure move-
ments were applied and the motion parameters used to
describe the nonlinear spinal behavior were neutral
zone, range of motion, and neutral zone ratio. The neu-
tral zone is an absolute measure of the joint laxity
around the neutral position, where little resistance is
offered by the passive spinal column (127). In an in
vitro study, the neutral zone has been shown to increase
with disc degeneration, particularly in axial rotation and
anteroposterior shear motions, and is considered to be a
more sensitive parameter than range of motion in relat-
ing to disc degeneration (128). The neutral zone ratio, a
quotient of the neutral zone and the range of motion,
increases in value with greater joint laxity. In the pres-
ence of increasing disc degeneration, Mimura et al.
(126) reported an increase in intervertebral joint laxity
around the neutral position, believed to be due to lax
collagenous tissues, as demonstrated by an increase in
the neutral zone ratio for all three types of loading

modes. With regard to range of motion, a significant
decrease in lateral bending was found, perhaps resulting
from facet hypertrophy. Tendencies toward decreased
flexion-extension and increased axial rotation ranges of
motion were observed. In a clinical study, a reduction in
disc height was found to be significantly associated
with reduced flexion-extension range of motion (129).
The finding of an increase in axial rotation with higher
degrees of disc degeneration has been corroborated in
other studies (128,130–132), presumably due to fissure
formations in the annulus fibrosus and a reduction in
disc height. While segmental motion has been shown to
increase with increasing severity of degeneration, a
decrease has been found at the highest grade of degen-
eration (126,131). This is in accordance with the final
phase of degeneration, as reported by Kirkaldy-Willis
(48), where there is a restabilization due to osteochon-
drotic changes.

Using an in vivo porcine model, Kaigle et al. (133)
studied dynamically the alterations in segmental kine-
matics during flexion-extension as a result of acute
interventions to the passive stabilizing components of
the lumbar spine and to the musculature. Acute injury to
the intervertebral disc resulted in greater axial joint lax-
ity during flexion-extension maneuvers, while acute
injury to the facet joints caused greater segmental sagit-
tal plane rotation. A facetectomy resulted in consider-
able destabilization of the motion segment, particularly
in the neutral region, where erratic behavior was exhib-
ited during flexion-extension. Although increasing the
flexion-extension range of motion, activation of the
lumbar paraspinal muscles was shown to have a stabi-
lizing effect on the segmental patterns of motion in the
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FIG. 3-4. Stress profiles (posterior-anterior). Left: Grade 1 disc, female, 27 years old, L1-L2. Right:
Grade 4 disc, female, 82 years old, L4-L5. (Redrawn from Adams MA, McNally DS, Dolan P. Stress dis-
tributions inside intervertebral discs. The effects of age and degeneration. J Bone Joint Surg Br
1996;78:965–972, with permission.) 



acutely injured porcine motion segment by reducing the
abrupt kinematic behavior in the neutral region. Similar
findings were reported in an in vitro study by Panjabi et
al. (134), where it was demonstrated that the application
of simulated intersegmental muscle forces maintained
or decreased intervertebral motions (i.e., maintained or
decreased neutral zone) for intact and injured motion
segments, except the range of motion in flexion which
increased with muscle force. In a chronic lesion model,
however, the musculature was overall less efficient at
providing stability when the intervertebral disc or facet
joints were degenerated (87). This may have been due to
altered mechanisms in the neuromuscular feedback sys-
tem in the degenerated motion segments and conse-
quently, the lumbar spine as a whole.

In the clinical situation, there are some important
aspects to consider regarding increased joint laxity.
Daily activities involve movements across the neutral
position (e.g., right-to-left lateral bending, forward flex-
ion to extension, etc.). This transition requires well-
coordinated activation/deactivation of various different
muscles. With increased joint laxity, there may be insuf-
ficient tension in the spinal ligaments and annulus
fibers, both of which are known to contain nerve end-
ings that allow them to act as proprioceptive transduc-
ers. Lack of sufficient tension may delay or even pre-
vent the detection and delivery of sensory information
needed to regulate muscle tension. Stability becomes
compromised when the recruitment of the appropriate
sequence of muscles needed to overcome the loading
demands is too slow, too late, or insufficient.

In a clinical study, in vivo segmental motion, overall
trunk bending, and myoelectric activity of the lumbar
erector spinae muscles were continuously measured
during flexion-extension maneuvers in patients with
suspected degenerative instability and in healthy volun-
teers (135). Segmental motion as well as trunk mobility
was significantly less in the patients during flexion-
extension. Reduced range of motion on functional radi-
ographs has previously been found in patients with low
back pain and degenerative changes in the lumbar spine
(136–138). The patterns of motion in flexion were also
significantly different from the controls. Using video-
fluoroscopy, Okawa et al. (139) found that, compared to
a control group, patients with lumbar degenerative
spondylolisthesis showed disordered patterns of motion
in forward flexion and a tendency toward smaller ranges
of motion, however, the degree of disc degeneration
alone did not correlate with the disordered motion
patterns. In contrast, in patients with degenerative dis-
orders in the lumbar spine, it has been reported that
anterior translatory instability as measured on flexion-
extension radiographs is positively associated with disc
degeneration and facet joint osteoarthritis, while other
forms of sagittal plane instability (rotatory, posterior)
have shown no association (140). 

In a clinical study, McGregor et al. (141) were unable
to find a relationship between degenerative disc disease
as seen on plain lateral radiographs and the overall lum-
bar range of motion. Altogether, the findings suggest
that degenerative changes in the lumbar spine and the
accompanying aberrant kinematic behavior are associ-
ated with alterations in the neuromuscular system. Ana-
lyzing the muscular behavior during flexion-extension,
Kaigle et al. (135) found that flexion relaxation (i.e.,
decreased myoelectric activity with extreme trunk flex-
ion) was demonstrated in healthy volunteers but not in
the group of chronic low back pain patients with sus-
pected degenerative instability (Fig. 3-5). The restricted
segmental mobility found in these patients was believed
to be due to the persistent activation of the musculature.
It is conceivable that the activated muscles behaved
more as stabilizers rather than mobilizers, compensating
for the laxity in the diseased motion segment. Such acti-
vation would also allow loads to be transferred via the
muscles instead of the diseased passive structures, per-
haps as a means for avoiding pain. Pain is one factor
that has been shown to inhibit flexion relaxation
(142,143). Ahern et al. (144) showed that pain behavior,
particularly guarded movement, was significantly
related to flexion relaxation. Wolf et al. (145) suggested
that chronic low back pain patients develop postural
abnormalities, such as guarded movement and splinting,
in order to compensate for actual or anticipated pain,
and that over time, these postural adjustments could
alter the normal neuromuscular function.

CONCLUDING REMARKS

The behavior of the lumbar spine is dependent upon
the characteristics of its passive, active, and neural sub-
systems, any of which can become injured or diseased,
and all of which undergo the aging process. The neuro-
muscular system controls the movements and stability in
the lumbar spine and can compensate, to a certain degree,
for loss in function of one or more of the structures. As
conceptually described by Panjabi (1), dysfunction in any
of the subsystems may lead to one or more of the follow-
ing responses in the other subsystems: (a) an immediate,
compensatory response, which would result in normal
function; (b) a long-term adaptation response, which
would result in normal function but with an altered spinal
stabilizing system; and (c) an injury which would lead to
overall system dysfunction, producing, for example, low
back pain.

Numerous investigations have demonstrated that disc
degeneration alters the biomechanical behavior of the
lumbar spine in a number of ways. However, discrepan-
cies in the literature exist regarding the exact manner in
which a disc’s biomechanical properties are affected by
degeneration. Although grouping of in vitro disc speci-
mens according to degeneration grade facilitates compar-
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isons, averaging results in groups of motion segments
with diverse degenerative changes may obscure the
effects of degeneration on the biomechanical response.
This may be a factor contributing to the disparities
reported in the literature. Additionally, it has also been
pointed out by Vernon-Roberts et al. (40) that to properly
classify disc disease, it is essential to examine disc slices
at multiple levels within a disc since abnormalities are
three-dimensionally complex. However, very few studies
have reported employing such procedures. It should also
be noted that the majority of in vitro studies have been
performed on lumbar motion segments obtained from
cadaveric specimens beyond the sixth decade in age, sug-
gesting that the degenerative changes were age-related.
Although biochemical and biomechanical changes due to
normal aging are similar to those found in degeneration,

it would be more appropriate to perform biomechanical
studies on degenerate discs from specimens in the middle
decades of life, which is the time in life where there is a
maximal incidence of disc-related back problems (146).

Since disc degeneration is a process, the biomechani-
cal properties will undergo changes throughout this
process. An observed increase in flexion-extension stiff-
ness, for example, during one stage of the degenerative
process may not necessarily be present at a later point in
time. Even at a similar point in time, while changes in
the material properties may increase the flexibility of the
motion segment, geometric changes may produce an
opposite affect, thus producing no net effect on the over-
all behavior. Clinically, patients suspected of having
degenerative segmental instability display vertebral mis-
alignment on functional radiographs, accompanied by
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FIG. 3-5. Segmental kinematic (sagittal rotation) and myoelectric [right-side erector spinae surface
Root Mean Square electromyography (RMS EMG)] experimental data as a function of the overall trunk
flexion-extension angle during a flexion-extension cycle from the L4-L5 motion segment of a control
subject (top) and a patient with degenerative instability (bottom). Note the absence of flexion-relaxation
in patient myoelectric data.



morphologic changes in the intervertebral disc, verte-
brae, and possibly facet joints. However, clinical studies
as a whole have been unable to demonstrate segmental
hypermobility (i.e., greater range of motion), which cor-
relates with the pathologic signs and symptoms. On the
contrary, the majority of studies have found hypomobil-
ity in the suspected ‘unstable’ motion segment. This
raises an important issue regarding the ability of the
neuromuscular feedback system to compensate for joint
laxity or abnormal movements in a lumbar motion seg-
ment. To better understand the mechanisms by which the
passive, active, and neural structures interact, refer to
Chapter 11.

In summary, the overall findings reported in the liter-
ature indicate that with disc degeneration, the biochemi-
cal and structural changes compromise the disc’s struc-
tural integrity, regionally and subsequently as a whole.
The effects of disc degeneration on the motion segment
stiffness are a function of the loading mode. When
loaded in axial compression or torsion, degenerated
discs display a reduction in stiffness, whereas in flexion-
extension and lateral bending, a stiffening effect has
generally been found. Disc degeneration alters the nor-
mal stress distribution patterns. The failure properties of
the annulus lamellae are reduced along with the intradis-
cal pressure in the nucleus. This produces high stress
concentrations in the posterior annulus, the region where
disc disruption is clinically found to occur most fre-
quently. Such alterations in the internal disc mechanics
may cause pain or precipitate further disc disruption.
Degenerative changes in the lumbar spine cause aberrant
kinematic behavior, particularly around the neutral posi-
tion. Although increased intervertebral laxity around the
neutral position has been associated with disc degenera-
tion, the majority of in vivo studies have found reduced
ranges of motion. Persistent muscle activation is be-
lieved to be a mechanism by which the neuromuscular
system provides stabilization in order to guard diseased
passive structures from abnormal motion, which may
cause pain or further tissue damage.

REFERENCES

1. Panjabi MM. The stabilizing system of the spine. Part I. Function,
dysfunction, adaptation, and enhancement. J Spinal Disord 1992;5:
383–389.

2. Butler D, Trafimow JH, Andersson GB, et al. Discs degenerate before
facets. Spine 1990;15:111–113.

3. Moore RJ, Crotti TN, Osti OL, et al. Osteoarthrosis of the facet joints
resulting from anular rim lesions in sheep lumbar discs. Spine 1999;
24:519–525.

4. Moore RJ, Vernon-Roberts B, Osti OL, et al. Remodeling of vertebral
bone after outer anular injury in sheep. Spine 1996;21:936–940.

5. Mattila M, Hurme M, Alaranta H, et al. The multifidus muscle in
patient with lumbar disc herniation. A histochemical and morphome-
tric analysis of intraoperative biopsies. Spine 1986;11:732–738.

6. Zhao W-P, Kawaguchi Y, Matsui H, et al. Histochemistry and morphol-
ogy of the multifidus muscle in lumbar disc herniation. Comparative
study between diseased and normal sides. Spine 2000;25:2191–2199.

7. Zhu X-Z, Parnianpour M, Nordin M, et al. Histochemistry and mor-

phology of erector spinae muscle in lumbar disc herniation. Spine
1989;14:391–397.

8. Lehto M, Hurme M, Alharanta H, et al. Connective tissue changes of
the multifidus muscle in patients with lumbar disc herniation. An
immunohistologic study of collagen types I and III and fibronectin.
Spine 1989;14:302–309.

9. Eyre DR. Biochemistry of the intervertebral disc. Int Rev Conn Tiss
Res 1979;8:227–291.

10. Skaggs DL, Weidenbaum M, Iatridis JC, et al. Regional variation in
tensile properties and biomechanical composition of the human annu-
lus fibrosus. Spine 1994;19:1310–1319.

11. Urban J. Biochemistry: disc biochemistry in relation to function. In:
Wiesel SW, Weinstein JN, Herkowitz H, et al., eds. The lumbar spine,
2nd ed. Philadelphia: WB Saunders, 1996:271–281.

12. Holm S. Nutritional and pathophysiologic aspects of the lumbar inter-
vertebral disc. In: Wiesel SW, Weinstein JN, Herkowitz H, et al., eds.
The lumbar spine, 2nd ed. Philadelphia: WB Saunders, 1996:285–310.

13. Yoganandan N, Myklebust JB, Wilson CR, et al. Functional biome-
chanics of the thoracolumbar vertebral cortex. Clin Biomech 1988;
3:11–18.

14. Holm S. Pathophysiology of disc degeneration. Acta Orthop Scand
Suppl 1993;251:13–15.

15. Adams MA, Hutton WC. The effect of posture on the role of the
apophyseal joints in resisting intervertebral compressive force. J Bone
Joint Surg 1980;62B:358–362.

16. Farfan HF, Cossette JW, Robertson GH, et al. The effects of torsion on
the lumbar intervertebral joints: the role of torsion in the production
of disc degeneration. J Bone Joint Surg 1970;52A:468–497.

17. Crisco JJ. The biomechanical stability of the human lumbar spine.
Experimental and theoretical investigations [dissertation]. New
Haven, CT: Yale University; 1989.

18. Bergmark A. Stability of the lumbar spine. A study in mechanical
engineering. Acta Orthop Scand 1989;60[Suppl]:230.

19. Hodges, P. The role of the motor system in spinal pain: implications
for rehabilitation of the athlete following lower back pain. J Sci Med
Sport 2000;3:243–253.

20. Moseley GH, Hodges PW, Gandevia SC. Deep and superficial fibers
of the lumbar multifidus muscle are differentially active during vol-
untary arm movements. Spine 2002;27:E29–E36.

21. Bogduk N. Clinical anatomy of the lumbar spine and sacrum, 3rd ed.
London: Churchill Livingstone, 1997.

22. Cavanaugh JM. Neural mechanisms of lumbar pain. Spine 1995;20:
1804–1809.

23. Holm S, Indahl A, Kaigle A, et al. The neuromuscular role of
mechanoreceptors in the porcine lumbar intervertebral disc. Adelaide,
Australia: Proceedings from the ISSLS Annual Meeting, 2000.

24. Jackson HC, Winkelmann RK, Bickel WH. Nerve endings in human
lumbar spinal column and related structures. J Bone Joint Surg 1966;
48A:1272–1281.

25. Kääpä E, Grönblad M, Holm S, et al. Neural elements in the normal
and experimentally injured porcine intervertebral disc. Eur Spine J
1994;3:137–142.

26. Roberts S, Eisenstein SM, Menage J, et al. Mechanoreceptors in inter-
vertebral discs. Morphology, distribution and neuropeptides. Spine
1995;20:2645–2651.

27. Yamashita T, Cavanaugh JM, El-Bohy AA et al. Mechanosensitive
afferent units in the lumbar facet joint. J Bone Joint Surg Am 1990;
72:865–870.

28. Yamashita T, Minaki Y, Oota I, et al. Mechanosensitive afferent units
in the lumbar intervertebral disc and adjacent muscle. Spine 1993;18:
2252–2256.

29. Adams P, Muir H. Quantitative changes with age of proteoglycans of
human lumbar discs. Ann Rheum Dis 1976;35:289–296.

30. Ayad S, Weiss JB. Biochemistry of the intervertebral disc. In: Jayson
MIV, ed. The lumbar spine and back pain, 3rd ed. London: Churchill
Livingstone, 1987:100–137.

31. Magara A, Schwartz A. Relation between low back pain syndrome
and x-ray findings. I. Degenerative osteoarthritis. Scand J Rehab Med
1976;8:115–125.

32. Adams P, Eyre DR, Muir H. Biochemical aspects of development and
ageing of human lumbar intervertebral discs. Rheum Rehab 1977;16:
22–29.

33. Lyons G, Eisenstein SM, Sweet MBE. Biochemical changes in inter-
vertebral disc degeneration. Biochim Biophys Acta 1981;673:443–453.

42 / SECTION I/BASIC SCIENCE



34. Kääpä E. Collagens, proteoglycans, and neural structures in a porcine
model of intervertebral disc degeneration [dissertation]. Oulu, Fin-
land: University of Oulu; 1993.

35. Buckwalter JA. Spine update. Aging and degeneration of the human
intervertebral disc. Spine 1995;20:1307–1314.

36. Hickey DS, Hukins DWL. Aging changes in the macromolecular
organization of the intervertebral disc: an x-ray diffraction and elec-
tron microscope study. Spine 1982;7:234–242.

37. Yasuma T, Arai K, Suzukk F. Age-related phenomena in the lumbar
intervertebral discs. Lipofuscin and amyloid deposition. Spine 1992;
17:1194–1198.

38. Holm S, Kaigle AM, Ekström L, Hansson T. Degenerative properties
of the porcine intervertebral disc due to endplate injury. Kona,
Hawaii: Proceedings from the ISSLS Annual Meeting, 1999.

39. Marchand F, Ahmed AM. Investigation of the laminate structure of
lumbar disc annulus fibrosus. Spine 1990;15:402–410.

40. Vernon-Roberts B, Fazzarli NL, Manthey BA. Pathogenesis of tears
of the anulus investigated by multiple-level transaxial analysis of the
T12-L1 disc. Spine 1997;22:2641–2646.

41. Gruber HE, Hanley EN. Ultrastructure of the human intervertebral
disc during aging and degeneration. Spine 2002;27:798–805.

42. Farfan HF, Huberdeau RM, Dubow HI. Lumbar intervertebral disc
degeneration: the influence of geometrical features on the pattern of
disc degeneration—a post mortem study. J Bone Joint Surg Am 1972;
54:492–510.

43. Gunzburg R, Parkinson R, Moore R, et al. A cadaveric study compar-
ing discography, MRI, histology, and mechanical behavior of the
human lumbar disc. Spine 1992;17:417–423.

44. Tanaka M, Nakahara S, Inoue H. A pathologic study of discs in the
elderly. Spine 1993;18:1456–1462.

45. Friberg S, Hirsch C. Anatomical studies on lumbar disc degeneration.
Acta Orthop Scand 1948;17:224–230.

46. Harris RI, Macnab I. Structural changes in the lumbar intervertebral
disc. J Bone Joint Surg 1954;36B:304.

47. Nachemson A. Lumbar intradiscal pressure. Experimental studies on
post-mortem material. Acta Orthop Scand Suppl 1960;XLIII:1–104.

48. Kirkaldy-Willis WH. Presidential symposium on instability of the
lumbar spine. Spine 1985;10:254.

49. Hadjipavlou AG, Simmons JW, Pope MH, et al. Pathomechanics and
clinical relevance of disc degeneration and annular tear: a point-of-
view review. Am J Orthop 1999;28:561–571.

50. Bernard BP. Musculoskeletal disorders and workplace factors: a crit-
ical review of epidemiologic evidence for work-related muscu-
loskeletal disorders of the neck, upper extremity, and low back.
Cincinnati: U.S. Department of Health and Human Services, National
Institute for Occupational Safety and Health, 1997.

51. Magora A. Investigation of the relation between low back pain and
occupation: III. Physical requirements: sitting, standing, and weight
lifting. Ind Med 1972;41:5–9.

52. Videman T, Battié MC. Spine update. The influence of occupation on
lumbar degeneration. Spine 1999;24:1164–1168.

53. Hartvigsen J, Bakketeig LS, Leboeurf-Yde C, et al. The association
between physical workload and low back pain clouded by the “healthy
worker” effect. Spine 2001;26:1788–1793.

54. Krause N, Ragland DR, Fisher JM, et al. Psychosocial job factors,
physical workload, and incidence of work-related spinal injury: a 5-year
prospective study of urban transit operators. Spine 1998;23:2507–2516.

55. Kelsey JL, Githens PB, White AA, et al. An epidemiologic study of
lifting and twisting on the job and risk for acute prolapsed lumbar
intervertebral disc. J Orthop Res 1984;2:61–66.

56. Pope MH, Andersson GBJ, Frymoyer JW, et al., eds. Occupational
low back pain: assessment, treatment, and prevention. St. Louis:
Mosby–Year Book, 1991.

57. Videman T, Nurminen M, Troup JDG. Lumbar spinal pathology in
cadaveric material in relation to history of back pain, occupation, and
physical loading. Spine 1990;15:728–740.

58. Marras WS, Lavender SA, Leurgans SE, et al. Biomechanical risk
factors for occupationally related low back disorders. Ergonomics
1995;38:377–410.

59. Hansson T, Westerholm P, eds. Arbete och besvär i rörelseorganen. En
vetenskaplig värdering av frågor om samband. Arbete och hälsa
2001;12.

60. Adams MA, Dolan P. Time-dependent changes in the lumbar spine’s
resistance to bending. Clin Biomech 1996;11:194–200.

61. Hutton WC, Adams MA. Can the lumbar spine be crushed in heavy
lifting? Spine 1982;7:586–590.

62. Adams MA, Hutton WC. The effect of posture on the fluid content of
lumbar intervertebral discs. Spine 1983;8:665–671.

63. Casper RA. The viscoelastic behavior of the human intervertebral
disc [dissertation]. Durham, NC: Duke University; 1980.

64. Hirsch C. The reaction of intervertebral discs to compression forces.
J Bone Joint Surg 1955;37A:1188–1196.

65. Kazarian L. Creep characteristics of the human spinal column.
Orthop Clin North Am 1975;56A:675–687.

66. Kaigle AM, Magnusson M, Pope MH, et al. In vivo measurement of
intervertebral creep: a preliminary report. Clin Biomech 1992;7:
59–62.

67. Keller TS, Hansson TH, Holm SH, et al. In vivo creep behavior of the
normal and degenerated porcine intervertebral disc: a preliminary
report. J Spinal Disord 1989;1:267–278.

68. Keller TS, Spengler DM, Hansson TH. Mechanical behavior of the
human lumbar spine. I. Creep analysis during static compressive load-
ing. J Orthop Res 1987;5:467–478.

69. Koeller W, Muehlhaus S, Meier W, et al. Biomechanical properties of
human intervertebral discs subjected to axial dynamic compression—
influence of age and degeneration. J Biomech 1986;19:807–816.

70. Virgin WJ. Experimental investigations into physical properties of
intervertebral disc. J Bone Joint Surg 1951;33B:607–611.

71. Botsford DJ, Esses SI, Ogilvie-Harris DJ. In-vivo diurnal variation
in intervertebral disc volume and morphology. Spine 1994;19:
935–940.

72. Adams MA, McMillan DW, Green TP, et al. Sustained loading gener-
ates stress concentrations in lumbar intervertebral discs. Spine 1996;
21:434–438.

73. Smeathers JE. Some time-dependent properties of the intervertebral
joint when under compression. Eng Med 1984;13:83–87.

74. Cyron BM, Hutton WC. The behaviour of the lumbar intervertebral
disc under repetitive forces. Int Orthop 1981;5:203–207.

75. Dunlop RB, Adams MA, Hutton WC. Disc space narrowing and the
lumbar facet joints. J Bone Joint Surg 1984;66B:706–710.

76. Adams MA, Dolan P. Recent advances in lumbar spinal mechanics
and their clinical significance. Clin Biomech 1995;10:3–19.

77. Adams MA, Freeman BJC, Morrison HP, et al. Mechanical initiation
of intervertebral disc degeneration. Spine 2000;25:1625–1636.

78. Pearce RH, Grimmer BJ, Adams ME. Degeneration and the chemical
composition of the human lumbar intervertebral disc. J Orthop Res
1987;5:198–205.

79. Bradford DS, Cooper KM, Oegema TR. Chymopapain, chemonucle-
olysis and nucleus pulposus regeneration. J Bone Joint Surg 1983;
65A:1220–1231.

80. Iatridis JC, Mente PL, Stokes IA, et al. Compression-induced changes
in intervertebral disc properties in a rat tail model. Spine 1999;24:
996–1002.

81. Lotz JC, Colliou OK, Chin JR, et al. Compression-induced degenera-
tion of the intervertebral disc: an in vivo mouse model and finite-ele-
ment study. Spine 1998;23:2493–2506.

82. Walsh A, Bradford DS, Kleinstueck F, et al. In situ growth factor stim-
ulation of degenerated intervertebral discs. Adelaide, Australia: Pro-
ceedings from the ISSLS Annual Meeting, 2000.

83. Hadjipavlou AG, Simmons JW, Yang JP, et al. Torsional injury result-
ing in disc degeneration: I. An in vivo rabbit model. J Spinal Dis
1998;11:312–317.

84. Sullivan JD, Farfan HF, Kahn DS. Pathologic changes with interver-
tebral joint rotational instability in the rabbit. Can J Surg 1971;4:
71–79.

85. Ahlgren BD, Vasavada A, Brower RS, et al. Anular incision technique
on the strength and multidirectional flexibility of the healing inter-
vertebral disc. Spine 1994;19:948–954.

86. Kaigle A, Ekström L, Holm S, et al. In vivo dynamic stiffness of the
lumbar spine exposed to cyclic loading: influence of load and degen-
eration. J Spinal Dis 1998;11:65–70.

87. Kaigle AM, Holm SH, Hansson TH. Kinematic behavior of the
porcine lumbar spine—a chronic lesion model. Spine 1997;22:
2796–2806.

88. Kääpä E, Grönblad M, Holm S, et al. Neural elements in the normal
and experimentally injured porcine intervertebral disc. Eur Spine J
1994;3:137–142.

89. Kääpä E, Holm S, Inkinen R, et al. Proteoglycan chemistry in exper-

CHAPTER 3/BIOMECHANICAL CONSIDERATIONS OF DISC DEGENERATION / 43



imentally injured porcine intervertebral disc. J Spinal Disord 1994;7:
296–306.

90. Latham JM, Pearcy MJ, Costi JJ, et al. Mechanical consequences of
annular tears and subsequent intervertebral disc degeneration. Clin
Biomech 1994;9:211–219.

91. Lipson SJ, Muir H. Proteoglycans in experimental intervertebral disc
degeneration. Spine 1981;6:194–210.

92. Moore RJ, Osti OL, Vernon-Roberts B, et al. Changes in endplate vas-
cularity after an outer anulus tear in the sheep. Spine 1992;17:
874–878.

93. Osti OL, Vernon-Roberts B, Fraser RD. Anulus tears and interverte-
bral disc degeneration. An experimental study using an animal model.
Spine 1990;15:762–767.

94. Smith JW, Walmsley STA. Experimental incisions of the interverte-
bral disc. J Bone Joint Surg 1951;33B:612–625.

95. Cinotti G, Giannicola G, Della Rocca C, et al. Disc degeneration
induced by injury of vertebral endplate. Adelaide, Australia: Proceed-
ings from the ISSLS Annual Meeting, 2000.

96. Holm S, Nachemson A. Nutritional changes in the canine interverte-
bral disc after spinal fusion. Clin Orthop 1982;169:243–258.

97. Markolf KL, Morris JM. The structural components of the interverte-
bral disc. A study of their contributions to the ability of the disc to
withstand compressive forces. J Bone Joint Surg 1974;56A:675–687.

98. Brown T, Hansen RJ, Yorra AJ. Some mechanical tests on the lumbo-
sacral spine with particular reference to the intervertebral discs. J
Bone Joint Surg 1957;39A:1135–1164.

99. Hirsch C. The mechanical response in normal and degenerated lum-
bar discs. Acta Orthop Scand 1956;38A:242–243.

100. Hirsch C. The reaction of intervertebral discs to compression forces.
J Bone Joint Surg 1955;37A:1188–1196.

101. Hirsch C, Nachemson A. New observations of the mechanical behav-
ior of lumbar discs. Acta Orthop Scand 1954;23:254–283.

102. Nachemson AL, Schultz AB, Berkson MH. Mechanical properties of
human lumbar spine motion segments. Influence of age, sex, disc
level, and degeneration. Spine 1979;4:1–8.

103. Brown MD, Holmes DC, Heiner AD. Measurement of cadaver lumbar
spine motion segment stiffness. Spine 2002;27:918–922.

104. Ebara S, Iatridis JC, Setton LA, et al. Tensile properties of nondegen-
erate human lumbar anulus fibrosus. Spine 1996;21:452–461.

105. Acaroglu ER, Iatridis JC, Setton LA, et al. Degeneration and aging
affect the tensile behavior of human lumbar anulus fibrosus. Spine
1995;20:2690–2701.

106. Fujita Y, Duncan NA, Lotz JC. Radial tensile properties of the lumbar
annulus fibrosus are site and degeneration dependent. J Orthop Res
1997;15:814–819.

107. Umehara S, Tadano S, Abumi K, et al. Effects of degeneration on the
elastic modulus distribution in the lumbar intervertebral disc. Spine
1996;21:811–819.

108. Schultz AB, Ashton-Miller JA. Biomechanics of the human spine. In:
Mow VC, Hayes WC, eds. Basic orthopaedic biomechanics. New
York: Raven Press, 1991:337–374.

109. Thompson RE, Pearcy MJ, Downing KJ, et al. Disc lesions and the
mechanics of the intervertebral joint complex. Spine 2000;25:
3026–3035.

110. Schmidt TA, An HS, Lim T-H, et al. The stiffness of lumbar spinal
motion segments with a high-intensity zone in the anulus fibrosus.
Spine 1998;23:2167–2173.

111. Nachemson A. In vivo discometry in lumbar discs with irregular
nucleograms: some differences in stress distribution between normal
and moderately degenerated discs. Acta Orthop Scand 1965;36:
418–434.

112. Nachemson A. The effect of forward leaning on lumbar intradiscal
pressure. Acta Orthop Scand 1965;35:314–328.

113. Nachemson A. The influence of spinal movements on the lumbar
intradiscal pressure and on the tensile stresses in the annulus fibrosus.
Acta Orthop Scand 1963;33:183–207.

114. Nachemson A. The load on lumbar discs in different position of the
body. Clin Orthop 1966;45:107–122.

115. Nachemson A, Elfström G. Intravital dynamic pressure measurements
in lumbar discs. A study of common movements, maneuvers and exer-
cises. Scand J Rehabil Med Suppl 1970;1:1–40.

116. Nachemson A, Morris JM. In vivo measurements of intradiscal pres-
sure. J Bone Joint Surg [Am] 1964;46:1077–1092.

117. Andersson GBJ, Örtengren R, Nachemson A. Intradiscal pressure,

intra-abdominal pressure and myoelectric back muscle activity related
to posture and loading. Clin Orthop 1977;129:156–164.

118. Andersson GBJ, Örtengren R, Nachemson AL, et al. The sitting pos-
ture: an electromyographic and discometric study. Orthop Clin North
Am 1975;6:105–120.

119. Schultz A, Andersson GBJ, Örtengren R, et al. Loads on the lumbar
spine. Validation of a biomechanical analysis by measurements of
intradiscal pressures and myoelectric signals. J Bone Joint Surg Am
1982;64:713–720.

120. Sato K, Kikuchi S, Yonezawa T. In vivo intradiscal pressure measure-
ment in healthy individuals and in patients with ongoing back prob-
lems. Spine 1999;24:2468–2474.

121. Wilke H-J, Neef P, Caimi M, et al. New in vivo measurements of pres-
sures in the intervertebral disc in daily life. Spine 1999;24:755–762.

122. Ekström L, Holm S, Kaigle AM, et al. In-vivo porcine intervertebral
disc pressure as a function of external loading. Brussels: Proceedings
from the ISSLS Annual Meeting, June 1998.

123. Ekström L, Kaigle AM, Holm S, et al. In-vivo intradiscal pressure in
the degenerated porcine spine. Kona, Hawaii: Proceedings from the
ISSLS Annual Meeting, June 1999.

124. Cunningham BW, Kotani Y, McNulty PS, et al. The effect of spinal
destabilization and instrumentation on lumbar intradiscal pressure.
An in vitro biomechanical analysis. Spine 1997;22:2655–2663.

125. Adams MA, McNally DS, Dolan P. Stress distributions inside inter-
vertebral discs. The effects of age and degeneration. J Bone Joint Surg
Br 1996;78:965–972.

126. Mimura M, Panjabi MM, Oxland TR, et al. Disc degeneration affects
the multidirectional flexibility of the lumbar spine. Spine 1994;19:
1371–1380.

127. Panjabi MM. The stabilizing system of the spine. Part II. Neutral zone
and instability hypothesis. J Spinal Disord 1992;5:390–397.

128. Panjabi MM, Goel V, Summers D. Relationship between chronic
instability and disc degeneration. Toronto: Proceedings from the
ISSLS Annual Meeting, 1982.

129. Burton AK, Battie MC, Gibbons L, et al. Lumbar disc degeneration
and sagittal flexibility. J Spinal Disord 1996;9:418–424.

130. Adams MA, Hutton WC. The relevance of torsion to the mechanical
derangement of the lumbar spine. Spine 1981;6:241–248.

131. Fujiwara A, Lim T-H, An HS, et al. The effect of disc degeneration
and facet joint osteoarthritis on the segmental flexibility of the lum-
bar spine. Spine 2000;25:3036–3044.

132. Krismer M, Haid C, Behensky H, et al. Motion in lumbar functional
spine units during side bending and axial rotation moments depend-
ing on the degree of degeneration. Spine 2000;25:2020–2027.

133. Kaigle AM, Holm SH, Hansson, TH. Experimental instability in the
lumbar spine. Spine 1995;20:421–430.

134. Panjabi M, Abumi K, Duranceau J, et al. Spinal stability and inter-
segmental muscle forces. A biomechanical model. Spine 1989;14:
194–200.

135. Kaigle AM, Wessberg P, Hansson TH. Muscular and kinematic behav-
ior of the lumbar spine during flexion-extension. J Spinal Disord
1998;11:163–174.

136. Dvorák J, Panjabi MM, Novotny JR, et al. Clinical validation of func-
tional flexion-extension roentgenograms of the lumbar spine. Spine
1991;16:943–950.

137. Murata M, Morio Y, Kuranobu K. Lumbar disc degeneration and seg-
mental instability: a comparison of magnetic resonance images and
plain radiographs of patients with low back pain. Arch Orthop Trauma
Surg 1994;113:297–301.

138. Pearcy M, Portek I, Shepherd J. The effect of low-back pain on lum-
bar spinal movements measured by three-dimensional x-ray analysis.
Spine 1985;10:150–153.

139. Okawa A, Shinomiya K, Komori H, et al. Dynamic motion study of
the whole lumbar spine by videofluoroscopy. Spine 1998;23:
1743–1749.

140. Fujiwara A, Tamai K, An HS, et al. The relationship between disc
degeneration, facet joint osteoarthritis, and stability of the degenera-
tive lumbar spine. J Spinal Disord 2000;13:444–450.

141. McGregor AH, Cattermole HR, Hughes SPF. Spinal motion in lum-
bar degenerative disc disease. J Bone Joint Surg Br 1998;80B:
1009–1013.

142. Ahern DK, Follick MJ, Council JR, et al. Comparison of lumbar par-
avertebral EMG patterns in chronic low back pain patients and non-
patient controls. Pain 1988;34:153–160.

44 / SECTION I/BASIC SCIENCE



143. Sihvonen T, Partanen J, Hänninen O, et al. Electric behavior of low
back muscles during lumbar pelvic rhythm in low back pain patients
and healthy controls. Arch Phys Med Rehabil 1991;72:1080–1087.

144. Ahern DK, Hannon DJ, Goreczny AJ, et al. Correlation of chronic
low-back pain behavior and muscle function examination of the flex-
ion-relaxation response. Spine 1990;15:92–95.

145. Wolf SL, Nacht M, Kelly JL. EMG biofeedback training during
dynamic movement for low back pain patients. Behav Ther 1992;13:
395–406.

146. Praemer A, Furner S, Rice DP. Musculoskeletal conditions in the
United States. Park Ridge, IL: American Academy of Orthopaedic
Surgeons, 1992:26–27.

CHAPTER 3/BIOMECHANICAL CONSIDERATIONS OF DISC DEGENERATION / 45



CHAPTER 4

Morphologic Changes of End Plates in
Degenerative Disc Disease

Robert J. Moore

The vertebral bodies of the axial skeleton are separated
by intervertebral discs, which are highly specialized
structures that enable a range of physiologic and mechan-
ical functions associated with motion. The discs have
three main structural components—a central nucleus pul-
posus surrounded by the annulus fibrosus and the end
plates, which are located at the cranial and caudal inter-
faces with the vertebrae. While the structure and function
of the annulus and nucleus are well characterized, much
less is known about the end plates. Perhaps this is because
their constitution has not yet been consistently defined, or
because structural changes to the end plates are more
subtle than changes to other disc components, and there-
fore easily overlooked.

In some early anatomical studies the end plates were
described as the transitional zone between the vertebral
body and the adjacent disc because they possessed both
an osseous and a hyaline cartilage component (1,2).
Other authors, however, proposed a more limited situa-
tion, and described the end plates as the thin layer of hya-
line cartilage interposed between the vertebral body and
the disc (3,4). For whatever reason, this latter concept has
survived and they are now more commonly known as the
“cartilage end plates” or simply the “end plates.”

Volumes of literature have been devoted to the normal
development of the end plates that are recognizable from
an early embryologic stage and retain their cartilaginous
nature during normal maturation while the adjacent ver-
tebrae undergo ossification (5). The cartilaginous compo-
nent of the mature end plate is essentially an aqueous gel
containing large proteoglycan molecules within a dense
mesh of collagen fibrils that are aligned along the longi-
tudinal axis (horizontally in the human). Although it has
been suggested that there is no direct physical connection
between the end plates and the underlying bone (6), their
juxtaposition almost certainly contributes to the strong
bond that is essential for the normal function of the end

plate (7). When the epiphyses fuse in the young adult
spine, only the outer rim of the end plates is ossified,
leaving a broad central cartilaginous plate. The lamellae
of the outer annulus attach directly to the adjacent bone,
while the fibers of the inner annulus connect the end
plates directly with the disc.

The end plates are thin, particularly in the center of the
disc, measuring no more than 1 mm at maturity (8), but
there can be considerable variation from one side to the
other (9). In the lower lumbar spine the end plates are
roughly cardioid to elliptical in shape (10). While this
fact in itself may seem to have little relevance, shape is
the only one of several parameters investigated by com-
puted tomography-myelography that is claimed to be sig-
nificantly related to the development of disc herniation
(11). The most abundant cell type in the end plate is the
chondrocyte, distributed more uniformly than the clearly
defined layers of cells within articular cartilage. Other-
wise the end plate bears a close similarity to the articular
cartilage of synovial joints.

The biochemical characteristics of the end plates, from
normality through the spectrum of degenerative condi-
tions, are well documented (12,13). The two most abun-
dant families of molecules in the disc are the collagens
and the proteoglycans that are found in varying propor-
tions in the annulus, the nucleus, and the end plates. Of
the several species of collagen, type X is probably the
most important in the end plates because it is a marker of
hypertrophic chondrocytes and is thought to be involved
in cartilage calcification (14). It has been detected mainly
in the central region (15).

Proteoglycan molecules are essential for the mainte-
nance of the water content and overall integrity of the
nucleus (16). It is known that altered tissue levels of pro-
teoglycans can adversely influence disc function (17).
The proteoglycans of the end plate have not been studied
extensively, but suffice to say loss of proteoglycans from
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the end plate is implicated in loss of proteoglycans from
the nucleus (18). It follows that disc degeneration invari-
ably is preceded by widespread degradation of disc pro-
teoglycans (19). It has long been suspected that alter-
ations to the biochemical composition of the end plate,
particularly during the growth phase, may be involved in
the development of scoliosis (20–22).

Heterozygous inactivation of the Col2a1 gene allele in
1-month old mice has been shown to lead to lower gly-
cosaminoglycan concentration in the end plates and
thicker and more irregular end plates that become calci-
fied prematurely (23).

The developing discs receive essential nourishment
from two sources. From the embryonic stage, a network
of blood vessels penetrates the annulus no deeper than
about one-third of its total thickness (24). Most of these
vessels do not persist beyond maturity and by adulthood
they can be seen in only the outer two or three lamellae.
Blood vessels also penetrate the end plates from the ver-
tebral body margins (5) and arise from ramifications of a
large primary nutrient artery on the dorsal surface of each
vertebral body. With maturation however, these small
vessels also disappear, leaving only a limited blood sup-
ply in the form of capillary buds that perforate the
osseous component of the end plate (25). It is curious that
mammalian discs have evolved in this way, since the cen-
tral nucleus pulposus in the adult human can be up to
20 mm from the nearest blood vessels and is therefore
totally reliant on diffusion of solutes across the end plates
and the annulus for nutrition. No other tissue in the body
is so distanced from a blood supply, and presumably
therefore so susceptible to deterioration.

Extensive in vitro study of the transport of solutes, disc
nutrition, and metabolism using small dye molecules has
shown that the lateral end plate at the vertebral rim is rel-
atively impermeable compared with the central portion,
and even the entire annulus fibrosus (26). The contribu-
tion of the periannular blood supply was well accepted,
but the permeability of the capillary network immediately
beneath the end plate attracted new attention. Quantita-
tive analysis of human autopsy specimens that had been
injected with dye solution subsequently confirmed that
there were significantly more marrow contacts along the
central end plate adjacent to the nucleus than there were
in the lateral margins (27,28).

While determining the significance of these vessels to
disc nutrition and cell metabolism, diffusion was shown
to be the principal mechanism for transporting small dis-
solved solutes into the disc (29). Further, the size and
ionic charge of the molecules were also shown to govern
the rate and extent of diffusion (29,30). As the high pro-
teoglycan content in the nucleus confers a net negative
charge to the normal disc, small, uncharged molecules
such as glucose and oxygen and positively charged ions
such as sodium and calcium diffuse into the disc with rel-
ative ease. Conversely, it is much more difficult for neg-

atively charged molecules such as sulfate and chloride
ions to enter the nucleus. Macromolecules such as immu-
noglobulins and enzymes are totally excluded.

The relative contribution and importance of the end
plate and annular routes to disc nutrition were established
independently using biochemical (31), histologic (25),
and radiologic (32) methods. Each of these studies con-
firmed the importance of the central end plate in the
metabolic processes of the disc.

Soon after maturity the cartilage of the end plate
undergoes extensive mineralization and eventually this
tissue is resorbed and replaced by true bone (33,34). It is
likely that this remodeling, as well as the calcification of
vascular channels in the end plate region both contribute
substantially to a reduction in the normal exchange of
nutrients across the end plate with increasing age (35).

Since the end plate is capable of remodeling after
maturity it seems reasonable to expect the obliteration
and loss of vascular channels could also be reversed. This
does appear to be possible, and in fact has been demon-
strated in an experimental ovine model of annular lesions
(36). In the context of that study it was presumed that
neovascularization was a basic survival mechanism for
discs undergoing severe pathologic deterioration, al-
though it was in vain, since they continued to degenerate.
Although not specifically tested in that study it is likely
that such new blood vessels are formed by activation of
normally latent enzymes of the matrix metalloproteinase
(MMP) family, which are regulated by tissue inhibitors
(37–41). Increased levels of several MMP species have
been detected in surgical and postmortem samples of
human discs (40,42), and although the end plate itself
was not analyzed in these studies, it is reasonable to
assume that they would be no different.

As well as providing an axis for the diffusion of nutri-
ents to the avascular disc, the end plates also are impor-
tant for the mechanical function of the spine. In the
course of normal physical activity, mechanical loading
(especially axial compression) can alter the shape of the
disc to the extent that the end plates and the subchondral
trabecular bone become deformed (43). This deformation
is reversible in young healthy end plates that are sub-
jected to even moderate loading, but when the forces are
higher and applied repeatedly, the end plates sustain irre-
versible damage. There is evidence that the integrity of
the end plate and subchondral bone, rather than the
degree of disc degeneration, influence how much damage
occurs during axial compression (44). It was also noted
that the radiographic appearance of the end plates in this
study was similar to those of osteoporotic patients, in
whom the end plates become more concave with age and
progressive vertebral osteopenia (45,46).

Morphologic changes to the end plates occur with
advancing age but also may be seen in association with
pathology in either the nucleus or the annulus. Either way,
the changes are essentially microscopic and become evi-
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dent macroscopically only in the advanced stages of dis-
ease (47).

In the earliest changes after maturity fissures and clefts
appear along the length of the end plate in the horizontal
plane. Occasionally there is evidence of chondrocyte
death. The cartilage may be invaded by microscopic
blood vessels and there also may be ossification extend-
ing from the adjacent bony end plate. With time the car-
tilage becomes depleted progressively and undergoes fur-
ther ossification. The nucleus fills the small voids created
as more blood vessels perforate the end plate, but these
defects do not breach the bony end plate.

The most dramatic changes occur after the fifth
decade. It is not unusual to observe nuclear material pro-
truding into the adjacent vertebral marrow with foci of
bony sclerosis resulting from active remodeling at these
sites. Often there is total loss of the cartilage end plate. In
an experimental murine spondylosis model disc degener-
ation, including loss of the end plate, was accompanied
by increased apoptosis in end plate chondrocytes relative
to naturally aged mice, suggesting that programmed cell
death plays a role in age-related changes of the disc (48).

Of all the structural elements that constitute the disc,
the end plate appears to be most susceptible to mechani-
cal failure. Theoretical modeling using finite element
analysis has shown that mechanical failure always begins
with separation of the end plate from the subchondral
bone (49), in complete agreement with the microscopic
observations of Vernon-Roberts (47). Autopsy studies
also confirm that portions of the end plate become sepa-
rated from the vertebral body and are herniated from the
disc along with attached annular fibers (50,51). A signif-
icant weak point of the motion segment appears to be
near the epiphyseal ring, where the annulus fibers insert
directly into the vertebral bone. Not only is it a common
site for fracture causing back pain and radiculopathy in
adolescents and young adults (52) but it has been shown
to be particularly susceptible to failure during experi-
mental mechanical compression tests in the adolescent
pig (53). This is a different injury pattern to that seen in
adults, where the end plate and adjacent trabecular bone
are affected (54,55).

Schmorl nodes are relatively common features of the
end plate that have been characterized in considerable
detail. These vertical protrusions of nucleus pulposus into
either (and occasionally both) of the adjacent vertebrae
were first described by Luschka in the late 19th century
and subsequently named by Schmorl (2). They are found
in more than 70% of autopsy spines with equal frequency
above and below the age of 50 years, suggesting that they
appear relatively early in life (56). Schmorl observed that
they were twice as common in men up to the age of 59
years and attributed this to lifestyle factors, in particular
a greater risk of occupational trauma. After the age of 60
years, however, they are twice as common in women, pre-
sumably at a stage when the disc is more liable to rupture

due to changes associated with advanced age, including
vertebral osteopenia. In any case there is clear evidence
that discs with Schmorl nodes are more degenerate than
other discs at an early age (57).

Schmorl nodes are encountered less frequently on clin-
ical radiographs than by autopsy examination (2,58). In
general this is because they are small, but in other
instances they can be so immature to have not yet caused
any significant structural changes. Ultimately there is
loss of disc height from nuclear prolapse or subsequent
formation of a cartilaginous cap and eventually new bone
around the prolapsed tissue.

Despite being relatively common, it is still not known
how Schmorl nodes are formed. It seems obvious that
nuclear protrusion can only occur through openings in the
end plate, but under normal circumstances these defects
do not exist. Schmorl himself suggested that these lesions
could result from weaknesses in the end plate due to foci
of degenerate cartilage (2). In the absence of significant
destruction, such as direct trauma or neoplasm, it is
assumed that scar tissue in the end plates is a legacy of
the closure and repair of the nutrient vessels in the devel-
oping years (59), and this leaves congenitally weak spots
through which protrusion is possible (60). The latter
study also demonstrated a significantly higher proportion
of marrow contacts in the end plates of specimens with
Schmorl nodes, and suggested that these lesions could
contribute to further pathology such as Scheuermann dis-
ease in which they feature prominently.

With the development of implantable devices aimed at
augmenting spinal fusion, the end plate assumes a critical
role. It was previously thought that mechanical stability,
and therefore a good clinical outcome following interbody
fusion, could be achieved only if the end plates were pre-
served, whether bone was used alone or in conjunction
with these devices (61). The design of implants therefore
appears to be critical for successful fusion. It is claimed,
for instance, that threaded cages compromise end-plate
integrity, but while nonthreaded cages address this prob-
lem, their design generally does not conform to the normal
profile of the end plate, providing limited opportunity for
bony incorporation (62). The inherent strength of titanium
cages offers greater resistance to axial loading, which can
be achieved by preservation of the end plates in thora-
columbar column reconstruction (63). More recent work in
cadavers however, suggests that an implant with only
peripheral support provides the same axial strength as an
implant with full support, and that there is no mechanical
advantage gained by maintaining a solid implant face (64).
In fact, it has been claimed that removal of the central end
plate actually promotes graft incorporation without affect-
ing mechanical strength. In another study that has implica-
tions for interbody cage design, both the sacral and inferior
end plates were shown to be stronger than the superior
lumbar end plates, while the central region of both the lum-
bar and sacral end plates was also identified as being a
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structurally weak point (65). The importance of preserving
the end plate to prevent graft subsidence was further
emphasized in a report of compression testing conducted
on cervical spine segments (66). As we move from “classi-
cal” fusion methods to the realm of spinal arthroplasty,
where the aim is to maintain or even restore function as
well as relieve pain, it is clear that these considerations will
have major implications for the design of implantable
devices in spinal surgery (67). 
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CHAPTER 5

Clinical Spinal Instability Resulting from 
Injury and Degeneration

Manohar M. Panjabi, Vijay K. Goel, Allison M. Kaigle Holm, Malcolm H. Pope

The origin of most cases of low back pain is unknown (1).
Clinical spinal instability is considered as one of the most
common causes (2). It is hypothesized that mechanical
derangement by degeneration, injury, or muscle dysfunc-
tion produces spinal instability that results in pain or dys-
function. It is assumed that an underlying intervertebral
motion abnormality exists, which is magnitude and direc-
tion dependent (3).

Although the phrase spinal instability is commonly
used in a clinical setting, there is no single accepted def-
inition (4). Thirty spine surgeons were asked to define
clinical instability and its symptoms and signs, and 30
different answers were received! Clinical instability has
two parts: mechanical derangement and clinical conse-
quences. It has been concisely put in a definition with
which many clinicians agree. It is the loss of the ability of
the spine to maintain its physiologic patterns of displace-
ment that cause no incapacitating pain or neurologic dys-
function (3).

Spinal stability is provided by three interrelated sys-
tems: the spinal column (passive system); spinal muscles
(active system); and control system, which coordinates
the muscles in response to the stability needs of the spine
(Fig. 5-1). Instability results when single or multiple
components of the systems fail or malfunction (5). This
conceptual framework is useful in understanding the
roles of various spinal system components in providing
spinal stability.

Clinical spinal instability may be described by its
causes, methods for its diagnosis, and treatments. Past
research concerned with these aspects of spinal instabil-
ity is described. At present, the causes are thought to be
injury, degeneration, and muscle dysfunction or insuffi-
ciency, or a combination of all three. Diagnostic methods
generally include flexion-extension roentgenograms, but
other techniques such as magnetic resonance imaging
(MRI) are now available. Treatment methods include

exercises and surgery. Also presented are future direc-
tions for research.

CAUSES OF SPINAL INSTABILITY

The degenerative process of the functional spinal unit
(FSU) is usually described by dysfunction, instability,
and restabilization (6). (The FSU is the smallest unit of
the spine, consisting of two adjacent vertebrae and the
connecting ligaments, disc, and facet capsules.) The
unstable phase is characterized by reduction in disc
height, laxity of the ligaments and facet capsules, and
degeneration of the facet joint, which result in abnormal
spinal movement. A positive relationship with low back
pain was found if the disc height decreased by 40% (7).
Osteophytes have been proposed as indicators of instabil-
ity (8). A traction spur is said to result from increased ten-
sile stresses at the annulus, whereas the claw spur results
from compressive loads.

Injury

Microtrauma occurring for long periods may lead to
accelerated degeneration and spinal instability (9). This
can include occupational exposures (e.g., whole-body
vibrations) (10). A major overload may fracture facets
and end plates, produce annular tears of the disc, or rup-
ture ligaments, which also may lead to spinal instability.
Surgical procedures (e.g., total facetectomies) may cause
instability as well.

What roles do the ligaments, facets, and disc compo-
nents play in providing stability? The contribution of the
facet joints in the lumbar spine was experimentally
determined to be 50% in resisting torsional loads (9).
The other 50% is provided by the intervertebral disc.
Using pure moments and measuring three-dimensional 6
degrees-of-freedom intervertebral motions, the effects of
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posterior ligamentous injury and partial and total face-
tectomies were recorded (11). With physiologic loads of
8 nm, the average ranges of motion (and neutral zones)
for the intact lumbar spine were found to be as follows:
flexion, 8.2 (0.93) degrees; extension, 4 (0.93) degrees;
lateral bending, 6.2 (0.97) degrees; and axial rotation,
3.5 (1.1) degrees (Fig. 5-2). (The concept of neutral zone
is indicated in Figure 5-5.) Cutting of the supraspinous
and interspinous ligaments produced a 2-degree increase
in flexion, but no change in other motions. Unilateral
facetectomies produced increases of 4.2 degrees in flex-
ion and 1.8 degrees in rotation, but no marked changes
in other motions. Bilateral total facetectomy, compared
with the case with the spine intact, produced increases of
63% in flexion, 78% in extension, 15% in lateral bend-

ing, and 126% in axial rotation. Thus, the facets play a
significant mechanical role, especially in rotatory stabil-
ity. The conclusion was made that the partial facetec-
tomy of one or both facets at a single level does not
cause spinal instability, whereas the loss of a complete
facet joint on one or both sides makes the spine acutely
unstable. These in vitro experimental results should be
carefully interpreted for clinical use because they do not
include the muscles and effects of healing. To understand
the role played by all spinal column components in pro-
viding stability, fresh cadaveric functional spinal units
were studied in response to either flexion or extension
loads, while the various spinal components were tran-
sected from either a posterior-to-anterior direction or
vice versa (12). Vertebral movements in response to tran-
section of the components were monitored in the sagittal
plane. This study formed the basis of the guidelines for
determining thresholds of clinical instability in the lum-
bar (1).

Does an injury to the disc repair itself? The disc does
not have the healing potential of most other structures in
the body because it lacks a blood supply (13). Repair,
however, involves a process of vascular ingrowth. The
concept of a mechanical self-sealing phenomenon that
would seal off the defect was advocated (14) but was later
shown to be a fallacy, especially for multidirectional
instabilities (15,16).

The process of repair and restabilization after injury, if
it occurs, cannot be studied by in vitro biomechanical
studies. Neither can the clinical studies provide useful
information concerning the natural time course of an
injury, because all significant injuries in humans are usu-
ally surgically or otherwise stabilized. Thus, there is lim-
ited information regarding the natural history of most
spinal injuries. In a set of in vivo experiments using two
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FIG. 5-2. Average multidirectional intervertebral ranges of motion of fresh cadaveric lumbar spine spec-
imens as functions of injury. The motions were: flexion, extension, lateral bending, and axial rotation.
The injuries sequential were: posterior ligaments (supraspinous and intraspinous), left unilateral medial
facetectomy, bilateral medial facetectomy, left total facetectomy, and bilateral total facetectomy. (From
Abumi K, Panjabi MM, Kramer KM, et al. Biomechanical evaluation of lumbar spinal stability after
graded facetectomies. Spine 1990;15:1142–1147.)

FIG. 5-1. The spinal stabilizing system. A conceptual frame-
work in which the passive spinal column, active spinal mus-
cles, and neuromuscular control subsystems together pro-
vide the spinal stability. (From Panjabi M. The stabilizing
system of the spine. Part I. Function, dysfunction, adaptation,
and enhancement. J Spinal Disord 1992;5(4):383–389.)



different animals, three graded spinal injuries (inter-
spinous and supraspinous ligament transections, laminec-
tomy, and facetectomy) at the C4-5 level were studied by
functional flexion-extension stereoradiographs for up to
24 weeks (17,18). In these in vivo animal experiments,
contrary to expectations, the spine at the injury site
became more stable (even compared with the intact
spine) as measured by standardized functional X-ray
studies during the healing period (Fig. 5-3). Although the
facetectomy resulted in the largest increase in motion
acutely, it also produced the largest decrease in motion in
vivo. At 6 weeks after the injury, the range of motion
(ROM) decreased from 23 degrees preoperatively to 5
degrees postoperatively. These findings are supported by
studies using a canine (19) and a porcine model (20). In
the later study, explanation was provided for the
decreased motion. At 3 months post facetectomy, we
found hypertrophy of the facet joints, which limited the
range of motion.

Degeneration

For an in-depth description of degeneration, please see
Chapter 3. 

The spine degenerates with age; this is a normal
process that results in altered mechanical characteristics.
It also may lead to low back problems. Kirkaldy-Willis
(6) provided a classification of degeneration of the spine
based on three stages. 

Stage 1. Dysfunction. This includes low back pain with
nonspecific syndrome. The facet capsule may be lax
and disc degeneration is of grade 1 to 2 on a scale of 1
to 4.

Stage 2. Instability. This is marked by increased facet
joint laxity and moderate disc degeneration (grades 2
to 3). Clinical syndrome can be identified, and the
instability can be measured by functional X-ray stud-
ies.

Stage 3. Restabilization. This is characterized by fibrosis
in posterior joints and osteophytic formations leading
to decreased overall motion. Disc generation has
reached the final stage (grades 3 to 4).

A recent study has confirmed the biomechanical
aspects of the preceding hypothesis using an intraopera-
tive instrumented lamina spreader (21). It consisted of an
electric motor, which spread the adjacent laminae, and
the strain gauges attached to the spreader legs, which
measured the force applied. Based on a study of nearly
300 patients and 650 FSUs intraoperatively, we conclude
the following. The average stiffness reaches its peak of
120 N/mm at about 25 years of age, decreases thereafter
to less than 20 N/mm at about 55 years, and then
increases once more to about 80 N/mm above the age of
60 (Fig. 5-4). The stiffness seems to have an inverse rela-
tionship to the disc degeneration and range of motion. 

The degeneration effect on the mechanical properties
of the spine is specific and direction dependent. Several
parameters may be obtained from load-displacement
curves of a lumbar spine specimen to quantify the
mechanical properties. These are: the neutral zone (NZ),
representing “looseness” of the specimen; the elastic
zone (EZ), which may equate with elastic deformation;
and the range of motion (Fig. 5-5). Another parameter is
the neutral zone ratio (NZR), equal to NZ divided by
ROM. In a study using fresh cadaveric lumbosacral spine
specimens, intervertebral flexion-extension, lateral bend-
ing, and axial rotation were measured and plotted against
disc degeneration grade (22). In flexion-extension, there
was some tendency for ROM to decrease and NZ to
increase. The lateral bending showed significant decrease
in ROM and significant increase in NZR. In axial rotation
there were significant changes in ROM, which decreased,
and in NZ and NZR, both of which increased.

The preceding knowledge has been obtained mostly
from in vitro experiments. The general degeneration of
the spine, seen on X-ray films as decreased disc height,
deformed end plates, and osteophyte formation, has not
been found to be a reliable predictor of subsequent low
back pain. On the other hand, evidence suggests that
increased disc degeneration carries a significantly higher
risk of low back problems (23). During discography, 23%
of patients with nondegenerated discs reported pain, and
77% felt either pressure only or no pain at all. On the
other hand, among patients with a severely degenerated
annulus, 90% reported pain during discography, whereas
only 10% felt no pain or simply some pressure. Thus, a
significant relationship seems to exist between disc
degeneration and low back pain, even though it may not
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FIG. 5-3. Average intervertebral range of motion at the injury
site as a function of healing time. The injury was bilateral
facetectomy at C4-5 in a canine model. The injury was
unprotected during the entire healing phase, and the motion
measurements were made using functional flexion-extension
stereoradiographs. (From Panjabi M, Pelker K, Crisco J, et al.
Biomechanics of healing of posterior cervical spinal injuries
in canine model. Spine 1988;13:803–807.)



be a one-to-one correspondence. This and similar in vivo
studies provide a link to the in vitro biomechanical stud-
ies, by which the mechanical characteristics of the spine
and the clinical symptoms of low back pain may be
related.

Role of Spinal Muscles

The understanding of the primary role of musculature
in providing spinal stability and the extent to which the

musculature contributes to pain production, modulation,
and prevention is not well understood. Muscle dysfunc-
tion may result from muscle weakness, in the form of
decreased strength or endurance, and possibly from a dis-
turbance in the neuromuscular control system, in the
form of altered recruitment patterns. Muscle spasm and
pain may be indicators of muscular overload owing to the
reduced efficiency in weakened passive structures of the
spinal system. As described, muscles form an important
subsystem of the overall spinal stabilizing system.

A lumbo-sacral (L1-sacrum) spinal column that is
devoid of musculature is a mechanically unstable struc-
ture, with a load-carrying capacity of less than 90 N (or
20 pounds) (24). However, with properly coordinated
muscle action, the spine can sustain large loads, which is
exemplified by the action of weight lifters. In the past, the
complexity of the muscular anatomy and physiology hin-
dered the development of biomechanical models for
studying the stabilizing role of muscle, as well as various
passive components of the spine (e.g., ligaments, discs,
vertebrae, and facet joints). Detailed morphologic and
biomechanical analyses of the lumbar musculature are
now available (25–27). The spinal muscles may be con-
ceptualized as local (intersegmental) and global (multi-
segmental), which helps us to understand their functions
of stabilizing the spine and producing motion (28,29).
Advanced mathematical models are helping us to better
understand the instability (30).

A modeling study based on radiographs from normal
subjects was performed to determine the effects of flex-
ion on the forces exerted by the lumbar muscles (27). The
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FIG. 5-4. Functional spinal unit (FSU) stiffness distribution with age. (From Brown MD, Holmes DC,
Heiner AD, et al. Intraoperative measurement of lumbar spine motion segment stiffness. Spine
2002;27(9):954–958.)

FIG. 5-5. Load-displacement curve of a spine specimen.The
measurements for neutral zone (NZ), elastic zone (EZ), and
range of motion (ROM) are obtained from the curve.



act of flexing caused substantial elongation of many mus-
cle fascicles, which consequently reduced the maximum
active tension they could exert. Consequently, it was
found that the compressive forces and moments exerted
by the back muscles in full flexion are not significantly
different from those in the upright posture. However,
major changes in shear forces were found, particularly at
L5-S1, where there was a reversal from a net anterior to a
net posterior force. These shear forces must be consid-
ered when prescribing therapeutic exercise, particularly
in patients with translatory instability in the lower lumbar
and lumbosacral region.

Using an anatomically detailed biomechanical model,
the role of the lumbar erector spinae musculature in off-
setting the anterior shear forces on L4-5 (58 to 324 N)
and upper body mass during different dynamic lifts
(squat and stoop) were studied (31,32). They found that,
during the squat lift, the maximum peak forces supported
by the facet joints and possibly the disc remained rela-
tively constant at approximately 200 N, regardless of the
load mass. When comparing the two different lifting
styles, the stoop lift, which produced a more flexed lum-
bar spine than did the squat lift, and had greater contri-
butions from the passive lumbar structures (e.g., liga-
mentous strain), although the peak moments provided by
these tissues were less than 60 nm.

The effects of simulated intersegmental muscle forces
on spinal instability in an in vitro experiment have been
investigated (33). In flexion loading, range of motion
increased and neutral zone decreased with the application
of muscle forces, whereas both variables decreased in
extension loading. Similar observations have been made
in an in vivo investigation using a porcine model to study
alterations in segmental kinematics as a result of injury to
the passive stabilizing components and stimulation of the
lumbar musculature (34). When compared with the un-
stimulated situation, stimulation of the paraspinal mus-
cles produced significantly greater range of motion in
sagittal rotation and shear translation in the L3-4 motion
segment after injuries to the disc or facet joints. Although
it increased the range of motion, the increased muscular
activity also stabilized the injured motion segment. This
stabilization was indicated by a reduction in the abrupt
changes in the pattern of motion for sagittal rotation dur-
ing the transitional phase between dynamic flexion and
extension (neutral region). 

Electromyographic signals of the paraspinal and ab-
dominal muscles have been studied both in normal sub-
jects and in patients with low back pain. Some studies
have shown that the electromyographic patterns displayed
some abnormalities in patients with low back pain com-
pared with the normal group (35–37). Also, the flexion-
relaxation phenomenon of the erector spinae muscle
group is absent in some patients with acute low back pain
but returns after the pain has gone. The flexion-relaxation
phenomenon is the myoelectric silence at approximately

two thirds of maximum flexion angle, at which the load
moment is carried by the soft tissues (e.g., ligaments, fas-
cia, and passive elongated muscle) (38,39). It is now
believed that intra-abdominal pressure stabilizes the
spine (40).

However, studies show diverging results as to whether
increased intra-abdominal pressure loads or unloads the
spine (30,41,42). The muscles not only apply loads and
provide stability, but also help control the posture and
movement (5). In a study of low back patients and healthy
controls, patients demonstrated poorer balance control
while sitting on an unstable hemisphere and had longer
reaction times to sudden horizontal loadings (43).

DIAGNOSTIC METHODS

Roentgenographic Motion Studies

Besides the grades of disc degeneration, which are
related to a greater risk of low back pain, other motion
and posture measures can be obtained from radiographs
or computed tomography or MRI images. Functional
radiographs (e.g., a pair of radiographs taken, generally,
at the extremes of a motion in a certain plane) form the
basis of most clinical studies of motion. Knutsson (44)
was probably the first to indicate a relationship between
excessive anteroposterior translation seen on flexion-
extension radiographs and low back problems. In another
study, patients with low back pain were examined in lat-
eral bending, and centers of rotation were calculated for
various positions of the lumbar spine. An increased area
occupied by the locus of the centers of rotation at a par-
ticular level was found to be directly related to the pain at
that level (45). In another study, motions were measured
from lateral radiographs taken in three specified postures
(46). Normal patients were found to be different from the
patients with spondylosis in translation and rotation and
in coupling between these motions.

The spinal movements of patients with low back pain
who are suspected of having instability may not always be
greater in magnitude. It is known clinically, quantified
using stereoradiographic analysis, that patients with low
back pain have restricted flexion-extension intervertebral
motion. The total flexion (L1-S1) of about 50 degrees in
normal individuals decreases to less than 20 degrees in
patients with low back pain and nerve root tension signs
(47). Associated with the restricted flexion-extension
spinal motion are increased coupled motions (i.e., lateral
bends and axial rotations). The coupled motion is defined
as the associated motion produced during the main
motion (e.g., lateral bending or axial rotation produced
during flexion). Theoretically, there are up to five cou-
pled motions for every main motion. Both observations
may be explained by the fact that spinal instability
resulted in activation of the muscular system. Increased
muscle forces restricted the overall motion of the spine
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and at the same time, owing to muscle imbalance,
resulted in asymmetric spinal movements (e.g., out-of-
sagittal plane coupled motion during flexion-extension).
Functional flexion-extension X-ray studies were per-
formed passively on a patient population that was subdi-
vided into different groups having similar pathologic
conditions (48). When compared with a normal popula-
tion, all patients exhibited less motion, except for high-
performance athletes who showed more motion com-
pared to the controls. Therefore, it was concluded that a
kinematic analysis of the lumbar spine using passive flex-
ion-extension was not a clinically useful method.

Inferior-superior loading using functional X-ray exam-
inations also has been investigated as a measure of spinal
instability (49,50). The motion was measured at two
extremes of motion obtained by (a) spinal traction (sus-
pending the individual from his or her hands); and (2)
compression (using a weighted backpack during stand-
ing). Anteroposterior translation measurements were
taken from lateral X-ray films of patients who had
spondylolisthetic or retrospondylolisthetic displacement.
In accordance with the severity of symptoms, the patients
were divided into the following groups: (a) asymptomatic
patients; (b) those with moderate symptoms and (c)
patients with severe symptoms. The degree of primary
anterior slip was almost equal in the three groups, but the
translator movement differed significantly among them,
as follows: 0.7, 5.2, and 7.5 mm, respectively. 

Stereoradiographic techniques have been used to ana-
lyze three degrees-of-freedom sagittal plane motion
(sagittal rotation, antero-posterior translation, and infe-
rior-superior translation) in patients with low back pain
and suspected segmental spinal instability (51). The aver-
age angular ROM in patients at the unaffected level (9.67
degrees) was not different from that at the affected level
(8.45 degrees). The same was true for antero-posterior
shear translation values, which were 1.54 and 0.92 mm,
respectively. However, the ratio (i.e., coupled shear trans-
lation divided by the flexion angle) was significantly dif-
ferent (+0.18 versus −0.13 mm/degree) at the unaffected
and affected levels, respectively. The retrodisplacement
(anterior-to-posterior translation during flexion from
extended position) was associated with the restricted
motion, especially for sagittal plane rotations of less than
5 degrees, but was not correlated with the specific clini-
cally unstable levels.

In a recent study, three-dimensional coupled motions
were measured in low back pain patients (52). The
patients were asked to move in three planes (sagittal,
transverse, and frontal) while the intervertebral motions
of pedicle screws inserted into the vertebrae above and
below the suspected painful level were measured. During
flexion-extension, there were small out of plane rotations.
During axial rotation there was considerable variability in
the coupled motions. The same was true for the lateral
bending. The authors concluded that in contrast to well-

defined in vivo and in vitro coupling patterns observed in
the controls, the low back pain patients showed signifi-
cantly greater variability. The inherent coupling pattern
of the osseoligamentous spine was modified by the al-
tered muscle pattern or pain.

Other Measures of Instability

Measurement of ROM, especially flexion-extension, is
easy in vivo. For this reason, the ROM has been used
often as an indicator of instability (4). Unfortunately, the
ROM is not related to clinical instability, as exemplified
by a young gymnast who may have extensive ROM but
no clinical symptoms of instability (3). Further, the mea-
surement of the ROM is affected by voluntary effort that
the subject applies at the time of examination and motion
limitation because of pain. Thus, investigating other mea-
sures of motion as possible indicators of instability has
merit.

One such variable is the neutral zone, which represents
looseness of the spinal column around the neutral posi-
tion. Support for the coupled motions concept is provided
by an in vivo study, which documented the presence of
these motions in patients with suspected clinical instabil-
ity (47). The neutral zone has been studied only in vitro.
The increase in the neutral zone was found to be associ-
ated with disc degeneration and its decrease was related
to simulated muscle force application (22,33). No direct
clinical evidence is yet available. Because both measures
are generally smaller in magnitude compared with the
ROM, new and more accurate diagnostic methods are
needed. In a recent study using ultrasound Doppler effect,
the neutral zones of the sacroiliac joint have been mea-
sured in subjects without pain (53). Future studies with
low back pain patients using this technique will be in-
teresting to see if the neutral zone concept is clinically
useful.

Using an intervertebral motion device for continuously
measuring sagittal plane motion in the human lumbar
spine, the intervertebral motion, along with the overall
trunk angle, was measured dynamically during standing
flexion-extension, both in normal subjects in patients sus-
pected of having clinical instability in a lumbar motion
segment (39). There exists a characteristic pattern of
motion during flexion-extension for normal lumbar
motion segments and patients (Fig. 5-6). The main find-
ings were the following. Motion was significantly less, by
at least 50%, in patients compared to the controls. A 78%
reduction in muscle activity at full flexion (flexion relax-
ation) occurred in controls, whereas only a 13% reduc-
tion was found in patients. These observations were
explained by hypothesizing that the neuromuscular con-
trol system provides active stabilization needed to protect
the injured or diseased passive structures from move-
ments that may cause pain, similar to the stabilization
concepts proposed by Panjabi (5).
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TREATMENTS

Spinal instability is treated clinically by diverse con-
servative methods, some of which seem to be paradoxic.
Both the flexion exercises, which strengthen abdominal
muscles, and the extension exercises, which strengthen
back muscles, have been effective (54). To increase
spinal stability co-contraction of both the front and back
muscles is needed (55). This may be the explanation for
the effectiveness of both the flexion and extension exer-
cises. Rotational exercises have been found to be effec-
tive in patients who did not respond to other treatments
(56). In addition to strengthening the spinal muscles,
improving muscle coordination is important in enhanc-
ing spinal stability (5). Muscle stabilization has been
advocated and shown to be effective in treating back
pain patients (57). Various fusion techniques are re-
ported to have clinical success (3).

FUTURE RESEARCH

Several aspects of spinal instability need to be investi-
gated from the biomechanical viewpoint. A short list is
provided.

1. By means of in vitro simulations (using human
cadaveric material), in vivo animal models, and
mathematical models, investigate the role of inter-
segmental (deep) as well as multisegmental (superfi-
cial) muscles in providing spinal stability.

2. Develop techniques that measure the dynamic inter-
vertebral motion continuously.

3. Using in vivo animal models, study the role of heal-
ing and adaptation after injury in altering the spinal
stability.

4. Develop new and more accurate diagnostic methods
for determining abnormalities of coupled motion,
neutral zones, and other motion variables, which may
help to provide more sensitive and specific measure-
ments of spinal instability than are presently avail-
able.

5. Conduct clinical studies (prospective, double blind, and
controlled) that correlate carefully obtained measures
of instability of intervertebral motions (representing
spinal column) and muscle function (representing neu-
romuscular control) with the clinical symptoms. These
studies may help to bridge the gap between instability
indicators and clinical symptoms.
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CHAPTER 6

Spinal Instrumentation

Vijay K. Goel, Manohar M. Panjabi, Huroshi Kuroki, Setti S. Rengachary, 
D. McGowan, and N. Ebraheim

In recent years, surgeons have well-accepted surgical sta-
bilization and fusion of the spine using instrumentation.
Accordingly, the number of available devices for use by a
surgeon has increased (1–4). The types and complexity of
procedures (e.g., posterior, anterior, interbody) (3) have
produced novel design challenges, requiring sophisti-
cated testing protocols (3). In addition, most contempo-
rary implant issues of stabilization and fusion of the spine
are mostly mechanical in nature (4). [Biologic factors
related to the adaptive nature of living tissue further
complicate mechanical characterization (3,5,6).] Accord-
ingly, researchers have designed various methods of test-
ing to assess the mechanical nature of the spine and
implants, both as separate and united entities. These eval-
uation regimens have produced valuable information and
have led to the design and development of state-of-the-art
systems. The most efficient way to describe the biome-
chanical issues relating to stabilization and fusion in the
thoracolumbar region is to group the literature that con-
cerns the major testing modalities. Results of specific
studies are presented to show the type of information pro-
vided by the various testing methods. 

CLINICAL SCOPE AND OBJECTIVE OF SPINAL
FUSION

Low back pain is responsible for approximately 14%
of visits to physicians that do not involve preexisting con-
ditions (2). Others have estimated 70% of the population
in the United States has experienced back pain in their
lives, leading to surgical intervention of the lumbar spine
in 4% of the population (2). Surgical treatments most
often promote fusion of the painful segments, with an
estimated 25% of the 280,000 operations involving the
lumbar spine (4,7).

The objective of spinal fusion is to eliminate pain and
allow the patient to resume normal activities. Elimination
of relative motion between the affected joints often

reduces this type of segmental pain. Spinal fusion is also
performed to prevent or correct deformity (3) and stabi-
lize the spine after trauma. Pathologic degeneration of the
bony elements, intervertebral disc, and soft tissues are
also indicators for fusion (3). Although intervertebral
disc conditions seem to account for a significant propor-
tion of the lesions leading to fusion, other indications
include segmental instability, both degenerative and
iatrogenic, and failed previous surgery. Although the
aforementioned indications are commonly cited in the lit-
erature as grossly appropriate, there is considerable
debate as to the degree of the lesion that indicates fusion
(8). 

Properly applied, spinal instrumentation maintains
alignment and shares spinal loads until a solid, consoli-
dated fusion is achieved. As instrumentation procedures
have become increasingly popular, the number of avail-
able fixation systems has grown. With few exceptions,
these hardware systems are used in combination with
bone grafting procedures, and may be augmented by
external bracing systems. 

BIOMECHANICAL EVALUATION OF
INSTRUMENTATION PERFORMANCE

Spinal implants typically follow loosely standardized
testing sequelae during the design and development stage
and in preparation for clinical use. The design and devel-
opment phase goal, from a biomechanical standpoint,
seeks to characterize and define the geometric consider-
ations and load-bearing environment to which the
implant will be subjected. Various testing modalities exist
that elucidate which components may need to be
redesigned. Not including the testing protocols for indi-
vidual components of a device, plastic vertebrae (corpec-
tomy) models are one of the first-stage tests that involve
placing the assembled device on plastic vertebral compo-
nents in an attempt to pinpoint which component of the
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assembled device may be the weakest mechanical link in
the worst case scenario, vertebrectomy. The in vivo effec-
tiveness of the device may be limited by its attachment to
the vertebrae (fixation). Thus, testing of the implant-bone
interface is critical in determining the fixation of the
device to biologic tissue. Construct testing on cadaveric
specimens provides information about the effectiveness
of the device in reducing intervertebral motion across the
affected and adjacent segments during quasi-physiologic
loading. Animal studies provide insight with respect to
the long-term biologic effects of implantation. Analytic
modeling, such as the finite element method, is an
extremely valuable tool for determining how implants
and osseous loading patterns change with varying param-
eters of the device design. This type of modeling may
also provide information about temporal changes in the
bone quality due to the changing loading patterns as bone
adapts to the implant (e.g., stress shielding-induced bone
remodeling). After a certain level of confidence in the
implant’s safety and effectiveness is established through
all or some of the aforementioned tests, controlled clini-
cal trials allow for the determination of an implant’s suit-
ability for widespread clinical use. The following sec-
tions discuss each of these testing modalities, with
specific examples used to illustrate the type of informa-
tion that different tests can provide.

Implant-Bone Interface

Device-Vertebra Interface

Depending upon the spinal instrumentation, the
device-vertebra interface may deal with laminae, pedi-
cles, the vertebral body itself, or the end plates.

Interlaminar Hooks

Interlaminar hooks are used as a means for fixing the
device to the spine. Hook dislodgment, slippage, and
incorrect placement have led to loss of fixation, however,
resulting in nonfusion and pseudoarthrosis. Purcell et al.
(9) investigated construct stiffness as a function of hook
placement with respect to affected level in a thoracolum-
bar cadaver model. They created posterior ligamentous
defects through sectioning and imposed bony fracture at
T-12 and L-1 by flexion testing to failure. The unstable
spines were instrumented with Harrington distraction
instrumentation and interlaminar hooks placed initially
on T-11 and L-2. The hooks were relocated to various lev-
els about the affected area and the construct retested. The
failure moment was found to be a function of the hook
placement. The authors recommended hook placements
three levels above and two levels below the affected area.
This placement reduced vertebral tilting (analogous to
intervertebral motion) across the stabilized area, where
fusion is to be promoted.

Transpedicular Screws

Proper application of screw-based anterior or posterior
spinal devices requires an understanding of screw biome-
chanics, including screw characteristics and insertion
techniques, as well as an understanding of bone quality,
pedicle and vertebral body morphometries, and salvage
options (10–12). This is best illustrated by the fact that
the pedicle, rather than the vertebral body, contributes
approximately 80% of the stiffness and about 60% of the
pullout strength across the screw-bone interface (10). 

Carlson et al. (13) evaluated the effects of screw orien-
tation, instrumentation, and bone mineral density (BMD)
on screw translation, rotation at maximal load, and com-
pliance of the screw-bone interface in human cadaveric
bones. An inferiorly directed load was applied to each
screw, inserted either anteromedially or anterolaterally,
until failure of the fixation was perceived. Anteromedial
screw placement with fully constrained loading linkages
provided the stiffest fixation at low loads and sustained
the highest maximal load. Larger rotation of the screws,
an indication of screw-out failure, was found with the
semi-constrained screws at maximal load. BMD directly
correlated with maximal load, indicating that bone qual-
ity is a major predictor of bone-screw interfacial strength.
Peiffer et al. and Ryken et al. also found a significant cor-
relation between BMD and torque (p < .0001, r < 0.42),
BMD and pullout force (p < .0001, r < 0.54), and torque
and pullout force (14–16).

Since the specimens used for pullout strength studies pri-
marily come from older adult subjects, Choi et al. used
foams of varying densities to study the effect of BMD on
the pullout strength of several screws (17). Pedicle screws
(6.0 mm × 40 mm, 2 mm pitch, titanium alloy) of several
geometric variations were used for the study. They included
the buttress (B), square (S), and V-shape (V) screw tooth
profiles. For each type of tooth profile, its core shape (i.e.,
minor diameter) also varied, either straight (i.e., cylindrical,
core diameter < 4.0 mm) or tapered (i.e., conical, core
diameter < 4.0 mm/2.0 mm). In addition, for the cylindrical
screws the major diameter was kept straight or tapered. The
conical screws had their major diameters tapered only.
Therefore, screws with a total of nine different geometries
were prepared and tested (Fig. 6-1A). Nomenclature used
for identifying each screw type followed this sequence:
tooth profile, the shape of the major diameter, and core
type. For example, BST represents the screw with the but-
tress tooth profile and straight major diameter on a tapered
core. The screws were implanted in the rigid polyurethane
foams (77 cm × 127 cm × 77 cm) (Sawbones, Pacific
Research Laboratory, Vashon Island, WA) of three different
grades (grades 10, 12, and 15). These grades “simulated”
the variations in BMD (10 lbm/ft3, 12 lbm/ft3, and 15
lbm/ft3, respectively) of the cancellous bone of a vertebra.
Screws were implanted according to the American Society
for Testing and Materials (ASTM: F1839-97) protocol. The
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screws were pulled out at a loading rate of 5 mm per minute
(ASTM: F1691-98) using MTS858 Bionix Machine (MTS
Corp., Eden Prairie, MN).  A one-way analysis of variance
(ANOVA) test was done for the statistical analysis with
SPSS 7.0 (SPSS, Inc., Chicago, IL). Comparison of the

pullout strength between the screw types was assessed with
the Tukey test and Scheffe test. P values less than 0.05 were
regarded as statistically significant.

The maximum pullout strengths for various screw
designs are shown in Table 6-1. The highest purchasing
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FIG. 6-1. A: Different types of screws used in the foam model
to determine the pullout strengths of various designs. The
nomenclature used is as follows: thread shape—square (S),
buttress (B), V-shape (V); screw diameters—straight major
diameter on straight core (SS), straight major diameter on
tapered core (ST), tapered major diameter on tapered core
(TT). B: Regression analysis. The maximum and minimum val-
ues from pullout test for each foam grade were used regardless
of tooth or core profiles. (From Choi W, Lee S, Woo KJ, et al.
Assessment of pullout strengths of various pedicle screw
designs in relation to the changes in the bone mineral density.
Paper presented at: 48th Annual Meeting of the Orthopedic
Research Society; February 10–13, 2002; Dallas, TX.)A

B

TABLE 6-1. Axial strength (N) data for different types of screws pulled out in foam of different densities

Tooth profile (mean ±SD)

Foam grade Body profile Square Buttress V-shape

SS 591 ± 22 497 ± 80 615 ± 36
10 ST 622 ± 43 598 ± 25 634 ± 19

TT 525 ± 36 547 ± 30 568 ± 74
SS 864 ± 50 769 ± 56 987 ± 55

12 ST 956 ± 30 825 ± 108 1,005 ± 92
TT 811 ± 41 808 ± 25 944 ± 32
SS 1,397 ± 93 1,303 ± 126 1,516 ± 78

15 ST 1,582 ± 82 1,438 ± 36 1,569 ± 79
TT 1,197 ± 43 1,352 ± 88 1,396 ± 68

SD, standard deviation; SS, straight major diameter on straight core; ST, straight major diameter on
tapered core; TT, tapered major diameter on tapered core.

Source: Choi W, Lee S, Woo KJ, et al. Assessment of pullout strengths of various pedicle screw
designs in relation to the changes in the bone mineral density. Paper presented at: 48th Annual Meet-
ing or the Orthopedic Research Society; February 10–13, 2002; Dallas, Texas.



power in any screw design was observed in foams with the
highest density (grade 15). Exponential increase in pullout
strength was seen when the foam density increased from
grade 10 through 15 (Fig. 6-1B). The VST screws exhib-
ited the highest strength while the BSS the lowest with
grades 10 and 12. The SST type screws were strongest
against pullout with grade 15 foam while the STT the
weakest. Statistical analysis showed that regardless of the
foam grades or tooth profiles, the conical screws with
straight major diameter (i.e., ST types) were stronger than
the other two designs (i.e., SS or TT, p < .05). Within the
ST types, the buttress (B) tooth screws showed the lowest
pullout strength among the three tooth profiles (p < .05),
while there was no statistical difference between the
square and V-shape tooth with grades 12 and 15. However,
with grade 10 foam, no significant difference was
observed statistically among the three. In a case for the SS
type screws, the buttress (B) tooth was the weakest regard-
less of the foam grades. Between the square and V-shape
tooth screws, no difference was found. As for the TT
types, V-shape screws had higher pullout strength than the
square with grades 12 and 15. No statistical differences
were found between the V-shape and the buttress (B)
screws with grades 12 and 15, nor were any found among
the three tooth types with grade 10.

The use of foam for pullout tests afforded a control on
the variability in the quality of bone that is prevalent in
other studies. Thus, the foam allowed for characterization
of the effects of screw variables on the pullout strength.
Overall, results demonstrate that the conical screws are
consistently more effective against the pullout than the
cylindrical designs. This is especially evident when the
major diameter of the screw is kept straight. In this case,
the contact area between the screw thread and surround-
ing foam is large. Although no consistent statistical supe-
riority was found with the tooth profiles, results did sug-
gest that the V-shape tooth screws ranked highest in many
statistical comparisons and the buttress types showed
comparatively lower pullout strength than the other types.
This finding may be somewhat different from the litera-
ture. This can be due to the absence of the cortical pur-
chase in foam model used in this study. On the other
hand, the square tooth screws faired well in terms of pull-
out strength when the major diameter was kept straight
but did not do so when tapered. Results also suggest that
as the density of the host site is decreased no clear choice
of tooth profile could be found.

Likewise, McKinley et al. developed a synthetic model
to study the role of variations in pedicle morphology on
the loads in pedicle screws (18). Synthetic vertebral
analogs were fabricated, varying in pedicle height, length,
or width independently. Pedicle screws internally instru-
mented with strain gauges were used as load transducers
to determine screw-bending moments within the pedicle
and body of the analog. Analogs were loaded in compres-
sion to simulate loading of an unstable burst fracture.

Screw bending moments within the pedicle increased
incrementally with increasing pedicle length, rising 30%
as length increased from 8 mm to 12 mm. Screw moment
increased 20% when pedicle height dropped below 15
mm, consistent with a threshold effect. Changes in pedi-
cle width did not affect screw loads within the pedicle.
Thus, in situ pedicle screw loads increased significantly
as pedicle length increased and as pedicle height
decreased.

Lim et al. investigated the relationship between the
BMD of the vertebral body and the number of loading
cycles to induce loosening of an anterior vertebral screw
(19). (Screw loosening was defined as 1 mm displace-
ment of the screw relative to bone.) There was a positive
correlation between the number of loading cycles to
induce screw loosening and BMD (r < 0.8, p < .01). The
average number of loading cycles to induce screw loos-
ening was significantly less for specimens with BMD
less than 0.45 g/cm2 compared to those with BMD
greater than or equal to 0.45g/cm2. These findings sug-
gest that BMD may be a good predictor of anterior verte-
bral screw loosening as well, just like the pedicle screws. 

These findings of increase in pullout strength, number
of cycles to failure, and tightening torque with BMD,
however, are not fully corroborated with the correspond-
ing in vivo work. For example, moments and forces dur-
ing pedicle screw insertion were measured in vivo and in
vitro and correlated to BMD, pedicle size, and other
screw parameters (material, diameter) (20). The mean in
vivo insertion torque (1.29 Nm) was significantly greater
than the in vitro value (0.67 Nm). The linear correlation
between insertion torque and BMD was significant for
the in vitro data but not for the in vivo data. No correla-
tion was observed between insertion torque and pedicle
diameter. However, another investigation that clinically
evaluated 52 patients who underwent pedicle screw fixa-
tion augmenting posterior lumbar interbody fusion
(PLIF) supports the in vitro findings. BMD was mea-
sured using dual energy X-ray absorptiometry (DEXA)
and radiographs were assessed for detecting loosening
and at the pedicle screw bone interface. BMD was found
to have a close relationship with the stability of pedicle
screw in vivo, and BMD values below 0.674 ± 0.104
g/cm2 suggested a potential increased risk of “nonunion”.
Similar studies pertaining to screw vertebral body inter-
face for the anterior instrumentation have yet to be under-
taken.

The current literature is based on studies of cylindrical
pedicle screw designs. Conical screws have been intro-
duced that may provide better “fit and fill” of the dorsal
pedicle as well as improved resistance to screw bending
failure. However, there is concern about loss of fixation if
conical screws must be backed out after insertion (21).
Abshire et al. evaluated these issues by pulling out cylin-
drical and conical screws inserted in pedicles of porcine
vertebrae (21). Pullout results were comparable to data
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from healthy human vertebrae. Conical screws provided a
17% increase in the pullout strength compared with cylin-
drical screws of the same size and thread design. The
results also suggest that appropriately designed conical
screws can be backed out 180° and 360° for intraoperative
adjustments without loss of pullout strength, stiffness, and
so forth. These findings are in agreement with the foam
specimen work  described earlier by Choi et al. (17).

Most recently, due to the experience gained with the
use of pedicle screw-based fixation systems for the lum-
bar region, surgeons have extended the indications for
such devices to the thoracic region. However, most of the
basic science work and consequently our understanding
of the biomechanics of thoracic pedicle screws is extrap-
olated from the work of various researchers on the lum-
bar spine. The specifics of how thoracic pedicle screw
biomechanics may differ and hence any differences in use
or application have not been elucidated (10).

Cages

Total disc removal alone or in combination with other
surgical procedures invariably leads to a loss of disc
height and an unstable segment. Both allologous and
autologous bone grafts have been used as interbody spac-
ers. Associated with the harvest and use of autogenous
bone grafts are several complications: pain, dislodgment
of the anterior bone graft, loss of alignment, and so forth.
Recently, the use of inserts, fabricated from synthetic
materials (metal or bone-biologic), has gained popularity.
These may be implanted through an anterior or posterior
approach. Interbody devices promote fusion by imparting
immediate postoperative stability, by load bearing, while
allowing long-term fusion incorporation of the bone
chips packed inside and around the cage (22). Anterior
procedures used to implant cages often involve extensive
removal of the anterior portion of the annulus fibrosis
and anterior longitudinal ligament. The strength of the
construct relies in part on the tension capacity of the
remaining annulus (22,23). The posterior interbody
fusion procedures involve removal of various posterior
elements. Iatrogenic or acquired (spondylolytic) posterior
column instability frequently necessitates the application
of posterior fusion hardware. Combined fusions of the
lower lumbar spine (posterior arthrodesis with anterior or
posterior interbody fusion) usually involve partial or
complete facetectomy and removal of the pars interartic-
ulars with the required partial or complete discectomy.
These constructs require a significant amount of load
bearing by the graft (or cage) construct and posterior
hardware to resist external forces (22,23).

The cages of varying sizes, shapes, and materials have
been made available to surgeons. Thus, like the screw-
bone interface, one needs to understand the biomechanics
of cage–end-plate interaction. The interface mechanics
are affected by several factors: size, shape, and material

of the cage; end-plate properties such as BMD and prepa-
ration (contact area with cage and removal of the central
bony region), and the approach used to place the cage.
Both axial compressive strength and pullout resistance
functions are important parameters to study (24).

Axial Compression Force

In axial compression, higher failure loads were
observed with greater bone densities (25). Steffen et al.
undertook a human cadaveric study with the objectives to
assess the axial compressive strength of an implant with
peripheral end-plate contact as opposed to full surface
contact, and to assess whether removal of the central
bony end plate affects the axial compressive strength
(25). Neither end-plate contact region nor its preparation
technique affected yield strength or ultimate compressive
strength. Age, bone mineral content, and the normalized
end-plate coverage were strong predictors of yield
strength (p < .0001; r2 < 0.459) and ultimate compressive
strength (p < .0001; r2 < 0.510). An implant with only
peripheral support resting on the apophyseal ring offers
axial mechanical strength similar to that of an implant
with full support. Neither supplementary struts nor a
solid implant face has any additional mechanical advan-
tage, but reduces graft-host contact area. Removal of the
central bony end plate is recommended because it does
not affect the compressive strength and promotes graft
incorporation. 

Tsantrizos et al. compared compressive strength of
PLIF implants using a new cortical bone spacer machined
from allograft to that of titanium-threaded and non-
threaded PLIF cages [Ray Threaded Fusion Cage (TFC),
Contact Fusion Cage, and PLIF Allograft Spacer] (26).
The Contact Fusion Cage and PLIF Allograft Spacer con-
structs had a higher ultimate compressive strength than
the Ray TFC. The PLIF Allograft Spacer is biomechani-
cally equivalent to titanium cages but is devoid of the
deficiencies associated with other cage technologies. 

There are drawbacks to using threaded cylindrical
cages (e.g., limited area for bone ingrowth and metal pre-
cluding radiographic visualization of bone healing). To
somewhat offset these drawbacks, several modifications
have been proposed, including changes in shape and
material (27–29). For example, the central core of the
barbell-shaped cage can be wrapped with collagen sheets
infiltrated with bone morphogenetic protein. The biome-
chanical properties of an anterior lumbar interbody
reconstruction using 18 mm diameter threaded cylindri-
cal cages, or barbell cages (18 mm diameter and 6 mm
wide at both cylindrical ends, with a round 4 mm diame-
ter bar joining the two ends) were compared. Following
the axial compression tests to failure, the specimens with
cage in situ were then radiographed and bisected through
the disc, and the subsidence (or penetration) of the
cage(s) into the cancellous bone of the vertebral bodies
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was measured. There was no difference in terms of stiff-
ness between the motion segments with the threaded
cylindrical cage(s) inserted and those with the barbell
cage(s) inserted (p > .15). The average values of subsi-
dence were 0.96 mm for the threaded cylindrical cage
group and 0.80 mm for the barbell cage group (difference
not significant: p < .38). The femoral ring allograft
(FRA) and PLIF spacers have been developed as biolog-
ical cages that permit restoration of the anterior column
with a machined allograft bone (27). Test results demon-
strate that the FRA and PLIF spacers have a compressive
strength over 25,000 N. According to Bianchi, the aver-
age load-bearing capacity of allograft spacers ranged
from 10,308 N to 31,015 N (30). Strength dropped by less
than 2% per decade of age of the donors and did not
depend on the sex of the donor. Thus, the load-carrying
capacity of the allografts exceeded the applied compres-
sive loads of the spine. These precision cortical grafts
withstand much higher loads when compared to conven-
tional allografts that are composed mostly of cancellous
bone.

Pullout Strength

Dietl et al. pulled out cylindrical threaded cages (Ray
TFC, Raymedica Inc, Bloomington, MN), bullet-shaped
cages, and newly designed rectangular titanium cages
with an end-plate anchorage device used as posterior
interbody implants (31). The Stryker cages required a
median pullout force of 130 N (minimum, 100 N; maxi-
mum, 220 N), as compared with the higher pullout force
of the Marquardt cages (median, 605 N; minimum, 450
N; maximum, 680 N), and the Ray cages (median, 945 N;
minimum, 125 N; maximum, 2230 N). Differences in
pullout resistance were noted depending on the cage
design. A cage design with threads or a hook device pro-
vided superior stability, as compared with ridges. The
pyramid-shaped teeth on the surfaces and the geometry of
the implant increased the resistance to expulsion at clini-
cally relevant loads (1053 N and 1236 N, respectively)
(31).

Construct Testing

Spinal instrumentation needs to be applied to a spine
specimen to evaluate its effectiveness. As a highly sim-
plified model, two plastic vertebrae serve as the spine
model. Loads are applied to the plastic vertebrae and
their motions are measured. This provides some idea of
the rigidity of the instrumentation. However, a better pic-
ture can be obtained by attaching the device to the cadav-
eric spine specimen and by evaluating the assembly. One
may choose a free level above and below the instru-

mented segment to choose the length of the specimen, as
the specimen is anatomically identical to the in vivo situ-
ation, more clinically relevant results concerning the de-
vice performance are obtained.

Plastic Vertebra (Corpectomy) Models

Clinical reviews of failure modes of the devices indi-
cate that most designs satisfactorily operate in the imme-
diate postoperative period. Over time, however, these
designs can fail because of the repeated loading environ-
ment to which they are subjected. Thus, fatigue testing of
newer designs has become an extremely important indi-
cator of long-term implant survivorship. Although cada-
veric studies have proved extremely valuable in the eval-
uation of screw and hook fixation designs, the rapid
deterioration of cadaveric material precludes this testing
method for long-term fatigue evaluation in which testing
may continue over periods of weeks. Protocols have been
developed wherein the vertebrae are represented by plas-
tic components, usually medical-grade ultra–high-molec-
ular-weight polyethylene (UHMWPE) (32). A plastic ver-
tebra protocol was developed by Goel et al. (33) for the
evaluation of the Kaneda device (first-generation design
[DePuy Spine, Inc., Raynham, MA]). The test design
(Fig. 6-2) resulted in axial loading, producing a flexion-
bending moment secondary to the offset of the hardware

64 / SECTION I/BASIC SCIENCE

FIG. 6-2. Fixture used to determine the static and cyclic
bending failure loads of a posterior device.



from the loading axis. Quasi-static bending loads to fail-
ure showed that the paraspinal rods permanently
deformed at an axial load of 806.3 ± 6.0 N. This loading
produced an associated bending moment on the
paraspinal rods of 28.8 ± 0.2 Nm. Fatigue testing showed
that the endurance limit of the construct was 380.0 N
with a bending moment of 13.6 Nm. The preceding pro-
tocol was modified to accommodate evaluation of semi-
rigid or flexible devices using a plastic vertebra approach
(34). Because appreciable compression-bending support
is not afforded by the flexible devices, the testing proto-
col was changed to include a steel fulcrum that bridged
the UHMWPE block gap.

Cunningham et al. undertook testing of 12 anterior tho-
racolumbar instrumentation systems in static and fatigue
modes using a plastic vertebra model (32). The static
destructive and fatigue tests up to 2 million cycles at
three-load levels were conducted, followed by the failure
mode analysis. Twelve anterior instrumentation systems,
consisting of five plate and seven rod systems were com-
pared in stiffness, bending strength, and cycles to failure.
Static and fatigue test parameters both demonstrated
highly significant differences between devices. The stiff-
ness ranged from 280.5 kN/m in the Synthes plate (Syn-
thes, Paoli, PA) to 67.9 kN/m in the Z-plate (Sofamor-
Danek, Memphis, TN). The Synthes plate and Kaneda SR
(new design) titanium (AcroMed, Cleveland, OH) formed
the highest subset in bending strength of 1516.1 N and
1209.9 N, respectively, whereas the Z-plate showed the
lowest value of 407.3 N. There were no substantial differ-
ences between plate and rod devices. In fatigue, only
three systems: the Synthes plate, the Kaneda SR titanium,
and the Olerud plate (Nord Opedic AB, Sweden) with-
stood 2 million cycles at 600 N. The failure mode analy-
sis demonstrated plate or bolt fractures in plate systems
and rod fractures in rod systems. 

Clearly, studies such as these involving missing verte-
bra (corpectomy) artificial models reveal the weakest
components or linkages of a given system. Results must
be viewed with caution since they do not shed light on the
biomechanical performance of the device. Furthermore,
we do not know the optimum strength of a fixation sys-
tem. These protocols do not provide any information
about the effects device implantation may have on indi-
vidual spinal components found in vivo. For these data,
osteoligamentous cadaveric models need to be incorpo-
rated in the testing sequelae and such studies are more
clinically relevant

Osteoligamentous Cadaver Models

For applications, such as fusion and stabilization, ini-
tial reductions in intervertebral motion are the primary
determinants of instrumentation success, although the
optimal values for such reductions are not known and

probably not needed to determine relative effectiveness.
Thus, describing changes in motion of the injured and
stabilized segments in response to physiologic loads is
the goal of most cadaveric studies. Many times, these
data are compared with the intact specimen, and the
results are reported as the instrumentation’s contribution
to providing stability (35). To standardize, the flexibility
testing protocol has been suggested (36). Here a load is
applied and resulting motions are measured. Three loads,
flexion/extension, lateral bending, and axial torsion, are
applied one at a time. It is suggested that the loads be
pure moments so that the entire length of the specimen is
subjected to the same moment. This method standardizes
the testing protocol and helps identify weakness in the
construct (36). Additionally, most of these studies involve
quasi-static loading; however, short-term fatigue charac-
teristics have also been investigated. Both posterior and
anterior instrumentation employed for the promotion of
fusion have been evaluated using cadaveric specimens.
Examples of both these types of devices, which are dis-
cussed within the context of this testing modality, follow.

The stability analysis of devices with varying stiffness
is best exemplified in a study by Gwon et al. (37) who
evaluated the stability characteristics of three different
transpedicular screw devices: spinal rod-transpedicular
screw system (RTS), the Steffee System (Variable Screw
Plate System [VSP], DePuy Spine, Inc., Raynham, MA),
and Crock device (CRK). All devices provided statisti-
cally significant (p < .01) motion reductions across the
affected level (L4-L5). The differences among the three
devices in reducing motion L4-L5, however, were not sig-
nificant. Also, the changes in motion patterns of seg-
ments adjacent to the stabilized level compared with the
intact case were not statistically significant. These find-
ings have been confirmed by Rohlmann et al. who used a
finite element model to address several implant-related
issues, including this one (38).

In an in vitro study, Weinhoffer et al. (39) measured
intradiscal pressure in lumbosacral cadaver specimens
subjected to constant displacement before and after
applying bilateral pedicle screw instrumentation across
L4-S1. They noted that intradiscal pressure increased in
the disc above the instrumented levels. Also, the adjacent
level effect was confounded in two-level instrumentation
compared with single-level instrumentation. Opposite
results, however, are presented by several others (37,40).
These authors tested intact and stabilized spines under
constant loads. Results based on in vitro studies must be
interpreted with caution, being dependent on the testing
mode chosen (displacement or load control) for experi-
ments. In the displacement control-type studies, in which
applied displacement is kept constant during testing of
intact and stabilized specimens, higher displacements and
related parameters (e.g., intradiscal pressure) at the adja-
cent segments are reported. This is not true for the results
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based on the load control-type studies, in which the
applied loads are kept constant.

Lim et al. assessed the biomechanical advantages of
diagonal transfixation compared to horizontal transfixa-
tion (41). Diagonal cross-members yielded more rigid
fixation in flexion and extension but less in lateral bend-
ing and axial rotational modes, as compared to horizontal
cross- members. Furthermore, greater stresses in the
pedicle screws were predicted for the system having diag-
onal cross-members. The use of diagonal configuration
of the transverse members in the posterior fixation sys-
tems did not offer any specific advantages, quite contrary
to the common belief. 

Using an experimental approach in which pressure
sensors were inserted into the disc space and strain
gauges were mounted on the spinal rods, Cripton et al.
determined the load sharing among the spinal compo-
nents in response to external loads (42). A large majority
of the applied moments were found to be supported by an
equal and opposite force pair between the intervertebral
disc and fixator rods in flexion, extension, and an equal
and opposite force pair between the left and right fixator
rods in lateral bending. Torsional moments were shared
approximately equally between the posterior elements;
intervertebral disc, an equal and opposite shear force pair
in the transverse plane between the right and left fixators
and internal fixator moments. The authors concluded that
when posterior instrumentation devices are used to stabi-
lize severe anterior column injuries, the implants may be
at risk of fracture secondary to reversed bending
moments.

Biomechanical cadaveric studies of anterior fusion-
promoting and stabilizing devices have become increas-
ingly more common in the literature, due to this proce-
dure’s rising popularity. For example, in vitro testing was
performed using the T9-L3 segments of human cadaver
spines (43). An L-1 corpectomy was performed, and sta-
bilization was achieved using one of three anterior
devices: the anterior thoracolumbar locking plate, (ATLP
[Synthes, Paoli, PA]) in nine spines, the smooth rod
Kaneda, (SRK [DePuy Spine, Inc. Raynham, MA]) in
ten, and the Z-plate in ten. Specimens were load tested.
Testing was performed in the intact state, in spines stabi-
lized with one of the three aforementioned devices after
the devices had been fatigued to 5,000 cycles at ±3 Nm,
and after bilateral facetectomy. There were no differences
between the SRK-instrumented and Z-plate–instru-
mented spines in any state. In extension testing, the mean
angular rotation (± standard deviation) of spines instru-
mented with the SRK (4.7° ± 3.2°) and Z-plate devices
(3.3° ± 2.3°) was more rigid than that observed in the
ATLP-stabilized spines (9° ± 4.8°). In flexion testing
after induction of fatigue, however, only the SRK (4.2° ±
3.2°) was stiffer than the ATLP (8.9° ± 4.9°). Also, in
extension postfatigue, only the SRK (2.4° ± 3.4°) pro-
vided more rigid fixation than the ATLP (6.4° ± 2.9°). All

three devices were equally unstable after bilateral face-
tectomy. The SRK and Z-plate anterior thoracolumbar
implants were both more rigid than the ATLP, and of the
former two, the SRK was stiffer. The results suggest that
in cases in which profile and ease of application are not
of paramount importance, the SRK has an advantage over
the other two tested implants in achieving rigid fixation
immediately postoperatively. Lee et al. also reached sim-
ilar conclusions (44).

The biomechanical properties of several different
spinal instrumentations have been studied in various
spinal injury models. Only a few studies, however, inves-
tigate the stabilization methods in spinal tumor vertebral
body replacement surgery (45). Thus, the biomechanical
characteristics of short-segment anterior, posterior, and
combined instrumentations in lumbar spine tumor verte-
bral body replacement surgery were investigated in a
cadaver model. The L2 vertebral body was resected and
replaced by a carbon-fiber cage. Different fixation meth-
ods were applied across the L1 and L3 vertebrae. One
anterior, two posterior, and two combined instrumenta-
tions were tested. The anterior instrumentation, after ver-
tebral body replacement, showed greater motion than the
intact spine, especially in axial torsion (range of motion,
10.3° vs. 5.5°; neutral zone, 2.9° vs. 0.7°; p < .05). Pos-
terior instrumentation provided greater rigidity than the
anterior instrumentation, especially in flexion-extension
(range of motion, 2.1° vs. 12.6°; neutral zone, 0.6° vs.
6.1°; p < .05). The combined instrumentation provided
superior rigidity in all directions compared with all other
instrumentations. Posterior and combined instrumenta-
tions provided greater rigidity than anterior instrumenta-
tion. Anterior instrumentation should not be used alone in
vertebral body replacement. 

Lim et al. undertook a study to test the biomechanical
efficacy of using polymethylmethacrylate (PMMA)
block, tricortical iliac crest bone graft, one large Harms
cage, and two small Harms cages as spacers in a corpec-
tomy model (46). The Harms cage, especially one large
cage, improved the axial rotational stability significantly
in both anterior and posterior fixation groups as com-
pared with the iliac bone or polymethylmethacrylate. No
significant difference in the stabilizing role was found
among different grafting devices in lateral bending, flex-
ion, and extension. These results suggest that a more rigid
spinal construct can be obtained by using a metal cage
with improved friction at the cage-bone interface.

Oda et al. nondestructively compared three types of
anterior thoracolumbar multisegmental fixation to inves-
tigate the effects of rod diameter and rod number on con-
struct stiffness and rod-screw strain (47). Three types of
anterior fixation were then performed at L1-L4: (a) 4.75
mm diameter single-rod system, (b) 4.75 mm dual-rod
system, and (c) 6.35 mm single-rod system. A carbon
fiber cage was used for restoring intervertebral disc
space. Single screws at each vertebra were used for sin-
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gle-rod fixation and two screws were used for dual-rod
fixation. The 6.35 mm single-rod fixation significantly
improved construct stiffness compared with the 4.75 mm
single rod fixation only under torsion (p < .05). The 4.75
mm dual-rod construct resulted in significantly higher
stiffness than did both single-rod fixations (p < .05),
except under compression. For single-rod fixation, in-
creased rod diameter neither markedly improved con-
struct stiffness nor affected rod-screw strain, indicating
the limitations of a single-rod system. In thoracolumbar
anterior multisegmental instrumentation, the dual-rod
fixation provided higher construct stiffness and less rod-
screw strain compared with single-rod fixation.

Cage-Related Studies

Restoring stability to the anterior column is essential
for achieving normal spinal biomechanics. A variety of
mechanical spacers have been developed and advocated
for both anterior and posterior approaches. These devices
have been used to enhance the fusion process and reduce
the complications associated with the traditional auto-
grafts. Due to widespread use of the cages as interbody
spacers, we have decided to devote this entire section to
dealing with construct evaluation using cages. These
studies range from evaluations of cages as stand-alone
devices to use of anterior or posterior instrumentation for
additional stabilization. The orientation of the cage
within the disc space can also be varied. Finally, radio-
dense cage materials impede radiographic assessment of
the fusion, and may cause stress shielding of the graft.
The following studies describe the biomechanics of the
cage-based constructs from these perspectives.

Cage-Alone Studies

The changes in stiffness and disc height of porcine
functional spinal units (FSUs) by installation of a
threaded interbody cage and those by gradual resection of
the annulus fibrosus were quantified (48). Flexion, exten-
sion, bending, and torsion testing of the FSUs were per-
formed in four sequential stages: 

• Stage I, intact FSU 
• Stage II, the FSUs were fitted with a threaded fusion

cage 
• Stage III, the FSUs were fitted with a threaded fusion

cage with the anterior one-third of the annulus fibrosus
excised, including excision of the anterior longitudinal
ligament

• Stage IV, in addition to stage III, the bilateral annulus
fibrosus was excised.

Segmental stiffness in each loading in the four stages
and a change of disc height induced by the instrumenta-
tion were measured. After instrumentation, stiffness in all
loading modes (p < .005) and disc height (p < .002)

increased significantly. The stiffness of FSUs fixed by the
cage decreased with gradual excision of the annulus
fibrosus in flexion, extension, and bending. These results
suggest that distraction of the annulus fibrosus and pos-
terior ligamentous structures by installation of the cage
increases the soft-tissue tension, resulting in compression
to the cage and a stiffer motion segment. This study
explains the basic mechanism through which the cages
may provide the stability in various loading modes.

Three PLIF implant constructs (Ray TFC, Contact
Fusion Cage, and PLIF Allograft Spacer) were tested for
stability in a cadaver model (26). Changes in the neutral
zone, and range of motion were analyzed. None of the
stand-alone implant constructs reduced the neutral zone.
The constructs decreased the range of motion in flexion
and lateral bending. The data did not suggest any implant
construct to behave superiorly. Specifically, the PLIF
Allograft Spacer is biomechanically equivalent to tita-
nium cages and is devoid of the deficiencies associated
with metal cages. Therefore, the PLIF Allograft Spacer is
a valid alternative to conventional cages. Lund et al. has
confirmed these results in a similar study (23).

Murukami et al., in an in vitro model, compared the
stability of a posterior interbody reconstruction using two
standard threaded cages (18 mm diameter), a single
mega-cage (24 mm diameter), or a reconstruction using
dual-nested cages (22 mm diameter (29). After testing,
each specimen was bisected through the disc and the sur-
face area of the reamed (exposed) vascular bed was cal-
culated. The dual-nested cages produced the stiffest
reconstruction. However, there was no significant differ-
ence between the standard and nested cages, and com-
pared with the mega-cage, the only difference was in
flexion. The surface area of cancellous bone exposed by
reaming for each of the three reconstructions showed the
greatest value with the dual-nested cages. These findings,
together with the improved safety afforded by the nested
or mega-cage, suggest that they are appropriate alterna-
tives to the standard dual-threaded cage reconstruction. 

Nibu et al. (40) investigated the stability afforded by
the BAK interbody fusion device (Spine Tech, Min-
neapolis, MN) in four human cadaveric specimens (L5-
S1) with implants placed from the anterior approach. The
BAK device increased the stiffness of the spinal unit for
all motions except extension (p < .05) (Table 6-2). Finite
element model analyses of the spinal segment with and
without the cage have also revealed similar results
(49,50) (Fig. 6-3).

The lateral orientation of the cage placement within the
disc has been increasingly used for fusion, but a direct
biomechanical comparison between cages implanted
either anteriorly or transversely in human cadaveric
spines has not been performed (51). Fourteen spines were
randomized into the anterior group (anterior discectomy
and dual anterior cage—TFC placement) and the lateral
group (lateral discectomy and single transverse cage
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placement) for load-displacement evaluations. Segmental
ranges of motion were similar between spines undergoing
either anterior or lateral cage implantation. Combined
with a decreased risk of adjacent structure injury through

a lateral approach, these data support a lateral approach
for lumbar interbody fusion. 

When used alone to restore stability, the orientation of
the cage (oblique vs. posterior) affected the outcome
(52). In flexion, both the OBAK (oblique placement of
one cage) and CBAK (conventional posterior placement
of two cages) orientations provided significant stability.
In lateral bending, CBAK orientation was found to be
better than OBAK. In axial mode, CBAK orientation was
significantly effective in both directions while OBAK
was effective only in right axial rotation. Owing to the
differences in the surgical approach and the amount of
dissection, the stability for the cages when used alone as
a function of cage orientation was different.

The metallic cages being very stiff may lead to stress-
shielded environments within the devices with potential
adverse effect on growth of the cancellous bone within the
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TABLE 6-2. Average stiffness (Nm/deg) calculated from
the flexibility data between zero and 10 Nm load

Stiffness (N/degree) Intact Flexion Increase (%)

Flexion 1.15 2.12 84.3
Extension 1.25 1.09 −12.8
Axial rotation 8.30 13.90 67.5
Latral bending 1.90 5.54 191.6

Source: Nibu K, Panjabi MM, Oxland T, et al. Multidirec-
tional stabilizing of BAK interbody spinal fusion system for
anterior surgery. J Spinal Disord 1997;10:357.

FIG. 6-3. A: The finite element model of a liga-
mentous motion segment was used to predict
load-displacement behavior of the segment fol-
lowing cage placement. Alc, anterior longitudinal
ligament completely removed/cut; Alp, partially
cut; Ali, intact. B: Percentage change in density of
the bone surrounding the BAK cage. (From Goel
VK, Grosland NM, Scifert JL. Biomechanics of
the lumbar disc. J Musculoskeletal Res
1997;1:81 and Grosland NM, Goel VK, Grobler
LJ, et al. Adaptive internal bone remodeling of the
vertebral body following an anterior interbody
fusion: a computer simulation. Paper presented at
the 24th Meeting of the International Society for
the Study of the Lumbar Spine; June 3–6, 1997;
Singapore.)
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cage itself (53). Using a calf spine model, a study was
designed to compare the construct stiffness afforded by 11
differently designed anterior lumbar interbody fusion
devices: four different threaded fusion cages (BAK device,
BAK Proximity, Center Pulse, Minneapolis, MN; Ray
TFC; and Danek TIBFD, Sofamor-Danek, Memphis, TN),
five different nonthreaded fusion devices (oval and circu-
lar Harms cages, Brantigan PLIF and ALIF cages, and
InFix device); two different types of allograft (femoral ring
and bone dowel), and to quantify their stress-shielding
effects by measuring pressure within the devices. Before
testing, a silicon elastomer was injected into the cages and
intra-cage pressures were measured using pressure needle
transducers. No statistical differences were observed in
construct stiffness among the threaded cages and non-
threaded devices in most of the testing modalities.
Threaded fusion cages demonstrated significantly lower
intra-cage pressures compared with nonthreaded cages and
structural allografts. Compared with nonthreaded cages
and structural allografts, threaded fusion cages afforded
equivalent reconstruction stiffness but provided a more
stress-shielded environment within the devices. (This
stress shielding effect may further increase in the presence
of supplementary fixation devices.)

It is known that micromotion at the cage–end-plate
interface can influence bone growth into its pores. Load-
ing conditions, mechanical properties of the materials,
friction coefficients at the interfaces, and geometry of
spinal segments would affect relative micromotion and
spinal stability. In particular, relative micromotion is
related closely to friction at bone-implant interfaces after
arthroplasty. A high rate of pseudarthrosis and a high
overall rate of implant migration requiring surgical revi-
sion have been reported following PLIF using BAK
threaded cages. A high rate of both pseudarthrosis and
implant migration may be due to poor fixation of the
implant, in addition to stress-shielding phenomena previ-
ously described. Thus, Kim developed an experimentally
validated finite element model of an intact FSU and the
FSU implanted with two threaded cages to analyze the
motion of threaded cages in PLIF (54). The model
responses were analyzed, without preload, under forces of
axial compression (600 N), torsion (25 Nm), and shear-
ing force (250 N). Motion of the implants was not seen in
compression. In torsion, a rolling motion was noted, with
a range of motion of 10.6° around the central axis of the
implant when left/right torsion (25 Nm) was applied. The
way the implants move within the segment may be due to
their special shape: the thread of the implants cannot pre-
vent the BAK cages rolling within the disc space. How-
ever, it must be noted that the author considered the tor-
sional load value to high; such values may not be
clinically relevant. Using a finite element approach, Kim
also studied the effects of mechanical parameters at bone-
implant interfaces of the lumbar spine segments on
micromotion (54). Relative micromotion (slip distance

on the contact surfaces), posterior axial displacement,
and stress were predicted as a function of coefficient of
friction, loading conditions, and age-related material-
geometric properties of the spinal segments. Relative
micromotion (slip distance) at the interfaces was obvious
at their edges under axial compression. The slip occurred
primarily at the anterior edges under torsion with preload,
whereas it occurred primarily at the edges of the left cage
under lateral bending with preload. Relative micromotion
at the interfaces increased significantly as the apparent
density of cancellous bone or the friction coefficient of
the interfaces decreased. A significant increase in slip
distance at the anterior annulus occurred with an addition
of torsion to the compressive preload. Relative micromo-
tion was sensitive to the friction coefficient of the inter-
faces, the bone density, and the loading conditions. A
reduction in age-related bone density was less likely to
allow bone growth into surface pores of the cage. It was
likely that the larger the disc area the more stable the
interbody fusion of the spinal segments. However, the
amount of micromotion may change in the presence of
posterior fixation technique, an issue that was not re-
ported by the author.

Almost every biomechanical study has shown that
interbody cages alone, irrespective of their shapes, sizes,
surface type, material, and approach used for implanta-
tion, do not stabilize the spine in all of the modes. It is
suspected that this may be caused by the destruction of
the appropriate spinal elements like the anterior longitu-
dinal ligament and anterior annulus fibrosus or facets.
Thus, use of additional instrumentation to augment cages
seems to have become a standard procedure.

The three-dimensional flexibility in six human lumbar
functional spinal units was measured after the anterior or
anterolateral insertion of an interbody cage with transfac-
etal screws (55). The implant used was a central, porous,
contoured implant with end-plate fit. The translaminar
screw fixation masked the differences in stability due to
cage orientation and construct became stable in all direc-
tions.

Wang et al. used a multisegmental cadaveric spine
model to quantify the load-displacement behavior of
intact spine specimens, injured and stabilized using BAK
cages as lumbar interbody fusion devices with posterior
instrumentation across two levels (L4-S1) (52). The
obliquely inserted BAK cage has the advantages of
reducing exposure and precise implantation. The biome-
chanical efficacy of this procedure is sparse, especially in
comparison to the PLIF with posterior instrumentation.
With the supplementary posterior fixation, the differ-
ences in stability due to the orientations were not notice-
able at all, both before and after cyclic tests; underscor-
ing the importance of using instrumentation when cages
are used as PLIFs. However, the oblique insertion may be
more favorable since it requires less exposure, enables
precise implantation, and is less expensive. 
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Tsantrizos et al. undertook a human cadaveric study to
compare the initial segmental stability of a PLIF con-
struct tested with supplemental pedicle screw fixation
(26). Three PLIF implant constructs (Ray TFC, Contact
Fusion Cage, and PLIF Allograft Spacer) were tested
nondestructively in axial rotation, flexion-extension, and
lateral bending. Supplemental pedicle screw fixation
decreased the neutral zone in flexion-extension and lat-
eral bending. It significantly decreased the range of
motion in all loading directions with no differences
between implant constructs. The biomechanical data did
not suggest any implant construct to behave superiorly
with supplemental posterior fixation.

Lund et al. examined the effects of cross-bracing the
posterior instrumentation in stabilizing the intervertebral
disc implanted with one of the three cage designs from
the posterior side (23). As compared to stabilization with
posterior instrumentation, the addition of cross-bracing
had a stabilizing effect in axial rotation.

Cyclic Loading

The function of interbody fusion cages is to stabilize
the spinal segment primarily by distracting it as well as
allowing bone ingrowth and fusion (22). An important
condition for efficient formation of bone tissue is achiev-
ing adequate spinal stability. However, the initial stability
may be reduced due to repeated movements of the spine
during activities of daily living. Before and directly after
implantation of a Zientek, Stryker, or Ray PLIF cage, 24
lumbar spine segments were evaluated for stability analy-
ses (22). The specimens were then loaded cyclically for
40,000 cycles at 5 Hz with an axial compression load
ranging from 200 N to 1,000 N. The specimens were
tested again in the spine tester. Generally, a decrease in
motion in all loading modes was noted after insertion of
the Zietek and Ray cages and an increase after implanta-
tion of a Stryker cage. In all three groups, greater stabil-
ity was demonstrated in lateral bending and flexion then
in extension and axial rotation. Reduced stability during
cyclic loading was observed in all three groups; however,
loss of stability was most pronounced in the Ray cage
group. The authors thought that this may be due to the
damage of the cage—bone interface during cyclic load-
ing which was not the case for the other two since they
have flat brick-type interfaces. 

Animal Models

An approximation of the in vivo performance of spinal
implants in humans can be attained by evaluation in ani-
mal models (56,57). Specifically, animal models provide
a dynamic biologic and mechanical environment in which
the implant can be evaluated. Temporal changes in both
the host biologic tissue and instrumentation can be
assessed with selective incremental sacrificing of the ani-

mals. Common limitations of animal studies include the
method of loading (quadruped vs. biped) and the size
adjustment of devices needed so that proper fit is
achieved in the animals.

Animal studies have revealed the fixation benefits of
grouting materials in the preparation of the screw hole.
Spivak et al. (58) undertook an investigation in which 16
dogs were subjected to bilateral drilling and placement of
transpedicle screws from L1 to L6 and sacral alar screws.
The lumbar screw population included both standard and
plasma-sprayed hydroxyapatite (HA)-coated screws, both
with and without HA grout added to over-drilled screw
holes before screw insertion. The major findings showed
that the HA grouting of the screw hole bed before inser-
tion significantly increased fixation (pullout) of the
screws. Scanning electron microscopy analysis revealed
that HA plasma spraying had deleterious effects on the
screw geometry, dulling the self-tapping portion of the
screw and reducing available space for bony ingrowth.

An animal model of anterior and posterior column
instability was developed by McAfee et al. (59) to allow
in vivo observation of bone remodeling and arthrodesis
after spinal instrumentation. An initial anterior and poste-
rior destabilizing lesion was created at the L5-6 vertebral
levels in 63 adult beagle dogs. Observations 6 months
after surgery revealed a significantly improved probabil-
ity of achieving a spinal fusion if spinal instrumentation
had been used. Nondestructive mechanical testing after
removal of all metal instrumentation in torsion, axial
compression, and flexion revealed that the fusions per-
formed in conjunction with spinal instrumentation were
more rigid. Quantitative histomorphometry showed that
the volumetric density of bone was significantly lower
(i.e., device-related osteoporosis occurred) for fused ver-
sus unfused spines. In addition, a linear correlation
occurred between decreasing volumetric density of bone
and increasing rigidity of the spinal implant; device-
related osteoporosis occurred secondary to Harrington,
Cotrel-Dubousset, and Steffee pedicular instrumentation.
These studies have several limitations, in addition to the
ones already stated. In their model, the spinal implant
spanned two vertebral bodies completely separated from
each other, with the exceptions being the spinal cord and
some perispinous ligaments. In patients, a degenerated
disc or interbody bone graft (or a similar device) is
always present between the two vertebral bodies. Thus,
the implant was subjected to 100% load in McAfee’s
models as opposed to the load-sharing role the device
plays in patients. The clinical follow-up studies also do
not lend support to the animal model-based findings.
Thus, the stress-induced changes in the bone quality
found in the animal models are not likely to correlate well
with the actual changes in the spinal segment of a patient.
In fact, it is suggested that the degeneration in a patient
may be determined more by individual characteristics
than by the fusion itself (60).
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In long bone fractures, internal fixation improves the
union rate but does not accelerate the healing process.
Spinal instrumentation also improves the fusion rate in
spinal arthrodesis. However, it remains unclear whether
the use of spinal instrumentation expedites the healing
process of spinal fusion (61). Accordingly, an in vivo
sheep model was used to investigate the effect of spinal
instrumentation on the healing process of posterolateral
spinal fusion (61). Sixteen sheep underwent posterolat-
eral spinal arthrodeses at L2-L3 and L4-L5 using equal
amounts of autologous bone. One of those segments 
was selected randomly for further augmentation with
transpedicular screw fixation (Texas Scottish Rite Hospi-
tal spinal system; Sofamor Danek, Memphis, TN). The
animals were euthanized at 8 weeks or 16 weeks after
surgery. Fusion status was evaluated through biomechan-
ical testing, manual palpation, plain radiography, com-
puted tomography, and histology. Instrumented fusion
segments demonstrated significantly higher stiffness than
noninstrumented fusions at 8 weeks after surgery. Radi-
ographic assessment and manual palpation showed that
the use of spinal instrumentation improved the fusion rate
at 8 weeks (47% vs. 38% in radiographs, 86% vs. 57% in
manual palpation). Histologically, the instrumented
fusions consisted of more woven bone than the nonin-
strumented fusions at 8 weeks after surgery. The 16-
week-old fusion mass was diagnosed biomechanically,
radiographically, and histologically as solid, regardless of
pedicle screw augmentation. The results demonstrated
that spinal instrumentation created a stable mechanical
environment that enhanced the early bone healing of
spinal fusion. 

Strain-gauge instrumented interbody implants were
placed into the L4-5 disc space of a motion segment in
two baboons (62) to directly measure in vivo loads in the
lumbar spine by telemetry transmitter. Radiographs were
taken monthly to assess fusion. During extreme activity,
highest measurable strain values were indicative of loads
in excess of 2.8 times body weight. Measuring load on an
intradiscal implant over the course of healing provides
key information about the mechanics of this process and
may assist with the implant design. More recently,
Kanayama et al. (61) performed a study in 24 skeletally
mature sheep in which they sought to characterize load
sharing between the instrumentation and the fusion mass
through the osseous union process. The authors destabi-
lized the posterior elements (via bilateral facetectomy,
excision of the spinous processes, and excision of the
supraspinous and interspinous ligaments) between L3-4
and L5-6. The segments were stabilized with the Texas
Scottish Rite Hospital instrumentation, which uses
transpedicular screws and short segment rods. Bone graft
from the spinous processes and iliac crest was applied to
one of the stabilized levels, with the other stabilized level
used as the control. Animals were euthanized at 0 (con-
trol data), 4, 8, 12, and 16 weeks; their spines were

removed and kept frozen until mechanical testing. The
spine was divided into the two-instrumented functional
spinal units, L3-4 and L5-6, and each was tested sepa-
rately. Strain on the hardware was measured using uniax-
ial strain gauges and loads applied in axial compression
(500 N), flexion-extension (±6 Nm), and lateral bending
(±6 Nm). After the instrumented spines were tested, the
device was removed and the fusion mass mechanically
evaluated in the same manner. The data indicated that the
posterolateral fusion masses were significantly stiffer (p
< .01) beginning at 8 weeks compared with the 0-week
controls. Also the fusion masses had higher stiffness
beginning at 12 weeks (p < .05), compared with the
instrumented controls. Strain recordings on the spinal
rods indicated that deformation with the fusion mass dur-
ing lateral bending, and axial compression was signifi-
cantly decreased (p < .05) at 8 weeks. Flexion and exten-
sion strain recordings showed that this parameter became
statistically significant at 16 weeks compared with 8
weeks. This study conclusively showed that the instru-
mentation became unloaded as the fusion mass devel-
oped. [However, as shown in the next section, the in vivo
clinical investigation of Rohlmann et al. contradicts these
findings and thus suggest that additional studies in this
area are needed (38,63–66).] Histologic and radiographic
evaluations did not indicate complete maturation of the
fusion mass even though the mechanical data showed that
the bony union had achieved sufficient biomechanical
integrity. Studies such as these provide biomechanists
and clinicians with observations about how bone adapts
to the disrupted in vivo loading environment with the
implantation of the device to the destabilized area, thus
providing a window to clinical performance.

IN VIVO CLINICAL STUDIES

Loads in posterior implants were measured in 10
patients using telemeterized internal spinal fixation
devices (63–66). The telemeterized internal spinal fixator
allowed the measurement of three force components and
three moments acting in the fixator. Implant loads were
determined in up to 20 measuring sessions for different
activities, including walking, standing, sitting, lying in
the supine position, and lifting an extended leg while in
the supine position. Implant loads often increased shortly
after anterior interbody fusion was performed. Several
patients retained the same high level even after fusion had
taken place. This explains the reason why screw breakage
sometimes occurs more than half a year after implanta-
tion. The time of fusion could not be pinpointed from the
loading curves. The results showed that fixators may be
highly loaded even after fusion has occurred. A flexion
bending moment acted on the implant even when the
body was in a relaxed lying position. This meant that
shortly after the anterior procedure, the shape of the spine
was not neutral and unloaded, but slightly deformed,
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which loaded the fixators. Pedicle screw breakage more
than half a year after insertion does not prove that ante-
rior interbody fusion had not occurred. In another study
the same authors used the telemeterized internal spinal
fixation devices to study the influence of muscle forces
on the implant loads in three patients before and after
anterior interbody fusion. Contracting abdominal or back
muscles in a lying position was found to significantly
increase implant loads. Hanging by the hands from wall
bars as well as balancing with the hands on parallel bars
reduced the implant loads compared with standing; how-
ever, hanging by the feet with the head upside down did
not reduce implant loads, compared with lying in a supine
position. When lying on an operating table with only the
foot end lowered so that the hips were bent, the patient
had different load measurements in the conscious and
anesthetized state before anterior interbody fusion. The
anesthetized patient evidenced predominately extension
moments in both fixators, whereas flexion moments were
observed in the right fixator of the conscious patient.
After anterior interbody fusion had occurred, the differ-
ences in implant loads resulting from anesthesia were
small. The muscles greatly influence implant loads. They
prevent an axial tensile load on the spine when part of the
body weight is pulling (e.g., when the patient is hanging
by his or her hands or feet). The implant loads may be
strongly altered when the patient is under anesthesia. 

Fusion is currently determined using radiographic tech-
niques. Discrepancies exist between radiographic evidence
and more direct measurements of fusion such as operative
exploration and biomechanical or histologic measurements
(67). To facilitate the return of patients to full unrestricted
activity, it would be useful to develop a technique for accu-
rate in vivo determination of fusion. The technique devel-
oped by Rohlmann et al., as described earlier, is not only
impractical for use in a larger patient population but also
cannot provide an indication of the time when the fusion
has taken place in a patient. Szivek et al. undertook a study
to identify strain- gauge placement sites by testing cadaver
spines in vitro, and to evaluate an implantable gauge bond-
ing technique and subminiature radio transmitter for accu-
rate strain monitoring in vivo (67). Three cadaver spines
were tested during anteroposterior bending and torsional
loading in the control, instrumented, and instrumented plus
polymethylmethacrylate states. The spines were instru-
mented with an ISOLA (AcroMed Corporation, Cleveland,
OH) construct, and a simulated fusion was achieved
through the application of PMMA. Strain gauges were
attached in uniaxial, biaxial, and rosette configurations.
The principal strains were calculated. Calcium phosphate
(CaP) ceramic-coated gauges were implanted in patients
and recovered after up to 15 months in vivo. A radio trans-
mitter was developed and tested for use in patients. The
largest and most consistent strain changes after simulated
fusion were recorded during torsional loading on the lami-
nae of a vertebra directly underneath a hook. CaP ceramic-

coated strain gauges showed excellent bone bonding to the
lamina when fusion occurred. Radiotelemetry accurately
tracked strain magnitudes and strain rates expected in
patients. The consistency obtained in torsional loading
indicated that this type of loading will provide the most
useful data from patients in vivo. 

Finite Element Models

Investigations in vitro and animal studies in vivo con-
tain numerous limitations, including that these are both
time-consuming and monetarily expensive. The most
important limitations of in vitro studies are that muscle
contributions to loading are not usually incorporated and
the highly variable quality of the cadaver specimens. As
stated earlier, in vivo animal studies usually involve
quadruped animals, and the implant sizes usually need to
be scaled according to the animal size. In an attempt to
complement those previously discussed protocols, sev-
eral finite element (FE) models of the ligamentous spine
have been developed.

Goel et al. (68) generated osteoligamentous FE models
of intact lumbar one segment (L3-L4) and two segments
(L3-L5). Using the L3-L4 model, they simulated fusion
with numerous techniques in an attempt to describe the
magnitude and position of internal stresses in both the
biologic tissue (bone and ligament) and applied hard-
ware. Specifically, the authors modeled bilateral fusion
using unilateral and bilateral plating. Bilateral plating
models showed that cancellous bone stresses were signif-
icantly reduced with the instrumentation simulated in the
immediate postoperative period. Completely consoli-
dated fusion mass load transmission led to unloading of
the cancellous bone region, even after simulated removal
of the device. Thus, this model predicted that removal of
the device would not alleviate stress shielding–induced
osteopenia of the bone and that this phenomenon may
truly be a complication of the fusion itself. As would be
expected, unilateral plating models revealed higher tra-
becular bone stresses than were seen in the bilateral plat-
ing cases. The degree of stability afforded to the affected
segment, however, was less. Thus, a system that allows
the bone to bear more load as fusion proceeds may be
warranted. Several solutions have been proposed to
address this question. 

For example, a fixation system was developed that
incorporated polymer washers in the load train (Steffee
variable screw placement, VSP). The system afforded
immediate postoperative stability and reduced stiffness
with time as the washers undergo stress relaxation (a vis-
coelastic effect) (69). FE modeling of this system imme-
diately after implantation showed that internal bony
stresses were increased by about 20% over the same sys-
tem without the polymeric material. In addition, mechan-
ical property manipulation of the washers simulating
their in vivo stress relaxation revealed these stresses were
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continuously increasing, promoting the likelihood that
decreased resorption would occur. The other solution is
the use of dynamized fixation devices, which will be dis-
cussed later in this chapter. 

The ability of a hinged pedicle screw-rod fixation
(dynamized) device to transmit more loads across the sta-
bilized segment compared with its rigid equivalent sys-
tem was predicted using the FE models (70). In general,
the hinged screw device allowed for slightly larger axial
displacements of L3, while it maintained flexion rota-
tional stability similar to the rigid screw device (Table 6-
3). Slightly larger axial displacements may be sufficient
enough to increase the load through the graft since the
stiffness of the disc was increased by replacing it (shown
as the “nucleus” in the tables) with a cancellous, cortical,
or titanium interbody device to simulate the fusion mass
in the model (Table 6-4).

The work of Goel et al. described above neglects the
effect of muscle forces on the construct mechanics.
Rohlmann et al. developed a set of FE models of the lum-
bar segment to address such issues (66). The diameters of
the longitudinal rod of the fixator were also varied to be
3, 5, 7, and 10 mm in the model, and the forces of the
trunk muscles were simulated. The diameter of the longi-
tudinal rod strongly affected the fixator loads but hardly
influenced the stresses in the vertebral end plates. The
stresses in the bridged discs were strongly reduced. How-
ever, the internal fixator had only a minor influence on
the stresses in the annulus fibrosus and the pressure in the
nucleus pulposus of the adjacent discs. These results sup-
port the cadaver-based motion data of Gwon et al.
described in an earlier section (37).

FE modeling coupled with adaptive bone remodeling
algorithms has been used to investigate temporal changes
associated with interbody fusion devices. Grosland et al.
(50) have predicted the change in bone density distribu-
tion after implantation of the BAK device (Fig. 6-3). The
major findings include hypertrophy of bone directly in
the load train (directly overlying and underlying the
implant) and lateral atrophy secondary to the relatively
high stiffness of the implant. The model also predicted
that bone grows into and around the larger holes in the
implant, resulting in sound fixation of the device. Further
insight into the biomechanics of the cages using the FE
models was provided in an earlier section of this chapter.

Obviously the value of FE modeling is that mapping of
the osseous, ligamentous, and instrumentation stresses
and strains can be obtained in a relatively inexpensive and
time-efficient manner. Predictions of temporal changes
of bone in response to the implantation of a device have
yielded important data. Also, design perturbations can be
quickly assessed as to their relative advantages (and dis-
advantages). 

MORE RECENT FUSION INITIATIVES

The preceding review clearly shows that a large num-
ber of fusion enhancement instrumentation is available to
surgeons. However, none of the instrumentation is totally
satisfactory in its performance and there is room to
improve the rate of fusion success, if fusion is the goal.
Naturally, alternative fusion approaches (mechanical,
biological) are currently being pursued. 

The rigidity of a spinal fixation device and its ability to
share load with the fusion mass is considered essential for
the fusion to occur. If the load transferred through the
fusion mass, however, is increased without sacrificing the
rigidity of the construct, a more favorable environment
for fusion may be created. To achieve this objective, pos-
terior as well as anterior “dynamized” systems have been
designed (70–72). One such posterior system consists of
rods and pedicle screws and has a hinged connection
between the screw head and shaft compared with the rigid
screws (73,74) (Fig. 6-4A). Another example of the
dynamized antero-lateral compression device (ALC
[DePuy Spine, Inc., Raynham, MA]) is shown in Figure
6-4B. Load-displacement tests were performed to assess
the efficacy of these devices in stabilizing a severally
destabilized spinal segment. The hinged and rigid poste-
rior systems provided significant stability across the L2-
L4 segment in flexion, extension, and lateral bending as
compared with the intact case (p < 0.05). The stabilities
imparted by the hinged-type and its alternative rigid
devices were of similar magnitudes (Fig. 6-4A) (71). The
ALC dynamized and rigid anterior systems also provided
significant stability across the L3-L5 segment in flexion,
extension, and lateral bending (p <. 05). The stability
imparted by the Dynamized ALC and its alternate rigid
system did not differ significantly (Fig. 6-4B) (72).

Anterior bone graft in combination with posterior
instrumentation has been shown to provide superior sup-
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TABLE 6-4. Loads transferred through the “nucleus” and
the device for the 800 N axial compression

Rigid Hinged 

Graft “Nucleus” Device “Nucleus” Device

Cancellous 712.4 87.6 767.9 32.1
Cortical 741.2 58.8 773.5 26.5
Titanium 742.5 57.5 774.3 25.7

TABLE 6-3. Axial displacement and angular rotation of L3
with respect to L4 for the 800 N axial compression

Axial displacement (mm) Rotation (degrees) 

Graft Rigid Hinged Rigid Hinged

Cancellous �0.258 �0.274 0.407 0.335
Cortical �0.134 �0.137 0.177 0.127
Titanium �0.132 �0.135 0.174 0.126



port because the graft is in line with axial loads and pos-
terior elements are left intact. However, employing poste-
rior instrumentation with anterior grafting requires exe-
cution of two surgical procedures. Furthermore, use of a
posterior approach to place an interbody graft requires
considerable compromise of the posterior elements,
although it reduces the surgery time. It would be advan-
tageous to minimize surgical labor and structural damage
caused by graft insertion into the disc space through a
posterior approach. This issue has been addressed by
preparing an interbody bone graft using morselized bone
(73,74). This device consists of a gauze bag of Dacron
inserted into the disc space, filled with morselized bone,

and tied shut (Fig. 6-5). Testing in vitro measured the
rotations of each vertebral level of mechanically loaded
cadaver lumbar spines, both in intact and several experi-
mental conditions. With the tension band alone, motion
was restored to the intact case, except in extension where
it was reduced (Fig. 6-5). With the graft implant, motion
was restored to intact in all of the loading modes, except
in flexion where it was reduced. With the tension band
and graft, motion was again restored to intact except in
flexion and extension where it was reduced. The in vitro
results suggest that a tension band increases stability in
extension, while the bag device alone seems to provide
increased stability in flexion. The implanted bag filled
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FIG. 6-4. The two different types of dynamized systems used in a cadaver model to assess their sta-
bility characteristics. The data were compared with the corresponding “rigid” systems. A: Posterior sys-
tem. B: Anterior system. (From Scifert J, Sairyo K, Goel VK, et al. Stability analysis of an enhanced load
sharing posterior fixation device and its equivalent conventional device in a calf spine model. Spine
1999;24:2206–2213 and Hitchon PW, Goel VK, Rogge T, et al. Biomechanical studies of a dynamized
anterior thoracolumbar implant. Spine 2000;25(3):306–309.)
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with morselized bone in combination with a posterior
tension band, restores intact stiffness. Postcyclic results in
axial compression suggest that the morselized bone in the
bone-only specimens either consolidates or extrudes from
the cavity despite confinement. Motion restoration or
reduction as tested here is relevant both to graft incorpo-
ration and segment biomechanics. The posterior inter-
body grafting method using morselized bone is amenable
to orthoscopy. It produces an interbody graft without an
anterior surgical approach. In addition, this technique
greatly reduces surgical exposure with minimal blood
loss and no facet compromise. This technique would be a
viable alternative to current 360° techniques pending ani-
mal tests and clinical trials.

Bone grafting is used to augment bone healing and
provide stability after spinal surgery. Autologous bone
graft is limited in quantity and unfortunately associated
with increased surgical time and donor-site morbidity.
Recent research has provided insight into methods that
may modulate the bone healing process at the cellular
level in addition to reversing the effects of symptomatic
disc degeneration which is a potentially disabling condi-
tion, managed frequently with various fusion procedures.
Alternatives to autologous bone graft include allograft
bone, demineralized bone matrix, recombinant growth
factors, and synthetic implants. Each of these alternatives
could possibly be combined with autologous bone mar-
row or various growth factors. Although none of the
presently available substitutes provides all three of the
fundamental properties of autograft bone (osteogenetic-
ity, osteoconductivity, and osteoinductivity), there are a
number of situations in which they have proven clinically
useful. A literature review indicates that alternatives to
autogenous bone grafting find their greatest appeal when
autograft bone is limited in supply or when acceptable

rates of fusion may be achieved with these substitutes
(75). For example, bone morphogenetic proteins have
been shown to induce bone formation and repair (75). 

Relatively little research has been undertaken to inves-
tigate the efficacy of osteoconductive protein 1 (OP-1) in
the aforementioned stated role (75,76). Grauer et al. per-
formed single-level intertransverse process lumbar
fusions at L5-L6 in 31 New Zealand White rabbits (76).
These were divided into three study groups: autograft,
carrier alone, and carrier with OP-1. The animals were
euthanized 5 weeks after surgery. Five (63%) of the eight
in the autograft group had fusion detected by manual pal-
pation, none (0%) of the eight in the carrier-alone group
had fusion, and all eight (100%) in the OP-1 group had
fusion. Biomechanical testing results correlated well with
those of manual palpation. Histologically, autograft spec-
imens were predominantly fibrocartilage, OP-1 speci-
mens were predominantly maturing bone, and carrier-
alone specimens did not show significant bone
formation. OP-1 was found to reliably induce solid inter-
transverse process fusion in a rabbit model at 5 weeks. 

Smoking interferes with the success of posterolateral
lumbar fusion and a group of authors from the aforemen-
tioned investigation extended their study to review the
effect of using OP-1 to enhance the fusion process in
patients who smoke (77). OP-1 was able to overcome the
inhibitory effects of nicotine in a rabbit posterolateral
spine fusion model, and to induce bony fusion reliably at
5 weeks. 

Magin et al. undertook a study to determine whether
the use of recombinant human (rh) OP-1 or HA would
improve on the intercorporal fusion achieved by inter-
body autologous bone grafting in a sheep model (78).
Vertebral fusion quality was examined by plain radi-
ograph at 4-week intervals, by scintigraphy at 3 and 6
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FIG. 6-5. A: The bag system developed by Spineol-
ogy, Inc. (Maplewood, MN). B: The increases and
decreases in motion with respect to intact segment
for bag alone and bag and band are also shown.
(From Dooris AP. Experimental and theoretical
investigations into the effects of artificial disc
implantation on the lumbar spine [PhD dissertation].
Iowa City, IA: University of Iowa; 2001.)A
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months, and by computed tomography scan, magnetic
resonance imaging, biomechanical testing, and histologic
evaluation. All examination methods demonstrated supe-
rior fusion after administration of rhOP-1, with radio-
logic fusion apparent at 4 months. Autologous bone
grafts eventually produced bony healing in most cases,
albeit of a lower quality than with rhOP-1. HA use led
only to the formation of a tight pseudoarthrosis. The
results indicated that rhOP-1 use was an appropriate
method for improving interbody fusion in the sheep
spine. In addition to offering the potential for improved
bone healing, rhOP-1 use may permit less invasive
surgery such as transpedicular fusion and the use of
cages. In another similar study, Sandhu et al. investigated
the efficacy of recombinant human bone morphogenetic
protein 2 (rhBMP-2)-collagen composite in comparison
with autograft to enhance spinal interbody fusion. Com-
parisons were drawn from temporal radiographic and
end-point biomechanical and histologic data (79). Twelve
sheep underwent single-level anterior lumbar interbody
fusion performed with a cylindrical fenestrated titanium
interbody fusion device (INTER FIX, Medtronic
Sofamor Danek, Inc., Memphis, TN). The device was
filled either with rhBMP-2-collagen (n < 6) or autoge-
nous iliac crest bone graft (n < 6). Radiographs revealed
a bony bridge anterior to the cage in five of six rhBMP-
2-treated animals, whereas it was present only in one of
five in the autogenous bone graft group. Segments treated
with rhBMP-2 were 20% stiffer in flexion than autograft-
treated segments at 6 months. All six in the rhBMP-2
group and two of six in the autograft group showed com-
plete fusion. There was a significantly higher rate of bony
continuity observed at the fenestrations of the rhBMP-2
group. Three times more cage fenestrations in the
rhBMP-2 group demonstrated “all-bone” when compared
with the autograft group (p < .001). Further, the scar tis-
sue in and around the autograft-treated cages was 16-fold
more (p < .01) than that seen for rhBMP-2-treated cages.
The study demonstrated that rhBMP-2 can lead to earlier
radiologic fusion and a more consistent increased stiff-
ness of the segments when compared with autograft in
sheep anterior lumbar interbody fusion. Furthermore, a
three times higher histologic fusion rate was attainable
with significantly reduced fibrous tissue around the
implant when rhBMP-2 is used.

NONFUSION TREATMENT ALTERNATIVES

Various methods have been employed in the character-
ization of device effectiveness for which spinal fusion is
indicated. Because of the nonphysiologic nature of fus-
ing the spinal segments that are supposed to provide
motion/flexibility, adjacent-level degeneration, and other
complications associated with the fusion process, alterna-
tives to fusion have been proposed. 

Nucleus Replacements

Ray Nucleus

In 1988 Ray presented a prosthetic nuclear replace-
ment consisting of flexible woven filaments (Dacron)
surrounding an internal semipermeable polyethylene
membranous sac filled with hyaluronic acid and a
thixotropic agent (i.e., a hydrogel) (73,80). As a nucleus
replacement, the implant can be inserted similar to a tho-
racolumbar interbody fusion device, either posteriorly or
transversely. Two are inserted per disc level in a partly
collapsed and dehydrated state, but would swell due to
the strongly hygroscopic properties of the hyaluronic acid
constituent. The designer expects the implant to swell
enough to distract the segment while retain enough flexi-
bility to allow a normal range of motion. An option is to
include therapeutic agents in the gel that would be
released by water flow in and out of the prosthesis
according to external pressures.

Recent reports on biomechanical tests of the device
show that it can produce some degree of stabilization and
distraction (73,80). Loads of 7.5 Nm and 200 N axial
were applied to six L4-L5 specimens. Nucleotomized
spines increased rotations by 12% to 18% depending on
load orientation, but implanted spines (implant placed
transversely) showed a change of −12% to +2% from the
intact with substantial reductions in neutral zone. Up to 2
mm of disc height was recovered by insertion. The
implant, however, was implanted and tested in its nonhy-
drated form. The biomechanics of the hydrated prosthesis
may vary considerably from its desiccated form.

In situ Curable Prosthetic Intervertebral Nucleus
Device

The prosthetic intervertebral nucleus (PIN) device
(Disc Dynamics, Inc., Minnetonka, MN) consists of a
compliant balloon connected to a catheter (Fig. 6-6)
(73,74). This is inserted and liquid polymer injected into
the balloon under controlled pressure inflating the bal-
loon, filling the cavity, and distracting the intervertebral
disc. Within 5 minutes the polymer is cured. Five fresh-
frozen osteoligamentous three-segment human lumbar
spines, screened for abnormal radiograph and low bone
density, were used for the biomechanical study. The
spines were tested under four conditions: intact, denucle-
ated, implanted, and fatigued. Fatiguing was produced by
cyclic loading from 250 to 750 N at 2 Hz for at least
100,000 cycles. Nucleotomy was performed through a
5.5 mm trephine hole in the right middle lateral side of
the annulus. The device was placed in the nuclear cavity
as described earlier. Following biomechanical tests, these
specimens were radiographed and dissected to determine
any structural damage inflicted during testing. Middle
segment rotations generally increased with discectomy
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but were restored to the normal intact range with implan-
tation. After fatiguing, rotations across the implanted
segment increased. However, these were not more than,
and often less than the intact adjacent segments. During
polymer injection under compressive load, the segment
distracted as much as +1.8 mm (average) at the disc cen-
ter as determined by the surrounding gauges. Over 1.6
mm was maintained during polymer cure with compres-
sion. The immediate goals of a disc replacement system
are to restore disc height and provide segment mobility
without causing instability. This study showed that the
PIN device could reverse the destabilizing effects of a
nucleotomy and restore normal segment stiffness. Signif-
icant increases in disc height can also be achieved.
Implanting the majority of disc replacement systems
requires significant annulus removal. This device
requires minimal surgical compromise and has the poten-
tial to be performed arthroscopically.

Artificial Disc

One of the most recent developments for nonfusion
treatment alternatives is replacement of the intervertebral
disc. The goal of this treatment alternative is to restore the
original mechanical function of the resected disc (81).
One of the stipulations of artificial disc replacement is
that the remaining osseous spinal and paraspinal soft tis-
sue components are not compromised by pathologic
changes.  Bao et al. (82) have classified the designs of
total disc replacements into four categories: (a) low-fric-
tion sliding surface; (b) spring and hinge systems; (c)
contained fluid-filled chambers; and (d) discs of rubber
and other elastomers. The former two designs seek to take
advantage of the inherently high fatigue characteristics

that all-metal designs afford. The latter two designs
attempt to incorporate some of the viscoelastic and com-
pliant properties that are exhibited by the normal, healthy
intervertebral disc. The disc must be able to maintain its
mechanical integrity to approximately 85 million cycles;
consist of biocompatible materials; exist entirely within
the normal disc space and maintain physiologic disc
height; restore normal kinematic motion wherein the axes
of each motion, especially sagittal plane motion, are cor-
rectly replicated; duplicate the intact disc stiffness in all
three planes of rotation and compression; provide imme-
diate and long-term fixation to bone; and, finally, provide
fail-safe mechanisms so that if an individual component
of the design fails, catastrophic failure is not immediately
imminent and does not lead to peri-implant soft tissue
damage. This is certainly one of the greatest design chal-
lenges that bioengineers have encountered to date. In the
following paragraphs, some of the methods are discussed
that are being employed in an attempt to meet this rigor-
ous challenge.

One of the available studies reviews iterative design of
the artificial disc replacement based on measured biome-
chanical properties. Lee et al. (83,84) looked at incorpo-
rating three different polymers into their prosthetic inter-
vertebral disc design and tried to represent the separate
components (annulus fibrosis and nucleus) of the normal
disc in varying proportion. They loaded their designs
under 800 N axial compression and in compression-tor-
sion out to 5°. The results indicated that discs fabricated
from homogeneous materials exhibited isotropy that
could not replicate the anisotropic behavior of the normal
human disc. Thus, 12 layers of fiber reinforcement were
incorporated in an attempt to mimic the actual annulus
fibrosis. This method did result in more closely approxi-
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FIG. 6-6. In situ curable prosthetic intervertebral
nucleus (PIN) device being developed by Disc Dynam-
ics, Inc., Minnetonka, MN. (From Dooris AP. Experimen-
tal and theoretical investigations into the effects of artifi-
cial disc implantation on the lumbar spine [PhD
dissertation]. Iowa City, IA: University of Iowa; 2001.)



mating the mechanical properties of the normal disc.
Through this method of redesign and testing, the authors
claim that eventually “a disc prosthesis that has mechan-
ical properties comparable to the natural disc could be
manufactured” (83, 84).

Another artificial intervertebral disc has been devel-
oped, and its intrinsic biomechanical properties, bioactiv-
ity, and effectiveness as a total disc replacement were
evaluated in vitro and in vivo (85). The artificial interver-
tebral disc consists of a triaxial three-dimensional fabric
(3-DF) woven with a UHMWPE fiber, and spray-coated
with bioactive ceramics on the disc surface. The arrange-
ment of weave properties was designed to produce
mechanical behavior nearly equivalent to the natural
intervertebral disc. Total intervertebral disc replacement
at L2-L3 and L4-L5 was performed using a 3-DF disc
with or without internal fixation in a sheep lumbar spine
model. The segmental biomechanics and interface histol-
ogy were evaluated after surgery at 4 and 6 months. The
tensile-compressive and torsional properties of prototype

3-DF were nearly equivalent to those of human lumbar
disc. The lumbar segments replaced with the 3-DF disc
alone showed a significant decrease of flexion-extension
range of motion to 28% of control values as well as par-
tial bony fusion at 6 months. However, the use of tempo-
rary fixation provided a nearly physiologic mobility of
the spinal segment after implant removal as well as excel-
lent bone-disc fusion at 6 months. An artificial interver-
tebral disc using 3D-F demonstrated excellent in vitro
and in vivo performance in both biomechanics and inter-
face histology. There is a potential for future clinical
application. 

FE analyses have also been recruited in an effort to
perturb design with an eye toward optimizing the
mechanical behavior of artificial discs. Langrana et al.
(83) generated an FE model that examined the effect of
orientation of the synthetic disc fiber layers, number of
fiber layers, and the order of the reinforcing layers.
Dooris et al. modified a previously validated intact FE
model to create models implanted with a ball-and-socket
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FIG. 6-7. The intact finite element model of a ligamentous segment was modified to simulate the ball-
and-socket type artificial disc implant. (From Dooris AP. Experimental and theoretical investigations into
the effects of artificial disc implantation on the lumbar spine [PhD dissertation]. Iowa City, IA: University
of Iowa; 2001.)

FIG. 6-8. The intact finite element model of a liga-
mentous segment was modified to simulate the slip-
core–type artificial disc implant. (From Dooris AP.
Experimental and theoretical investigations into the
effects of artificial disc implantation on the lumbar
spine [PhD dissertation]. Iowa City, IA: University of
Iowa; 2001.)



and slip-core–type artificial disc models through an ante-
rior approach (73,86) (Figs. 6-7, 6-8). To study surgical
variables, small and large windows were cut into the
annulus, and the implants were placed anteriorly and pos-
teriorly within the disc space. The anterior longitudinal
ligament was also restored. Models were subjected to
either 800 N axial compression force alone or to a com-
bination of 10 Nm flexion-extension moments and 400 N
axial preload. Implanted model predictions were com-
pared with those of the intact model. The predicted rota-
tions for the two-disc implanted models were in agree-
ment with the experimental data (73).

For the ball-and-socket design disc facet loads were
more sensitive to the anteroposterior location of the arti-
ficial disc than to the amount of annulus removed. Under
800 N axial compression, implanted models with an ante-
riorly placed artificial disc exhibited facet loads 2.5 times

greater than loads observed with the intact model,
whereas posteriorly implanted models predicted no facet
loads in compression. Implanted models with a posteri-
orly placed disc exhibited greater flexibility than the
intact and implanted models with anteriorly placed discs.
Restoration of the anterior longitudinal ligament reduced
pedicle stresses, facet loads, and extension rotation to
nearly intact levels. The models suggest that, by altering
placement of the artificial disc in the anteroposterior
direction, a surgeon can modulate motion-segment flex-
ural stiffness and posterior load sharing, even though the
specific disc replacement design has no inherent rota-
tional stiffness. The motion data, as expected, differed
between the two disc designs (ball and socket, and slip
core) and as compared to the intact disc as well (Fig. 6-
9). Similar changes were observed for the loads on the
facets (Fig. 6-10).
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FIG. 6-9. Predicted rotations for the ball-
and-socket and slip-core disc designs as
compared to the intact case. (From
Dooris AP. Experimental and theoretical
investigations into the effects of artificial
disc implantation on the lumbar spine
[PhD dissertation]. Iowa City, IA: Univer-
sity of Iowa; 2001.)

FIG. 6-10. Predicted facet loads for ball-and socket and slip-core disc designs as compared to the intact
case. (From Dooris AP. Experimental and theoretical investigations into the effects of artificial disc
implantation on the lumbar spine [PhD dissertation]. Iowa City, IA: University of Iowa; 2001.)



The experimentally validated FE models of the intact
and disc-implanted L3-L5 segments revealed that both of
these devices do not restore motion as well as loads
across facets back to the intact case. (These designs
restore the intact biomechanics in a limited sense.) These
differences are not only due to the size of the implants but
the inherent design differences. Ball-and-socket design
has a more “fixed” center of rotation as compared to the
slip-core design in which the center of rotation (COR)
undergoes a wider variation. A further complicating fac-
tor is the location of the disc within the annular space
itself, a parameter under the control of the surgeon. Thus,
it will be difficult to restore biomechanics of the segment
back to normal using such designs. Only clinical follow-
up studies will provide the effects of such variations on
the changes in spinal structures as a function of time (8).

MORE RECENT AND FUTURE INITIATIVES

Although many of the well-accepted investigation
techniques and devices have been discussed herein, other
techniques for the stabilization/fusion of the spine and
nonfusion approaches are currently being investigated.
These concepts are likely to play a significant role in the
future and are discussed in the following sections.

Vertebroplasty

A citation of the review article by Garfin et al. is the
most appropriate way to introduce this topic for further
discussion. Painful vertebral osteoporotic compression
fractures lead to significant morbidity and mortality (87).
This relates to pulmonary dysfunction, eating disorders
(nutritional deficits), pain, loss of independence, and
mental status change (related to pain and medications).
Medications to treat osteoporosis (primarily antiresorp-
tive) do not effectively treat the pain or the fracture, and
require over 1 year to reduce the degree of osteoporosis.
Kyphoplasty and vertebroplasty are new techniques that
help decrease the pain and improve function in fractured
vertebrae. 

Vertebroplasty is the percutaneous injection of PMMA
cement into the vertebral body. While PMMA has high
mechanical strength, it heals fast and thus requires only a
short handling time. Other potential problems of using
PMMA injection may include damage to surrounding tis-
sues by a high polymerization temperature or by the non-
reacted toxic monomer, and the lack of long-term bio-
compatibility. Bone mineral cements, such as calcium
carbonate and CaP cements, have longer working time
and low thermal effect. They are also biodegradable while
having a good mechanical strength. However, the viscos-
ity of injectable mineral cements is high, and the infiltra-
tion of these cements into vertebral body has been ques-
tioned. Recently, the infiltration properties of a CaP
cement have been significantly improved, which is ideal

for the transpedicular injection to the vertebral bodies for
vertebroplasty or augmentation of osteoporotic vertebral
body strength. Little is known, however, about the bio-
mechanics of this treatment. Various authors have evalu-
ated the biomechanical efficacy of this procedure by
comparing it with respect to the intact, the axial strength
of the vertebral body following fracture and injection of
the cement, and the corresponding load-displacement
behavior of the constructs.

Lim et al. evaluated the compression strength of
human vertebral bodies injected with new CaP cement
with improved infiltration properties before compression
fracture and also for vertebroplasty in comparison with
PMMA injection (88). The bone mineral densities of 30
vertebral bodies (T2-L1) were measured using DEXA.
Ten control specimens were compressed at a loading rate
of 15 mm per minute to 50% of their original height. The
other specimens had 6 mL of PMMA (n < 10) or the new
CaP (n < 10) cement injected through the bilateral pedi-
cle approach before being loaded in compression. Addi-
tionally, after the control specimens had been com-
pressed, they were injected with either CaP (n < 5) or
PMMA (n < 5) cement using the same technique, to sim-
ulate vertebroplasty. Loading experiments were repeated
with the displacement control of 50% vertebral height.
Load to failure was compared among groups and ana-
lyzed using analysis of variance. Mean bone mineral den-
sities of all five groups were similar and ranged from
0.56 to 0.89 g/cm2. The size of the vertebral body and the
amount of cement injected were similar in all groups.
Load to failure values for PMMA, the new CaP, and ver-
tebroplasty PMMA were significantly greater than that of
controls. Load to failure of the vertebroplasty CaP group
was higher than the control group but not statistically sig-
nificant. The mean stiffness of the vertebroplasty CaP
group was significantly smaller than control, PMMA,
and the new CaP groups. The mean height gains after
injection of the new CaP and PMMA cements for verte-
broplasty were minimal (3.56% and 2.01%, respectively).
Results of this study demonstrated that the new CaP
cement can be injected and infiltrates easily into the ver-
tebral body. It was also found that injection of the new
CaP cement can improve the strength of a fractured ver-
tebral body to at least the level of its intact strength. Thus,
the new CaP cement may be a good alternative to PMMA
cement for vertebroplasty, although further in vitro, in
vivo animal, and clinical studies should be done. Further-
more, the new CaP may be more effective in augmenting
the strength of osteoporotic vertebral bodies, and for pre-
venting compression fractures considering our biome-
chanical testing data and the known potential for
biodegradability of the new CaP cement. Belkof et al.
found that the injection of either Orthocomp (Orthovita,
Malvern, PA) or Simplex P (Howmedica, Inc., Allendale,
NJ) resulted in vertebral body strengths that were signif-
icantly greater than initial strength values (89). Vertebral
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bodies augmented with Orthocomp recovered their initial
stiffness; and, vertebral bodies augmented with Simplex
P were significantly less stiff than they were in their ini-
tial condition. However, these biomechanical results have
yet to be substantiated in clinical studies.

Previous biomechanical studies have shown that injec-
tions of 8 to 10 mL of cement during vertebroplasty
restore or increase vertebral body strength and stiffness;
however, the dose-response association between cement
volume and restoration of strength and stiffness is
unknown. Belkof et al. (89) investigated the association
between the volume of cement injected during percuta-
neous vertebroplasty and the restoration of strength and
stiffness in osteoporotic vertebral bodies. Two investiga-
tional cements were studied: Orthocomp and Simplex 20
(Simplex P with 20% by weight barium sulfate). Com-
pression fractures were experimentally created in 144
vertebral bodies (T6-L5) obtained from 12 osteoporotic
spines harvested from female cadavers. After initial
strength and stiffness were determined, the vertebral bod-
ies were stabilized using bipedicular injections of cement
totaling 2, 4, 6, or 8 mL and recompressed, from which
posttreatment strength and stiffness were measured.
Strength and stiffness were considered restored when
posttreatment values were not significantly different from
initial values. Strength was restored for all regions when
2 mL of either cement was injected. To restore stiffness
with Orthocomp, the thoracic and thoracolumbar regions
required 4 mL, but the lumbar region required 6 mL. To
restore stiffness with Simplex 20, the thoracic and lumbar
regions required 4 mL, but the thoracolumbar region
required 8 mL. These data provide guidance on the
cement volumes needed to restore biomechanical
integrity to compressed osteoporotic vertebral bodies. 

Liebschner et al. undertook an FE-based biomechanical
study to provide a theoretical framework for understanding
and optimizing the biomechanics of vertebroplasty, espe-
cially the effects of volume and distribution of bone
cement on stiffness recovery of the vertebral body, just like
the preceding experimental study (90). An experimentally
calibrated, anatomically accurate FE model of an older
adult L1 vertebral body was developed. Damage was sim-
ulated in each element based on empirical measurements
in response to a uniform compressive load. After virtual
vertebroplasty (bone cement filling range of 1 to 7 cm3) on
the damaged model, the resulting compressive stiffness of
the vertebral body was computed for various spatial distri-
butions of the filling material and different loading condi-
tions. Vertebral stiffness recovery after vertebroplasty was
strongly influenced by the volume fraction of the
implanted cement. Only a small amount of bone cement
(14% fill or 3.5 cm3) was necessary to restore stiffness of
the damaged vertebral body to the pre-damaged value. Use
of a 30% fill increased stiffness by more than 50% com-
pared with the pre-damaged value. Whereas the unipedic-
ular distributions exhibited a comparative stiffness to the

bipedicular or posterolateral cases, it showed a medial-lat-
eral bending motion (“toggle”) toward the untreated side
when a uniform compressive pressure load was applied.
Only a small amount of bone cement (15% volume frac-
tion) is needed to restore stiffness to pre-damage levels,
and greater filling can result in substantial increase in stiff-
ness well beyond the intact level. Such overfilling also ren-
ders the system more sensitive to the placement of the
cement because asymmetric distributions with large fills
can promote single-sided load transfer and thus toggle.
These results suggest that large fill volumes may not be the
most biomechanically optimal configuration, and an
improvement might be achieved by use of lower cement
volume with symmetric placement. These theoretical find-
ings support the experimental observations described in
the preceding paragraph, except these authors did not ana-
lyze the relationship between cement type and volume
needed to restore strength.

Hitchon et al. compared the stabilizing effects of the
HA product with PMMA in an experimental compression
fracture of L-1 (91). No significant difference between
the HA– and PMMA–cemented-fixated spines was
demonstrated in flexion, extension, left lateral bending,
or right and left axial rotation. The only difference
between the two cements was encountered before and
after fatiguing in right lateral bending (p < .05). The
results of this study suggest that the same angular rigid-
ity can be achieved by using either HA or PMMA. This is
of particular interest because HA is osteoconductive,
undergoes remodeling, and is not exothermic.

According to Garfin et al. both vertebroplasty and
kyphoplasty have had a very high acceptance and use rate
(87,92). There is 95% improvement in pain and significant
improvement in function following treatment by either of
these percutaneous techniques. Kyphoplasty improves
height of the fractured vertebra, and improves kyphosis by
over 50%, if performed within 3 months from the onset of
the fracture (onset of pain). There is some height improve-
ment, though not as marked, along with 95% clinical
improvement, if the procedure is performed after 3
months. Complications occur with both and relate to
cement leakage in both, and cement emboli with vertebro-
plasty. Kyphoplasty and vertebroplasty are safe and effec-
tive, and have a useful role in the treatment of painful
osteoporotic vertebral compression fractures that do not
respond to conventional treatments. Kyphoplasty offers the
additional advantage of realigning the spinal column and
regaining height of the fractured vertebra, which may help
decrease the pulmonary, gastrointestinal, and early mor-
bidity consequences related to these fractures. Both proce-
dures are technically demanding. 

Bioartificial Disc

The rapidly advancing field of tissue engineering
opens new possibilities to solving spine problems. By
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seeding and growing intervertebral disc cells, it could be
possible to grow a new bioartificial disc to be implanted
into the spine. Studies are in progress at a number of cen-
ters, including our own (93).

The FE model studies can be used to simulate even the
smallest of systems. For example, Baer et al. have devel-
oped an FE model to study the cell micromechanical
environment in the intervertebral disc (94). Hopefully,
this approach can be used to investigate the effects of var-
ious spinal instrumentations at the cellular level.

CONCLUSION

The prevalence of spinal fusion and stabilization pro-
cedures is continuously increasing. This chapter has pre-
sented many of the contemporary biomechanical issues
germane to stabilization and fusion of the spine. Because
of the wide variety of devices available, various testing
protocols have been developed in an attempt to describe
the mechanical aspects of these devices. Many in vitro
studies are performed during the earlier stages of implant
development to characterize and optimize the mechanical
behavior of the device. In addition, the investigations
reveal comparative advantages (and disadvantages) of the
newer designs to existing hardware. Subsequent in vivo
testing, specifically animal models, provides data on the
performance of the device in a dynamic physiologic envi-
ronment. All of the testing, in vitro and in vivo, helps to
build confidence that the instrumentation is safe for clin-
ical trial. The biomechanical testing and evaluation of
spinal fusion and stability has produced an extensive
knowledge base that has allowed for the design, develop-
ment, and implementation of various devices. Future bio-
mechanical work is required to produce newer devices
and optimize existing ones, with an eye toward reducing
the rates of nonfusion and pseudarthrosis. In addition,
novel devices and treatments that seek to restore normal
spinal function and loading patterns without fusion con-
tinue to necessitate advances in biomechanical methods.
These are the primary challenges that need to be incor-
porated in future biomechanical investigations. Finally,
one has to gain understanding of the effects of devices at
the cellular level and one must undertake outcome assess-
ment studies to see if the use of instrumentation is war-
ranted for the enhancement of the fusion process.
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CHAPTER 7

Fracture and Repair of Lumbar Vertebrae

Tony S. Keller, Victor Kosmopoulos, and Thomas Steffen

The lumbar spine, located between the sacrum and tho-
racic regions of the vertebral column (the lower back),
typically consists of five vertebrae. These five vertebrae
generally increase in size from the superior to the infe-
rior lumbar spine and are larger than both the cervical
and thoracic vertebrae. Similar to size, the weight-bear-
ing ability of lumbar vertebrae is often greater, resulting
in a higher incidence of pain following injury. From a
mechanical point of view, the weight-bearing or struc-
tural capacity (force at failure) of the vertebrae depends
on both material properties (bone mineral content, tra-
becular bone tissue density, and apparent density) and
geometric properties (size, orientation, and connectivity
of bone elements). A close association between bone
mineral loss due to osteoporosis and the risk of fracture
has been clearly established. Skeletal structures such as
the vertebral bodies, which are comprised primarily of
trabecular bone, are particularly at risk. The purpose of
this chapter is to discuss the mechanics of vertebral
compression fractures and trabecular bone damage. An
understanding of microdamage and microfracture of
vertebrae is used to facilitate discussions of cement
repair strategies.

STRUCTURAL AND MECHANICAL BEHAVIOR
OF LUMBAR VERTEBRAE

Mechanical properties not only vary from vertebra to
vertebra or level to level, but also can vary dramatically
within a given vertebral body. Trabeculae tend to be
denser, rodlike structures in the inferior and superior
sections in contrast to the less dense, platelike trabecu-
lae that are associated with the central region of the
lumbar vertebral centrum (1). Studies that have exam-
ined the physical and mechanical properties of lumbar
vertebral trabecular bone have also shown that trabecu-
lar bone underlying the normal intervertebral disc
nucleus is significantly stronger, stiffer, and denser in
comparison to trabecular bone underlying the disc annu-

lus (2–4). Such intravertebral variations in trabecular
bone properties have been attributed, in part, to adapta-
tion to the heterogeneous pressure distribution within
the normal intervertebral disc (4). Namely, the pressur-
ized disc nucleus exerts higher stresses on the underly-
ing end plate and trabecular bone compared to pressure
transmitted by the disc annulus. Keller et al. (2,4) also
noted that disc degeneration reduces intravertebral vari-
ations in trabecular bone-apparent stiffness, strength,
and density in regions adjacent to the end plate, which
presumably reflects a more uniform or homogeneous
distribution of pressure and stress within the degener-
ated disc.

The architectural design or structure of bone in human
vertebrae and elsewhere in the body is very complex
ranging from a very porous solid (trabecular bone) to a
very dense solid (compact bone). The anterior column, or
centrum, of human vertebrae is comprised of only a very
thin cortical shell (less than 2 mm), which is virtually
indistinguishable from the trabeculae that comprise the
bulk of the vertebral centrum (Fig. 7-1). Silva et al. (5)
performed a finite element analysis of an idealized lum-
bar vertebrae, and reported that the cortical shell’s contri-
bution was only 10% of the total vertebral strength, thus
making the trabecular centrum the main load-bearing
structure. Using anatomically accurate microstructural
finite element simulations, the authors estimate that
removal of the trabecular centrum, leaving only the ver-
tebral shell, results in over an eightfold decrease in appar-
ent stiffness compared to the intact vertebrae (having
both the vertebral shell and centrum) (Fig. 7-2). Finite
element analysis of vertebral mechanics is covered in
more detail in later sections of this chapter.

Given the porous nature of bone, the relative amount of
bone tissue is described histologically using apparent
density (ρa). Apparent density is defined as the mass of
bone tissue present within a given volume. Clinically,
estimates of bone mass are most commonly obtained
using dual energy X-ray absorptiometry (DEXA). This
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low-radiation method provides measures of the bone
mineral content (BMC, g/cm) and bone mineral density
(BMD, g/cm2) distributions within the body (6).

Although BMC and BMD are not true volumetric mea-
sures of tissue mass or apparent density, both have been
shown to be useful predictors of bone fragility (2,7–9).
Hansson (8) performed in vitro mechanical compression
tests on 109 intact L1-L4 vertebral centrum specimens
from subjects spanning five decades in age (31 to 79
years). In this test series, the BMC ranged from 1.44 g/cm
to 6.39 g/cm (mean 3.33 g/cm), and the compressive
force at failure Fult ranged from 1,520 Newtons (N) to
10,987 N (mean 3,850 N). From this data the following
linear correlations are obtained (10): 

Fult = 1,535 BMC − 1,258 (R2 = 0.74)

Fult = − 75 AGE + 8,199 (R2 = 0.30)

Examination of these relationships indicates that the
compressive strength of the lumbar vertebral centrum is
strongly and positively correlated to BMC, but is
weakly and negatively correlated to subject age. After
age 30, lumbar vertebral compressive strength is pre-
dicted to decrease 750 N per decade, declining to 1,500
N at 89 years of age. When the lumbar vertebral
strength decreases to 1,500 N or lower, failure of the
vertebral structures can occur under postural loads
imposed by the weight of the body above the vertebrae
(10,11).

From a mechanical point of view, ultimate force is a
structural property that is dependent upon both the size
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FIG. 7-2. Finite element microstructural models used to simulate experimental compression of (A) just
the cortical shell (without the trabecular centrum) and (B) of the complete vertebral body (cortical shell
and trabecular centrum).

FIG. 7-1. Volume rendering of microcomputed tomography
scan image of T10 osteopenic vertebral body (1.8-mm thick
section). (From Keller TS, Kosmopoulos V, Liebschner MAK.
Modeling of bone loss and fracture in osteoporosis. In: Gunz-
burg R, Szpalski M, eds. Vertebral osteoporotic compression
fractures. Philadelphia: Lippincott Williams & Wilkins, 2002:
35–50.) 
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(geometry) and composition (material) of the tissue.
Thus, one cannot directly compare the ultimate force of
vertebrae from different regions in the spine because the
size of the cervical, thoracic, and lumbar vertebrae varies
appreciably from each other and from one level to the
next. For this reason, material property measurements,
such as stress or force/area are often preferred, since they
account for geometry variations of different size struc-
tures. An estimate of the apparent stress at failure (σult,
MPa or 106 N/m2) can be obtained for Hansson’s data by
dividing the ultimate force (Fult, N) by the cross-sectional
area (mm2) reported for the vertebral end plate. The
apparent stress at failure of the lumbar vertebrae is found
to range from 0.95 to 4.95 MPa (mean 2.29 MPa). Here
apparent stress refers to the fact that we still have not
accounted for the porosity of the vertebral centrum.
Namely, two similar size vertebrae can have very differ-
ent structural properties if their porosity or apparent den-
sity differs appreciably.

Keller (12) published empirical relationships from in
vitro mechanical tests that can be used to calculate the
compressive apparent strength (ρa, MPa) of vertebral bone: 

σa = 97.8 ρa
2.30

where ρa is the apparent density (0.05 < ρa < 0.30 g/
cm3). Note that the approximately square exponent
means that a relative reduction in apparent density of
one half will produce a corresponding relative reduction
in compressive apparent strength of one fourth. In older
adults (more than 70 years), the apparent density of
human vertebral trabecular bone can be as low as 0.05
g/cm3, which corresponds to an ultimate compressive
strength of only 0.05 MPa. Stresses much greater than
0.05 MPa are produced in vertebrae when subjected to
compressive forces associated with weight bearing in
upright postures (10).

OSTEOPOROSIS

Osteoporosis is a skeletal disorder distinguished by
weakened skeletal architecture caused by suboptimal
bone development or a reduction in bone mass. It is a dis-
ease that weakens the structural properties of bone in
both men and women, and results in fracture when loads
applied to bone exceed the bone’s ability to support those
loads. Thus, osteoporosis is a significant risk factor for
fracture and its incidence increases with age. In the
United States, 10 million individuals have been diag-
nosed with osteoporosis and another 18 million have low
bone mass, which places them at increased risk for osteo-
porosis and fracture. Treatment of osteoporotic fracture is
estimated to be as high as $15 billion annually (13).

Osteoporosis is accompanied by reduced bone
strength, and has been clinically characterized using non-
invasive radiographic measures such as BMD, BMC, and
apparent density (ρa). The standard diagnosis for osteo-
porosis is 2.5 standard deviations or more below the
mean BMD (or BMC) for an average 30-year-old adult of
the same sex. Osteoporosis affects bone quality, which
refers to bone architecture, rate of adaptation/remodeling,
level of mineralization, and damage accumulation (13). 

In osteoporosis perforations exist within the structure
causing increased fragility (Fig. 7-3). One reason for this
fragility increase is due to the replacement of the plate-
like closed cell trabecular structures by open cell rodlike
structures, resulting in an increasingly porous appear-
ance. Mechanically, trabecular-buckling strength is de-
pendent on the diameter, length, distance between cross-
links, and the material properties of individual
trabeculae. In osteoporosis the vertebral trabeculae
become thinner and cross-linking continuity with hori-
zontal trabeculae is reduced without compensation by the
vertebral shell. Throughout the progression of this dis-
ease, deterioration of the trabecular structure induces the
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FIG. 7-3. Volumetric rendering of a 2.56 mm × 2.56 mm × 2.56 mm region of trabecular bone from the
human lumbar vertebral centrum. The panels (from left to right) illustrate progressive and uniform
bone loss resulting in a decrease of the bone volume fraction from 15.3% to 11.1% to 7.66%. Note that
there is significant loss of trabecular connectivity following the simulated bone loss. The 20 µm voxel
(volume pixel) images were reconstructed from a histologic specimen using a quantitative serial imag-
ing and marching cubes algorithm. (From Saxena R, Keller TS. Computer modeling for evaluating tra-
becular bone mechanics. In: An YH, Draughn RA, eds. Mechanical testing of bone and the bone-implant
interface. Boca Raton, FL: CRC Press, 1999:407–436.)



reduction in bone mass (and thus density) ensuring an
increased rate of fracture.

VERTEBRAL FRACTURE

Approximately 700,000 osteoporotic vertebral frac-
tures occur per year in the United States with 230,000
resulting in chronic disabling pain (13,14). Vertebral frac-
tures alter force transmission to the vertebral body seg-
ments, lead to vertebral body collapse, increase fracture
risk (fivefold) to neighboring vertebrae (15), and result in
progressive spinal deformity (e.g., kyphosis) (16).

Vertebral fracture may occur as a result of a traumatic
force exceeding the load-bearing capacity of the verte-
bral body, or by the accumulation of trabecular tissue-
level damage (microdamage) from repeated (fatigue),
uniform and nonuniform, everyday subfailure-type pos-
tural loading (no trauma) (10,11,17). A traumatic force
can result from high-impact falls to normal lifting and
bending (13).

Apparent density and its clinical counterpart BMD pro-
vide good estimates of bone mechanical properties but are
not definitive in predicting vertebral strength (12). The
load-bearing capacity of the lumbar vertebrae (structural
characteristics) coupled with the applied loads (magnitude,
duration, rate) determine fracture risk (Fig. 7-4). Vertebral

fracture is about four times more common in women than
in men, and the risk for a vertebral fracture has been found
to increase almost exponentially with age. The frequency
of osteoporotic vertebral fracture also increases during
menopause in women and continues to steadily increase in
frequency throughout the remainder of life. Furthermore,
depending on the age groups studied (40 years to more
than 80 years), the prevalence of osteoporotic vertebral
fractures varies from around 5% to somewhat over 50%
(18–21).

Compression Fracture Classification

Vertebral compression fractures are primarily caused
by excessive axial loads that may result in vertebral body
height reductions, and in the more extreme cases, defor-
mities. The axial failure loads for lumbar vertebrae have
been estimated and classified by age. In general, a force
of approximately 4,200 N produces fracture in individu-
als over the age of 60, whereas under the age of 40, an
increased load of approximately 7,600 N causes fracture
(22,23). As we noted earlier, however, the compressive
strength of lumbar vertebrae is closely dependent on the
size and quality of the segment, and, in the case of osteo-
porosis, can be substantially lower than 4,200 N.

Different postural loading conditions (e.g., uniform and
nonuniform) endured by the vertebral body result in dif-
ferent vertebral fracture geometries at failure. In the most
general case, postural loads are greatest on the anterior
aspect of the vertebral body resulting in what is known as
anterior wedge-type compression fractures. Anterior com-
pression fractures have been classified into four subtypes
(22): (a) both end plates are damaged; (b) only the superior
end plate is damaged (most common); (c) only the inferior
end plate is damaged; and (d) both end plates are intact but
anterior cortical shell is damaged. 

In the least severe case, hairline fractures to the corti-
cal shell or the vertebral end plate may occur. These types
of hairline fractures are difficult to diagnose and may
plague the patient with pain. End-plate damage can occur
in the central regions, periphery regions, or as transverse
cracks across the end plate (22). End-plate damage has
been proposed to be the initial stage of more severe ver-
tebral compression fractures (1,24,25). Burst fractures
are the most severe and can range from an end-plate frac-
ture resulting in disc intrusion into the vertebral body
(22) to complete shattering of the vertebral body. Burst
fractures occur at axial loads ranging from 6,000 to
10,000 N (26). 

Clinical Definition of Vertebral Fracture

Radiographic detection of vertebral compression frac-
tures is often the confirmation of the presence of osteo-
porosis or bone fragility. Without any known patho-
morphologic aberrations distinguishing osteoporotic
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FIG. 7-4. Vertebral material, geometry, and structure are
biomechanical determinants of fracture risk. Loading charac-
teristics (magnitude, profile, duration, and rate) also influ-
ence fracture risk.



bone from nonosteoporotic bone tissue, the fracture itself
defines pathology. Since the occurrence of a fracture is
not only the result of the mechanical properties of the
bone, but is also a function of the fracturing trauma, both
factors must be considered when defining osteoporosis.
In the presence of a patient with a recent fracture, know-
ing nothing or very little about the patient’s bone quality
or the forces involved in the trauma, the most practical
way for clarifying whether a fracture is osteoporotic or
not is Harold Frost’s criterion of the “everyday trauma.”
Frost stated that a fracture occurring because of an every-
day trauma indicates that the patient has osteoporosis or
bone fragility. Even if current technology allows us to
determine, for example, the amount of bone mineral in
different parts of the human skeleton, we still lack practi-
cal techniques for measuring the fracture-generating
forces. Therefore the “everyday trauma” definition is still
a practical measure for estimating bone fragility (27).
Hence, development of models that can simulate both the
loading and structural (trabecular) damage behavior of
vertebral bodies are important for understanding clinical
pathologies (e.g., osteoporosis) and for predicting bone
fragility and its risk for fracture.

TRABECULAR BONE DAMAGE

Trabecular bone is a porous structure (Figs. 7-1 to 7-4),
which behaves similarly to typical engineering materials
(and cortical bone) in compression until the ultimate
stress is reached. The mechanical behavior in trabecular
bone shows a relatively linear or elastic response for
deformations less than 1% (Fig. 7-5). The point at which
the mechanical behavior becomes nonlinear (strain
increasing at a greater rate than the stress) is defined as
the yield strain and permanent or inelastic deformation
and damage occurs beyond yield. The yield point of ver-

tebral trabecular bone is similar for both compression and
tension: 0.84% and 0.78% indicate compressive and ten-
sile yield strain, respectively, for vertebral trabecular
bone specimens (28). However, beyond yield the com-
pressive load capacity of trabecular bone does not go to
zero as would be expected. Instead the load is maintained
or may even show a slight increase compared to the pre-
viously recorded ultimate load (Fig. 7-5B.). 

Physically this behavior can be explained by under-
standing the compressive mechanics of porous structures.
As the pore spaces begin to collapse, the trabeculae col-
lide and compress into each other increasing the trabecu-
lar bone-volume fraction (bone volume/combined bone
and pore space volume) of the specimen. This reduction
in pore space and consequent increase in volume fraction
results in a temporary load tolerance by the trabecular
structure. Thus, the load-carrying capacity of trabecular
bone is still quite substantial following compression frac-
ture, and results in a large post-yield stress-strain re-
sponse (28). This behavior is similar to elastoplastic
materials having large post-yield regions and therefore
can be modeled as such. In contrast, during tensile load-
ing the load-carrying capacity of trabecular bone is min-
imal resulting in a smaller post-yield region and abrupt
failure. Note that in studying the mechanics of porous
structures it is often useful to clarify between whole spec-
imen properties (e.g., vertebral body) by referring to
them as “apparent” and site-specific properties of the
individual constituents (e.g., trabeculae) by referring to
them as “tissue.”

Stress-Strain Behavior

The inelastic stress-strain behavior of bone is mainly a
result of cracks, plasticity, and viscous creep. Cracks
degrade stiffness, strength, and other material properties
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FIG. 7-5. Experimental stress-strain curve displaying the load-unload-reload mechanical behavior (A)
and post-yield mechanical behavior (B) of an osteoporotic vertebral body.
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because of the imposed material discontinuities. The
complex strain behavior of vertebral trabecular bone and
other porous materials is a result of the cumulative effects
of the elastic strain, inelastic strain due to damage accu-
mulation, plastic strain, and anelastic (viscous) strain
(29). Such strain behavior can be differentiated using a
load-unload-reload protocol. After unloading from a
damaging event, the stress-strain behavior of bone (tra-
becular and compact) is similar to that of composites
(30). Namely, bone recovers approximately three-fourths
of the total inelastic strains (29). Damaged bone shows
relatively small changes in its elastic modulus or stiffness
during the initial onset (at low strain levels) of a reload.
As loads are increased (relatively high strain levels) how-
ever, cracks propagate, and residual stresses are relieved
resulting in a curvilinear stress-strain behavior (Fig. 7-5)
(31). This cyclic load-unload-reload behavior in time pro-
duces bone fatigue, which in turn reduces bone strength
and stiffness (32–36). Bone damage resulting from fa-
tigue or creep can occur under elastic conditions (pre-
yield loading) and has been accepted as a normal physio-
logic process (37–39).

Damage Mechanics

A microstructural reduction in tissue mechanical prop-
erties (e.g., strength, stiffness) is often referred to as
microdamage. The accumulation of microdamage,
microfracture, leads to local tissue discontinuities within
a single trabecula and a decrease in apparent vertebral
bone strength. Both microdamage and microfracture are
load-dependent, although bone microdamage occurs at a
higher incidence than microfracture (40). Microdamage
or microfracture may act as a precursor for bone remod-
eling (41–44). The resorption phase of bone remodeling
can in turn induce further microdamage (45,46) by
increasing pore size. This increase in pore size (decrease
in apparent density and volume fraction) consequentially
reduces the apparent modulus, increases the tissue strain,
and results in a temporary increase in bone fragility and
osteoporotic fracture risk (39,47–50). Gross vertebral
fracture can be a result of extensive microdamage or
microfracture accumulation to the trabecular structure
(47,51,52).

Continuum damage mechanics (CDM) is a rapidly
developing area in the study of bone fracture. For a sim-
ple isotropic or axisymmetric material, the presence of
cracks or damage (D) can be expressed as a simple scalar
representing the loss of load-carrying area (Fig. 7-6) (53).
An effective modulus (EEFF) can then be determined by
scaling the elastic modulus (E) by the damage parameter
(D):

EEFF = (E)(D)

where D is continuous between zero (fractured material)
and 1 (undamaged material). 

To study vertebral trabecular bone damage a quasi-
continuum CDM approach has been developed based on
an empirical nonlinear stress-strain relationship (gener-
alized tangent hyperbolic law) (54,55) and an elasto-
plastic modulus reduction (EPMR) scheme (56,57). The
latter assumes that the evolution of trabecular bone
microdamage (D) can be modeled as a change in bone
elastic modulus or stiffness, wherein the elastic modu-
lus of bone is assumed to be proportional to the ap-
parent density cubed (discussed earlier) (12,58). The
EPMR scheme is easily implemented using the finite
element method and can therefore be used to model the
damage evolution behavior of complex material geome-
tries. The following sections illustrate the use of CDM
and the finite element method to study vertebral damage
and cement repair.

Finite Element Damage Simulations

The finite element method is a numerical technique that
provides approximations to theory. Finite element analysis
is an efficient method used to solve differential equations
over complex domains or structures. The structure is dis-
cretized and represented by finite elements formed by
nodes. Finite element modeling is especially attractive in
the analysis of heterogeneous and anisotropic structures,
such as trabecular bone, for which a closed form solution
using analytic methods will be impossible. In recent years,
anatomically accurate models of trabecular bone can and
have been investigated (59–61). These microstructural
finite element models are usually constructed from micro-
computed tomography raster arrays at spatial resolutions
of 150 µm or less for large volumes and 50 µm or less for
small volumes of bone (less than 50 mm3). Microstructural
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FIG. 7-6. Schematic illustration of the isotropic damage con-
cept defined by continuum damage mechanics.



finite element models enable calculation and visualization
of internal tissue stresses and strains. 

Damage simulations of complex structures, such as
that of trabecular bone in the vertebral body, can be stud-
ied using microstructural finite element models. Contin-
uum damage and EPMR approaches have been integrated
within the finite element numerical framework and used
as a research tool to investigate existing or potential bone
damage (56,57,62–65). Furthermore, finite element bone
damage models can be used to study the mechanics of
surgical repair. To date however, only a few studies have
used finite element damage models to study the failure
mechanisms (56,57,64–67) and surgical repair (vertebro-
plasty) efficacy (56,64,67) of the vertebral body. Simula-
tion of vertebral body damage using the finite element
approach is presented in the following section, and repair
simulations will be discussed later in this chapter. 

Kosmopoulos and Keller (64) coupled the EPMR dam-
age approach with an anatomically accurate two-dimen-
sional (2D) microstructural finite element model of a
midsagittal vertebral body section. Two vertebral loading
postures were simulated by using a uniform loading pro-
file and a nonuniform (ramped) loading profile. Com-
pressive loads were applied incrementally over a stress
range of 0 to 3 MPa. The experimentally validated (65)
EPMR scheme and iterative finite element analysis
resulted in a nonlinear stress-strain response (Fig. 7-5A)
and a decrease in the apparent modulus of the vertebral
body. At the highest stress the uniformly loaded model
resulted in a total vertebral body apparent modulus
reduction of 32%, while the ramp-loaded model resulted
in a 95% apparent modulus reduction, compared to the
initial undamaged vertebral body apparent modulus (E0 =
444 MPa). Microdamage initiation (modulus reduction of
5%) was first apparent at an applied stress level of 1.5
MPa for both the uniform-loaded and ramped-loaded
cases. At the maximum applied stress there was a trabec-
ular bone modulus reduction of 40% or more in 10.4%
and 15.9% of the total bone elements for the uniform-
loaded and ramped-loaded microdamage models, respec-
tively (Fig. 7-7). For the uniform-loaded vertebral body
the distribution of highly stressed elements followed a
column-wise (superior-inferior) pattern within the corti-
cal shell and more centrally located trabeculae, in con-
trast to the ramped-loaded case where the highly stressed
elements were located on the posterior vertebral shell.
The ramp-loaded model resulted in a substantially greater
number of highly stressed bone elements (20.9% of bone
elements with stress concentrations greater than 3) com-
pared to the uniform-loaded model (4.2% of bone ele-
ments with stress concentrations greater than 3).

VERTEBRAL REPAIR

Most compressive fractures do not affect the spinal
cord, are relatively stable, and are therefore asymptomatic

in nature. These types of fractures rarely require surgical
intervention (68,69) and are treated using conservative
nonsurgical approaches. These treatments often involve a
short period of postural reduction (bed rest) directly after
incidence, followed by external immobilization, and
finally by gradual ambulation (16,70). Bed rest is usually
recommended for the first 4 to 6 weeks followed by 6 to
12 weeks of bracing using a rigid orthosis. In severe cases
of burst fractures, tissue fragments may enter the spinal
canal and cause myelopathy (71). Fractures may lead to
progressive deformity and instability, spinal stenosis,
neurologic deficit, and pain requiring surgical interven-
tion. The probability of fracture healing without surgery
decreases as the severity or amount of tissue involved in
the fracture increases (72). 

Bone Cement Augmentation

Vertebroplasty and kyphoplasty are two recently devel-
oped minimally invasive repair techniques for the treat-
ment of vertebral compressive fractures. Unlike tradi-
tional treatments, these bone cement augmentation repair
procedures help to restore spinal alignment and decrease
chronic pain (73). 

Vertebroplasty involves the forced injection, usually
using either a parapedicular or transpedicular approach, of
bone cement, usually polymethylmethacrylate (PMMA),
through one (unipedicular) or two bone (bipedicular)
biopsy needles into the closed space of a collapsed verte-
bral body (16,73). The injections are performed under
continuous fluoroscopic guidance, and for high-risk cases,
computed tomography is also used (74,75). This technique
provides pain relief and stabilization, but typically does
not restore the height of the collapsed vertebral body.

Kyphoplasty involves the insertion of a bone balloon
into the vertebral body using biplanar fluoroscopic image
guidance. The balloon is inflated causing the trabecular
bone to compact, resulting in a suitable cavity to re-
expand the vertebral body. In kyphoplasty, bone cement
is injected with more control and with less pressure than
during vertebroplasty. Another advantage of kyphoplasty
is the restoration of vertebral body height and reduction
of spinal deformity (16,73).

The main complication with each of these cement
repair techniques is associated with the use of PMMA. In
vertebroplasty cement, extravasation may occur since the
PMMA is injected at much higher pressures. The rates of
this occurrence have been reported to be as high as 40%
when PMMA cement is used in the treatment of osteo-
porotic compression fractures (15), and is greater when
using higher injection volumes or less viscous cement
(76). Another concern with PMMA is its high polymer-
ization temperature. Polymerization has been reported to
produce average peak cement core temperatures of 87°C
and 108°C for small (approximately 14.9 cm3) and larger
(approximately 27.6 cm3) cement volume fills (77).
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FIG. 7-7. Numerical simulation of vertebral trabecular bone microdamage using the elastoplastic mod-
ulus reduction finite element scheme. Four-node isoparametric elements were used to represent the
vertebral body structure, which was assumed to have isotropic material properties. The applied com-
pressive stress (3 MPa) corresponds to upright posture loads acting on the lumbar spine (10). Two ver-
tebral loading postures were simulated by using a uniform (A, B) and a nonuniform or ramped (C, D)
loading profile. In (A) and (C) the bone and marrow tissues are depicted as white and black elements,
respectively, whereas bone tissue damage (modulus reduction of 40% or greater) is depicted by the
dark gray elements. In (B) and (D), the gray scale intensity plots show the resulting stress concentra-
tions (element axial stress/apparent stress, σy/σa) following the uniform and ramp loading profiles,
respectively. Highly stressed elements are depicted as lighter gray (max σy/σa < 6) and less severely
stressed elements as darker gray to black (min σy/σa > 0).
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Bone-forming cells (osteoblasts) have been shown to
undergo thermal necrosis when exposed to relatively
lower temperatures than cement polymerization (as low
as 50°C for more than 1 minute) (78,79). Clinically the
complication rate (between 1% to 3%) associated with
PMMA-induced temperature elevation and PMMA
extravasation is insignificant for treatment of vertebral
fracture (74), but long-term effects are still being investi-
gated. Another noteworthy complication from the result-
ing increased strength and stiffness of cement-augmented
vertebrae is the modified load transfer to adjacent verte-
bral bodies. Recent findings suggest that the cement aug-
mentation results in higher stresses and strains to adja-
cent vertebrae, thus facilitating their future collapse (80).

Biomechanical Studies of Cement Augmentation

Biomechanical studies of cement augmentation have
demonstrated that vertebroplasty treatment of experimen-
tally created compression fractures is an effective means
to restore the strength, and to a lesser extent, the stiffness
of the damaged vertebrae (81). These authors noted that
2 mL of PMMA cement restored the strength of thora-
columbar and lumbar vertebrae, but 8 mL and 4 mL of
cement were necessary to restore the stiffness of the
thoracolumbar and lumbar vertebrae, respectively, to
predamage levels using a bipedicular approach. Further-
more, it has been shown that lumbar vertebral strength
can be significantly restored using either a unipedicular
(6 mL injection through one pedicle) or bipedicular (5
mL injections through each pedicle) approach (70). 

The biomechanical aspects of kyphoplasty are less
well understood. Reductions in risk of cement extravasa-
tion and vertebral height restoration have been suggested
as the main advantages of kyphoplasty compared to ver-
tebroplasty (16). Researchers have reported a 47%
restoration in vertebral height in 70% of the collapsed
vertebral bodies following kyphoplasty (16). Further-
more their findings support that lower pressure, higher
viscosity cement injections reduced the rate of cement
extravasation as compared to published findings for ver-
tebroplasty. 

Computer models and numerical tools to simulate
and guide surgical repair are becoming more routine,
and are rapidly advancing treatment of musculoskeletal
disorders (82). One of the main advantages of computer
models is that they can be used as their own repeated
measure. Different cement repair strategies can be stud-
ied using a single bone specimen and can be evaluated
in an unlimited manner using different loading modes
and boundary conditions. The ability of microstructural
finite element models to represent complex structures
lends this technique to the study of trabecular bone
microdamage and repair. Numerical examples of ce-
ment augmentation repair are discussed and presented
in the following sections.

Numerical Simulations of Cement Augmentation

Validated finite element models can act as replace-
ments to experimental testing (44). Liebschner et al. (67)
used an experimentally validated apparent lumbar verte-
bral damage model to investigate vertebroplasty cement
repair. In their study, cement repair was modeled by the
introduction of PMMA cement elements within the ver-
tebral centrum. Four PMMA cement bolus volumes (1.0,
3.5, 5.0, and 7.0 cm3) were investigated with an assumed
cylindric cement shape. Using this repair modeling
approach, the authors reported that only small amounts 
of PMMA (approximately 14% fill or 3.5 cm3) were
required to restore apparent stiffness to intact levels, and
that symmetric PMMA placement was preferential com-
pared to asymmetric distributions. 

The EPMR damage simulation scheme and finite ele-
ment method was recently used to investigate damage-
repair of human vertebrae (64). Microstructurally dam-
aged finite element models were repaired using four
different PMMA cement repair strategies: 

• replacement of marrow elements by PMMA cement
elements at each of the four interior corners of the mid-
sagittal model (referred to as model A) 

• central placement of cement consistent with a para-
pedicular surgical approach (model B)

• strategic placement of equivalent cement quantities at
five damage initiation sites (model C), and 

• complete vertebral cement fill (replacement of all mar-
row elements) (model D) (Table 7-1).

The first three repair strategies used equivalent
amounts of cement elements (25% of the marrow ele-
ments were replaced by PMMA bone cement). For the
third strategy, the five trabecular microdamage initia-
tion sites were used as the central locus for repair (each
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TABLE 7-1. Summary of finite element simulations of several
PMMA cement repair strategiesa

Normalized Bone element 
apparent stress 

Loading Vertebroplasty modulus concentrations 
regimen repair regimen (ER/E0) (% >3)

Uniform Undamaged 1.0 4.5
Damaged 0.68 5.5
Repair A 1.67 3.5
Repair B 1.60 3.3
Repair C 2.10 3.4
Repair D 4.06 0.0

Ramped Undamaged 1.0 4.6
Damaged 0.05 20.1
Repair A 1.26 14.4
Repair B 0.38 17.5
Repair C 1.52 11.6
Repair D 3.53 0.4

PMMA, polymethylmethacrylate.
aSee text for definitions of repair regimens.



site with PMMA comprising 5% of the marrow ele-
ments). The motivation for studying partial cement fill
was the notion that reductions of cement volume during
vertebroplasty may reduce the likelihood of cement
leakage. Plane stress, static finite element analyses were
performed on each of the damage-repair models (eight
in total). Loading profiles used for the repair models
were identical to the EPMR damage simulation (uni-
form and nonuniform). Stress-strain results (apparent
modulus) were normalized to undamaged vertebral
body results. 

Examination of the eight-vertebroplasty repair models
revealed that only the ramp-loaded central placement
cement regimen (model B) did not restore the microstruc-
turally damaged vertebral body apparent modulus to the
initial undamaged apparent modulus (E0 = 444 MPa). The
repair strategy using a central placement, cement regimen
(model B), was the least effective of all the partial fill
repair strategies for both loading conditions in increasing
vertebral body structural stiffness (Table 7-1). In the case
of the uniform-loaded microdamage regimen, model B
resulted in a repair modulus/initial modulus ratio ER/E0 =
1.60, which is still significantly (135%) above the dam-
aged apparent modulus (ED = 302 MPa). Of the strategic
partial cement fill regimens, model C was most effective
in increasing the apparent modulus above the initial
undamaged apparent modulus for both the uniform
(ER/E0 = 2.10) and ramped (ER/E0 = 1.52) microdamage
models. Each of the partial cement repair strategies
(models A through C) resulted in complete recovery of
the apparent modulus above the undamaged levels except
model B for the severely damaged ramp-loaded case.

In the case of the complete fill repair regimen (model
D), the number of highly stressed elements (trabecular
bone stress concentrations greater than 3) decreased to
less than 0.4% (98% reduction) of the total bone elements
for the ramp-loaded model and were completely removed
(100% reduction) for the uniform-loaded microdamage
model. The least effective cement repair strategy for
reducing the number of highly stressed bone elements
was model A for the uniform-load microdamage model
(36% reduction with respect to the untreated damage
model), and model B for the ramp-load microdamage
model regimen (14% reduction with respect to the
untreated damage model) (Table 7-1). Strategic place-
ment of cement at damage initiation sites, model C,
resulted in a 38% and 43% reduction in the number of
highly stressed elements for the uniform-loaded and
ramp-loaded microdamage models, respectively, com-
pared to the untreated damaged model.

The previous analysis was limited to a single verte-
bral body. Keller et al. (10) studied the effects of spinal
deformity and vertebral height loss associated with
osteoporosis using an anatomically accurate sagittal
plane postural loading model of the anterior spinal col-

umn (C2-S1) in conjunction with the EPMR scheme.
This analytic model was found to reproduce the salient
features of thoracic spinal deformities caused by osteo-
porotic wedge fractures (Fig. 7-8A). This model was
used to simulate the effects of vertebral cement aug-
mentation (vertebroplasty) on spinal deformity. Spine
stiffness was parametrically varied over the range of 1×
to 2× that of a normal healthy spine. An increase of 2×
in vertebral body stiffness corresponds to complete
cement fill of the normal vertebral body (64). Increases
in thoracic kyphosis and decreases in vertebral body
height resulted in a 34.9% overall decrease in spinal
height (C2-S1), 12.0% decrease in body height, and a
22.8 cm anterior translation of C2. The resulting tho-
racic kyphotic deformity (86.4° T2-T10) qualitatively
resembled deformities observed in elderly individuals
with osteoporotic compression fractures. 

To prevent severe thoracic deformity (greater than 70°)
cement augmentation of three or more thoracic segments
and a 60% increase in vertebral body stiffness was
required. Doubling the vertebral body stiffness of one
segment resulted in only a 10° reduction in thoracic
kyphosis deformity, whereas stiffness doubling combined
with augmentation of 11 segments (T2-T12) reduced the
kyphotic deformity to 50° (height change = 2.4%, C2
translation = 10.9 cm) (Fig. 7-8B). The effects of cement
augmentation on postural load-induced osteopenic tho-
racic kyphosis are summarized in Figure 7-8C. These
analytic results suggest that cement augmentation of ver-
tebrae can reduce the severity of osteoporotic spine
deformities. Model data provide insight for surgical pro-
cedures (optimal cement material and volume, number of
treatment levels) designed to prevent or treat vertebral
fractures and deformity of the thoracolumbar skeleton.
Ultimately, identification of subjects who are at risk for
vertebral microdamage and fracture may facilitate early
prophylactic treatments using cement augmentation.
Clinical repair of fractures using small cement quantities
at locations where damage is greatest or where damage
initiates may become comparable to current cement-fill-
ing regimens used during vertebroplasty.

CONCLUSION

Lumbar vertebral compression fractures are primarily
caused by overloading, but even postural loads may result
in vertebral body height reduction, deformity, myelopa-
thy, and pain. Restoration of vertebral geometry and
mechanical properties to undamaged levels using cement
repair strategies is dependent on a number of factors
including bone density, damage, cement quantity, quality
(modulus) and placement (within a single and at multiple
vertebral segments), and surgical approaches and tech-
niques. These factors, together with the complexity of
vertebral bone geometry and material properties, suggest
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that computational tools and algorithms using anatomi-
cally precise two-dimensional and three-dimensional ver-
tebral geometry derived from radiographic images may
prove to be valuable for clinical management of vertebral
osteoporotic compression fractures and tumors. In this
regard, simple analytic models and more complex
microstructural finite element models provide a frame-
work for understanding microdamage and fracture of ver-
tebrae, and investigating surgical treatment, including
design and development of tissue-engineered fracture
repair materials. Additional work is needed to identify the
effects of cement augmentation on the load transfer and
stress distributions of adjacent vertebrae. Whether or not
altered load transfer is sufficient to facilitate collapse of
adjacent (untreated) vertebral bodies, as has been re-
cently suggested (80), remains to be determined.
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CHAPTER 8

Genetic Transmission of Common 
Spinal Disorders

Michele C. Battié and Tapio Videman 

Spinal disorders such as disc degeneration and hernia-
tion, sciatica, and back pain have commonly been attrib-
uted to the accumulation of environmental effects, pri-
marily mechanical insults and injuries, imposed on
normal aging changes. Accordingly, environmental fac-
tors received much attention as possible risk factors dur-
ing the prior half-century, and only recently have studies
on hereditary aspects of disc degeneration, disc failure,
and back symptoms begun to accumulate (1). 

A decade ago, in reviewing the epidemiology of
degenerative disc disease, Frymoyer wrote: “Among the
factors associated with its occurrence are age, gender,
occupation, cigarette smoking, and exposure to vehicu-
lar vibration. The contribution of other factors such as
height, weight, and genetics is less certain” (2).
Research since that time has dramatically changed
views of genetic and environmental determinants of
many common spinal disorders. When reviewing the
same topic of “disc disease” in 2002, Ala-Kokko came
to the following conclusion: “Even though several envi-
ronmental and constitutional risk factors have been
implicated in this disease, their effects are relatively
minor, and recent family and twin studies have sug-
gested that sciatica, disc herniation and disc degenera-
tion may be explained to a large degree by genetic fac-
tors” (3). We concur and will discuss the basis for this
tentative conclusion in this chapter. 

The role of genetics in common musculoskeletal dis-
orders has been studied more in primary osteoarthritis
than in spinal disorders. In a recent review article,
Loughlin concluded that primary osteoarthritis has a
major genetic component, but that osteoarthritis “is
rarely transmitted as a Mendelian trait and that environ-
mental factors play a significant role in disease expres-
sion.” He also classified osteoarthritis as a common, oli-
gogenic, multifactorial genetic disease (4). These views
are concordant with those on common spinal disorders,

which would be logical because joints and intervertebral
discs are to a major part composed of the same proteins.
To date more than a dozen gene loci associated with
osteoarthritis have been identified, and a half dozen
associated with disc degeneration, mainly from chromo-
somes 2, 4, 6, 7, 11, 16, and X. Only a few loci have
been associated with both joint and spine degeneration.
However, it is likely that the genes representing the most
significant genetic susceptibility to these common con-
ditions have yet to be identified. (4).

We will briefly review the evidence suggesting genetic
transmission, from case reports and more formal studies
of familial aggregation to classic twin studies attempting
to separate genetic and shared environmental influences,
to the identification of gene forms. The primary focus of
this chapter is on genetic influences on common spinal
disorders, including disc degeneration and herniation,
sciatica, and back pain.

IDENTIFYING AND CONFIRMING GENETIC
INFLUENCES

Studies of the genetic epidemiology of common spinal
disorders begin with determining whether familial aggre-
gation of the disease or disorder is present. This is done
by examining the frequency of disease in relatives of
those affected as compared to the frequency of disease in
the general population. If relatives are at increased risk,
the pattern of familial aggregation can be further defined
through various types of family studies (5). Most of the
studies on common spinal disorders fall into this cate-
gory. Once evidence for familial aggregation has been
obtained, there is a need to distinguish between biologic
(genetic) and social (cultural inheritance) sources of
familial similarity (6). One method of accomplishing this
is through classic twin studies of monozygotic and dizy-
gotic twin pairs. 
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The genetic architecture of a trait includes information
on how many gene loci are involved and which of the loci
are polymorphic, with at least two common forms of the
genes or alleles. The number of alleles and their frequen-
cies are then determined for each gene locus. Allele fre-
quencies and average effects associated with the alleles
determine the contribution of allelic variation to the over-
all genetic variation. These can be further partitioned into
additive genetic variance, due to gene “dosage,” and vari-
ance due to dominance (7).

A growing number of monogenic diseases have been
successfully analyzed down to the molecular level and
have shown how a biochemical defect evolves from a sin-
gle mutation, which parts of a gene are indispensable for
normal function, and how phenotypes develop from dif-
ferent mutations. Based on these insights, molecular
genetics can yield information on normal traits and com-
mon diseases. Normal traits and common diseases gener-
ally have a genetic contribution from more than one gene
locus.

Genes suspected of involvement in the etiology of dis-
ease are called candidate genes. Candidate genes may be
used as targets, with potential genetic variation leading to
differences in the proteins encoded by the genes. These
proteins are part of the physiologic system that, when dis-
turbed, gives rise to the disease being studied. Also, for
specific genes and some environmental factors, gene-gene
interactions and gene-environment interactions may exist.
For example, Solovieva et al. presented evidence suggest-
ing that the effect of weight on lumbar disc degeneration is
modified by COL9A3 gene polymorphisms in Finnish
men (8). Simple linear models may, therefore, fail to grasp
the complexity of the real world, and unraveling the con-
tribution of genes and environment in diseases of multi-
factorial etiology is a challenging proposition (9). 

DISC HERNIATION AND SCIATICA

The clearest association between back-related symp-
toms and the disc is for severe sciatica, often leading to
surgery to remove an offending herniated disc. This con-
dition also has been the focus of several investigations
into genetic influences on common spinal disorders. As is
typically the case, observations of familial aggregation
lead to hypotheses of genetic susceptibility for sciatica
and disc herniation.

It should be noted, however, that in juveniles and
adults, persons identified as having disc herniations are
those who access and receive spine surgery for pain with
the diagnosis of disc herniation. Although discectomy
may appear to be a clear indicator of the presence of a
symptomatic disc herniation, the significant regional
variations in rates of spine surgery demonstrate that this
outcome is likely to be significantly influenced by other
factors as well (10). Thus, some degree of classification
error is involved when studying the occurrence of severe

symptomatic disc herniation using the surrogate of dis-
cectomy. 

Familial Aggregation of Juvenile Lumbar Disc
Herniation

Two reports in 1990 documented cases of identical
twins with similar histories of radicular symptoms and
lumbar disc herniation. Matsui et al. documented a case
of a 16-year-old girl who was admitted to a hospital for
low back and left leg pain (11). Myelography and subse-
quent laminotomy revealed a protruded mass at the L4-5
level with left L5 root compression. Two years later, the
patient’s identical twin was admitted complaining of back
pain of 2 years’ duration and right leg symptoms of
approximately 8 months. Results from myelography and
discography prompted the surgeon to perform laminot-
omy and discectomy at the L4-5 and L5-S1 levels. The
observation that herniated lumbar discs in young patients
are relatively rare and the absence of a history of trauma,
suggested that the similarity of the local disc pathology in
the twins was not a chance occurrence. Matsui et al. thus
concluded that their findings suggest that genetic factors
are involved in the development of juvenile herniated
nucleus pulposus (11). 

Gunzburg et al. documented a similar case of identical
twin girls who experienced radicular pain within 1 year of
one another when they were approximately 13 years of
age (12). Computed tomography scans revealed posterior
bulging at the L4-5 level and herniation at the L5-S1 level
in both. As in the case presented by Matsui et al., the
onset of symptoms was similar and neither twin cited an
injury or trauma (11). The twins experienced progressive
symptoms that led to surgery in one case and chemonu-
cleolysis in the other, with subsequent pain relief and
return to normal activities. 

These case reports demonstrate that familial aggrega-
tion occurs, but clarifying whether or not it occurs more
often than would be expected through random occurrence
requires comparison to controls or a reference group. The
generally low incidence of juvenile disc herniation would
suggest that such aggregation as seen in the cases just
described would be extremely unlikely chance events. A
rare population-based study of the incidence of surgeries
for juvenile disc herniation was conducted among more
than 75,000 Japanese elementary, junior high, and high
school students. It revealed incidence rates of 1.69 per
100,000 person-years for 10- to 12-year-olds, 3.2 for 13-
to 15-year-olds, and 9.4 for 16- to 18-year-olds. The mean
incidence rate for all the schoolchildren was 5.4 per
100,000 person-years (13).

Two subsequent papers reported on the degree of
familial aggregation in cases versus control groups. Var-
lotta et al. investigated the incidence of severe low back
pain, sciatica, and surgically treated herniated discs
among the parents of 63 patients under 21 years of age
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who had herniated lumbar discs and the parents of a con-
trol group of nonback patients (14). They also tried to
eliminate reporting bias by family members by requiring
confirmation from medical records. The estimated risk of
developing a herniated disc before the age of 21 was four
to five times greater for patients who had a positive fam-
ily history, as compared to those who did not. 

A year later Matsui et al. reported on the occurrence of
lumbar disc herniation in the siblings and parents of 40
patients under 18 years of age who had undergone
surgery for lumbar disc herniation and a referent group
composed of the families of 120 controls (patients treated
in the same department who had “normal spines”) (13).
The odds ratio of a patient with juvenile disc herniation
to have a family history of disc surgery was 5.61 times
that of a patient without disc herniation. The authors con-
cluded that their results “strongly suggest that lumbar
disc herniation in patients aged 18 years or younger
shows familial predisposition and clustering.” 

Because family members can become affected even
though the disease is not familially transmitted, the risk in
family members ideally should be compared with the
population risk. The finding by Matsui et al. of a higher
incidence of a positive family history in juveniles with
disc herniation, yielding an odds ratio of 5.61, is directly
useful clinical information when combined with the inci-
dence of 5.4 per 100,000 children and adolescents (13).
Varlotta et al. used matched patient-control pairs in their
series of 63 disc herniations in patients under 21 years of
age (14). The age-adjusted relative risk of herniation in
family members of patients compared to family members
of controls was 4.5, which was quite similar to that found
by Matsui et al. despite differences in methods and sam-
ple populations (13). 

Younger patients who had undergone discectomy also
were found to be significantly more likely to have a fam-
ily history of back disorders by Nelson et al. in a study
comparing three age groups, those 9 through 15, 16
through 19, and 20 through 25 years of age (15). Such a
finding would be consistent with genetic epidemiologic
literature, indicating that stronger genetic effects are
associated with earlier onset. 

Familial Aggregation of Lumbar Disc Herniation in
Adults

There also have been over a half-dozen reported obser-
vations of familial aggregation of lumbar disc herniation
in adults, raising interest in the possibility of genetic sus-
ceptibility (16–19). Scapinelli described a striking family
history of a 44-year-old patient who had undergone
surgery for lumbosacral disc herniation (17). Six of the
patient’s 14 siblings (five brothers and one sister) also
had undergone surgery for lumbar disc herniation, with
unusually large volumes of herniated disc material noted.
In addition, two other siblings, one brother and one sister,

had been diagnosed as having lumbar disc herniation and
were treated conservatively. The author noted an early
onset of symptoms, usually in the third decade, which
was not precipitated by trauma. He concluded that the
high proportion of members of this generation affected
could be due to transmission by both branches of the fam-
ily of a genetic predisposition to premature degeneration
or soft tissue weakness. He also hypothesized that a
defective autosomal-dominant major gene with low pen-
etrance may be responsible for increasing risk among
some persons. 

Similarly, Varughese and Quartey reported on the case
histories of four brothers who had spinal surgery between
27 and 39 years of age for severe leg pain associated with
disc herniation and concomitant spinal stenosis (18).
Both parents reported similar histories of symptoms and
spine surgery. The authors concluded that the familial
aggregation, along with the relatively young ages of the
brothers at the time of their acute radicular symptoms,
suggest that developmental or hereditary factors may
have been responsible for the pathogenesis of spinal
problems in this family. 

These observations were followed by several case-con-
trol studies of familial aggregation of disc herniation or
“discogenic” low back pain. For example, Postacchini et
al. studied the occurrence of “discogenic” low back pain
in the relatives of patients attending a low back pain
clinic for persistent and recurrent symptoms, patients
who had undergone discectomy for lumbar disc hernia-
tion, and individuals with no history of low back pain
(20). They identified familial aggregation in families of
discogenic low back pain and surgery for herniated discs.
Of the patients with discogenic low back pain and dis-
cectomy, 35% and 37%, respectively, had first-degree rel-
atives with a history of discogenic low back pain. Five
percent of patients with discogenic pain and 10% of those
with discectomy had first-degree relatives who had
undergone disc surgery. In comparison, only 12% of sub-
jects without a history of back pain problems had rela-
tives with discogenic low back pain and 1% had relatives
with discectomy (20).

In one other case-control study, Simmons et al. inves-
tigated the family histories of back problems in first- and
second-degree relatives of 65 patients who underwent
surgery for “degenerative disc disease,” as compared to
67 controls who had undergone orthopedic surgery for
nonspine-related problems (21). Patients who had under-
gone spine surgery were 2.4 times more likely to have a
positive family history of recurrent, incapacitating low
back pain as those in the control group. In the spine
surgery group, 18.5% of the relatives had a history of
having spinal surgery, as compared with only 4.5% of the
control group, yielding an odds ratio of 4.8 (21).

Richardson et al. noted methodologic limitations in
earlier investigations of familial aggregation of disc-
related low back problems, including unknown reliability
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of questionnaires to identify “discogenic” low back pain,
overly exclusive control group criteria, and failure to con-
trol for potentially confounding extrinsic factors (22).
They attempted to address these methodologic issues in a
study of symptoms of lumbar disc herniation in the
immediate relatives of 38 patients with disc herniation
confirmed at surgery and 50 control subjects with upper
extremity disorders. Although the numbers of subjects
were relatively small and response rates limited, subjects
with disc herniation confirmed at surgery were 16.5
times more likely to have a family history of symptoms
of disc herniation as compared to the control subjects. 

Matsui et al. assessed disc degeneration and herniation
in 24 subjects with a history of disabling low back pain or
unilateral leg pain who sought medical care and who also
had immediate relatives who had undergone surgery for
disc herniation (23). The frequency and extent of degen-
erative changes were then compared to those of 72 age-
and sex-matched controls with a similar symptom history,
but without a family history of disc surgery. The grade of
disc degeneration according to magnetic resonance imag-
ing (MRI) signal intensity was significantly more severe,
and the incidence of lower lumbar herniation/bulging was
higher in cases with a family history of disc surgery com-
pared to controls. These findings led the authors to specu-
late that a familial predisposition for disc herniation may
be an expression of disc degeneration (23).

Collectively, the observations and studies of familial
aggregation make a convincing case that intervertebral
disc herniations for which care is sought in juveniles and
adults are indeed influenced by familial factors. The stud-
ies do not, however, provide data on the relative contribu-
tions of genetic and shared environmental factors and
their complex interactions.

Classic Twin Studies of Disc Herniation and Sciatica

Classic twin studies comparing concordance of find-
ings within monozygotic and dizygotic twin pairs provide
a methodologic strategy for disentangling genetic and
shared environmental influences. Heikkilä et al. con-
ducted such a study of sciatica and hospitalization for
disc herniation by comparing pair-wise concordance of
monozygotic and dizygotic twins (24). The data from this
Finnish study are valuable in that both self-report and
hospital data are available, covering mild cases, which are
less reliably reported, and generally more severe cases,
which are more reliably categorized but more selected. In
addition, the series was large (more than 9,000 same-sex
twin pairs) and representative. Heritability estimates were
21% for sciatica and 11% for associated hospitalizations.
The difference in the observed versus expected incidence
of sciatica between monozygotic and dizygotic pairs
decreased with increasing age. Thus, genetic influences
were more significant in persons under 40 years of age.
This finding is consistent with the literature, which indi-

cates that stronger genetic effects are associated with an
earlier onset of disease (5). The apparently greater ge-
netic influence in younger subjects may be due, in part,
however, to a higher rate of misclassification caused by
forgetfulness that occurs with advancing age. 

Direct Genetic Evidence for Disc Herniation and
Sciatica

Two collagen IX alleles have been recently identified
to be associated with sciatica and lumbar disc herniation,
confirming the role of genetics in spinal disorders. A
study from 1999 reported that a tryptophan allele (Trp2)
in the human COL9A2 gene was associated with sciatica,
although it was present only in about 4% of the patients
(25). There was also a trend for increased prevalence of
radial tears in nonherniated discs among the Trp2
allele–positive subjects (3 of 6 patients with sciatica and
3 of 11 family members) (26). More recently it was dis-
covered that 12.2% of patients with sciatica had a Trp3
allele in the COL9A3 compared with 4.7% among con-
trols (27). Ala-Kokko has concluded from these findings
that disc disease is not one entity, but instead is likely to
consist of several related phenotypes (3).

LUMBAR DISC DEGENERATION

It is of little surprise that the size and shape of spinal
structures in family members are more similar than in
unrelated individuals. The reports of twin pairs that
demonstrate similarities in spinal and other skeletal mor-
phology simply provide confirmatory evidence (11,
28–31). Such similarities have been amply demonstrated
for other anthropometrics, such as height and dental
structure (16,32). Of greater interest is the possibility that
degenerative changes commonly attributed primarily to
environmental factors may be, in part, a function of
genetic predisposition, and that this influence may be
substantial. Disc degeneration is of interest because it is
believed to be a factor in the pathogenesis of disc hernia-
tion and may play a contributory role in back symptoms.

Familial Aggregation of Disc Degeneration

We presented evidence of substantial familial aggrega-
tion of disc degeneration in terms of extent and location
of changes in two earlier studies of monozygotic twins
published in 1995 (33,34). The first study assessed the
degree of similarities in degenerative findings by spinal
level in the lumbar discs of 20 pairs of monozygotic twins
from 36 to 60 years of age, relative to what would be
expected by chance based on the prevalence of the find-
ings by level among all 40 subjects (33). The MRI assess-
ments were conducted blinded to twinship and revealed a
higher degree of twin similarities than would be expected
by chance. Only 15% of the variance in disc bulging/her-
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niation was explained by age and smoking, but the vari-
ance explained rose to 54% with the addition of a variable
representing familial aggregation in the L1-L4 discs.
Approximately 26% of the variance was explained by
familial aggregation in the L4-5 and L5-S1 levels. These
results suggested a substantial familial influence on lum-
bar disc degeneration and warranted further investigation. 

In a later study spine MR images of 115 pairs of male
identical twins were assessed blinded to twinship and
exposure history to estimate the effects of commonly sus-
pected risk factors on disc degeneration, as determined
from signal intensity, bulging, and height narrowing, rel-
ative to the effects of age and familial aggregation (34).
In the multivariable analysis of the T12-L4 region, occu-
pational physical loading conditions explained 7% of the
variance in disc degeneration scores among the 230 sub-
jects; this rose to 16% with the addition of age and to
77% with the addition of a variable representing familial

aggregation. In the L4-5 and L5-S1 region, leisure-time
physical loading was the only behavioral or environmen-
tal factor investigated that entered the multivariate model
and it explained only 2% of the variance in disc degener-
ation summary scores. The portion of the variance in
lower lumbar disc degeneration scores explained rose to
9% with the addition of age and to 43% with the addition
of familial aggregation. Examples of spine MR images
from three pairs of twin siblings from this study cohort
are provided in Figure 8-1.

Significantly more of the variance in degeneration
remained unexplained in the lower lumbar region, as
compared to the upper lumbar region. This discrepancy
could be due to environmental conditions, which are
likely mechanical in nature, and interact with spinal
anthropometrics in such a way as to have a dispropor-
tional effect on the lower lumbar levels. However, the fac-
tors involved are not simply a function of the magnitude

FIG. 8-1. Examples of spine magnetic resonance
images of three pairs of male, monozygotic twin sib-
lings from the Finnish Twin Cohort. A: 64-year-old
sales managers. Both twins have similar disc
changes at the two lower lumbar levels. B: 49-year-
old product packager/taxi driver. Both twins have
severe disc degeneration at the L5-S1 levels with
end-plate irregularities, and both have posterior
bulges at the L4-5 level. C: 56-year-old office
worker/truck driver. The twins have very similar upper
end-plate irregularities.

A

B

C



of occupational physical loading from materials handling
and work postures. The study findings indicated that disc
degeneration may be explained primarily by familial
influences, which are most likely genetic, and as yet
unidentified factors, which may include complex interac-
tions. This study provides a first estimate of the relative
importance of specific environmental agents and overall
familial influences, including genetic factors (34). The
remaining variance that is unaccounted for by the spe-
cific environmental and familial sources of variation is
due to measurement error and yet unknown environmen-
tal effects.

Classic Twin Studies of Disc Degeneration

Following the earlier studies suggesting the possibility
of a substantial genetic influence, Sambrook et al. con-
ducted a classic twin study to examine the hypothesis that
disc degeneration has a major genetic component (35).
Spine MR images were obtained for 86 pairs of monozy-
gotic twins and 154 dizygotic twins, 80% of who were
female, from Australian and British twin registries. A
substantial genetic influence on disc degeneration was
found. For an overall score of disc degeneration, com-
prised of disc height, signal intensity, bulging, and ante-
rior osteophyte formation, heritability estimates were
74% [95% confidence interval (CI), 64% to 81%] for the
lumbar spine and 73% (95% CI, 64% to 80%) for the cer-
vical spine. Heritability estimates were adjusted for age,
weight, smoking, occupation, and physical activity. An
analysis of individual MRI findings suggested that disc
bulging and height were the primary contributors to the
genetic determination of the disc degeneration summary
score. Interestingly, a genetic influence was not apparent
for signal intensity (35). 

The findings of Sambrook et al. indicate a substantial
genetic influence. What is not known is whether specific
gene effects of relatively large magnitude exist or if the
genetic contribution is due to small effects of many genes
(35). 

Direct Evidence of a Genetic Influence on Disc
Degeneration

Genetic influences on intervertebral disc degeneration
in humans were confirmed in 1998. In a study, using
spine MRI it was shown that low-signal intensity of tho-
racic and lumbar discs was associated with TaqI tt-geno-
types of the vitamin D receptor gene. A similar pattern
was found between the summary scores of signal inten-
sity, bulging, and disc height for both TaqI and FokI
genotypes (36). TaqI and FokI each accounted for a sub-
stantial portion (6% to 7%), of the inter-individual vari-
ance in disc degeneration as measured through signal
intensity. Another study using spine X-ray found an asso-
ciation between Taq polymorphisms and the severity of

osteophytosis and presence of disc narrowing, and more
weakly, with the presence of osteophytosis (37). 

A later investigation of the associations of vitamin D
receptor TaqI polymorphisms and spine degeneration
demonstrated that those with the tt genotype also had
more anular tears but less bulges and osteophytes than
those with the TT genotype (38). These findings empha-
sized the need for caution in combining specific sus-
pected degenerative phenomena into summary scores.
Also, the finding of the association between anular tears
and genetics could be of importance because anular tears
may be related to the pathophysiology of back pain. In
another study, multilevel and severe lumbar disc degener-
ation was observed among 64 women with shorter vari-
able numbers of tandem repeat length of the aggregate
gene (39). In addition, the 5A5A and 5A6A genotypes of
metalloproteinase-3 gene were associated with more
degenerative findings in elderly individuals than those
with the 6A6A genotype (40).

In animal studies, accelerated joint and intervertebral
disc degeneration were observed in transgenic mice
(COL9A1) based on X-rays and histologic methods. The
spinal changes included shrinkage of the nucleus pulpo-
sus, anular fissures and herniations, and slight osteophyte
formation (41). However, none of the known mutations in
COL9A1 have been associated with disc degeneration in
humans.

Although several gene forms associated with various
aspects of disc degeneration have already been identified,
it is likely that new gene forms associated with lumbar
degeneration, pathology, and symptoms will be found
over the coming years with the rapid growth in genetic
research. 

Several mechanisms have been suggested through
which hereditary factors could influence disc degenera-
tion and herniation. Genetic effects on the size and shape
of spinal structures could affect the spine’s mechanical
properties, and thus its vulnerability to external forces
(42). Biologic processes associated with the synthesis
and breakdown of the disc’s structural and biochemical
constituents could be genetically predetermined, in part,
leading to accelerated degenerative changes in some per-
sons relative to others. The latter hypothesis has received
some support from the recent findings of Annunen et al.
and Paassilta et al. who found mutations in two collagen
IX genes, COL9A2 and COL9A3, to be associated with
disc pathology and symptoms (25,27). 

BACK PAIN

Much more than just structural variations need to be
considered in genetic and other determinants of back
pain. For example, genetic influences could affect pain
through a variety of mechanisms dealing with structural,
neurologic, inflammatory, other physiologic and behav-
ioral characteristics.
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The relative importance of genes versus experience in
human pain perception remains unclear; in animal stud-
ies there are significant individual differences in both
nociceptive and analgesic sensitivity. Yet such differ-
ences are not necessarily attributable to genetics. Most
often the familial aggregation of pain has been attrib-
uted to shared environmental influences and familial
modeling (43–46). MacGregor et al., in a classic twin
study of sensitivity to forehead pressure pain threshold,
found heritability estimates of only 10%, indicating that
shared family environmental factors may be significant
in pain thresholds (47).

Classic Twin Studies Suggesting Genetic
Susceptibility

Little is known about the role of genes in common low
back pain problems or the pathways or mechanisms
through which they may influence these problems. There
have, however, been a of couple classic twin studies sug-
gesting a genetic component. Bengtsson and Thorson
investigated possible genetic influences on back pain in
a cohort of 5,029 monozygotic and 7,876 dizygotic
Swedish twin pairs (48). Back pain was defined as an
affirmative answer to the question, “Have you had so
much back pain during the last few years that you found
it difficult to work?” Such pain was reported by about
15% of this cohort of twins ranging from 15 to 47 years
of age. Pain concordance among twins with similar
physical work environments was higher among monozy-
gotic (25%) than dizygotc (15%) twin pairs (except in
men performing light work), leading the authors to con-
clude that there is a relationship between genetic factors
and back pain (48). The Swedish data are reported by
gender, workload, and zygosity, but not by age, which is
unfortunate given the findings of Heikkilä et al. of a dif-
ferential effect of heredity by age on sciatica and associ-
ated hospitalizations (24). 

Another classic twin study using over 700 twin pairs
was presented by MacGregor et al. at an American Col-
lege of Rheumatology meeting in 1999 (49). They found
a substantial genetic contribution to the occurrence of
severe back pain, with genetic factors accounting for
73% of the variance in population liability. They also
reported on a subset of 97 monozygotic and 234 dizy-
gotic pairs that had MR images available for analyses
and found that more than 50% of the total genetic vari-
ance in back pain remained unexplained by genes
involved in MRI changes. This suggests that there are
other mechanisms through which genes may influence
back pain than simply through structural changes in the
disc. Mogil has noted that pain is considered both a sen-
sation and an emotion, with considerable complexity
and subjectivity. Yet, pain is also being studied at the
level of the gene (50). The aforementioned studies
should motivate more studies of the roles and relative

contributions of cultural and genetic inheritance of back
pain.

OTHER SPINAL DISORDERS WITH GENETIC
CONTRIBUTIONS

Genetic contributions have been suggested or identi-
fied for a number of other spinal disorders, such as sco-
liosis, Scheuermann disease, spondylolysis, spina bifida,
and spinal stenosis. Several family studies indicate that
heredity has a role in scoliosis. Nearly identical “mirror
images” of congenital lumbar scoliosis for a brother and
sister, and two sets of identical twins with concordant
scoliotic curves have been reported (51). In one family
study from 1975, scoliosis appeared in 15 members of a
family in 3 generations (52). 

Segregation analysis was applied to 101 pedigrees
from Russia with idiopathic scoliosis (more than 10°) and
to 90 pedigrees with Scheuermann disease. Using trans-
mission probability models, a significant contribution of
one major causal gene was established and inheritance
could be described according to a dominant major gene
diallele model for both diseases. The authors concluded
that only the carriers of the mutant allele develop pro-
nounced forms of the disease. For scoliosis, only 30% of
males and 50% of females with the mutant gene should
manifest the disease (53). All male carriers of the mutant
allele develop Scheuermann disease, while only half of
female carriers manifest the disease. The frequency of
scoliosis in the families with Scheuermann disease was
8%. The authors concluded that the “familial aggregation
of these two spinal pathologies in the present sample may
indicate a genetic unity of Scheuermann disease and idio-
pathic scoliosis” (53,54). 

Scoliosis can also be a consequence of other severe
diseases such as Marfan syndrome, familial dysautono-
mia, spondylocostal dysostosis, congenital lordoscoliosis
due to lumbar segmentation defects and incomplete for-
mation of lumbar vertebrae, diastrophic dwarfism, and
familial Rett syndrome (55–57). The occurrence of scol-
iosis in the presence of other hereditary connective tissue
syndromes raises the possibility that idiopathic scoliosis
and congenital scoliosis are in fact a heterogeneous group
of disorders with varied pathogenetic mechanisms (58). 

From a systematic review using different genome data-
bases, there were three candidate loci for human scoliosis
(58). Genome-wide linkage surveys in large multiplex
families indicate concordantly a limited number of
genetic loci predisposing to idiopathic scoliosis: three
loci on chromosomes 6p, distal 10q, and 18q in one fam-
ily and distal chromosome 10q on another (59). The role
of genetic factors in the development of scoliosis has
been well documented; however, reports of the specific
mode of genetic inheritance are inconclusive. These facts,
combined with the phenotypic variability of this disorder,
suggest that the genetic expression of idiopathic scoliosis
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may be dependent upon multiple factors and genetic
interactions (60). 

Spondylolysis also is suspected of having a genetic
component. Spondylolysis was found in 13% of young
Eskimos and in 74% of older Eskimos, a rate that is
higher in the older age group than in other ethnic groups,
leading Simper et al. to suspect a genetic influence (61).
Several family studies support that there is an inheritance
component in spondylolysis: 21% of descendants of a
male ancestor with spondylolysis also had the condition,
4% had also spina bifida occulta. This pedigree was con-
sistent with autosomal-dominant inheritance and incom-
plete (about 75%) penetrance for spondylolysis (56). One
other survey identified 19% of relatives with spondyloly-
sis (57). In addition, the reported cases of multiple lum-
bar spondylolysis could indicate the hereditary compo-
nent (62–64). Spondylolysis can also be part of other
syndromes, such as osteopetrosis, where other findings
usually are clinically more important (65).

There are several reports about small case series indi-
cating familial aggregation of spinal stenosis, commonly
associated with a narrow cervical canal and disc hernia-
tions and sometimes with other congenital anomalies
(66–69). Familial spinal canal stenosis has also been
associated with autosomal-dominant osteosclerosis, and
acrodysostosis (70). In addition, there are also case
reports about hypophosphatemic vitamin D–resistant
rickets as a cause of spinal canal stenosis (71).

SUMMARY

The study of genetic influences on common spinal dis-
orders is rapidly progressing. Studies of familial aggre-
gation were an initial step along this line of inquiry.
Familial aggregation, well beyond what would be ex-
pected by chance occurrence, has been found for out-
comes such as hospitalizations for disc herniation in
juveniles and adults, sciatica, back pain, and disc degen-
eration. Familial aggregation also has been found to be
greater in younger than older subjects in the case of hos-
pitalizations for disc herniation, which would be congru-
ent with a genetic component to this condition. The clas-
sic twin studies reported to date also suggest a genetic
component to common spinal disorders and in some
cases, such as for disc degeneration, a substantial one that
overshadows the role of suspected environmental risk
factors. Specific gene forms associated with these condi-
tions also have been identified, which may eventually
provide key insights into the mechanisms underlying
back disorders. Although the complex contributions and
interactions of genetic and environmental factors are cur-
rently unknown, these are fertile areas for future research. 
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CHAPTER 9

Genetic Applications to Lumbar Disc Disease

Christian Lattermann, Lars G. Gilbertson, and James D. Kang

The etiology and pathophysiology of degenerative disc
disease (DDD) are still unknown. However, it is believed,
that it is the result of a complex interaction between bio-
logic and mechanical factors. 

New biologic techniques may allow for addressing
intervertebral disc degeneration on a molecular level.
Recent advancements in recombinant DNA technology
have led to the decoding of many human genes that
appear to be attractive for the scientific and clinical use
in musculoskeletal disorders (1,2). Growth factors and
embryogenic differentiation factors have been isolated
and studied for many musculoskeletal conditions. Bone
morphogenetic proteins (BMPs), for example, are suc-
cessfully being used to enhance bone healing and fusion
in humans (3). Other growth factors such as transforming
growth factor β (TGF-β), or insulin-derived growth fac-
tor 1 (IGF-1) have been shown to be able to influence the
proliferation and extracellular matrix production of vari-
ous different musculoskeletal tissues (4–6).

After this brief overview we will introduce several
novel approaches involving molecular genetic techniques
and how their use can be advantageous for the treatment
of DDD in the lumbar spine.

IDENTIFICATION OF GENES FOR TARGETED
GENE MANIPULATION

Intervertebral disc disease occurs because of a com-
plex interaction of cells, cell products, inflammatory
cytokines, and degradative processes occurring in the
intervertebral disc. All of these to-date identified mecha-
nisms are naturally occurring processes that are designed
to maintain the intervertebral disc homeostasis. One or
multiple unknown triggers mark the beginning of disc
degeneration by causing a shift of the anabolic/catabolic
equilibrium. The goal of any biologic therapy for DDD
therefore must be to reinstate the equilibrium or slow
down the shift of the anabolic/catabolic equilibrium. 

In order to be able to identify the different pathways in
which a gene therapy protocol would be able to intervene
toward a slowing of the degenerative process one has to
understand the process of disc degeneration. While there
are still many secrets to be solved in the complex process
of disc degeneration it seems that there is a fundamental
concept of homeostasis that is gradually disrupted during
the degeneration of the intervertebral disc. To facilitate
the understanding of the complex process of interverte-
bral disc degeneration and the possible ways of therapeu-
tic intervention one can group the different mechanisms
responsible for maintenance of disc homeostasis into two
major categories: nutritional and catabolic.

Nutritional

One of the first steps in disc degeneration may be the
increase in fibrochondrocytes along the annulus fibrosus.
This increased fibrosis has been observed parallel to a
decrease in diffusion of substances throughout the inter-
vertebral disc. This in turn may be responsible for the
declining oxygen tension within the intervertebral disc. A
decrease in oxygen tension most likely will result in
impairment of cellular function within the nucleus and
thus may lead to a decrease in matrix synthesis.
Decreased matrix synthesis will lead to a favored pro-
duction of the smaller, less complex keratan sulfate shift-
ing the equilibrium toward a higher concentration of
nonaggregated proteoglycans that bind fewer water mol-
ecules (7–9). As a result, the overall capacity of the
nucleus pulposus to imbibe water decreases. In addition
there seems to be an abundance of smaller proteoglycan
fragments that appear in early disc degeneration sec-
ondary to the collapse of adequate matrix proteoglycan
production. These smaller, nonaggregate proteoglycans
and breakdown products decrease the fluid flow through-
out the disc and thus, even further inhibit the diffusion
capacity of nutrients throughout the disc. This again lim-
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its the oxygen tension and nutrient supply to and from the
intervertebral disc cells. 

A further cascade involved in disruption of normal disc
homeostasis is the constant maintenance of different col-
lagen types within the intervertebral discs. The interverte-
bral disc is predominantly composed of type I and II col-
lagen. The annulus is predominantly composed of type I
collagen fibers. Type II collagen is mainly found in the
nucleus pulposus. The distribution shows a small gradient
toward the periphery, with the concentration of collagen
type II decreasing and type I collagen fibers increasing
toward the annulus. Despite the fact that this collagen
scaffold does not seem to change significantly during the
aging process, DDD shows significant alteration of the
collagen composition early on. In early degeneration more
type I and II collagen is expressed, however, in tandem
with an increase in minor collagen types (III, V, VI). Dur-
ing the course of further degeneration collagen type II will
disappear in the nucleus and be replaced by collagen type
I. The minor collagen types of fibrosis (III, IV, and X)
become more abundant within the nucleus pulposus and
gradually lead to a loss of elasticity. 

Catabolic

An inflammatory component has been discussed as a
major entity in degeneration of the intervertebral disc.
Nitric oxide (NO), interleukin-1 (IL-1) and 6 (IL-6), and
prostaglandin E2 (PGE2) are powerful inflammatory medi-
ators which have been shown to be elevated in degener-
ated human intervertebral discs. Although the mecha-
nisms are not fully understood to date NO, IL-6, and PGE2

appear to be up-regulated in response to the main inflam-
matory cytokine IL-1. It is likely that these inflammatory
mediators have multiple functions but one of their func-
tions is to support the breakdown of proteoglycans medi-
ated by degradative enzymes called matrix metallopro-
teinases (MMPs). These MMPs are a family of enzymes
responsible for the breakdown of collagens and extracel-
lular matrix. The MMPs include well-known enzymes
such as, collagenase 1-3, gelatinases, stromelysin, or
aggrecanase. These powerful catabolic enzymes are able
to breakdown different sizes of matrix proteoglycans and
collagens and show a significantly higher activity in
degenerated intervertebral disc cells than in normal discs.
It is surprising, however, that the actual amount of MMPs
is not increased in the degenerated intervertebral disc. In
fact, the increase in proteoglycan breakdown may be more
likely a result of the lack of inhibition of the MMPs. 

In a normal intervertebral disc MMPs are inhibited by
molecules called tissue inhibitors of metalloproteinases
(TIMPs). The concentration of these TIMPs is greatly
decreased in degenerated intervertebral discs. This mech-
anism, therefore, suggests a breakdown of the anti-cata-
bolic system within the intervertebral disc during degen-
eration.

Strategies that result in a net increase in proteoglycans
may have therapeutic potential in altering the natural his-
tory of disc degeneration. These strategies could involve
increasing the production of proteoglycans, blocking
their catabolic degradation, or a combination of both. 

Possible Targets for Gene or Protein Transfer

One common way to increase the productivity of cells in
the presence of impaired function uses small proteins
called growth factors. These growth factors have the abil-
ity to override and steer cellular protein synthesis in less
than optimal surroundings. Naturally occurring, these
growth factors offer a way in which intervertebral disc
cells can be influenced and guided to produce extracellular
matrix and collagen when disc degeneration occurs and
thus counteract the degradation of the intervertebral disc.

Several promising growth factors have been isolated
which have the ability to increase extracellular matrix pro-
duction and collagen production in intervertebral disc
cells. Transforming growth factor-β (TGF-β1) and bone
morphogenetic proteins (BMPs) are two examples of
growth factors (out of many) with strong potential for
altering intervertebral disc (IVD) biology. Thompson et al.
studied the in vitro response of canine IVD tissue to the
following growth factors: human recombinant IGF-1, epi-
dermal growth factor (EGF), fibroblast growth factor
(FGF), and TGF-β1. Incorporation rates by the tissue
regions of up to five times the control rate were reported,
with the nucleus and transition zone responding more than
the annulus. TGF-β1 and EGF elicited greater response
than FGF, while IGF-1 produced only a marginally signif-
icant response in the nucleus and no response in the annu-
lus and transition zone (10). Our group showed that the use
of TGF-β1 and BMP-2 lead to higher levels of proteogly-
can production in degenerative human and rabbit nucleus
pulposus cells (6). Takegami et al. studied the effect of
human recombinant osteogenic protein (hrOP-1) on cell
proliferation as well as on proteoglycan production and
collagen synthesis. They showed that there is a dose-
dependent increase in proliferation rate as well as collagen
and proteoglycan production of rabbit intervertebral disc
cells treated with hrOP-1. They were also able to show the
restoration of proteoglycan in previously proteoglycan-
depleted cultures of intervertebral disc cells if they were
treated with hrOP-1 (11). Our laboratory has just recently
shown that the treatment of degenerative intervertebral
disc cells with TIMP-1 will increase proteoglycan produc-
tion and the rate of proteoglycan synthesis by a factor of 5. 

However, the critically important issue for the delivery
of growth factors is the length of therapeutic effect of
these exogenous growth factors to targeted cells in the
IVD. The normal half-life for most of these growth fac-
tors in vivo is approximately 20 minutes. Therefore, the
therapeutic effect of injecting growth factors directly into
the IVD may be too transient to have a major long-lasting
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effect on a chronic disorder such as DDD, and repeated
injections may not be practical or well tolerated by
patients. 

THE CONCEPT OF GENE TRANSFER

A sophisticated way to deliver sustained levels of
growth factors to musculoskeletal tissues has been shown
to be gene transfer technology. Particularly, the use of
viral vectors appears to be highly efficient in the delivery
of the desired transgene to most mesenchymal tissues. 

Gene transfer is a novel technique in which genes of
interest are inserted into target cells, causing them to syn-
thesize the protein encoded by the inserted gene. This tech-
nique can be used as an approach for treating genetic dis-
eases by compensating for mutant genes or as a means of
delivering a therapeutic substance to the area of interest.

Protein synthesis within a mammalian cell involves sev-
eral steps. At first a gene, consisting of specific DNA
sequence is transcribed into a complementary chain het-
erogeneous to nuclear RNA. This is then processed into
messenger RNA (mRNA) by a series of modifications that
include capping, splicing, and the addition of a polyadeno-
sine tail. The mature mRNA leaves the nucleus of the cell
and is translated by ribosomes into a sequence of amino
acids that form the protein. When an exogenous gene is
introduced into the nucleus of a cell, it is also transcribed
into mRNA and thus produces the protein encoded by the
gene. The cell may normally not make this protein of inter-
est, or it may be made in insufficient amounts. There are
different techniques available that aid the insertion of a for-
eign gene into the genome of a mammalian cell. Gene
transfer to cells normally requires the assistance of a vehi-
cle or vector, which may be viral or nonviral in nature. The
nonviral techniques typically use small particles like lipo-
somes or spheroblasts carrying the gene of interest. These
particles have the ability to fuse with the target cell or to
enter the cell by endocytosis. Other techniques like elec-

troporation and microparticle bombardment use physical
strain or electric shock in order to break small temporary
defects into the cell wall without severely damaging the
cell, allowing the DNA strand to travel into the cell.
Another approach uses a direct microinjection of the gene
into the cell. These methods tend to be inefficient (5).

Viral-based vectors generally use the inherent capacity
of a virus to attach to the surface of a cell, through specific
receptors, and insert its genome into the cell (Fig. 9-1). For
safety reasons the viral vector must be altered to render the
virus incapable of replicating. Hence viral vectors are engi-
neered such that endogenous gene sequences required for
replication and pathology are removed. The ideal viral vec-
tor therefore carries the genes of interest into cells with
high efficiency, but does not replicate or cause pathology.

By far the most commonly used vectors are retroviral
and most are based upon the Molony murine leukemia
virus. Retroviral vectors specifically infect dividing cells
with a very high efficiency. They insert their genes into
the chromosomes of the target cell. This leads to repro-
duction of the inserted gene each time the infected cell
divides. Clinical trials have already been successfully ini-
tiated using retroviral vectors. Although retroviral vectors
are the most commonly used vectors in human clinical tri-
als at present, there are certain disadvantages in their use.
For example, retroviruses do not infect nondividing cells.
Furthermore, there is a theoretical risk of mutagenesis due
to the random integration of the viral DNA into the chro-
mosome of the target cell. If chromosomal integration
occurs near a site of an oncogene, activation may occur
causing the cell to transform. Because of this potential
risk, most investigators have used the retroviral vectors in
an ex vivo approach (discussed later in the chapter).
Presently, however, there are no reports of malignancy
caused by gene therapy using retroviral vectors.

The second most commonly used viral vector is
derived from the adenovirus. This is a DNA virus that is
highly infectious to a number of different cell types. The
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FIG. 9-1. The DNA coding for a growth factor is
engineered into a vector (i.e., adenoviral vector
capsid). The vector is applied to the tissue or cell
culture and attaches to the cell membrane. The
DNA is inserted into the cell and travels to the
nucleus where it integrates episomally or inte-
grates into the chromosome. The inserted DNA
then uses the regular transcription and translation
process of the host cell and is translated into the
protein of interest. The treated cell now begins to
produce the protein of interest in high amounts.



adenoviral vector infects dividing as well as nondividing
cells and can be prepared in high titers. In contrast to the
retroviral vectors, the genome of the adenoviral vector is
not integrated into the chromosome of the target cell. The
adenoviral vector inserts its genome as an episome within
the nucleus of the target cell. Thus, the inserted genes will
not be automatically passed on during cell division. As a
result the percentage of infected daughter cells will
rapidly decrease as a result of dilution with every cell
generation. However, adenoviral vectors are highly anti-
genic and initiate strong immune responses. Likewise, her-
pes viral vectors, which have the capability of including
multiple transgenes, are also antigenic and often cytotoxic
to the host cell or tissues. Currently, new generations of
viral-based vectors are under development. These will
increase the efficiency of transduction of both dividing and
nondividing cells. The most promising of these are based
upon adeno-associated virus (AAV), the herpes simplex
virus (HSV), and the lenti-retrovirus. These vectors show a
high infectivity and may provide a long-term expression.
The goal is to generate new viral vectors which can escape
the surveillance of the host immune system and which can
express the desired gene product in a tissue-specific man-
ner. 

Gene transfer can be accomplished by two main
approaches, ex vivo or in vivo, in order to transduce tar-
get cells.

The ex vivo approach transduces target cells after har-
vest and culture in vitro under sterile conditions. The cells
are transduced and selected in culture and then prepared
for injection into the recipient tissue. Because no viral
particles enter the human body, ex vivo gene therapy pro-
vides a measure of safety that is not found with in vivo
gene delivery.

In vivo transduction is a more straightforward proce-
dure. The vector is directly applied into the tissue of inter-
est by catheter or needle injection. This approach how-
ever, does not allow control over the rate of target cell
transduction. Due to the direct introduction of viral parti-
cles into the body, safety concerns are higher. The choice
of the approach to achieve target cell transduction is
dependent upon the desired longevity of gene expression,
the viral vector chosen, the anatomy and physiology of
the target organ, safety considerations, and the underlying
cause of the disease to be treated. Generally, the ex vivo
approach is usually employed when using retroviral vec-
tors because of the necessity for high rates of cell division
and safety concerns surrounding the injection of retro-
virus into the body. Due to their high infectivity and abil-
ity to infect nondividing cells, adenoviral vectors are
often used experimentally in the in vivo approach (5).

Gene Transfer to the Intervertebral Disc

Several authors have previously shown successful
transfer of exogenous genes to musculoskeletal tissues. In

our laboratory we have pioneered the viral gene transfer
to the intervertebral disc using adenoviral and retroviral
gene transfer protocols. 

Wehling et al. reported the successful gene transfer of
the LacZ marker gene as well as the interleukin receptor
antagonist gene (IRAP) to bovine intervertebral disc cells
(12). Subsequently, Nishida et al. performed a study
which showed that the adenoviral transfer of the LacZ
marker gene to the rabbit intervertebral disc is feasible
and will lead to long-term expression of the marker gene
(13). This has since been proved to be the case with dif-
ferent viral vectors including AAV (Figs. 9-2 and 9-
3A,B). Surprisingly the intervertebral disc allowed for
long-term gene expression after use of an adenoviral vec-
tor, suggesting that the intervertebral disc may be an
immune-privileged site within the human body. This
observation has since been underlined by Park et al. He
found an unusually high expression of FAS ligand, a sup-
pressor of cellular immunity, within the intervertebral
disc (14). In a follow-up study Nishida et al. transferred
the gene for TGF-β to rabbit intervertebral discs in vivo
and could show that the overall proteoglycan production
of the intervertebral disc cells increased (15). Moon et al.
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FIG. 9-2. In vitro transduction of human intervertebral disc
cells with two different viral vectors. The adeno-associated
virus vector (AAV) and the adenoviral vector (ad) both trans-
fer the LacZ marker gene to human intervertebral disc cells.
Both viruses show a clearly dose-dependent transduction
efficacy. The adenoviral vector is overall more efficient. Ade-
noviral vectors have the advantage of efficient transduction
of nondividing cells. The AAV shares this advantage but in
addition is much less immunogenic and is not associated
with any known disease in humans. Thus, the AAV vectors
may be potentially safer than adenoviral or retroviral vectors.



investigated the effect of different growth factors trans-
ferred to human intervertebral disc cells using an aden-
oviral vector. He showed synergism between the expres-
sion of TGF-β, BMP-2, and IGF-1 with respect to the
overall proteoglycan production in culture (6). In a
recently published study Yung et al. applied a pellet cul-
ture technique in order to grow intervertebral disc cells in
a three-dimensional matrix. Transduction of these pellet
cultures with an adenoviral vector coding for the BMP-2
gene led to an increase in proteoglycan synthesis and total
proteoglycan content (16). 

FUTURE PERSPECTIVES

Clearly there are still many obstacles to overcome
before a viral or nonviral gene transfer protocol can be
used as a viable treatment option in DDD. Molecular
biologists and surgeons, however, are feverishly working
to develop safer methods of gene transfer in order to be
able to influence the biologic environment within soft tis-
sues such as the intervertebral disc. We know from ani-
mal experimental data that the approach is feasible in
vivo. Safety studies are currently underway to determine
if these technologies may be applicable to humans. 

In addition to the development of novel and safe vec-
tors researchers are developing new models to mimic
intervertebral discs in vitro and in vivo.

Finally, it is important to understand the goal of any
therapeutic approach to disc degeneration. The major
issue to overcome at this time is still the early detection
of disc degeneration. Questions that need to be answered,
address the time course of degeneration. When is a disc
too degenerated for therapy? How much regeneration
potential does a degenerated disc have? How well does
the magnetic resonance image signal change correlate
with the biologic activity of the intervertebral disc? All
these questions will have to be addressed before a broad-

based attempt to treat this disease using gene therapy can
be made. As of now, we still do not know the exact cause
of disc degeneration. It is certainly not feasible to pro-
phylactically treat all degenerated discs at all levels with
a gene therapy approach. It is therefore important to
focus treatment using this new technology to very limited
and clearly defined problems. One of these problems, for
example, is disc degeneration occurring above and below
fusions in the lumbar or cervical spine. At the time of
fusion an injection into the adjacent discs could be per-
formed without any problems.

In conclusion, gene transfer technology offers a so-
phisticated way to influence the biochemical environment
inside the degenerated intervertebral disc and may be a
useful tool to treat this highly prevalent disease in the
future. The transfer of growth factors to the intervertebral
disc may be able to limit disc degeneration or it may be
able to prevent disc degeneration if the gene transfer is
done prophylactically at a junctional level at the time of
posterior spinal fusion. Viral or nonviral gene transfer is
an emerging technology that will be able to offer exciting
new perspectives in research and treatment of interverte-
bral disc disease.
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as 1 year post-injection. The in vivo delivery of the LacZ marker gene using the novel AAV vector (B)
can be detected for at least 6 weeks post-injection.
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CHAPTER 10

Clinical Neurophysiologic and
Electrodiagnostic Testing in Disorders of the
Lumbar Spine

Jiri Dvorak and Scott Haldeman

Patients with symptoms related to the lumbar spine can be
differentiated into two groups: those with neurologic
deficits and those with more benign pathology causing
pain. This differentiation carries significant clinical impor-
tance when considering prognosis as well as the necessity
for nonsurgical or surgical intervention. The patient pre-
senting with neurologic findings suggestive of a spinal
cord or cauda equina lesion may represent a medical or
surgical emergency. Patients with acute or progressive
radiculopathy may respond to nonsurgical care but require
more intense investigation than the patient without radicu-
lopathy and may benefit from surgical decompression. 

Patients with chronic neurologic lesions carry a poorer
prognosis than appropriately treated patients with acute
neurologic deficits. For this reason the documentation of
neurologic deficits is one of the primary goals of the
diagnostic process when evaluating patients with disor-
ders of the lumbar spine.

When neurologic deficits are noted on examination of
patients with lumbar radicular pain syndromes due to
disc herniation or stenosis there may be a discrepancy
between clinical and neuroradiologic imaging (magnetic
resonance imaging, computed tomography, myelogram)
findings. Furthermore, virtually all forms of nondestruc-
tive pathology noted on an imaging test can exist in the
absence of symptoms. This can make it difficult to iden-
tify the particular nerve root or spinal cord level respon-
sible for the patient’s complaints. In other patients the
clinical examination may be equivocal and there may be
considerable doubt regarding the presence of neurologic
deficits when patients present with vague nonspecific
sensory or motor symptoms in the lower extremities.

Neurologic deficits in the lower extremities, even in
patients with low back pain, may represent disorders that

are not related to the lumbar spine. There are a number of
compression lesions such as peroneal neuropathy and
tarsal tunnel syndrome that can mimic radicular clinical
pictures, especially if the symptoms are diffuse or the
clinical examination is superficial. Surgery to the lumbar
spine in these patients is unlikely to be of any benefit in
reducing such deficits.

A surgeon contemplating surgery often has to answer
two questions. The first is the determination of the pres-
ence and degree of neurologic loss. The second is the
level of a spinal cord lesion or the nerve root that that
may respond to decompressive surgery. If there is close
concordance between clinical and imaging findings there
is no need to consider further testing. However, in cases
where imaging and clinical findings are not in complete
agreement, the surgeon may require additional testing in
order to make the correct decision on whether to operate
and at what level surgery should be contemplated. It is in
these cases, where there is doubt as to the presence of
neurologic deficits or the level of such deficits, that neu-
rophysiologic and electrophysiologic tests can become
important in the diagnostic process.

There still remain some questions related to the sensi-
tivity, specificity, and positive predictive value of certain
electrophysiologic tests that often raise unreasonable
expectations for these tests. There has also been a trend
toward the indiscriminate ordering of batteries of tests in
patients with sciatica. This has often led to confusing
results that may not be of much help to the treating physi-
cian. Despite these shortcomings, the use of electrodiag-
nostic testing has become routine in most clinical settings
that treat patients with disorders of the lumbar spine. This
chapter will attempt to outline the most common electro-
physiologic tests and to describe how they can be of the
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most value to both surgical and nonsurgical treating
physicians.

ELECTRODIAGNOSTIC TESTING

Electrodiagnostic testing can be divided into three dis-
tinct areas of interest.

1. The investigation of a suspected radiculopathy. This
is often the primary goal of electrodiagnostic testing. In
this setting the testing is used to document the presence
of and the level of a radiculopathy as well as to give some
indication of the chronicity of the neurologic loss. The
mainstay of this testing is electromyography (EMG).
Electromyography, however, can be supplemented by the
use of H-reflexes and possibly F-responses in order to
make the testing more meaningful.

2. The investigation of myelopathy. The presence of
symptoms suggestive of a myelopathy may represent a
medical emergency and may have to be confirmed in a
confusing clinical setting. Somatosensory evoked poten-
tials (SEPs) and motor evoked potentials (MEPs) are most
commonly used to investigate conduction within the spinal
cord. SEP-techniques can be used to evaluate the sensory
pathways within the spinal cord whereas MEPs allow for
assessment of lesions that affect motor neuron pathways.
Both SEPs and MEPs, however, are impacted by lesions
that affect nerve roots as well as the lumbosacral plexus
and depend on the integrity of peripheral nerves for accu-
rate recording. This can make it difficult to interpret these
tests if more than one lesion is present in a patient.

3. The differentiation of proximal nerve root lesions
from other peripheral or entrapment neuropathies. The
primary tool for this process is peripheral motor and sen-
sory nerve conduction studies or conventional neurogra-
phy (electronystagmogram, or ENG). It is often neces-
sary to supplement these studies or at least correlate
findings from ENG studies with F-wave, H-reflex, and
EMG findings. Electromyography of limb and paraspinal
muscles, for example, may allow a distinction to be made
between lesions affecting motor roots and more periph-
eral nerve elements. Electroneurography, F-wave, and H-
reflex studies may be the only manner to distinguish
between proximal root and peripheral nerve disease with
a high degree of confidence.

SEPS

SEPs can be recorded over the scalp adjacent to the
sensory cortex on electric stimulation of the large mixed
motor-sensory nerves, small sensory peripheral nerves,
or the skin over specific dermatomes. Responses can
also be recorded on magnetic stimulation of paraspinal
and peripheral muscles. The recording of these poten-
tials, due to their small amplitude in comparison with
the background electrical noise, requires the computer
averaging of multiple responses. Most laboratories will

record simultaneously the sensory action potential
within the peripheral nerve and, where possible, a
response over the lower lumbar spine. The latter, how-
ever can be difficult in older patients and especially in
overweight patients.

The nerves most commonly used for the diagnosis of
spinal cord lesions are the large mixed sensory-motor
posterior tibial and common peroneal nerves of the lower
limbs usually at the level of the ankle. The absolute
latency of scalp response and the difference in latency of
the responses from the two legs can be used as an indica-
tion of reduced conduction within the spinal cord. By
recording the peripheral sensory nerve conduction and
measuring the height of the patient, it is possible to cal-
culate the expected normal latency. If a spinal response is
obtained, a central conduction time can be calculated by
subtracting the latency of the spinal response from the
latency of the cortical response.

Attempts to diagnose radiculopathy by stimulating der-
matomes and small sensory nerves have led to disap-
pointing results and suggest that the sensitivity, speci-
ficity, and reliability of SEPs in radiculopathy is not
sufficient for general use. These tests are also very time-
consuming and technically challenging as the responses
have much smaller amplitude than those obtained from
larger nerves. The use of mixed nerve responses is very
insensitive in the diagnosis of radiculopathy because both
the posterior tibial and peroneal nerves contain fibers
from multiple nerve roots. However, in patients with mul-
tilevel radiculopathy or plexopathy marked abnormalities
can be seen on stimulation of these large nerves.

SEPs have, however, been shown to be of value in doc-
umenting cauda equina and spinal cord lesions that affect
bowel, bladder, and sexual function. In these patients cor-
tical evoked potentials and bulbocavernosus reflex re-
sponses on stimulation of the pudendal nerve may give
some indication whether the bowel, bladder, or sexual dys-
function is due to a lesion within the spinal cord or more
peripherally within the nerve root and pudendal nerve.

MEPS

Barker et al. first introduced the method of painless
magnetoelectric transcranial stimulation of the cerebral
cortex in 1985 (1,2). They applied short magnetic pulses to
the scalp produced by a device designed to stimulate
peripheral nerves, and recorded muscle action potentials
from upper and lower limb muscles. The magnetic field
produced by this instrument passes through scalp and skull
to stimulate the cerebral cortex. Magnetoelectric stimula-
tion can also be used to stimulate deep-lying proximal seg-
ments of peripheral nerves and nerve roots (3), thus allow-
ing for evaluation of central and proximal peripheral
pathways. This equipment has also been used to stimulate
paraspinal muscles and record cortical evoked potentials
that can be influenced by muscle spasm.
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The muscles most commonly used for recording corti-
cally evoked MEPs in the lower extremities are the
quadriceps, tibialis anterior, gastrocnemius, extensor hal-
lucis, and abductor hallucis muscles (4). Surface record-
ing electrodes are placed over the motor end plate. The
segmental innervation of these muscles is used to deter-
mine the level of the lesion. 

When recording MEPs on stimulation of motor roots at
the lumbar spine, the intensity of the stimulator must be
adjusted so that a potential with a steep negative rise can
be recorded. In this situation the onset latency is not crit-
ically dependent on the positioning of the coil or the stim-
ulation strength (3). The site of excitation of the nerve
root is most probably the nerve root as it exits from the
intervertebral foramen (3).

In order to interpret the MEP waveform it is necessary
to obtain an M-wave recording by means of conventional
neurography. The M-wave is the electric potential
recorded from the muscle in response to a supramaximal
stimulus of the peripheral nerve. This provides a measure
of muscle electric response “size” (5) and is used as a ref-
erence signal with which transcranial stimulation MEP
amplitude and duration are compared (i.e., MEP ampli-
tude and duration are expressed as ratios of M-wave
amplitude and duration).

F-WAVES

F-waves are long latency responses recorded over distal
muscles on stimulation of motor nerves innervating the
muscle. This is achieved through the stimulation of a Ren-
shaw cell in the anterior horn of the spinal cord through
antidromic stimulation of the motor nerve. Distinct left-
right latency differences that exceed normal values or a
reduced number of F-waves after a given number of supra-
maximal peripheral stimuli in the presence of normal dis-
tal motor conduction can be a sign of a proximal neuronal
lesion in the sciatic plexus or nerve root. F-waves, how-
ever, must be interpreted with caution. The F-wave is often
normal in mild cases of radiculopathy, especially if only
one nerve root is involved.

In conjunction with MEPs, however, F-wave record-
ings may give information about conduction times in
motor fibers within the proximal segments of spinal
nerves that may be compressed by a disc herniation. F-
wave recordings allow for the determination of peripheral
nerve conduction time or peripheral latency (PL), the
time it takes for impulses to travel from the anterior horn
cell to the muscle. This latency includes conduction over
the motor root from the spinal cord through its exit from
the intervertebral foramen to the muscle where it is
recorded. Calculation of PL is especially important in
lumbar spine disorders where motor roots measure 10 to
20 cm (6) and contribute considerably to peripheral
latency. F-wave recordings can therefore help localize the
site of a lesion (7).

H-REFLEX

The H-reflex was first described by Hoffmann in 1918
(8). It is a reflex motor response within a muscle elicited on
electric stimulation of large, low-threshold sensory nerve
fibers within the nerve from that muscle. The response on
stimulation of this nerve results in excitation of the motor
neuron pool that innervates the muscle (from which the H-
wave is recorded) through the same nerve. It is a monosy-
naptic reflex response that has a strong correlation with the
tendon jerk but bypasses the muscle spindles.

In adults the H-reflex is recordable in a limited group
of extensor muscles, especially the soleus/gastrocnemius
muscles in the calf innervated by the S1 nerve root. Low-
amplitude voluntary muscle contraction may facilitate the
H-response (9). Stimulation of the tibial nerve at the knee
with slowly increasing intensity from subthreshold to
submaximal levels allows for recording of H-responses
with increasing amplitude from the soleus muscle. Fur-
ther increase in stimulus intensity elicits M-waves of
increasing size, while the H-reflex diminishes progres-
sively and is eventually replaced by the F-wave on supra-
maximal stimulus intensity. H-reflexes and F-waves have
similar latencies when stimulus and recording sights are
at the same location. S1 sensory or motor root deficits
reduce H-responses and increase their latency. Right/left
latency differences can be a sensitive indicator of unilat-
eral S1-radiculopathy. Braddom et al. and Aiello et al.
noted a 90% to 100% true-positive rate and 0% true-neg-
ative rate in S1 radiculopathies using the H-reflex from
the soleus/gastrocnemius muscles (10,11).

EMG

EMG performed with concentric or monopolar needle
electrodes is the oldest and the most widely used neuro-
physiologic test for the diagnosis of nerve root compres-
sion syndromes (12). It is often used as an extension of
the physical and neurologic examination and the muscles
selected for testing are usually selected based on the clin-
ical findings (Fig. 10-1).

Needle EMG requires the physician to study the mus-
cle under different conditions of muscle contraction. Four
specific forms of electric muscle activity are recorded
and noted for each muscle tested:

1. Insertional activity is evaluated at the time of inser-
tion of the needle into the bulk of the muscle and at each
repositioning of the needle electrode within the muscle. It
is common practice to sample muscle electric activity at
10 to 20 locations within the muscle.

2. Spontaneous activity is studied with the muscle at
rest. At each location within the muscle, the needle elec-
trode is maintained in a stationary and stable positioning
and muscle electric activity is recorded with the muscle at
rest. This allows for the detection of abnormal electric
activity such as fibrillation potentials and positive sharp
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waves that are indication of acute denervation of the mus-
cle (Fig. 10-2).

3. Single motor unit action potentials (MUAPs) are
recorded during light voluntary contraction of the muscle
and examined with respect to amplitude, duration, and
number of phases of the electric potentials. An average of
20 MUAPs are commonly evaluated and can vary slightly
from muscle to muscle.

4. Motor unit recruitment and the interference pattern
are recorded during a gradual increase of voluntary mus-
cle contraction and during maximal voluntary contraction
to obtain a crude indication of the degree of muscle loss
following denervation (Fig. 10-3).

In normal muscles, MUAPs are only seen during vol-
untary muscle contraction. The membranes of denervated
muscle fibers become unstable and sensitive to mechani-
cal or chemical irritation. This results in increased inser-
tional activity and spontaneous activity that can be
recorded in the absence of muscle contraction. These
signs of denervation noted on EMG testing become evi-
dent at about 14 to 21 days after the nerve lesion. As the
nerves to paraspinal muscles are shorter than those trav-
eling to distal muscles, the spontaneous activity is first
seen in paravertebral muscles followed by proximal and
then distal muscles of the leg. These potentials represent
signs of acute denervation of the muscle.

The analysis of single MUAPs may reveal characteris-
tics that are typical but not specific for lower motor neu-
ron injury that can occur in radiculopathy. The finding of
increased amplitude, increased number of phases, and
increased duration of the motor unit potentials are classi-
cally seen only after reinnervation of denervated muscle
fibers as the result of sprouting from adjacent unaffected
fibers. These changes are therefore termed signs of
chronic denervation or reinnervation. Decreased motor
unit recruitment and discharge are crude signs of the
degree of neuronal loss as the result of radiculopathy.

SENSITIVITY AND SPECIFICITY OF
NEUROPHYSIOLOGIC TESTING

There are numerous problems in the interpretation of
published research studies that have looked at the sensi-
tivity and specificity of the different electrodiagnostic
tests. The primary difficulty is the determination of a
gold standard for comparison. The studies that have been
published have attempted to correlate the tests with either
clinical examination findings, imaging studies such as
computed tomography (CT), magnetic resonance imag-
ing (MRI) or myelography, or the observation of nerve
root compression noted during surgery. The difficulty in
attempting to correlate electrodiagnostic testing with the
clinical examination is that many clinical findings such
as motor and sensory changes can be equivocal and influ-
enced by pain that the patient may be experiencing. There
may also be a fair degree of interobserver differences
noted in neurologic clinical findings, especially among
nonneurologists, that can make it difficult to interpret
these results. The difficulty in using imaging studies such
as CT, MRI, or myelography as a gold standard is that vir-
tually all findings considered abnormal on these studies,
including some of the most severe lesions that appear to
be causing neuronal compression, can be seen in the
asymptomatic population with a normal examination.
One of the primary reasons for conducting the electrodi-
agnostic testing is to document the significance of a sus-
pected compressive lesion. It therefore does not make
sense to use imaging studies as the gold standard. The
problem with surgical observation is that there is consid-
erable subjectivity on the part of the surgeon in docu-
menting the presence of root compression and the sur-
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FIG. 10-1. Electromyogram with concentric needle electrode
from tibialis anterior muscle

FIG. 10-2. Summary of different typical spontaneous activity from denervated tibialis anterior muscle
as shown in Figure 10-1 (1, sharp positive wave; 2, fibrillation; 3 and 4, fasciculation).



geon often does not have full visualization of the root or
explore all potential nerve roots, especially in the newer
minimally invasive procedures.

A number of studies however have attempted to ad-
dress the issue of sensitivity and specificity of the neuro-
physiologic assessment of nerve root compression syn-
dromes when compared to clinical, imaging, and surgical
findings (13–15). The results of these studies have varied
greatly from as little as 20% to as much as 90% or better
correlation. The often markedly different results reported
in other studies is due, in part, to the different electrodi-
agnostic tests used, the number of electrodiagnostic tests
studied, and the basis of documenting the lesion (clinical,
imaging, or surgical). The greater the number of electro-
diagnostic tests used and the greater the number of tests
the more sensitive the study is likely to be, but at the same
time the results are likely to be less specific as each test
has its own unique level of accuracy. The less precise the
imaging or clinical finding the less likely that a correla-
tion will be found.

These studies have been reviewed in detail by a num-
ber of authors and we will simply discuss a few of these
papers to illustrate this point. Tullberg et al. (16), for
example, looked at a series of electrodiagnostic tests in
20 patients who had undergone lumbar surgery for CT-
documented disc herniations. They used a wide variety of
tests including standard-needle EMG, F-wave responses
on stimulation of the peroneal nerve (L5 root), and tibial
nerve (S1 root) and dermatomal SEPs. They compared
these studies with clinical neurologic findings such as
motor, sensory, or reflex changes, CT scan results, and
surgical observation of root compression. Using multiple
diagnostic tools and multiple points for correlation, it is
not surprising that these authors found poor reliability to
predict results using electrodiagnostic testing. They noted
that clinically only 4 patients with documented root com-
pression on CT scan had motor loss and only 10 had sen-
sory loss with very little correlation between the different
findings on clinical examination. They noted that 13 of
the 20 patients had abnormal electrodiagnostic test
results but the correlation between tests and between tests
and CT findings was low. As expected EMG was the most
sensitive of these three testing methods for determining
the presence of radiculopathy (45%) but it was less sen-
sitive in determining the level of the disc protrusion
(20%). The sensitivity of the F-wave to document the

presence of a root lesion noted on CT or surgery was
35%, which is in agreement with other investigations
(17–20). However, the results were again unreliable in
predicting the exact level. These authors concluded that
there was no correlation between electrodiagnostic stud-
ies and the outcome of surgery. 

The lack of correlation between electrodiagnostic stud-
ies, clinical findings, and imaging was studied by Halde-
man et al. in 100 patients with chronic low back and leg
pain who were undergoing disability evaluations for work-
related injuries (21). The most revealing part of this study
was the lack of correlation between clinical findings and
imaging studies. The conclusion was that, in patients with
chronic persistent back pain, there is a breakdown in the
correlation between the clinical presentation and pathol-
ogy. This makes it difficult to use patients with chronic
pain complaints as a means of determining the reliability
of any test in documenting disability. 

Most studies, however, that have looked at the correla-
tion of a single electrodiagnostic test and a specific clin-
ical or imaging finding have found a correlation of
between 75% and 85% in the documentation of radicu-
lopathy (22,23). The results of Toyokura et al. (24), who
looked at patients with a well-defined lesion rather than
conduct a global study, conflict markedly with the results
of Tullberg et al (16). Tokoyura et al. found that there was
a significant improvement in F-responses after surgery
that correlated with the improvement of muscle weakness
after surgery. 

There has also been a fairly high correlation between
electrodiagnosis and the evaluation of muscle or motor
function. Carter and Fritz compared EMG findings of
acute denervation in patients with MRI findings of root
compression (25). They compared the findings on EMG
with the findings on short-time inversion recovery
(STIR) MRI of the muscles affected by the nerve roots.
STIR MRI has been noted to have a strong correlation
with peripheral nerve injury that causes denervation and
associated muscle edema. They noted a 92% correlation
between denervated muscle on EMG and that was noted
on STIR MRI. Zsu et al. provided more evidence of a
close correlation been different electrodiagnostic tests
and gave some indication how they could be used (26).
They noted that in 227 patients with signs of acute den-
ervation on EMG due to radiculopathy 47% of patients
with L5 radiculopathies had an abnormal peroneal nerve
F-wave. There was an abnormal H-reflex in 73% of cases
with a S1 radiculopathy. The posterior tibial F-response
was less sensitive showing only a 23% abnormal rate in
patients with an S1 radiculopathy. They found no false-
positive results. These authors believe that the use of long
latency responses is primarily to confirm the findings on
EMG and more accurately define the level of the lesion,
but they also believe that these tests should not be per-
formed without EMG because of the large false-negative
results of using F-waves as a freestanding test.

CHAPTER 10/ CLINICAL NEUROPHYSIOLOGIC AND ELECTRODIAGNOSTIC TESTING / 117

FIG. 10-3. Motor unit recruitment (interference pattern) dur-
ing voluntary reduced contraction from denervated tibialis
anterior muscle.



Tullberg et al. (16) found that dermatomal SEP showed
only 15% reliability in documenting the level of a root
lesion, a finding that has been observed in a number 
of other studies. The studies of Dermatomal Sensory
Evolved Potentials (DSERs), however, have given con-
flicting results that have fueled considerable controversy
over the use of these tests. Yazicioglu et al. found that
these tests were misleading in 27% of patients and pre-
dicted the presence and level of the lesion in only 7.2% of
patients (27). This has led many authorities, including the
American Academy of Neurology, to issue statements
that DSERs do not add anything significant to the elec-
trodiagnostic evaluation of radiculopathy (19). This has
not, however, eliminated the controversy. Pape et al.
recently reported a strong correlation between SERs and
subsets of patients with sciatica (28). They found a strong
correlation in patients with sciatica due to facet joint
hypertrophy causing nerve root compression with or
without disc pathology.

Studies on combining motor and sensory evoked
responses that theoretically would increase reliability have
also been disappointing. For example, Vohanka and Dvo-
rak (29) correlated the neurophysiologic findings with CT
or MRI findings of the lumbar spine. The quantitative
analysis of motor unit potentials showed 30% sensitivity
in patients with radiculopathy, but without motor deficit.
The MEPs and SEPs combined reached sensitivities of
55%, but the MEPs had 75% false- negative findings. 

One of the difficulties in electrodiagnostic studies has
been the lack of lower extremity muscles and easily
accessed peripheral nerves that can be tested for high lum-
bar disc herniations. Haig et al. (30, 31) has been studying
the sensitivity of needle EMG of paraspinal muscles using
a very precise mapping technique in fairly large samples of
patients with and without low back pain and radiculopathy.
They found that patients who are clinically normal have
few if any EMG abnormalities in the paraspinal muscula-
ture despite a high incidence of abnormalities found on CT
and MRI (32) in asymptomatic subjects. However, patients
with radiculopathy as documented on pain drawings had a
high degree of correlation with denervation in needle
EMG of paraspinal muscles. The authors recommend
EMG mapping of paraspinal muscles to rule out false-pos-
itive imaging studies. They found that the combination of
paraspinal EMG mapping and lower extremity EMG
showed a very strong correlation with imaging of root
compression with a false-positive rate of only 8% and a
false-negative rate of only 5%. In the small subset of
patients with lack of correlation between imaging studies
and electrodiagnostic testing it is still not possible to indi-
cate the more reliable test for determining the presence of
clinically significant radiculopathy.

Correlation between axial CT imaging and narrow
spinal canal and electrophysiologic conduction studies
has been prospectively evaluated in 132 patients by
Vohanka et al. (33). Neurogenic claudication was initially

declared by 59% of the patients. Twenty-six patients had
one level, 68 had two levels, and 37 had three levels of
central stenosis. No statistically significant relationship
was found among the number of levels of the stenosis and
the nerve conduction studies. However a significant rela-
tionship was found between minimum sagittal spinal
canal diameter and the delay of central conduction time
by transcranial magnetic stimulation. A similar correla-
tion was detected in amplitude of the H-reflex and mini-
mum transversal diameter.

Adamova et al. (34) introduced an exercise treadmill
test in patients with mild lumbar spinal stenosis. It is a
simple examination that can verify walking capacity and
confirm neurogenic claudication described by the patient.
Unfortunately an extensive electrophysiologic testing (H-
reflex, F-response, MEP) and the analysis of obtained
data before and after the treadmill test did not show sig-
nificant changes in comparison with control groups.

CONCLUSIONS

There are ongoing studies that will hopefully clarify
some of the difficulties clinicians have in interpreting
imaging and electrodiagnostic testing. At this time, how-
ever, it is clear that it is not possible to take any one clin-
ical finding, imaging study finding, or electrodiagnostic
test out of context with other studies or findings. The
most accurate method of determining the presence of a
neurologic lesion is to conduct the electrodiagnostic test
in conjunction with the other tests and clinical findings. 

It is increasingly being recommended that the ideal
approach to the study of radiculopathy is the electrodiag-
nostic consult by a specialist rather than the electrodiag-
nostic test by a technician. In this situation the electrodi-
agnostic specialist performs a history and examination of
the patient and reviews all imaging studies. The determi-
nation of which electrodiagnostic test should be per-
formed is based on the questions that arise from the
examination of the patient. 

If the clinical picture is clear, it may not be necessary
to perform any testing. If there is concern as to whether
an obvious radiculopathy is acute or chronic it may be
sufficient to perform only needle EMG to look for signs
of acute denervation or chronic reinnervation patterns. If
there is concern as to whether a specific lesion on imag-
ing is causing a radiculopathy then it may be important to
include H-reflex or peroneal F-wave studies for the doc-
umentation of an S1 lesion or F-responses if polyradicu-
lopathy is being considered. Paraspinal EMG mapping
may be most appropriate when an upper lumbar radicu-
lopathy is being considered. If there is confusion as to
whether a neurologic deficit is due to a peripheral meta-
bolic or entrapment neuropathy then it becomes neces-
sary to consider nerve conduction studies. If there is con-
sideration of a myelopathy or cauda equina lesion then
somatosensory evoked responses, bulbocavernosus reflex
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responses, or cortical motor evoked responses may be
necessary. It may be necessary to consider other neuro-
physiologic tests such as cystometry, nocturnal penile
tumescence, or specific tests of the autonomic nervous
system not mentioned in this chapter in order to obtain a
clear picture of the nature of the neurologic lesion caus-
ing a patient’s symptoms.

It is the tailoring of the clinical neurophysiologic test to
the patient and, in particular, the clinical question being
asked that gives these tests their greatest value. The more
qualified the specialist performing the test and the manner
in which the tests are correlated with the clinical findings
the more reliable the testing can be considered. The indis-
criminate use of electrodiagnostic testing by technicians
(even when a physician is acting as a technician) appears to
be the primary reason for the variation in the results in the
different studies. It is hoped that the evolution of the order-
ing of electrodiagnostic testing into the requesting of a
consult with a clinician with the capability to examine a
patient, review the imaging studies, and determine the test-
ing approach most likely to answer specific questions will
lead to the answers to questions commonly asked by sur-
geons and other clinicians attempting to determine whether
a patient with low back symptoms has a radiculopathy,
myelopathy, or other neurologic lesion.
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CHAPTER 11

Sensorimotor Control of the Lumbar Spine

Sten H. Holm and Aage Indahl 

ETIOLOGY OF LOW BACK PAIN

Low back pain has probably been an integral part of most
human lives through the ages. Tattoos on the back of the
“Iceman” recently found in the Swiss Alps have been inter-
preted as a possible treatment for low back pain. At the
beginning of the 20th century, the sacroiliac joint was
thought of as the main pain generator of the back, and
sacroiliac dysfunction was described (1). With the passing
of time, other structures have come into focus. The term
“facet syndrome” was coined in 1933 by Ghormley,
although the meaning was different from that of today (2).
It is still an undefined entity as is the “sacroiliac syn-
drome” (3). The major breakthrough came in 1934 when
Mixter and Barr described how herniated nucleus material
from the intervertebral disc, pressing on the nerve root,
was the cause of sciatic pain (4). Although many details are
now known about what Mixter and Barr described, it is still
not fully understood why disc herniations occur. The
mechanisms behind spinal disorders can either act as sin-
gle variables or in combination. Derangement in the lum-
bar intervertebral disc and zygapophysial joints can con-
tribute at the same segmental level or at different levels and
be independently painful causing direct and referred pain.
A similar situation can arise when the sacroiliac joint sys-
tem itself is disturbed, or indirectly affected through
derangement in the lumbar spine or its supporting struc-
tures (5–10). The relationship between pain and structural
derangement is still not fully understood.

Low back pain is one of the most common medical
problems of the middle-aged population, and from soci-
ety’s point of view, it is the most costly musculoskeletal
disease in industrialized countries today (11–13). In the
majority of cases, the origin of the pain remains obscure.
Much of low back pain is thought to arise from damage
to the intervertebral disc or the zygapophysial joints,
either directly through traumatic injuries or disc prolapse,
or indirectly through degenerative processes that transmit
unfavorable loading patterns onto other spinal structures

(e.g., ligaments, tendons, and supporting musculature) as
well as to the sacroiliac joint (8,14–20). 

In the clinical situation, the surgery rate for chronic
back pain is still growing, thus indicating strong beliefs
in pathoanatomic derangements. Stability and instability
are terms that are fundamental in describing the function
of the different back structures. Despite the lack of a
working clinical definition for these terms in a biome-
chanical system, they are widely used. Instability of one
or more spinal segments is accepted as one cause for low
back pain and the growing number of spinal fusion oper-
ations supports this belief. The need for strong trunk
muscles and ergonomic advice to preserve the stability
and integrity of the spine have dominated conservative
treatments (e.g., stabilizing exercises) for many decades.
Even if there is no clear definition of instability, there
seems to be a common understanding that instability is a
situation where a pathologic motion occurs within the
motion segment. Attempts to measure such pathologic
motions using advanced techniques have not been able to
demonstrate instability (i.e., hypermobility) (21). How-
ever, this appears not to have had any impact on the clin-
ical belief regarding the existence of instability. Terms
that cannot be defined, processes that cannot be mea-
sured, or exercises that have no clear criteria for being a
stabilizing exercise are of little value as scientific tools.
For biomechanical systems, it might be more useful to
use the terms such as motion, balance or postural control,
and transfer of loading with regard to the function of the
spine and its motion segments. An increased insight and
understanding of the sensorimotor control system that
takes care of these functions may lead us closer to the
nature of low back pain. 

In order to understand sensorimotor control, it is nec-
essary to have knowledge of the different structures that
are involved. All clinical entities for the treatment of low
back pain are unfortunately lacking a physiologic backup
and verification from adequate experimentally controlled
trials. Injuries and structural degeneration cannot be
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properly studied in the human situation because of the
ongoing aging process. There remains an absolute need
for interdisciplinary studies and experimental models in
order to evaluate the neuromuscular interaction and the
muscular control in the spine (22,23).

The peripheral part of the intervertebral disc, as well as
the zygapophysial joint capsules, are richly innervated by
different nerves that serve the function of pain and
mechanical reception (20,24–26) (Fig. 11-1). Both injury
as well as noxious stimulation of the spinal structures
have been shown to cause spasm of the lumbar muscles
and hamstrings (10,27), and may induce perturbations in
the proprioceptive function (14). Such observations indi-
cate possible mechanisms for long-term activation of the
musculature as an important factor in low back problems.

LUMBAR AND SACRAL STRUCTURES AND
INNERVATION PATTERNS

This section contains a brief summary of important
structures and mechanisms involved in control and move-

ments of the back. Also discussed is how lesions in the
avascular supporting structures, depending on location,
size, and degree of inflammation, can cause perturbations
to the proprioceptive function of the different receptors
and result in increased or prolonged muscle activation
that may cause pain. Irritation of low threshold nerve
endings in the sacroiliac joint, intervertebral disc, or the
zygapophysial joint tissue may trigger a reflex activation
of the gluteal and paraspinal muscles that may become
painful over time. To come closer to a solution to many
low back problems, a better understanding of muscle
function and their interactions with the passive structures
through the neural structures is needed.

The Lumbar Intervertebral Disc

The intervertebral disc is a deformable connective
structure that allows mobility and transfer loads between
the vertebrae. A normal intervertebral disc consists of a
gel-like central nucleus pulposus designed to sustain
pressure. Surrounding the nucleus pulposus is a special

FIG. 11-1. Neuromuscular network connecting the central nervous system to peripheral structures
(shown in boxes): intervertebral disc, zygapophysial joint, skin, and spinal muscles. (Reprinted with
permission from Holm S, Indahl A, Solomonow M. Sensorimotor control of the spine. J EMG & Kinesiol
2002;12:219-34.)
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arrangement of layers of collagen fibers, known as the
annulus fibrosus, which can resist movements in all
directions due to their alternating oblique orientation. A
cartilaginous end plate joins the vertebral body and the
intervertebral disc, and provides a nutritional pathway to
the disc, which is an avascular structure (28).

In the superficial layers of the disc, nerves form simple
free endings in the fetal stage, which increase in number as
the fetus matures. During the postnatal period, various
types of receptors develop, and in adult material, five types
of nerve terminations can be found. The complexity of the
receptors on the surface of the annulus increases with age.
Within a given disc, the receptors are not uniformly dis-
tributed (Fig. 11-2). After postnatal development, there is a
relative decrease in the number of receptors in the anterior
region. In adults the greatest number of endings are found
in the lateral regions of the disc, a smaller number occur in
the posterior region, and the least number occur in the
anterior region. The source of the nerve endings in the lum-
bar disc is the lumbar sinuvertebral nerves and branches of
the lumbar ventral rami and the gray rami communicantes.
Each lumbar sinuvertebral nerve supplies the disc at its
level of entry into the vertebral canal and the disc above.
The posterolateral corner of each lumbar disc receives
branches from the lumbar ventral rami that originate just
outside the intervertebral foramina. This region of the disc
receives a branch from the gray ramus communicantes
before its connection with the ventral ramus. Branches of
the gray rami communicantes innervate discs at various
levels. Even though the lumbar intervertebral discs are
innervated by branches of the sympathetic nervous system,
it does not necessarily mean that afferent fibers from these
structures return to the nervous system through the sympa-
thetic trunk. It has been suggested that somatic afferent

fibers from the discs simply use the course of the rami
communicantes to return to the ventral rami (20).

The presence of nerve endings in the lumbar interverte-
bral disc raises the question as to their function. Malinsky
(29) proposed a proprioceptive function based on its mor-
phology; however Kumar and Davis (30) did not find any
evidence to support this theory. Two studies have demon-
strated that mechanoreceptors are present in the outer annu-
lus fibrosus of the intervertebral disc (20,31). Furthermore,
it has been shown that in the rat the dorsal portions of inter-
vertebral discs from L1-L2 to L4-L5 are multisegmentally
innervated by the T11-L5 dorsal root ganglions (32).

For acute pain to occur, nerves must be involved. The
disc itself may be an intrinsic source of pain originating
from mechanical or chemical disturbances (33) (Fig. 11-
3). As previously described, it has been established that
the intervertebral disc receives innervation and that there
are pain potentials in the outer part of the annulus fibro-
sus. It is possible that discogenic pain from a single level
may involve more than one recurrent branch of the spinal
nerves. Free nerve ending associated with blood vessels
in the disc may be considered as having a vasomotor or
vasosensory function, but because the annulus fibrosus
contains so few blood vessels, this is less likely to be the
function for the majority of the nerve fibers in the disc.
Although there is no absolute explicit evidence that disc
pain can be ascribed to a particular type of nerve ending
in the disc, there is abundant evidence suggesting that the
disc can be painful (33,34).

The Zygapophysial Joints

Together with the intervertebral disc, the lumbar
zygapophysial joints, or more commonly called facet

FIG. 11-2. Schematic of the lumbar intervertebral disc show-
ing nonuniform innervation in the peripheral part.

FIG. 11-3. Schematic of a lumbar intervertebral disc show-
ing lesions that may or may not cause pain.



joints, are responsible for mechanical guidance of the
motion segment (35). The inferior articular processes of
one lumbar vertebra with the superior articular processes
of the lower adjacent vertebra form the lumbar facet joints.
The joints exhibit features typical of synovial joints and the
articulating surfaces are covered by articular cartilage. The
amount of weight bearing has been difficult to calculate,
but is estimated to range from 0 to 20% (36,37).

Sensory innervation of the facet joints is derived from
the posterior ramus of the spinal nerves, with each joint
receiving branches from the level above, the same level,
and the level below. These branches supply filaments to
the capsule surrounding the facet joint, which is attached
to the articular cartilage. Anteriorly, the fibrous capsule
of the joint is replaced entirely by the ligamentum
flavum, which attaches close to the articular margin. The
enclosing joint capsule is thick dorsally and is reinforced
by some of the deep fibers of the multifidus muscle. The
consensus is that the facet joint is a possible source of low
back pain (38). Marked degenerative changes can often
be demonstrated on imaging. Attempts have been made to
establish the “facet joint syndrome” as a clinical entity,
but this remains questionable (10).

The Ligaments

The different ligaments provide substantial stability of
the spine. The anterior and posterior longitudinal liga-
ments resist separation between adjacent as well as mul-
tiple vertebral bodies. Posteriorly, ligamentous structures
provide resistance to flexion or axial separation between
adjacent laminae (ligamentum flavum) and spinous
processes (interspinous and supraspinous ligaments). The
iliolumbar ligament provides a strong resistance to for-
ward displacement between the L5 vertebra and the
ilium. The intertransverse ligament, which spans between
consecutive transverse processes, is considered part of
the fascial system, which separates different muscular
compartments within the spine (24). 

Apart from ligamentum flavum, all ligaments seem to
be innervated (39). The ligaments around the disc receive
their innervation from the same nerves as the disc. The
dorsal longitudinal ligament is more densely innervated
than the anterior longitudinal ligament, receiving nerve
endings from both sides. The more lateral and posteriorly
located ligaments receive their innervation mainly from
the posterior branch of the spinal nerve (24).

The Sacroiliac Joint

The sacroiliac joint (SIJ) is a true synovial joint with
an auricular shape and a very limited amount of motion.
The joint is relatively small, considering the large forces
transmitted across it. The SIJ does, however, have an
extensive network of strong ligaments that helps maintain
stability and is constructed in such a way that the liga-
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ments are self-tightening with increasing load. Roentgen
stereophotogrammetric analysis has shown the amount of
SIJ motion to range from 0.5 to 1.6 mm for translation
and up to 4° for rotation (40).

The SIJ appears to be richly innervated, although there
seems to be some uncertainty as to the exact innervation
patterns (Fig. 11-4). Solonen found the SIJ to be pre-
dominantly innervated by the L4-S1 nerve roots, with
some contribution from the superior gluteal nerve, but
with a lesser contribution from S2, and rarely from L3
nerve roots (41). Grob et al. (42), in a study on adult
human cadavers, found the SIJ to be innervated by fine
nerve branches derived exclusively from dorsal rami of
the S1-S4 spinal nerves. Ikeda reported that the upper
ventral portion of the SIJ was mainly supplied by the ven-
tral ramus of the fifth lumbar nerve, while the lower ven-
tral portion was mainly supplied by the ramus of the S2
nerve (43). Thick, thin, and unmyelinated nerve fibers
have been reported, which are compatible with a broad
repertoire of sensory receptors, including encapsulated
mechanoreceptors (42,43).

In search of causes of low back pain, the SIJ has gained
renewed interest as a possible pain generator (44,45).
There is a special awareness of the SIJ as a source of pain
in pregnant and postpartum women, and although the
mechanism is not understood, relaxation of the SIJ before
childbirth is believed to play a role (9). Instability or sub-
luxation has most often been suggested as mechanisms
behind sacroiliac dysfunction (7,46). Despite any proven
clinical findings or clearly defined function of the joint,

FIG. 11-4. Representation showing the sacroiliac joint, sta-
bilizing ligaments, and innervation.
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“sacroiliac dysfunction” has been established as a clinical
entity (5,7,46,47).

The Supporting Musculature

The system responsible for muscle coordination around
a joint is called the “myotactic unit.” Muscle spindle affer-
ents make direct connections to motor neurons responsi-
ble for activation of synergist muscles and to interneurons
inhibiting motor neurons of antagonist muscles. Through
these divergent connections to the different muscles
around a joint, a strong neural network is established so
that muscles do not act independently of each other. Such
arrangements are responsible for joint stiffness.

Neural control on multiple levels is required to main-
tain normal locomotion. In order to support the body
against gravity, maintain posture, and to propel it for-
ward, muscle contractions must be well coordinated for
several joints. At the same time, the nervous system must
exert active control to maintain balance of the moving
body, and it must adapt the locomotion patterns to the
environment and to the overall behavioral goals. The
spinal circuits activated by descending signals from
higher centers accomplish this. Neural circuits in the
spinal cord play an essential role in motor coordination.
Spinal reflexes, where the “myotactic units” are the build-
ing blocks, provide the nervous system with a set of ele-
mentary patterns of coordination that can be activated,
either by sensory stimuli or by descending signals from
the brainstem and cerebral cortex.

The lumbar musculature exerts various forces on the
spinal motion segments. Each muscle not only acts as a
moment-producer, but also generates compressive and
shear forces. The functions of these muscles are to stabi-
lize the spine while providing mobility (21,48,49). The
recruitment patterns for these muscles are not well estab-
lished. The multifidus muscles are the longest and most
medial of the lumbar back muscles. They consist of
repeating series of fascicles that originate from the lami-
nae and the spinous processes of the lumbar vertebrae
and display consistent patterns of attachments caudally
(24). The key feature of the morphology of the lumbar
multifidus is that its fascicles are arranged polysegmen-
tally (Fig. 11-5). Each lumbar vertebra is supplied with a
group of fascicles that radiate from its spinous process,
anchoring it below to mammillary processes. The fibers
of the multifidus are designed to act together on a single
spinous process of two to four levels. All the fascicles
originating from the spinous processes of a given verte-
bra are innervated by the medial branch of the dorsal
ramus that originates from below that vertebra. The mus-
cles that act directly on a particular vertebral segment 
are innervated by the nerve of that segment (50–52).
Although the paraspinal musculature has been studied
quite extensively, its role in the formation of low back
pain is far from clear (53). Electromyographic evalua-
tions of various back lesions have contributed to the cur-
rent understanding of low back pain (54–58). The clinical
picture often seen is one of tense and painful paraspinal
muscles and reduced flexibility in the lumbar spine. This

FIG. 11-5. A: Schematic of the interspinales, intertransversarii mediales and laterales, and parts of the
multifidus muscles. B: Schematic showing the polysegmental attachments of the multifidus fascicles
originating from L1 vertebra. (From Holm S, Indahl A, Solomonow M. Sensorimotor control of the spine.
J EMG Kinesiol 2002;12:219–234, with permission.)
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is thought to be caused by reflex stabilization by the
paraspinal muscles.

SENSORIMOTOR CONTROL

The innervation patterns of the active and passive struc-
tures of the lumbar spine have, for the most part, been
experimentally determined. The spinal nerve roots (dorsal
and ventral), which exit from the spinal canal, connect the
central nervous system and the peripheral nerves. The dor-
sal nerve root contains sensory fibers and the ventral root
contains motor and some sensory fibers. The nerve roots
join to form a spinal nerve. For each lumbar vertebra, there
is an associated lumbar spinal nerve. Peripherally, each
lumbar spinal nerve divides into a dorsal and ventral ramus,
which branch further to provide innervation to the various
passive and active structures (Fig. 11-6). Three branches
stem from the dorsal ramus: lateral, intermediate, and
medial. The lateral and intermediate branches innervate
iliocostalis lumborum and the longissimus thoracis mus-
cles, respectively. The medial branch provides innervation
to a number of structures which lie posteriorly: muscles
(interspinales, intertransversarii mediales, and multifidus),
ligaments (interspinous and perhaps the supraspinous), and

the zygapophysial joint capsules. The ventral ramus pro-
vides innervation to structures that lie anteriorly: muscles
(intertransversarii laterales, psoas major), the intertrans-
verse ligament, and the lateral aspects of the intervertebral
disc. The gray ramus communicans, which is an autonomic
root from the sympathetic trunk, also provides innervation
to the lateral aspects of the intervertebral disc and to the
intervening anterior longitudinal ligament.

The control of movement depends on the sensory sys-
tem working together with the motor system. Sensory
information influences motor output in many ways and at
all levels of the motor system. Sensory input to the spinal
cord directly triggers reflex responses. The reflexes are
involuntary and relatively stereotyped responses to cer-
tain sensory stimuli. Reflexes in which the sensory stim-
uli arise from receptors in muscles, joints, and skin, and
in which the neural circuitry is entirely contained within
the spinal cord are called spinal reflexes (Fig. 11-1). 

In muscle and tendon, the motor and sensory functions
of the neural structures for controlling posture and move-
ments are well established. The load-sensitive nerve end-
ings, or mechanoreceptors, found in muscle (muscle
spindles) and tendon (Golgi tendon organs), provide pro-
prioceptive information regarding tension levels, essen-

FIG. 11-6. Schematic drawing of the bilateral active and passive structural arrangement and sensory
innervation on the L3-L4 level. (From Holm S, Indahl A, Solomonow M. Sensorimotor control of the
spine. J EMG Kinesiol 2002;12:219–234, with permission.)



Neural circuits in the spinal cord play an essential role in
motor coordination. Spinal reflexes provide the nervous
system with a set of basic patterns of coordination that can
be activated, either by sensory stimuli or by descending
signals from the brainstem and cerebral cortex.

Functioning of the motor system is strongly related to
that of the sensory system. Proper functioning of the
motor system depends on a continuous inflow of sensory
information. Sensory input to the spinal cord directly
triggers reflexes. It is also essential for determining the
parameters of programmed voluntary responses. Finally,
both feedback and feed-forward mechanisms provide
flexibility in the control of motor output (Fig. 11-8).
Although the same sensors may provide information for
both feedback and feed-forward control, the manner in
which the information is processed varies. Biologic feed-
back processes generally operate continuously but slowly
and are therefore used to maintain posture and regulate
slow movements, while feed-forward systems, with an
intermittent mode, operate more quickly.

FUNCTION AND DYSFUNCTION

In low back pain, where no pathoanatomic findings can
be demonstrated, the cause of the pain may mainly be a
functional disturbance. In order to be able to describe
possible functional disturbances, the normal function
must first be described. However, this is not always the
case in medicine. For example, sacroiliac dysfunction was
described 90 years ago, but the function of this joint has
not yet been established. The hypothesis laid out below
takes into account the muscular, ligamentous, and nervous
networks, and their various interactive processes (Fig. 11-
1). It builds upon what is known about neural control of
other joints, and it is reasonable to believe that the same
mechanisms apply to the spinal motion segments.

To understand the nature of a functional disturbance and
how this can occur, it is necessary to first describe normal
function. The nerve endings in the outer annulus fibrosus
of the disc, in the capsule of the facet joints, and in the lig-
aments are most likely part of a proprioceptive system
responsible for optimal recruitment of the paraspinal mus-
cles (29,31). Mechanoreceptors are thought to play an
important role in monitoring position and joint movement
by regulating and modifying muscle tension. These differ-
ent nerve endings can record the loading on the different
spinal structures. The descending signals that initiate mus-
cle action are modified by the sensory input from the pro-
prioceptive nerve endings. Recruitment of the paraspinal
muscles may thus be coordinated in such a manner that the
forces applied to the various structures are properly dis-
tributed regardless of position. In such a system, the action
of the muscles can provide the different spinal structures
with the support needed in order to counteract detrimental
forces and avoid injury. Overload of specific structures can
be detected by high threshold nerve endings, and in due
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tial for controlling muscle tone, and therefore joint sta-
bility (Fig. 11-7). Although the presence of nerve endings
in passive structures (ligaments, intervertebral disc,
zygapophysial joint capsule) in the spinal column has
been documented, their role is not clearly defined.
Regarding the articular structures, the outer annulus of
the intervertebral disc and the capsules of the zygapo-
physial joint contain both free nerve endings and
mechanoreceptors. In addition to being potential sources
of pain, these structures may act as transducers for mon-
itoring the position and movements in the motion seg-
ment. The neurologic feedback from passive structures
provides sensory information needed to regulate muscle
tension, and hence, the stability in the lumbar spine.

Normal locomotion requires multiple levels of neural
control. To support the body against gravity, maintain pos-
ture and to transport it forward, the nervous system must
coordinate muscle contractions. At the same time, the ner-
vous system must exert active control to maintain balance
of the moving body and adapt the locomotion patterns.

FIG. 11-7. Neuromuscular feedback system depicting the
afferent sensory information from joint receptors, muscles spin-
dles, and Golgi tendon organs for regulating muscle tension.
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process inhibit muscle actions responsible for increasing
the loading, and thereby prevent injury. This may be a rea-
son why heavy physical loading does not seem to have the
impact on degeneration of the spine as earlier assumed
(59–61).

The common clinical finding of decreased range of
motion of the spine in patients with low back pain points to
increased muscle activity presumably caused by alterations
in the recruitment system. The origin of such a change in
paraspinal muscle recruitment is thought to be a lesion of
some kind in one or more spinal structures. The interverte-
bral disc is the spinal structure where lesions are most read-
ily detected. Even if it is not yet known exactly why disc
lesions occur, since the time when Mixter and Barr demon-
strated herniation of the nucleus pulposus and its effect on
the nerve root as a mechanism behind sciatic pain, there has
been mounting evidence for disc pathology and disc
changes (4). Some of these changes can be seen on imag-
ing, but others may only be demonstrated through histo-
logic methods. In most cases, the likely site of the lesion is
probably the annulus fibrosus of a lumbar disc. Such a
lesion must occur in an innervated region of the annulus
fibrosus (Fig. 11-3). Depending on the size of the lesion,
the density of the neural structures, and the damage done to
them, the firing patterns from these nerve endings may be
altered in such a manner to cause increased activation of the
paraspinal muscles. This muscle activation may occur in a
“bracing” fashion and subject the muscles to static work,
which is believed to be responsible for muscle pain (62).

Toward the latter part of trunk flexion, there is a spon-
taneous reduction in the muscle electric activity in certain
paraspinal muscles. This behavior is known as flexion-
relaxation and was first recognized by Floyd and Silver in
1951 (63). Paquet et al. (64) have demonstrated altered
muscle activation patterns in patients with a former his-
tory of back pain compared to similar back patients with-
out previous back pain experience. Haig et al. (65) have
shown changes in the flexion-relaxation phenomenon in
a patient with acute disc herniation, and Sihvonen et al.
(17) have demonstrated increased muscle activation and
lack of flexion-relaxation in patients with chronic low
back pain. Pain, for whatever reason, lasting for some
time may lead to the establishment of a more “bracing”
pattern as the dominating strategy for muscle activation.

Even though it is not known which processes are
responsible for muscle pain, it is a common human expe-
rience that muscles can be painful (66). There is no suit-
able experimental evidence supporting the hypothesis
that a “pain-spasm-pain” cycle can exist in the back.
Studies have shown that experimental pain in muscles
does not increase the firing of γ-motor units, but it does
increase the stretch reflex (67). Increase in such reflexes
may result in inappropriate muscle activation.

NEUROMUSCULAR REFLEX SYSTEM

A thorough description of reflex systems essential for
sensorimotor control has been provided by Gordon (68).

FIG. 11-8. Flowchart showing the functioning of the motor system involving feed-forward control in rela-
tion to feedback compensatory corrections. (From Ghez C. The control of movement. In: Kandel ER,
Schwartz JH, Jessel TM, eds. Principles of neural science, 3rd ed. Norwalk, CT: Appleton & Lange,
1991:536, with permission.)



A summary, in part, is provided in this section. The
stretch reflex is the only known monosynaptic reflex in
the mammalian nervous system. Because the participat-
ing afferent and efferent axons have large diameters and
are among the most rapidly conducting neurons in the
nervous system, the stretch reflex pathway is adapted for
speed of operation. The economy of the neural circuit for
the stretch reflex allows muscle tone to be regulated
quickly and efficiently without direct intervention by
higher centers. Descending control signals adjust the gain
of the reflex loops, adapting them to the requirements of
specific motor acts.

A characteristic aspect of muscle tone is that the ten-
sion produced by the muscle increases approximately in
proportion to the amount of stretch. Moreover, when
muscle is released from a stretch, the tension decreases
progressively to its resting level. This symmetric response
is present whether the muscle is stretched slowly or
abruptly and is due to a combination of the mechanical
properties of muscle and the neural components provided
by the stretch reflex. In slowly imposed stretches, this
springlike behavior occurs because of the intrinsic
length-tension properties of muscle. In rapid stretches,
however, the intrinsic mechanical response is an initial
increase in tension followed by a transient collapse even
as the muscle continues to be stretched. 

The increased focus on the innervation of different
spinal structures has led to a new understanding and
awareness that they may play an important role in a com-
plex regulating system (20,24–26,42). Reflexes from lig-
aments in many of the joints of the extremities have pre-
viously been established (69–71). Spasms and elevated
activity of the lumbar paraspinal muscles are common in
patients with low back pain. In the spine, several liga-
ments are associated with each motion segment, thus
comprising a complex proprioceptive measurement sys-
tem, particularly when combined with the sensory inputs
from nearby discs and capsules. The existence of sensory
receptors in the various spinal ligaments has been estab-
lished (51,72–75). Solomonow et al. have experimentally
investigated whether or not a ligament-muscular reflex
exists from the spinal ligaments to related muscles (76).
Furthermore, it has been demonstrated that static con-
stant load applied to the lumbar spine through the
supraspinous ligament results in spasm of the multifidus
muscles, although the stretching was below the physio-
logic range limit and spasms were evident regardless of
the loading magnitude (22). A conclusion drawn from
these studies is that there exists a clear chain of events
consisting of viscoelastic tissue damage, pain, and mus-
cular spasm. The spasms are most likely triggered by
nerve endings, which are found in the spinal ligamentous
tissues. These receptors monitor tissue injury and trigger
responses such as pain and probably its associated
spasms. The finding that the viscoelastic structures were
stretched, although the applied load was constant was

very interesting as this indicates that the tension devel-
oped may be a stimulus that elicits reflexive activity in
the muscles (22). These two separate sensory feedback
mechanisms are probably in synergy with each other to
protect the spinal structures from instability and injury.

Possible muscle activation because of damage to pas-
sive viscoelastic spinal structures is difficult to detect.
Painful stimuli seem to have an inhibitory effect on mus-
cle activation. But damage done to ligaments and perhaps
other passive structures does not necessarily have to
result in a lot of pain. Depending on the size of the lesion,
the density of the neural structures, and damage done to
them, and the degree of irritation to the surrounding
nerve endings, the firing pattern from these nerve end-
ings may be altered in such a manner so as to cause
increased activation of the paraspinal muscles. Studies
have shown that experimental pain in muscles does not
increase the firing of γ-motor units, but it does increase
the stretch reflex (67). Increase in such reflexes may
result in inappropriate muscle activation. 

In muscle and tendon, the motor and sensory functions
of the neural structures for controlling posture and move-
ments are well established (77); however, until recently,
this has not been the case for the spinal structures. Stim-
ulation of the outer annulus of the disc or zygapophysial
joint, both of which have been shown to contain nerve
endings, causes activation of paraspinal musculature.
This not only occurs on the same segmental level but also
on different levels, indicating a complex interaction (15).
Such an interaction is necessary in order to stabilize dif-
ferent segments, not only in relation to each other, but
also in the process of maintaining posture. However, a
lesion at one location may cause alterations in muscle
activation at a location other than the actual segment and
even on the contralateral side. Avramov et al. (78) have
shown that loading excites three patterns of nerve dis-
charges from the zygapophysial joints: short duration
bursts during changes in loading, prolonged discharges at
low levels, and prolonged discharges at high load levels.
These results indicate that different units in the joint cap-
sule have different levels of stress threshold.

The range of motion and innervation of the SIJ seems
well suited for detecting various loading patterns during
locomotion. In humans, the slanted position of the L5-S1
motion segment and the relative position of the SIJ appear
to have physiologic importance for load detection. The
afferent input from SIJ receptors, as well as mechanore-
ceptors in the intervertebral disc and zygapophysial joints,
will contribute to different degrees of muscle activation
and may constitute an integral regulatory system (79).
Changes in loading on the SIJ may result in altered activa-
tion of the stabilizing muscles, and thus play an important
regulatory function in stabilization and movement of the
upper body during postural changes.

Instability of a spinal motion segment, as a result of
degeneration of the disc or zygapophysial joints, is
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believed to be manifested as “slipping” because of laxity
in the motion segment. Kaigle et al. (21) have shown that
this kind of hypermobility does not seem to occur, but
that the segmental motion pattern is greatly altered. The
change in length and loading of the spinal ligaments may
cause alterations in the firing patterns and consequently,
coordination of the muscle activity. With decreased disc
height as a result of degeneration, adaptation of the sur-
rounding nerve endings may be less efficient and thus
result in less optimal neuromuscular reflexes. Better
knowledge of the sensory function of the passive spinal
structures should influence the manner in which these
structures are treated clinically.

In healthy persons, the paraspinal muscles display the
flexion-relaxation phenomenon (i.e., muscle activity
decreases as flexion of the trunk increases), and the mus-
cles become silent in the fully bent posture (15,63,79). In
a patient with a herniated nucleus pulposus, Haig et al.
found that the flexion-relaxation phenomenon was absent
(65). It may be assumed that in patients in whom the phe-
nomenon is absent, there is an imbalance between nerve
discharges to the muscles from a pathologic structure and
inhibitory discharges from the zygapophysial joint cap-
sule in forward bending. Conversely, inhibitory dis-
charges from the joint capsule can explain why manipu-
lative treatment and mobilization of the zygapophysial
joint provide relief in some cases. 

Using an experimental model, it has been demon-
strated by Indahl et al. (15) that stimulation of nerve end-
ings in the intervertebral disc and zygapophysial joint
capsule elicited responses in the paraspinal muscles,
thereby demonstrating neuromuscular interaction exists
between these structures. Stretching on the zygapophysial
joint capsule inhibited the muscular response, thus sug-
gesting the existence of a complex reflex system that is
responsible for the motion and stabilization of the lumbar
spine.

Stretching of more than one joint can increase inhibi-
tion and make the treatment more effective. Muscle
spasm is a common clinical feature in patients with back
problems, and manipulation of the zygapophysial joints
may elicit a stretch reflex from the capsule, contributing
to an inhibitory action on muscle spasm, thereby reliev-
ing pain (Fig. 11-9). Thus, it appears that there is a deli-
cate interaction between the different parts of the spinal
motion segments, and proprioceptive nerve endings may
play a vital part in load distribution during movements.

In addition to the lumbar motion segments, the SIJ is
of great importance in stabilization of the lumbosacral
area. Despite this, there have been surprisingly few
experimental studies investigating SIJ function. The
results of mapping studies (80), the innervation of the SIJ
(41–43), its position and range of motion (81), altogether
give reason to believe that the SIJ also plays a regulatory

FIG. 11-9. Schematic representation of patient pain and how it relates to muscle activation (left) and
disc herniation (right).



function involving reflex muscle activation responsible
for stabilization and movement of the upper body during
locomotion. Furthermore, it was shown by Indahl et al.
(15) that stimulation of nerve and nerve endings in the
deep part of the ventral SIJ, as well as in the superficial
part of the dorsal capsule, elicits motor action potentials
in different muscles. Interesting patterns were revealed.
Stimulation of nerve elements in the ventral area of the
SIJ produced predominant contractions in the gluteus
medius and quadratus lumborum muscles. However,
stimulation of the superficial dorsal layer of the SIJ cap-
sule elicited responses predominantly in the medially
located multifidus fascicles. It is possible that the differ-
ent areas of the SIJ play different roles in regulating the
locomotion system and the response may therefore vary
depending on the stimulation site.

SUMMARY

Despite a pathophysiologic understanding of the in-
volved structures, no single group of patients can, with
certainty, be identified at an early stage and be given a
specific treatment. This seems to support the basic notion
that low back pain is multicausal, and that the prognosis
depends on a variety of factors. Furthermore, this sug-
gests that movement-related pain should be considered as
a complex behavior, and not solely as a psychiatric or a
neurologic problem, but rather as a problem related to the
integration of nervous and biomechanical mechanisms.
This involves the sensorimotor control, with feedback
from muscles, discs, and joints, all in a complex interac-
tion with the central nervous system, as well as the tradi-
tional peripheral pain mechanisms.
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CHAPTER 12

Outcomes Assessment: Overview and 
Specific Tools 

Kevin F. Spratt

Clinical outcomes were often what clinicians said they
were in the days before 1982. “My doctor says I’m doing
very well.” Since the early 1980s, in spine care and many
other disciplines where pain and suffering are major
symptoms associated with the complaints that bring the
patient to health care providers, outcomes have become
more strongly associated with patient self-report. The
argument is clear: Who but the patient is in a position to
accurately recount symptom magnitude and quality? 

In spine care, the 1982 Spine publications of the Mil-
lion et al. pain interference scale (1) (popularly called the
Million Visual Analogue Scale) and the 1983 Roland and
Morris Disability Questionnaire (2) signaled the begin-
ning of legitimizing patient self-report for spine-related
disease outcomes.

THE NOTION OF CLINICAL OUTCOMES

The universe of outcome instruments potentially
applicable to the spine care professional is reasonably
large. Gattchel (3) edited a compendium of outcome
instruments for assessment and research of spinal disor-
ders, where he categorized such biopsychosocial mea-
sures as the following:

1. Physical or “hard” measures
a. Range of motion: using inclinometers or Isosta-

tion B-200 equipment (Isotechnologies, Hills-
borough, NC)

b. Spine strength: using Cybex (a division of
Lumex Corporation, Ronkonkoma, NY) or Iso-
station B-200 equipment

c. Lifting capacity functional measures: using
Cybex and MedX (MedX Corporation, Alta-
monte Springs, FL) equipment

d. Other tests of human performance capacity: aer-
obic capacity and treadmill tolerance

2. Psychological or “soft” measures

a. Psychological tests: depression, MMPI-2,
Symptom Checklist 90-Revised (4–7)

b. Self-report measures of pain and disability: the
SF-36, Chronic Pain Coping Inventory, Coping
Strategies Questionnaire, McGill Pain Question-
naire, Oswestry Disability Index, Roland and
Morris Disability Questionnaire, Multidimen-
sional Pain Inventory (MPI), Quebec Back Pain
Disability Scale, Sickness Impact Profile, and
Activities of Daily Living (ADL) scales (8–24)

c. Clinical interview: the structured clinician inter-
view for the DSM-IV (SCID) (25)

d. Clinical ratings of overt pain behavior: the Wad-
dell Non-Organic Signs Test (26)

The clinical outcomes chapter by Spratt and Weinstein
(27) in The Lumbar Spine, vol. 2, provides greater detail
regarding the types of outcomes as well as classification
schemes for a wide variety of outcomes measures. 

RELIABILITY AND VALIDITY

For any outcome measure, whether based on patient
self-report or a laboratory test, the psychometric properties
of primary interest are the same: reliability or precision
and validity or accuracy. Methods for evaluating reliability
and validity are major topics in measurement theory and
are beyond the scope of this chapter. Impressive overviews
of the concepts of reliability are provided by Feldt and
Brennan (28), and for validity by Cronbach (29). 

As a brief primer of reliability in the clinical setting,
reliability considerations are usually evaluated in two
ways, internal consistence of items, and test-retest relia-
bility. Typically internal consistency is of primary impor-
tance when considering scale construction and test-retest
or stability of the score is of primary importance when
considering clinical value. With test-retest reliability the
object of measurement (a patient) is assessed on multiple
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(usually two) occasions under the assumptions that the
first assessment does not affect, or is independent of, the
second or subsequent assessments. In many cases, includ-
ing clinical settings, this can be problematic because: (a)
a second assessment shortly after the first assessment is
not likely to be independent because the patient is likely
to remember what he or she said and try for consistency
rather than an accurate estimate of the current state, or (b)
a second assessment a few days after the first assessment
may be influenced by treatments that resulted from the
initial visit. Thus, the most accurate method for establish-
ing test-retest reliability for an instrument is to have the
patient respond to the instrument on separate occasions
with nothing but a short natural history intervening
between the events. In this situation, which is rarely eval-
uated in the clinical setting, low reliabilities, meaning
large discrepancies within a patient across time, could
reflect: (a) an instrument that does not have adequate psy-
chometric properties, or (b) a construct under assessment
(e.g., pain, function, or attitudes) that are more state-like
than trait-like, meaning that the construct may not be sta-
ble. The consequence of this result is that the instrument
is not useful in evaluating treatment progress because the
score might vary independently of treatment effective-
ness on any given day. Thus, the single most important
aspect of the reliability of an instrument used in the clin-
ical setting is that it demonstrates stability, meaning that
the score measures a condition or construct that is not
amenable to quick and unpredictable changes across
short time increments. In practice, internal consistency
reliability estimates often are used as proxies for test-
retest reliability. Because instrument construction often is
guided by internal consistency estimates, the general
sense is that internal consistency reliabilities are posi-
tively biased estimates of test-retest reliability; therefore,
the amount of error expected in a score that is most rele-
vant to the clinical setting is often underestimated. 

This notion of stability, of course, begs the issue of valid-
ity because it suggests that the specific constructs chosen to
be of interest need to be reasonably stable in the short run.
Strictly speaking, instruments do not have validity, but the

scores they generate have validity to the extent that those
scores provide information that aids in making appropriate
decisions. If a test produces a score that is likely to be inter-
preted as high today but low tomorrow, then the lack of sta-
bility in that score indicates that it does not provide infor-
mation useful in making appropriate decisions.

Measures of reliability include Cronbach’s alpha for
internal consistency, kappa for categorical outcomes, and
intraclass correlations or generalizability coefficients
(30) when outcomes are reasonably continuous. It has
been argued that generalizability coefficients are prefer-
able to kappa coefficients under circumstances when
kappa struggles, such as when the number of categories
becomes large (e.g., more than four levels); when the
number of raters scores being compared are greater than
two (although generalized kappa statistics can be com-
puted); and when the prevalence of one of the categories
is low or the sample size is small. 

The value of generalizability coefficients is that they can
be developed in ways that isolate potential culprits or can-
didates for lack of reliability, and that they allow estimation
of what some consider the most relevant form of reliability
in the clinical setting: the estimate of the reliability for a
single rater on a single occasion; in other words, the relia-
bility in the classical clinical situation where one clinician
is evaluating a score based on a single reading. A problem
with reliability coefficients, including generalizability
coefficients, always has been that the meaning of the mag-
nitude of the coefficient is not set. A reliability of .7 in
some fields is considered good to excellent, whereas .8 is
considered dismal in other fields. 

To better understand the relationship between the reli-
ability coefficient and the consequent differences in
assessments between raters, 100,000 pairs of random nor-
mal scores were generated, transformed to have exact
reliabilities of .30, .40, .50, .60, .70, .80, .90, .95, and .99,
again transformed to have the mean and standard devia-
tion associated with selected SF-36 scores and then bro-
ken down into six mutually exclusive and exhaustive cat-
egories based on the tenth, 25th, 50th, 75th, and 90th
percentiles, as summarized in Table 12-1. These six cate-

TABLE 12-1. Descriptive statistics amd cut points for selected SF-36 scales

Statistics PCS MCS SF PF Example: PCS

Mean 30.6 45.9 39.1 40.8
SD 7.2 14.5 25.0 22.4
Min 13.0 16.0 0 0
P10 22.0 21.5 12.5 15.0 Category 1:(13–21.9) Min–P10;10% of scores
P25 26.0 35.0 25.0 25.0 Category 2:(22–25.9) P10–P25;15% of scores
P50 30.0 52.5 37.5 40.0 Category 3:(26–29.9) P25–P50;25% of scores
P75 35.0 58.0 50.0 55.0 Category 4:(30–34.9) P50–P75;25% of scores
P90 39.0 60.0 75.0 75.0 Category 5:(35–38.9) P75–P90;15% of scores
Max 58.0 63.0 100 100 Category 6:(39–58) P90–Max;10% of scores

MCS, mental component summary; PCS, physical component summary; PF, physical functioning; SD,
standard deviation; SF, social functioning.

Description statistics are based on the initial visit for 376 University of Iowa patients presenting with
low back troubles.
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gories for each pair of ratings with the specified reliabil-
ity were then crossed and the level of agreement and dis-
agreement determined based on differences in classifica-
tion group. The percentage of same and different
categorization is summarized in Table 12-2 for each reli-
ability level. This pattern is consistent for all outcome
measures under the assumption of normality; therefore,
separate tables for each outcome were unnecessary.

By way of interpreting the information provided in
Tables 12-1 and 12-2, suppose a test-retest reliability of
.8. In this situation, 42.63% of scores from that instru-
ment are expected to remain in the score category;
45.56% are expected to be in adjacent categories; and
1.87% to differ by two categories, .915% to differ by
three categories, and .026% to differ by four categories.
With a test-retest reliability of .8, a miss by two or more
categories is expected 11.81% of the time. Across 400
patients, just considering two category differences, this
means that approximately 44 patients might have a score:

In category 1 (13 to 21.9), but a true score in category 3
(26 to 29.9); worst case difference 16.9, best case 4.1

In category 2 (22 to 25.9), but a true score in category 4
(30 to 34.9); worst case difference 13.9, best case 4.1

In category 3 (26 to 29.9), but a true score in category 5
(35 to 38.9); worst case difference 12.9, best case 5.1

In category 4 (30 to 34.9), but a true score in category 6
(39 to 58); worst case difference 28, best case 4.1

Of course, the reverse pattern is equally likely: An
observed score in category 3 (26 to 29.9) might reflect a
true score in category 1 (13 to 21.9). Thus, overtreatment
or undertreatment might result if the observed score over-
estimates or underestimates severity. To the extent that
overestimates of symptom severity result in a differential
diagnosis suggesting a more aggressive treatment path
(e.g., surgery), or underestimates of symptom severity

result in a differential diagnosis suggesting a less aggres-
sive or immediate treatment path (e.g., watchful waiting),
the lack of reliability of the diagnostic tool clearly affects
quality of care. 

It should be noted that a test-retest reliability estimated
based on the clinically relevant generalizability coeffi-
cient of one clinician making one rating is likely to be
lower than the .8 estimate used in this example. Further
note that if dropping to a reliability of .7, only 36.18% of
scores are expected to be in the same category if a second
independent evaluation is done at the same time. Thus,
the stability of many outcome measures employed at ini-
tial visits, which are often used as ancillary diagnostic
tools in clinical research, may have marginal value when
applied to clinical practice.

In sum, the reliability of many outcome tools used to
evaluate patients presenting with low back pain have lim-
ited test-retest reliability evidence. The proxy internal
consistency reliability estimates used are likely to be pos-
itively biased, suggesting that the differences between the
observed and true scores are likely to be larger than
expected; therefore, clinical decisions based on these
scores are likely to be based on unreliable information.
This may be one explanation for the often repeated, gen-
erally accepted, but not necessarily well-documented
cliché that if you do not like the opinion of your clinician,
get a second opinion because it will probably be different.

GENERIC VERSUS CONDITION-SPECIFIC
INSTRUMENTS

Outcomes associated with evaluating patients with low
back pain employ two broad types of measures: (a)
generic outcomes typically assessing general health that
were developed with the general population in mind, and
(b) condition-specific outcomes typically constructed by

TABLE 12-2. Magnitudes of disagreement for selected reliabilities

Number of categories of disagreement

Reliability Match 1 2 3 4 5

0.30 23.40 37.99 24.34 10.63 3.06 0.586
0.40 25.65 39.55 23.41 8.966 2.079 0.348
0.50 28.24 41.35 22.00 6.957 1.293 0.158
0.60 31.62 42.99 19.79 4.890 0.663 0.052
0.70 36.18 44.73 16.12 2.765 0.201 0.010
0.80 42.63 45.56 10.87 0.915 0.026 —
0.90 54.15 42.14 3.665 0.046 — —
0.95 65.79 33.58 0.630 — — —
0.99 84.45 15.55 — — — —

For categories of disagreement:
Match indicates no disagreement (i.e., 1-1, 2-2, 3-3, 4-4, 5-5, 6-6)
1 indicates disagreement by 1 category (i.e., 1-2, 2-3, 3-4, 4-5, 5-6)
2 indicated disagreement by 2 categories (i.e., 1-3, 2-4, 3-5, 4-6)
3 indicated disagreement by 3 categories (i.e., 1-4, 2-5, 3-6)
4 indicated disagreement by 4 categories (i.e., 1-5, 2-6)
5 indicates disagreement by 5 categories (i.e, 1-6)
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practitioners in a particular field to more carefully assess
the outcomes thought to be relevant to the specific con-
dition under consideration. The SF-36 is a well-known
example of a generic health outcome tool. The Roland
and Morris Disability Questionnaire and the Oswestry
Disability Index are well-known examples of condition-
specific instruments. In practice, the title of condition-
specific instrument is a misnomer because these instru-
ments are not meant to be linked to a particular condition
or diagnosis, but rather to a particular region of the body.
The Roland and Morris Disability Questionnaire, for
example, is a list of 24 statements associated with actions
or activities, such as, “Because of my back or leg I stay at
home,” and, “Because of my back or leg I sit down for
most of the day.” 

In practice, the differences between generic and condi-
tion-specific instruments are more in name than anything
else. The intent of using both types of instruments may be
to differentiate between non–back/leg and back/leg-spe-
cific symptoms. In practice, judging by the correlations
in the .7 to .9 range between generic and condition-spe-
cific outcome instruments, respondents either can not or
do not differentiate between the sources or causes of their
pain and symptoms. These high correlations can be worse
news for the researcher when considering the notion of
correlational attenuation. In short, this concept of attenu-
ation allows the researcher to estimate the true correla-
tion between two scores adjusting for the unreliability in
each measure. The logic is that the unreliability in a mea-
sure reflects random error, and random error is uncorre-
lated. Thus, when one correlates two scores that are not
perfectly reliable, the resultant correlation is an underes-
timate of the true correlation because of the error in each
of the two measures. The formula for correcting for atten-
uation is given by:

R12 = 
r12

�
�r11r22�

where R12 is the disattenuated correlation between 1 and
2; r12 is the attenuated correlation between 1 and 2; r11 is
the reliability associated with instrument 1; and r22 is the
reliability associated with instrument 2.

From this formula, as shown in Table 12-3, a conse-
quence of a high correlation between two instruments
with moderate reliabilities is a disattenuated correlation
that approaches or even exceeds 1.0. This makes logical
sense when one considers, for example, that two instru-
ments with reliabilities of .7 that correlate with each other
at .8, in essence, are correlated higher with each other
than they are with themselves, because reliability can be
thought of as the extent that a score correlates with itself.
Thus, from Table 12-3, if instruments 1 and 2 both have
reliabilities of .7, and the observed correlation between
instruments 1 and 2 (r12) = .8, then the disattenuated cor-
relation between instruments 1 and 2 (R12) is 1.14, indi-
cating the unlikely event that two distinct instruments
correlate higher with each other than with themselves.
This situation suggests that the two instruments are not
distinct. In a more common example, consider the situa-
tion were two instruments both have test-retest reliabili-
ties of .8 and the intercorrelation between the two instru-
ments is .7. In this case the disattenuated correlation is
.88, which is higher than the reliabilities for either of the
two instruments and suggests that they should not be con-
sidered distinct.

Perhaps the worst consequence of labeling instruments
as condition specific when, in fact, they are region specific
(i.e., the back or leg areas) is that clinicians have not tried
to establish stronger links between outcome measures and
specific conditions. Spratt (31), in discussing the clinical
model for health care, argues that the classic Diagnosis-
Treatment model should be expanded to an Assessment-
Diagnosis-Treatment-Outcome (ADTO) model, which
should be viewed as an iterative cycle where: (a) Assess-
ment leads to diagnosis; (b) diagnosis leads to treatment;
(c) treatment goals suggest relevant outcomes; and (d) out-

TABLE 12-3. The relationship between instrument reliability and disattenuated correlations among instruments

r11 r22 r12 R12 r12 R12 r12 R12 r12 R12 r12 R12 r12 R12 r12 R12

0.30 0.30 0.30 1.00 0.50 1.67 0.70 2.33 0.80 2.67 0.85 2.83 0.90 3.00 0.95 3.17
0.50 0.50 0.30 0.60 0.50 1.00 0.70 1.40 0.80 1.60 0.85 1.70 0.90 1.80 0.95 1.90
0.70 0.70 0.30 0.43 0.50 0.71 0.70 1.00 0.80 1.14 0.85 1.21 0.90 1.29 0.95 1.36
0.75 0.75 0.30 0.40 0.50 0.67 0.70 0.93 0.80 1.07 0.85 1.13 0.90 1.20 0.95 1.27
0.80 0.80 0.30 0.38 0.50 0.63 0.70 0.88 0.80 1.00 0.85 1.06 0.90 1.13 0.95 1.19
0.85 0.85 0.30 0.35 0.50 0.59 0.70 0.82 0.80 0.94 0.85 1.00 0.90 1.06 0.95 1.12
0.90 0.90 0.30 0.33 0.50 0.56 0.70 0.78 0.80 0.89 0.85 0.94 0.90 1.00 0.95 1.06
0.95 0.95 0.30 0.32 0.50 0.53 0.70 0.74 0.80 0.84 0.85 0.89 0.90 0.95 0.95 1.00
0.30 0.50 0.30 0.77 0.50 1.29 0.70 1.81 0.80 2.07 0.85 2.19 0.90 2.32 0.95 2.45
0.50 0.70 0.30 0.51 0.50 .085 0.70 1.18 0.80 1.35 0.85 1.44 0.90 1.52 0.95 1.61
0.70 0.80 0.30 0.40 0.50 0.67 0.70 0.94 0.80 1.07 0.85 1.14 0.90 1.20 0.95 1.27
0.75 0.90 0.30 0.37 0.50 0.61 0.70 0.85 0.80 0.97 0.85 1.03 0.90 1.10 0.95 1.16
0.80 0.95 0.30 0.34 0.50 0.57 0.70 0.80 0.80 0.92 0.85 0.98 0.90 1.03 0.95 1.09
0.85 0.50 0.30 0.46 0.50 0.77 0.70 1.07 0.80 1.23 0.85 1.30 0.90 1.38 0.95 1.46
0.90 0.50 0.30 0.45 0.50 0.75 0.70 1.04 0.80 1.19 0.85 1.27 0.90 1.34 0.95 1.42
0.95 0.50 0.30 0.44 0.50 0.73 0.70 1.02 0.80 1.16 0.85 1.23 0.90 1.31 0.95 1.38



comes lead to reassessment of the patient’s condition,
which suggests a potential shift in diagnosis. In this frame-
work, an outcome might reasonably be considered an
extension of the assessment conducted to determine diag-
nosis. In this way, outcomes of interest are in fact condition
specific because these aspects of the patient’s health status
are evaluated, presumably, because the patient’s states and
traits (e.g., pain or symptom location, magnitude, stability,
progression, radiographic evidence of degeneration or
lesions, etc.) are fundamental to determining what is
wrong with the patient. Logically, effective treatment
results in changes in these conditions; therefore, the very
assessments and diagnostic tests done to establish a spe-
cific diagnosis seem to provide the basis for determining
the condition- or diagnosis-specific outcomes of interest
for evaluating a patient’s health status. Within this frame-
work, a clinically relevant change in outcome could be
defined as a change in diagnosis based on changes in the
assessments of the patient’s health status originally used to
inform the diagnosis. 

CLINICALLY RELEVANT DIFFERENCES

Currently, a concern among clinicians wishing to use
outcome instruments to help understand a patient’s
progress is determining the minimum clinically signifi-
cant difference; that is, the smallest change in a patient’s
score from time 1 to time 2 than can be considered a clin-
ically relevant change. Unfortunately, a real change need
not be synonymous with one that is greater than can be
expected by chance, is clinically relevant, and reflects a
meaningful amount of movement in terms of resulting
clinical decisions. A real change at the group level is a
simple statistical procedure. One compares the two
groups’ distribution of scores, determines the appropriate
statistical test based on those distributions, performs the
test, and obtains the probability that such a difference is
likely to have occurred by chance. If the likelihood is low
(<1/20 or .05), the decision is typically that the difference
is too large to expect under the assumption that there was
no change and the decision is to reject the notion that
there was no change. If the change is for the better, the
conclusion is that the patient improved over time, or if
there were two treatment groups, that one group did bet-
ter than the other.

However, at the clinical level, where the sample size is
1 (i.e., the individual patient), inferential statistical pro-
cedures are not of much practical value. In this case, how-
ever, the notion of a reliable difference is still quantifiable
within measurement theory by estimating the standard
error of measurement defined as:

SEM = Sx �1 − rxx�

where SEM is the standard error of measurement; SX is
the standard deviation of instrument X; and rxx is the reli-
ability associated with instrument X.

From this equation, it should be clear that the standard
error of measurement (SEM) for an instrument X is
smaller as the standard deviation of the scores decreases
and the reliability (range, 0 to 1) increases. 

Under small sample probability theory (n = 1 surely
qualifies as small), multiplying the obtained standard
error of measurement by two and adding it to a patient’s
score would approximate a 95% confidence interval
around that score. From Table 12-1, consider the SF-36
for the PCS outcome: Mean = 30.6, SD = 7.2, and assume
test-retest reliability of .85. In this situation the SEM
computes to be 2.79. Thus, a follow-up score of 30.6 + 2
× 2.79 ≥36.18 or a score ≤25.03 (30.6 − 2 × 2.79) indi-
cates a reliable change in the score; that is, a score differ-
ent from the initial one by more than could be expected
because of unreliability. In other words, the approximate
95% confidence interval around the initial score of 30.6
is (25.03 − 36.18). If the reliability of this score was
lower, say .75, this 95% confidence interval would
become (23.4 − 37.8), indicating a change of around 7.2
points for the difference to be considered greater than
might be expected because of lack of reliability. This
analysis assumes that the underlying scores are continu-
ous, unimodal, and reasonably symmetrical, all fairly rea-
sonable for the SF-36 PCS and MCS scales. 

However, consider the SF-36 Social Functioning (SF)
scale: a two-item scale with each item effectively scored
as 0, 25, 50, 75, and 100 so that possible averaged scores
are 0, 12.5, 25, 37.5, 50, 62.5, 75.0, 87.5, and 100. In this
case, the assumption of continuous data clearly does not
hold. If one ignores the volition of assumptions and
applies the SEM formula to these data, assuming a gen-
erous test-retest reliability of .7, one obtains a SEM of
13.7 and a 95% confidence interval around the mean of
39.1 of (11.7 − 66.5). However, these calculations mean
virtually nothings because the changes that can occur on
the SF scale are such that a single change of one level on
one item will move the score 12.5 points, which is close
to 1 SEM. Thus, a “reliable” difference can be obtained
by consistent changes on one or more units on each of the
two items making up the scale. This example should
highlight the need to have a large enough number of
items to allow a reasonable assumption of continuous
data and range of responses to an item to allow adequate
discrimination among responses. 

In sum, the notion of SEM provides a coherent theo-
retical framework for establishing how much change in
an outcome is required to be comfortable that the
observed change is more than could be expected
because of an inherent error in the assessment. This rep-
resents a necessary condition for establishing whether
or not an observed change in outcome is clinically rele-
vant. A second necessary condition, based on the logic
provided in the previous section regarding the true con-
cept of condition-specific outcomes guided by the
ATDO clinical model is to demonstrate that the changes
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observed in the outcome(s) of interest are sufficient to
change the diagnostic status of the patient. It seems that
these two necessary conditions for establishing the clin-
ical relevance of changes in outcome represent a suffi-
cient condition for establishing the clinical relevance of
an observed difference.

THE FUTURE OF OUTCOMES

In the early 1980s, when clinicians interested in study-
ing and treating low back pain began to embrace patient
self-report as an important tool in evaluating patients’
health status, and by proxy treatment efficacy, I felt that
clinicians had found the path to righteousness (i.e., find-
ing the truth about treatment efficacy). More than 20
years later the path remains a long a winding road and the
potential is unfulfilled. 

Einstein defined insanity as doing the same thing over
and over again and expecting different outcomes. Over
the course of the last 20 years three common themes
recur that seem to support Einstein’s notion of insanity as
it applies to the use of outcomes by clinicians treating
patients with back troubles. 

Shorter is better. If a set of 10 items have been identi-
fied as providing a reasonably reliable and valid score,
then shortening this instrument to five items will make it
twice as good. Hopefully, the potential consequences of
shorting a scale on the SEM, as illustrated with the social
functioning subscale on the SF-36, provide compelling
reasons why shorter is not always better. 

The best way to implement an outcomes program is to
start with a core set of items and expand this core as
needed. The thinking is that, in theory, it is relatively easy
to establish a reasonably small information system, get
the technology up and running, and train the clinician
users in the system. Once this system is in operation, clin-
icians will demand improvements in reporting, which
will expand the core. In practice, the changes in tech-
nology (e.g., additional programming and reconciling
reports) required to expand questionnaires usually are
perceived by those who administer the system to out-
weigh the potential gains to the clinician users that would
result from adding to the core set. Conversely, but con-
sistent with the aforementioned short is better bias, it is
generally perceived to be easy to remove items from a
core, even though this act also requires changes in pro-
gramming and reconciling reports. 

The clinical community is unable to appreciate and the
measurement community to clarify the distinction be-
tween outcomes as applied to groups of patients as
opposed to a given patient. In general, the current state of
clinical outcomes measures is adequate in many ways
when used to evaluate treatment efficacy within a ran-
domized controlled trial. However, these tools typically
are not sufficiently reliable and valid for use in clinical
practice, nor does reporting at the patient level typically

provide clinicians with adequate warnings about the
potential magnitude of error in the score they are using to
inform their decision making. Efforts to improve the
accuracy and precision of outcome instruments and the
score reporting to the point that these scores would be
appropriate in clinical situations would make these tools
better in the aggregate sense as well, thus indicating a
win-win situation. The catch? Clinically relevant out-
comes require more rather than fewer items to achieve the
accuracy and precision demanded at the individual pa-
tient level.
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CHAPTER 13

The Role of Outcomes and How to Integrate
Them into Your Practice

Richard A. Deyo

Outcomes research became a buzzword in the 1990s,
although it seems to mean different things to different peo-
ple. In general, it refers to a strategy of assessing clinical
practices according to patient outcomes, rather than to
some prespecified, often arbitrary, set of criteria for the
process of care. For example, we might judge the quality of
care for a patient with metastatic cancer to the lumbar
spine by his neurologic function, activities of daily living,
and survival, rather than by whether the patient received a
particular surgical implant or a particular diagnostic test. 

Several important trends have led to the increasing inter-
est in outcome assessment. First, medical care costs are ris-
ing much more rapidly than inflation, and the employers
and government agencies who pay the bills are asking if
they are getting their money’s worth. This seems to be an
important question, because per capita costs for medical
care in the United States are well above any other country
in the world, and yet measures of population health, such
as morbidity and mortality, are substantially worse in the
U.S. than in many other developed countries (1).

A second trend has been the observation that medical
practices vary widely from place to place, even among
very small geographic areas (2). At an international level,
the United States appears to perform roughly twice as
much back surgery as most developed countries, and five
times more back surgery than the United Kingdom (3). No
one knows which rate is optimal, but it seems unlikely that
differences in surgical rates reflect any significant differ-
ences in the prevalence of back pain or disc disease. Thus,
explanations often invoke differences in training, surgeons’
beliefs, public attitudes, financial incentives, imaging
strategies, and professional uncertainty. Unfortunately, the
differences do not seem to be based on evidence about
which style of practice produces the best patient outcomes.

One implication of these findings is that some medical
services may be unnecessary. Without information on

patient outcomes, however, it is impossible to know
whether, and when, this is the case. Recent data from the
Maine Lumbar Spine Study (MLSS) suggest that out-
comes do vary from one geographic area to the next. In
fact, within the state of Maine, the best surgical out-
comes—in terms of pain relief, functional status, disabil-
ity compensation, and patient satisfaction—all occur in
the areas with the lowest surgical rates. In contrast, the
region of the state with the highest surgical rates reports
the worst surgical outcomes. The area of the state with
intermediate surgical rates has intermediate outcomes by
every measure (4). Thus, it seems clear that more is not
necessarily better. Such observations have led to greater
calls for accountability by the medical profession.

TYPES OF OUTCOME MEASURES

The Problem of Surrogate Outcomes

Traditionally, many research studies have focused on
physiologic outcomes or anatomic outcomes as indicators
of success. Examples would be whether a solid fusion is
achieved in a patient who undergoes lumbar spine fusion.
Other examples would be spinal range of motion as a
measure of improvement, spinal fluid endorphins as a
measure of possible pain relief, or surface electromyog-
raphy as an indicator of “muscle spasm.” Unfortunately,
as suggested in Table 13-1, these are all intermediate or
“surrogate” outcomes, that may or may not reflect the end
results in which we—and our patients—are most inter-
ested. That is, these outcomes do not necessarily correlate
well with pain relief, return to work, or improvement in
daily function. The implication is that if we are interested
in the outcomes of pain relief, return to work, and daily
functioning, we must measure them directly rather than
try to infer them from these physiologic or anatomic sur-
rogates (5). 
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Dissociations among Outcomes

Another problem has been that, in the past, much of the
research on back problems focused only on measuring
pain, to the exclusion of other dimensions of outcome.
However, in a modern understanding of chronic pain
management, it has become apparent that both clinical
and research work may need to focus more on patient
functioning than on pain reports. Some clinical trials have
shown that it is possible to improve pain reports without
improving functional status scores, suggesting that even
though pain reports diminish, behavior may not change in
any significant way. This highlights the fact that even
among the results most important to us, there are often
dissociations among outcomes. 

As one example, in the MLSS, patients treated surgi-
cally for herniated discs were compared to others treated
nonsurgically. Even after statistically adjusting for many
baseline characteristics to produce more nearly equivalent
groups, surgical outcomes were substantially better than
nonsurgical outcomes regarding pain and daily function-
ing. However, return to work was equivalent between the
two arms (6). If one focused only on return to work, one
might erroneously conclude that surgery was not helpful
for herniated discs. If one focused on pain and function,
however, a large advantage of surgery would be apparent. 

In another example, we studied long-term outcomes in
a longitudinal cohort of primary care patients seen in a
managed care organization. After 2 years of follow-up,
even among those with the worst pain ratings (6 to 10 on
a 10-point scale), the vast majority of patients were still
working. Only 11.3% were unemployed despite their high
levels of pain (Table 13-2). Conversely, among those who
reported no pain at all, 6.5% remained unemployed. In
other words, those with the least pain had a higher
employment rate, but even there, a substantial fraction
remained unemployed (7). Thus, even among the out-
comes that may be most relevant to doctors and patients,
there are often dissociations, and these different dimen-
sions of outcome must be measured independently.

This is one reason why the traditional outcome scale of
“excellent/good/fair/poor” is often inadequate. Howe and
Frymoyer noted that different definitions of these terms
result in dramatically different conclusions about the

efficacy of surgical procedures, even with the same data
in hand (8). Furthermore, as the examples given earlier
suggest, any attempt to combine pain, function, and
employment status into a single scale may be misleading,
because the different outcomes can move in different
directions, or one may improve while others do not.

In studying patients with degenerative spinal disorders,
death and cure are generally not relevant measures of out-
come. Very few patients die from back pain or disc dis-
ease. Thus, unlike the study of heart disease or cancer,
death rate is a poor outcome measure for spinal degener-
ative conditions. Furthermore, patients are rarely cured of
these degenerative conditions, because the degenerative
process continues even after successful surgical interven-
tion. In most studies of both surgical and nonsurgical
treatments, a substantial proportion of patients continue
to have pain symptoms, although the symptoms may be
improved by the treatments under study. Unlike infec-
tious diseases or the surgical treatment of appendicitis, it
is generally inappropriate to talk about “cure.”

Modern Outcome Questionnaires

All of these factors help to explain the growing interest
in questionnaire-based measures of a patient’s pain, back-
specific functioning, general health status, and work dis-
ability. Indeed, these are the dimensions of outcome rec-
ommended for routine measurement by an international
working group (9) and in an update, by the participants in
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TABLE 13-1. Contrasting results for “surrogate” outcomes versus end results

Treatment (reference) Surrogate outcome End result

Lumbar fusion for Solid fusion achieved Many patients with solid fusion continue to have pain; many 
degenerative discs patients without solid fusion have good pain relief

Biofeedback (28) Reduced paraspinal EMG No change in pain
activity

Antidepressant drugs (29) No change in spinal fluid Better pain relief than placebo
endorphins

Surgical discectomy (20) Recovery of motor deficits equal, Better pain relief with surgery
with or without surgery

EMG, electomyogram.

TABLE 13-2. Dissociations among outcomes at 2-year
follow-up of patients in primary carea

Worst pain rating (6–10): 11.3% unemployed
Best pain rating (0): 6.5% unemployed
Worst modified Roland score (37.6–100%): 11.4% 

unemployed
Best modified Roland score (0): 4.3% unemployed

aExcludes subjects keeping house, retired, or otherwise
outside the work force.

From Dionne CE, Von Korf M, Koepsell TD, et al. A com-
parison of pain, functional limitations, and work status in-
dices as outcome measures in back pain research. Spine
1999;24:2339–2345, with permission.



a “focus” issue of Spine (10). Reliable and valid measures
of each of these dimensions are available because of fusing
clinical expertise with social science methodology.

A common concern about questionnaire measures is
that they are “soft data.” Physiologic measures are attrac-
tive in part because they seem “harder.” However, the
boundary between hard and soft data is indistinct at best.
Feinstein pointed out that we might judge the hardness of
data by their objectivity (physician finding versus patient
report); preservability (e.g., radiologic or histologic spec-
imen); or by the ability to quantify (e.g., a hematocrit ver-
sus the observation that a patient is pale). However, he
concluded that the essence of “hardness” was the repro-
ducibility of data when measured repeatedly under the
same circumstances (11). By this measure, many modern
questionnaires are at least as hard as the clinical observa-
tions with which we are more familiar. For example,
Table 13-3 shows the test-retest reliability of several self-
report questionnaires, and contrasts these with interob-
server agreement on several clinical measures (12–16). In
many cases, the reproducibility of the questionnaire mea-
sures substantially exceeds that of the clinical measures.

In addition to reproducibility, these measures have
demonstrable validity, as judged by comparison with
other more objective measures of health. For example, in
a national survey, middle-aged men responded to a single
question about whether their health was excellent, very

good, good, fair, or poor. The responses to this single
question predicted 10-year mortality. In fact, the survival
rates fell in perfect order according to the initial self-eval-
uation of health, and ranged from about 60% survival
among those who indicated poor health to 95% survival
among those who indicated excellent health (17).
Although we know little about how subjects made their
self-evaluations at baseline, this simple self-rating obvi-
ously had important prognostic ability. 

Questionnaires for studying back-related dysfunction
have been validated against a variety of clinical measures,
with reassuring results. Table 13-4 provides an example that
compares the Roland Disability Questionnaire, the Short
Form 36 (SF-36), and some “disability day” measures from
U.S. population surveys (14). While some association is
expected between a valid questionnaire and other measures
of health status (e.g., opioid use, or physical examination
findings), such an association would not necessarily be
expected to be a strong association. In the absence of a
“gold standard” for daily functioning, this sort of cumula-
tive “construct validation” is generally the best we can do.

Performance Measures

Tests of patient performance have sometimes been
used to evaluate physical capacity. Such tests may
include, for example, computerized dynamometry, or
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TABLE 13-3. Reproducibility of patient self-reports and physician observationsa

Test-retest reliability of patient Interobserver agreement 
self-reports over several weeks Kappab by expert clinicians Kappab

Health history questionnaire 0.79 Ankle reflexes normal 0.50
Daily function: sickness impact profile 0.87 Soft tissue tenderness 0.24
Physical function: SF-36 0.89 Lumbar spine x-ray, normal or abnormal 0.51
Pain: visual analog scale 0.94 Presence of osteophytes on x-ray 0.64

aData are from Deyo (5),  Deyo, et al. (12), Deyo, et al. (13), Patrick (14), Pecoraro (15), McCombe (16),
with permission.

bKappa quantifies agreement on two measures after adjusting for chance agreements.

TABLE 13-4. Construct validation of several patient self-report measures by comparison
with other clinical phenomenaa

Abnormal straight
Opioids in past mo Workers’ comp leg raising

Outcome questionnaire Yes No Yes No Yes No

Modified Roland scalea 17.5 14.2 17.6 14.9 16.8 13.9
SF-36 physical functionb 7.6 16.8 3.1 16.8 9.4 18.4
SF-36 painb 19.2 33.0 21.4 28.7 23.4 32.3
Days of reduced activityc 21.3 18.1 24.3 17.4 20.2 18.7

aMean scores at baseline for sciatica patients seen in surgical practices. All differences are
significant at p ≤ .005. Higher scores on the Roland scale represent worse function; range
0–2.4.

bAll differences are significant at p ≤ .005. Higher scores on the SF-36 represent better func-
tion, range 0–100.

cAll differences are significant at p ≤ .005 except for those with and without abnormal SLR.
From Patrick DL, Deyo RA, Atlas SJ, et al. Assessing health related quality of life in patients

with sciatica. Spine 1995;20:1899–1909, with permission.



timed or measured performance on a standardized set of
tasks. While this approach has the attraction of seeming
objective, patient mood, motivation, and other factors
affect performance. Further, they require in-person eval-
uation (rather than by mail or telephone) and may require
special equipment, making them less practical and
affordable than questionnaire measures. How these per-
formance measures may compare with self-report mea-
sures in terms of validity and responsiveness remains
unclear and is an area for further investigation. 

OUTCOME ASSESSMENT FOR QUALITY
IMPROVEMENT

One application of outcome measurement is for
improving clinical practices. In this circumstance, pa-
tients would use outcome questionnaires in the course of
routine clinical care. The results might be used to evalu-
ate changes in clinical practice, surgical technique,
staffing patterns, or other aspects of care. 

As one example, Zucherman et al. reported their experi-
ence of measuring patient outcomes with different surgical
implants for performing spinal fusions. Unfortunately, they
found that with successive waves of new surgical implants,
their outcomes became worse rather than better (18). Only
with the most recent implants at the time did their results
finally improve, though they remained worse than their
results using bone grafts without surgical implants. It
seems unlikely that these surgeons were less technically
skilled than other surgeons. Instead, they seemed to iden-
tify an important trend in their own practice that might oth-
erwise have gone unnoticed. Even though their report did
not make use of some of the newer outcome instruments,
their data were sufficient for monitoring and improving
their own clinical practice. 

Such quality improvement efforts may have been part
of the motivation for developing the Musculoskeletal
Outcomes Data Evaluation and Management System
(MODEMS) program by the American Academy of
Orthopaedic Surgeons (AAOS). That program was de-
signed to have surgeons implement outcome measures
routinely in their own practices, with data submitted to a
central database. Unfortunately, the effort was not highly
successful, and this experience may point to some of the
problems with outcome assessment in routine practice. 

Measuring outcomes in routine care requires real
resources. In addition to identifying and duplicating ques-
tionnaires, one must have some means of entering the data
into a computerized database, calculating scores, and re-
porting the results. Some practices have succeeded in doing
this at baseline for most new patients, but have found it dif-
ficult to obtain uniform follow-up. Some patients do not
return to clinic, some return at unexpected intervals, and
some simply do not respond to mail or telephone surveys.
Obtaining a high rate of follow-up at consistent time inter-
vals is likely to require dedicated personnel who are able to

conduct multiple mailings or phone calls, and this adds to
the expense. These activities are not a part of routine care as
it is currently conceived, and therefore are not reimbursed
by patients or insurance companies. Thus, many practices
find it difficult to collect uniform outcome data. 

In part for this reason, we have proposed a simple set
of outcome questions that might be used in routine care
and would require minimal resources (9). This is a set of
just six questions, all derived from well-validated out-
come questionnaires, and covering several important
dimensions of outcome: pain, back-related functioning,
general health status, work disability, and satisfaction
with care (Table 13-5). Even this short set of measures
appears to be a substantial improvement compared with
measuring pain severity alone, or by “excellent/good/fair/
poor” standards. The questions were intended to be exam-
ined individually, without generating an overall score, in
part to avoid obscuring the situation in which one dimen-
sion improves while others do not. A 1-week period for
measuring symptoms was suggested because it allows the
patient to integrate recent experience for a long enough
interval to be meaningful, but short enough to avoid
important problems with recall and to identify relatively
short-term improvements. Many of these items are
included in the lumbar cluster of the AAOS outcome
instruments used for the MODEMS program.

While these outcome measures may be useful for moni-
toring quality improvement over time, they should be used
with caution to compare individual physicians, clinics, or
hospitals. Such cross-system comparisons may be mis-
leading because of important demographic or clinical dif-
ferences in the patient populations served. Thus, for exam-
ple, a hospital serving low-income patients with low levels
of literacy, language barriers, high levels of comorbidity,
poor health insurance, and menial if any work, is likely to
have worse outcomes than a health care system serving
well-insured, affluent, and well-educated patients. Simi-
larly, a physician with a reputation for excellence may have
the most difficult cases referred to him or her, while a less-
skilled physician may see patients with less severe prob-
lems. The patients of the more skilled physician might have
worse outcomes despite higher quality care simply because
of a worse initial prognosis. Comparing outcomes under
these circumstances could lead to an erroneous conclusion
about the quality of care. Having measures of baseline
demographic and clinical characteristics for patients would
help to avoid such mistaken conclusions, but may not com-
pletely adjust for all the differences in patient populations. 

Furthermore, if financial incentives are tied to out-
come measures, there is a substantial risk of “gaming”
the results. This could occur if a health care system made
only nominal efforts to collect data from patients with
low literacy, limited English fluency, the most severe ill-
ness, or simply removed “outliers” from calculations or
adjusted inclusion and exclusion criteria to optimize their
apparent outcomes. The gaming that has been well
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demonstrated in diagnosis coding for reimbursement sug-
gests that this is a real concern. 

Aside from quality improvement, some practices have
adopted routine measurement of health outcomes for help-
ing to inform clinical care. Thus, for example, some prac-
tices have routinely had patients complete the SF-36 or the
Oswestry Disability Questionnaire, and made the results
available to clinicians as they see the patients. In many
cases, these have been academic practices where extra-
mural resources, including grants, could help to support
these activities. Nonetheless, some private practitioners
have also adopted the strategy and find the information
useful to inform their own care of individual patients.

OUTCOME MEASUREMENT FOR RESEARCH
PURPOSES

Aside from their use in quality improvement, outcome
measures might be used for comparing the effectiveness of
different clinical approaches to a particular problem. In
some circumstances, this might be done in the form of a ran-
domized controlled trial. However, randomized trials are
probably less common in routine practice settings than
observational studies, such as cohort studies. In cohort stud-
ies, patients may receive different treatments for the same
condition, but with the treatments determined by the course

of usual care rather than the dictates of a randomization
schedule. Although such studies do not yield information as
definitive as randomized trials with regard to treatment effi-
cacy, outcome studies using cohort designs have sometimes
added greatly to our understanding of patient experience of
various outcomes, unexpected consequences of therapy, and
important gaps in clinical knowledge. 

An example of such work can be found in the MLSS,
where we followed patients with either herniated lumbar
discs or lumbar spinal stenosis with pretreatment mea-
sures, and follow-up data collected at 3 months, 6
months, 1 year, and annually thereafter. Table 13-6 pro-
vides selected data from that study, using several state-of-
the art outcome questionnaires (19).

The MLSS collected data from the offices of orthope-
dic surgeons, neurosurgeons, and occupational medicine
physicians. The study provided much greater detail
regarding patient outcomes than was previously available
from the one randomized trial of surgical versus nonsur-
gical treatment for sciatica (20). Like that study, the
MLSS suggested that surgery offered an advantage in
outcomes for several years, although the differences in
outcome between surgical and nonsurgical treatment
gradually narrowed over several years. The MLSS also
found that return to work after 1 year and 3 years was vir-
tually the same with or without surgery (6).
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TABLE 13-5. Parsimonious routine care

Patient outcomesa

1. During the past week, how bothersome have each of the following symptoms been? (circle one number in
each row)

Not at all Slightly Moderately Very Extremely 
bothersome bothersome bothersome bothersome bothersome

a. Low back pain 1 2 3 4 5
b. Leg pain 1 2 3 4 5

(sciatica)

2. During the past week, how much did pain interfere with your normal work (including both work outside the
home and housework)?

� Not at all � A little bit � Moderately � Quite a bit � Extremely

3. If you had to spend the rest of your life with the symptoms you have right now, how would you feel about it?
� Very � Somewhat � Neither satisfied � Somewhat � Very 

dissatisfied dissatisfied nor dissatisfied satisfied satisfied

4. During the past 4 weeks, about how many days did you cut down on the things you usually do for more than
half the day because of back pain or leg pain (sciatica)? _____ Number of days

5. During the past 4 weeks, how many days did low back pain or leg pain (sciatica) keep you from going to work
or school? _____ Number of days

6. Over the course of treatment for your low back pain or leg pain (sciatica), how satisfied were you with your
overall medical care?

� Very � Somewhat � Neither satisfied � Somewhat � Very 
dissatisfied dissatisfied nor dissatisfied satisfied satisfied

aNote: most of these items are included in the AAOS Lumbar Cluster, the Low Back Pain TyPE, and
the NASS low back outcome instrument.

From Deyo RA, Battie M, Beurskens AJ, et al. Outcome measures for low back pain research. A pro-
posal for standardized use. Spine 1998;23:2003–2013, with permission.



An example of a randomized trial using similar outcome
measures is the Spine Outcome Research Trial (SPORT)
currently underway in the United States. This study is ran-
domizing patients to surgical or nonsurgical treatment for
herniated discs, spinal stenosis, or degenerative spondy-
lolisthesis. The trial involves data collected from numerous
clinical practices around the country. In this trial, patients
usually complete questionnaires using electronic “tablets,”
allowing instant data entry and analysis. Outcome mea-
sures in this study include the Oswestry Disability Ques-
tionnaire, the SF-36, and symptom measures, as well as a

measure of patient satisfaction (21). For projects such as
these, which enjoy extramural research funding, it is feasi-
ble to use a larger set of questionnaires than the simple
measures proposed for quality improvement purposes

RECOMMENDED QUESTIONNAIRES FOR
STUDYING OUTCOMES OF LUMBAR SPINE
DISORDERS

As a result of an international low back pain forum, and
a subsequent focus workshop on outcome research, a core
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TABLE 13-6. Outcomes data for patients with sciatica, comparing surgical and nonsurgical therapy in a cohort study

Treatment group

Surgical Nonsurgical 
Outcome variablea (n = 219) (n = 170) P value

Symptoms
Low back pain compared to baselineb <0.001

Better 75.0 54.5
Same 16.8 29.9
Worse 8.2 15.6

Leg pain compared to baselineb <0.001
Better 81.3 55.8
Same 13.4 33.3
Worse 5.3 10.9

Change in predominant symptomc <0.001
Completely gone 30.6 11.4
Much better 40.2 31.7
Better 9.1 13.2
About the same or a little better 14.3 29.9
A little worse to much worse 5.8 13.8

Sciatica Frequency Index, mean change −11.2 −3.4 <0.001
Functional status

Roland score, mean change (1-yr baseline) −11.1 −4.7 <0.001
SF-36 score, mean change (1-yr baseline)

Physical function 40.3 17.5 <0.001
Bodily pain 44.0 20.4 <0.001

Disability days in past month, mean changesd

In bed −10.1 −3.3 <0.001
Decreased activity −16.0 −12.5 0.04
Absent from work −10.2 −8.0 0.06

Quality of life, ≥ moderate improvement 79.7 57.6 <0.001
Patient satisfaction

Overall results of treatment, ≥ very good 61.1 46.0 0.005
Spend rest of life like now, satisfied 60.1 39.6 <0.001
If surgery, still choose back operation, yes 86.5

Employment and WC status
If receiving WC at entry (n = 60) (n = 63)

Unemployed at 1-yr evaluation 30.5 44.1 0.13
Receiving WC at 1-yr evaluation 45.6 55.2 0.30

If employed at entry (n = 113) (n = 78)
Unemployed at 1-yr evaluation 5.4 6.9 0.68
Receiving WC at 1-yr evaluation 4.6 7.1 0.47

SF-36, Short Form 36; WC, workers’ compensation.
aAll variables expressed in percentages, except where noted.
bSymptom severity was reported to be “better” if the response was “better” to “completely gone,” the

same if the response was “about the same” or “a little better,” and worse if the response was “a little
worse” or “much worse.”

cPredominant symptom, either leg or back pain, at entry.
dComparing difference of two distributions using the Kolmogorow-Smirnov statistic.
From Atlas SJ, Deyo RA, Kellar RB, et al. The Maine Lumbar Spine Study, Part II.
One year outcomes of surgical and non-surgical management of sciatica. Spine 1996;21:1777–1786,

with permission.
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TABLE 13-7. A proposed set of patient-based outcome measures for use in spinal disorders

No. of items Score 
(response (best to Time to 

Domain Instrument options) worse) complete Dimensions

Back specific Roland-Morris 24 (yes/no) 0–24 5 min Physical activities, housework, 
function mobility, dressing, getting

help, appetite, irritability, pain
or Oswestry 10 (6 levels) 0–100 5 min Pain intensity, personal care, 

lifting, walking, sitting,
standing, sleeping, sex life,
social life, traveling

Generic health SF-36 version 2.0 36 (variable) 8 dimensions: 10 min Eight dimensions: physical 
status 100–0 each or function, role physical, bodily 

norm-based: pain, general health, vitality, 
mean: 50; SD: social function, role 
10 emotional, and mental health

Can be aggregated into two 
components: Physical and
mental health

Pain Bodily pain scale 2 (variable) 100–0 or norm- 2 min Pain intensity, pain interference 
of SF-36 based: mean: with work and housework

50; SD: 10
(optional) Chronic 7 (11-point NRS) 5 min Current, worse, and average 

pain grade + no. of days pain, disability days, 
in pain interference with usual

activities, recreational, social
and family activities, and
work (including housework)

Work disabilitya Work status 10 categories Nominal scale 1 min Employed at usual job, on light 
duty, or some restricted work
assignment, paid leave/sick
leave, unpaid leave, unem-
ployed because of health
problems, unemployed
because of other reason,
student, keeping house/
homemaker, retired, on
disability

Days off work and No. of days 2 min
days of reduced 
workb

Time to return to No. of days 2 min
work

Satisfaction: back Satisfaction with 17 (5 levels) Information, caring, effective-
specific care: Patient ness of treatment, and others

Satisfaction 
Scale

Satisfaction with 1 (7 levels) 1–7 1 min Extremely, very, somewhat 
treatment satisfied, mixed, somewhat, 
outcome: Global very, extremely dissatisfied
question

NRS, Numerical Rating Scale.
aThe SF-36 physical and mental role scales refer to all roles (work as well as housework). The reader

specifically interested in work-related disability would need to modify these scales to refer to work roles
only.

bThe U.S. National Health Interview Survey asks about days off work and reduced activity both from
usual work and other role activities. The reader specifically interested in work-relatedness would need
to modify these questions to refer to work roles only.

From Bombardier C. Outcome assessments in the evaluation in the treatment of spinal disorders;
summary and general recommendations. Spine 2000;25:3100–3103, with permission.



set of patient-based outcome measures for research pur-
poses has been proposed (9,10). As shown in Table 13-7,
these include measures of back-specific functioning,
generic health status, pain, work disability, and patient sat-
isfaction. Each of the instruments in Table 13-7 has been
well validated, and the characteristics of the questionnaires
are indicated in the table. This set of measurement instru-
ments corresponds closely to the lumbar spine cluster pro-
posed by the AAOS and to the North American Spine Soci-
ety (NASS) spine questionnaires. The special focus issue
of Spine contains a summary of the data relating to these
questionnaires, including information about their reliabil-
ity, reproducibility, and responsiveness to changes over
time (10,22,23). For key elements of this recommended
set, such as the Roland and Morris disability question-
naires and the SF-36, well-validated versions are available
in many languages, especially European languages. 

This set of instruments was intended to be a core set
that might be used by most investigators studying low
back problems, to help improve comparability among
studies and also to facilitate formal meta-analysis of mul-
tiple studies. However, the intent was to make this core
set sufficiently brief so that investigators could add addi-
tional instruments for purposes specific to the conditions
and treatments they are studying. Thus, investigators may
wish to add more psychological measures or disease-spe-
cific modules such as measures for spinal stenosis or sco-
liosis. 

This is certainly not an exhaustive list of validated
instruments for studying low back pain. However, it does
represent a set that appears to be well validated, widely
used, and at least equivalent in performance characteris-
tics to other available instruments.

HAZARDS IN OUTCOME MEASUREMENT

The difficulties in making fair comparisons among
physicians or hospitals have previously been addressed.
In general, valid comparisons of outcomes would require
at least adjustment for disease severity, comorbid condi-
tions, baseline health status, and several important demo-
graphic variables. Even with such adjustment, compar-
isons should be made with caution, because we do not yet
know all the relevant variables for predicting patient
prognosis or outcome. 

Those who assess spine outcomes must be aware that
many factors other than medical care can affect the
results of a particular disease. Patients with multiple
comorbid diseases (e.g., heart disease or diabetes) are
likely to have worse outcomes than patients without
comorbid illnesses. Low income or homeless patients are
likely to have worse outcomes than more affluent
patients. Patient compliance, genetic endowment, psy-
chological characteristics, and environmental factors
(such as workplace characteristics) may also have a major
influence on patient outcomes. Thus, in comparing qual-

ity of care between providers or in comparing the effec-
tiveness of different treatments, caution is warranted if
outcomes are used. In most situations, random allocation
to alternative treatments is the best way to assure that one
is truly comparing equivalent groups, but this is rarely
feasible in comparing health care providers or work-
places.

The optimal timing and duration of follow-up for out-
come assessment may vary according to the condition or
treatment under study. For example, studies of spinal
manipulation have suggested that any benefits occur
within a few days or weeks of treatment, and do not have
long-lasting effects. In contrast, surgical intervention
may result in a temporary decline in patient functioning
during the postoperative recovery period, with benefits
only becoming apparent in long-term follow-up. Simi-
larly, the timing of outcome measures may vary accord-
ing to whether one is studying patients with acute pain or
chronic pain. 

Patients’ literacy and language fluency are additional
potential barriers to the use of questionnaire measures
such as those presented here, though these barriers can
sometimes be overcome (24). Standards for developing
equivalent questionnaires in different languages have
been proposed (25), and oral interviews can sometimes
replace self-administration.

An important caveat is that financial incentives may
affect a patient’s self-report. If financial gain may result
from high levels of disability (e.g., disability compensa-
tion), patients may report worse functioning on standard-
ized questionnaires. This is not being dishonest as much
as it is a natural tendency to maximize symptoms and
dysfunction under such circumstances. Conversely, some
patients have reported fear of losing their insurance cov-
erage if they admit to any functional problems that might
be seen as “preexisting conditions” in any new insurance
application. Such patients would perceive a financial
incentive to report excellent functioning and no symp-
toms, skewing results in the opposite direction. The mag-
nitude of such effects has not been well-quantified or
studied, although it seems clear that outcomes are gener-
ally worse among patients who receive disability com-
pensation than among those who do not, even with appar-
ently similar levels of anatomic or physiologic disruption.
Such incentives may also influence performance on stan-
dardized physical tasks.

FUTURE DEVELOPMENTS

Item response theory has been well known among
those who do psychological testing for many years, but its
application to health status measures is relatively recent.
Item response theory allows one to rate the “difficulty” of
a question in comparison to other similar questions. Thus,
for example, “walking one block” would be rated easier
than “walking one mile”. Although the ranking of these
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two items is obvious, the relative rankings of other func-
tional items may be less clear. Item response theory
allows a diverse range of items to be ranked by their dif-
ficulty. Such techniques can allow the construction of a
large bank of individual questions that measure the same
underlying construct (such as physical function or emo-
tional function) and calibration of every item within that
bank (26). 

With computer technology, adaptive testing would then
become possible. The idea is that if a patient indicates he
or she is able to walk a mile, then questions about less
demanding activities would be avoided. Instead, a series
of more difficult questions would be posed, allowing the
investigator to reach a very precise estimate of a patient’s
physical functional ability with just a few items. Thus,
after the first question, the computer selects each subse-
quent item from the pool of calibrated items according to
the subject’s responses to the initial and each subsequent
item. The goal is to achieve a high level of accuracy with
as few items as possible. 

Item response theory models have been used for some
scale validation, and the Quebec Back Pain Disability
Scale was developed using this technique (27). An effort
to calibrate all the items found in major scales for back
pain should be encouraged, because this could lead to
construction of a relevant item bank, and in turn toward
computerized adaptive testing (26). 

Adaptive testing aside, the Internet offers enticing
prospects for the future of studying patient outcomes. If
Internet access was widely available in patients’ homes,
patients would be able to complete questionnaires and
transmit data to a central database without using pencil and
paper, stamps, or envelopes. In settings where computer
access is widely available, this may already be feasible. 

CONCLUSION

Variations in care and rising health care costs have led to
growing calls for accountability by those who pay the bills.
In many cases, studying patient outcomes in a rigorous
fashion is likely to be the best way to identify effective
treatments and to assess the quality of care. For low back
disorders, traditional measures such as death, cure, and
physiologic outcomes have only limited applicability. In
many cases, patients’ symptoms, function, and work status
are the most important outcomes to measure. While these
are subjective, modern instruments can assess these
dimensions of outcome with demonstrable reliability and
validity. A standard battery of instruments can be recom-
mended for measuring several dimensions of patient out-
come, generally obviating any need to “reinvent the
wheel.” However, improvements in such measures will
inevitably be developed, and comparisons among potential
outcome measures should be encouraged. Such compar-
isons should quantify the construct validity, reproducibil-
ity, and responsiveness of these instruments.

When comparing providers with regard to quality of
care, or when comparing treatment effectiveness, extreme
care is warranted to assure that the comparisons are fair,
considering potential baseline differences in disease
severity, health status, and demographic characteristics. A
variety of logistic barriers must be overcome before these
instruments are widely used in routine practice, including
the resource requirements for collection, automation,
analysis, and reporting of the data. Nonetheless, such
efforts offer the promise of substantial improvements in
quality of care and in the effectiveness of treatment
approaches. 
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SECTION II

Alternatives to Traditional
Nonoperative Treatment





CHAPTER 14

Manual Therapy in Patients with Low Back Pain

Jiri Dvorak, Scott Haldeman, and Wolfgang Gilliar

The hands are one of the oldest tools available to clini-
cians for healing. References to manual treatment meth-
ods can be found in the writings of virtually all ancient
and modern civilizations. This discipline, in its broadest
definition and as it relates to low back pain, includes all
procedures where practitioners apply their hands for
diagnostic and therapeutic purposes in the hope of reliev-
ing symptoms and restoring function. Since the 1950s,
and in particular since the 1970s, manual medicine has
experienced unprecedented growth and acceptance, not
only by the general population, but also by traditionally
orthodox branches of medicine. This growing interest is
due to a number of social and political forces. One of the
strongest of these forces has been the failure of traditional
medicine practitioners to develop treatment methods that
control low back pain to the satisfaction of patients. 

Despite the marked increase in diagnostic technology
and improvements in both medications and surgical pro-
cedures, there is no evidence that the amount of suffering
and related disability due to back pain has improved, and
if anything, it appears to be increasing. There has also
been a marked resurgence in interest by the public in so-
called alternative and complementary medicine, or CAM
approaches to health care. This may, in part, be a response
to the more aggressive use of medications, injection ther-
apies, and surgery along with the growing realization that
these procedures rarely cure back pain, at least in the long
term, and have significant complication rates and ex-
penses. A recent series of publications has shown that
more patients use CAM therapies to treat their low back
pain than conventional medical therapies, and that satis-
faction with CAM providers is markedly higher than for
traditional medical providers. The most popular CAM
treatment for low back pain is spinal manipulation and
massage, both of which fall into the category of manual
therapies, although particularly in Europe, manual medi-
cine is integrated within the classic education of physi-
cians. In several countries (e.g., Switzerland, Germany,
Czech Republic, France) a subspecialization in manual

medicine has been established within the normal medical
associations.

The initial response by the mainstream medical commu-
nity to the popularity of manual therapy through the first 75
years of the 20th century was an attempt to ostracize prac-
titioners, especially chiropractors and osteopathic physi-
cians, and to isolate those medical practitioners who
recommended and taught manual therapy. There was, how-
ever, a small group of pioneering allopathic physicians
such as James Cyriax, Robert Maigne, Karl Lewit, and
John Mennell, particularly in Europe, and later within
North America and the rest of the world, who maintained
an interest in the manual therapies throughout the 20th cen-
tury. The “modern” era of manual therapy has often been
attributed to the Swiss physician O. Nägeli (1843–1922),
who described a series of “handgriffe” (hand applications)
for cervical manipulations in 1894. It was during the same
period, at the end of the 19th century and early 20th cen-
tury, that Andrew Taylor Still, M.D., formulated the con-
cepts of osteopathy and chiropractics was established as a
practice devoted to spinal manipulation by Daniel David
Palmer. There was a parallel growth of the three groups of
practitioners of manual therapy (medical physicians, chiro-
practors, and osteopaths) through the 20th century that
gradually resulted in communication of ideas and the
teaching of techniques between these different groups of
practitioners. At the same time massage and manual mobi-
lization, which have always been part of rehabilitation and
the practice of physical therapy, became more formalized
within this medical profession. There is a growing body of
academic physical therapists that have become very active
in research in the manual therapies and are responsible for
the publication of a number of clinical trials on the topic.
Components of the manual medicine armamentarium are
increasingly being adopted and integrated in general med-
ical practice and are being included within the teachings of
many medical specialties including neurology, orthopedics,
physical medicine, rehabilitation, and rheumatology (1). In
some settings the manual therapies are practiced by a med-
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ical physician but in many interdisciplinary centers these
therapies are performed by chiropractors, osteopathic
physicians, and sometimes by physical therapists.

DEFINITIONS

Terminology used by practitioners can be difficult to
understand for many physicians who do not have formal
training in the manual medicine field. The German term
“manuelle medizin”, or manual medicine has become the
standard term used for the manipulative therapies prac-
ticed by medical physicians in most of Europe. On the
other hand, in North America 90% of the manipulative
treatments are performed by chiropractors who use the
term “chiropractic adjustment” to describe their proce-
dures. Osteopathic physicians refer to specific “osteo-
pathic manipulative therapy (OMT).” Many of the mobi-
lization and massage techniques are generally offered by
physical therapists and a growing number of massage
therapists. Each of these professions, in turn, has numer-
ous techniques or named methods of providing their form
of manual therapy. 

It is possible to divide the manual therapies into three
major subdivisions with a fourth category representing a
combination of some of the techniques. The most com-
mon procedure, and that which also requires the greatest
amount of skill and training, is the classic “thrust tech-
nique.” The thrust technique is also described as “mobi-
lization-with-impulse” technique, or “high velocity, low
amplitude (HVLA) thrust” (Fig. 14-1). The second gen-

eral treatment category is represented by the nonthrust
mobilization techniques, which are also known as “mobi-
lization-without-impulse” techniques. They are easier to
perform and do not take the joint beyond the normal
range of motion. The third category includes the so-called
soft tissue techniques, consisting of various methods of
mobilization and massage applied to the soft tissues of
the spine without movement of a joint. 

The fourth manual technique, the “neuromuscular
therapy (NMT)” is a hybrid of the classic manual tech-
niques and includes treatment procedures that attempt to
mobilize and stretch the muscles by engaging specific
muscle action or invoking associated neuromuscular
reflex mechanisms. These techniques rely on direct mus-
cle force (NMT 1) in order to move the spine and stretch
muscles or they include a postisometric relaxation phase
(NMT 2) (Fig. 14-2). Another variation attempts to take
advantage of the reciprocal innervation for inhibition of
specific muscle groups (NMT 3). This form of manual
therapy is based, in part, on the observation that rotation
of the spine to one side is caused by the contralateral
transversospinal muscular system but may be typically
limited by shortened ipsilateral transversospinal muscles.
Rotational motion of the superior partner of the vertebral
spinal segment is initiated to one side by the rotator and
multifidi muscles on the contralateral side. Thus, the
right rotator and multifidi muscles function as agonists
for rotation to the left side (Fig. 14-3). When the rotatores
and multifidi muscles are shortened in the same spinal
segment it is assumed that they diminish rotation to the
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FIG. 14-1. Manipulation of lumbar spine in side posi-
tion (mobilization with impulse). (From Dvorak J, Dvo-
rak V, Schneider W, et al. Musculoskeletal medicine
(manual therapy), 3rd English ed. Stuttgart/New York:
G. Thieme Verlag, 2004, with permission.)
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FIG. 14-3. Schematic drawing of the function of intersegmental rotatory muscles. (From Dvorak J, Dvo-
rak V, Schneider W, et al. Musculoskeletal medicine (manual therapy), 3rd English ed. Stuttgart/New
York: G. Thieme Verlag, 2004, with permission.)

FIG. 14-2. Mobilization without impulse of the lumbar spine (A) and mobilization without impulse using
the postisometric relaxation of the antagonistic muscle groups (B) also described as neuromuscular
therapy (NMT). C: Arrow indicates the direction of isometric muscle contraction. D: Arrow indicates the
direction of mobilization. (From Dvorak J, Dvorak V, Schneider W, et al. Musculoskeletal medicine (man-
ual therapy), 3rd English ed. Stuttgart/New York: G. Thieme Verlag, 2004, with permission.)
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right. These techniques then attempt to increase spinal
motion by stretching the incriminated shortened muscles
and restoring mobility (Tables 14-1, 14-2).

CLINICAL MODEL FOR USE OF MANUAL
THERAPY

Rehabilitative efforts for low back pain, especially when
chronic, often present both a diagnostic and therapeutic
challenge. Many practitioners of manual therapy have
found it useful to approach to this complex clinical presen-
tation by addressing specific clinical parameters first. They
then attempt to integrate the findings (or lack thereof)
within the greater clinical context. Three major domains of
decision making have been identified as important when
considering manual therapy for patients with low back pain
or sciatica. These domains of diagnosis, in turn, are often
further subdivided into specific subcategories. 

According to this diagnostic approach there are three
separate but interrelated thought processes involved
when formulating a diagnosis for a patient where man-
ual therapy is being considered. The first domain, the
“structural diagnosis,” refers to specific organic pathol-
ogy and relies on the ability to define an objective veri-

fiable pathologic lesion (e.g., disc herniation), osteo-
porosis, spondylosis, spinal stenosis, spondylolisthesis,
and others. The second domain refers to a “functional
diagnosis” that is based on both manual and functional
performance tests including such findings as muscle
spasm or muscular contraction, gross range of motion,
focal intersegmental restrictions in motion, spinal bio-
mechanics, posture, and gait. The third level of infor-
mation in the diagnostic process is the domain of the
patient’s “pain perception” including those that exacer-
bate or decrease the pain and the psychosocial issues
that affect pain. 

This model infers that the resolution or diminution of
a patient’s pain can only occur when there is improvement
on all three domains. The practitioner of manual therapy,
using this model, will often include specific and individ-
ually tailored rehabilitation exercises along with carefully
chosen passive physical therapeutic modalities all the
while being cognizant of the patient’s psychosocial situa-
tion. The unique clinical setting of the manual medicine
practitioner, where there is physical contact with the
patient and often multiple office visits, allows for a closer
doctor-patient interaction than is commonly noted in con-
ventional medical practices.
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TABLE 14-1. Overview of some of the most commonly used manual therapy techniquesa

Manual therapies

Manual medicine techniques Therapeutic massage

Mobilization Common massage 
Mobilization with impulse without impulse Soft tissue techniques techniques

Thrust techniques Counterstrain technique Articulatory technique Swedish-type massage
1. Chiropractic adjustment Craniosacral technique Deep pressure technique Effleurage (stroking)
2. Osteopathic Thrust Functional technique Diaphragmatic release Pétrissage (kneading)
Terminology Muscle energy technique Lymphatic pump technique Friction (rubbing)
Thrust is also known as: Myofascial release technique Mesenteric release Tapotement (percussion)
1. High-velocity/low Ligamentous release Pectoral release Acupressure

impulse technique or technique Stretch techniques: Lateral, Bindegewebsmassage
2. Manipulation (nonspecific, Myofascial trigger point linear, diagonal, etc. Deep tissue massage

general term) technique Traction Lymphatic massage
Visual techniques Reflexology

Shiatsu
Sports massage (variation 

of Swedish massage)

Combined techniques

Neuromuscular treatment I Integrating/movement 
Neuromuscular treatment II approaches
Neuromuscular treatment III 1. Alexander technique

2. Feldenkrais method
3. Rolfing
4. Many others

Remarks: Remarks: Remarks:
The nonthrusting techniques Soft tissue techniques are There are numerous types 

typically take into account used for preparation or of massage approaches 
articular and/or soft tissue can be used independently. with even more variations
motion restrictions.

aAs with any classification, this table should be used as a general guide rather than a definitive one,
since there is a considerable amount of overlap among the various manual medicine techniques, as well
as with some of the massage techniques.



INDICATIONS AND CONTRAINDICATIONS FOR
SPINAL MANIPULATION

The appropriate application of manual medicine proce-
dures, as with any other treatment approach, requires not
only theoretical knowledge and training about the indica-
tions and contraindications of a particular technique, but
also a high level of technical skill and experience by the
practitioner (1–3). Unfortunately the identification of the
patient likely to respond to manual therapy is not yet clear.
This lack of information has, as in the case of many med-
ical procedures, led to reliance on consensus conferences
to determine the indications for manual medicine.

In 1990, the RAND Corporation, which has produced
appropriateness guidelines for several health care
provider groups, convened two expert panels to help
establish indications for spinal manipulation for back
pain conditions (4). These indications, when appropri-
ately applied, would include by far the majority of
patients with low back problems (4). These panels stated
that, in the absence of contraindications, a short trial of
therapy using spinal manipulation for patients with lower
back pain with or without sciatica was appropriate. 

The absolute or relative contraindications to manual ther-
apy identified by these panels included progressive neuro-

logic deficits from any cause, the most common of which
are disc herniation, space-occupying lesions, and progres-
sive spinal stenosis. Other contraindications include seg-
mental hypermobility due to pathologic and traumatic frac-
tures, acute rheumatoid inflammatory joint disease,
destructive bone lesions secondary to tumor or infection,
and bleeding disorders due to metabolic, congenital, or
medication causes. Some of these conditions may show
some symptomatic relief because of manual therapy as long
as the mobilizations and the therapeutic massage tech-
niques are carefully chosen and cautiously applied.

Major complications from manual therapy applied to
the lumbar spine appear to be extremely rare. There
have been a few case reports of cauda equina syndrome
following lumbar manipulation (5) but it is not yet evi-
dent whether the cases would have progressed in the
natural course of the disc herniation or were directly
affected by a manipulation. Thus far there are no good
data indicating spinal manipulation can adversely affect
lumbar discs. The risk of irreversible cauda equina syn-
drome was estimated by Shekelle et al. (6) to be as low
as 1 in 100 million lumbar spine manipulations, but this
estimate was based only on reported cases and presum-
ably there are a number of additional cases where a tem-
poral relationship exists.
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TABLE 14-2. Comparison of the terms “manipulation” and “mobilization” showing continental differences

Europe USA Comments

Manipulation Refers usually to the thrusting A rather general term, which may When possible, and in order to 
techniques, which are also refer to any therapeutic avoid confusion, the newer 
known as high-velocity/low- procedure in which the hands terminology of “mobilization-with-
amplitude techniques or the are used to treat the patient, impulse” (= thrust = high-
“mobilization-with-impulse” including thrust techniques. velocity/low-amplitude [HVLA] 
techniques. technique)

or
Chiropractic adjustment is a “mobilization-without-impulse”

generic term with over 100 (= nonthrust techniques) should 
sub-techniques, including the be used.
high-velocity/low-amplitude 
(HVLA) thrust and the low-force 
techniques.

Osteopathic manipulative 
treatment (OMT) encompasses 
the entire spectrum of manual 
therapies from thrust to 
nonthrust, including the soft 
tissue techniques.

Mobilization Refers essentially to any type Usually refers to the various It is best to qualify the type of 
of induced tissue or joint nonthrusting and soft tissue mobilization used.
movement which is then techniques.
qualified by describing the 
presence or absence of 
impulse forces (thrust vs.
nonthrust techniques, 
respectively).

From Dvorak J, Dvorak V, Schneider W. (eds). Manual medicine 1984. Heidelberg: Springer Verlag,
1984, and Dvorak J., et al. Manual medicine: diagnostics and therapy, 3rd English ed. Stuttgart: Thieme
Publisher, 2004, with permission.



One point that is evident from both clinical practice
and the scientific literature is that manual therapy is not a
panacea and not all patients with low back pain respond
with reduction of symptoms. Explanations for this varia-
tion in patient responses include three possibilities (7):
(a) an inadequate workup of the patient’s symptoms lead-
ing to a wrong diagnosis; (b) the unnecessary or inappro-
priate application of manual therapy (the diagnosis may
have been correct but treatment was “wrong”); and (c)
the probability that, for many patients with low back pain,
there may be no current adequate treatment.

EFFECTIVENESS OF MANUAL THERAPY IN
THE TREATMENT OF BACK PAIN SYNDROMES

One of the difficulties in performing randomized clin-
ical trials to determine the effectiveness of manual ther-
apy is the ability to perform a double-blind study and the
inability to establish a placebo treatment. This is not
unique to the manual therapies, but is true of all active
treatment approaches including the physical therapies
and exercise. The comparison of manual medicine treat-
ment approaches with other treatment interventions and
the development of placebos based on touching the
patient or performing massage, however, have allowed
certain conclusions to be drawn regarding effectiveness
of the manual therapies relative to no treatment and to
many of the common approaches to patients with low
back pain. Currently there are more than 45 randomized
clinical trials, more than almost any other treatment
approach to low back pain, that have attempted to evalu-
ate the effectiveness of the manual and manipulative ther-
apies. There are also over 50 reviews of the studies that
have been published in peer-reviewed journals. It is only
possible to list a few of these in a short chapter on the
topic and to discuss some of the key findings and con-
clusions from these papers.

An example of the type of study that has been
attempted to look at the effectiveness of manual therapy
is a prospective randomized clinical study by Koes et al.,
published in 1992 (8), where 256 patients with chronic
low back pain were referred for one of four categories of
treatment (manipulation, physical therapy, placebo, or
treatment by a general practitioner). The patients in the
manipulation group and those in the active physical ther-
apy group showed a more favorable outcome at the 3- and
6-week follow-up than those who had been assigned to
either the placebo group or treatment by the general prac-
titioner. However, by 12 weeks the differences had almost
entirely disappeared. Yet, patients in the manual medicine
group had received less treatment (5.4 treatment sessions
versus 14.7 treatments) than those in the physical therapy
group, and the authors thought that this might be
regarded as a considerable advantage. The acceptance of
the treatment was greater by the patients in the manual
medicine group than in the other treatment groups. In a

follow-up paper, the authors noted that improvement in
the main complaint was larger with manipulative therapy
(4.5 times) than with physiotherapy (3.8 times) after 12
months’ follow-up (difference 0.9; 95% confidence inter-
val 0.1 to 1.7). Manipulative therapy also resulted in
larger improvements in physical functioning (difference
0.6; −0.1 to 1.3). The authors concluded that manual ther-
apy and physiotherapy are better than general practitioner
and placebo treatments, and that manipulative therapy is
slightly better than physiotherapy after 12 months. These
observations are similar to those presented in the retro-
spective study by Patijn (9).

Triano et al. (10) elected to use a sham manipulation as
a control group in an attempt to create a placebo. These
authors reported on a prospective clinical trial of 145
patients who had experienced chronic back pain who
were randomized into three groups according to specific
manipulation, sham manipulation, and a group who re-
ceived instruction materials. Two-week follow-up
revealed that the group that had received specific manip-
ulation showed a significantly lower visual analog pain
scale value and a greater willingness to participate in
rehabilitation, that is there was a greater trust in actively
participating in their program. The recent study by Aure
et al. (11), on the other hand, looked at the issue as to
whether manual therapy was, as effective as well- estab-
lished treatment approaches such as exercise. They eval-
uated patients with chronic low back pain randomized to
either exercise or manipulation with 1-year follow-up to
compare the effect of manual therapy to exercise therapy
in work-disabled patients. Although improvement was
observed in both groups, the manual therapy group
showed significantly greater improvement than the exer-
cise therapy group in all outcome variables. Immediately
after the 2-month treatment period, 67% in the manual
therapy group and 27% in the exercise therapy group had
returned to work.

Reviews of the literature on the manual therapies have
included meta-analyses, reviews grading the method-
ologic quality of the clinical trials, and the use of evi-
dence tables and best evidence synthesis such as that
done through the Cochrane Collaboration. Koes et al.
have published a series of reviews of the scientific litera-
ture over the past 12 years using a described method of
ranking the quality of the clinical trials. This group per-
formed one of the earliest meta-analyses of the manipu-
lation literature in 1991. Unfortunately 36 of the random-
ized clinical studies that they reviewed were thought to
have low methodologic quality scores. They noted that
approximately half of the studies indicated a positive
result for manual medicine approaches on patients suffer-
ing from various disorders although the most favorable
results were often in the studies with low methodologic
scores. Similar observations were made when evaluating
studies that looked at the evidence in favor of other treat-
ments such as physical therapy and training therapy (12),
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and the evidence for these common treatment approaches
was often less than that for the manual therapies. In 1991,
Shekelle et al. (4), in a very detailed and critical evalua-
tion of the randomized clinical trials, came to a similar
conclusion with a slightly different emphasis. These
authors thought that spinal manipulation had been
demonstrated to be of short-term benefit in certain
patients, particularly those with uncomplicated acute
lower back pain. They based this conclusion on a meta-
analysis of a subset of seven clinical trials in which re-
covery at 3 weeks could be compared with that of other
therapies. The pooled estimate showed a 17% higher like-
lihood of recovery in favor of spinal manipulation. Again,
a substantial number of trials were excluded from the
meta-analysis by these investigators because most of the
published randomized clinical trials at the time had used
outcomes measured on a quantitative scale, such as pain
and disability, rather than dichotomous outcomes. 

The most comprehensive systematic reviews involving
an array of different treatments for low back pain have
been performed by van Tulder et al. (13,14) on a regular
basis over the past few years with regular re-analysis of the
newer trials. These authors have assessed the methodologic
quality of the trials and used specific evidence-based rules
to determine the presence and strength of evidence of effi-
cacy. They concluded that for acute low back pain there
was evidence to suggest that spinal manipulation is better
than placebo, physical therapy, exercise, and short-wave
diathermy. For chronic lower back pain, they found strong
evidence that spinal manipulation was better than placebo,
and moderate evidence that it was better than the treatment
offered by a general practitioner, massage, bed rest, and
analgesics. Bronfort et al. (15) published a systematic
review of the efficacy of spinal manipulation emphasizing
the magnitude of treatment effects compared to other treat-
ments in determining the strength of evidence. These
authors elected to set aside the conclusions by the investi-
gators of the individual randomized clinical trials and to
focus on the data only. Their analysis reached a conclusion
similar to that of van Tulder et al. in that there is evidence
of short-term efficacy for spinal manipulation in patients
with both acute and chronic lower back pain.

SUMMARY

Although manual therapy is one of the oldest and most
widely practiced treatments for low back pain, there has
been a rapid growth over the past 20 years in its accep-
tance and use on an international basis. This is primarily
due to the publication of a large number of clinical trials,

most of which suggest that this therapeutic approach is 
at least as efficacious as other established treatment
approaches and is more efficacious than placebo and
usual medical care. 

There remain, however, numerous unanswered ques-
tions concerning manual therapy. The exact physiologic
effects and mechanisms of manual therapy are not
known. The relative effectiveness of the choice of man-
ual therapy approach depends primarily on the training
and experience of the clinician. Current experimental
and clinical research is beginning to look at these issues
and hopefully, within the near future, it will be possible
to identify the patient who would most likely benefit
from manual therapy and to explain the mechanism
through which the treatment effect is achieved.
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CHAPTER 15

Acupuncture and Reflexology

Marianne L. Magnusson and Malcolm H. Pope

COMPLEMENTARY AND ALTERNATIVE
MEDICINE IN TREATMENT OF LOW BACK PAIN

Despite the increased use and acceptance of complemen-
tary and alternative medicine (CAM), there is relatively
little information available concerning efficacy. A survey
of 542 patients attending 16 family practice clinics was
conducted to determine patients’ reasons for using CAM
and the impact of CAM on health and well-being (1).
Approximately 21% of the patients used one or more
forms of CAM, of which the most common were chiro-
practic (34.5%), herbal remedies (26.7%), and massage
therapy (17.2%). In spite of poor evidence for efficacy,
CAM is used for low back pain (LBP) more frequently
than for any other indication. Expert opinions on the use
of CAM for LBP could therefore be helpful until more
randomized controlled trials (RCTs) are available. Ernst
and Pitller (2) sent a questionnaire to 50 clinical experts
on LBP to assess the perceived clinical effectiveness of
CAM for four categories of LBP. The conclusions were
that expert opinion is in favor of the effectiveness of
acupuncture for acute uncomplicated LBP, whereas
homeopathy was perceived ineffective for LBP.

REFLEXOLOGY

Furlan et al. (3) conducted a Cochrane Review on mas-
sage therapy. Four randomized controlled trials met the
inclusion criteria. Two trials were of high and two were of
low methodologic quality. None evaluated massage as the
main intervention. Rather, it was the control intervention
in studies evaluating manipulation, electric stimulation,
and a lumbar corset. There was limited evidence showing
that massage is less effective than manipulation immedi-
ately after the first session and moderate evidence show-
ing it is less effective than transcutaneous electric nerve
stimulation (TENS) during the course of sessions in
relieving pain and improving activity. At the completion
of treatment and at 3 weeks after discharge there was no

difference among massage and manipulation, electric
stimulation, or corsets, but this evidence is limited. The
reviewers concluded that there is insufficient evidence to
recommend massage as a stand-alone treatment for non-
specific LBP. 

Reflexology has been in existence for many thousands
of years and can be considered a type of massage. It was
first practiced in India, China, and Egypt and then intro-
duced to the West at the beginning of the 20th century as
zone therapy (4). It was suggested that pressure on spe-
cific parts of the body could have an anesthetizing effect
on a related area. The body is divided into 10 equal verti-
cal zones, and pressure on one part of a zone is said to
affect all structures within that zone. It was taught that
“bioelectric energy” flowed through these zones to
“reflex points” in the hands and feet. In the 1930s, the
zone therapy was refined into what was termed “foot
reflexology,” which suggests that “congestion” or tension
in any part of the foot mirrors “congestion” or tension in
a corresponding part of the body (5). 

Charts with organs superimposed on the foot, hand, or
ear are used to map these points. The reflexologist looking
for constrictions or painful areas probes the theoretical
reflex points by using the charts to determine what body
part corresponds to that area of the foot (or hand or ear,
etc.). There are areas that are said to correspond with the
lumbar spine. Several products (e.g., sandals, shoe inserts,
foot massage devices) are sold based on this theory. 

Jarvis (6) concluded, because of a carefully conducted
trial, that reflexology could not reliably find conditions
known to be present and thus was not predictive or ther-
apeutic. Jarvis concludes that reflexology has little poten-
tial for direct harm, but can mislead people into believing
that it can be used for screening or having real therapeu-
tic value. No scientific trials were found that showed any
value of reflexology for lumbar spine problems. Jarvis
advises us to be skeptical of therapeutic claims beyond
the ability of foot massage for relaxation. 
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ACUPUNCTURE

Acupuncture, a form of Eastern medicine that has been
practiced for many centuries, is the stimulation of special
“points” on the body, usually by the insertion of fine nee-
dles. Originally there were 365 such points, correspond-
ing to the days of the year, but the number identified by
proponents during the past 2,000 years has increased
gradually to over 2,000 (7). Acupuncture uses the merid-
ian systems of the body (Chinese system of energy flow
in the body) to promote healing and treat injury and dis-
ease. Through the insertion of needles into well-defined
acupuncture sites, the nervous system is stimulated to
release chemicals in the muscles, spinal cord, and brain.
These chemicals will either change the experience of
pain, or they will trigger the release of other chemicals
and hormones that influence the body’s own internal reg-
ulating system. The improved energy and biochemical
balance produced by acupuncture results in stimulating
the body’s natural healing abilities, and in promoting
physical and emotional well-being. The use of heat and
electric stimulation at the acupuncture sites is thought to
augment the therapeutic effect of needling and is used
particularly in treating chronic pain (8). 

The following mechanisms have been proposed to
explain acupuncture’s presumed action on pain: The effects
of acupuncture, particularly on pain, are partially explica-
ble within a conventional physiologic model, which sug-
gests that acupuncture stimulates Aδ fibers entering the
dorsal horn of the spinal cord. This mediates segmental
inhibition of pain impulses carried in the slower, unmyeli-
nated C fibers and, through connections in the midbrain
enhances descending inhibition of C fiber pain impulses at
other levels of the spinal cord. This helps explain why
acupuncture needles in one part of the body can affect pain
sensation in another region. Acupuncture is also said to
stimulate release of endorphins and other neurotransmit-
ters such as serotonin. This is likely to be another mecha-
nism for the effects of acupuncture, such as in acute pain
(8). Another explanation is the “gate theory”, which sug-
gests that if pain fibers carry impulses from an acupunc-
ture site, impulses from a painful body organ will be
unable to reach the brain. Attention can be diverted from a
symptom by stimulating or irritating another part of the
body. Psychological mechanisms—including suggestion,
operant conditioning, and other psychological mecha-
nisms—may be involved in the placebo effect. 

Theory and Practice

Acupuncture is based on ancient Chinese medical phi-
losophy, which views illness quite differently than con-
temporary science (9). In ancient China, diseases were
not systematically described or classified (10). Internal
organs, which were felt to be intermediaries between the
body and nature, were assigned qualities representing

emotional states, colors, and seasons. Some organs, such
as the “triple warmer,” were imaginary. There were no
concepts of modern physiology, biochemistry, nutrition,
or mechanisms of healing. There was no knowledge of
the existence of cells, the circulation of the blood, the
function of nerves, or the existence of hormones. Knowl-
edge of anatomy was incomplete.

Diagnosis

Traditional Chinese diagnosis does not correlate with
modern scientific concepts. An ill person was considered
out of balance with nature and its two opposing forces,
yin and yang. Yin represented the feminine, passive, or
accepting qualities and yang the masculine, aggressive,
or forceful ones. Diseases were not described or named.
Diagnoses were made from examining the pulse (of
which there were supposedly six variations) and the
tongue, which was said to vary in appearance with certain
disease states. 

Treatment

Although the details of practice differ between schools,
all traditional acupuncture theory is based on the concept
of yin and yang. Illness is seen as excess or deficiency in
various exogenous and endogenous pathogenic factors,
and treatment is aimed at restoring balance. This reestab-
lishing of “balance” and “harmony” supposedly occurs as
symptoms improve. Since there was no formal study of
diseases or description of their natural history, the ancient
Chinese could rarely determine how an illness actually
improved. Treatments were chosen by trial and error, and
perpetuated by personal experience. Since there were no
scientific criteria for success or failure, the judgment that
“healing” had taken place was based on the word of the
therapist or the patient. 

Acupuncture points were assigned to “meridians” on
the surface of the body. These supposedly represent chan-
nels through which flows the life force, “Ch’i” (or “Qi”).
Insertion of needles at the designated points was said to
increase or decrease the flow of Ch’i to achieve a more
normal and harmonious state (7).

The life force, Ch’i, has no basis in human physiology.
The meridians are imaginary; their locations do not relate
to internal organs, and therefore do not relate to human
anatomy. Acupuncture points are also imaginary. (Various
acupuncture charts give different locations for the
points.) These concepts continue to form the basis of
modern acupuncture therapy even though extremely
sophisticated methods are used to measure its reputed
biochemical effects. Although scientific methods may be
applied to biochemical studies, many published reports
are based solely and uncritically on clinical anecdotes
and tradition (11). In conclusion, the existence of “merid-
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ians,” “acupuncture points,” or Ch’i has never been sci-
entifically validated.

VARIATIONS AND OFFSHOOTS OF
ACUPUNCTURE

Acupressure

Acupressure uses firm digital pressure on trigger or
acupuncture points. Shiatsu, a modified form of acupres-
sure, is a form of Japanese traditional medicine (12). 

Auriculotherapy

Auriculotherapy is based on the notion that the body and
organs are represented on the ear (13). Needles are placed
in the imaginary points representing the diseased organs.
There is no scientific evidence that these points exist or
that auriculotherapy has any therapeutic value (14). 

Staplepuncture

In staplepuncture, staples are placed at acupuncture
points on the ear, typically to aid smoking cessation or
drug withdrawal. 

PROS AND CONS OF ACUPUNCTURE

The World Health Organization recognizes the use of
acupuncture in the treatment of a wide range of medical
problems including neurologic and muscular disorders:

1. Digestive disorders: gastritis and hyperacidity, spas-
tic colon, constipation, diarrhea.

2. Respiratory disorders: sinusitis, sore throat, bronchi-
tis, asthma, and recurrent chest infections. 

3. Neurologic and muscular disorders: headaches,
facial tics, neck pain, rib neuritis, frozen shoulder,
tennis elbow, and various forms of tendonitis, LBP,
sciatica, and osteoarthritis. 

4. Urinary, menstrual, and reproductive problems. 
5. Smoking cessation.

The National Council Against Health Fraud (NCAHF)
believes:

1. Acupuncture is an unproved modality of treatment. 
2. Its theory and practice are based on primitive and

fanciful concepts of health and disease that bear no
relationship to present scientific knowledge. 

3. Research during the past 20 years has failed to demon-
strate that acupuncture is effective against any disease. 

4. Perceived effects of acupuncture are probably due to
a combination of expectation, suggestion, counterir-
ritation, operant conditioning, and other psychologi-
cal mechanisms. 

5. The use of acupuncture should be restricted to appro-
priate research settings. 

6. Insurance companies should not be required by law
to cover acupuncture treatment. 

7. Licensure of lay acupuncturists should be phased out
(15).

EVIDENCE OF ACUPUNCTURE EFFICACY

Symptom relief with acupuncture is difficult to assess
because there is no objective standard of measurement.
Double-blind studies comparing the insertion of needles at
acupuncture points and at other points (“sham acupunc-
ture”) are difficult to design. If an experienced acupunc-
turist locates the points, the practitioner’s expectations may
be transmitted to the patient. If an inexperienced person
inserts the points, misplaced needles may undermine the
results. Moreover, practitioners may differ about the loca-
tion of the points, so it may be difficult to find a patch of
skin that has not been labeled an “acupuncture point.”
Chronic pain is often cyclic, with periods of relief. Since
people often request help when their pain is most severe,
spontaneous improvement may occur, independent of the
treatment (16). The natural history of most acute pain is
that it improves with time and no intervention. Thus, there
may be reports of improvement of symptoms from any
intervention. There is general agreement that 30% to 35%
of subjects’ pain improves from suggestion or placebo
effect alone. Thus, measuring a small difference between
placebo and acupuncture requires a large number of sub-
jects to show as little difference as 25%. People who vol-
unteer for acupuncture may have a conscious or uncon-
scious bias toward the procedure and thus may be more
prone to suggestion. 

RESEARCH EVIDENCE

Richardson and Vincent analyzed 28 studies on the
effect of acupuncture on pain. All were published
between 1973 and 1986 in English language peer-
reviewed journals. Fifteen showed no difference in effec-
tiveness between acupuncture and control groups. Thir-
teen showed some effectiveness for acupuncture over
control groups, but not all controls were the same. (Some
were compared to sham acupuncture, some to medical
therapy, etc.) Overall, the differences were small (17,18).

The NCAHF Task Force on Acupuncture evaluated the
above studies, as well as more recent ones, and found that
reported benefits varied inversely with quality of the
experimental design. The greater the benefit claimed the
worse the experimental design. Most studies that showed
positive effects used too few subjects to be statistically
significant. The best designed experiments—those with
the highest number of controls on variables—found no
difference between acupuncture and control groups (15).
In 1989 Dutch epidemiologists reported similar conclu-
sions in 91 separate clinical trials of acupuncture for var-
ious disorders. They also found that the stricter the con-
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trols, the smaller the difference between acupuncture and
control groups (19).

Research evidence also shows that acupuncture has
greater effects than placebo. Randomized trials have
found that true acupuncture is more effective in relieving
pain than a “sham” technique, such as inserting needles
away from true points (however, the aforementioned dis-
agreement about the localization of points should be con-
sidered). Of the numerous studies on nausea, a condition
that readily lends itself to placebo controlled trials,
almost all show that stimulating true acupuncture points
is more effective than stimulating false points. Studies
showing that acupuncture can affect anesthetized animals
provide further evidence that its effects probably cannot
be explained purely in psychological terms (7). 

It is less clear whether acupuncture has clinically
important benefits in the conditions for which it is typi-
cally used. Much of the research evidence comes from
hospital-based studies of acute conditions such as post-
operative pain rather than studies of chronic conditions in
primary care. Moreover, most trials have had small num-
bers of patients and only short-term follow-up. Overall,
evidence from several randomized controlled trials sup-
ports the use of acupuncture in pain conditions, particu-
larly migraine, headache, and postoperative pain. Such
trials also provide evidence of an effect of acupuncture in
substance misuse, nausea, and stroke. Trials of acupunc-
ture in asthma and hay fever have produced conflicting
results. Systematic reviews and randomized controlled
trials suggest that acupuncture is probably not of benefit
for stopping smoking, tinnitus, or obesity. 

ACUPUNCTURE AND LBP

The use of acupuncture to treat LBP has increased dra-
matically in the past few decades. In spite of this, there is
very sparse scientific documentation of outcomes from
these treatments. In one study, 12 patients suffering
chronic LBP were treated with both acupuncture and
TENS. The order of treatments was balanced, and changes
in the intensity and quality of pain were measured with the
McGill Pain Questionnaire. Pain relief was produced in
both groups and lasted between 23 hours for TENS and 40
hours for acupuncture. The difference between the treat-
ments was not statistically significant. According to the
authors, both methods could be equally effective, and prob-
ably have the same underlying mechanism of action (20).
However, as there was no pure control treatment group the
pain relief could be a Hawthorne effect or the two treat-
ments were equally effective or ineffective.

Carlsson and Sjölund (21) randomly assigned 50
patients who had been suffering chronic LBP for a min-
imum of 6 months and had tried a variety of other thera-
pies to a manual acupuncture group, an electroacupunc-
ture group, or a placebo group. Treatment was delivered
once per week for 8 weeks and follow-up treatments

after 6 months or longer. The placebo group was given
mock stimulation. An independent and blinded-to-treat-
ment assessment (clinical interview, physical examina-
tion) at baseline and at follow-ups at 1, 3, and 6 months
classified the patient’s pain as improved, unchanged, or
worse. Subjectively, patients reported pain intensity at
the follow-ups. At the 1-month independent assessment,
16 of 34 patients in the acupuncture group and 2 of 16 in
the placebo group improved (p < .05). There was also a
significant decrease of pain intensity at 1 and 3 months
in the acupuncture group. Sleep pattern was less dis-
turbed and total intake of analgesics dropped dramati-
cally after the treatment period in the acupuncture group,
but not in the placebo patients. After 6 months, 14
acupuncture patients and two placebo patients were still
improved (p < .05). There was no difference between
types of acupuncture. 

Kalauokalani et al. (22) analyzed 135 patients with
chronic LBP who received acupuncture or massage in a
randomized trial. Before randomization, study participants
were asked to describe their expectations regarding the
helpfulness of each treatment on a scale of 0 to 10. The
primary outcome was level of function at 10 weeks as mea-
sured by the modified Roland Disability Scale. Improved
function was observed for 86% of the participants with
higher expectations for the treatment they received as com-
pared with 68% of those with lower expectations (p < .01).
Furthermore, patients who expected greater benefit from
massage than from acupuncture were more likely to expe-
rience better outcomes with massage than with acupunc-
ture, and vice versa (p < .03). The study suggests that
patient expectations may influence clinical outcome inde-
pendently of the treatment itself. In contrast, general opti-
mism about treatment, divorced from a specific treatment,
is not strongly associated with outcome. 

Cherkin et al. (23) randomized 262 patients with per-
sistent LBP to receive traditional Chinese medical
acupuncture (n < 94), therapeutic massage (n < 78), or
self-care educational materials (n < 90). Telephone inter-
viewers masked to treatment group assessed symptoms
and dysfunction. Follow-up was available for 95% of
patients after 4, 10, and 52 weeks, and none withdrew for
adverse effects. Treatment groups were compared after
adjustment for pre-randomization covariates using an
intent-to-treat analysis. At 10 weeks, massage was signif-
icantly superior to self-care on the symptom (p < .01) and
the disability scale (p < .001). Massage was significantly
superior to acupuncture on the disability scale (p < .01).
After 1 year, massage was not better than self-care but
was better than acupuncture on the symptom and dys-
function scales (p < .002 and p < .05, respectively). The
massage group used the least medications and had the
lowest costs of subsequent care (p < .05). Therapeutic
massage was effective for persistent LBP, providing long-
lasting benefits. Traditional Chinese medical acupuncture
was relatively ineffective. 
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A systematic review to assess the effects of acupunc-
ture as treatment of nonspecific LBP was conducted by
van Tulder et al. (24). Eleven studies were included, of
which only two were of high quality. In the review, van
Tulder et al. disagree with the original authors’ conclu-
sions in 7 of the 11 studies. According to van Tulder et al.,
there was no difference between acupuncture and control
in seven trials. Acupuncture was superior in only two
studies, whereas the results were unclear in the remaining
two trials. Thus, 9 of the 11 studies could not show that
acupuncture was more effective than placebo or sham
acupuncture, nor with trigger-point injection or TENS.
The reviewers’ conclusions were that this systematic
review did not indicate that acupuncture is effective for
the treatment of back pain.

A meta-analysis by Ernst et al. (25), of randomized
controlled trials on acupuncture for back pain involving
data from nine studies, showed improvement with acu-
puncture compared with control intervention with an
odds ratio of 2.30 (95% confidence interval 1.28 to 4.13).
It was concluded that collectively, the data implied that
acupuncture is superior to various control interventions,
although there was insufficient evidence to prove whether
it is superior to placebo.

Although both studies, which virtually used the same
RCTs, conclude that there is not enough evidence to
prove acupuncture more effective than any other treat-
ment, they present contradicting results. This is due to the
different methods of assessing methodologic quality and
of summarizing the results that were chosen. Because of
the low quality, methodologic problems, and in some tri-
als, the use of an invalid acupuncture treatment, van Tul-
der et al. used a qualitative analysis, which took into
account the levels of evidence rather than a statistical
pooling across trials. Ernst et al. used a meta-analysis and
quantitatively pooled the results from the trials.

SAFETY OF ACUPUNCTURE

As with all CAM, the absence of a formal system for
reporting adverse effects means that acupuncture’s safety
is difficult to assess. The definition of adverse effect
varies and both under- and over-reporting occur. Most
adverse effects are relatively minor events such as bruis-
ing and dizziness but more serious events have been
reported such as hepatitis and pneumothorax (26,27). A
prospective study of over 55,000 acupuncture treatments
given in a college for medically trained acupuncturists
confirms that acupuncture is probably safe in qualified
hands (28). Only 63, mostly minor, adverse events were
identified, and no cases of serious adverse events such as
pneumothorax, infection, or spinal lesions were reported,
although these have been described in the literature (27). 

The adverse effects of acupuncture are probably
related to the nature of the practitioner’s training. A sur-

vey of 1,135 Norwegian physicians revealed 66 cases of
infection, 25 cases of punctured lung, 31 cases of
increased pain, and 80 other cases with complications
(29). A parallel survey of 197 acupuncturists, who are
more apt to see immediate complications, yielded 132
cases of fainting, 26 cases of increased pain, 8 cases of
pneumothorax, and 45 other adverse results (29). 

In summary, because the quality of the RCTs that eval-
uated acupuncture was generally poor, the effectiveness
of acupuncture for treating acute or chronic back pain is
unclear. However, acupuncture seems to be relatively safe
(30). 
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CHAPTER 16

Returning Workers to Gainful Employment

Margareta Nordin

Returning workers to gainful employment after work
absence due to low back pain has become a public
health policy problem. Being unemployed or disabled
from work due to low back pain of benign nature is a
societal problem in industrialized and industrializing
parts of the world. Compounding this problem is the
fact that the reputation of low back pain and its poten-
tial incapacitating symptoms has worsened. In industri-
alized countries, the public still believes that low back
pain is crippling, leading to serious disability and the
loss of gainful employment and a satisfying lifestyle.
Without great fanfare, back pain became the leading
20th century medical disaster (1), with an estimated cost
of 1% to 2% of gross national product (GNP) in Organ-
isation for Economic Co-operation and Development
(OECD) countries (2) and a cost of about $50 billion in
the United States (or 0.5% to 0.6% of GNP based on
data from 2001) (3). Cats-Baril and Frymoyer (4) esti-
mated that costs for back pain in the United States were
equivalent to 0.5% to 2.0% of GNP in 1991. In these
and other industrialized countries, the cost structure for
low back ailments is the same, with approximately 10%
to 30% of being spent for direct costs and 70% to 90%
on indirect costs.

It is technically difficult to estimate work loss due to
back pain, however work loss due to back pain has been
reported in several studies. For example, Guo et al. (5)
reported in 1988 that 17.6% of the respondents (n <
30,074) to the National Health Interview Survey lost an
estimated 149 million workdays in the United States. The
Office of National Statistics in the United Kingdom
reports from 1993 to 1998 approximately 5% of employed
individuals said they had taken time off from work for back
pain over a 4-week period being questioned (6).

In Sweden about 2% to 6% of the working popula-
tion experiences work loss from back pain (7). The dif-
ferences in reported work loss may be due to different
reporting systems, national versus non-national health

systems, and various compensation systems, among
others. There are indications that sickness absence is
increasing (8) and early retirement resulting from back
pain is decreasing (7), however there are also indica-
tions that an increasing proportion of people receive
benefits for much longer time and that the amount of
benefits paid are increasing (7). This would make a
strong argument to intensify the prevention of disabil-
ity and encourage work ability for individuals experi-
encing low back pain.

COMMONALITY OF BACK PAIN EPISODES

Prevalence of low back pain is high. International stud-
ies reveal a point prevalence (about 1 week) of 15% to
30%, a 1-month prevalence of 10% to 43%, and a lifetime
prevalence of low back pain of 51% to 81% (1,7). It is
important to note that study design and cultural differ-
ences in self-reporting, more so than actual differences of
the populations studied, may cause the variation of these
estimates (7,8). Therefore, one can reasonably state that it
is more common during life to have experienced back
pain than not to have experienced back pain. In fact,
when conducting a study, it is actually quite difficult to
find individuals who have never experienced or been out
of work for back pain (9,10).

BACK PAIN CLASSIFICATION

Pain in the lumbar spine can be classified as specific
or nonspecific pain. These terms are convenience terms
created to establish some sort of triage mechanism. Spe-
cific low back pain means that the pain originates from a
known structure, abnormality, tumor, trauma, or systemic
or established disease. All other conditions are classified
and diagnosed as nonspecific low back pain (NSLBP), a
diagnosis that stems from the fact that science has not yet
revealed which structure in the spine generates the pain.
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This classification system has been very helpful for
researchers and clinicians.

One point of encouragement is that large working pop-
ulation cohorts using the classification of NSLBP have a
good prognosis for 90% of affected individuals to return
to work. Studies show that 75% of compensable back
pain resolved within 4 weeks, 90% within 3 months, and
95% within 6 months (1,11,12). The probability of an
NSLBP diagnosis developing into “chronic back pain
syndrome” (often defined as disabling pain of more than
3 to 6 months) is approximately 5% to 6%, compared to
patients presenting with a specific diagnosis of low back
pain for whom about 35% to 40% will develop a chronic
and disabling condition (13–15).

Although chronicity as defined by continuous pain or
permanent work disability affects about 3% to 5% of
patients seeking care for low back pain, recurrence of low
back pain is more frequent. For example: in Canada the fre-
quency of recurrent episodes after compensable back injury
was 36% over 3 years (11). In a survey of approximately
3,800 Belgian adults, 85% of those reporting back pain at
the time of interview had experienced prior episodes (16).
Some authors claim that low back pain should be regarded
as a persistent problem with intermittent exacerbation (Fig.
16-1) (1,17,18) that may seriously affect work ability (19).

This chapter will focus on the prevention of work-
related disability in the working population with NSLBP. It
will discuss the return of workers to gainful employment
and the subsequent retention of that gainful employment. 

MISUNDERSTANDINGS AND A
PHILOSOPHICAL SHIFT REGARDING BACK
PAIN

The Paris Task Force (20) best describes the philo-
sophical and evidence-based shift from passive to active
treatment. The treatment of low back pain has not ad-
vanced beyond the outdated prescription for bed rest,
because the role of activity in its treatment has been the
object of three misunderstandings:

1. The first misunderstanding is related to the fact
that certain activities (mainly occupational) are undeni-
ably risk factors for low back pain and there is a natural
tendency to avoid activity once an episode of back pain
has begun. Although reexposure to the conditions that
triggered the episode often causes pain, which may
sometimes be intolerable (reinforcing the idea that it is
better to avoid the conditions altogether), conditions
that cause back pain are not necessarily risk factors for
chronicity.
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2. The second misunderstanding stems from the asso-
ciation many people make between “sciatica” (i.e., low
back pain accompanied by spinal symptoms and signs)
and low back pain unaccompanied by neurologic seque-
lae. However, low back pain accompanied by spinal dam-
age only accounts for a very low percentage (approxi-
mately 5%) of all cases of low back pain, and there is no
longer any consensus on the existence of a continuum
linking the two types of conditions. 

3. The third misunderstanding arises from current
approaches to pain management. While it is common to
neglect, if not disparage, specific and effective pain
relief, it is nevertheless considered important to avoid
anything that might trigger pain. In the absence of spe-
cific pain relief, rest becomes the only possible choice,
with unfortunate results.

APPROACH TO TREATMENT FOR NSLBP

Despite the time and effort spent preventing and treat-
ing NSLBP, the costs associated with NSLBP continue to
rise (1,2,8). This may, in part, be attributed to the current
management of NSLBP in which the patient is either
over- or under-treated. It is often assumed that pain is due
to either a specific underlying cause or that it is of a non-
medical origin. Both conclusions do a disservice to the
patient with NSLBP.

In the first scenario, attempting to provide a specific
diagnosis to a patient with NSLBP can have deleterious
consequences. For example, Abenhaim et al. (11) ob-
served that patients given a specific spine diagnosis
faired worse than patients given a diagnosis of NSLBP.
The authors further discussed the possibility that med-
ically “labeling” a condition of NSLBP with specific
diagnoses may convince the patient that the pain is of a
purely physical origin, suggesting that pain requires med-
ical interventions such as medication, injections, manip-
ulations, and even surgery. In order to relieve pain, the
patient may then engage, to no avail, in negative health
behaviors such as “doctor shopping,” avoidance of move-
ment and activities, and an over-reliance on medication or
other passive treatments.

In the second scenario, attributing pain to nonmedical
factors such as psychological conditions alone invalidates
the true nature of pain, causing serious psychological dis-
tress to the patient. Furthermore, this attribution of
NSLBP to nonphysical conditions may backfire as the
patient seeks validation of the physical pain by over-
focusing on the pain in an effort to convince others that it
is “real.” The health care provider may also grow frus-
trated and give up on the patient prematurely. 

In the best scenario, however, the successful treatment
of NSLBP requires a unique approach where the true
nature and prognosis of NSLBP are shared with the
patient. This is best accomplished proactively through an

evaluation and treatment program derived from the appli-
cation of the biopsychosocial model (1,8,21).

A Proactive Approach to NSLBP

A proactive approach to NSLBP includes the follow-
ing:

1. The health care provider forms a partnership with the
patient. Together they follow evidence-based medical
practices and timelines for evaluation and treatment.

2. The health care provider must also be able to identify
risk factors for chronicity as they emerge and make
timely referrals when appropriate (19,22).

3. The patient is monitored on a regular basis so that
changes in treatment needs may be assessed and
implemented in a timely manner. For example,
NSLBP may sometimes become specific as when
true sciatica or a discitis develop. This can only be
detected if the patient is monitored properly.

A proactive approach to NSLPB works best in the con-
text of a biopsychosocial paradigm (8). A biopsychoso-
cial perspective takes into consideration psychological
and social factors related to pain, as well as physical fac-
tors and has been proven successful for the treatment of
NSLBP. By definition, NSLBP has no identifiable known
medical cause and therefore traditional medical ap-
proaches often fail. In the context of failed medical treat-
ment approaches, as time goes on, psychological and
social factors become increasingly important in deter-
mining pain and its subsequent disability. These factors
must be acknowledged for successful outcomes in treat-
ing NSLBP (19,22–25).

WORKER’S CHOICE: TO SEEK OR NOT TO
SEEK TREATMENT

Pain developing in the lumbar spine may be or may not
be attributed to work functions; however, the pain may
still affect the work capacity and be aggravated during
working hours. An individual may or may not seek help
for the condition (26). The difference in action taken tran-
spires in the predicament of the worker/employee and the
system in which that individual works. Hadler described
the process of predicament (27). The individual considers
the pain, the restriction in function, and the options for
action. There may or may not be an event that ignited the
pain. All these factors influence the idiosyncratic deci-
sion to seek help based on prior experience, education,
environment, and possible fear for the seriousness of the
condition. Three obvious choices are relevant at this
point:

1. Endure the pain and continue to work, which is not
uncommon. However, few studies have focused on the
individual who continues to work with low back pain.

CHAPTER 16/ RETURNING WORKERS TO GAINFUL EMPLOYMENT / 169



2. Seek professional medical advice and be considered
a person with an illness (i.e., a patient under medical
or other care). Most studies of low back pain have
focused on this group of individuals.

3. Report an occupational injury or illness and file a
claim. The individual who reports a claim becomes a
claimant with an injury or illness. Fewer studies have
focused on treatment of work-related low back pain
and claimants.

The choice an individual makes may affect the outcome
of the condition. Because the environment in which the
condition is treated or left untreated varies, the health care
and reimbursement provided may be different. As well, the
external perception of the individual with low back pain
differs. For example, a person who chooses to continue to
work with moderate NSLBP will probably do fine except
in very physically demanding jobs such a construction,
firefighting or rescue work, nursing, or jobs with exposure
to whole body vibration (i.e., driving a truck) (28). An indi-
vidual who seeks medical care for acute or subacute
NSLBP should be advised by their health care provider to
keep active and to return to work as soon as possible based
on the international scientific guidelines for low back pain
(19,23,29,30). The outcome for these patients, which is
measured as return to work and well-being, will be far
more successful than those undergoing a long-term bed
rest or passive modality treatment. Finally, a claimant
experiencing NSLBP who is told by the employer’s physi-
cian to return to work as soon as possible will usually start
to negotiate about the date to return to work. The outcome
is usually very favorable if the health care provider takes
the time to explain the condition and establishes trust with
the claimant, and recommends continued activity, short
course of active treatment, and light work duty during the
next 1 to 4 weeks. The recommendation to return to the
regular work is usually negotiated based on type of work,
exposures to hazardous or unsafe working conditions, and
tasks to be performed. 

Health care providers must acknowledge and under-
stand the options and predicaments of choice for the indi-
vidual with back pain. None of the choices are wrong or
right, however, they are personal and choices that are not
always well understood in the scientific and medical
environment. The health care provider who chooses to
manage the working/employed patient should reinforce
the distinction between impairment and disability, hurt
and harm (1,23), and should recognize that work disabil-
ity is a multidimensional problem of which clinicians and
researchers have only just begun to unravel the complex-
ity (8).

RULING OUT RED FLAGS

The evaluation of low back pain should involve ruling
out specific signs, referred to as “red flags” (23) and

identifying risk factors for chronicity, referred to as “yel-
low flags” (22). A diagnostic triage has been suggested
by the Clinical Guidelines for the Management of Acute
Low Back Pain from the Royal College of General Prac-
titioners (19). Diagnostic imaging tests are not routinely
indicated (31). 

Red flags are signs and symptoms detected by the clin-
ician that may indicate possible serious spinal pathology
and require referral to a specialist (23). A standardized
physical examination is necessary to exclude possible
specific conditions. The examination must consist of a
patient history that includes trauma, systemic diseases,
cancer, infection, or major neurologic compromise (red
flags). The patient history is followed by a physical eval-
uation that includes posture, gait, toe and heel walk, pal-
pation, range of motion, the effect of trunk sagittal flex-
ion/extension and lateral flexion on low back pain and leg
pain, and a neurologic examination of the lower extremi-
ties to test motor, sensory, and reflexes (32,33). The pres-
ence of red flags or neurologic signs and symptoms (such
as back pain with radiation to a leg below the knee level
or sensory-motor dysfunction) will classify low back pain
as specific and may require a referral to a specialist for
treatment (19,23). All other patients can be classified as
having NSLBP. 

PHYSICAL AND PSYCHOSOCIAL RISK
FACTORS ASSOCIATED WITH DELAYED
RECOVERY

A number of physical, personal, psychosocial, and
environmental factors have been associated with the out-
come of NSLBP. Physical signs that have been found to
be predictors of delayed return to work in patients with
acute (up to 4 weeks of duration of pain) NSLBP are
altered gait and pain below the knee in a nondermatomic
topography (32,34–37). Since these signs are present in
both specific LBP and NSLBP, their meaning for NSLBP
is still unclear. It is possible that they may reflect aspects
of fear of pain and behaviors intended to communicate
suffering to the health care provider rather than actual
physical abnormality (38). Personal factors, such as age,
affect recovery and therefore work ability (39–41). For
example, it takes a person about twice as long to return to
work at age 50 compared to age 30. Clinical factors such
as the duration of back pain have also been associated
with poor prognosis in that the likelihood of recovery
diminishes steadily after as early as 4 weeks (39).

Most significantly, studies have revealed a number of
psychological risk factors. For example, strong associa-
tions between delayed recovery in acute NSLBP and psy-
chological distress have been found (38,42–44); depres-
sive mood and somatization are consistently observed in
the transition from acute to chronic low back pain (21);
and high self-perceived disability and short-term changes
in perceived disability have been associated with return to
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work outcomes such that higher perceptions of disability
are related to poorer outcome (19,38,39,41,42,44,45).
Other factors have been associated with poor outcome,
including the belief that back pain is harmful or poten-
tially severely disabling; fear avoidance beliefs (the belief
that certain movements or activities will exacerbate pain);
perceived inability to return to work; and the belief that
passive treatment is preferable to active participation in
care (19,22).

These psychosocial factors can be summarized as neg-
ative beliefs about low back pain and its consequences
and negative emotional states. They may be considered
“yellow flags” (22) or “early predictors” (38,36) because,
while they do not indicate the same urgency of treatment
as red flags, there is enough evidence to recommend that
they receive attention when present. Guidelines from
New Zealand stress the importance of assessing psycho-
logical and psychosocial risk factors as early as 2 weeks
after the onset of NSLBP (22).

In an occupational health setting, psychosocial factors
such as work-related perceptions constitute additional
risk factors (46). Job dissatisfaction, monotony, poor
social support, high perceived stress, and high perceived
job demands have all shown a strong association with
NSLBP (47). Therefore, it is reasonable to evaluate these
perceptions in patients with NSLBP and discuss with the
patient how these factors may influence the perceived
back pain.

Physical characteristics of the job (such as excessive
overtime or heavy workload) may also contribute to stress
(28,43,48–50). Physical characteristics may be assessed
subjectively and objectively. It is less understood what
impact reducing perceived or actual physical stressors at
work may have on psychological distress, NSLBP, and
disability.

THE IMPACT OF COMORBIDITY ON
DISABILITY IN NSLBP

There is recent information in the literature about the
relationship between comorbidity and work disability
from back pain. In a prospective, randomized case-con-
trolled study Seferlis et al. (41) compared somatic and
personality characteristics of acute LBP patients with
healthy matched controls and found a fourfold increase in
sick leave episodes in LBP patients for reasons other than
spine morbidity. Fanuele et al. (51), in their prospective
observational study on spine center patients, demon-
strated that comorbidity affects the physical function,
showing that the more comorbidities a patient has, the
lower the physical functional status. 

Nordin et al. (12) examined the relationship between
comorbidity and the initial return to work following first
episodes of work-disabling NSLBP. An inception cohort
of workers with new episodes of NSLBP was identified
from administratively maintained occupational health

records. A comparison of 6-month return to work rates
between workers with one or more comorbid conditions
to those without documented comorbidity was con-
ducted. Workers with comorbidity were 1.3 times more
likely to remain work-disabled than those with uncompli-
cated NSLBP, after adjusting for age, gender, lifting
demands, and type of work (adjusted hazard ratio 1.31,
95% confidence interval 1.12 to 1.52). Concurrent injury
(i.e., sprains or strains of the neck, upper and lower
extremity, and contusions and lacerations) had the
strongest association with delayed return to work
(adjusted hazard ratio 1.49, 95% confidence interval 1.21
to 1.83). The authors concluded that occupational health
professionals should routinely evaluate comorbidities at
the first, as well as subsequent visits to better manage dis-
ability associated with NSLBP.

ESTABLISHING AN EVIDENCE-BASED
TREATMENT PLAN

Researchers and clinicians have used an additional cat-
egorization of NSLBP based on the onset and duration of
pain in the lumbar spine to develop evidence-based
guidelines of treatment (20). Clinical and accepted cate-
gorizations for duration of NSLBP are:

1. Acute: Pain with a duration ≤ 4 weeks.
2. Subacute: Pain with a duration ≥ 4 weeks but ≤ 12

weeks.
3. Chronic: Unremitting pain with a duration ≥ 12

weeks 

For many individuals, however, NSLBP is not a one-
time event but tends to recur (18,52). Therefore, an addi-
tional classification, recurrent NSLBP, signifies intermit-
tent pain with a pain-free period in between in which the
individual could resume work (7,20). Recurrent NSLBP
may be acute or subacute, but since chronic pain signifies
unremitting pain of more than 12 weeks, by definition, it
cannot be chronic (53).

Considering the socioeconomic impact of NSLBP
there is an obvious need for effective interventions, espe-
cially in occupational health care. The ultimate goal of
such interventions for workers is return to work, either to
a preinjury or modified work capacity. Given the favor-
able natural course in the acute phase of NSLBP of return
to work, the challenge becomes returning an employee to
work who is in the subacute or chronic phase.

A variety of treatment interventions are typically used
for individuals presenting with NSLBP (54,55). Several
authors have published systematic reviews of the efficacy
of these interventions (19,20,53,56–58). Studies show
that for subacute NSLBP exercise therapy, behavioral
therapy, and intensive multidisciplinary rehabilitation
with functional restoration all reduce pain and improve
function in workers (20,32,59,60). Graded activity leads
to earlier return to work and reduced long-term sick leave
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in workers with subacute low back pain. Lindström et al.
(60) described the goal of the graded activity approach as
being return of an individual to the previous nonmodified
workplace. Positive reinforcement to return to work is an
important aspect of graded activity as well as continuous
encouragement to resume work. Multidisciplinary treat-
ment consisting of a combination of exercises, education,
and a behavioral approach seems the most effective inter-
vention in the subacute phase of NSLBP. Lindström et al.
(60) conducted a randomized control trial aimed at restor-
ing occupational function in workers in an automobile
plant. The multidisciplinary intervention team included a
physician, a physical therapist, and a social worker. All
workers (n < 103) participating in the study had been out
of work for more than 8 weeks for NSLBP. Half of the
participants were randomized to an intervention includ-
ing an operant-behavioral conditioning program and the
other half received what is considered “usual care.” The
intervention program consisted of four parts: measure-
ments of functional physical capacity, a workplace visit,
“back-to-school” education, and an individual, submaxi-
mal, gradually increased exercise program. The individu-
ally tailored exercise program was based on an operant-
conditioning behavioral approach and the result of the

tests and the demands of the patient’s work. No
ergonomic or other changes in the work situation were
needed in the study. The results were significant and pos-
itive.

The rate of return to work was significantly faster in
the intervention group than in the control group (κ2 <
4.7, p < .03) (Fig. 16-2). The intervention group had 7
weeks’ less sick leave in the follow-up period of 1 year
than the control group receiving “usual care.” Four
patients in the control group went on permanent disabil-
ity versus one patient in the intervention group. The study
did not have an independent evaluator, causing a method-
ologic weakness, however it was the first randomized
control trial in the industry that emphasized the impor-
tance of activity and exercise, a behavioral approach, and
an individual tailored program to resume work demands.
It was also a program that demonstrated the importance
of full support from the employer.

One approach to augment return to work for chronic
NSLBP patients is functional restoration (61–63), the
goal being to restore a patient’s function. This approach
leads to the decrease of and control of pain through the
combination of exercise with functional work simulation
and behavioral support. The exercise program uses a
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FIG. 16-2. Proportion returning to regular work. Randomized control trial from Sweden showing results
from active intervention including exercise, behavioral approach and workplace visit versus usual care.
(Adapted from Lindström I, Öhlund C, Eek C, et al. The effect of graded activity on patients with suba-
cute low back pain: a randomized prospective clinical study with an operant-conditioning behavioral
approach. Phys Ther 1992;72:279–290.)



sports exercise approach, and emphasizes mobility,
strengthening, endurance, and flexibility. The functional
simulation program is conducted in a specially developed
occupational gymnasium and includes tasks that are com-
monly required in the workplace. The behavioral support
consists of cognitive-behavioral treatment, relaxation,
education, biofeedback, and individual and group coun-
seling. The workers are treated in groups of up to 10 to 12
individuals (61,64).

In summary, multifactorial and multidisciplinary treat-
ment consisting of a combination of exercises, education,
and a behavioral approach seems the most effective inter-
vention. This is especially true of graded activity (32,60)
for workers with subacute low back pain and functional
restoration (64) for workers with chronic low back pain.
Both of these approaches offer the most promising
results. 

Multidisciplinary treatment is still somewhat of a gray
area. It is unclear what the most effective contribution is
of each of the program components. Studies are lacking
and are needed to clarify the efficacy, cost utility, and
cost-effectiveness of such programs. Nevertheless, litera-
ture reviews by Scheer et al. (63) and Rivier et al. (65)
and one systematic review by van Tulder et al. (53) indi-
cate favorable results for the outcome of multidiscipli-
nary active intervention programs related to occupational
subacute and chronic NSLBP, clinical improvement and
well-being. The results are less explicit on return to work,
work retention, and cost.

In moving forward, health care providers must simulta-
neously rely on and challenge evidence-based practices.
Scientific evidence from clinical trials, systematic re-
views, and meta-analyses on the effectiveness of inter-
ventions form a sound basis for clinical guidelines.
Guidelines are efficient means to close the gap between
research and practice. Good clinical guidelines, however,
also consider other aspects such as side effects, costs,
availability, and preferences of injured workers and clini-
cians (66). At present, several guidelines have been pub-
lished addressing the specific issues of management of
low back pain in an occupational health care setting. This
includes: (a) Quebec Task Force, Canada (30); (b) Victo-
ria Workcover Authority, Australia (67); (c) American
College of Occupational and Environmental Medicine
(68); (d) Dutch Association of Occupational Medicine,
The Netherlands (69); (e) Accident Compensation Cor-
poration and National Health Committee, New Zealand,
1997(22); and (f) Faculty of Occupational Medicine,
United Kingdom (70). The guidelines show general
agreement on numerous issues fundamental to occupa-
tional management of low back pain. The assessment rec-
ommendations consist of diagnostic triage, screening for
“red flags” and neurologic problems, and the identifica-
tion of potential psychosocial and workplace barriers for
recovery. The recommendations for treatment of workers
with low back pain include:

1. Reassuring the worker and providing adequate infor-
mation about the self-limiting nature and good prog-
nosis of low back pain.

2. Advising the worker to continue ordinary activities
and working, or to return to normal activity and work
as soon as possible, even if there is still some pain.

3. Most workers with low back pain manage to return to
more or less normal duties quite rapidly. Consider
temporary adaptations of work duties (hours/tasks)
only when necessary.

4. When a worker fails to return to work within 2 to 12
weeks (there is considerable variation in the time scale
in different guidelines), refer the worker/employee to a
gradually increasing exercise program or multidisci-
plinary rehabilitation program (exercises, education
about condition and prognosis, reassurance, and pain
management following behavioral principles). These
rehabilitation programs should be embedded in an
occupational setting or occupational-related care set-
ting.

The guidelines also recommend, on advice from health
care provider, that low back pain is a self-limiting condi-
tion and, importantly, that remaining at work or an early
(gradual) return to work, if necessary with modified
duties, should be encouraged and supported.

RETURN TO WORK AS A THERAPEUTIC
MODALITY

The therapeutic value of return to work is a novel con-
cept and some studies have looked at efficacy of restricted
duty (71) and workplace modifications (72). Loisel et al.
(72) states that a return to “usual” work is the only worth-
while therapeutic objective. Returning workers to modi-
fied workstations allows them to resume their work after a
back injury but does not lead to therapeutic success. In
fact, some companies have used a return to modified work-
stations to hide cases from official occupational accident
statistics. The same study also clearly demonstrated that
therapeutic success, measured by return to usual work, is
dependent on the efficacy of workplace interventions, with
medical interventions (both diagnostic and therapeutic)
and graded activity programs significantly less effective.
In this study, the workplace interventions consisted of
workplace meetings with supervisors to discuss modifica-
tions to the organization of the patient’s work. Attempts to
modify workstations were relatively uncommon, but if
made, they were simple (72). 

Restricted work or light duty is popular among some
employers and health care provider, while other organiza-
tions do not use it. It is believed to reduce indirect cost,
augment work retention, and expedite the transfer of the
individual from the restricted work position to full prein-
jury capacity duty in a more time-efficient manner. How-
ever, few studies have looked at restricted work procedures
that are commonly used in industry. Hiebert et al. (71) car-
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ried out a retrospective cohort study (n < 240). The objec-
tives were to evaluate the associations of prescribed work
restrictions with work absenteeism and recurrence in cases
of NSLBP. Employees absent from work because of back
pain were identified from medical records of a utility com-
pany, and were placed into two groups: those who received
a work restriction for back pain and those who did not.
After 1 year of follow-up, the duration of sickness-related
absence was compared between the two groups. Employ-
ees who returned to work within the follow-up period were
followed for one additional year to determine rates of
recurrence between the two groups. The Cox proportional
hazards model was used to generate hazard ratios adjusted
for age, gender, and job category.

Work restrictions were given to 43% of the workers
reporting disabling NSLBP. Sickness-absence duration
did not differ between those who received restrictions as
compared to those who did not (adjusted hazard ratio <
1.12, p < .41). The median duration of restricted duty was
32.5 days; for 22% of workers restricted duty was never
lifted. Injury recurrence appeared less likely for those
who had work restrictions in their initial episode; how-
ever, it was not statistically significant (adjusted hazard
ratio < 0.77, p < .48). The conclusion of the study was
that work restriction was not associated with early return
to work and thus to returning to full preinjury duty. The
authors concluded that the findings of this study should
be interpreted cautiously; a recommendation to discon-
tinue the practice of prescribing work restrictions should
not be made on the basis of the findings from this paper
alone. This study should be interpreted as a first critical
attempt to evaluate a common clinical practice and to
highlight the need for further research.

“SAFE” RETURN TO WORK

The management of low back pain in an occupational
health setting should be aimed at a “safe” return to work.
Current occupational guidelines are consistent regarding
their recommendations to reassure the worker with low
back pain, and to encourage and support return to work
even with some persisting symptoms. Evidence on the
effectiveness of ergonomic and workplace adaptations
are lacking and guidelines do not specifically recommend
this type of intervention. “Participatory ergonomics”
interventions which propose consultations with the
worker, the employer and an ergonomist, might be effec-
tive as the potential value of “getting all the players on
one side” has been stressed (55).

The Paris Task Force (20) favors workers returning to
their usual workstations or regular duty with the follow-
ing conditions in place. One, several or all conditions
may be used to return the employee to regular duty:

1. Management of the process by occupational physi-
cians and the human resources department

2. Workstation assessment

3. Evaluation of workers’ physical capacity
4. Identification of workstations that are congruent

with workers’ physical capacities
5. Communication between workers and supervisors
6. Regular clinical follow-up during the adaptation

period.

If all of the above has failed a reclassification of the
employee/worker to other type of work/duty, retraining to
other type of work, or permanent disability may be con-
sidered. The most important message in this instance is to
use a systematic approach to reclassify the ability or pos-
sible disability for work. The focus of this chapter is to
discuss successful reintegration of the worker with low
back pain episode(s) into the workplace; the reader is
referred to a text by Waddell et al. (8) for further discus-
sion of the incapacity for work and back pain in a social
context, from an international point of view. Waddell et
al. stress that “from a social perspective, trends of inca-
pacity for work attributed from low back pain and social
security benefits paid back for back pain form a social
phenomenon which is related to the economic and labor
market situation.” Most important, the text emphasizes
that back pain is not simply a health problem but often
raises more fundamental psychosocial issues which
health care providers and social security systems are
often ill-equipped to handle (73). Being ill-equipped to
handle these problems or worse, refusal to recognize the
problems leads to slow intervention and promotes dis-
ability.

WORK RETENTION AFTER NSLBP

Few studies have been conducted verifying the rela-
tionship between work retention and NSLBP. Work reten-
tion is an important outcome of NSLBP as it contains
information about symptom control over a period of time,
medical utilization, and loss of productivity. Amick et al.
(74) suggested that there are many reasons to measure
work outcomes, such as evaluation of effectiveness of
health services, assessment of productivity loss, and tar-
geting injury prevention programs. Additionally, reports
in the literature have shown that people who are out of
work because of either disability or unemployment are
more likely to develop other diseases, and ultimately their
life span is reduced when compared to people who are
employed (75). Work retention is therefore an important
outcome of a successful intervention and workers’ well-
being as a health improvement measurement.

Campello (76) studied physical and psychosocial asso-
ciations and work retention. Sixty-seven patients (mean
age 40, SD 12 years) with NSLBP participated in a 4-
week multidisciplinary rehabilitation program. Patients
returning to work were followed for 2 years. Physical and
psychosocial baseline measures were collected, including
performance and functional capacity tests. Psychosocial
baseline measures were somatization scales, pain beliefs,
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and perceived disability. Physical parameters included
trunk flexibility, lifting capacity, and aerobic capacity,
among others. The dependent variable, work retention,
was defined as the number of days that the subject
worked during the 2-year follow-up period. Survival
analysis was used to establish a predictive model. The
average time out of work before treatment was 9 months
(SD 12). Average work retention was 362 days (range 47
to 682 days) for 18 patients that relapsed with NSLBP.
Results showed that posttest trunk flexion and somatiza-
tion were the strongest predictors for work retention
[final trunk flexion hazard ratio 2.5 (95% confidence
interval 1.26 to 4.79, p < .01), somatization scale hazard
ratio 2.5 (95% confidence interval 1.25 to 4.93, p < .01)].
The author concluded that psychosocial and physical fac-
tors are associated with work retention for NSLBP
patients. 

Beliefs and perceptions have also been found to be
associated with work retention. Linton and Hallden (77)
observed a significant difference in beliefs that one
should not work with current pain levels between groups
of acute and subacute NSLBP patients seeking primary
care. There was a significant difference between individ-
uals who retained work and groups that have missed work
because of NSLBP problems subsequent to their return to
work. Individuals who believed they should not work
because of the level of pain experienced were less likely
to retain work in a 6-month follow-up period. High levels
of perceived disability were found to be negatively asso-
ciated with work retention in a study conducted in a
group of subacute and chronic NSLBP patients undergo-
ing rehabilitation in outpatient clinics. Individuals who
perceived high levels of disability were more likely to
experience an interruption of work because of NSLBP in
a 6-month follow-up period following completion of a
treatment program and return to work (78).

High levels of anxiety were found to be negatively
associated with work retention. Individuals who reported
feeling tense and anxious at the time of intervention were
less likely to retain work after they returned to work (77).
Changes in depression and anxiety were also found to be
predictive for work retention in a study conducted of
patients with chronic NSLBP enrolled in an intensive
rehabilitation program (79). Individuals who showed a
decrease in anxiety and depression levels (from high to
low levels) were more likely to retain work than individ-
uals who did not show a decrease in levels of distress
after multidisciplinary intervention. In conclusion, phys-
ical and psychosocial factors affect work retention after
an episode of disabling low back pain.

CONCLUSIONS

The probability of returning to work decreases very
rapidly with increasing duration of work absence in every
study reviewed by the Paris Task Force (20). The risk of

chronicity and work incapacity increased very rapidly in
the first weeks of the episode of back pain, and the prog-
nosis is greatly compromised well before the third month
of disability. This chapter has focused on the prevention of
work disability and the different possibilities a worker
might undergo to return to gainful employment after an
episode of NSLBP. Perhaps the most important message to
the health care provider is to accept that the diagnosis of
NSLBP is an accurate and a “good” diagnosis with a good
prognosis. Scientific studies may change this concept in
the future when scientists discover the cause(s) of NSLBP.

A working person is at great risk for delayed recovery
and long-term disability from 6 to 12 weeks following the
onset of symptoms of NSLBP and work incapacity. At
this time there are successful interventions to return a
person to gainful employment. Based on scientific evi-
dence these interventions must be active, include exer-
cises, and take into account psychosocial and workplace
interventions after a careful multidisciplinary evaluation
of the work-disabled patient.
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CHAPTER 17

Occupational Ergonomics

William S. Marras

Ergonomics has been defined as “a multidisciplinary
activity dealing with the interactions between man and
his total working environment” (1). Ergonomic design
attempts to create workplaces to accommodate or “fit”
the workers. The goal of ergonomics is to create a work
environment that is efficient, productive, and optimizes
worker health. Inherent in this definition is the idea that
ergonomics deals with not only the physical components
of the workplace, but addresses the mental or cognitive
components as well. Among the scientific disciplines
employed to achieve these goals are biomechanics, bio-
chemistry, psychology, cognitive science, physiology,
physical anthropometry, organizational design, and med-
icine. 

The science of ergonomics is primarily concerned with
the prevention of problems in the workplace. Over the
past several decades, ergonomics has been employed with
increasing frequency by organizations of all sizes. Many
large as well as small companies have permanent
ergonomic programs in place that have derived signifi-
cant benefits from these efforts (2). There are several
motivations for the incorporation of ergonomic principles
in the design of the workplace. These motivations are
associated with the direct and indirect costs associated
with musculoskeletal disorders in the workplace. Direct
costs are associated with the rapidly increasing health
care costs associated with a work-related musculoskeletal
disorder. Indirect costs associated with work-related mus-
culoskeletal disorders include the training of new work-
ers that replace the injured worker, employee turnover
costs including administrative costs, loss of productivity,
lower product quality, and the cost of the injury investi-
gation. Many businesses have discovered that the preven-
tion of injuries is much more economically advantageous
than rehabilitating a musculoskeletal disorder that has
already occurred.  

Ergonomic approaches alter the work environment to
control risk exposure and optimize efficiency and pro-
ductivity. Two types of risk controls or ergonomic inter-

ventions are used in the design of the workplace. First,
engineering controls are used to physically change the
orientation of the work environment relative to the per-
son. Engineering controls ideally alter the workplace and
create a work environment where the risk has been mini-
mized so that the work-person interface is optimal. Sec-
ond, administrative controls are often employed when it is
not possible to provide engineering controls. Administra-
tive controls do not eliminate the risk. Instead they
attempt to control risk by managing the time of worker
exposure to the risks in the workplace. This is often
accomplished through rotation of workers exposed to a
risk or ensuring that workers have adequate time to
recover from exposure to workplace risks through appro-
priate scheduling of days off work. 

While ergonomics typically addresses all aspects of
musculoskeletal disorders as well as performance issues,
the discussion of ergonomics in this chapter will be lim-
ited in scope to issues and principles associated with the
prevention of low back disorders (LBDs) due to physical
work activities (not related to whole-body vibration). 

MAGNITUDE OF THE LOW BACK PAIN
PROBLEM AT WORK

It should be acknowledged that since most people
work, workplace risk factors and individual risk factors
are difficult to separate (3). However, potential patterns
can be identified through surveys of working popula-
tions. In the United States back disorders are associated
with more days away from work than those related to any
other part of the body (4). Recent studies of 17,000 men
and women of working age population in Sweden (5)
indicated that 5% of workers sought care for a new low
back pain episode over a 3-year period. They also found
that many of these cases became chronic. Evaluations of
data from a large sample of U.S. households collected by
the National Health Injury Survey (NHIS) found that
back pain accounts for about one-fourth of the workers’
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compensation claims in the United States (6). Two-thirds
of the low back pain cases were attributed to occupa-
tional activities. Prevalence of lost workdays due to back
pain was found to be 4.6% (7). Certain occupations were
also found to be significantly linked to greater rates of
low back pain reporting. Risk appeared to be highest for
construction laborers (prevalence 22.6%) and nursing
aides (19.8%) (6). Figure 17-1 summarizes the findings
of a National Institute for Occupational Safety and
Health (NIOSH) analysis of work-related LBDs (4). This
figure indicates that, in terms of prevalence, the service
industry followed by manufacturing account for nearly
half of all occupationally related LBDs. The analysis
also indicates that handling of containers and worker
motions and position assumed during work are most
often associated with LBDs in U.S. industry. Hence,
these data strongly suggest that occupational factors
appear to be related to risk of LBDs. 

EPIDEMIOLOGY OF WORK RISK FACTORS

Several reviews have identified specific risk factors
that increase the risk of LBDs in the workplace. The
NIOSH performed a critical review of the epidemiologic
evidence associated with musculoskeletal disorders (8).
Five categories of risk factors were evaluated. The cri-
tique concluded that strong evidence existed for an asso-
ciation between LBDs and lifting/forceful movements
and LBDs and whole-body vibration. Significant evi-
dence was found for the associations between heavy
physical work and awkward postures and back problems.
The review concluded that insufficient evidence was
available to make any conclusions between static work
postures and LBD risk. In a methodologically rigorous
review Hoogendoorn et al. (9) were generally able to sup-
port these conclusions. They found that manual materials

handling, bending, twisting, and whole-body vibration
were risk factors for back pain.

Several studies have been in search of a dose-
response relationship among work risk factors and low
back pain. Two studies (10,11) suggest that cumulative
loading of the spine might be associated with risk of
LBD at work. However, Videman et al. (12) suggested
that the relationship might not be as straightforward as
the linear relationships suggested. When examining the
relationship between back pain, history of physical
loading, and occupation in cadaveric specimens, Vide-
man et al. concluded that the risk relationship between
LBD risk and loading was “J-shaped” with sedentary
jobs being associated with moderate levels of risk,
heavy work being associated with the greatest degree of
risk, and moderate exposure to loading being associated
with the lowest level of risk. Seidler et al. (13) have
recently suggested that the combination of occupational
lifting and trunk flexion, and duration of the activities
significantly increased risk. 

Over the past decade, studies have also assessed the
impact of psychosocial factors in the workplace in rela-
tion to the risk of LBDs (14–17). Studies often show that
monotonous work, high perceived workload, time pres-
sure, low job satisfaction, and lack of social support are
related to LBD risk. However, Davis and Heaney (18)
found that the impact of psychosocial factors was dimin-
ished, yet still significant, once biomechanical factors
were accounted for in the study designs. 

Secondary prevention studies of LBD have begun to
explore the interaction between LBDs, physical factors,
and psychosocial factors. Frank et al. (19) as well as
Waddell (20,21) have pointed out that much of low
back pain treatment is multidimensional. Epidemio-
logic studies of the role of variables in primary preven-
tion of work-related low back pain have suggested that

FIG. 17-1. A: Number and distribution of back cases with days away from work in private industry by
industry division during 1997. B: Number and distribution of back cases with days away from work in
private industry by source of the disorder during 1997. (Data for both A and B from National Institute for
Occupational Safety and Health. Worker health chartbook. Cincinnati, 2000.)
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multiple dimensions, such as physical stressors and
psychosocial factors, play a role in low back pain risk
(22). Tubach et al. have recently shown that low social
support at the workplace and bending at work are
strongly associated with extended work absence due to
low back pain (23).

Recent rigorous epidemiologic reviews of the literature
performed by the National Research Council (3) have
concluded that there is a clear relationship between back
disorders and physical load imposed by manual material
handling, frequent bending and twisting, physically
heavy work, and whole-body vibration. The risk attribut-
able to these risk factors is summarized in Table 17-1.
This analysis indicates that the vast majority of high qual-
ity epidemiologic studies have associated LBDs with
these risk factors and up to two-thirds of risk can be
attributed to materials handling activities. As a result of
these epidemiologic analyses, it was concluded that pre-
ventive measures may reduce the exposure to risk factors
and reduce the occurrence of back problems. 

OCCUPATIONAL BIOMECHANICS LOGIC

The epidemiologic literature helps to understand
what factors might be associated with work-related
LBDs but the body of literature is problematic in that it
has great difficulty prescribing an optimal level of
exposure in order to minimize risk. The National
Research Council’s review of epidemiologic evidence
and LBDs concluded that “epidemiologic evidence
itself is not specific enough to provide detailed, quanti-
tative guidelines for design of the workplace, job, or
task. This lack of specificity results from the absence of
exposure measurements on a continuous scale, as
opposed to the more commonly used dichotomous
(yes/no) approach. Without continuous measures, it is

not possible to state the ‘levels’ of exposure associated
with increased risk of low back pain” (3). In order to
more fully understand “how much exposure is too much
exposure” to risk factors, we must develop an under-
standing of how work-related factors might lead to
LBDs. This causality pathway is typically addressed
through biomechanical and ergonomic analyses. If one
views the biomechanical literature as a whole, it is clear
that these analyses represent a promising approach to
controlling low back injury risk in the workplace.

Biomechanical logic presents a format to help us
understand the mechanisms that might effect the devel-
opment of a LBD. At the heart of this logic is the idea that
risk is associated with a load-tolerance relationship. Fig-
ure 17-2 shows this relationship graphically. As explained
by McGill (24), when work is performed the structures
and tissues of the spine undergo a loading pattern with
each repeated job cycle. If the magnitude of the load
imposed upon a structure or tissue exceeds the structural
tolerance of this tissue, damage occurs and this damage
might be capable of setting off the sequence of events that
could lead to LBD. If the magnitude of the imposed load
is below the structural tolerance, the task is safe. The
magnitude of the distance between the structure loading
and the tolerance is considered the safety margin (Fig.
17-2A). If the load exceeds the tolerance then risk is pre-
sent (Fig. 17-2B). 

Biomechanics can also be used to describe the
processes believed to be at work during exposure to
cumulative trauma disorders. As shown in Fig. 17- 2C,
when exposed to repetitive exertions, one would expect
the tolerance to be subject to degradation over time. As
the work is performed repeatedly, we would expect 
that the loading pattern would remain relatively constant,
however, with overuse we would expect the tolerance
limit to decrease over time. This makes it more probable

TABLE 17-1. Summary of epidemiologic evidence with risk estimates (null, positive, and
attributable fraction) of associations with work-related factors associated with low back

disorders

Risk estimate

Null Positive Attributable 
associationa association fraction (%)

Work-related risk factor n Range n Range n Range

Manual material handling 4 0.90–1.45 24 1.12–3.54 17 11–66
Frequent bending and twisting 2 1.08–1.30 15 1.29–8.09 8 19–57
Heavy physical load 0 8 1.54–3.71 5 31–58
Static work posture 3 0.80–0.97 3 1.30–3.29 3 14–32
Repetitive movements 2 0.98–1.20 1 1.97 1 41
Whole-body vibration 1 1.10 16 1.26–9.00 11 18–80

n, Number of associations presented in epidemiologic studies.
aConfidence intervals of the risk estimates included the null estimate (1.0). In only 12 of 16

null associations was the magnitude of the risk estimate presented.
From NRC. Musculoskeletal disorders and the workplace: low back and upper extremity.

Washington DC: National Academy Press, 2001, with permission.
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for the load to exceed the tolerance and thus trigger a
potential disorder. 

PAIN AND BIOMECHANICAL TOLERANCE

It is believed that there are numerous pathways to pain
perception associated with LBDs. It is important to
understand these pathways since they are the basis for the
structure and tissue limits employed in ergonomic logic.
One can consider the quantitative limits above which a
pain pathway is initiated as a tolerance limit for ergo-
nomic purposes. While none of these pathways have been
defined definitively, these pathways are appealing since
they represent biologically plausible mechanisms that
complement the view of injury association derived from
the epidemiologic literature. 

In general, three broad categories of pain pathways are
believed to exist that may affect the design of the work-
place. These categories are associated with: (a) structural
and tissue stimulation, (b) physiologic limits, and (c) psy-
chophysical acceptance. Each of these pathways is ex-
pected to have different tolerance limits to mechanical
loading of the tissue. Thus, in order to properly design a
workplace one must design tasks so the ultimate limit
within each of these categories is not exceeded. 

Pathways between Tissue Stimulation and Pain

The literature suggests that there are several structures in
the back that when stimulated are capable of pain percep-
tion. Both cellular and neural mechanisms can lead to pain
and both laboratory and anatomic investigations have indi-

cated neurophysiologic and neuroanatomic origins of back
pain (25–29). These pathways often involve pressure on a
structure that can directly stimulate pain receptors or trig-
ger the release of pain-stimulating chemicals. 

Pain pathways have been identified for joint pain, pain
of disc origin, longitudinal ligaments, and mechanisms
for sciatica. Facet pain mechanisms are associated with
an extensive distribution of small nerve fibers and end-
ings in the lumbar facet joint, nerves containing sub-
stance P, high-threshold mechanoreceptors in the facet
joint capsule, and sensitization and excitation of nerves in
the facet joint and surrounding muscle when the nerves
are exposed to inflammatory or algesic chemicals
(30–32). The pathway for disc pain has been suggested
through an extensive distribution of small nerve fibers
and free nerve endings in the superficial annulus of the
disc and small fibers and free nerve endings in the adja-
cent longitudinal ligaments (25,28,33,34). Sciatic pain
can be associated with mechanical stimulation of spine
structures. Even moderate pressure on the dorsal root
ganglia results in vigorous and long-lasting excitatory
discharges that might explain sciatica. Additionally, sciat-
ica might be explained by excitation of dorsal root fibers
when the ganglia were exposed to the nucleus pulposus.
Stimulation and nerve function loss in nerve roots ex-
posed to phospholipase A2 might also explain sciatica
(27,35,36). Recent work is showing the importance of
proinflammatory agents such as tumor necrosis factor-α
(TNF-α) and interleukin-1 (IL-1) (37). These agents up-
regulate under certain conditions and set the stage for
pain perception. It is possible that mechanical stimulation
of tissues can initiate this sequence of events and thus

FIG. 17-2. Biomechanical load-tolerance relation-
ships. A: When the tolerance exceeds the load,
the situation is considered safe with the distance
between the two benchmarks considered a safety
margin. B: When the load exceeds the tolerance,
risk of injury exists. C: Cumulative trauma occurs
when the tolerance decreases over time.

A B

C



become the initiator of pain. Thus, it may be possible to
consider the role of these agents in a load-tolerance
model where tolerance may be considered the point at
which these agents are upregulated. 

These studies provide the framework for an established
and logical link between the mechanical stimulation of
spinal tissues and structures and the sensation of low
back pain that is the foundation of occupational biome-
chanics and ergonomics. 

Functional Lumbar Spinal Unit Tolerance Limits

The tolerances of the individual structures of the func-
tional lumbar spinal unit are often considered collectively
as part of the structural support system. The vertebral body
can typically withstand large loads when compressed. The
tolerance limits are often considered along with those of
the end plate. A review by Jager (38) indicated the com-
pressive tolerance reported in the literature could be large
(over 8 kN) especially in an upright posture, but highly
variable with some specimens indicating failure at 2 kN.
Damage to human vertebral cancellous bone is typically a
result of shear stress and the ultimate strength is correlated
with tissue stiffness when exposed to compressive loading
(39). Bone failure often occurs along with disc herniation
and annular delamination (40). Thus, damage to the bone
itself appears to be part of the cascading series of events
associated with low back pain (29,41,42).

There is a debate in the literature as to the pain path-
way associated with vertebral end-plate microfracture.
One line of thinking maintains that health of the vertebral
body end plate is essential for proper mechanical func-
tioning of the spine. Damage to the end-plate nutrient
supply can result in damage to the disc and disruption of
spinal function (43). Traditionally, the literature has sup-
ported the idea that the disruption of nutrient flow is
capable of initiating a cascading series of events that can
lead to low back pain (29,41,42,44). Tolerances of the
vertebral end plate have been studied in several investi-
gations. These studies suggest that the end plate is the
first structure to be damaged when the spine is loaded,
especially at lower load rates (43,45–47). End-plate fail-
ure commonly occurs with compressive loads of 5.5 kN
(47). End-plate tolerances have been observed to de-
crease by 30% to 50% with exposure to repetitive loading
(45) which suggests the disc is affected by cumulative
trauma. Integrity also appears to be influenced by ante-
rior-posterior shear loading. Shear limits tolerances of
1290 to 1770 N for soft tissue and 2000 to 2800 N for the
hard tissue have been reported for the spine (48,49). 

Activity-related damage might also be indicated by the
presence of Schmorl nodes. Some have suggested that
Schmorl nodes might be remnants of healed end-plate
fractures (50,51) and might be linked to trauma (51,52). 

Position or posture of the spine appears to strongly
influence end-plate tolerance during loading. Flexed

spine postures can greatly reduce loading tolerance
(40,53). Hence, trunk posture is an important considera-
tion for occupational risk assessment. Industrial surveil-
lance studies by Punnett et al., Marras et al., and Norman
et al. (10,54–56) all suggest that LBD increases as trunk
postures during work deviate from an upright posture. 

Individual factors can also influence end-plate in-
tegrity. Age and gender have been found to greatly influ-
ence the biomechanical tolerance of the end plate (57).
Brinkmann (45) has shown that bone mineral content and
end-plate cross-sectional area can explain much of the
variance in tolerance (within 1 kN). 

The disc can be subject to damage with sufficient load-
ing. Disc herniation can occur when the spine is subject to
compression and positioned in an excessively flexed pos-
ture (53). Repeated flexion under moderate compressive
loading can also produce disc herniations (46). Excessive
anterior-posterior shear may produce avulsion of the lateral
annulus (58,59). The torsion tolerance limit of the disc can
occur at loads as low as 88 Nm in an intact disc and 54 Nm
in the damaged disc (60,61). The literature indicates that
when the spine assumes complex spinal postures such as
hyperflexion with lateral bending and twisting, disc herni-
ation is likely to occur (62,63). 

The biomechanical tolerance of the disc may also be
associated with the time of day when the lifting is per-
formed. Snook et al. (64) found that flexion early in the
morning was associated with greater risk of pain. Fathal-
lah et al. (65) reported similar results and concluded that
risk of injury was greater early in the day when disc
hydration was at a high level. Thus, the temporal compo-
nent of risk associated with biomechanical exposure must
be considered when assessing risk. 

This discussion has indicated that the tolerance limits
of the functional lumbar spinal unit may vary consider-
ably. Adams et al. (66) has described how repeated
microfractures of the vertebrae and scarring of the end
plate can lead to an interruption of nutrient flow to the
disc. This event can result in weakening of the annulus
which may permit protrusion into the surrounding struc-
tures or spinal instability. The end plate and much of the
annulus are not capable of sensing pain. However, once
protrusion occurs or instability results in the application
of loads of surrounding tissues, inflammatory responses
can occur and nociceptors of surrounding tissues can be
stimulated, thus initiating a sequence of events associated
with pain. Quantitative ergonomics attempts to design
work tasks so that these tolerance limits are not exceeded.
Thus, although a wide range of tolerance limits are
reported for the functional lumbar spinal unit, most
authorities have adopted the NIOSH lower limit of 3400
N for compression as the protective limit for most male
workers and 75% of that limit for female workers (67).
This is the limit at which end-plate microfracture is
believed to begin for some workers. Similarly, a limit of
6400 N represents the limit at which 50% of workers
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would be at risk (68). Contemporary quantitative assess-
ments are recognizing the complex interaction of spine
position, frequency, and complex spine forces (compres-
sion, shear, and torsion) as more realistic assessments of
risk. However, these contemporary ergonomic assess-
ments have not resulted in best practices or standards by
governmental agencies to date.  

Ligament Tolerance Limits

The literature suggests that ligament tolerances are
affected by the load rate (69). Avulsion occurs at low load
rates and tearing occurs at high load rates. Hence load
rate may explain the increased risk associated with bend-
ing motions (velocity) that have been observed in sur-
veillance studies (70) as well as injuries from slips or falls
that may be a result of injuries at greater load rates (24).
Posture can also play a role in tolerance. Under load, the
architecture of the interspinous ligaments can result in
significant anterior shear forces on the spine when flexed
in a forward bending posture (71). This result is consis-
tent with the recent field observations of risk (10,54–56,
72,73). Studies have identified 60 Nm as the point at
which damage begins to occur (74). This finding is con-
sistent with the field observations (55,56) that have found
exposures to external load movements of at least 73.6 Nm
as associated with high risk of occupationally related low
back pain reporting. Similarly, Norman et al. (10)
reported nearly 30% greater load movement exposure in
those jobs associated with risk of LBP. Mean movement
exposure associated with the LBP cases in this study was
182 Nm of total load movement (due to the load lifted
plus body segment weights). 

Lordic spine curvature may also affect the loading and
tolerance of the spinal structures. The research team at
the University of Waterloo has shown that when lumbar
spinal curvature is maintained during bending the exten-
sor muscles support the shear forces of the torso. If the
spine is flexed during bending and posterior ligaments
are flexed, then significant shear can be imposed on the
ligaments (75–77). Other studies have indicated that
shear tolerance (2000 to 2800 N) of the spine can be eas-
ily exceeded when the spine is in full flexion (49).  

A strong temporal component to ligament recovery
appears to exist. Solomonow has found that ligaments
require long periods to regain structural integrity and
compensatory muscle activities are recruited (78–84).
Recovery time has been found to be several-fold the load-
ing duration and can easily exceed the typical work-rest
cycles observed in industry. 

Facet Joint Tolerance

Failure of the facet joints can occur in response to
shear loading. Investigations by McGill have concluded
that much of the tissues that load the facets have signif-

icant horizontal loading components and thus place
these structures at risk from occupational tasks (85).
Cripton et al. have estimated a shear tolerance for the
facet joints of 2000 N (86). These findings are consis-
tent with industrial observations that have shown that
exposure to lateral motions and shears is associated with
increased risk of LBD reporting (10,55,56). Laboratory
assessments have confirmed that exposure to high lat-
eral velocities can result in significant lateral shear
forces (87).

Torsional forces can also cause the facet joints to fail
(60). Exposure to high torsional movements, especially
when combined with high velocity, have been associated
with increased loading (88–91). Field studies have also
shown that these movements are associated with high-
risk jobs (10,55,56). Loading when exposed to torsional
moments also depends upon the posture of the torso, with
greater load observed with more deviated postures from
neutral (89). Specific structure loading depends upon
specific posture and curvature of the spine since load
sharing occurs between the apophyseal joints and the disc
(74). Therefore, spine posture dictates both the nature of
spine loading and whether damage might occur to the
facet joints or the disc. 

Adaptation

An important consideration in the load-tolerance rela-
tionship is that of adaptation. Wolff’s law dictates that
tissues adapt and remodel in response to load. In the case
of the spine, adaptation in response to load has been
acknowledged for bone (92), the ligaments (93), the disc
(94), and the vertebrae (95). Adaptation may explain the
observation that the greatest risk has been associated with
jobs involving both high loading and very low levels of
spinal loading, whereas job demands associated with
moderate spine loading have the lowest levels of risk
(96,97). Hence, there appears to be an ideal zone of load-
ing that minimizes risk of exceeding the tolerance limit. 

Psychophysical Tolerance Limits

The tolerance limits of tissue are typically derived
from cadaveric studies. While these mechanical limits
of performance may be adequate for the analysis of
tasks that may lead to an acute trauma event, their appli-
cation to tasks that may lead to cumulative trauma dis-
order may be less clear. Since adaptation may play a
role, such quantitative analyses of the load-tolerance
relationship becomes difficult. In addition, some dy-
namic tasks such as pushing and pulling may be diffi-
cult to characterize through quantitative biomechanical
analyses and their injury pathway may be poorly under-
stood. 

When mechanical tolerances are not known such as in
these circumstances, one approach used to establish tol-
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erance limits has been the psychophysical approach. The
psychophysical approach is a means of strength testing
where subjects are asked to progressively adjust the
amount of load they can push, pull, lift, or carry until they
subjectively feel the load is of a magnitude that would be
acceptable to them over an 8-hour work shift. Task vari-
ables such as lift origin, height, load dimensions, fre-
quency of exertion, push/pull heights, carrying distance,
and so forth are all systematically altered so that a data-
base of conditions and the acceptable exertion range is
cataloged for a spectrum of male and female subjects.
These data are typically presented in tables that indicate
the percentage of subjects who would find a particular
load acceptable for a given task. Snook et al. have pro-
duced extensive description of these tolerances (98–103).
An example of this information for pushing activities is
shown in Table 17-2.

Few investigations have explored whether the design of
work tasks through psychophysical tolerance limits is

protective and minimizes low back pain at work. How-
ever, Snook (99) has observed that low back-related
injury claims were three times more prevalent in jobs
exceeding the psychophysically determined strength tol-
erance of 75% of men compared with jobs demanding
less strength. 

Physiologic Tolerance Limits

Work tasks requiring high energy expenditure are
thought to limit the ability of the body to deliver oxygen
to the muscles. When oxygen debt occurs, insufficient
release of adenosine triphosphate (ATP) occurs within
the muscle and prolonged muscle contractions cannot be
sustained. Hence, under high-energy expenditure work
conditions, aerobic capacity may be considered as a phys-
iologic tolerance limit for low back pain. 

Physiologic criteria for limiting low back pain due to
heavy physical work requiring high levels of energy

TABLE 17-2. Example of psychophysical table used to determine the acceptable load an individual is willing to accept.
The table indicates the maximum amount of push force acceptable for males and females under various conditions.

 

From Snook SH. The design of manual handling tasks. Ergonomics 1978;21:963–985, with permission.
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expenditure have been defined by the NIOSH (104). This
document considers an energy expenditure rate of 9.5
kcal per minute as a baseline measure for maximum aer-
obic lifting capacity. Seventy percent of this baseline is
considered the aerobic tolerance limit for work that is
defined primarily as “arm work”. Of the baseline energy
expenditure, 50%, 40%, and 33% are considered the tol-
erance limits for lifting task durations of 1 hour, 1 to 2
hours, and 2 to 8 hours, respectively. 

Minimal epidemiologic evidence is available to sup-
port these limits, although Cady et al. have demonstrated
the importance of aerobic capacity in back injury for a
large sample of firefighters (105,106).

PSYCHOSOCIAL PATHWAYS

A body of literature exists that has attempted to explain
how psychosocial factors might relate to the risk of suf-
fering an LBD. Reviews have implicated psychosocial
factors as associated with risk (14,107) and some have
dismissed the role of biomechanical factors. However,
few studies have properly evaluated biomechanical expo-
sure along with psychosocial exposure in these assess-
ments. A recent study by Davis and Heaney (18) has
shown that no studies have been able to adequately assess
both risk dimensions concurrently. 

Recent biomechanical studies (108,109) have indi-
cated that psychosocial stress does have the capacity to
influence biomechanical loading. These laboratory stud-
ies have demonstrated how individual factors such as per-
sonality can interact with perception of psychosocial
stress to increase trunk muscle coactivation and subse-
quent spine loading. Hence, these studies provide evi-
dence that psychosocial stress may influence risk through
a biomechanical pathway. 

SPINE LOAD ASSESSMENT

An important component of evaluating the load-toler-
ance relationship, and the potential risk associated with
work is an accurate assessment of the loading experi-
enced by a tissue. The review of the tolerance literature
suggests that it is important to understand the specific
nature of the tissue loading including factors such as
compression force, shear force in multiple dimensions,
load rates, positions of the spine structures during load-
ing, frequency of loading, and so forth. Thus, accurate
and specific information about loading is essential if one
is to use this information to assess potential risk associ-
ated with occupational tasks. 

Presently it is not feasible to directly monitor the loads
imposed upon the spine structures and tissues while work-
ers are performing an occupationally related task in the
workplace. Instead, indirect means such as biomechanical
models are typically used to estimate loading. All biome-

chanical models attempt to understand how exposure to
external loads results in internal forces that may exceed a
tolerance limit. External forces reside outside the body
(e.g., gravity or inertia) and must be overcome by the
worker to do work. Internal forces are the structures inside
the body (e.g., muscles, ligaments, etc.) that must supply
counterforces to support the external load. However, since
the internal forces are typically at a biomechanical disad-
vantage, these internal forces can be very large and result
in large force applications on spine tissues. Several ap-
proaches to biomechanical modeling have been used for
these purposes resulting in different trade-offs between
their ability to realistically assess spine loading associated
with a task and ease of model use. 

The first models used to assess spine loading during
occupational tasks were reported in the 1970s. Early
models of spine loading made assumptions about which
trunk muscles supported the external load held in the
hands during a lifting task (110,111). These models
assumed that a single muscle vector within the trunk
could summarize the internal supporting force (and spine
loading) required to counteract an external load lifted by
a worker. The model assumes that a lift could be repre-
sented by a static equilibrium-lifting situation and that no
muscle coactivation occurs among the trunk musculature
during lifting. The model employs anthropometric regres-
sion relationships to estimate body segment lengths rep-
resentative of the general population. Two output vari-
ables are predicted that can be used in a load-tolerance
assessment of work exposure. The first model output is
spine compression that is typically compared to the
NIOSH compression limits of 3400 N and 6400 N. The
second model output is population static strength of six
joints. L5/S1 joint strength is used to assess overexertion
risk to the back. The model has evolved into a computer-
based model (3-dimensional static-strength prediction
program [3DSSPP]) and is typically used for general
assessments of materials handling tasks involving slow
movements where excessive compression loads are sus-
pected of contributing to risk. An example of the com-
puter program is shown in Fig. 17-3. The model can be
linked to field observations by videotaping a lifting task
and recording the weight of the object lifted. Early risk
assessments of the workplace have used this method to
assess spine loads on the job (112).

During the 1980s, biomechanical models were ex-
panded to account for the contribution of multiple inter-
nal muscles’ reactions in response to the lifting of an
external load. Much of the spine tolerance literature was
beginning to recognize the significance of three-dimen-
sional spine loads as compared to only compression loads
in defining potential risk. Thus, biomechanical models
were developed that predicted compression forces as well
as shear forces imposed upon the spine. The first func-
tional multiple muscle system model proposed for mate-
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rial handling assessments was developed by Schultz and
Andersson (113). This model demonstrated how loads
manipulated outside the body could impose large spinal
loads due primarily to the coactivation of trunk muscles
necessary to counteract this external load. The modeling
approach represented much more realism than previous
models, however, the approach resulted in indeterminate
solutions (since there were more muscles’ forces repre-
sented in the model than functional constraints unique
solutions became difficult). In order to overcome this
problem, modeling efforts attempted to determine which
muscles would be active (114–116). These efforts
resulted in models that worked well for static representa-
tions of a lift but not necessarily for dynamic lifting situ-
ations (117). 

In order to better account for spine loads under
dynamic, complex lifting situations, later efforts
attempted to directly monitor muscle activity using elec-
tromyography (EMG) as an input to multiple muscle
models. EMG eliminated the problem of indeterminacy
since specific muscle activities were uniquely defined
through the neural activation of each muscle. These bio-
logically assisted models were not only able to accu-
rately assess compression and shear spine loads for spe-
cific occupationally related movements (88,89,118–129)
but are also able to predict differences among individu-
als so that variations in loading among a population

could be assessed (87,108,130–133) (Fig. 17-4). Valida-
tion measures suggest that these models have excellent
external as well as internal validity (133,134). Granata
and Marras (135) demonstrated the importance of
accounting for trunk muscle coactivation when assessing
spine loading and found that not accounting for coacti-
vation could result in miscalculations of spinal loading
by up to 70%. 

The disadvantage of biologically assisted models is that
they require EMG recordings that are often not tolerated
well in the workplace. Therefore many of the studies of
loadings associated with the spine during work have been
performed under laboratory conditions and have attempted
to assess specific aspects of the work that may be common
to many work conditions. Several efforts used EMG-
assisted models to assess three-dimensional spine loading
during materials handling activities (87,118,123,136–138).
There are many examples of information provided from
these in-depth analyses using biologically assisted models.
Figure 17-5 shows the difference in spine compression as
subjects lift with one hand versus two hands as a function
of lift asymmetry (118). This figure indicates that com-
pressive loading of the spine is not simply a matter of load-
weight lifted. Significant trade-offs occur as a function of
asymmetry and the number of hands involved with the lift.
The concept of trade-offs among workplace factors was
reinforced in a study that evaluated order-selecting activi-

FIG. 17-3. Example of three-dimensional static strength prediction program. (Courtesy of D. Chaffin.)
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ties in a laboratory setting (139). Some of the results from
this study are displayed in Table 17-3. This table shows the
interaction between load weight, location of the lift (region
on the pallet), and presence of handles on spine compres-
sion (benchmark). This analysis indicates that all three fac-
tors significantly affected the loading on the spine. Another
study indicated the trade-offs between spine compression
and shear loads as a function of how many hands were
involved in the lift, whether both feet were in contact with

the ground, lift origin, and height of a bin from which sub-
jects were lifted (140) (Table 17-4). Similar studies have
also helped to understand spine loading trade-offs associ-
ated with team lifting (141), patient lifting (Table 17-5)
(142), the assessment of lifting belts (77,143–146), and
while using lifting assistance devices (147). Efforts have
also been made to apply the in-depth knowledge obtained
from these biologically assisted models through regression
models of workplace characteristics (148,149). Recently,

FIG. 17-4. Electromyography (EMG)-assisted model used to evaluate spine loading during simulated
work activities. Sample window panels clockwise from upper left: spine position, velocity, and accelera-
tion during task, EMG activities of 10 trunk muscles, muscle coactivation representation, movements
imposed on the spine by each muscle, and video of task activity.

FIG. 17-5. Mean peak compression force
as a function of lift asymmetry [clockwise
(CW) versus counterclockwise (CCW)] and
hand(s) used to lift load. Results derived
from electromyography-assisted model sim-
ulation of tasks (118).
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efforts have also employed these models to assess the role
of psychosocial factors, personality, and mental processing
on spine loading (108,109). 

Efforts have also attempted to use stability as criteria
to govern detailed biologically assisted biomechanical
models of the torso (84,150–157). One potential injury
pathway for LBDs suggests that the unnatural rotation
of a single spine segment that may create loads on pas-
sive tissue or other muscle tissue can result in irritation
or injury (85). Much of the work performed in this area

to date has been directed toward static response of the
trunk as well as sudden loading responses (151,152,154,
155,158,159).

ASSESSMENT METHODS AND THE
IDENTIFICATION OF LBD RISK AT WORK

Previous sections have introduced methods used in
studies of the assessment of spine loads in response to
various work-related factors that are common to many

TABLE 17-3. Percentage of lifts during order selection tasks within various spine compression benchmark zones as a
function of the interaction between load weight, location of the lift (region on the pallet), and presence of handles. Spine loads

estimated by an EMG-assisted model (139).

Box weight

18.2 kg 22.7 kg 27.3 kg
Spine 

Region on compression 
the pallet benchmarks Handles No handles Handles No handles Handles No handles

Front-top <3,400 N 100.0 100.0 100.0 99.2 99.2 100.0
3,400–6,400 N 0.0 0.0 0.0 0.8 0.8 0.0
>6,400 N 0.0 0.0 0.0 0.0 0.0 0.0

Back-top <3,400 N 98.2 89.1 84.5 76.4 83.6 67.3
3,400–6,400 N 1.8 10.9 15.5 23.6 16.4 32.7
>6,400 N 0.0 0.0 0.0 0.0 0.0 0.0

Front-middle <3,400 N 98.7 91.3 94.7 82.7 92.6 76.0
3,400–6,400 N 1.3 8.7 5.3 17.3 7.4 23.3
>6,400 N 0.0 0.0 0.0 0.0 0.0 0.7

Back-middle <3,400 N 88.7 82.0 80.7 75.3 76.7 64.7
3,400–6,400 N 11.3 18.0 19.3 24.7 23.3 34.6
>6,400 N 0.0 0.0 0.0 0.0 0.0 0.7

Front-bottom <3,400 N 45.3 30.0 29.3 14.0 16.0 3.3
3,400–6,400 N 52.0 62.0 62.7 65.3 72.0 66.0
>6,400 N 2.7 8.0 8.0 20.7 12.0 30.7

Back-bottom <3,400 N 35.3 24.0 30.0 10.7 9.3 2.0
3,400–6,400 N 60.7 67.3 56.7 65.3 71.3 62.0
>6,400 N 4.0 8.7 13.3 24.0 19.3 36.0

EMG, electromyogram; N, Newton.

TABLE 17-4. Spine forces (means and standard deviations for lateral shear, anterior-posterior shear, and compression) as a
function of the number of hands used, the number of feet supporting the body during the lift, the region of a pallet and the

height of a bin when lifting items from an industrial bin (140)

Independent Lateral shear Anterior-posterior Compression 
measures Condition force (N) shear force (N) force (N)

Hand One-hand 472.2 (350.5)a 1093.3 (854.7) 6033.6 (2981.2)
Two-hand 233.8 (216.9)a 1136.9 (964.1) 5742.3 (1712.3)

Feet One-foot 401.7 (335.1)a 1109.4 (856.1) 6138.6 (2957.5)a

Two-feet 304.3 (285.1)a 1120.8 (963.3) 5637.3 (2717.9)
Region Upper front 260.2 (271.7)b 616.6 (311.1)b 3765.7 (1452.8)b

Upper back 317 (290.8)b 738.0 (500.0)b 5418.1 (2364.2)c

Lower front 414.4 (335.0)c 1498.3 (1037.8)c 6839.8 (2765.4)d

Lower back 420.4 (329.0)c 1607.5 (1058.4)c 7528.2 (2978.4)e

Bin height 94 cm 361.9 (328) 1089.9 (800.8) 5795.8 (2660.4)
61 cm 344.1 (301) 1140.3 (1009.1) 5980.2 (3027.4)

aIndicates significant difference at α = 0.05.
b–eRegion has four experimental conditions, therefore letters b–e are used to indicate which regions

are significantly different from one another. Regions with different letters were significantly different at α
= 0.05.

N, Newton.
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workplaces (e.g., one-hand versus two-hand lifting).
These studies have resulted in a rich body of literature
that can be used as a guide for the proper design of many
work situations. However, a need still exists for assessing
unique work situations that may not have been explored
in these laboratory studies. The more robust methods for
assessing spine loads (e.g., EMG-assisted models) may
not be usable for assessment on the job since they require
extensive instrumentation. This section reviews the meth-
ods and tools available for the assessment of LBD risk at
the work site along with a review of the literature that
supports their usage. 

Three-Dimensional Static Strength Prediction
Program

The three-dimensional static strength prediction pro-
gram (3DSSPP) has been described previously. This pro-
gram considers the load-tolerance relationship from two
aspects. An estimate of spine compression is generated
and compared to the generally accepted tolerance limits
of 3400 N. In addition, the load imposed by the task on
six joints is compared to the static strength of the muscle
groups. This last relationship has been defined as a lifting
strength rating (LSR) and was used to prospectively
assess low back injuries in an industrial environment
(97). The LSR is defined as the weight of the maximum
load lifted on the job divided by the lifting strength mea-
sured in the same lifting posture for a large, strong man.
The study concluded that “the incidence rate of low back
pain [was] correlated [monotonically] with higher lifting
strength requirements as determined by assessment of

both the location and magnitude of the load lifted.” This
was one of the first quantitative ergonomic studies to
conclude that not only was load lifting potentially haz-
ardous, but it was also important to consider the load
location when assessing risk. The study also suggested
that exposure to moderate lifting frequencies appeared to
be protective, whereas, high or low rates of lifting were
common in jobs with greater reports of back injury.

An industrial study using both the LSR and estimates
of back compression forces observed jobs over 3 years in
5 large industrial plants where 2,934 material handling
tasks were evaluated (112). The results suggested a posi-
tive correlation between the lifting strength ratio and
back incidence rates. The study also reported that muscu-
loskeletal injuries were twice as likely for predicted spine
compression forces that exceeded 6800 N. However, this
was not true for back incidents specifically. The study
also suggested that prediction of risk was best associated
with the most stressful tasks (as opposed to indices that
represent risk aggregation).

Job Demand Index

A similar concept to the LSR was reported by Ayoub et
al. (160) in terms of a job severity index (JSI). This index
considers the ratio of the job demands relative to the lift-
ing capacities of the worker. Job demands include factors
such as the weight of the object lifted, the frequency of
lifting, exposure time, and lifting task origins and desti-
nations. A comprehensive task analysis is required to
assess job demands. The worker capacity includes the
strength and body size of the worker. Strength is deter-

TABLE 17-5. Spine loads estimated during patient transfer as a function of the number of lifters 
and the transfer technique (142)

Spinal loads

Maximum Maximum Maximum 
lateral A-P shear compression 

Transfer technique shear force (N) force (N) force (N)

Lifting phase
One-person

Hug 1060.7 (697.6)B 908.5 (555.9)B 6336.3 (2044)C

Two-person
Left-side lifter Hook 731.7 (442.6)A 955.6 (436.5)B 4948.2 (1598.6)B

Gait belt 702.6 (495.1)A 916.7 (549.1)B 4895.5 (1633.1)B

Right-side lifter Hook 697.1 (435.8)A 892.8 (495.6)A 4455.8 (1539.9)A

Gait belt 664.2 (461.5)A 985.7 (567.6)B 4600.9 (1437.6)AB

Lowering phase
One-person

Hug 1127.9 (621.6)B 1111.69 (614.6)C 6007.9 (1859.2)C

Two-person
Left-side lifter Hook 845.2 (489.0)A 1020.8 (503.0)C 4713.4 (1640.1)B

Gait belt 781.4 (506.1)A 1005.4 (523.8)C 4597.5 (1454.9)AB

Right-side lifter Hook 830.4 (463.9)A 935.6 (478.9)A 4314.1 (1694.4)A

Gait belt 815.5 (469.8)A 1097.4 (487.6)B 4571.8 (1529.7)AB

*Different Alpha Characters Indicate Significant Difference at p = .05.
N, Newton.



mined through psychophysical testing. A prospective
study using the JSI was performed by Liles et al. (161).
Results suggested a threshold of a job demand relative to
worker strength above which the risk of low back injury
increased. The authors suggest that this method could
identify the more costly injuries. 

NIOSH Lifting Guide and Revised Lifting Equation

The NIOSH has developed two tools to help industry
assess the risk associated with materials handling jobs.
The objective of both tools was to “prevent or reduce the
occurrence of lifting-related low back pain among work-
ers” (162). Both tools considered biomechanical, physio-
logic, and psychophysical limits in their development. 

The first tool was a guide based upon biomechanical,
physiologic, and psychophysical information (68). This
method assessed job characteristics and assessed the
magnitude of the load that must be lifted for spine com-
pression to reach 3400 N (the action limit, or AL) or 6400
N (the maximum permissible limit, or MPL). The AL was
defined as the tissue tolerance where damage begins to
occur in the spine. In theory, to be protective, work tasks
should be designed so that the load lifted by the worker
was below the calculated AL limit. The AL was deter-
mined through a functional equation that considered four
discounting factors multiplied by a constant. The constant
(90 lbs or 40 kg) was assumed to be the magnitude of the
weight lifted under ideal lifting conditions that would
result in a spine compression of 3400 N. The four dis-
counting factors consist of: (a) horizontal distance of the
load from the spine, (b) the vertical height of the load off
the floor, (c) the vertical travel distance of the load, and
(d) the frequency of lifting. These discounting factors
were governed by functional relationships that reduced
the magnitude of the allowable load (constant). An MPL
was determined by multiplying the AL by 3. It was
assumed that if the load lifted by the worker exceeded the
MPL, more than 50% of the workers were at risk and
engineering controls were needed. If the load lifted by the
worker was between the AL and the MPL then the task
placed less than 50% of the workforce at risk and either
engineering or administrative controls were required. The
guide was designed to be used for primarily sagittally
symmetric lifts that were slow and smooth. Only one
evaluation of the guide’s effectiveness could be found in
the literature (73). Comparing the predictions with his-
torical data of back injury reporting in industry, this eval-
uation indicated an odds ratio (OR) of 3.5 with good
specificity but low sensitivity. 

A revision of this method was published in 1993 and
has become known as the “revised NIOSH lifting equa-
tion” (162). The revision was intended to consider asym-
metric lifting situations as well as tasks with various
types of coupling (handles). The revised equation was
similar in form to the 1981 guide in that it included a load

constant that was mediated by several work characteristic
“multipliers.” However, several components of the equa-
tion were different. First, the value calculated was a rec-
ommended weight limit (RWL). If the load lifted by the
worker was below this value the load was considered
safe. Second, the load constant was reduced to 23 kg or
51 lbs (from the 40 kg or 90 lbs in the 1981 guide). Third,
the form of the multipliers was changed and the func-
tional relationship between discounting and the work-
place measure was slightly more liberal for the four fac-
tors originally contained in the 1981 guide (horizontal
distance, vertical distance, vertical travel distance, and
frequency). This was done to compensate for a lower load
constant. Fourth, two new multipliers (task asymmetry
and coupling) were added to the equation. Once the RWL
is calculated for a given work situation, it is compared (as
a denominator) to the load lifted by the worker to form a
lifting index (LI). If the LI is less than the value 1, the job
is considered safe. If the LI is greater than 1, then risk is
present. LI values above 3 are thought to place nearly all
workers at increased risk (104). 

Two assessments of the revised equation to injury
reporting have been performed. One assessment com-
pared the ability of the tool to identify high- and low-risk
jobs based upon a historical database (73). This assess-
ment yielded an OR of 3.1. Further analyses indicated
higher sensitivity than the 1981 guide but lower speci-
ficity. A second analysis using a different data set
assessed ORs as a function of the LI. For LIs between 1
and 3 the ORs ranged from 1.54 to 2.45, indicating an
increasing OR with increasing low back pain reporting.
However, the OR for LIs over 3 was lower (OR of 1.63)
indicating a nonmonotonic relationship between the LI
and risk. 

Video-Based Biomechanical Models

Norman et al. (10) used a quasi-dynamic two-dimen-
sional biomechanical model to assess cumulative biome-
chanical loading of the spine in 234 automotive assembly
workers. This study identified four independent factors
for LBD reporting consisting of integrated load move-
ment (over a work shift), hand forces, peak shear force on
the spine, and peak trunk velocity. They concluded that
workers in the top 25% of loading exposure on all risk
factors were at about six times the risk of reporting back
pain than those in the bottom 25% of loading. 

Lumbar Motion Monitor Risk Assessment

In an attempt to consider the contribution of trunk
dynamics as well as the traditional biomechanical factors
in workplace assessment of risk, Marras et al. (55,56)
biomechanically evaluated over 400 industrial jobs (with
documented LBD risk history) by observing 114 work-
place and worker-related variables. Of the variables ex-
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plored, exposure to load movement (load magnitude ×
distance of load from spine) was found to be the single
most powerful predictor of LBD reporting. This study
also identified 16 trunk kinematic variables that resulted
in statistically significant ORs associated with risk of
LBD reporting in the workplace. None of the single kine-
matic variables were as strong a predictor as load
moment, however, when load moment was combined
with three kinematic variables (relating to the three
dimensions of trunk motion) along with an exposure fre-
quency measure, a strong multiple logistic regression
model resulted that described reporting of back disorder
well (OR of 10.7). The analysis indicated that risk was
multivariate in nature and that exposure to the combina-
tion of the five variables described reporting well. This
information was incorporated into a functional risk
model (Fig. 17-6) that accounted for trade-offs between
risk variables. For example, a job task that exposes a
worker to low magnitude of load moment can represent a
high-risk situation if the other four variables in the model
were of sufficient magnitude. The model has been vali-
dated in a prospective workplace intervention study (72).
The risk model has been linked with a lumbar motion
monitor (LMM) (Fig. 17-7) in a computer program to
document trunk motion exposure on the job. 

When the findings from these studies are considered in
conjunction with previous epidemiologic studies in the
workplace (54), it is clear that work associated with activ-
ity performed in nonneutral postures increases the risk to
the back. Collectively these studies indicate that as trunk
posture becomes more extreme or the trunk motion
becomes more rapid, reporting of back disorder is greater.

These results suggest that occupational risk of LBD is
associated with mechanical loading of the spine and sug-
gest that when tasks involve greater three-dimensional
loading, the association with risk becomes much
stronger. 

A database of 126 jobs including LMM information
was evaluated by Fathallah et al. (70) to precisely quan-
tify and assess the complex trunk motions of groups with
varying degrees of LBD reporting. They determined that
groups with greater reporting rates exhibited complex
trunk motion patterns involving high magnitudes of com-
bined trunk velocities, especially at extreme sagittal flex-
ion, whereas the low-risk groups did not exhibit these
patterns. This study suggested that elevated levels of
complex simultaneous velocity patterns along with key
workplace factors (load moment and frequency) were
unique to those with increased LBD risk. 

Workplace Assessment Summary

The findings of recent quantitative studies used to
assess workplace LBD risk using available workplace
assessment tools are summarized in Table 17-6. The stud-
ies are consistent in that even though these studies have
not evaluated spinal loading directly, the exposure mea-
sures included were indirect indicators of spinal load and
suggest that as these risk factors increase in magnitude
the risk increases. Load location or strength ratings both
appear to be indicators of the magnitude of the load
imposed upon the spine. The exposure metrics (load loca-
tion, kinematics, and three-dimensional analyses) are
important from a biomechanical standpoint because they

FIG. 17-6. Lumbar motion monitor risk model. The probability risk of high risk (of low back pain) group
membership is quantitatively indicated for a particular task for each of five risk factors indicating how
much exposure is too much exposure for a particular risk factor. The vertical arrow indicates the overall
probability of high-risk group membership due to the combination of risk factors.
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mediate the ability of the trunk’s internal structures to
support the external load. As these metrics change they
can change the nature of the loading on the back’s inter-
nal structures. 

Collectively, these studies demonstrate that when
meaningful biomechanical assessments are performed

at the workplace, associations between biomechanical
factors and risk of LBD reporting are evident. Several
common components of biomechanical risk assessment
can be derived from these studies. First, increased LBD
reporting is associated with work primarily when the
specific load location relative to the body (load moment
or load location) is quantified in some way. Most stud-
ies have shown that these factors are closely associated
with increased low back pain reports. Second, many
studies have shown that increased reporting of low back
pain can be well characterized when the three-dimen-
sional kinematic demands of the work are described.
Finally, nearly all of these assessments have demon-
strated that risk is multidimensional in that there is a
synergy among risk factors that is often associated with
increased reporting of low back pain. Several studies
have also suggested that some of these relationships are
nonmonotonic. In summary, these efforts have sug-
gested that the better the lift characteristics can be char-
acterized in terms of biomechanical demand the better
the association with risk. 

THE PROCESS OF IMPLEMENTING
ERGONOMIC CHANGE

Recent findings have shown that there are substan-
tial links between biomechanical loading of the spine
and psychosocial factors (108,109). Hence, ergonomic
changes to the work environment must consider bio-
mechanical loading as well as the psychosocial envi-
ronment. A review of ergonomic interventions (163)
has shown that such interventions can reduce workers’

FIG. 17-7. The lumbar motion monitor used to track trunk
kinematics during occupational activities.

TABLE 17-6. Summary of recent field evaluations of low back disorder risk factors and strength of
association with risk (odds ratio). The more precisely the lifting requirements (e.g., load location,

moment, etc.) are specified the better the association with risk

Risk factors identified

Authors No. of jobs Odds ratio (CI)

Punnett et al., 1991 95 case x x x Max flex 5.7 (1.6–20.4)
124 refferant Twist/lat 5.9 (1.6–21.4)

Marras et al., 403 x x x x x x 5 var = 10.7 (4.9–23.6)
1993/1995

Norman et al., 1998 104 cases x x x x 4 var = 5.7 (1–31.2)
130 refferant

Waters et al., 1999 36 x x x x x x Max OR = 2.45 (1.29–4.85)

CI, confidence interval; OR, odds ratio.
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compensation costs if they are implemented correctly.
However, experience has also shown that unless work-
ers are accepting of workplace redesign, the interven-
tions will not be effective. 

A proven method to maximize the effectiveness of
workplace interventions is through the implementation of
an ergonomics process. These processes are designed to
address occupational health issues in a timely manner and
create an environment that fosters worker acceptance of
engineering interventions. Ergonomics processes grew out
of efforts to control musculoskeletal disorders in meat
packing facilities (164). The logic behind this approach is
to develop a system or process to identify and correct mus-
culoskeletal problems associated with work. It is consid-
ered a process instead of a program since it is intended to
become an ongoing surveillance and correction compo-
nent of the business operation instead of a one-time effort. 

The process is intended to encourage management and
labor to communicate and work as a team to accomplish
a common goal of worker health. In order to address the
psychosocial issues in the workplace, a key component of
an ergonomics process is worker empowerment. Workers
are encouraged to take an active role in the process and
take control and ownership of work design suggestions
and changes. Thus, the process encourages a participa-
tory approach. Benefits of such an approach include
increased worker motivation, job satisfaction, and greater
acceptance of change. The goal is to create an environ-
ment where the success of the operation is the objective
as opposed to the interests of any given individual. 

There are several functions of a successful ergonomics
process. These functions include: management leadership
and commitment, employee participation, job analysis
leading to injury prevention and control, training, med-
ical management, program evaluation, and documenta-
tion. A successful process begins with the creation of 
an ergonomics committee. The committee composition
should be balanced between management and labor to
encourage a balanced effort to work toward the common
goal. Committee members should include those involved
with the design of work layout as well as those empow-
ered to dictate scheduling. In addition, labor representa-
tives to the committee should include those employees
who have broad experience with many of the jobs in the
facility as well as those employees who can communicate
well with the majority of the other workers. This com-
mittee then becomes the center of all ergonomic-related
activities within the facility. 

The ergonomics process is actually a system where the
different components of the system interact to produce
the desired effect. The interactions within this system are
shown in Fig. 17-8. This figure indicates that the ergo-
nomics committee is at the heart of the interactions with
all the components of the process. The process begins
with management involvement. Ergonomics processes
must be driven from the top down. Thus, management

must initiate the process and visibly demonstrate com-
mitment to the process. In addition, management must
provide resources to the committee. These resources
should include financial resources so that physical inter-
ventions can be implemented as well as access to infor-
mation such as injury records, production schedules, and
so forth. 

As indicated in Figure 17-8, the fundamental responsi-
bilities of the ergonomics committee are threefold. First,
the committee must monitor the workplace to determine
where clusters of work-related musculoskeletal injuries
are located. Techniques for surveillance include injury
reports as well as surveying workers for symptom record-
ing. In order that ergonomic efforts become preventive
rather than reactive it is important to solicit the coopera-
tion of all workers in this effort. Medical personnel can
help facilitate this effort by helping the committee inter-
pret the trends in an objective fashion. The second
responsibility of the committee is the prevention and con-
trol of occupationally related musculoskeletal disorders.
For the purposes of LBD, the techniques discussed earlier
can be employed to help isolate the nature of any poten-
tial problems associated with the design of work. The
issue of interest here is often “how much exposure to risk
factors is too much exposure?” Thus, quantitative meth-
ods can be used to help determine which changes are
needed and their likely impact. As indicated in the figure,
ergonomic experts can be useful in assisting the commit-
tee in performing these assessments. The third responsi-
bility of the committee is the training and education of
the workers. Several levels of training are typically nec-
essary. All workers should receive short duration aware-
ness training to inform them that an ergonomics process
is in place, familiarize them with risk factors, and explain
to them how to interact with the process. In addition,
workers should receive training as to the types of symp-
toms that need to be reported to the committee for pre-
vention to be successful. Higher level training should also

FIG. 17-8. The interaction of elements within an ergonomics
process.
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be provided to engineers and supervisors. In general,
training should be of sufficient detail so that management
understands the functioning of the process and so that
they do not become an impediment to the process suc-
cess. Both medical professionals and ergonomic special-
ists can facilitate these activities.  

Medical management and the ergonomic experts serve
as resources to the committee for the process responsibil-
ities. The goal of a process is not to make the ergonomics
committee into ergonomics experts, but to encourage
them to actively involve experts to accomplish the goals
of the process. These experts can be valuable in terms of
advising the committee as to how and when to perform
surveillance activities as well as suggesting appropriate
interventions for a given situation. 

It is imperative that the program be evaluated regularly
to justify its continuation. Issues such as the achievement
of program goals, reductions of musculoskeletal disor-
ders, hazard reduction, and employee feedback should be
considered. Corrective actions should be taken in re-
sponse to the evaluation. Finally, documentation is an
important part of a successful program. Records should
be kept that document the changes made to the workplace
and that can serve as justification of expenditures. These
records can also be used to transfer knowledge to new
team members. 

Ergonomics processes can have a significant impact on
musculoskeletal risk, but only if the process is performed
correctly and maintained. Keys to process maintenance
include strong direction, realistic goals, establishment of
a system to address employee concerns, early interven-
tion success, and publicity for the intervention. 

CONCLUSIONS

This review has shown that LBDs are common in the
workplace and associated with occupational tasks when
the risk factors of manual materials handling, bending
and twisting, and whole-body vibration are present. The
load-tolerance relationship represents a sound biome-
chanically plausible avenue to support the epidemiologic
findings. Sophisticated biologically assisted biomechan-
ical models have been developed that have been used to
quantitatively assess many situations (in the laboratory)
that are common to workplaces. There are also a host of
quantitative workplace assessment tools available to
assess risk directly at the work site. These tools appear to
be most sensitive if they are multifactorial in nature and
assess the load movement exposure and torso kinematic
responses to work situations in three-dimensional space.
The more precisely these job requirements are docu-
mented the better the association with risk. Finally, the
implementation of ergonomic change in the workplace
must consider psychosocial issues in the workplace in
order to foster worker acceptance of change. The imple-

mentation of an ergonomics process can be useful for
these purposes. 
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Preparation for Surgery

Orso L. Osti, Simon Macklin, and Hiroaki Nakamura

PREOPERATIVE ASSESSMENT

Significant changes have occurred over the last 30 years
in the way patients are counseled before surgery. It is
paramount that plainly written information on the rele-
vant surgical procedure, containing appropriate illustra-
tions, be available to patients before surgery. Audiovi-
sual equipment can be used; however, in view of the
emotional implications of surgical intervention for pain,
a face-to-face preoperative discussion between the sur-
geon and patient is advised. The surgeon needs to en-
sure that all appropriate imaging is available at the time
of the surgery and that a recent body pain drawing is
available to confirm the site and pattern of distribution
of preoperative symptoms. Obtaining informed written
consent, which should include financial details of the
surgery, is mandatory before the operation. The consent
form should be signed by the surgeon and patient at the
same time and, preferably, within days of the operation.
Consent should be obtained immediately before sched-
uling the patient for surgery and one should reappraise
the consent form with the patient on the day of the oper-
ation.

PREANESTHETIC ASSESSMENT

A detailed preanesthetic assessment is an essential pre-
requisite to safe anesthetic practice. It offers the anes-
thetist the opportunity to identify the presence of comor-
bid medical conditions, arrange for optimization of those
conditions if required, identify other confounding factors
(e.g., difficult venous access or airway), discuss options
for preoperative medication and postoperative analgesia,
and obtain informed consent for the anesthetic. It is
important to discuss the possible requirement for blood
transfusion at this point and explore potential strategies
for blood conservation. This may be particularly relevant
in those with a religious objection to the use of homolo-
gous blood products.

A number of specific questions should be considered:
Is there a previous anesthetic history? If so, were there
any complications? Are there cardiac, respiratory, or
endocrine comorbidities? Is airway management ex-
pected to be difficult?

Most institutions have guidelines for appropriate pre-
operative investigations based on the patient’s age and
comorbidities. Table 18-1 shows the guidelines currently
in use at the Royal Adelaide Hospital. 

PREOPERATIVE MEDICATIONS

With few exceptions, therapeutic drugs taken for con-
current diseases should be continued up to the time of
surgery (1). The notable exceptions to this rule are:
aspirin and other nonselective nonsteroidal antiinflamma-
tory drugs (NSAIDS), hypoglycemic agents, and mono-
amine oxidase inhibitors. Aspirin and nonselective
NSAIDS (which act on both cyclooxygenase 1 and 2
enzymes) should be discontinued for 7 to 10 days before
surgery to allow recovery of platelet aggregation. The
newer cyclooxygenase 2 inhibitors (e.g., rofecoxib and
celecoxib) are free from platelet aggregation inhibition
and can be continued up to the time of surgery without a
risk of increased bleeding because of platelet dysfunc-
tion.

A range of new specific platelet aggregation inhibitors,
clopidogrel (Iscover [Bristol-Myers Squibb Pharma-
ceuticals, Australia] and Plavix [Sanovi-Synthelabs,
Australia]) or ticlopidine (Ticlid [Roche Products,
Australia]), recently have been introduced for use in
patients with acute coronary syndrome or for use in
thromboembolic prophylaxis. These should be stopped at
least 5 days prior to surgery to prevent excess bleeding
owing to platelet dysfunction.

Monoamine oxidase inhibitors are associated with a
high incidence of CNS side effects if piperidine-based
opioids are used for analgesia. These side effects may be
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Investigations Clinical Indications

Electrocardiogram Men aged 45 years and over
(ECG)a Women aged 50 years and over

Hypertension
Current or past significant cardiac 

disease
Current or past significant 

circulatory disease
Current or past significant 

pulmonary disease
Diabetes mellitus; person aged 35 

years and over
Renal disease
Thyroid or other metabolic disease
Morbid obesity
Sleep apnea
History of alcoholism
Cardiac drug therapy
Radiation or chemotherapy
Other clinical indications

Chest x-ray (CXR)b Current or past significant 
pulmonary disease

Asthma or COAD that is debilitating 
or with a change of symptoms

Ongoing pulmonary infection 
(productive cough with colored 
sputum or a change in nature of
sputum)

Cardiovascular disease
Current or past significant 

disease, or
A change in symptoms

Cardiothoracic procedure since 
last CXR

Cardiac pacemaker or implanted 
defibrillator

Thyroidectomy for information on 
trachea

Malignancy
Sleep apnea
Radiation or chemotherapy
Other clinical indications

Compete blood Aged 65 years or over and when 
examination clinically indicated
(CBE)c,d Surgery with a potential for 

significant blood loss
Recent history of blood loss or 

donation
Known anemias
Bleeding disorders
Anticoagulation therapy
Malignancy, including hematologic
Radiation or chemotherapy
Renal disease

(continued)

Investigations Clinical Indications

CBE, continued History of alcoholism
Severe chronic disease
History of current infection
Other clinical indications (e.g., 

platelet count for regional
anesthesia)

Biochemistry (Urea Aged 65 years or over and when 
and electrolytes)e clinically indicated

Renal disease
Diabetes mellitus
Cardiovascular disease
Hypertension
Adrenal and other endocrine 

disease
Liver disease
Cardiac drugs
Diuretics
Steroids
Chemotherapy
Fluid and electrolyte abnormality 

(e.g., diarrhea, malabsorption,
or bowel preparation)

Other clinical indications
Liver function testsf Hepatobiliary disease

Pancreatic disease
Bleeding disorder
History of or exposure to hepatitis
Human immunodeficiency virus or 

acquired immunodeficiency
syndrome

History of alcoholism
Chemotherapy
Other clinical indications

Lung function tests g,h History of lung disease, dyspnea, 
or orthopnea and
Need to determine degree of 

reversibility or
Determine baseline condition, 

in anticipation of
postoperative ventilation

Cardiothoracic procedure
Significant skeletal abnormality 

(e.g., kyphoscoliosis)
Morbid obesity
Other clinical indications

Echocardiogram Previously uninvestigated or 
(ECHO) i undocumented heart murmur

Severe cardiac disease or
symptoms of severe dyspnea
or unstable angina where an
assessment of left ventricular
function is valuable

TABLE 18-1. The current guidelines for preoperative investigations in use at the Royal Adelaide Hospital

aAn ECG is valid for 6 months unless there has been a change in symptoms or clinically indicated.
bIf a CXR is clinically indicated, obtain a CXR if none was obtained in the last year or if symptoms

have changed since the last CXR.
cA hemoglobin level +/− platelet count my suffice in the majority of cases.
dA CBE is valid 6 months unless clinically indicated.
eValid for 6 months if last set of results is normal unless clinically indicated.
fValid for 6 months unless clinically indicated.
gSpecify tests required (i.e., spirometry, blood gases, or carbon monoxide diffusion factor)
hValid for 1 year unless clinically indicated.
iValid for 1 year unless symptoms have changed or clinically indicated.



either excitatory or depressive and are most commonly
seen when meperidine (pethidine) is coadministered (2).
Other opioids with a piperidine base (e.g., fentanyl) have
been used without complications. The assumption is that
alfentanil and sufentanil are probably safe (3,4). No liter-
ature addresses the safety of remifentanil.

The current recommendations are that the newer
reversible monoamine oxidase inhibitors (MAOIs)
should be discontinued 24 hours before anesthesia. The
older irreversible MAOIs should be continued because of
the high risk of uncontrolled depression in the weeks
leading up to surgery. Under these circumstances, all opi-
oids may display an exaggerated depressant effect and
smaller doses should be used in the first instance.
Meperidine (pethidine) should be avoided.

Most institutions, and all anesthetists, should have a
management plan for the diabetic patient. Ideally the dia-
betic should appear as early as possible on the theater list
(operating schedule). Management should be directed to
avoid dangerous hypoglycemia and excessive hyperglyce-
mia. An intravenous dextrose infusion, combined with a
sliding scale of actrapid insulin, is often used to facilitate
perioperative glycemic control.

The use of specific analgesic or anxiolytic medication
in the immediate preoperative period is a matter of per-
sonal choice and can be tailored to the individual patient’s
requirements.

CONSENT FOR ANESTHESIA

In the current climate with the drive for increased day
of surgery admissions, a strong argument can be made for
the anesthetic assessment and consent to be performed
before admission to the hospital for surgery. This allows
time for appropriate investigations to be organized and
the results to be reviewed before admission to the hospi-
tal. This is particularly pertinent for those with cardiores-
piratory disease, in whom modification of therapy may
be required for optimization of the medical condition
before anesthesia. It also enables the risks and complica-
tions to be explained to the patient in a nonthreatening
environment.

POSITIONING

Enough emphasis cannot be placed on the care that
must be taken in positioning the patient under anesthesia
to minimize the risk of pressure injury. Surgery on the
lumbar spine may be undertaken in the lateral or prone
position. For combined anterior and posterior stabiliza-
tion, the patient needs to be rotated part way through the
procedure.

The patient in the prone position is at particular risk.
Appropriate padding and supports should be used to pre-
vent pressure injury to soft-tissue structures (e.g., breast

and penis) and bony prominences (e.g., iliac crest, knees,
and elbows). Special attention should be given to pro-
tecting the orbital structures from trauma. The eyes
should be taped closed to prevent corneal abrasions and
the head should be supported to prevent pressure on the
supraorbital nerves. There is little evidence to suggest
that use of ophthalmic lubrication confers any benefit.
Pressure on the globe must be avoided at all costs
because of the danger of retinal vein occlusion or retinal
ischemia. The latter is of particular concern if hypoten-
sive anesthesia is employed. Both of these complications
may lead to blindness.

Before positioning in the prone position, it is worth
identifying limitations in cervical spine movement and
assessing the range of shoulder movement. The arms may
be positioned with the arms flexed at the elbow, exter-
nally rotated and abducted at the shoulder and placed on
a support. This has the advantage of allowing easy access
to peripheral veins, arterial monitoring, pulse oximetry,
and neuromuscular monitoring. However, the ulnar nerve
and brachial plexus must be protected to avoid pressure
or overextension leading to neuropraxia. An alternative is
to place the arms alongside the torso if there are physical
limitations that prevent the former position. Access to
monitoring devices is limited in this position.

Regardless of the position, the ulnar nerve is at high
risk of damage, which may occur in spite of one’s best
efforts to protect it. The mechanisms behind the damage
are not altogether clear, and preventative measures cannot
be implemented without definitive causation. Neverthe-
less, it is imperative to avoid pressure or excessive
stretching of the ulnar nerve at the elbow (5).

A number of devices are commercially available for
surgery in the prone position. These range from the sim-
ple (e.g., firm blocks to be placed under the hips and
chest) to the sophisticated (e.g., the Andrew’s table).
These devices are designed to avoid pressure on the
abdomen and thereby avoid splinting of the diaphragm
and minimal epidural bleeding from abdominal compres-
sion. As intra-abdominal pressure increases, the vertebral
venous pressure raises in parallel with raising pressure of
the inferior vena cava (IVC) (6–8). Appropriately de-
signed surgical frames have been proved to reduce the
pressure within the IVC compared with more conven-
tional chest rests (9). Reduction of intra-abdominal and
IVC pressure lower blood loss (10). The spinal frame
used in our institution is shown in Figure 18-1. The iliac
crest padded supports are modifiable to accommodate
different patient sizes. The frame is radiolucent to allow
biplanar fluoroscopy.

Approximately 20% of patients operated in the prone
position using iliac crest support frames complain post-
operatively of symptoms linked to neurapraxia of the lat-
eral cutaneous nerve of the thigh. This is more common
in obese individuals and where the surgery is prolonged
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(over 2 hours). In most cases, the neurapraxia fully re-
solves within 6 weeks.

KNEE-CHEST POSITION

One of the potential advantages of the knee-chest posi-
tion over iliac crest support frames for lumbar spine
surgery is the greater opening of the interlaminar space
compared to the iliac crest support frame. However, it is
possible that the dural sac and individual nerve roots may
be under increased tension in this position; therefore, safe
retraction of the neural tissue may be more difficult to
achieve. Potential circulatory disturbance in the legs
should be carefully monitored in view of the significant
bend at the knees. It is common for older individuals to
complain after the surgery of increased knee pain, espe-
cially if patello-femoral osteoarthritis is present preoper-
atively. 

Intraoperative preservation of the physiologic lumbar
lordosis may become critical when stabilization proce-
dures are performed. A decrease in the lordosis angle has
been correlated with increased symptoms and gait abnor-
mality following lumbar fusion (11–13). The hip flexion
angle relates to lumbar lordosis (14–16), and it appears
that iliac crest support–type frames may lead to better
maintenance of physiologic lumbar lordosis compared
with knee-chest devices because they involve less flexion
of the hip joint.

LATERAL DECUBITUS

This position may be used when the upper lumbar
spine is approached retroperitoneally. In most cases, the
approach is carried out through the left side with the
patient lying onto his or her right side. The right (bottom)
knee is flexed to approximately 90° with the left (upper)
knee extended. An axial pad is placed just underneath the
waistline, and the pelvis and head of the fibula are pro-
tected with adequate padding. The patient’s right upper
extremity is placed on the operating table with the left

side in a padded gutter arm support. An axillary roll may
be used to take pressure off the brachial plexus to avoid
disabling postoperative neurapraxia.

BLOOD CONSERVATION

The requirement for blood transfusion depends on a
multitude of factors, not the least of which is an agree-
ment on the threshold hemoglobin before transfusion.
Most departments of transfusion medicine have guide-
lines for transfusion that have reduced the threshold level
from a previously accepted level of 100 g/L (10 g/dL). In
the absence of confounding comorbid disease, there is lit-
tle indication for transfusion unless the hemoglobin con-
centration has fallen below 80 g/L (8 g/dL) in the absence
of ongoing blood loss.

A number of strategies have been proposed to reduce
the incidence of homologous transfusion. These include
autologous predonation, isovolemic hemodilution and
perioperative cell salvage. Autologous predonation can
be logistically difficult and costly to institute; it may
result in a relaxation of the transfusion trigger and result
in inappropriate transfusion; it does not remove the risk
of clerical error; and it does not remove the risk of trans-
mission of bacterial infection. If the blood is harvested
but not reinfused, it is not suitable to be used in the gen-
eral blood pool and therefore becomes an expensive and
useless commodity.

Isovolemic hemodilution refers to the practice of har-
vesting a quantity of blood at the beginning of a proce-
dure and replacing it with a crystalloid or colloid solution
to prevent a fall in circulating volume. This has the effect
of immediately reducing the hemoglobin concentration
and therefore reducing the amount of hemoglobin lost per
volume of shed blood. Providing the blood has been har-
vested correctly, it will contain fresh platelets and coagu-
lation factors not usually present in stored blood. In addi-
tion, the harvested blood can be processed to extract a
platelet concentration rich in growth factors, which may
be of benefit to osteogenesis at the surgical site. The har-
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FIG. 18-1. Spinal frame. The iliac crest padded supports are modifiable to accommodate for different
patients’ sizes. The frame is radiolucent to allow biplanar fluoroscopy.



vested blood can then be reinfused during the later stages
of the operation.

Perioperative cell salvage has been extensively used as
a blood conservation technique. Despite the equipment
becoming increasingly sophisticated, its application is
still limited to those procedures where blood loss is an-
ticipated to be excessive, such as more extensive and
lengthy spinal procedures.

BLOOD LOSS AND THE SURGICAL FIELD

It is important to realize that the second arm of blood
conservation techniques are directed at reducing blood
loss to optimize the surgical field. A number of basic
strategies should be employed; these are summarized in
Table 18-2. Remember that bleeding can be venous or
arterial. 

Venous bleeding occurs predominantly from the epi-
dural veins, which are in communication with the IVC.
Therefore, strategies to reduce IVC pressure reduce
epidural venous pressure. Positive pressure ventilation
tends to reduce venous return and increase IVC pressure.
Consequently, efforts to limit the positive inspiratory
pressure while maintaining appropriate gas exchange
should be made. This can be achieved by maintaining an
adequate level of neuromuscular blockade, together with
adjustments of inspiratory time, pressure, and flow rate.
Appropriate use of bronchodilating drugs may help in the
bronchospastic patient. Positive end expiratory pressure
(PEEP) should be avoided (17). Careful positioning on a
suitable support system avoids abdominal compression.
This has been shown to reduce IVC pressure with reduc-
tion in epidural venous pressure. This position also avoids
diaphragmatic splinting from abdominal compression,
which would otherwise cause a rise in ventilatory infla-
tion pressure and increase IVC pressure (18). 

Avoiding vasodilatation and reducing the perfusion
pressure can reduce arterial bleeding. Vasodilatation can
be minimized by controlled hyperventilation to produce
hypocapnia. The perfusion pressure can be reduced by a
number of pharmacologic interventions that come under
the broad heading of hypotensive anesthesia. A wide
range of drugs has been used to induce hypotension under
anesthesia; a full discussion on the relative merits can be
found elsewhere (19). However, hypotensive anesthesia is

not without its complications and consideration must be
given to the risk-benefit assessment for each individual
patient. The risks of hypotensive anesthesia are hypoper-
fusion of vital organs, principally those organs whose
function is not conventionally monitored. The CNS is of
prime concern. Cerebral hypoperfusion may lead to a
range of postoperative complications from short-term
confusion and disorientation to massive cerebral infarc-
tion. Although cerebral autoregulation maintains cerebral
blood flow through a range of blood pressure variations,
blood flow is pressure dependent beyond the extremes of
these variations. Volatile anesthetic agents may offer
some cerebral protection by reducing cerebral metabolic
oxygen consumption. A more scientific method of deter-
mining adequacy of cerebral blood flow is to monitor
jugular bulb oxygenation or cerebral blood flow by
means of transcranial Doppler. These techniques are
becoming recognized as having a role to play in carotid
vascular surgery and neurosurgery, but their role in
hypotensive anesthesia outside of these domains has yet
to be determined. In addition, spinal cord ischemia may
occur if blood flow through the anterior spinal artery is
compromised. The effects of hypoperfusion of the CNS
may be exacerbated by hyperventilation and consequent
hypocarbia leading to vasoconstriction deliberately in-
duced to reduce bleeding. 

Modern volatile anesthetic agents are an attractive
option to induce hypotension. Agents, such as isoflurane
and sevoflurane, with relatively low blood-gas solubility
coefficients cause depression of medullary cardiac cen-
tres while depressing myocardial contractility directly.
This leads to a reduction in cardiac output and a fall in
blood pressure. Because of their low solubility, changes
in inspired volatile agent concentration lead to rapid
changes in blood concentration. This offers a level of
titratability that makes them useful agents for inducing
hypotension without a prolonged recovery time.

A special mention should be made regarding perioper-
ative β-blockade. In addition to its advantageous effects
on slowing heart rate and reducing force of contractility
and thereby reducing blood pressure, evidence is becom-
ing available that the use of perioperative β-blockade may
reduce the all-cause mortality in high risk surgical pa-
tients undergoing noncardiac surgery (20–22). Their
potential benefit to patients who are not considered high
risk is yet to be determined (23).

A conservative approach to hypotensive anesthesia for
surgery on the lumbar spine would be to use β-adrenergic
blockade with atenolol for a target heart rate of 60 to 70
beats per minute and a volatile anesthetic agent 0.5 to 1.5
µg/kg clonidine to provide a modest fall in blood pressure
but maintain a mean arterial pressure above 70 mm Hg.
By using a drug such as clonidine with a long half-life
(compared to agents such as sodium nitroprusside), the
problems of rebound hypertension or rapid return to nor-
motension are avoided.
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TABLE 18-2. Strategies for minimizing blood loss

Prevent venous bleeding Reduce arterial bleeding

Avoid abdominal compression Control heart rate
Avoid diaphragmatic splinting Hyperventilate to 

hypocapnia
Minimize peak inspiratory Induce hypotension

pressure
Avoid positive end expiratory 

pressure



Finally, two additional concerns must be addressed.
First, the negative impact of perioperative hypothermia
on the incidence of wound infection has been investi-
gated (24,25). Hypothermia leads to increased shivering
in the immediate postoperative period, which increases
the basal metabolic rate. This increases respiratory and
myocardial work and can be relevant in patients with
impaired cardiorespiratory function to the point of pre-
cipitating cardiorespiratory failure. In addition, hypo-
thermia has an adverse effect on normal hemostatic
function. Although major blood loss is uncommon in
most surgery on the lumbar spine, the impact of moder-
ate hypothermia, below 35°C, on platelet function and
the coagulation cascade must be considered (26,27). If
efforts to create a bloodless surgical field are to be suc-
cessful, meticulous attention to detail is required. This
should include the avoidance of hypothermia by the use
of appropriate warming devices. The introduction of
forced air warming devices, which direct warmed air
through an inflatable blanket to provide body surface
heating, has been a huge advance in this field (28). Most
of the work on the effects of hypothermia and coagula-
tion has been done on either trauma or cardiopulmonary
bypass patients. Further work needs to be done on pa-
tients undergoing elective noncardiac surgery. Never-
theless, it seems prudent to minimize hypothermia for
the reasons mentioned in the preceding.

Finally, what is the role of the serine protease inhibitor,
aprotinin, and the lysine analogs, tranexamic acid and
aminocaproic acid? Both of these groups of agents have
been shown to be beneficial in cardiac surgery or knee
arthroplasty (29–31). Tranexamic acid has been shown to
be beneficial in pediatric scoliosis surgery (32). The
emphasis has been on the reduction in blood transfusion.
The role of these agents in reducing bleeding to improve
the surgical field has yet to be determined.

ANTIBIOTICS

Infection rates with spinal surgery vary widely among
published series and according to the type of surgery per-
formed. Wimmer et al. reported on 22 cases out of 850
clean spinal procedures with an overall infection rate of
2.6% (33). In that study, it was suggested that extended
preoperative hospitalization, large intraoperative blood
loss, and prolonged operating time were correlated with
increased risk of postoperative infection. The authors also
suggested that routine prophylactic antibiotics may not be
necessary, although parenteral postoperative antibiotic
should be administered when segmental instrumentation
is used.

The overall risk of infection is higher in acute trauma
than in elective surgery. Patients with significant preop-
erative neurologic deficit are also at higher risk. It has
been shown that penetration of antibiotics into the disc is
poor and that a critical relationship exists between serous

antibiotic concentration and disc antibiotic levels that
may have a prophylactic effect on infection. It has been
suggested that antibiotic concentration within the disc is
highest between 15 and 80 minutes following intravenous
administration (34).

Prophylactic administration of antibiotics should be
considered mandatory for all procedures that may violate
the intervertebral disc. In experimental studies where
lumbar intervertebral discs were inoculated with staphy-
lococcus epidermidis cultures, no discitis developed with
prophylactic intravenous or intradiscal administration of
cephalosporins, whereas large doses of antibiotics admin-
istered following the inoculation of bacteria into the disc
did not prevent disc infection (35,36).

Different classes of antibiotics have been demonstrated
to penetrate the intervertebral disc at different rates.
Aminoglycosides and glycopeptides appear to penetrate
into the nucleus pulposus well, whereas penicillins and
cephalosporins have been proven to enter the disc at
much lower concentrations. Prophylactic antibiotics are
even more critical when percutaneous disc procedures are
performed. The administration of antibiotics should be
planned so that the highest intradiscal concentration may
be achieved when the surgical insult to the disc is likely
to occur. Maximal antibiotic concentration in the disc, as
indicated, occurs 15 to 80 minutes following parenteral
antibiotic administration; the likely average time for
broad-spectrum antibiotics is 30 to 45 minutes.

POSTOPERATIVE PAIN MANAGEMENT

The mainstay of acute pain management is opioid anal-
gesia. Postoperative analgesia should be administered by
a route that offers rapid onset and the ability to titrate the
dose to achieve optimal effect. The intravenous route is
the most suitable in the recovery unit, where the patient
can be closely monitored for the adverse effects of opi-
oids. Central nervous system depression is initially man-
ifest and may then present with more serious effects, such
as respiratory depression. A simple sedation score can be
used as an early warning sign for the clinician before
more significant CNS depression occurs. Figure 18-2
gives the protocol for intravenous opioid loading used at
the Royal Adelaide Hospital. Once therapeutic plasma
concentrations of opioid analgesics have been achieved, it
is appropriate to convert to a patient controlled analgesia
(PCA) system. Most institutions have a protocol for drug
concentration, bolus dose, and lockout time to be used for
PCA. A simple protocol for the fit patient under 65years
of age is the following: 

• Morphine: 1 mg/mL
• Bolus dose: 1 mg
• Lockout time: 5 minutes

The bolus dose can be increased if analgesia is inade-
quate and decreased if excessive sedation occurs. It is
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BEGIN

Pain?

“Pain Protocol” and
opioid ordered?

YES

Routine observations
NO

Get order
NO

Sedation Score

0 None
1 Mild: occasionally

drowsy, easy to rouse

2 Moderate: constantly
drowsy, easy to rouse

3 Severe: somnolent,

difficult to rouse
S Normally Asleep

Prepare in Saline

morphine 1mg/ml, or
fentanyl 20 micrograms/ml

YES 10ml syringe
Draw up 10mg morphine or

200 micrograms fentanyl and
make up to 10ml with saline

20ml syringe

Draw up 20mg morphine or
400 micrograms fentanyl and

make up to 20ml with saline

Is sedation score less than 2?

YES

Is respiratory rate greater than 8/min?

YES

Pain?
YES

Routine observations

NO

Hold further doses until sedation
score less than 2 and respiratory

rate greater than 8/min. Consider
use of naloxone 100 microgram

increments IV.

NO

NO
Seek

medical
advice

Seek
medical
advice

B.P. OK?

YES

Under 70 years old?

YES

NO Seek
medical
advice

WAIT 3 min

Severe pain?

YES

Severe pain?

NO

1
st
 or 2

nd
 dose? 1

st
 or 2

nd
 dose?

YESYES

Give 1ml IV Give 0.5ml IV
NONO

Some relief with last 2 doses? Some relief with last 2 doses?

NONO

Give 2ml IVGive 4ml IV Give 1ml IVGive 1ml IVGive 2ml IV

YESYES

NONO

YES YES

FIG. 18-2. Guidelines for intravenous opioid administration. These guidelines are/should: (1) Only to be
used by staff in recovery wards who have been instructed in this technique; (2) NOT appropriate for rou-
tine maintenance of analgesia in general wards; (3) Note that the peak effect of an intravenous dose
may not occur for over 15 minutes, therefore all patients should be observed closely during this time;
(4) All patients receiving repeated doses of IV opioids should be ordered oxygen; and (5) “Pain Proto-
col” should cease when the patient is comfortable (they will not necessarily be pain free). From The
Acute Pain Service, Royal Adelaide Hospital, with permission.



generally accepted that a background infusion ordinarily
should not be prescribed because it appears not to
improve the analgesia but may increase the incidence of
side effects (38).

Morphine should be the first line agent of choice, but
fentanyl can be used as an alternative. Meperidine (pethi-
dine) should be avoided if feasible because of the possi-
bility of CNS toxicity associated with its metabolite,
normeperidine (norpethidine). Normeperidine plasma
concentrations can be achieved with PCA pethidine and
can lead to CNS excitability, and manifest as agitation
and even convulsions (39,40).

It is worth considering the use of adjuvant analgesic
agents that do not specifically target opioid receptors. Use
of nonspecific cyclooxygenase inhibitors may increase
intra and post-operative bleeding and should be avoided.
However, the more recently released selective cox-2 in-
hibitors (celecoxib and parecoxib) may have a role to play
and further investigation of these drugs is warranted. Sim-
ilarly, centrally acting drugs that are α-adrenergic agonists
stimulate the descending spinal inhibitory pathways. These
pathways originate in the periaqueductal gray matter and
reticular formation, to run in the dorsolateral fasciculus.
They synapse in the substantia gelatinosa of the dorsal horn
where norepinephrine and serotonin are released. They are
involved in the highly complex system of interneurons,
which modify nociceptive input to the spinal cord. Clinical
data do not support the use of clonidine by the epidural or
intrathecal route with conflicting data on its analgesic effi-
cacy. However, its sedative effects may be beneficial in
patients with a high preoperative opioid intake. Similarly,
tramadol may be beneficial by preventing reuptake of nora-
drenaline and serotonin at the spinal cord level. It has only
weak intrinsic opioid activity and is thought to exert its
effects at a supraspinal or spinal cord level.

Finally, if pain control in the immediate postoperative
period is difficult, ketamine by intravenous infusion of 2
to 8 mg/hour (depending on age and comorbid disease)
can be used. Ketamine is the only clinically available
NMDA (N-methyl-D-aspartate) receptor antagonist and
provides analgesia at the spinal cord level where NMDA
is an excitatory neurotransmitter. 
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CHAPTER 19

Surgical Approaches to the Thoracolumbar
Spine

Scott D. Daffner and Todd J. Albert
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The thoracolumbar spine offers numerous challenges in
treatment, particularly with regard to anterior surgical
approaches. The unique biomechanics of this region, par-
ticularly the transition from thoracic kyphosis to lumbar
lordosis, put it at increased risk for degeneration. In addi-
tion, a wide variety of traumatic and neoplastic condi-
tions may also affect the thoracolumbar spine.

Two basic surgical approaches exist for surgery in this
region—anterior and posterior. Posterior approaches are
most frequently used for procedures involving the poste-
rior elements, although modifications of the posterior
exposure may allow access to the anterior portion of the
spine. Anterior approaches are generally required for
access to the vertebral body itself. In addition, combined
anterior and posterior approaches are occasionally used,
depending on the type of pathology, the extent of the
injury, and the judgment of the physician. 

BONY ANATOMY OF THE THORACOLUMBAR
SPINE

The thoracolumbar region represents the transition
from one type of vertebral body to another. Thoracic ver-
tebrae are generally smaller than those of the lumbar
region. Their facet joints are oriented more frontally, the
spinous process is longer and angled more distally, the
pedicles are narrower and shorter, and the articulations
with the ribs distinguish the thoracic vertebrae. The short
transverse processes are angled posterolaterally, articulat-
ing with the ribs (1,2).

The lower thoracic vertebrae begin to resemble lumbar
vertebrae. Their facet joints change from a frontal orien-
tation to one that more closely resembles those of the
lumbar vertebrae in which the superior articular facets
are anterolateral to the inferior articular facets of the ver-
tebra above and are directed dorsomedially. From L1 to

L5, the pedicles become larger in diameter and become
more medially oriented (1,2).

Several ligamentous structures stabilize the bony ele-
ments of the vertebrae (Fig. 19-1). The supraspinous and
interspinous ligaments connect the spinous processes,
while the intertransverse ligaments segmentally connect
the transverse processes. The ligamentum flavum passes
between the ventral side of the lamina to the superior lip
of the next caudal lamina. The ligamentum flavum has a
midline raphe, providing a convenient plane through
which the canal may be entered. The broad anterior lon-
gitudinal ligament runs the length of the spinal column,
intimately integrated with the periosteum of the anterior
vertebral body, while the posterior longitudinal ligament
lies along the posterior aspect of the vertebral body,
adhering strongly to the intervertebral discs.

POSTERIOR APPROACH

The most commonly used approach to the spine is the
posterior approach (3). This approach differs little along
the entire length of the spine, and is used for laminectomy
and posterior, transpedicular, or posterolateral fusion. 

Posterior Anatomy

To fully appreciate this approach, one must understand
the anatomy (Fig. 19-2). The muscular layers of the back
can be divided into three distinct layers (Fig. 19-3). The
superficial layer consists of the trapezius, which inserts
on the T12 spinous process most caudally, and the latis-
simus dorsi which arises from the spinous processes and
inserts onto the humerus. The intermediate layer is com-
posed of the serratus posterior inferior, while the deep
layer includes the erector spinae group (spinalis, longis-
simus, and iliocostalis) lying superficial and lateral to the



transversospinalis group (rotatores, multifidus, and semi-
spinalis). These latter muscle groups are often detached
as a single mass during this approach. The bony struc-
tures revealed during this approach include the spinous
processes, laminae, and transverse processes. The facet
joint capsules are also visualized from this approach. 

Surgical Technique

The patient is placed in either the prone or kneeling
position with the abdomen hanging free to reduce pres-
sure on the abdomen and thereby reduce epidural venous
pressure and decrease intraoperative bleeding (Fig. 19-4).
It is important to pad all bony prominences (2,3).

The skin incision is made in the midline over the spin-
ous processes at the appropriate level. The incision is car-
ried down through the subcutaneous tissue to the deep
fascia. By dissecting the deep fascia subperiosteally from
the spinous processes, one can preserve the attachments
of fascia and can avoid bleeding from intramuscular
blood vessels. The erector spinae muscles should be gen-
tly retracted with a Cobb elevator, helping to avoid stray-
ing into the musculature (Fig. 19-2). Subperiosteal dis-
section should be carried out in a caudal to cephalad
direction. The dissection may be extended laterally to
facilitate posterolateral fusion or pedicular instrumenta-
tion. Unless a facet fusion is planned, care should be
taken to avoid subperiosteal dissection into the facet joint
(2). Transverse processes may be palpated inferolateral to
the facet joint by following the base of the superior artic-
ular process out laterally. After defining the superior and
inferior borders of the transverse process, electrocautery
may be used to continue the subperiosteal dissection of
the segmental musculature, taking care to preserve the
intertransverse ligament.

This approach may be extended to allow exposure of
the posterior and anterior spinal elements. The extended
posterior approach is primarily used for tumor resection
and for osteotomies. The extensive nature of this
approach may increase the risk for neurovascular dam-
age, including spinal ischemia. The skin incision is
extended three or four levels proximal and distal to the
desired level of resection. The contents of the spinal canal
may be visualized by performing a complete laminec-
tomy. In the low thoracic region, ribs may be divided lat-
eral to the costotransverse joints. If the pleura is entered,
a chest tube may need to be inserted. Mobilizing the vas-
cular structures may require ligation of the segmental
vessels. The vertebral bodies may then be excised
through the disc space above and below the pathology.
Posterior stabilization should be performed before the
anterior vertebral body resection to avoid neurologic
compromise resulting from a completely destabilized
spine (1).

Complications associated with the posterior approach
may be minimized by careful planning and meticulous
surgical technique. Identification of the appropriate level
should be verified by taking an intraoperative radiograph.
Neural elements, including nerve roots, must be clearly
identified and protected. Excessive bleeding may be min-
imized by performing a subperiosteal dissection. Identifi-
cation and cauterization of the segmental facetal artery
lateral to the pars will minimize bleeding as the dissec-
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FIG. 19-1. Ligamentous stabilization of the vertebra and ribs.
(From Albert TJ, Balderston RA, Northrup BE, eds. Surgical
approaches to the spine. Philadelphia: WB Saunders, 1997,
with permission.)

FIG. 19-2. Axial view demonstrating posterior exposure of
the thoracolumbar spine. (From Albert TJ, Balderston RA,
Northrup BE, eds. Surgical approaches to the spine.
Philadelphia: WB Saunders, 1997, with permission.)



tion is carried out laterally. Epidural bleeding may be
controlled by using Gelfoam or thrombin-soaked pled-
gets and bipolar cautery (2).

ANTERIOR APPROACHES

Two basic anterolateral approaches to the thoracolum-
bar spine may be used. These are the transpleural

retroperitoneal and the retropleural retroperitoneal
approaches. While the transpleural approach provides
excellent exposure of the anterior vertebral column over
a number of segments, it involves extensive soft-tissue
dissection and the rib head may impair visualization. In
addition, bleeding from the epidural veins may be diffi-
cult to control. The retropleural approach is more lateral
than the transpleural approach. Because the rib head and
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FIG. 19-3. Superficial, intermediate, and deep muscular layers of the back. (From Albert TJ, Balderston
RA, Northrup BE, eds. Surgical approaches to the spine. Philadelphia: WB Saunders, 1997, with per-
mission.)
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pedicle are resected, this approach offers better visualiza-
tion of the anterolateral spinal canal during decompres-
sion, although it may be associated with a great deal of
bleeding (1,4,5).

Anterior Anatomy

Anterior approaches to the thoracolumbar junction
require a solid understanding of the associated anatomy
of the chest and abdominal walls, the diaphragm, and the
retroperitoneal contents. Within the chest wall, the ribs

articulate with the spine at the level of the disc space
above (e.g., the 9th rib articulates at the level of the T8-9
disc space) and the transverse process of the same level.
Caudally, the 11th and 12th ribs lack costotransverse
articulations. The ribs are stabilized by a number of
strong ligamentous attachments, particularly the cos-
tovertebral and costotransverse ligaments (Fig. 19-5).
The superior costotransverse ligament runs from the infe-
rior aspect of the transverse process to the superior aspect
of the rib below. The medial (capsular) ligament attaches
the posterior neck of the rib to the anterior border of the
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FIG. 19-4. Patient positioning in the kneeling
posture on an Andrews table. Note the rolls
allowing for decompression of the abdominal
contents, which decreases intraoperative
blood loss. Alternatively, the patient may be
placed on a posted frame. (From Albert TJ,
Balderston RA, Northrup BE, eds. Surgical
approaches to the spine. Philadelphia: WB
Saunders, 1997, with permission.)

FIG. 19-3. (continued).
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transverse process. The lateral costotransverse ligament
connects the posterior tubercle of the rib to the tip of the
transverse process. The anterior costotransverse (radiate)
ligament connects the head of the rib to its respective ver-
tebral body. The intercostal neurovascular bundle runs
along the inferior surface of the rib in the costal groove.
The endothoracic fascia lies deep to the intercostal mus-
cles. Beneath this lies the pleura, which extends to the
10th rib in the midaxillary line and to T12 or L1 in the
midline posteriorly (6).

The muscles of the anterior abdominal wall represent a
continuation of the layers of the intercostal muscles, with
the external, internal, and innermost intercostals muscles
continuing as the external oblique, internal oblique, and

transversus abdominus muscles, respectively. The trans-
versalis fascia, which lies deep to the transversus aponeu-
rosis, represents the abdominal equivalent of the endo-
thoracic fascia and adheres loosely to the parietal
peritoneum.

The diaphragm attaches anterolaterally to the lower six
costal cartilages, lower four ribs, xiphoid process, and the
thoracolumbar vertebral bodies posteriorly. The crura of
the diaphragm insert on the lumbar spine between L1 and
L3, and the aorta passes through the crura at the T12
level. The medial arcuate ligament spans the psoas mus-
cle at L1 or L2, and the lateral arcuate ligament bridges
the quadratus lumborum from the transverse process of
L1 to the 12th rib (Fig. 19-6) (6).
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FIG. 19-5. Ligaments stabilizing the ribs. A: Axial view. B: Sagittal view. (From Albert TJ, Balderston
RA, Northrup BE, eds. Surgical approaches to the spine. Philadelphia: WB Saunders, 1997, with per-
mission.)



Vascular structures encountered in the anterior
approach include the aorta, diaphragmatic arteries, celiac
trunk, superior renal artery, and the left renal artery on
the left and the inferior vena cava on the right. The aorta
is essentially tethered to the spine by the segmental arter-
ies, which run toward their respective foramina. The
artery of Adamkiewicz usually arises from the aorta in
the lower thoracic or upper lumbar level along the left
side (3).

The ilioinguinal and iliohypogastric nerves course
inferolaterally over the quadratus. The genitofemoral
nerve emerges from the body of the psoas, lying on its

anterior surface in the lower lumbar region. The sympa-
thetic trunk lies anterior to the psoas along its junction
with the spinal column and may need to be divided (uni-
laterally) during an anterior approach.

The retroperitoneal space contains the kidneys, adrenal
glands, and the ureters, which course inferomedially
along the ventral aspect of the psoas toward the bladder
between the peritoneum and the psoas fascia. Because the
ureters adhere loosely to the peritoneum, they are usually
safely retracted with the peritoneum and its contents dur-
ing anterior surgical approaches.

Surgical Technique

The spine is usually approached from the left side,
since it is much easier to mobilize the aorta than the vena
cava. The patient should be positioned in the lateral posi-
tion with the area of interest over the break in the table.
An axillary roll and sufficient padding should be used to
prevent neurovascular compression injuries (Fig. 19-7).
The patient may be rolled slightly posteriorly by 45° to
60° (1,3,5).

At our institution, we prefer the transpleural retroperi-
toneal approach. The incision is made over the rib one or
two levels proximal to the level of spinal pathology. The
incision extends anteroinferiorly from just lateral to the
paravertebral musculature over the rib (10th, 11th or
12th), toward the anterior superior iliac spine. The subcu-
taneous tissue and musculature are divided with electro-
cautery to help control bleeding. The periosteum of the
rib is then dissected free, taking care to preserve the inter-
costal neurovascular bundle inferior to the rib. After strip-
ping the periosteum from the rib to within 1 or 2 cm of
the costotransverse joint, the rib is resected using rib cut-

CHAPTER 19/SURGICAL APPROACHES TO THE THORACOLUMBAR SPINE / 215

FIG. 19-6. The crura and arcuate ligaments of the dia-
phragm’s insertion on the posterior abdominal wall. (Modified
from Birch BD, Desai RD, McCormick PC. Surgical ap-
proaches to the thoracolumbar spine. Neurosurg Clin 1997;8
(4):471–485.)

FIG. 19-7. Patient positioning for the
anterior approach to the thoracolum-
bar spine. The level of interest should
be placed over the break in the table
and the incision should be made over
the rib two levels above the level of
interest in the midaxillary line. (From
Albert TJ, Balderston RA, Northrup
BE, eds. Surgical approaches to the
spine. Philadelphia: WB Saunders,
1997, with permission.)



ters and is saved for possible future bone grafting (Fig.
19-8). The pleura is then incised (3–5).

The diaphragm may be released from its lateral inser-
tions in the thoracoabdominal wall (Fig. 19-9). The peri-
toneum is then gently mobilized away from the posterior
abdominal wall with blunt dissection. Dissection of the
diaphragm then proceeds medially, elevating the medial
and lateral arcuate ligaments from the underlying muscu-
lature. The medial attachment of the lateral arcuate liga-
ment and the lateral attachment of the medial arcuate lig-
ament are divided at their insertion on the L1 transverse
process, taking care to retain sufficient tissue to permit
reattachment of the diaphragm. Finally, the left crus of
the diaphragm is divided approximately 2 cm from the
vertebral body, allowing communication between the tho-
racic and abdominal cavities (1,4–6).

The lung is then retracted medially along with the
diaphragm and peritoneum. The intercostal and lumbar
vessels should be ligated close to the aorta to mobilize the
great vessels (3). Elevation of the psoas muscle laterally
to the pedicles allows for adequate exposure of lumbar
segments. Occasionally, the sympathetic chain, which
lies along the anterior spine, may need to be transected
during this approach. If this is done, the patient should be
told that the foot on the side of the sympathetectomy will
become warmer (5). The periosteum of the vertebral body
is incised and dissected away. Care is taken not to cauter-

ize blood vessels around the intervertebral foramen. Once
exposed, decompression and stabilization may be per-
formed (Fig. 19-10).

Closure begins with reattachment of the diaphragm to
the psoas, L1 transverse process, quadratus, and the cuff
of tissue remaining along the anterior and lateral chest
wall from which it was initially dissected. A chest tube
and retroperitoneal drain are inserted, and the abdominal
and chest walls are then closed in layers.

A retropleural retroperitoneal approach may also be
used to expose the thoracolumbar spine (1,5,6). This
approach is similar to the one described previously, with
the incision made along the rib, two levels above the
spinal pathology, from the paraspinal muscles to the
midaxillary line. The rib that crosses the midaxillary line
on the lateral chest radiograph should be resected. The rib
is dissected subperiosteally and removed, taking care not
to damage the underlying pleura. The endothoracic fas-
cia, which lies deep to the rib periosteum, may then be
incised with scissors in line with the incision. The parietal
pleura is then carefully freed from this fascial layer by
blunt dissection with either a finger or a sponge on for-
ceps beginning anteriorly and progressing posteriorly. 
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FIG. 19-8. Removal of the rib 1 to 2 cm distal to the costo-
transverse joint. (From Albert TJ, Balderston RA, Northrup
BE, eds. Surgical approaches to the spine. Philadelphia: WB
Saunders, 1997, with permission.)

FIG. 19-9. Line of incision to detach the diaphragm from the
posterior and lateral abdominal wall. One should leave a cuff
of approximately 1 cm for reattachment. (From Albert TJ,
Balderston RA, Northrup BE, eds. Surgical approaches to
the spine. Philadelphia: WB Saunders, 1997, with permis-
sion.)



The abdominal muscles are divided and the peri-
toneum is carefully mobilized. The costal cartilage may
then be divided allowing the peritoneum and abdominal
contents to be swept laterally from the undersurface of
the diaphragm. The diaphragm is then incised, leaving a 1
cm cuff of tissue for reattachment. The vertebral column
is then approached as described earlier. The diaphragm is
reattached, and if the pleura was violated during the
approach, a chest tube should be placed at the time of clo-
sure. 

Complications associated with the anterior approach
include vascular and visceral injuries, chyle leak, dural
tears, neurologic injury, and hernias (1,5). At our institu-
tion, somatosensory evoked potentials (SEP) and motor
evoked potentials (MEP) are routinely used. Blood loss is
best controlled by carefully cauterizing or ligating small
bleeding vessels during the approach. Bone wax or
Gelfoam pledgets may be used for dissection adjacent to
the neural elements; as monopolar electrocautery should
be avoided here, only bipolar cautery should be used. A
thorough knowledge of anatomy is the key to identifying
and ligating blood vessels (especially veins) during this
approach. 

A dural tear may occur during decompression. Ante-
rior dural tears are difficult to repair, and may be treated
alternatively by application of Gelfoam. Direct suturing
of the tear or application of fat or muscle patches may
also be tried. Additionally, placement of a subarachnoid
drain may be considered if closure cannot be obtained. 

As mentioned previously, the sympathetic chain is
often sacrificed or injured during the anterior approach
with no long-term effects. Patients must be forewarned,
however, that a temperature difference between the limbs
may be experienced, with the leg on the sympathec-
tomized side feeling warmer. 

Finally, because the diaphragm is incised for this
approach, care must be taken to securely reattach it to the
chest wall to avoid herniation of abdominal contents into
the thoracic cavity. Postoperative pulmonary toilet must
be employed, and close attention should be paid to chest
tube protocol if one is used.

COMBINED ANTERIOR AND POSTERIOR
APPROACH

Occasionally, the degree and complexity of pathology
is best treated with a combined anterior and posterior
approach. This is most often used for tumorous or trau-
matic injuries resulting in three-column instability and
neural compression. The sequence of the surgical
approach—anterior followed by posterior, posterior fol-
lowed by anterior, or simultaneous—depends upon the
pathology and the patient, and should therefore be deter-
mined on a case-by-case basis (7).

An anterior, followed by a posterior, procedure is use-
ful in situations where the use of anterior instrumentation
is contraindicated, or when anterior instrumentation alone
may not adequately stabilize the spine, but the coronal
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FIG. 19-10. Axial section demonstrating the anterior retroperitoneal exposure of the thoracolumbar
spine. The lungs and abdominal contents are retracted medially, providing excellent exposure. (From
Albert TJ, Balderston RA, Northrup BE, eds. Surgical approaches to the spine. Philadelphia: WB Saun-
ders, 1997, with permission.)



alignment of the spine is satisfactory. In these instances,
an anterior decompression and fusion is followed by a
posterior stabilization procedure. For deformity surgery,
the anterior approach is generally done to decompress
and release a kyphotic deformity with the use of struc-
tural graft for fusion. Additional correction may be
attempted by the posterior procedure. 

A posterior, followed by an anterior, procedure may be
indicated in patients with significantly displaced fracture
dislocations. The initial posterior procedure restores
realignment of the spine in the coronal and sagittal
planes. In patients with loss of anterior column support,
an anterior procedure may be necessary. Finally, the pos-
terior reduction and decompression may not adequately
decompress the spinal canal, in which case an anterior
procedure should also be performed.

The inherent instability of injuries requiring combined
anterior and posterior procedures increases the risk of com-
plications. Careful electrophysiological monitoring can help
avoid intraoperative neurologic injuries. Blood loss is
increased in these combined procedures due to the extended
operative time needed. An operating table which allows

axial rotation of the patient’s body without the need for repo-
sitioning can help decrease the potential for complications
by reducing procedure time as well as avoiding any potential
injuries which may occur from patient movement (7).
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CHAPTER 20

Surgical Approaches to the Lumbar Spine:
Anterior and Posterior

Anthony P. Dwyer

This chapter discusses the surgical anatomy of the ante-
rior and posterior approaches to the lumbar spine, includ-
ing the advantages, disadvantages, risks, and complica-
tions of each approach. It does not discuss specific
anatomic detail, which can be reviewed in many excellent
surgical anatomy textbooks (1–5). 

Surgical anatomy consists of surface anatomy, radio-
logic anatomy, and the surgical approach anatomy (4,6).
There must be an understanding of the principle of the
internervous plane and the steps to expand the approach
of surgical dissection (7). Such anatomic knowledge
helps the surgeon anticipate the complications of each
approach and assists in potential disaster planning, such
as injury to a major vessel, the spinal cord, nerves, or vis-
cera. 

Finally, it is important to remember the principles of all
surgical approaches (4).

1. Each surgical layer must expose the margins of the
wound.

2. Exposure of each surgical layer must be completed
before the next layer is exposed.

These principles avoid a conical exposure, whereby the
exposure is narrow with deeper dissection. 

The decision to use the anterior or posterior approach to
the lumbar spine is based on the site of the pathology and
the best approach to that pathology afforded by each. It is
also important to know and understand the vital structures
that are encountered with each approach. Each pathology
must be considered, as well as its location. Such patholo-
gies include: coronal or sagittal deformity, neurologic
compression, infection, primary and metastatic tumors,
nonunion, and instability of the spinal column.

The surgical management of these pathologies must be
easily and safely attainable with the selective surgical
approach.

There are general indications, contraindications, and
specific risks for each approach. Ideally the lumbar spine
should be approached from the left side because the arte-
rial structures are more resistant to surgical trauma than
are venous structures, but a right-sided retroperitoneal
approach can be used if it there has been a previous left-
sided approach, which may produce significant scarring
and fibrosis. Other examples of conditions that might
alter the choice of surgical approach include: excessive
subcutaneous fibrosis following burns or radiation ther-
apy that prevent a safe posterior approach to the lumbar
spine, or the potential for an anterior approach to the lum-
bar spine to cause retrograde ejaculation from damage to
the hypogastric plexus (8).

Each surgical approach has its own advantages and dis-
advantages, and at times both must be used in a single
stage (9). For example, the anterior approach may require
the presence of a general or vascular surgeon, but the
reduced surgical trauma associated with the minimized
muscular cutting of the new approaches may result in a
shorter hospital stay and quicker rehabilitation. On the
other hand, the posterior approach is more common and
routine, but is associated with more surgical trauma from
ischemia and denervation of the muscles. In addition, the
prone position may be associated with cardiopulmonary
problems in the older patient, injury to the peripheral
nerves, and ophthalmic complications.

ANTERIOR SURGICAL APPROACH TO THE
LUMBAR SPINE

This discussion covers the retroperitoneal approach to
the lumbar spine, as popularized by Hodgson and others
(10–12). Both the antero-lateral approach (with the
patient in the lateral or semilateral position), and the
direct anterior midline approach (via the rectus abdomi-
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nus muscle and the transversalis fascia muscle, with the
patient in the supine position) are discussed. This section
does not cover the transperitoneal approach to the lumbar
spine, because this is generally used only for exposure of
the lumbosacral junction and is discussed in a separate
section.

The retroperitoneal approach to the lumbar spine has
the advantage of being readily expanded to provide
access to the anterior and middle columns of the lumbar
spine. Also, it allows ready access to the vertebral bodies,
the annulus and intervertebral disc, the anterior aspects of
the transverse process and lateral pedicle, the neural fora-
men, and the anterial epidural space.

It is useful for surgical access for vertebral body and
disc space infection, primary and secondary tumors,
decompression of the vertebral canal from anterior
pathology, correction of lumbar deformity, reconstruction
of the anterior column, and stabilization and fusion of a
symptomatic unstable segment.

DIRECT ANTERIOR APPROACH

Surface and Radiologic Anatomy

The surface landmarks for the anterior approach to the
lumbar spine consist of the iliac crest, anterior superior
iliac spine, pubic symphysis, the coastal margin and the
umbilicus (6).

In a thin patient the lumbar sacral junction and the
aorta can be readily palpable through the midline. 

The surface anatomic landmarks need to be compared
with a careful study of the antero-posterior (AP) and lat-
eral views of the lumbar spine, noting the relationship
between anatomic landmarks and X-ray anatomy in order
to properly plan the skin incision and surgical approach. 

Usually the intercristal line on top of the iliac crest
passes through the L4-5 disc, but this varies among indi-
viduals and may be altered with lumbosacral anomalies
such as sacralization of the fifth lumbar vertebrae or lum-
barization of the sacrum.

Inadvertent operating at the wrong level of the lumbar
spine may be prevented by “signing your site” and con-
firming the specific level with intraoperative X-rays.

Patient Position

For the direct anterior approach to the lumbar spine,
the patient is positioned in the supine position with a
padded support under the prominence of the sacrum and
the lumbar spine centered over the break in a radiolucent
operating table to allow for adjustment in the degree of
extension of the lumbar spine. The direct anterior
approach is ideal for an average-sized patient but a large
patient may require the antero-lateral approach to allow
the abdominal contents to conveniently fall away from the
lumbar spine. The head and neck are in the neutral posi-

tion with the upper extremities partially abducted. Com-
pression stockings to the lower extremities should be
used and an indwelling urinary catheter inserted.

Incision

There are four choices for the skin incision:

1. Horizontal paramedian
2. Vertical paramedian (Fig. 20-1)
3. Pfannenstiel or horizontal incision above the pubic

symphysis
4. Oblique

The horizontal and vertical paramedian incisions are
most commonly used. The Pfannenstiel incision may be
used for cosmetic reasons and the oblique incision is
rarely used for the direct anterior approach because the
anatomy is the same as in the antero-lateral approach.

The level of a transverse incision depends on the spe-
cific level of pathology. As mentioned, the surface and
radiologic anatomy need to be correlated with each other
to make sure that the intercristal line does indeed go
through the L4-5 disc. With that determined, the L3-4
disc generally is at the level of the umbilicus, and the L5-
S1 disc is usually halfway between the umbilicus and
pubic symphysis.

Access to more than two lumbar levels usually requires
the use of a vertical paramedian decision, with the length
determined by the specific number of levels required.
Access is through the rectus-abdominus muscle to the
posterior rectus sheath above the arcuate line, or by mobi-
lization of the rectus laterally. Incision of the anterior rec-
tus sheath in line with the skin incision or it can be
enlarged by making a vertical incision at both its medial
and lateral margins as described by Henderson (8) and
Fraser (13,14). The specifics of this are described in the
following.
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Incision L5-S1 disc

Incision L4-L5 discIncision
bone
graft

FIG. 20-1. Vertical paramedian incisions. (Modified from
Henderson, RJ. Anterior approach for lumbar fusions and
associated morbidity. In: Spine care. St. Louis: Mosby,
1995:1112–1134, with permission.)



Surgical Anatomy

The key muscle in the direct anterior approach is the
rectus abdominus with its anterior and posterior sheaths
above the arcuate line. Division of the anterior rectus
sheath exposes the rectus muscle (Fig. 20-2). The under-
lying transversalis fascia is defined and carefully incised
to gain entry into the retroperitoneal space. The peri-
toneal fat is gently freed with a finger from the transver-
salis fascia. The freed peritoneum, with its contents, is
retracted medially (Fig. 20-3). The psoas is encountered
posteriorly and medially with the genitofemoral nerve
located on its surface and the sympathetic trunk located
medially. 

The ureter is identified by its peristaltic movements
and accompanying blood vessels. The ureter usually stays
with the posterior peritoneum as it is moved forward. The
major blood vessels are identified: the aorta and common
iliac and iliac arteries anteriorly and to the left of the cor-
responding veins. 

The left iliolumbar vein may have several different
configurations and should be doubly ligated before it is
incised and mobilized (Fig. 20-4) (2).

The presence of the hypogastric plexus coming off the
aorta can be at risk of damage as it courses over the ante-
rior aspect of the lumbosacral disc (Fig. 20-5). Electro-
cautery should not be used in this area in males in order
to avoid damage to the hypogastric plexus, which could
result in retrograde ejaculation. 

Contraindications and Disadvantages of the Anterior
Approach

Contraindications to the direct anterior approach to the
lower lumbar spine include the presence of pathology in

the posterior column, and situations where the anatomy
does not allow safe access to the anterior and middle
columns. This includes low bifurcation of the aorta that
may prevent safe access to the L5-S1 or L4-5 disc or the
presence of significant retroperitoneal scarring from pre-
vious surgeries.

Disadvantages include the technical challenges of dis-
secting and manipulating major arteries and veins;
namely, the iliolumbar vein, vena cava, common iliac
vein, and accompanying arteries. 

As indicated, the arterial structures are more resistant
to manipulation than veins, so the approach to and the
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Posterior lamina
of sheath of
rectus abdominis

Arcuate line

FIG. 20-2. Rectus abdominis. (Modified from Nakano N,
Nakano T. Anterior extraperitoneal lumbar discectomy with-
out fusion. In: The lumbar spine. Philadelphia: WB Saunders,
1990:987–989, with permission.)

Rectus abdominis
Linea alba

Peritoneum

Inferior
vena cava

Abdominal
aorta

FIG. 20-3. Direct retroperitoneal approach. (Modified from
Nakano N, Nakano T. Anterior extraperitoneal lumbar dis-
cectomy without fusion. In: The lumbar spine. Philadelphia:
WB Saunders, 1990:987–989, with permission.)
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FIG. 20-4. Retroperitoneal structures at the L4-5 disc level.
(Modified from Henderson, RJ. Anterior approach for lumbar
fusions and associated morbidity. In: Spine care. St. Louis:
Mosby, 1995:1112–1134, with permission.)



dissection of the lower lumbar spine should be done from
the left. This approach also minimizes the potential dam-
age to hypogastric plexus over the lumbosacral disc, min-
imizes the risk of injury to the ureter and the gen-
itofemoral nerve and other nerves that lie within and on
the psoas muscle.

The surgeon should be aware that anterior and lateral
vertebral osteophytes can cause adherence of venous
structures to the spine and make their dissection and
manipulation difficult and dangerous because of the
potential of injuring one of the veins. The assistance of an
experienced vascular surgeon is invaluable to minimize
this occurrence and help manage it if it occurs. 

ANTEROLATERAL APPROACH

Indications for the anterolateral approach are similar to
those for the direct anterior approach. It is particularly
helpful in the obese patient, where the lateral decubitus
position permits the viscera and abdominal wall to fall
out of the way. 

Patient Position

The patient is positioned in the decubitus position with
the left side up over a beanbag on a radiolucent operating
table. The patient must be positioned over the break in the
table so that flexion of the table will permit lateral flex-
ion of the patient. This lateral flexion increases the inter-
val among the costal margin, iliac crest, and pubic sym-
physis to facilitate exposure. An auxiliary role is placed
under the dependent axilla and the upper arm is placed in
a relaxed neutral position over a pillow or armboard. The
hips and knees are flexed and padded to protect the
peripheral nerves, particularly the lateral popliteal nerve
at the knee. Flexion of the hips relaxes the psoas muscle,
which aids in its dissection from the lateral aspect of the
lumbar bodies and the transverse process. 

Once the patient is properly positioned, a beanbag is
inflated to provide support. The bean bag must not come
higher than the umbilicus anteriorly and the spinous
process posteriorly in order to avoid limitation of the sur-
gical exposure. The patient is secured with strapping
around the shoulders and over the greater trochanter, to
stabilize the patient when the table is rotated.

It is very important to keep the posterior cortex on the
vertebra in a direct vertical alignment when decompress-
ing the spine anteriorly in order to avoid disorientation
and potential neural injury by penetration through the
posterior cortical wall into the anterior epidural space of
the vertebral canal. 

Incision

As with the direct anterior approach to the lumbar
spine, the incisions for the antero-lateral approach to the
lower lumbar spine depend on which levels require expo-
sure (Fig. 20-6). Usually the lateral edge of the incision is
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FIG. 20-5. Hypogastric plexus, vessels, and ureter.
(Modified from Henderson, RJ. Anterior approach
for lumbar fusions and associated morbidity. In:
Spine care. St. Louis: Mosby, 1995:1112–1134,
with permission.)
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FIG. 20-6. Variation in oblique incision for specific lumbar
level. (Modified from Watkins RG. Surgical approaches to the
spine. In: The lumbar spine. Philadelphia: WB Saunders,
1996:1263–1271, with permission.)



in the midauxiliary line proceeding medially and curving
inferiorly to the midline anteriorly. The surface and radi-
ologic anatomy must be checked to be sure that the inter-
cristal line passes through the L4-5 disc and appropriate
adjustments in the incision should be made if necessary.
For exposure of the L3-4 level the medial aspect of the
incision should be in the midline at or below the umbili-
cus. For access to the L4-5 disc, the medial aspects of the
incision should be in the mid- to upper third of the way
between the umbilicus and pubic symphysis. Access to
the L5-S1 disc should be midway between the umbilicus
and pubic symphysis.

Surgical Anatomy

Knowledge of the muscles of the lateral abdominal
wall is the key to this approach. The fascia and fibers of
the external oblique usually run along the line of the inci-
sion, and the fibers of the internal oblique run at nearly
90 degrees to the external oblique fibers. The transversus
abdominus muscle runs nearly horizontally above the
transversalis fascia. After blunt dissection between the
fibers of the external and internal obliques, the transver-
salis fascia is defined and reflected laterally to gain
access to the retroperitoneal space. The peritoneum is
carefully swept off the transversalis fascia and the
retroperitoneal fat is encountered in the retroperitoneal
space. The dissection is bluntly carried down to the psoas
muscle. The mobilization, dissection, and manipulation
of the psoas laterally are important to obtain access to the
lateral aspect of the lower lumbar spine. Care must be
taken to avoid injury to the sympathetic trunk lying along
its medial aspect, the nerves of the lumbar plexus in its
substance, and the genitofemoral nerve along the surface
of the psoas. The ureter is identified by its peristaltic
movement and usually moves with the posterior peri-
toneum as the peritoneum and its contents are reflected
anteriorly. 

The relationship of the major blood vessels, iliolumbar
vein, and hypogastric plexus are the same as with the
direct anterior approach. 

POSTERIOR APPROACH

This discussion covers the posterior approach to the
lumbar spine through the following incisions and dissec-
tions: direct midline, paramedian muscle splitting, and
far lateral or oblique. 

The posterior approach provides access to the posterior
column, including the pedicle, transverse process, facet
joint lamina, and spinous process; the vertebral canal; the
middle column, including the disc, posterior longitudinal
ligament, and posterior vertebral body; and limited
access to the anterior column.

The posterior approach is commonly used for the fol-
lowing surgical procedures: decompression of the verte-

bral canal, nerve root canal and foramen; posterior fusion
and instrumentation for management of deformity and
instability; excision of primary and secondary spinal
tumors; and débridement of spinal infections.

Surgical and Radiologic Anatomy

The surface anatomic landmarks include the midline
lumbar spinous processes, intercristal line, and posterior
superior and inferior iliac spines. Usually the sacral dim-
ple area is at the level of the lumbosacral disc.

The radiologic anatomy must be checked on the AP
and lateral X-rays, taking care to ensure that there are no
lumbosacral anomalies such as lumbarization of the
sacrum, or sacralization of L5, spina bifida occult, or
prior laminectomy defect. The intercristal line must be
checked on both the AP and lateral views to see its exact
location with respect to the 4-5 intervertebral disc. Care
must be taken to assure the appropriate level and confirm
this with cross-table lateral X-rays if necessary. The key
to orientation within the spinal canal is the pedicle:
medial to the pedicle is the nerve root and superior to it
is the intervertebral disc. 

Patient Position

The patient is placed prone on a suitably padded spinal
frame that provides the required position and posture of
the lumbar spine. This may be in lumbar flexion for a
simple laminotomy and disc prolapse or in extension and
lordosis for decompression of spinal stenosis. The lor-
dotic position is mandatory if instrumentation and fusion
is required to assure that lumbar lordosis is achieved. This
minimizes the risk of developing a “flat back” position. 

The spinal frame must allow the abdomen to hang free
to avoid compression of the abdominal contents, which
can cause excessive epidural bleeding by shunting of
blood from the vena cava through Batson’s plexus into the
epidural veins. Epidural bleeding also can be minimized
by having the anesthesiologists avoid overinflation of the
lungs and overdistention of the diaphragm, which can
increase abdominal pressure and shunt blood from the
vena cava into the epidural veins.

The patient also can be placed in the kneeling position,
which also avoids abdominal compression. Care must be
taken to avoid pressure on the knees and other bony
prominences.

Incisions

Midline

The midline incision is centered over the appropriate
level and is the most commonly used incision in gaining
access to the posterior lumbar spine. It provides ready
access to unilateral or bilateral pathologies. The length of
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the incision can be minimized by taking a cross-table X-
ray beforehand to accurately identify the level or levels in
question.

The incision is taken directly down through the super-
ficial and deep subcutaneous fascia to the middle of the
posterior tip of the spinous process and the lumbo dorsal
fascia. Stripping and dissection of the subcutaneous tis-
sue from the lumbar dorsal fascia avoids producing a
dead space that can fill with serous fluid and blood.

Paramedian Incision

The paramedian incision is used for the paraspinal
approach popularized by Wiltse that involves splitting of
the sacrospinous muscle in the sagittal plane, two or three
fingerbreadths from the midline (15,16). Wiltse recom-
mended bilateral skin incisions, whereas others have
advocated a midline skin incision with bilateral incision
of the thoracolumbar fascia and splitting of the
sacrospinalis muscle (Fig. 20-7). This provides access to
the facet joint and transverse processes, and for lateral
pathology such as a far lateral disc prolapse.

A midline incision for the bilateral paramedian
approach has the advantage of a single skin incision but
requires a longer cut than a bilateral skin incision. A
bilateral incision also provides adequate access for pedi-
cle screw and instrumentation insertion.

Far Lateral Incision

This incision is placed over the lateral edge of the erec-
tor spinae muscle, usually between the junction of the
medial spinalis muscle and the intermediate longissimus
muscle portion of the erector spinae muscle. This
approach provides access to the transverse process and is
the least used incision or approach to the posterior lum-
bar spine.

Surgical Anatomy

The lumbar dorsal fascia is detached from the tips of the
spinous process and is followed by subperiosteal dissection
of the paraspinal muscles from the spinous process, lam-
ina, and posterior facet joint. If necessary, this can be car-
ried out all the way to the transverse processes.

Posterior Lumbar Muscles

The lumbar musculature can be grouped into the fol-
lowing types:

• short intersegmental muscles, which include inter-
spinales and intertransversarii mediales;

• short polysegmental muscles, which include multifidus
and the lumbar portions of longissimus and iliocostalis
(the lumbar erector spinae ); and
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FIG. 20-7. Midline incision for paraspinal approach.
(Modified from Wiltse LL, Bateman GI, Hutchinson RH,
et al. The paraspinal sacra spinalis splitting approach to
the lumbar spine. J Bone Joint Surg 1968;50A:919;
Wiltse LL. The paraspinal sacra spinalis splitting
approach to the lumbar spine. Clin Orthop 1973;91:48,
with permission.)



• long polysegmental muscles, which include thoracic
portions of longissimus and iliocostalis(1).

Short Intersegmental

Interspinalis. There are four pairs of lumbar inter-
spinalis, each pair lying lateral to the interspinous liga-
ment and connecting the adjacent spinous processes.

Intertransversarii Medialis. These arise from the
accessory and mamillary processes and from the
mamillo-acessory ligament between the processes, and
are innervated at each level by the lumbar dorsal rami.

Short Polysegmental

Multifidus. Multifidus is invariably encountered in
posterior midline approaches to the lumbar spine, as it is
the most medial and the largest of the posterior lumbar
musculature.

There is a constant pattern of fascicles, either short
thin fascicles arising from the caudal portion of the dor-
sal aspect of each lumbar and inserted into the mamillary
process of the vertebra two levels caudal, or larger longer
fascicles arising from the spinous process radiating out in
five overlapping groups that form the bulk of the multi-
fidus. The fascicles arise either from the base of the spin-
ous process or from the common tendon at the caudal tip
of the spinous process and are inserted three levels cau-
dal into the mamillary process—the posterior superior
iliac spine, the posterior iliac crest, or the sacrum.

Lumbar Erector Spinae. The lumbar erector spinae is
made up of two named muscles—the longissimus tho-
racis and iliocostalis lumborum—that are separated by
the lumbar intermuscular aponeurosis. Each has two
named portions: lumbar fascicles arising from the lumbar
vertebrae and thoracic fascicles arising from the thoracic
vertebrae.

The longissimus thoracis pars lumborum has five fas-
cicles, each arising from the mamillary process and the
adjacent transverse process of each vertebra and inserted
into the medial aspect of the posterior superior iliac
spine.

The iliocostalis lumborum pars lumborum has four
overlapping fascicles arising from the tip of the trans-
verse process of L1, L2, L3, and L4 vertebrae as well as
the adjacent middle layer of the thoracolumbar fascia,
and insert into the iliac crest lateral to the posterior supe-
rior iliac crest.

The thoracic portions of these muscles make up the
long polysegmental muscles, arising from the ribs and
transverse processes, and attach to the sacrum and iliac
crest, as well as the tendinous portions forming the erec-
tor spinae aponeurosis that are attached to the ilium, the
sacrum, and the sacral and lumbar spinous processes.

The thoracolumbar fascia is made up of three layers—
anterior, middle, and posterior—that separate the poste-

rior lumbar and trunk muscles into separate compart-
ments and has significant biomechanical functions.

The posterior layer is the most significant surgically
and consists of superficial and deep laminae forming a
retinaculum over the lumbar muscles. The posterior layer
is attached medially to the midline and laterally to the lat-
eral raphe, arising vertically from the iliac crest.

Other anatomical works list these lumbar muscles into
layers:

Superficial: the thoracic portions of longissimus thoracis
and iliocostalis lumborum.

Intermediate: the multifidus and the lumbar portions of
longissimus thoracis and iliocostalis lumborum.

Deep: the interspinales and intertransversarii.

Ligamentum Flavum

Knowledge of the ligamentum flavum, and under-
standing its attachment at each level, aids in its safe dis-
section and removal. The ligamentum flavum runs in a
vertical direction attaching to the cephalic tip of the dis-
tal lamina and halfway up the ventral surface of the prox-
imal lamina (Fig. 20-8) (18). The ligamentum flavum
also attaches laterally to the undersurface of the facet
joint, and its fibers blend with those of the anterior cap-
sule of the facet joint.

The facet joints are innervated by the posterior rami of
the spinal nerves, which gain access to the posterior com-
partment at the lateral edge of the pars interarticularis and
are accompanied by the intertransverse artery, which sup-
plies the muscles of the deep layer. These vessels fre-
quently are breached during posterior exposures and
bleed during routine dissection of the pars, particularly
during dissection out to the lateral tip of the transverse
process at each level.
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The Pedicle

The superficial landmarks, entry point, length,
breadth, and direction of each lumbar pedicle are impor-
tant. The pedicle is the key landmark to safely find the
lateral edge of the nerve root and the intervertebral disc
immediately above it. Pedicle fixation requires thorough
knowledge of the pedicle entry point, which usually is
located at the junction of the lateral edge of the facet and
the midpoint of the transverse process.

Usually the pars of L5 is in line with the lateral portion
of the L5 pedicle. Proceeding proximally, the lateral por-
tion of the pars moves medially, so in the upper lumbar
spine the medial edge of the pars is in line with the
medial border of the pedicle.

Erector Spinae Muscle

The paravertebral approach of Wiltse exposes the spine
in the interval between the multifidus and lateral muscles
(longissimus and iliocostalis) (Fig. 20-9). The posterior
and lateral aspect of the facet joint is palpated and the lat-
eral muscles are retracted and dissected off the transverse
process. The transverse process is identified and followed
medially to pedicle, which can be palpated and used to
identify the exiting nerve root. This approach provides
access to a far lateral disc.

Indications and Advantages

The direct posterior approach to the lumbar spine pro-
vides safe access to posterior pathology and limited
access to anterior column pathology through the pedicle
or by gentle cauda equina retraction.

Contraindications

Potential contraindications to the posterior approach
include anterior column pathology and significant skin or

post-subcutaneous scarring and fibrosis related to previ-
ous radiation therapy or significant burns.

Disadvantages

One disadvantage to the posterior approach is the
stripping of the paraspinal musculature, which can be
associated with impairment of its nerve and blood sup-
ply and the formation of thick scar tissue, which can
contribute to development of the postlaminectomy syn-
drome. Long and wide muscle stripping can be associ-
ated with prolonged recovery and postoperative pain
and disability that can persist despite extensive postop-
erative rehabilitation. 

Postlaminectomy scarring can occur as the muscle grows
back into the laminectomy site and into the exposed dura
and nerve roots. This also can produce difficulty in obtain-
ing safe exposure for a redo posterior decompression. The
scarring is often associated with dural tear and nerve root
damage during repeat decompression.

There have been reports of injury to the aorta, vena
cava, and retroperitoneal viscera with inadvertent place-
ment of the instruments through the anterior longitudinal
ligament. Therefore, it is imperative to know the length of
the instruments being used and the depth to which it can
be safely inserted into the disc space. It is also recom-
mended that the pituitary rongeur be placed through the
annulotomy with the jaws closed and then opened to
avoid inadvertent grabbing of neural structures.

Intraoperative ophthalmic complications are uncom-
mon but catastrophic. These include postoperative blind-
ness and visual field defects. Contributing etiologies
include an underlying vascular diathesis, diabetes, and
direct pressure to the globe. 

Prolonged positioning in the prone position also can
result in cardiopulmonary shunting, which can be prob-
lematic in the elderly population undergoing multilevel
decompression and fusion.
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CHAPTER 21

Posterior and Anterior Surgical Approaches to
the Lumbosacral Junction

Peter A. Robertson

SEGMENTATION 

Normal segmentation at the lumbosacral junction is
frequently assumed, yet abnormal segmentation has been
described in 33% of a cohort of patients (1). The presence
of a transitional vertebra at the lumbosacral junction con-
fuses nomenclature. Failure to recognize abnormal seg-
mentation may cause incorrect interpretation of pathol-
ogy, incorrect recognition of anatomic features at surgery,
and increased risk of operating at an incorrect level. 

Segmentation variations include extra or missing ver-
tebrae within the spinal column (2); supernumerary or
absent ribs; transitional lumbosacral segmentation with
L5 transverse process articulation with the sacral ala; and
incomplete coalescence of S1 and S2 with a well-formed
S1-2 intervertebral disc. A wide variety of combinations
may make it difficult to define levels with certainty.
Options include classification of the whole spinal seg-
mentation from proximal to distal, or counting from the
sacrum up, to define levels. The former gives accurate
labeling of the whole spine yet requires cumbersome total
spinal X-rays and unwarranted exposure to radiation. The
latter is more practical when dealing with the lum-
bosacral spine.

A practical approach to the nomenclature of atypical
lumbosacral segmentation is to identify the transitional
vertebra and describe it based on its most salient charac-
teristics. A transitional vertebra that has all the appear-
ances of an L5 vertebra, apart from a unilateral articula-
tion between a transverse process and the sacral ala, is
described as a sacralized L5. Conversely, if the upper
sacral segment has all the hallmarks of an S1 segment,
yet there is a significant rudimentary disc between S1 and
S2, it is regarded as a lumbarized S1 (Fig. 21-1).Clear
identification of a transitional lumbosacral segment
requires lateral and special antero-posterior (AP) radi-
ographs. The lateral allows definition of the vertebral

body and sacral shape and the degree of formation of the
abnormal disc. The AP views must include a view so that
the X-ray beam is parallel to the lumbosacral disc. The
beam should be centered on the disc. The lordosis thus
requires the beam to be angled cephalad by approxi-
mately 20°, although this angulation varies dependent on
the lordosis and should be judged from the lateral view.
This is to accurately define the anatomic relationship
between the transverse processes of L5 and the ala of the
sacrum. 

Once the transitional vertebra characteristics are de-
fined and clarified, the adjacent segments can be num-
bered. When the number of lumbar vertebrae differs from
normal (as defined by the absence of articulating ribs),
some refer to the lumbosacral segment as the L4-S1 level
or the L6-S1 level. Alternatively, the lumbar vertebrae
may be numbered above an L5 segment to maintain
familiarity with traditional segment numbering.

Because of the potential for confusion, it is essential
that the treating doctors recognize any segmentation
abnormalities and label the segments consistently.
Consistent vertebral numbering and close correlation
between preoperative and intraoperative lateral radi-
ographs offer the best chance of avoiding incorrect levels. 

POSTERIOR SURGICAL APPROACHES TO THE
LUMBOSACRAL JUNCTION

The midline posterior approach to the lumbosacral junc-
tion, through a longitudinal incision, is an extensile
approach that allows access to the posterior elements, the
canal and the foramina, the posterolateral gutters, and the
intervertebral disc space. It is the most frequently used
approach and obviously can be extended to link with
proximal dissection. 

Identification of the level of incision is by relationship
to the iliac crests (approximately L4 body level), palpa-
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tion of the lumbosacral spinous process gaps, or use of
skin markers and radiology. 

Longitudinal division of the skin and subcutaneous tis-
sue displays the deep fascia. This is a double-layered sheet
that attaches to the spinous processes medially, and en-
closes the multifidus, the most medial of the paraspinal
muscles. Although subperiosteal dissection is possible in
children and adolescents, adults require division of the
deep fascial attachment to the spinous process. The multi-
fidus muscle attachment to the spinous processes and lam-
inae of L5 and S1 is easily swept aside with a Cobb or Har-
rington periosteal elevator. The tendinous attachment of
the multifidus is to the midline structures at the level of the
supraspinous and interspinous ligaments. This attachment
requires sharp division. Preoperative identification of any
spina bifida is mandatory to allow cautious dissection of
the upper sacrum—preventing inadvertent canal entry.
Self-retaining retractors hold the multifidus muscle later-
ally and allow midline access to the canal by midline
laminectomy or unilateral laminotomy. The parasagittal
muscles can be swept further laterally, to display the glis-
tening white lumbosacral facet joint capsule. The Taylor
pointed retractor can then be placed lateral to the facet joint
and levered laterally to retract the paraspinal muscles. This
retraction technique is ideal for unilateral posterior lum-
bosacral approaches. Dissection proximal to the lum-
bosacral facet joint displays the pars interarticularis of L5.
Definition of the lateral aspect of the pars is necessary to
allow sufficient pars preservation when performing L5
laminectomy (Fig. 21-2).

More lateral development of this approach allows
exposure to the posterolateral gutters, where bone graft-
ing is performed in a posterolateral fusion. The multi-

fidus muscle has a further attachment to the posterolat-
eral facet capsule and superior articular facet, which,
when divided in a longitudinal direction, reveals loose
fatty tissue that can be swept laterally to reveal the supe-
rior ala of the sacrum. Display of the transverse process
of L5 requires detachment of multifidus from the pos-
terolateral facet capsule of L4-5. Again, loose fatty tissue
covers the transverse process of L5 and is easily swept
laterally. 

Troublesome bleeding may occur with exposure of the
posterolateral gutters. The segmental vessels that accom-
pany the nerve roots as they enter the foramen also give
branches that course lateral to the pars interarticularis and
supply the paraspinal muscle complex. These posterior
vessels give off small, but occasionally troublesome, vas-
cular branches that pass distally, lateral to the facet joint
capsule and superior articular facet of the joint below (3).
They frequently bleed as the transverse process or ala of
the sacrum is displayed. Direct visualization can be diffi-
cult because of the paraspinal muscle mass that prevents
retraction, so that it is difficult to see lateral to the facet
joint capsule and superior articular facet. Useful tricks to
prevent troublesome bleeding lateral to the facet joints
include preemptive use of bipolar coagulation forceps in
the loose fatty tissue lateral to the facet joint capsule
(before sweeping the fatty tissue aside to display the
transverse process or sacral ala), or bending the tip of the
unipolar diathermy and sweeping that diathermy tip up
the lateral aspect to the superior articular facet superior to
the sacral ala or the lumbar transverse process. Trouble-
some bleeding is controllable with lateral gutter packing.
More constant vascular ooze from the lateral gutter oc-
curs after the transverse process and the lateral aspect of

FIG. 21-1. A: A lateral X-ray of a transitional lumbosacral junction. The rudimentary disc space is
between the upper sacral segment and the remainder of the sacrum. B: The anteroposterior radiograph
angled parallel with the disc demonstrates the transitional vertebra with lateral articulation between the
vertebra transverse processes and the sacral ala.
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the superior articular facet are decorticated, before bone
grafting and fusion procedures. For this reason decortica-
tion should be deferred until as late as possible in the pro-
cedure. Minor degrees of initial bleeding can occur with
dissection around the S1 posterior foramen. This is best
controlled with bipolar diathermy. 

Attempts to coagulate the posterior branch of the seg-
mental vessels, lateral to the pars interarticularis, threaten
the posterior primary rami that accompany these vessels.
At L4 and L5 these nerves do not have cutaneous sensory
function (4), but the damage has implications for muscle
function. 

In unilateral posterior lumbosacral approaches effec-
tive retraction can be obtained with a Taylor pointed
retractor, placed lateral to the facet joint, and retained by
a weight and chain. 

Bilateral approaches obtain best visualization with Tra-
vers (straight) or Adson (curved) self-retainers. Difficulty

with retraction is alleviated by proximal and distal release
of the erector spinae from the midline structures. Careful
use of self-retaining retractors and hand-held retractors
gives adequate exposure to all posterior structures. Pow-
erful crank type retractors can give wide exposure to the
posterior structures, but can damage the paraspinal mus-
cles, particularly if the retractor blades are forced hard up
against the posterior iliac crest laterally. Muscle atrophy,
weakness, and electromyographic changes occur follow-
ing surgery, and these changes should be minimized
(5–7). The crank retractor bulk can also limit access to
the correct oblique pathway for pedicle screw placement
at L5 and S1 (Fig. 21-3).

As an alternative to bilateral multifidus dissection off
the spinous process and laminae for decompressive pro-
cedures, a unilateral multifidus strip combined with a
spinous process osteotomy (at the base) allows midline
access for decompression. This approach may limit mus-

Ligamentum Flavum

Facet Joint Capsule

Lamina

FIG. 21-2. Diagrammatic representation of the posterior approach to the lumbosacral junction. A: Pos-
terior approach to the lumbosacral junction demonstrating laminae, ligamentum flavum, and facet joint
capsules. B: Unilateral flavectomy, laminotomy, and approach for discectomy after retraction of the S1
nerve root. C: Extensive facetectomy to demonstrate the transforaminal “window” for access to the disc
space. D: Posterolateral fusion with pedicle screws and rods after wide destabilizing facetectomy at the
lumbosacral junction.
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cle damage, preserve midline structures, and improve
cosmesis, yet risks problems from spinous process
nonunion, and cannot be applied if bilateral wider pos-
terolateral exposure is needed (8).

SPINAL CANAL DISSECTION AT THE
LUMBOSACRAL JUNCTION

Entry to the spinal canal at the lumbosacral junction
requires removal of the ligamentum flavum on one or
both sides of the midline. This can be achieved with
either cautious sharp dissection in the midline or detach-
ment of the ligamentum flavum at its periphery (easiest
distally) using a small curved sharp curette. Once the
epidural space is opened, it is explored and expanded
with a dissector. A Kerrison up-cutting rongeur can be
used to remove the ligamentum flavum and display the
epidural space from the midline out to the facet joint. 

The extent of dissection within the canal is determined
by the pathology. Flavectomy alone gives adequate access
to most posterolateral disc herniations. Partial laminec-
tomy of either L5 proximally or S1 distally may be
required for migrated disc fragments. Medial facetec-
tomy is required where facet hypertrophy causes lateral
recess stenosis at the entrance to the nerve root canal.
Facetectomy can be performed with either rongeurs or
osteotomes. Occasionally, more radical or complete face-
tectomy is required to decompress the L5-S1 foramen

and to allow access to the L5-S1 disc space to provide a
working channel for interbody dissection and surgery.
More proximal and lateral dissection is required if the L5
root needs decompression under the pars interarticularis,
such as when there is a pars defect filled with hyper-
trophic fibrocartilage in association with a spondylolysis
or spondylolisthesis (Fig. 21-2).

Once inside the canal it is essential to appreciate the
position of the roots and dura at all times. A small layer
of fat may cover the dura dorsally. The dural sac and tra-
versing S1 root are medial to any working zone for dis-
cectomy or interbody work. The exiting L5 root has
passed superiorly and laterally to the lumbosacral disc. If
pathology about the exiting L5 root requires treatment at
the lumbosacral junction, it is both superior and lateral to
the flavectomy site for entry to the lumbosacral canal. 

Epidural veins may be bountiful to the lateral and ante-
rior regions of the canal, adjacent to the medial wall of
the pedicle, and also to the posterior intervertebral body
of L5 and S1. The vertebral body venous plexus commu-
nicates with the epidural veins anterior to the dural sac.
The most effective way to prevent troublesome venous
bleeding is to carefully position the patient before
surgery, leaving the abdomen free from pressure, thereby
avoiding engorgement of the epidural plexus. 

If epidural venous bleeding is troublesome during
canal dissection, careful packing with Gelfoam soaked in
thrombin or with neurosurgical patties is useful. Larger
veins may be cauterized with bipolar diathermy after
careful retraction of neural structures. Occasional venous
ooze from a cut bone at the edge of a laminectomy field
may require the use of bone wax. 

PARASAGITTAL APPROACH TO THE
LUMBOSACRAL JUNCTION

Wiltse described the parasagittal approach to the lum-
bar spine (9), primarily for intertransverse fusion. It is
particularly advantageous if surgery involves only pos-
terolateral fusion without canal exploration. At the lum-
bosacral junction, in the presence of a high-grade
spondylolisthesis, it can be very difficult to find and dis-
play the L5 transverse process in its forward slipped posi-
tion. The Wiltse approach allows direct dissection on to
the posterolateral structures with the minimum of muscle
dissection (Fig. 21-4). Pedicle screws can be placed with-
out excessive muscle retraction, a particularly helpful
step at L5 where the pedicle is obliquely directed (10).
This approach is also useful to treat the relatively uncom-
mon far lateral disc herniation at L5-S1 and for excision
of anomalous transverse processes that articulate with the
sacrum and cause pain (Fig. 21-5) (11,12).

The approach is longitudinal and parasagittal between
the multifidus muscle group medially and sacrospinalis
laterally. Skin incision options include a midline longitu-
dinal skin incision approach with bilateral parasagittal

FIG. 21-3. Magnetic resonance imaging scan (axial) of the
lumbosacral junction of an achondroplastic dwarf presenting
for decompression of spinal stenosis. Note that the posterior
iliac crests are very medial, causing herniation of the
paraspinal muscle mass posteriorly. A posterior approach to
this level is technically difficult because of muscle bulk and
difficulty with retraction owing to the iliac crests. A limited
amount of muscle excision may be required to access the
spinal canal.
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fascial incisions two fingers breadth lateral to the mid-
line; bilateral skin parasagittal incisions over the inter-
muscular interval; and a transverse skin incision at the
lumbosacral junction with vertical fascial incisions over
the parasagittal muscle interval. Bone graft may be har-
vested through any of the skin incisions by subcutaneous
dissection. The latter incision may be cosmetic, avoiding
a longitudinal lower lumbar incision. 

The intermuscular interval is 2 to 3 centimeters lateral
to the midline, and allows a direct approach to the lateral
aspect of the superior articular facets of L5 and S1 and
the transverse process of L5 and the ala of the sacrum.
The lateral border of the L5 pars interarticularis is tra-

versed by the posterior primary ramus of L5 and the pos-
terior branch of the segmental vessels. The latter fre-
quently require coagulation. 

The parasagittal approach gives excellent visualization
of the posterolateral fusion bed and the lateral superior
articular facet and the transverse process. Far lateral disc
herniations may be resected after the intertransverse
membrane is removed from its attachment to the adjacent
transverse processes. The L5 nerve root traverses
obliquely over the posterolateral aspect of the disc before
forming a lumbosacral trunk. 

This parasagittal approach can be used to access the
spinal canal with multifidus retraction, hemilaminectomy
on the surgical side, and then dissection beneath the lam-
ina on the contralateral side so as to perform medial face-
tectomy and root decompression on that contralateral side
(13).

A posterolateral approach lateral to iliocostalis has
been described as an alternative approach to the far lat-
eral disc prolapse (14). This approach develops a plane
between iliocostalis and the flank muscles, and then fol-
lows the most lateral branch of the posterior primary rami
down to the nerve root in the foramen. It is an approach
perhaps more useful in the proximal lumbar spine, above
the posterior iliac crest, yet has been used at L5-S1.

ANTERIOR APPROACHES TO THE
LUMBOSACRAL JUNCTION

Anterior approaches to the lumbosacral junction re-
quire an approach between the great vessels to the lum-
bosacral disc. Retraction of the iliac arteries and veins
laterally gives the broad expanse of the lumbosacral disc,
with only the median sacral artery and the presacral auto-
nomic nerves coursing inferiorly across the lumbosacral
disc. Decisions as to the approach to this disc depend on

FIG. 21-5. Axial magnetic resonance imaging scan of a right
far lateral disc prolapse (arrow) at the lumbosacral junction
causing L5 root symptoms. This herniation can be ap-
proached surgically via a Wiltse parasagittal approach with
minimal bone resection. Attempts to approach this from
within the canal require destabilizing facet joint excision.

L5 Nerve Root

Extraforaminal
Disc Herniation

L5 Transverse
Process

Superior Sacral Facet

Ala of
Sacrum

FIG. 21-4. Diagrammatic approach of the Wiltse parasagittal approach to the spine. A: The Wiltse
parasagittal approach demonstrating the lateral aspects of the superior articular facets and the L5 trans-
verse process and ala of the sacrum. B: Removal of the intertransverse membrane demonstrates the
nerve root and the site of a far lateral (extraforaminal) disc prolapse.
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a preference for a transperitoneal or retroperitoneal
approach to the disc, and any requirement for dissection
to include more proximal discs.

If only the lumbosacral disc requires surgery, then the
transperitoneal approach offers a very direct approach
and straightforward route to this disc. Division of the pos-
terior parietal peritoneum allows direct display of the
bifurcation of the great vessels, and the fine vessels and
nerves that cross the disc (15). Obvious contraindications
to this approach include acquired conditions resulting in
extensive peritoneal adhesions.

The bifurcation of the aorta and inferior vena cava usu-
ally lie at the level of the L5 vertebral body, so the lum-
bosacral disc is approached between the bifurcations.
Because the vena cava bifurcation is below and to the right
of the aortic bifurcation, the vascular structure most at risk
for injury is the left common iliac vein (16). Considerable
variation exists in the relationship between the bifurcations
and the body of L5 (17). When the bifurcation is proximal
in relation to the spine there are occasions when the lower
two lumbar discs can be approached through the bifurca-
tion. At the other extreme, a low position of the vessels may
result in a need to approach the lumbosacral disc lateral to
the iliac vessels. In this latter situation, the iliolumbar vein
should be divided to assist mobilization of the vessels.

The median sacral artery must be divided. Most sur-
geons advocate avoiding the use of diathermy about the
presacral plexus over the front of the lumbosacral disc,
for fear of the complication of retrograde ejaculation in
male patients (15). Review has suggested that this com-
plication is rare (18,19), yet it is prudent to cautiously
isolate the presacral plexus and mobilize it to the side
before approaching the lumbosacral disc (Fig. 21-6).

The lumbosacral junction also can be approached by a
retroperitoneal method, with development of the retro-
peritoneal space, usually on the left side, allowing retrac-
tion of the viscera and display of the great vessels and
spine. This is the approach required if the lumbosacral
disc surgery is part of a combined procedure that involves
surgery to the proximal discs. 

The transperitoneal approach is best made through a
vertical incision between the recti, with the incision
located between the umbilicus and the symphysis. The
parietal peritoneum is divided longitudinally, and with
the patient in the Trendelenburg position, the abdominal
contents are packed out of the way. This approach pre-
sents the posterior wall of the abdomen. Division of the
posterior parietal peritoneum reveals the bifurcation of
the aorta and inferior vena cava, and the lumbosacral disc
between these structures. If the anterolateral disc region
is to be exposed, the vessels must be carefully retracted to
each side. The surgeon should make the incision low in
the abdomen so that any instrumentation required for
access to the lumbosacral disc can be performed with a
direct view of the inferiorly directed L5-S1 disc space.

Approaches to the lumbosacral disc through a retro-
peritoneal route generally require a more lateral entry to
the abdominal cavity. Approaches are either muscle-cut-
ting or -splitting (19). Multiple descriptions of approach
options exist, aiming to preserve abdominal wall muscle
function (19–22). Incisions are horizontal or oblique
along the line of the external oblique muscle, and placed
at levels appropriate to allow access to the relevant
discs. The deeper layers are either split or divided lateral
to the recti. Most authors advocate avoidance of exten-
sive longitudinal dissection lateral to the rectus abdomi-
nus, because of the risk of denervation of this muscle,
yet this approach may yield a useful extensile approach
that incorporates access to the lumbosacral disc along
with several more proximal discs when extensive proce-
dures are performed (20). In order to prevent possible
denervation of the rectus, we have combined a parame-
dian longitudinal skin incision with a midline vertical
incision between the recti, and a left-sided retroperi-
toneal dissection giving access to the lumbosacral junc-
tion, and combining this with access to the lumbar discs
as high as L1.

Careful vascular retraction allows display of the lum-
bosacral disc. The adherent relationship between the
great vessels and the lower lumbar vertebrae mean that

FIG. 21-6. Diagrammatic representation of the
great vessel bifurcations overlying the lum-
bosacral disc, and the access to the disc with
vessel retraction. A: Great vessels and presacral
plexus overlying the lumbosacral disc. B: The
lumbosacral disc after retraction of the presacral
plexus and the great vessel bifurcations, and
division of the median sacral artery.A, B
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greater anterior displays of the L5 body or upper sacrum
require much greater mobilization of the vascular struc-
tures. Although this is infrequently required, a vascular
surgeon can provide a very good working area for more
extensive anterior surgery (Fig. 21-7).
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mobilization of the great vessels to allow display of the L5 and S1 vertebral bodies.

A B



CHAPTER 22

Endoscopic Anterior Lumbar Procedures

Ensor E. Transfeldt and John N. Graber

Contemporary surgery of the lumbar spine is evolving
into less invasive methods in an effort to decrease mor-
bidity and hospital stay and speed up recovery and return
to activity and work. The spine is enveloped by a variety
of organs and muscles and traditional exposures alone
have been frequently associated with a greater morbidity
than many of the surgical procedures on the spine itself.
Endoscopic techniques and image-guided surgery pro-
vide an exciting opportunity to provide minimal access
to the spine. It is not intended to change the surgery,
although many of the instruments and techniques have
been modified to accommodate the endoscopic access.
The indications for endoscopic access include surgery
for trauma, tumor, infections, deformity, and degenera-
tive conditions. 

Laparoscopic- or endoscopic-assisted surgery is an
alternative surgical approach to the spine rather than the
development of a new operation. The development of this
technique grew out of an interest in minimally invasive
surgery. Initially, the approach was used for single-level
anterior interbody fusions that evolved for use of inter-
body cage fixation and now has application for decom-
pression, including corpectomies, débridement, and com-
plex multilevel fusions and fixation. The indications for
endoscopic procedures and the operation itself are the
same as for any open procedure. 

The laparoscopic technique requires an anatomic
approach and the same attention to detail of the surgical
technique and biology of fusion and healing as is needed
with open approaches. Laparoscopic techniques are tech-
nically more demanding and present a different view of
the anatomy than the conventional open approach. If the
surgeon is unable to perform the operation through a con-
ventional open technique, it is unlikely that he or she will
be able to do it using an endoscope. The procedure
requires a team approach with skill and experience, as
well as a steep learning curve. Benefits include mini-
mally invasive dissection of tissues, preservation of
paraspinal musculature, decreased blood loss, shorter

hospital stay, and faster recovery. This needs to be
weighed against potential disadvantages, including the
need for different instrumentation with unfamiliar tactile
sensations and indirect visualization. 

The endoscopic exposure can be done with either gas
insufflation or “gasless” technique. Each has its propo-
nents. Gas insufflation techniques require gas seals and
special trocars as well as special instruments to maintain
intra-abdominal pressure. This changes many aspects of
the surgical procedure. The gasless technique allows stan-
dard instruments, but has other limitations. Once access
is achieved, specialized equipment may be required to
perform the surgery and insert implants. These instru-
ments frequently are expensive. They have longer shafts
and less tactile feedback and are more difficult to control;
thus, the procedure takes longer. As newer equipment,
including motorized equipment is being developed this
will be improved. Gasless approaches allow the use of
conventional instrumentation. Anatomic considerations
are different, too. Experience helps to determine where to
retract and where pressure can cause injury. 

Visualization is made possible by fiberoptics, allowing
illumination and magnification through a camera. Dis-
play is usually on a flat two-dimensional screen, thus los-
ing some three-dimensional perception. The technology
does offer the advantage of magnification. 

Minimally invasive open techniques, such as the mini
anterior lumbar interbody fusion (ALIF), have been
described and developed and offer an attractive alterna-
tive to endoscopic techniques. They have the advantage
of being able to perform the procedure with standard
instruments, more rapid exposure of the spine, and with
comparable morbidity and benefit to laparoscopic access.
Stand-alone anterior fusion and instrumentation, espe-
cially with cages has waned in popularity. Laparoscopic
surgical approaches appear to offer less advantage if a
more expensive posterior operation is also required. All
of these factors need to be considered when planning
one’s approach to spine fusion. 
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CLASSIFICATION OF ENDOSCOPIC ANTERIOR
PROCEDURES

The major categories of laparoscopic surgery are:

I. Transperitoneal 
Gas insufflation
Without insufflation

II. Retroperitoneal 
Gas insufflation
Without insufflation
Endoscopic-assisted mini open

Anterior lumbar endoscopic surgery developed origi-
nally as an extension of the techniques of laparoscopic
surgery for the abdomen by general surgeons. The two
methods of endoscopic access used more widely for ante-
rior lumbar surgery are transperitoneal with insufflation
and retroperitoneal gasless approaches.

TRANSPERITONEAL APPROACH

History

Obenchain (1) described a laparoscopic approach for
anterior L5-S1 fusion without instrumentation. Zucker-
man et al. first described instrumented anterior lumbar
fusions through a transperitoneal approach with insuffla-
tion in 1995 (2). Matthews et al. (3) and Regan et al. (4)
reported the technique and preliminary results.

Subsequently, the clinical effectiveness of laparoscopic
ALIF has been reported extensively (3–13).

Regan et al. (14) described 249 patients undergoing
laparoscopic ALIF and compared these to a cohort of 591
consecutive anterior fusions, using the same device. It
basically showed that there was a decreased hospital stay,
decreased blood loss, increased operative time, but oper-
ative time improved with time and experience. 

Lieberman (15) did a prospective study and found that
the laparoscopic technique resulted in decreased opera-
tive time with experience. Mean blood loss was 105 cc
and the operative time was 2 hours, but was reduced to
1.5 hours with experience. The postoperative stay was
4 days. Postoperative functional outcomes assessment
clearly needs to be done in these types of studies. 

Kleeman and Hiscoe (16) described a prospective
study comparing laparoscopic ALIFs to traditional pos-
terolateral fusions with pedicle screws. He found that the
fusion and complication rates were similar. In the laparo-
scopic group, blood loss was reduced by 90%, the hospi-
tal stay reduced by 50%, and the patients had an earlier
return to work with a faster functional recovery. All the
studies do show that there is a steep learning curve.

The transperitoneal approach with insufflation does
provide direct anterior midline access to the L4-5 and L5-
S1 levels and occasionally to the C3-4 level. It becomes
increasingly more difficult to employ transperitoneal
endoscopic techniques for more superior levels because

of the sigmoid colon and inferior mesenteric artery. The
major advantage of air insufflation is that it allows fairly
rapid exposure of the lumbar spine, as well as assistance
in “organ retraction” by the increased intra-abdominal
pressure, which helps keep the loops of the bowel out of
the working field. Visual interference by loops of bowel
still occurs and must be dealt with by use of retractors.
The working field is also larger and there is less bleeding
with this technique than that of the gasless transperitoneal
approach. This approach requires trocars with specialized
diaphragms to prevent air leaks. Specialized instruments
and implants are needed to adapt to the use of the trocars.

Instruments for the insertion of interbody cages were
easily adapted to this technique. Trephine discectomies are
use for removal of a cylindric core of disc and a bone fold
cage replaces the space. The disadvantage of this technique
is that it results in a smaller surface area for exposure for
bone fusion. Complete discectomy and preparation of the
end plate is more tedious and difficult through trocars
under conditions of insufflation. This approach has possi-
ble benefits for anterior-only surgery (e.g., stand-alone
anterior cages). The addition of a more invasive posterior
approach (e.g., for posterior fixation) eclipses the minimal
invasiveness of the laparoscopic technique. 

TECHNIQUE OF TRANSPERITONEAL
APPROACH WITH INSUFFLATION

Positioning and Pneumoperitoneum 

The patient is placed in the supine position with the
arms by the side. The operating table is then placed in
the steep Trendelenburg position. A lumbar roll under
the patient’s pelvis and lumbar spine is also placed in
order to maintain lumbar lordosis, but also to facilitate
use of a C-arm fluoroscope. The standard laparoscopic
equipment used for this procedure includes a 0°, 10 mm
telescope, camera lightsource, and insufflator. However,
the use of angled viewing scopes offers advantage for
more experienced surgeons. A 5 mm, 30° viewing scope
has been our choice. The Trendelenburg position allows
the bowels and the abdominal contents to fall in a
cephalad direction.

A Veress needle is introduced supraumbilically into the
abdomen in order to create a pneumoperitoneum. Pneu-
moperitoneum is created with carbon dioxide (CO2) gas
insufflation. Alternatively, a supraumbilical or infraum-
bilical incision is made with the introduction of a Hasson
trocar for use of the endoscope. In this technique, all tro-
cars have special valves to seal the escape of gas from the
peritoneum. Through the umbilical trocars, the pneumo-
peritoneum can also be created. The other portals are then
made under direct vision. The location of the working
portal, which is usually through an 18 mm trocar, is
dependent upon the trajectory of the intervertebral space
being fused, and this assessment is made from preopera-
tive X-rays (Fig. 22-1).
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A 5 mm trocar is then inserted on each side, midway
between the umbilicus and the pubis and lateral to the
epigastric vessels. During the procedure, additional por-
tals can be introduced if needed. The loops of small
bowel are then placed into the epigastrium using special
graspers. The location of the bifurcation of the great
vessels is identified. The working portal is placed at a
site on the abdominal wall in the interspace to be fused
(Fig. 22-2).

Exposure of L5-S1 Disc Space

Having identified the bifurcation of the great vessels,
the posterior peritoneum is incised longitudinally below
the bifurcation and blunt dissection is used to visualize
the L5-S1 disc space and median sacral vessels. The
median sacral artery and vein are then clipped and
divided. The iliac vein and artery must be swept off the
lateral aspect of the interspace with laparoscopic Kittner
dissectors. Ongoing retraction of these vessels can be
done through trocars or by passing Steinmann pins
though the abdominal wall. Dissection should generally
be done without the use of monopolar cautery to avoid
retrograde ejaculation in males. The approach for discec-
tomy will then depend upon the individual preference of
the surgeon. Special instruments for doing discectomies,
as well as special metallic working portals with reamers

for insertion of cages and bone material have also been
designed (Figs. 22-3, 22-4A, B).

Fluoroscopy is used at this point to visualize depth of
the discectomy and reaming, as well as insertion of
implants. The laparoscope allows simultaneous visualiza-
tion to ensure that vascular and other structures are not
damaged and remain out of the working site. 

Technique for L4-5 Approach

The L4-5 disc space uses a similar approach, but the
exact location of the dissection does depend on preoper-
ative magnetic resonance (MR) images and computed
tomography (CT) scans, which will help determine the
location of the bifurcation. In the unlikely setting where
the bifurcation of the great vessels is located above the
L4-5 interspace, then the same dissection as already
described will be used. 
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FIG. 22-1. Typical port placements for transperitoneal
access to the lumbar spine. Camera access through this site
is typical and a working portal is made on the midline lower
abdominal wall in the trajectory of the desired interspace.
The lateral portals are used for dissection and retraction.

FIG. 22-2. The location of the working portal on the abdom-
inal wall is determined by the trajectory of the interspace as
seen on lateral spine films.

FIG. 22-3. Two sites of trephine partial discectomy are done
on each side of midline on the L5-S1 disc space.



In most cases, the bifurcation is below or at the L4-5.
The iliac artery and vein are first identified. Segmental
vessels will also be identified, clipped, and divided and it
is strongly recommended that the ascending iliolumbar
vein be identified, clipped, and divided. These steps are
important in mobilizing the aorta and the vena cava
across the right side of the spine for adequate exposure of
the L4-5 interspace. Percutaneous Steinmann pins can be
placed to the vertebral bodies in order to assist with
retraction or specialized retractors can be used through
one of the working portals. Imaging with the C-arm of
fluoroscope in two planes is necessary to ensure that
implants are inserted centrally in the disc and to the cor-
rect depth.

TECHNIQUE OF TRANSPERITONEAL
APPROACH WITHOUT INSUFFLATION

Maintaining a pneumoperitoneum requires the use of
expensive special gas-sealing ports, as well as special
instruments. The instruments need round shafts in order
to accommodate the diaphragms. Albert Chin introduced
the concept of a mechanical retraction device, the
Laparolift (Origin Medsystems, Menlo Park, CA), which
displaces the anterior abdominal wall and holds it up like
a tent (17). 

As a substitute for pneumoperitoneum, this system has
a fan retractor that is inserted into the abdomen in a
closed configuration through a 15 mm minilaparotomy
incision and is then opened up. This fan retractor is
attached to a powered hydraulic table-mounted device
that provides the vertical lift and creates a working space.

The remainder of the portals, including the working por-
tals and lateral portals, are similar to those described in
the transperitoneal approach with insufflation. No gas
seal however, is required. This allows use of conventional
instrumentation and implants. 

Before deploying the fan and applying lift, a finger
should be introduced through the infraumbilical incision
into the abdominal cavity and swept around to ensure no
intra-abdominal adhesions are present. The fan retractor is
then inserted and advanced in a plain parallel to the anterior
abdominal wall. The fan blades are then opened and locked.
Next, the retractor is attached to a sterile-draped lifting arm,
which has previously been attached to the side rail of the
operating room table. The retractor is then elevated using
the hydraulic system of the lever arm, creating a “tent
effect” by elevating the abdominal wall (Fig. 22-5A, B).

The endoscope is then inserted into the abdominal cav-
ity through the fan insertion incision between the fan
arms. This provides also provides an opportunity to visu-
alize the arms of the fans to ensure that they have not
entrapped any bowel or omentum. A force-limiting de-
vice is incorporated into the motor of the lifting arm to
avoid excessive forces. The ancillary portals are then
placed under direct visualization of the endoscope. The
working portal is again strategically placed based on the
trajectory of the interspace to be fused and gauged from
preoperative X-rays. The ancillary ports are simple, rigid
or flexible valveless sleeves, which are used simply to
guide the insertion of instruments. It is possible with the
flexible sleeves to introduce conventional curved and
odd-shaped instruments into the abdominal cavity (Fig.
22-6A, B, C).
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FIG. 22-4. A: Postoperative anteroposterior radi-
ograph demonstrating side-by-side cage placement
in the L5-S1 interspace. B: Lateral radiograph
showing the cages in the L5-S1 interspace.A

B
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FIG. 22-6. A: The L5-S1 interspace
following complete discectomy. B: A
femoral ring allograft has been pre-
pared and passed through a working
portal and is being placed into the L5-
S1 interspace. C: The femoral ring allo-
graft has been placed and appropri-
ately recessed.

FIG. 22-5. A: Schematic drawing showing Laparolift (Origin Medsystems, Menlo Park, CA) with
hydraulic arm, which is table-mounted and made to apply variable pressure to the anterior abdominal
wall in a lifting fashion so as to create a space for visualization. B: Clinical photograph showing Laparo-
lift (Origin Medsystems, Menlo Park, CA) in place with laparoscopic cannula placed through same por-
tal as the Laparolift device. This is typically used for passage of the laparoscope.
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RETROPERITONEAL APPROACH

History

The retroperitoneal is a potential space that can be cre-
ated by dissection in natural anatomic and fascial planes.
Retroperitoneoscopy was first described in the literature
for straightforward smaller urologic and gynecologic pro-
cedures (18).

Introduction of CO2 insufflators improved visualization
and working space in the retroperitoneum. Fibrous bands
limited the usefulness of CO2 dissection. Balloons were
introduced in the 1990s as an alternative for retroperitoneal
dissection (19–22). The retroperitoneal approach is more
versatile (1,23). McAfee has used a combination of video-
assisted thorascopic and laparoscopic methods. 

TECHNIQUE FOR RETROPERITONEAL
APPROACH WITHOUT INSUFFLATION

The spine lies in the retroperitoneal space, which is
only a potential space that can be created by retracting
organs. This potential space is created by manual dissec-
tion and by the use of the balloon dissection of tissue
planes. The cavity is then maintained with a mechanical
lifting arm, as well as a specialized retractor. The dissect-
ing balloon has a core cannula for placement of the endo-
scope so that the balloon dissection is performed under
direct vision. The abdominal peritoneum is dissected off
the abdominal wall and acts as an envelope containing the
abdominal organs out of the view of the spine. A strate-
gically placed working portal allows access for standard
open surgical instruments, thus simplifying the endo-
scopic access (Fig. 22-7).

The patient is placed in the supine position with a
sandbag under the left flank. Two incisions are made. The
left flank incision for the balloon dissector and endo-
scope is placed halfway between the 11th rib and the iliac
crest in the anterior auxiliary line. The second incision for
the working portal is strategically placed, depending on
the level and trajectory of the interspace that is to be
fused. This approach allows fusion of any of the inter-
spaces from T12-S1. 

The flank incision is approximately 15 mm in length
and dissection is carried out to the lateral abdominal mus-
culature. The external oblique, internal oblique, and
transverses muscles are bluntly separated to expose the
extraperitoneal pararenal fatty tissue. A finger is again
introduced into this space as a blunt dissector. 

The elliptical-shaped preperitoneal dissecting balloon
cannula (PDB) (Medsystems, Inc., Menlo Park, CA) is
then introduced into the retroperitoneal space and once
the balloon is within the incision, the endoscope is intro-
duced into the core of the dissection cannula. The balloon
is then deployed and expanded using an inflation bulb.
Through the inflated balloon it is possible to identify the
line of the peritoneum and observe its dissection on the

anterior abdominal wall. This line should be extended as
close to the midline as possible to allow placement of the
anterior working portal (Fig. 22-8A, B).

Once the retroperitoneal space has been developed and
the peritoneum has been reflected from the undersurface
of the anterior abdominal wall, the Laparolift retractor is
inserted and a 10 cm long fan retractor (Laparofan,
Medsystems, Inc., Menlo Park, CA) is inserted through
the left flank incision and the arms of the fan are
deployed under direct endoscopic visualization. The fan
retractor is then attached to the mechanical lifting arm,
which is then elevated again increasing the cavity. A flex-
ible nonvalve trocar is then inserted behind the arms of
the fan retractor, through which the endoscope is passed.
A specialized balloon retractor can also be inserted
through the same port or through the working port in the
anterior abdominal wall. This retractor is only inflated
once it has been introduced into the retroperitoneal space
and is helpful in providing retraction of the peritoneum
with its gastrointestinal contents. 

The working portal is made through a 12 mm parame-
dian incision on the anterior abdominal wall, approxi-
mately 2 cm lateral to the midline. The level of the inci-
sion and the exact location may again depend on the level
and trajectory of the interspace to be exposed. Through
the para-midline skin incision, the anterior rectus sheath
is identified and incised. The rectus muscle is retracted
laterally, and the posterior rectus sheath is then incised
and the peritoneum with its contents should have been

240 / SECTION IV/SURGERY

FIG. 22-7. Typical port placements for retroperitoneal
access to the anterior lumbar spine. There are two portal
sites. A midline site for access provides the working portal
and a lateral site for a camera, Laparolift (Origin Medsys-
tems, Menlo Park, CA), and retractors.



reflected across the midline, but this can additionally be
assisted through this direct approach. Blunt dissection
with the finger can again be used to sweep the peri-
toneum further off the abdominal wall if balloon dissec-
tion has not provided sufficient exposure. 

The peritoneum contains the bowel, which can be
retracted with inflatable or fan retractors. A supplemental
balloon retractor may be introduced through the working
portal as well, if necessary. The remainder of the proce-
dure is then similar to that described in the transperi-
toneal technique. Exposure of the great vessels is neces-
sary, and again isolation and retraction of these vessels
will depend on the level of the interspace to be exposed.
The L5-S1 interspace is again exposed below the bifurca-

tion of the great vessels and the L4-5 and more proximal
levels will require a retraction of the aorta and inferior
vena cava to the right of the spine. Percutaneous Stein-
mann pins may then be used to maintain retraction of the
great vessels (Fig. 22-9). Flexible endoscopic ports are
introduced through the working portal. It is important to
identify all the great vessels as well as the ureter to pre-
vent injury. The sympathetic and parasympathetic pre-
sacral plexus are frequently approached from the side and
elevated anteriorly with the great vessels. Lumbar seg-
mental vessels should be clipped for more proximal lum-
bar spine dissection and at the L4-5 level the recurrent
iliolumbar vein should also be identified and clipped.
Conventional techniques for lumbar discectomy and
preparation of the end plates can then be performed
through this working portal. 

Osteotomies and curettes of any shape or size can gen-
erally be used as well. In addition, a variety of interverte-
bral implants can be used, including screw-in cages, tap-
in cages, cortical allografts, and prosthetic implants. 

TECHNIQUE FOR RETROPERITONEAL WITH
INSUFFLATION

There have been a few reports of a retroperitoneal
exposure with insufflation dissection, but these were gen-
erally not widely embraced. In the anterior abdominal
wall in the midline after exposure of the anterior abdom-
inal wall, the section is carried down through the anterior
and posterior sheath of the rectus muscle after retraction
of the muscle itself. The posterior rectus sheath is then
divided, exposing the extraperitoneal layer at the level of
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FIG. 22-9. Demonstrating the use of Steinmann pins to hold
vessels and organs retracted. This technique can be
employed in any of the endoscopic procedures discussed in
this chapter. It could also be used for a mini anterior lumbar
interbody fusion.

FIG. 22-8. A: Diagram demonstrating the concept of the retroperitoneal endoscopic approach with
exposure of the anterior lumbar spine. A small skin incision is made anteriorly and the rectus muscle
retracted laterally and after exposure of the preperitoneal space, the peritoneum bluntly dissected lat-
erally and posteriorly and retracted to the right side. A Laparolift (Origin Medsystems, Menlo Park, CA)
is placed anterolaterally through a small incision and a laparoscope is inserted through the same por-
tal. The aorta and vena cava are identified and mobilized by clipping and diving the segmental vessels
and then bluntly retracting them to the far side as well. B: Operating room photograph during retroperi-
toneal gasless exposure.
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the arcuate ligament. Dissection with a finger is used to
free up the peritoneum from the abdominal muscle wall.
An inflatable balloon may be used for dissection and a 10
mm scope introduced bilaterally. 

ENDOSCOPIC-ASSISTED MINI-OPEN
APPROACH

Videoscopic-assisted open surgery with an enlarged
working portal is an option. Essentially, this opening
could employ a mini ALIF exposure, which is enhanced
with an endoscope (Fig. 22-10A, B). An endoscope may
be used through a separate portal. The newer technology
of flexible fiberoptics allows the use of a camera and
light source through a thin, flexible scope passed through
the mini ALIF approach itself. The working portal may be
small so that the only person having direct visualization
of the surgical field is the operating surgeon. The addition
of a videoscope allows the assistant to provide assistance
or retraction. 

COMPLICATIONS OF ENDOSCOPIC SPINE
SURGERY

Complications can be divided into those caused by the
technique of laparoscopy and those caused by the dissec-
tion necessary to expose the spine. Typical laparoscopic
injuries include intestinal or other organ puncture caused
by port placement, port site bleeding or hernia, cardio-
vascular dysfunction due to the increased intra-abdomi-
nal pressure, and CO2 subcutaneous emphysema (23).

Intraoperative complications include major vessel
injuries, distal arterial embolus, bowel injuries, and blad-
der and ureter injuries. Postoperative complications

include deep vein thrombosis, ejaculatory dysfunction,
and ileus. 

The safest way to decrease complications in endo-
scopic spine surgery is to use an experienced laparo-
scopic general surgeon and to do careful preoperative
planning. It is important to maintain good visualization,
orientation, a maximum working space, and appropriate
instrumentation. 

It is vitally important to have an “emergency set” in the
operating room for conversion to open procedures to
minimize blood loss when vessel injuries occur (24).
Conversion should not be considered a failure of the
operation. 

Specific complications are primarily related to expo-
sure of the anterior lumbar spine, and usually include
damage to vascular structures and the sympathetic
plexus. Regan et al. (24) compared 249 laparoscopic
patients to 591 open patients undergoing the same opera-
tion. Complications were comparable in both groups:
4.2% complications in the open group, 4.9% complica-
tions in the laparoscopic group. Device-related complica-
tions were increased in the laparoscopic group and these
included disc herniations and no root irritation. Laparo-
scopic-related complications occurred in 4.7% of patients
in the laparoscopic group and 2.3% in the open group.
The authors point out that the laparoscopic procedures
associated with a learning curve, but once mastered they
believe this is an effective and safe procedure. 

In Regan’s series (25), there was a reoperation for
nerve root compression or irritation in four patients, ret-
rograde ejaculation occurred in 4.8% of males, and con-
version to open procedure for excessive bleeding
occurred in two patients. Major complications occurred
in 13.4% of the first 40 cases. 
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FIG. 22-10. A: Endo-Ring (Medtronic Sofamor Danek,
Memphis, TN) in which Steinmann pins and retractors are
used. The Endo-Ring is stabilized to the table. B: Clinical
use of an Endo-Ring.A

B



VASCULAR INJURIES

The occurrence of vascular injuries should definitely
be a primary concern for the use of the endoscopic
approach. The literature seems to show a higher incidence
of vascular injuries with endoscopic surgery than with the
open approach. With the transperitoneal video-assisted
approach the following vascular injury rates have been
reported: McAfee (26) (1/22; 4.5%), Mathews et al. (3)
(1/6; 17%), Zuckerman et al. (2) (2/17; 12%), Mahvi and
Zdeblick (9) (2/20; 10%), Regan et al. (14) (5/58; 9.5%),
Lieberman et al. (15) (1/47; 2.1%), Regan et al. (4) (6/24;
25%), and Escobar et al. (23) (2/34; 5.9%). In the video-
assisted retroperitoneal gasless approach, reported vas-
cular injury rates were as follows: Escobar (23) (0/30
patients), Onimus et al. (24) (0/20), and Thalgott et al.
(27) (8/98; 8.1%). 

Mini-laparotomy, an alternative minimal access ap-
proach has also been associated with vascular injuries.
Escobar et al. (23) report two vascular injuries in 51
patients (4%), Mayer (28) reported none in 25 patients,
Baker et al. (29) reported 18.4% in 19 patients. Vascular
injuries have also been reported in traditional open
approaches; however, the incidence appears to be much
lower. Faciszewski et al. (30) reported only one major
vessel injury in 350 anterior lumbar procedures (0.08%);
Baker et al. (29) reported a 7.7% rate in 26 patients for
this approach. 

Vascular injuries may involve bleeding from small ves-
sels or injury to the major vessels. It is important to lig-
ate all bleeding vessels. Specialized equipment has been
made for clipping vessels in surgeries where transperi-
toneal with insufflation approach is used. In the gasless
approach, the conventional hemo-clips can be used.
Injury to the major vessels requires immediate control of
bleeding and if any difficulty is encountered, it is recom-
mended to proceed with conversion to a conventional
open approach as quickly as possible.

Anatomic variations increase incidence of vascular
injuries and these occur most frequently at the L4-5 level.
Zdeblick has described the incidence of vessel injuries
and retrograde ejaculations at the L4-5 level. It is thought
to be related to the vascular anatomy, especially the bifur-
cation of the aorta and the inferior vena cava (9,10,29,
31–34). Most often, the aorta and vena cava divide on the
L5 vertebral body and exposure of the L4-5 disc is made
above. However, at times the bifurcation is high and the
L4-5 exposure more difficult. Sometimes it is easier to
expose from below the bifurcation, but tears to the left
common iliac vein are more common. We use the tenet
that “it is easier to avoid bleeding than it is to stop it.” In
this case bleeding is best avoided by gently retracting the
vein and observing sites of fixation by large branches that
will tear with further retraction. Preemptive clipping and
dividing of the L4 segmental lumbar artery and vein and
the ascending iliolumbar vein is prudent if not necessary. 

Retrograde Ejaculation

In Regan’s series (35) in which he compared open tech-
niques with laparoscopic techniques, the authors report
that retrograde ejaculation occurred in 9.4% of laparo-
scopic cases compared to 4.7% of open cases. Complica-
tions of retrograde ejaculation vary between 0.42% and
45% of cases (12,34,36,37).

Retrograde ejaculation results from injury to the supe-
rior hypogastric plexus, which controls bladder-neck clo-
sure during ejaculation. The incidence reported varies
between 0.42% and 45% of cases (13,14,34,38). The
majority of these are thought to be transient. Retrograde
ejaculation has been reported with open ALIF in 0.42%
to 22% of cases (13,14,34,39,40). In Flynn’s series (4,500
cases), 25% of patients reported retrograde ejaculation
and had spontaneous resolution (39). 

The superior hypogastric plexus lies in the retroperi-
toneal connective tissue anterior to the distal aorta and
aortic bifurcation. It lies slightly to the left of the midline
before dividing into the left and right hypogastric plexus.
It is therefore most vulnerable with direct dissection from
anterior and left-sided dissection. The retroperitoneal
approach is usually done from the left side and is usually
more posterior to the hypogastric plexus. This would
explain why they are fewer patients with retrograde ejac-
ulation (41). 

Kleeman (16) recommends careful analysis of the vas-
cular anatomy, especially at the L4-5 level and has classi-
fied the vascular anatomy at this area so that appropriate
surgical approaches can be planned. This would reduce
exposure on the side of the aorta and thus the hypogastric
plexus. It is also recommended that bipolar cauterization
be used. 

Loss of Orientation

Loss of orientation regarding the center of the disc and
the midline has been described in laparoscopic transperi-
toneal techniques and it is more difficult to identify dur-
ing the procedure under visualization of a scope due to
limitation of the exposure and orientation of the camera. 

Loss of orientation can lead to asymmetric graft/cage
placement. If placement is too lateral, then foraminal
encroachment or vessel injury is a risk. It is therefore
important to use X-rays in two planes. 

Pseudoarthrosis

The most common cause for reoperation of interbody
fusion cages is pseudoarthrosis. Salvage includes instru-
mented posterolateral fusions and frequent removal of the
interbody device and replacement with autograft or allo-
graft (42). This complication of pseudoarthrosis is seen
more commonly in procedures where a trephine cylindric
core of disc was removed and it is recommended that a
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complete discectomy would decrease the chances of
nonunion. Studies using bone morphogenic protein
(BMP) have shown remarkably high fusion rates. 

Iatrogenic Nerve Root Impingement

This complication occurs due to disc herniation or
retropulsed bone although it is not unique to endoscopic
techniques, as described (23, 26). Neurologic problems
including the radicular type of pain appeared to be unique
to the transperitoneal insufflation technique. Regan et al.
(14) reported six such cases in among 215 patients (2.8%),
and a reoperation rate of 2.3% for nerve root decompres-
sion. Escobar et al. (23) reported six patients, all with
transperitoneal insufflation approach for an incidence of
18% (6/34). All of these had undergone cylindric trephine
discectomies and insertion of a screw-in cage device. One
of the six patients had an acute cauda equina syndrome
secondary to an acute disc herniation requiring emergent
posterior decompression, which resulted in full neurologic
recovery. Four of the six patients with new onset radicular
symptoms had spontaneous resolution of the symptoms
within 6 months after the index procedure.

Postoperative Ileus

Some degree of postoperative ileus is normal and to be
expected after any surgery and anesthetic, even nonab-
dominal procedures (43). The degree of ileus is generally
proportional to the extent of surgery, the amount of
intestinal manipulation, the quantity of residual intraperi-
toneal blood or hematoma, the severity of physiologic
disruption or infection, and the specific sensitivity of the
individual patient. Paying strict attention to all these mat-
ters is important in avoiding extensive ileus. It has been
shown that typical laparoscopic surgery is associated
with less postoperative ileus than with comparable open
procedures. The difference in ileus between mini-open
spine access and the endoscopic exposure has not been
specifically investigated. Unless the length of laparo-
scopic procedures can be decreased to that it compares
with open procedures, it is unlikely to be much different. 

Hernias

Hernias at the trocar site are a rare complication and
occur more commonly in transperitoneal than in retro-
peritoneal endoscopy (26). This can be avoided by plac-
ing a stitch in the fascia of all ports greater than 10 mm
in size. 

Ureteral Injuries

The ureter is at risk for injury during anterior exposure
of the lumbar spine and this may be higher with minimal
access approaches. Escobar et al. (23) reported two

(2/135; 1.5%) injuries: one with video-assisted extraperi-
toneal approach and one with a mini-laparotomy ap-
proach. There have been numerous single case reports
regarding ureteral injuries with anterior lumbar surgery.
Faciszewski et al. (30) has reported one case in a series of
350 traditional open approaches for an instance of 0.3%. 

Laparoscopic Conversion

Conversion to an open approach may be due to vascular
injury, abdominal adhesions, organ injury, or technical dif-
ficulties. Conversion should not be considered a failure. 

COMPARISON OF MINI OPEN TECHNIQUE TO
ENDOSCOPIC OPEN ALIF

The advantages of minimally invasive techniques are
intended to reduce postoperative morbidity and decrease
hospital stay. There should be no increase in complica-
tions of the approach and the outcomes should be com-
parable to traditional open approaches. The mini open
technique offers many of the same advantages as the
laparoscopic techniques. Mayer (28) has been credited
for describing this approach. In contrast to standard
laparotomy, this technique uses a muscle-splitting
approach, separating muscles in the direction of the fiber
orientation. 

Another technique or approach is a vertical midline
incision and division of the left rectus sheath in a vertical
direction. The rectus muscle is retracted laterally and the
posterior sheath is incised vertically as well. The preperi-
toneal plane is developed bluntly, first laterally and then
posteriorly. Thereafter, the operation continues as with
standard lateral open approaches. 

Zdeblick and David reported a comparison of 25 ante-
rior laparoscopic approaches with 25 mini open tech-
niques for L4-5 fusion. Paired threaded cages were used
in both cases. Operating time, blood loss, and length of
hospital stay showed no statistical difference. There was a
lower rate of complications in the mini open group (4%)
versus a higher rate (20%) in the laparoscopic group. This
study shows that even in technically competent hands
laparoscopy has no advantage to a mini approach (34).
There was significant increase in surgical time in the
laparoscopic group when two-level procedures were eval-
uated (180 minutes versus 160 minutes). 

Escobar et al. (23) reported on a retrospective review
comparing 135 patients undergoing four different
approaches: transperitoneal video-assisted surgery with
insufflation, retroperitoneal endoscopic video-assisted
surgery, mini laparotomy, retroperitoneal approach, and
traditional oblique retroperitoneal surgery. There was
onset of new radicular pain or numbness not experienced
by the patient prior to surgery in six patients (18%); all
with transperitoneal video-assisted surgery using insuf-
flation. Vascular problems occurred in five patients (3%

244 / SECTION IV/SURGERY



overall); two in the transperitoneal video-assisted group
(5.9%) and three in the mini-laparotomy group (8.7% of
the group). Retrograde ejaculation occurred in four of 50
male patients (8%); three in the transperitoneal video-
assisted group (25%) and one in the mini-laparotomy
group (2%). Two patients had ureteral injuries (1.5%
overall); one each in the retroperitoneal endoscopic and
mini- laparotomy groups. Conversion to open procedures
was performed in seven patients (11% of the video-
assisted procedures). 

The reasons for conversion included two major vessel
lacerations and five peritoneal tears in the retroperitoneal
video-assisted group. Overall, the incidence of complica-
tions in the endoscopic group was consistent with the lit-
erature for video-assisted techniques; it was thought to be
higher than for open techniques. Reports in the literature
do not show any advantage of laparoscopic versus mini-
open for anterior lumbar surgery (34, 40). 

In reviewing the literature, it would appear that the
laparoscopic insufflation technique is associated with a
higher rate of vascular injuries. These injuries usually
require conversion to an open procedure, thus prolonging
surgical time. However, vascular injuries occur with all
approaches and successful vascular repair was the stan-
dard outcome for the aforementioned cited literature. 

CONCLUSION

Minimizing access to the spine will remain a goal in
spine surgery. Current techniques have some drawbacks,
but should be regarded as a stepping stone to the future.
There are good studies using prospective randomized
controls, but no good outcome studies are described for
fusion outcomes. These studies are necessary to establish
superiority of any technique. The need for more mini-
mally invasive techniques will always be there. The use of
BMP and other materials to substitute for the patient’s
own bone have already reduced the need for harvesting of
bone graft and lend themselves to easy implantation, thus
making endoscopic techniques more attractive. 

Evaluation of fusion by standard radiographs is unreli-
able. Thin section CTs with three-dimensional recon-
struction are more reliable. CTs are usually performed
when there is a suspicion of pseudoarthrosis or nonunion,
or for evaluation of pain. There are few studies reporting
CT evaluation of all patients in a laparoscopic cohort.
Pellise et al. described a 16.6% fusion rate in patients
fused with carbon fiber cages using laparoscopic tech-
niques with complete discectomy (44). There was signif-
icant improvement in clinical outcomes however at a min-
imum follow-up of 2 years. 

Fusion surgery comprises a large volume of spine
surgery, and interbody fusions have become widely pop-
ular. The access for interbody fusions can be performed
anteriorly or posteriorly. Interbody fusions through a pos-
terior approach include a conventional posterolateral

interbody fusion (PLIF) or the recently popularized
translumbar interforaminal fusion (TLIF) and should be
considered less invasive if they save the need for addi-
tional anterior access. Dural injury and epidural scarring
however are a high risk. Image-guided interbody fusions
and instrumentation have been a further development of
the minimally invasive posterior approach.

Malberg et al. (45) have described a direct lateral
approach to the spine employing minimal access. A small
incision is used and a working channel is docked on the
disc space after a series of dilators have prepared access
through a psoas muscle–splitting approach. A guide
frame coupled with X-rays provides image guidance to
accurate placement of the dilators and working channel.
An electromyogram neuromonitoring system is used to
provide increased safety from nerve injury to the lumbar
plexus. However, there have been no extensive reports on
the clinical experience with this approach.

We have found many of the techniques and limitations
of endoscopic approaches to be cumbersome and most
often use mini open procedures. This has been especially
true in multilevel fusions. The balance of benefits and
drawbacks will continue to tip in favor of endoscopic
approaches as technological advances continue to elimi-
nate the problems. 
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CHAPTER 23

Biology of Bone Grafting: 
Autograft and Allograft

Robert Gunzburg and Marek Szpalski

Spinal fusion is a well-accepted procedure for the treat-
ment of disorders such as trauma, deformity, tumor,
inflammation or infection, and common degenerative
pathology. The aim of a spinal fusion is to eliminate the
instability of the spine caused by these pathologies. By
definition, spinal fusion means the achievement of a bony
union between the involved vertebrae. In this chapter, the
two types of bone grafts that are derived from natural
bone (i.e., autograft and allograft) and are commonly
used to achieve this goal will be discussed.

Far from being an inert structure, bone tissue can mod-
ify its mass and morphology in response to local and hor-
monal factors, thereby meeting the functional demands
posed by various stimuli. Bone tissue also has the capac-
ity for repairing itself without scarring. Bone grafting
makes use of these core characteristics. In order to make
optimal use of the clinically available graft options, the
biology of bone, including its capacity for remodeling
and self-repair, must be understood.

BONE STRUCTURE AND PHYSIOLOGY

Bone Cells

Osteoprogenitor cells are derived from mesenchymal
cells and line the internal and external surfaces of bone.
These cells have the capacity for differentiation into
osteoblasts and related cells (e.g., fibroblasts) that com-
prise connective tissue.

Osteoblasts are active secretory cells derived from
osteoprogenitor cells. Osteoblasts form the extracellular
bone matrix by secreting osteoid (unmineralized matrix)
and regulate its mineralization through the exocytosis 
of alkaline phosphatase-containing vesicles. Osteoblasts
form a tight cell layer at the bone surface and have a life
span of up to 8 weeks. The production of matrix proteins
by osteoblasts decreases considerably with time, yet
osteoblasts remain in communication with each other and

with related cells (e.g., osteocytes) by elaborating cyto-
plasmic processes that penetrate surrounding osteoid and
terminate in gap junctions, creating an extensive intercel-
lular communication network. 

Osteocytes are derived from osteoblasts and comprise
90% of all cells in the mature skeleton; however, these
mature cells differ significantly from osteoblasts in their
biochemical, morphologic, and functional characteristics.
Osteocytes are smaller, contain fewer organelles and have
a higher ratio of nucleus to cytoplasm. They elaborate
numerous filopodia, enabling interconnections and cellu-
lar communication. Occasionally, osteoblasts become
trapped in the extracellular matrix, resulting in stimuli
sufficient for their transformation into mature bone cells.
Ongoing studies of the mechanosensory properties of
osteocytes suggest that they are the primary regulators of
bone remodeling, orchestrating the formation and resorp-
tion of bone in response to mechanical demands (1).

Osteoclasts are multinucleated, highly migratory,
phagocytic cells derived from monocyte/macrophage
precursors. Osteoclasts are responsible for the resorption
of fully mineralized bone through acidic decalcification
of bone matrix, followed by lysosomally mediated hy-
drolysis of its organic components. An activated osteo-
clast can resorb bone matrix at the rate of 200,000 µm3

per day. Interestingly, 7 to 10 generations of osteoblasts
are required to form this same amount of bone matrix (2).

Molecular Basis of Bone Remodeling

The regulation of osteoblastic and osteoclastic activi-
ties is dependent on a complex network of signaling mol-
ecules, including steroid hormones, prostaglandins, and
cytokines; the molecular basis of osteoblast-osteoclast
interactions is the subject of intensive research. The dif-
ferentiation of osteoclast precursors into osteoclasts
requires the expression of osteoclast differentiation factor
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(ODF; also known as RANKL, TRANCE, and OPGL), a
membrane-associated cytokine produced by osteoblasts
in response to osteotropic factors such as parathyroid hor-
mone, vitamin D, and cytokines such as tumor necrosis
factor (TNF) and interleukins (3–5). Osteoclast precur-
sors express the cell-surface receptor RANK, which
binds ODF through cellular interaction with osteoblasts,
in turn leading to osteoclast differentiation. ODF also
plays a key role in the activation of osteoclasts into
mature bone-resorbing cells (3). On the other hand, a
number of cell types have been shown to secrete a solu-
ble decoy receptor, known as osteoclastogenesis inhib-
itory factor (OCIF, also known as osteoprotegerin, or
OPG) that competes for binding with RANK, thereby
inhibiting osteoclast formation and subsequent bone
resorption (5,3,6). The balance of molecular-signaling
events, such as those touched upon in this chapter, most
likely determine the outcome of stimuli leading to either
net bone formation or net bone resorption. 

Extracellular Matrix

Mineralization of osteoid, which consists primarily of
collagen and ground substance, begins 10 to 15 days after
its formation (7). Initially, mineral content rises rapidly to
approximately 70% of its final amount; the remaining
30% being deposited over a period of several months.
Even after mineralization is complete, bone still contains
25% organic matrix, including cells. Hydroxyapatite
[Ca10(PO4)6(OH)3], the bone mineral, accounts for 70%
of the final weight, while water accounts for the remain-
ing 5%. Proteins, such as bone morphogenic proteins
(BMP), growth factors, and cytokines, are embedded in
the remaining extracellular matrix and play an important
role in the mineralization process. 

Bone Architecture

The matrix of mature cortical and cancellous bone has
a lamellated structure. The lamellae run parallel to the
trabeculae of cancellous bone or concentrically surround
the Haversian canal in cortical bone, forming the so-
called osteon, or functional unit of cortical bone. Typi-
cally, the long axis of the osteon runs parallel to the long
axis of the bone. Osteons evolve into secondary osteons
or haversian systems by resorption of preexisting bone.
Modeling is the process whereby bone is laid down onto
a surface without necessarily being preceded by resorp-
tion. Osteoblastic activity that fills voids following osteo-
clastic activity is referred to as remodeling. In the adult
skeleton, remodeling is the more active process and gives
bone the capacity to adapt to changes in loading and
metabolic stimuli. Indeed, bone tissue adapts to mechan-
ical stimuli (compression and bending movements)
according to Wolff’s law, which states, bone is laid down

where stresses require its presence, and bone is absorbed
where stresses do not require it. 

Osteoinduction

In addition to differentiated bone cells such as osteo-
blasts, osteoclasts, and osteocytes, bone and adjacent tis-
sue contain a number of less differentiated cells. Osteoin-
duction is the process by which these less differentiated,
yet pluripotent cells are stimulated to develop into the
bone-forming cell lineage (8). A great deal of research
has focused on BMPs as inducing agents. BMPs are sol-
uble glycoproteins (9) released in response to trauma,
such as a fracture, or physical stimuli, such as mechani-
cal, electrical, or magnetic alterations. Although osteo-
blasts present at the site of injury participate in the heal-
ing of a fracture, bone and soft tissue injuries are the
primary trigger for the transformation of undifferentiated
cells into osteoblasts. The response to injury involves the
coordinated involvement of vascular and nervous tissue,
as well as the sensitization of precursor cells, leading to
the production of growth factors by these cells and their
differentiation into actively remodeling cell types (8,10).
Insofar as bone formation necessitates an adequate blood
supply, bone growth factors are also angiogenic (11).

Osteoconduction

Osteoconduction is the appositional growth of bone on
the three-dimensional surface of a suitable scaffold (12).
This includes the ingrowth of capillaries, perivascular tis-
sue, and osteoprogenitor cells and follows a highly orga-
nized, predictable spatial pattern (13). 

Osteogenesis

Osteogenesis is the process of bone formation through
cellular osteoblastic activity. Osteogenesis is dependent
upon osteoconduction as a matrix for the delivery of the
osteoinductive factors needed for the differentiation of
osteoprogenitor stem cells. 

SPINAL FUSION

Osseous spinal fusion remains the ultimate goal in the
treatment of numerous spinal conditions. In spite of
improvements in surgical techniques and instrumenta-
tion, failure (nonunion) has been estimated to occur in
5% to 35% of patients undergoing single-level fusions,
and more frequently in patients undergoing multilevel
fusions (14). The rate of clinical success does not neces-
sarily parallel the rate of fusion. Numerous factors, such
as mechanical stability, type of instrumentation, type of
bone graft material, and individual biological factors,
influence fusion rates.
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Spinal arthrodesis can be achieved anteriorly by the
fusion of vertebral bodies. This became a standard proce-
dure in the cervical spine soon after Cloward first advo-
cated this approach as a treatment for ruptured discs (15).
At the levels of the thoracic and upper-lumbar spine, the
approach is more difficult due to the presence of the rib
cage and diaphragm; nonetheless, spinal interbody fusion
can still be accomplished at these levels. Below the level
of the conus, interbody fusion can be achieved either
through an anterior or posterior approach.

Spinal arthrodesis can also be achieved posteriorly by
bone bridging between the transverse processes and facet
joints of the vertebrae involved in the fusion. All these
fusion techniques are often combined with a variety of
internal fixation devices. The choice of approach and
technique depends on the type and location of the pathol-
ogy and the surgeon’s experience and knowledge. 

BONE GRAFTS

Bone is a commonly transplanted tissue. Bone grafts
have to promote osteogenesis and, in some applications,
may need to provide mechanical support. The morphol-
ogy of the required graft depends on the type of fusion
being sought. Cortical bone is typically used for fixation
and support, whereas cancellous bone provides osteo-
genic potential (16). For cervical interbody fusion or
reconstruction or for thoracic and lumbar interbody
fusions and reconstructions, corticocancellous grafts are
required to provide structural support. However, when
stabilizing devices such as cages are being used, cancel-
lous bone chips (particulate grafts) may be preferred. Par-
ticulate graft materials may also be preferred for poste-
rior and posterolateral intervertebral fusions. Cancellous
bone grafts have been used to stimulate bone regenera-
tion under a variety of pathologic circumstances, includ-
ing trauma, infection, congenital defects, tumor invasion,
and degenerative diseases. For optimal remodeling of
bony tissue, these grafts need to mimic the properties of
cancellous bone, providing the interrelated characteristics
of osteoconduction, osteoinduction, and osteogenesis. 

Revascularization occurs more rapidly with particulate
grafts than with structural grafts. Particulate bone grafts
tend to remodel entirely with time, whereas structural
(cortical) grafts have a tendency to retain their shape and
contain a mixture of necrotic and viable bone (17). The
process of creeping substitution, “the temporal and spa-
tial repair activities whereby viable new bone replaces
necrotic old bone” (18), is also thought to differ between
cancellous and cortical allograft (17). Whereas creeping
substitution of cancellous bone involves appositional
bone formation followed by resorption, this order of
events is reversed for cortical bone, with osteoclastic
activity initiating the repair process (17,18). Such differ-
ences in the biology of remodeling between different

types of grafts may lead to significant differences in their
clinical applications (17).

Autograft

Autografts are grafts harvested from the patient at the
time of surgery. The autograft is the “gold standard” by
which the success of other grafting techniques is
assessed. Spinal fusion is the most common reason for
the harvest of autogenous bone (19). The main source of
autograft is the iliac crest, yet other sources, such as the
proximal tibia, the fibula, or a rib, can be used if the iliac
crest is not an option. Iliac crest bone can be harvested in
the form of cancellous bone chips, respecting the inner
and outer tables of the crista, or as tricortical strut grafts,
providing bone capable of structural support (Fig. 23-1).

Cancellous bone autografts offer a number of positive
features including histocompatibility, which precludes the
risk of graft encapsulation and associated inflammation.
Moreover, autografts maintain viable osteoblasts and
osteoprogenitor cells, and also confer osteoconductive and
osteoinductive potential (19,20). The calcified matrix of
mature bone and its organic components (e.g., collagen
and ground substance) supply the graft with biocompati-
ble, osteoconductive properties (19). Noncollagenous
growth factors, the most thoroughly investigated of which
are the BMPs, are primarily responsible for the osteoin-
ductive capacity of autograft (21). The highly porous, tra-
becular structure of autogenous cancellous bone permits
the ingrowth of blood vessels needed for bone growth and
reduces the risk of complications from hypoxia. Finally,
autograft does not pose a risk of disease transmission.
Autograft procedures show a high rate of success for cer-
tain spinal fusions, such as posterior-cervical arthrodesis. 
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FIG. 23-1. Common types of iliac crest bone grafts. (From
Sandhu HS, Grewal HS, Parvataneni H. Bone grafting for
spinal fusion. Orthop Clin North Am 1999;30:686, with per-
mission.)



Autograft, however, has several drawbacks, including
both surgical complications and its limited supply. Al-
though transplanted donor cells most likely contribute to
new bone growth, most of the osteogenic cells that repop-
ulate the graft are thought to migrate from the fusion bed
(12,19). Although transplanted cells are initially alive, graft
viability is diminished when the graft tissue is separated
from its blood supply (19), leading to ischemic or apoptotic
cell death (12) and leaving behind only a bone mineral
scaffold (22). Although morselization may increase bone
graft surface area, leading to increased accessibility of
osteoinductive and osteogenic factors (19), additional
processing of autogenous bone may contribute to further
decreases in cell viability. The surviving cells receive their
oxygen and nutrients by diffusion only; thus, cells are
likely to die from ischemia before the graft is vascularized.
Rapid vascularization of the graft site may be impeded by
fibrin formation in the autograft and by the packing proce-
dure used to place the graft into the surgical site; this is par-
ticularly of concern within the innermost region of the
graft. Autogenous bone viability is further complicated by
donor variables such as the age, gender, genetic makeup,
and physical health of the patient.

Harvest of autogenous tissue is associated with high
donor-site morbidity and is estimated to occur in 10% to
39% of patients (23). Donor-site morbidity is dependent
upon the surgical approach; for example, sacroiliac sub-

luxation and dislocation occur more frequently with the
posterior approach, while infection occurs more fre-
quently following the anterior approach (24). Minor
complications are common and include superficial infec-
tions, temporary sensory impairment, and mild or tran-
sient pain. Acute and chronic pain at the donor site is
commonly reported, but chronic pain may occur in over
25% of patients who undergo autograft procedures for
spinal fusion (25,26). Although the precise cause of pain
following iliac crest harvest is unknown, such pain is
probably muscular or periosteal in origin and is often
resistant to conventional treatment (26).

Major complications associated with the harvest of tis-
sue from the iliac crest have been reported at rates of
0.7% to 25% (19). These include severe bleeding, herni-
ation, serious infection, scarring, hematoma formation,
injury to nervous or vascular tissue, pelvic fracture, and
chronic pain at the procurement site (20,26–30). Skaggs
et al. reported that after autogenous bone harvest, 15% of
pediatric patients had complications that affected daily
living activities (31). 

Skillful surgical technique is essential to avoid injury
to neurologic or vascular tissue during the harvest of iliac
crest bone. Structures that often lie in the dissection path
include the sciatic, iliohypogastric, lateral femoral cuta-
neous, and cluneal nerves, as well as the superior gluteal
vessels (32) (Fig. 23-2). Damage to nervous and vascular
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FIG. 23-2. Nervous tissue that can be damaged during harvest of bone from the iliac crest. A: Proxim-
ity of anterior incision (dotted line) relative to critical neurologic structures. B: Proximity of posterior inci-
sion (dotted line) to cluneal nerves.
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tissue has been correlated with the amount of soft tissue
dissected during the procedure (23). The superior gluteal
vessels or the sciatic nerve may be damaged by dissection
too close to the sciatic notch (33). In addition, chronic
procurement-site pain may result from removal of bone in
the sacroiliac region due to disruption of the sacroiliac
joint (32). Since these iatrogenic complications may pro-
long recovery and increase disability, the surgeon should
be thoroughly familiar with all anatomic structures that
can be damaged during the harvest procedure (32). 

Certain conditions require a relatively large amount of
autogenous bone, limiting the applicability of autograft
procedures. For example, obtaining adequate bone stock
for multilevel spinal fusions may not be possible. Con-
versely, harvesting sufficient autogenous bone may be
impractical in certain patient populations (i.e., older
adults, children, or patients with metastatic carcinoma).
Alternatives to autograft (e.g., allograft or composite
materials) should be considered in these patients as well
as in severely osteopenic patients (30). In patients with
paralytic scoliosis and pelvic obliquity, posterior spinal
fusion typically requires additional instrumentation to the
pelvis, precluding harvest from the posterior ilium
(34,35). An inadequate quantity of autogenous bone in a
graft procedure may result in failure to fuse (36); supple-
mentation of autograft with alternative graft materials
should therefore be considered in cases that may lack suf-
ficient autogenous bone stock.

ALLOGRAFT

Allografts are grafts previously harvested from another
patient, or from the patient undergoing surgery at the
time of surgery. Allografts were originally used only
when the amount of bone-graft material required for a
procedure exceeded the amount of autogenous bone that
could be harvested. Recent improvements in the quality,
safety, and availability of allogeneic materials have
resulted in substantial increases in the use of allograft; in
the mid-1990s, allograft comprised nearly 35% of all
bone grafts performed in the United States (37). The
advantages of allograft include avoidance of donor-site
morbidity, the potential for providing immediate mechan-
ical support, and availability in a variety of forms and
shapes for customized applications. Allograft can be used
as a particulate or structural material. As mentioned, the
histology of bony incorporation differs significantly
between these two preparations. 

Although the rate of success for anterior spinal-lumbar
arthrodesis with allograft has been reported to be similar
to that of autograft, the two methods do not produce
equivalent results (38). Allografts can have variability in
bone quality and pose a small, but definite risk of disease
transmission and immunogenic reactions (39). Process-
ing techniques to reduce these risks result in a loss of
osteogenic potential due to the lack of donor cells (40)

and reduced osteoinductive potential (19), presumably
due to the inactivation or removal of osteotropic factors
such as BMPs. The risk of disease transmission is related
to the rigor with which allograft tissue is processed. For
example, transmission of human immunodeficiency virus
(HIV) has been documented in fresh-frozen allograft, but
not in freeze-dried allograft (38,41). Transmission of HIV
and hepatitis are also dependent on how carefully donors
are screened. For orthopedic applications, freezing,
freeze-drying, and irradiation, sometimes followed by
demineralization, are commonly employed methods for
processing and preserving allograft materials (17,40).
Although freeze-drying reduces immunogenicity and
lengthens shelf life relative to fresh-frozen allograft,
freeze-drying also reduces mechanical strength by up to
50% (19,38,42). In addition, freeze-dried grafts are incor-
porated into host tissue less completely and retain BMPs
less efficiently than fresh-frozen grafts. In summary,
graft strength, immunogenicity, risk for transmission of
disease, and capacity for incorporation into the host site
can vary widely with the technique used for allograft
preparation. One additional disadvantage of allograft is
its expense. 

Demineralized Bone Matrix

Brief mention should be made of demineralized bone
matrix (DBM), a cortical allograft that is further
processed by decalcification, leaving collagen, noncol-
lagenous proteins, and growth factors (43). The resultant
matrix lacks weight-bearing capacity (44) but has
improved osteoinductive potential due to the presence 
of low-molecular-weight glycoproteins including BMPs
(45). Decalcification of cortical bone increases the acces-
sibility of these growth factors sequestered within the
bone matrix (1,19,39). In addition, DBM is less immuno-
genic than conventionally processed allograft (43).
Although DBM has been used clinically with proven suc-
cess, the osteoinductive potential of DBM can vary,
depending on the method of processing (46). Moreover,
the effectiveness of DBM in promoting new bone forma-
tion is also related to the particle size of the matrix and to
the method used for its sterilization (37). 

Autograft and Allograft in Combination

As mentioned earlier, allograft may be needed to sup-
plement autograft when the volume of the latter is not
sufficient for a given procedure. Munting et al. used
freeze-dried, cortical allograft for the repair of large,
anterior segmental defects of the spine involving at least
one vertebral body and its two adjacent discs (47). In 41
of 67 cases, autogenous bone, obtained from either the
resected vertebral bodies or the ribs, was used to fill the
medullary cavity. None of the patients experienced infec-
tion, transmission of disease, or long-term mechanical
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graft failure over the follow-up period, which averaged 31
months. Fusion was reported to have been obtained reli-
ably. The authors noted that the use of autograft in the
medullary cavity promoted successful fusion by provid-
ing a large surface area for load transmission at the graft-
host interface.

Comparison of Autograft and Allograft

Successful incorporation of bone graft depends on the
quality and quantity of graft material as well as host phys-
iological responses. The graft material requires osteocon-
ductive, osteoinductive, and osteogenic elements in order
for successful new bone growth to occur. Since autoge-
nous bone supplies all three of these items, it is generally
considered superior to that of allograft. Moreover, auto-
graft has produced less variability in clinical results. As
observed by Ehrler and Vaccaro, two primary indications
exist for the use of allograft bone: insufficient autograft
and the requirement for immediate structural support
(38). 

In addition to being only weakly osteoinductive and
devoid of osteogenic cells, allograft typically induces an
inflammatory reaction in the host, thus producing an
inflammatory response that may be an important contrib-
utor to graft failure (38,48,49). Indeed, allograft may
induce a robust inflammatory reaction immediately after
transplant, resulting in capillary thrombosis, thus further
slowing revascularization and osteoinduction (38). This
leads to tissue necrosis, comprising up to 50% or more of
the graft (38). Animal studies suggest that the host
immune response is specific to donor antigen and con-
sists of killer/suppressor T cells, which are likely media-
tors of graft rejection (48). The human immune reaction
to allograft bears resemblance to the immune reaction in
animals (50), resulting in a rate of sensitization (67%)
that is higher than that seen after blood transfusion (12%
to 50%) (51). Immunologic factors that mediate rejection
of foreign material share common bone-marrow–derived
precursors and cytokines with the factors responsible for
remodeling of bone; this may help explain the deleterious
interaction between the two systems (48). In a study of 29
patients who received allograft, those who lacked sensiti-
zation to class II antigens achieved a more satisfactory
clinical outcome compared with patients who exhibited
such sensitization (50). This result provides evidence for
a causal relationship between immunogenicity and less
satisfactory outcome. 

The rate of incorporation of graft material is deter-
mined by several factors, including anatomic site, size of
the graft area, and size of the graft (12,22). Incorporation
of allograft is qualitatively similar to that of autograft but
occurs at a slower rate and with more variable results. The
variable amount of inflammation arising from allograft
procedures may be largely responsible for these differ-
ences. However, the weak osteoinductivity of allograft

may also be a contributing factor to its slower rate of
incorporation relative to autograft. Demineralization of
allograft material improves osteoinductivity. Pals and
Wilkins have reported excellent functional outcomes with
DBM in treating giant bony tumors (52); other authors,
however, have reported variable efficacy in promoting
bone induction (43). 

Autograft has been used successfully in posterior cer-
vical, thoracic, and intervertebral fusion procedures (e.g.,
achieving adequate fusion in over 90% of patients receiv-
ing posterior cervical fusions) (19), but less successfully
in posterolateral lumbar fusion procedures, with some
studies reporting adequate fusion in less than 60% of
such surgeries (19). The success rate for posterolateral
lumbar fusion is even lower when allograft is used alone
or in combination with autograft (38). Success rates for
anterior spinal lumbar fusions with allograft are compa-
rable to autograft (38). High rates of success have also
been reported for allograft posterior lumbar interbody
fusion procedures (38). 

Allograft has been shown to be useful as bone-void
filler since it provides early structural support without
donor-site morbidity (50). Perhaps the best indication for
allograft is in adolescent patients undergoing scoliosis
correction and fusion (19). In one study, 40 patients with
idiopathic scoliosis who underwent corrective surgery
were treated with either femoral head allograft or auto-
graft from the iliac crest. Successful unions were obtained
for all patients in both groups. Interestingly, the group
treated with allograft experienced reduced postoperative
pain relative to the group treated with autograft (53). 

CONCLUSION

Spinal fusion is a common procedure for treating
trauma, infection, congenital malformations, tumor
growth, or degenerative diseases that threaten bone
integrity. The vast majority of spinal fusion procedures
rely on bone grafting techniques that support bone
remodeling by providing osteogenic potential and, in
some cases, mechanical support. Autogenous cancellous
bone is the “gold standard” for bone graft materials, pro-
viding a matrix for osteoconduction, growth factors for
osteoinduction, and osteoprogenitor cells for new bone
formation. Autograft has several disadvantages, however,
including limitations in the quality and quantity of bone
available, and, most significantly, morbidity associated
with the procurement site, usually the iliac crest. Compli-
cations of iliac crest harvest can occur in up to 25% of
patients and may lead to prolonged recovery time and
long-term morbidity. 

The popularity of allograft has increased over the past
few years due to improved safety, availability, and the
potential for customizing allograft materials to specific
applications. However, allograft has several drawbacks.
Like autograft, allograft exhibits variations in the quality
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of tissue used for transplantation. Allograft also has a
finite risk of transmitting disease and producing an
immunogenic response in the host. In order to avoid these
risks, allograft is extensively processed, resulting in
reduced mechanical strength and osteoinductive poten-
tial. These characteristics probably affect clinical results
obtained with allograft, resulting in less consistent surgi-
cal outcomes than are obtained with autograft. In spite of
improvements in modern technology and instrumenta-
tion, the rate of failure (nonunion) of spinal arthrodesis
remains relatively high, particularly in cases involving
multilevel fusions. Insofar as fusion rates are related to
factors such as mechanical stability and type of bone
graft material, improvements in fusion rates may depend
on further innovations in bone graft technology, including
the use of autograft/allograft combinations and the devel-
opment of composite materials that provide the scaffold
and biologic stimuli necessary for successful bone re-
modeling.
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CHAPTER 24

Bone Graft Substitutes in Spinal Surgery

Anis O. Mekhail and Gordon R. Bell

Bone grafting is a prerequisite to obtaining a solid spinal
fusion. Bone grafting can also be used for reconstruction
of spinal defects caused by infection, trauma, or tumors.
Autogenous bone graft is still the gold standard for aug-
menting spinal fusion. However, autogenous bone graft
has significant limitations, including donor site morbid-
ity and limited supply (1–5). The limitation in providing
functional shapes, the increased operative time, the blood
loss, and the possible need for transfusion are additional
problems to be considered.

Although allograft is sometimes an attractive alterna-
tive to autograft, it has its own limitations and problems.
These include loss of biologic and mechanical properties
during its processing (6–8), the risk of disease transmis-
sion (9–13), immunogenicity (14,15), cost, and religious
concerns. In general, allograft is associated with slower
fusion rate, greater graft resorption, and increased infec-
tion rate when compared to autograft. This is especially
true in lumbar intertransverse fusions and multiple-level
anterior cervical fusions (16,17).

Despite the advances in spinal instrumentation, the
incidence of nonunion has remained unacceptably high
(10% to 40% without instrumentation, 10% to 15% with
instrumentation) (18–25). Because of the limitations of
autografts and allografts, scientists have sought to de-
velop bone graft substitutes. In order to understand the
value of the different bone graft substitutes, it is impor-
tant to appreciate the different properties of graft materi-
als that contribute to fusion (26,27). The ideal bone graft
substitute should possess all the properties of autogenous
bone graft, which include osteogenicity (the ability to
directly produce bone by viable osteogenic cells), os-
teoinductivity (the ability to stimulate undetermined
osteoprogenitor stem cells to differentiate into osteogenic
cells and to induce the osteoblastic pathway even in a
nonbony location), and osteoconductivity (the ability to
provide a passive porous scaffold to support and direct
new bone formation by allowing ingrowth of neovascula-
ture and the infiltration of osteogenic precursor cells)
(28). Bone graft substitutes should also be biocompatible,

bioabsorbable, be easy to use clinically, be cost-effective,
provide the appropriate structural support required de-
pending on the clinical situation (block form as well as
granular), and be without risk of disease transmission. A
composite graft (a mix of two or more graft materials)
combines an osteoconductive matrix with bioactive
agents that provide osteoinductive or osteogenic proper-
ties in order to closely replicate or supersede autograft
properties. The bone graft substitute can be used as an
extender if less bone graft is co-mixed and it can be used
as an expander if the total volume of the mixture is
increased, in an effort to increase the likelihood of bone
healing. The bone graft substitute can replace bone graft
if it can affect bone healing without adding bone.

Attaining spinal fusion does not only depend on the
type of graft material used but also on several local and
systemic factors, which include biomechanical stability
and loading, blood supply, graft recipient site preparation,
recipient bone pathology, nutrition, radiation, drugs,
smoking, and several systemic diseases. These factors are
discussed, for the most part, in Chapter 23. With all these
factors taken into consideration, the basis of spinal fusion
is simply bone formation, in an osteoconductive medium,
by osteoprogenitor cells, which are induced by osteoin-
ductive agents. However, for this scenario to occur, opti-
mal local and systemic factors need to be present. The
success of spinal fusion also varies depending on the
location of the arthrodesis itself along the spine, and the
biomechanical environment influencing the spinal fusion
(posterolateral intertransverse process, anterior inter-
body, anteroposterior combined, presence or absence of
internal fixation).

Differences in species used may also play a role, as
they may heal differently and their spines are subjected to
different loads. Animal models of spinal fusion should be
evaluated with great caution. Structural grafts used for
obtaining interbody fusion are located between two flat
bones and are subjected to compressive loads, whereas
graft materials used for posterior and posterolateral
fusions are not structural, are surrounded mostly by soft
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tissue, and heal under tension loads. Also, the addition of
instrumentation plays an important role in the success of
fusion. Instrumentation adds to biomechanical stability
and can affect the type of load applied, such as allowing
a facet joint fusion to occur under compression rather
than tension (29).

OSTEOCONDUCTIVE MATERIALS

Ceramics

The mineral phase of bone comprises approximately
60% to 70% of its dry weight (28). This carbonated cal-
cium phosphate apatite mineral, termed dahllite, contains
4% to 6% carbonate by weight and small amounts of
sodium, magnesium, and other trace elements (30). The
structural integrity of bone, especially its compressive
strength, directly depends on the state of the mineral
phase. It has been demonstrated that the chemical struc-
ture of the substrate is vital to its observed osteoconduc-
tive properties. Ideally, a bone graft substitute would have
a similar mineral composition and structure.

Because ceramics do not normally exhibit osteogenic or
osteoinductive properties, when used alone they are depen-
dent on local host tissues for osteoprogenitor cells and
osteoinductive factors. When loaded with a source of os-
teogenic cells, such as autogenous bone or bone marrow,
ceramic scaffolds facilitate cellular adhesion, support vas-
cular ingrowth, and promote new bone formation (31).

The advantages of biodegradable osteoconductive
ceramic bone graft substitutes include the availability in
unlimited quantity and no donor site complications or
infection risks. For synthetic materials to be useful in
vivo, they must be compatible with surrounding tissues,
be chemically stable in body fluids, have compatible
mechanical and physical properties, be able to be pro-
duced in functional shapes, be able to withstand the ster-
ilization process, have reasonable cost, and have a reli-
able quality control (32). Calcium phosphate, for the
most part, possesses these properties (33–36). Although
some inert metals, such as titanium and cobalt chrome,
and some ceramics, such as aluminum oxide, can provide
passageways for bone incorporation, bone does not
directly bond to and proliferate along their surfaces. On
the other hand, bone forms directly on the surface and
chemically binds to bioactive osteoconductive ceramics.
Moreover, the bone grows three-dimensionally along the
ceramic’s surface.

The most commonly used ceramics in bone surgery
are calcium phosphates, which include coral-based or
synthetic hydroxyapatite (HA) and tricalcium phosphate
(TCP). They have a high degree of biocompatibility with
host tissue (33,37) and they are brittle materials with
low fracture resistance and variability in their chemical
and structural (crystalline) composition (27). Optimal
interconnection between pores (connective porosity

greater than 100 µm) and a pore size of 100 to 500 µm
have been demonstrated to be essential for osteoconduc-
tivity (38,39). This is based on the three-dimensional
interconnection between the lacunae in the bone that
provide intercellular communication. Different prepara-
tive methods of ceramic bone graft substitutes lead to
either a compact or a porous material. Greater crys-
talline formation and material density result in greater
mechanical strength and resistance to dissolution with
long-lasting stability. The poorly interconnected poros-
ity created in artificially created ceramics retards nor-
mal rate of bone healing and remodeling required to
obtain optimal mechanical strength. In contrast, an
amorphous ultrastructure and greater porosity enhance
interface activity and bone ingrowth, but they also
enhance biodegradation of the implant (33).

Commercially available HA is relatively inert and
biodegrades poorly (33,40,41). Nonresorbing materials
may interfere with remodeling, create a stress riser, and
impede the accretion of strength of the fusion mass (33).
Conversely, ceramic TCP undergoes biodegradation
within the first 4 to 8 weeks of implantation, which may
be too early for optimal fusion mass healing (33,42).
Biphasic ceramics, with an optimized ratio between HA
and TCP may increase the mechanical strength or the
degree and speed of resorption (43–47).

Natural ceramics derived from sea coral were first rec-
ognized by Chiroff et al. to have morphologically better
interconnective porosity than artificially created HA, and
with a structure similar to bone (48). Because the implant
material is not coral but is derived from the mineral con-
tent of coral, the implants are called coralline. Coral is
composed of 97% calcium carbonate in the form of arag-
onite. Coralline implants can be manufactured using one
of two processes. The first is using natural coral in the cal-
cium carbonate form (Biocoral; Inoteb, Saint-Gonnery,
France) after removing the organics and sterilizing with
radiation. Biocoral is available as blocks and in granular
form. The other process is replamineform (involving a
hydrothermal exchange reaction), which converts delicate
coral calcium carbonate into mechanically superior HA
(39,49). Because this is a solid-state reaction, the inter-
connected porosity is perfectly preserved (50). Two genera
of stony corals are used: Porites and Goniopora. The
exoskeleton of genus Porites is similar to cortical bone
while that of Goniopora is similar to cancellous bone. Pro
Osteon or Interpore porous HA (Interpore Cross Interna-
tional, Inc., Irvine, CA) are trade names for coralline HA.
The number following the trade name designates the nom-
inal pore diameter. Pro Osteon 200 HA is derived from
Porites and has a pore diameter of 200 µm, while Pro
Osteon 500 HA is derived from Goniopora and has a pore
diameter of 500 µm (50).

Coralline implants are extremely biocompatible with
promising results as a bone graft substitute to augment or
replace autogenous bone graft (33,51–54) or as a part of
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a composite with an osteoinductive bone protein (55).
However, the poor bioabsorbability of the HA can still
effect poor bone remodeling. The alteration of the coral
processing with a partial thermoreaction, where only
20% of the calcium carbonate is converted into HA, has
been found to improve its bioresorbability (18,56). The
HA layer delays the resorption of the underlying calcium
carbonate to achieve a controlled rate of graft resorption.
Bucholz et al. have noted that for invasion to occur, the
coralline implants must be rigidly stabilized and in close
apposition to the host bone (51).

Endobon (Merck, Darmstadt, Germany) and Pyrost
(Stryker Howmedica Osteonics, Rutherford, NJ) are
macroporous HA products derived from exposure of can-
cellous bovine bone to high temperatures. OsSatura
porous-coated HA (IsoTis NV, Bilthoven, The Nether-
lands) is a porous calcium phosphate scaffold with a bio-
mimetic coating: a first generation tissue-engineered
product (57). Its surface structure resembles that of nat-
ural bone, which makes it osteoconductive. It is in the
form of small granules with favorable handling charac-
teristics.

Generally, TCP has inadequate porosity with a small
grain size, and rapid dissolution that makes it a poor bone
graft substitute. However, Vitoss (Orthovita, Malvern,
PA) is an ultraporous formulation of β-TCP, with a broad
range of pore size (1 µm to 1 mm) and interconnected
porosity. The pore structure wicks blood, marrow, and
cells. The material mimics human cancellous bone and is
supplied as morsels or dowels that can be used as graft
extenders in spinal surgery (58–60).

Emery et al. studied anterior interbody fusion in the
thoracic spine of dogs, using autologous tricortical iliac
crest bone graft, HA ceramics, calcium carbonate and a
mixture of HA and TCP (45). All fusions were performed
using anterior spinal instrumentation. Autologous bone
graft was the most effective biomechanically and histo-
logically. The same authors, in another study, found that
autologous bone graft was also significantly better than
calcium carbonate ceramics when combined with internal
fixation (29). Although fixation did not statistically
improve the biomechanical properties of ceramic fusion
segments, it had a profound beneficial effect on the abil-
ity of the ceramic to be revascularized and remodeled.

Toth et al. assessed the effect of porosity of ceramic
in a goat anterior cervical spine fusion model (61).
Autograft was compared to 30%, 50%, and 70% poros-
ity implants of 50:50 HA:β-TCP. All of the tested
ceramic implants performed equal to or better than
autograft iliac crest bone at 3 and 6 months. The more
porous implants had a higher union rate early on, but
also had a higher incidence of graft fracture. Overall
fusion rates were 67% for the ceramic implants and 50%
for autograft. The relatively low fusion rates in all
groups were likely due to excessive neck motion in the
goat; however, these low fusion rates put into question

the ability of this model to be validly extrapolated to
human anterior cervical fusions.

Posterolateral intertransverse lumbar fusion has been
studied mainly in sheep (62). Some authors demonstrated
better results with autologous bone when compared with
different ceramics (43,56), others found similar results in
terms of fusion rate when using coral Porites (calcium
carbonate), a combination of HA and TCP, or resorbable
coralline HA (46,63).

Baramki et al. evaluated the efficacy of porous HA
granules in achieving posterolateral lumbar fusion in a
sheep spine fusion model (56). Bisegmental instrumenta-
tion was performed using either no graft material, autol-
ogous bone, HA alone, or an HA/autograft composite in
a 1:1 ratio. The radiographic images were difficult to
interpret because of the radiodense interconnected porous
HA granules. According to mechanical stability criteria,
the fusion rate for the different groups was as follows:
100% (14/14) for the autologous bone group, 72%
(10/14) for the bone/interconnected porous HA group,
50% (7/14) for the pure interconnected porous HA group,
and 15% (2/14) for the sham group.

Delecrin et al. showed the influence of the fusion site
microenvironment on incorporation of ceramic and new
bone formation in a canine posterior lumbar fusion model
(64). They evaluated bone growth into a macroporous
ceramic implant in an interlaminar fusion site and a
posterolateral intertransverse fusion site, using block
HA/TCP (60%/40%) composite as a graft material. The
percentage of newly formed fusion bone was signifi-
cantly higher at the interlaminar fusion site compared to
the intertransverse site, where decorticated bone in the
fusion bed was scarce. For both locations, the highest
amount of newly formed bone was observed in the area
of close contact between ceramic and decorticated bone,
and the lowest was observed in central areas. These
results demonstrated the deficiency of osteoinduction
properties of the graft, and a consequent reliance on bone
growth induction, with the decorticated bleeding bone in
the fusion bed serving as a source of stem cells and
osteogenic factors.

Zdeblick et al. evaluated the efficacy of porous
coralline HA as a substitute for autogenous or allogenic
bone graft following multilevel anterior cervical discec-
tomy in a goat cervical spine fusion model (65). They
noted significant rates of implant collapse with bone
graft substitute at 12 weeks but there was excellent bio-
logic compatibility with good early creeping substitution
of the graft by host bone. The concomitant use of an ante-
rior cervical plate with the graft prevented extrusion and
led to graft incorporation rates comparable to the autoge-
nous bone group and superior to the allograft bone
results. Mechanically, however, while the HA and allo-
graft groups were comparable, they were significantly
inferior to the autogenous graft group, leading to the
early collapse of the fusion mass.
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Clinically, ceramics have been mainly used as bone graft
extenders with autologous bone, especially in fusion with
long instrumentations (66–68). Ceramics are regulated by
the Food and Drug Administration (FDA) as devices. Pas-
sati et al. used a combination of HA and TCP with autolo-
gous bone in 12 adolescent patients. All patients fused clin-
ically and radiologically (68). Histologic analysis
performed on specimens from two of these patients
showed de novo bone ingrowth into ceramic pores. How-
ever, because these cases were instrumented posterior tho-
racic spines for adolescent deformities, the healing envi-
ronment might have been less challenging than posterior
lumbar intertransverse fusions in adults. Similarly, Rans-
ford et al. compared 170 cases of posterior spinal fusion to
treat idiopathic scoliosis using a synthetic porous ceramic
(Triosite [Zimmer S.A.S., Cedex, France]) with 171 cases
of autogenous bone graft in a prospective randomized
study (69). Their results indicated no significant differ-
ences between the groups. In a prospective study of 32
patients treated with single-level posterolateral fusion
using a biphasic calcium phosphate ceramic implant mixed
with locally harvested bone, the overall rates of solid con-
struct were 97% with clinical improvement in all but one
case (70). However, there was a high rate of graft resorp-
tion, and poor fusion mass was evident on radiographs. The
authors believed that the reason for a small fusion mass
could be attributed to the tensile forces placed across the
graft and the inferior supply of osteogenic factors as com-
pared with massive autologous graft.

In patients undergoing anterior cervical interbody
fusion using cages filled with coral HA, Thalgott et al.
demonstrated a high fusion rate (71). McConnell et al.
compared tricortical iliac crest bone graft to Pro Osteon
200 (coralline HA) in a prospective randomized study, of
29 patients, for anterior cervical interbody fusion with
plating (72). There was no significant difference in clini-
cal outcome and fusion rate. However, significant graft
settling occurred in 50% of the HA grafts and 11% of the
autografts (p < .009).

Other potential applications for ceramics is their use as
mineral bone cement to augment osteoporotic vertebral
compression fractures or pedicle screw fixation (73). The
Norion Skeletal Repair System (Norion Core, Cupertino,
CA) is a resorbable calcium phosphate cement that is
composed of a combination of monocalcium phosphate,
calcium carbonate, and β-TCP in a powder form and a
solution of sodium phosphate, mixed into an injectable
paste. Under physiologic conditions, the material hardens
within 10 minutes, through precipitation, into dahllite
(carbonated HA) in a nonexothermic reaction. The chem-
ical composition and crystallinity of the material are sim-
ilar to that of the mineral phase of bone. It also undergoes
the same in vivo remodeling as normal bone.

Alpha-Bone Substitute Material (ETEX Corp, Cam-
bridge, MA) is a poorly crystalline (mimics mineral phase
of bone) calcium phosphate cement with favorable absorp-

tion and osseointegration characteristics and easy intraop-
erative handling characteristics (74–76). It is hydrated with
saline to form a workable paste that hardens within 20 min-
utes at physiologic body temperature and can be prepared
to harden to a variety of compressive strengths (5 to 40
milli-Pascals [mPa]). The setting reaction is endothermic,
avoiding thermal damage. This substance appears to be
suited to incorporation of antibiotics or other proteins,
such as bone morphogenetic proteins (BMPs).

Calcium Sulfate

The first internal use of calcium sulfate as gypsum
(plaster of Paris), to fill bony defects was reported in 1892
by Dressmann (77). Calcium sulfate is biocompatible and
when it dissolutes it produces an acidic microenvironment
(pH 5.6) that may help limit bacterial activity. Despite this
local dissolution, on a systemic level, the breakdown of
the graft material does not lead to any appreciable
increase in serum calcium levels (78). Sidqui et al. found
that osteoblasts can attach to calcium sulfate (79). In addi-
tion, osteoclasts can actively resorb the calcium sulfate,
forming lacunae in a manner similar to natural bone.
When mixed with water, calcium sulfate initiates an
exothermic reaction that leads to recrystallization of the
calcium sulfate into the solid form. Recrystallization
occurs randomly and thus produces crystals of varying
size and shape as well as multiple defects within the struc-
ture. This variability in the crystalline structure causes sig-
nificant variability in solubility, mechanical properties,
and porosity. In addition, it may resorb too rapidly, lead-
ing to fibrous ingrowth instead of bony substitution.

Medical grade calcium sulfate is in the form of regu-
larly shaped crystals of similar size and shape. It pos-
sesses a slower, more predictable solubility and resorp-
tion. Medical grade calcium sulfate has been shown to
possess an osteoconductivity equal to that of autogenous
iliac crest marrow/bone with a rate of absorption that is
equal to the rate at which new bone is formed (80–82).
OsteoSet (Wright Medical Technology, Arlington, TN) is
available in 3- and 4.8-mm pellets that dissolve in vivo
within 30 to 60 days. The pellets are packaged in vials
and are sterilized by gamma irradiation. Cunningham et
al. showed that OsteoSet was comparable to autograft in
a sheep posterolateral spinal fusion mode (83). OsteoSet
is also available in a powdered form, thus maximizing the
surgical options for adding antibiotics and filling defects
with custom-molded beads or shapes. The chief advan-
tage is that it can be used in the presence of infection
(84–86).

Hadjipavlou et al. compared the effectiveness of cal-
cium sulfate to other graft materials (autogenous iliac
crest, frozen allogeneic bone, Pro Osteon 500 coralline
graft, osteoinductive demineralized sheep bone prepara-
tion, and admixtures of autogenous iliac crest bone with
calcium sulfate and coralline graft) in achieving lumbar
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interbody fusion in mature sheep (87). The substrates
were placed into titanium mesh cages, which were
implanted intervertebrally and recovered after 4 months.
The histomorphometry suggested that the different graft
types were equally effective at producing bone and were
not different from the outcome of the empty control
cages. Biomechanically, however, the behavior of the
control fusion masses (with no graft material) was infe-
rior to that of the fusion masses with other graft materi-
als. The demineralized sheep bone preparations proved
the least effective of the different substrates in achieving
a solid interbody fusion. In terms of torsional strain, ten-
sile failure, and volume of bone formed within the tita-
nium cages, the effects of calcium sulfate and autogenous
bone were indistinguishable from each other and simi-
larly, that of calcium sulfate was indistinguishable from
Pro Osteon and 1:1 admixtures of those substrates with
autogenous bone. Elkins and Jones also noted no differ-
ence in the degree of bone healing between autogenous
cancellous bone, calcium sulfate, and a composite of cal-
cium sulfate and autogenous cancellous bone (88). 

Calcium sulfate can also be used as a carrier for the
local delivery of antibiotics. The elution of calcium sul-
fate is 17% at 24 hours; at 3 weeks, trace amounts are still
detected. This profile compares favorably to polymethyl-
methacrylate, which releases 7% of its load by 24 hours,
with trace amounts detected at 14 days (89).

Allergy to calcium sulfate, although rare and related to
minor additives, should be considered when assessing the
risk/benefit of using it as bone graft substitute. In a series
of 15 implantations of calcium sulfate pellets (OsteoSet)
used for bone reconstruction after resection of bone
tumors, three cases of inflammatory reactions were noted
(90). However, other investigators have noted that cal-
cium sulfate is innocuous in terms of producing a local
soft tissue chemical or pyogenic inflammatory reaction
(80,81,88,91). 

Collagen

Type I collagen, which is the most abundant protein in
the extracellular matrix of bone, has a structure that is
conductive for mineral deposition, vascular ingrowth, and
growth-factor binding, and provides both a favorable
physical and chemical milieu for bone regeneration (92).
It binds the noncollagenous matrix proteins, which initi-
ate and control mineralization. By itself, collagen func-
tions poorly as a graft material, but when combined with
bone morphogenetic proteins, osteoprogenitor precur-
sors, or HA, it may enhance the incorporation of the
grafts (57). Although it has potential immunogenicity, no
significant adverse reactions have been shown with
bovine collagen implanted in skeletal sites (93).

Collagraft (Zimmer, Warsaw, IN) is a composite of
suspended fibrillar collagen (from bovine dermis) and a
porous calcium phosphate ceramic (65% HA and 35%

TCP), in a ratio of 1:1 (93–96). It can be used as a paste
or in strips and does not provide any structural support by
itself. It is usually mixed with autologous bone as a bone
graft extender or with autologous bone marrow aspirate.
Collagen serves as a carrier for the ceramic and the au-
togenous marrow. Appositional new bone is formed
directly on the calcium phosphate surfaces. The results of
using this composite in spinal fusion in animal studies are
mixed. The results from a study by Walsh et al., evaluat-
ing the use of the composite in a posterolateral inter-
transverse lumbar fusion in a sheep model, support the
use of Collagraft (95). Zerwekh et al. showed that the use
of Collagraft and autogenous bone mixture (3:1) for lum-
bar interbody fusion in a canine model provides a suitable
osteoconductive alternative to the use of autogenous bone
and results in the formation of a mechanically competent
fusion mass not significantly different form that obtained
with autogenous bone alone (97). On the other hand,
Muschler et al. found collagraft to be inferior in union
score when compared to autograft in a posterior segmen-
tal canine spinal fusion model (96). However, the mate-
rial was applied in onlay fashion, which inhibits its incor-
poration.

Healos (Orquest, Mountain View, CA) is a mineralized
collagen sponge, launched in Europe for clinical use in
spine surgery in 2000. Each microscopic type I collagen
fiber is coated with HA. By itself it is osteoconductive,
but it can be mixed with bone marrow aspirate to provide
osteogenic and osteoinductive potential. In a study of
posterolateral intertransverse lumbar spine fusion in a
New Zealand white rabbit model, Tay et al. concluded
that Healos could be used in combination with an
osteoinductive or osteogenic agent to ensure reliable
fusion rates (98).

Nonbiologic Osteoconductive Materials

Degradable polymers, bioactive glasses, and various
metals have been studied. The advantages of nonbiologic
materials include the ability to control all aspects of the
matrix, avoidance of immunologic reaction, and excellent
biocompatibility. They provide structural support and can
be used as spacers.

Polylactic and polyglycolic acid polymers slowly
degrade by hydrolysis. Although well tolerated, these
polymers may incite an inflammatory response in the sur-
rounding tissues, especially with bulk implants. The
materials can be assembled in various forms and can be
integrated with growth factors or other compounds to cre-
ate multiphase delivery systems. Porous foams of these
polymers can be produced with optimum pore sizes for
bone ingrowth. However, these materials by themselves
have little osteoconductive potential, and bone ingrowth
into them is not optimal (99). They are mainly used as
growth factor delivery vehicles. Degradation of the poly-
mer releases the factor locally.
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Immix (Osteobiologics Inc., San Antonio, TX) is a
synthetic bone graft scaffold, tissue engineered from
amorphous D, L-polylactide–co-glycolide, and is de-
signed to resorb within 12 to 20 weeks following implan-
tation. It has been developed as granular particles,
resembling allograft bone chips. It provides a porous ar-
chitecture for the ingrowth of new bone and then fully
degrades.

OSTEOINDUCTIVE MATERIALS

Demineralized bone matrix, which was first shown by
Marshal Urist to induce ingrowth of connective tissue
cells and differentiation of cartilage and bone, has been a
great breakthrough in the advancement of biologic bone
graft substitute technology (100,101). Advances in pro-
tein isolation technology yielded evidence of a series of
osteoinductive glycoproteins, including BMP, transform-
ing growth factor-β (TGF-β), platelet-derived growth
factor (PDGF), epidermal growth factor (EGF), and oth-
ers. Extracts of bone containing these growth factors pro-
duce new bone in ectopic sites in animal trials (102,103).
The interaction of these factors with cytokines involves
the regulation of chemotaxis and proliferation and differ-
entiation of osteoprogenitor cells culminating in new
bone formation. Of all these osteoinductive proteins, the
most critical to bone formation are the BMPs, which have
been shown to stimulate osteoblastic differentiation of
pluripotent stem cells in vitro and are the only bioactive
molecules capable of inducing ectopic bone production in
vivo (104).

Demineralized Bone Matrix

Demineralized bone matrix (DBM) is an osteoconduc-
tive scaffold that is produced by acid extraction of banked
allograft bone. It provides no structural support and con-
tains noncollagenous proteins, osteoinductive growth
factors, and type I collagen (105). DBM is a mixture of
BMPs and immunogenic, noninductive proteins. It has
greater osteoinductive potential than allograft due to
enhanced bioavailability of growth factors secondary to
the demineralization (106,107).

A great deal of variability in the osteoinductive poten-
tial of DBM products depends on a number of factors,
such as processing solution, demineralization time, tem-
perature extremes, DBM particle size, and method of ter-
minal sterilization (108,109). Since the method of steril-
ization can reduce the activity of DBM, many suppliers
prefer sterile procurement and processing. The variability
in the DBM osteoinductive potential may reflect differ-
ences in the BMP content (110), although the absolute
concentration of BMP within a particular DBM prepara-
tion does not necessarily correlate with its clinical effi-
cacy. Another factor that may influence the efficacy of
DBM is age. DBM acquired from young donors has been

shown to have greater osteoinductive properties than
those taken from older donors (111).

DBMs are usually suspended within a distinct carrier
to modify their consistency and facilitate their use. A
number of DBMs are associated with a glycerol carrier,
and large amounts of these preparations have proven to be
toxic when administered to athymic rats, eventually lead-
ing to death in a dose-dependent manner (112,113). How-
ever, there have been no reported cases of glycerol toxic-
ity related to the implantation of these DBM products
after years of use in humans. DBMs are currently avail-
able in a variety of configurations, and it appears that dif-
ferent configurations of the same DBM may perform
differently, which can be the result of their different
osteoconductive properties. A putty and flexible sheet
form of a particular DBM was found to enhance spinal
fusion to a greater extent than the gel form of the same
DBM, most likely because these fiber-based preparations
were thought to possess increased osteoconductivity
compared to the particle form (114).

Because of the lack of an osteogenic potential of
DBMs, they are most effective when implanted in envi-
ronments that offer sufficient vascularity and an adequate
supply of osteoprogenitor cells. DBMs have been found
to promote successful arthrodesis of the spine when used
alone or in conjunction with autograft, bone marrow, or
ceramics (115–121). In humans, DBMs are mainly indi-
cated as bone graft extenders when used in spinal fusion
and are not thought to be sufficient for complete substi-
tution for autogenous bone graft in the more challenging
healing environments.

Several DBMs are now available commercially. Grafton
(Osteotech, Inc., Eatontown, NJ) consists of DBM com-
bined with a glycerol carrier and is available in the form of
gel, malleable putty, or flexible sheets. Opteform (Med-
tronic Sofamor Danek, Memphis, TN), a moldable bone
paste, contains cortical bone chips. Osteofil (Medtronic
Sofamor Danek) is an injectable bone paste that combines
DBM with thermoplastic, collagen-based hydrogel carrier
matrix. This nonwater- soluble composite is easily ex-
truded through a syringe when warmed to 46° to 50° but
becomes firm when cooled to body temperature. Dyna-
graft (Regeneration Sciences, Inc., Irvine, CA) combines
DBM with a pleuronic reverse-phase copolymer carrier
that becomes firmer as it warms to body temperature. Both
Dynagraft and Osteofil were reported to contain greater
amounts of DBM per unit volume than the glycerol-con-
taining composites (106).

Bone Morphogenetic Proteins

The BMPs are soluble, low-molecular-weight noncol-
lagenous glycoproteins that belong to an expanding TGF-
β superfamily of growth and differentiation factors.
Unlike DBM, pure BMPs are nonimmunogenic and non-
species-specific. BMPs are multifunctional; they regulate
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growth, differentiation, chemotaxis, and apoptosis, and
play a pivotal role in the morphogenesis of a variety of
tissues and organs (122). Different BMPs have different
functions including extracellular and skeletal organogen-
esis and bone regeneration. Osteogenic BMPs act locally
by binding to specific receptors present on the surface of
mesenchymal stem cells. These receptors then transduce
the signal through a group of proteins called Smads,
which in turn activate particular genes. BMPs in vivo
cause mesenchymal cells to differentiate into chondro-
cytes, which create a cartilage matrix that mineralizes
and then is replaced by bone (endochondral ossification)
which ultimately remodels. In higher concentrations,
BMPs can result in direct (intramembranous) ossifica-
tion. The relative amounts of endochondral and intra-
membranous ossification induced appear to be associated
with the concentration of BMP implanted, the site of
implantation, and the nature of the carrier and matrix
material (123). The bone formed, as a result of the BMP
induction, appears to be physiologically normal in all the
species tested. The bone induction is observed only
locally at the site of BMP and matrix implantation and is
limited temporally only to the time when the BMP is
present. The activity of BMPs is tightly controlled at
many levels. Outside the cell, soluble inhibitory proteins
such as nogin, chordin, and follistatin can bind certain of
the BMPs and inhibit their binding to cell surface recep-
tors. Inside the cell, the activity of BMPs is controlled
through the combination of signal-transducing and
inhibitory Smad proteins.

Human BMP is a rare and very expensive product. It
comprises only 0.1% by weight of all bone protein, and is
most abundant in diaphyseal cortical bone. It exists in the
extracellular matrix, and is not accessible until the bone
matrix has been demineralized (101,124). Mixtures of
BMPs are available as purified bone extracts for clinical
studies. Although these preparations may have the advan-
tage of containing many potent osteogenic factors,
including BMP heterodimers, they have lower BMP
concentrations, contain other biologically inactive or
inhibitory proteins, and may elicit a host immune
response. A highly purified extract from a mixture of
bovine bone morphogenetic proteins (bovine BMP
extract or bBMPx) has demonstrated promising preclini-
cal efficacy results (125). Using molecular cloning tech-
nology, it has been possible to produce recombinant
human BMP (rhBMP) as a singular molecular species in
unlimited quantities and without immunogenetic proper-
ties (126,127). In summary, this process involves insert-
ing the human BMP DNA coding sequence (gene) for
each protein into an expression vector. This vector is
transfected into a mammalian cell host in order to pro-
duce a stable cell line that expresses that particular BMP.
The rhBMPs extensively studied are rhBMP-2 (128) and
rhBMP-7 (osteogenic protein-1, or OP-1) (129), which
have similar osteoinductive activities in vivo.

Recombinant human BMPs are soluble factors and
tend to diffuse away from the fusion site when used alone.
Therefore, in larger animal models and human clinical
trials, these factors are combined with a carrier matrix
that serves to contain the BMPs and release them gradu-
ally. These carriers may also act as osteoconductive scaf-
folds (130). The ideal carrier system will retain and
release the BMP in a controlled fashion, be biocompati-
ble, not interfere with normal bony healing, be porous to
promote osteoconductivity, be biomechanically suited for
the site of implantation, be easy to apply, and be easy to
manufacture. Once these BMPs are released, appropri-
ately responding osteogenic cells must be present in the
area for any significant bone formation to occur. In ani-
mal models, such as rabbit, dog, sheep, goat, and nonhu-
man primate, researchers have performed posterolateral
intertransverse spinal arthrodesis or interbody arthrodesis
with cages containing rhBMP-loaded carriers (collagen
sponges, autogenous bone graft, DBM, ceramics, degrad-
able polymers) (131–138). Uniformly, these studies have
reported a dose-dependent increase in bone formation,
consolidation, and remodeling with the rhBMP-loaded
scaffolds compared to unloaded controls. Multiple ani-
mal studies have shown that rhBMP-mediated fusions
rates were equivalent or superior to those obtained with
autogenous bone graft and may generate fusion masses
that are biomechanically stronger and stiffer (43,131,
138–141). The use of BMPs has been shown to obviate
the need for decortication of the posterior elements that is
usually required to provide endogenous osteoinductive
growth factors that are necessary for obtaining postero-
lateral fusion (142). The osteoinductive activity of BMPs
may even compensate for the inhibitory effects of nico-
tine and nonsteroidal antiinflammatory medications on
spinal fusions (143–145).

Boden et al. conducted a multicenter trial to test the
efficacy of rhBMP-2–mediated spinal arthrodesis (146).
Fourteen patients were randomly treated with tapered
titanium fusion cages containing either rhBMP-2 (1.5
mg/mL) soaked bovine collagen sponges or morselized
autogenous iliac crest bone graft. The authors showed
that this concentration of rhBMP-2 consistently resulted
in spinal fusion. All of the 11 patients who received
rhBMP-2 had solid fusions by 6 months compared with 2
out of 3 control patients. The Oswestry Disability Ques-
tionnaire scores of the rhBMP-2 group improved sooner
(after 3 months) than those of the autograft group, with
both groups demonstrating similar improvement at 6
months. There were no adverse events related to the
rhBMP-2 treatment. The patients who received rhBMP-2
collagen sponges had shorter operative times, less blood
loss, and shorter hospital stays.

Before embarking on the use of BMPs in humans on a
big scale, certain issues have to be addressed. These
issues include the cost-effectiveness, the optimal carrier
systems, appropriate dose for the different spinal applica-
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tions, and safety. It is important to realize that certain car-
rier materials that prove successful in one location may
not be efficacious in another. Both rhBMP-2 and OP-1
appear to be safe, provided they are used appropriately,
placed accurately, not allowed to come into contact with
decompressed areas, and remain contained in the region
of fusion (147). In some patients, transient antibody
responses to the BMPs or carrier materials have been
observed without clinical untoward effects. New bone
formation may occur if rhBMP-2 or OP-1 comes in con-
tact with laminectomy sites or decompressed neuro-
foramina, and may lead to restenosis. In a canine lumbar
spine fusion model, the placement of OP-1 over a dural
tear stimulated new bone formation in the subarachnoid
space, resulting in mild spinal stenosis at the site of dural
decompression (148). Adequate hemostasis should be
performed to avoid the absorption of BMP by a hema-
toma at the decompression site. It is not advisable to leave
collagen-based hemostatic agents in contact with the
BMP implant where decompression has been performed,
because BMP may elute from its collagen carrier into the
collagenous hemostatic agent and thus enter the region of
decompression. Leakage of rhBMP-2 or OP-1 outside the
fusion area may lead to adjacent-level fusion. Appropri-
ate carriers should adequately retain the BMP within the
fusion area. Irrigation of the surgical site should not be
performed after implantation of the BMP. Suction drains
should not be placed directly in contact with BMP
implants.

In a study by Ackerman et al., an economic analysis
was performed comparing the total direct medical costs
of BMP with autogenous iliac crest bone graft in single-
level anterior lumbar fusion (149). Their preliminary
results suggest that from a payer perspective, the
upfront price of BMP is likely to be entirely offset by
reductions in the use of other medical resources. That is,
BMP appears to be cost neutral. The reason for these
cost offsets was largely due to the prevention of pain
and complications associated with iliac crest bone graft
and reduction of costs associated with fusion failures.
When considering the costs associated with an unsuc-
cessful fusion as well as the cost offsets associated with
obviating the need for autogenous iliac crest bone graft
(e.g., iliac crest backfill, autograft extenders, and auto-
graft harvesters), elimination, the associated donor site
pain, and morbidity (e.g., infection, hematoma, neu-
roma, and vascular injury), a 9.3% increase in fusion
success rate was required to achieve cost neutrality at a
BMP price of $4,000. These analyses did not consider
the health-related quality-of-life impact of eliminating
donor site pain and complications. Since, at the present
time, there are no large prospective randomized trials
comparing the use of BMP to autologous bone graft, it
is difficult to conclude that either graft material is more
cost-effective.

Autologous Platelet Concentrate

Platelet α-granules contain several locally active fac-
tors, including PDGF, TGF-β, insulin-like growth factor,
and epidermal growth factor, as well as important
osteogenic substances like osteocalcin, all of which play
specific roles in stimulating bone formation by promot-
ing mesenchymal stem cell chemotaxis, proliferation, and
other cellular processes (150,151). The clinical use of
PDGFs to enhance bone healing involves extracting
autologous growth factors (AGFs) from the patient’s
blood and mixing the AGF concentrate with a bone graft
or a bone graft substitute. The AGF gel is obtained from
the platelet-rich plasma (buffy coat) of the blood col-
lected in the cell saver during surgery through centrifu-
gation. The buffy coat is ultraconcentrated to a density of
1 million platelets/µL. This platelet-rich plasma, which is
concentrated in a fibrinogen matrix, is combined with
thrombin to form a fibrin clot (AGF gel). Approximately
20 mL of AGF is derived from 500 mL of blood in 10
minutes. The AGF gel also acts as a constraining gel, thus
minimizing bone graft migration. In a retrospective study,
39 patients undergoing anterior or posterior fusion of the
lumbar spine were treated with AGF concentrate, autoge-
nous bone graft, and coralline HA in conjunction with
stable internal fixation (152). After an average follow-up
of 13 months, no pseudoarthroses were noted clinically or
radiographically. Like DBMs, platelet gels are classified
as minimally manipulated tissues and are therefore not
closely regulated or subjected to rigorous testing.

BONE MARROW ASPIRATE

Autologous bone marrow contains both osteoprogeni-
tor cells as well as growth factors that may enhance bone
formation. Compared to autogenous bone graft harvest-
ing, bone marrow aspiration is a much less aggressive
technique with almost no donor site morbidity. Bone
marrow is usually aspirated from the iliac crest but can be
aspirated from any cancellous bone rich in bone marrow
including vertebral bodies (through pedicles, before pedi-
cle-screw placement). Bone marrow aspirates are usually
combined to a carrier before application to the arthrode-
sis site in order to avoid its diffusion away from the area
in need of repair.

Because the extent of osseous regeneration is depen-
dent on the number of osteoprogenitor cells able to pro-
duce new bone, unfractionated bone marrow exhibits
only moderate osteogenic potential, because it possesses
only a limited quantity of mesenchymal stem cells. The
bone marrow of healthy adults contains only one mes-
enchymal stem cell for every 50,000 nucleated cells, and
this population is even further diminished in older
patients and in those with metabolic diseases such as
osteoporosis (153,154). Moreover, as bone marrow is
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aspirated from the iliac crest, it undergoes dilution with
peripheral blood. Consequently, it has been recom-
mended that no more than 2 mL of bone marrow should
be aspirated from any single site (153). Centrifugation of
the aspirated bone marrow separates the marrow cells
from plasma and preserves the osteogenic potential of the
cells, decreasing the volume of material injected (155).
The proliferation and rate of differentiation of stem cells
can be enhanced by the addition of growth factors (156)
or by combining them with collagen (94)

Using special purification and subcultivation tech-
niques, mesenchymal stem cells may be separated from
other bone marrow elements and expanded in vitro with-
out any loss in their multilineage potential (157). When
supplied with the appropriate regulatory molecules in cell
culture, these mesenchymal stem cells have the capacity
to develop into mature osteoblasts (157,158). The ampli-
fication of osteoprogenitor cells that occurs after culture
expansion of mesenchymal stem cells results in greater
bone formation than with the unfractionated bone mar-
row (153,154). Mesenchymal stem cell therapy may be
particularly valuable in older patients and those patients
with reduced osteoprogenitor cell stores. This approach,
however, carries the risk of in vitro contamination.

VivescOs (IsoTis, Bilthoven, The Netherlands) is a tis-
sue-engineered bone developed for application in revi-
sion surgery, spinal fusion, and dental implants. The bone
marrow cells are harvested from the patient and then
expanded in tissue culture. The cells on the scaffold are
then made into the desired shape and reimplanted into the
patient. This process takes about 4 weeks (57). 

GENE THERAPY

Several studies have shown that gene therapy is a safe
and effective way of effecting new bone formation in
animals (159,160). Gene therapy entails the transfer of
genetic information to cells. When the gene (DNA
encoding the protein) is transferred to a target cell, the
cell synthesizes the protein encoded by the gene. Unlike
gene therapy used for the treatment of genetic diseases,
gene therapy used for bone induction is short-term,
regional therapy.

The in vivo technique involves introduction of the gene
directly to a specific anatomic site. This process is rela-
tively simple and convenient, but limited by inefficient
gene delivery, nonspecific targeting of cells, and the pos-
sibility of a vigorous host inflammatory response. In one
study using the in vivo technique, the gene encoding for
BMP-2 carried on an adenovirus vector was percuta-
neously injected in the paraspinal muscles of rats (160).
Expression of BMP-2 by transfected muscle cells was
shown to stimulate significant new bone formation.

The ex vivo technique involves harvesting cells from
the patient, expanding the cells in tissue culture, and

genetically manipulating these cells which are subse-
quently reimplanted. Although this technique is more
complex and expensive than the in vivo technique, it is
considered to be safer after thorough screening of the
genetically altered cells before their reimplantation. Ex
vivo approaches are generally associated with high trans-
duction rates and allow for preferential selection of cer-
tain target cells.

The vector (vehicle) for gene delivery can be viral
(retrovirus, adenovirus, adeno-associated viruses) or non-
viral. The gene can be selectively transferred to a targeted
cell (osteoblast, fibroblast) at the bone induction site.
Nonviral vectors are easier to produce, are more stable,
and are less antigenic and theoretically safer than viral
vectors. Nonviral vectors include liposomes, which are
DNA suspended in lipid vesicles that are able to bind to
cell membranes, and gene-activated matrices, which are
osteoconductive scaffolds loaded with genetic material.
Viral vectors possess superior transduction efficiencies
and may be favored over nonviral vectors.

Gene therapy may provide a more potent osteoinduc-
tive signal than recombinant growth factors, because
these methods result in the sustained local release of
osteogenic proteins at levels that are more physiologic
than the administration of a single large dose.

Using ex vivo gene therapy, Wang et al. implanted rat
bone marrow cells, transduced with the BMP-2 gene,
combined with a guanidine-extracted DBM in the postero-
lateral spine of rats (161). The BMP-2–producing cells
resulted in solid fusion masses comparable to those pro-
duced from the use of recombinant BMP-2 protein. Boden
et al. used a posterior spinal fusion model in athymic rats
and grafted demineralized bone matrix with bone marrow
cells (162). In each rat, one site received marrow cells
transfected with the gene encoding the LIM mineralization
protein-1 (LMP-1), a signaling intracellular protein (not a
secreted factor) that acts by stimulating the synthesis and
secretion of other osteoinductive factors and thus initiating
bone formation in vitro and in vivo. At the other site for a
control, the marrow cells were transfected with the reverse
copy of the complimentary DNA (cDNA) that did not
express any protein. Consistent fusions were obtained in
all of the animals receiving bone marrow cells containing
the LMP-1 DNA sequence, whereas no bone formation
was observed in those implanted with cells carrying the
inactive copy of the gene.

SUMMARY AND FUTURE DIRECTIONS

The mere formation of bone does not indicate fusion.
For spinal fusion to occur, bone has to be formed and has
to bridge vertebrae with incorporation of the graft mate-
rial into the recipient site. Thus, there has to be an opti-
mal local and systemic milieu for spinal fusion to occur;
and that includes decortication of bone, optimal stability,
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optimal blood supply, normal bone physiology, and
absence of systemic diseases and toxic materials that may
suppress osteogenesis.

The newer forms of calcium sulfate and calcium phos-
phate materials possess a resorption profile that closely
matches the rate at which new bone is deposited. They
facilitate cellular adhesion, support vascular ingrowth,
and promote new bone formation. They are purely osteo-
conductive materials and can be used as bone graft exten-
ders or carriers for osteoinductive agents.

The advantages of nonbiologic materials such as
degradable polymers, bioactive glasses, and various met-
als include the ability to control all aspects of the matrix,
avoidance of immunologic reaction, and excellent bio-
compatibility. They provide structural support and can be
used as spacers. However, these materials by themselves
have little osteoconductive potential, and bone ingrowth
into them is not optimal. They are mainly used as growth
factor delivery vehicles. 

Because of the lack of reliable noninvasive techniques
to assess the success or failure of an arthrodesis, several
investigators have found that an animal model would be a
practical solution for studying the efficacy of the differ-
ent bone graft substitutes. However, one should be cau-
tious when interpreting the results of animal studies. The
efficacy of osteoinductive agents largely depends on the
amount of protein implanted. The threshold concentration
of an osteoinductive agent, below which no significant
bone is induced, may be different for different osteoin-
ductive factors, different carrier matrices, different ana-
tomic locations, and even different animal species. In
addition, this threshold may need to be raised in the face
of systemic healing challenges such as smoking, cortico-
steroids, chemotherapeutic agents, and diabetes mellitus.

The BMPs are differentiation factors, causing mes-
enchymal cells to differentiate into bone- and cartilage-
forming cells. On the other hand, factors such as platelet-
derived growth factor and TGF-β are growth factors.
These growth factors cause cells to multiply and may
cause cells to augment production of cellular products
such as extracellular matrix proteins.

Platelets contain several locally active factors, which
play specific roles in stimulating bone formation by pro-
moting mesenchymal stem cell chemotaxis, proliferation,
and other cellular processes. Several clinical studies to
evaluate the use of PDGFs in enhancing spinal fusion are
underway. It is still too early to identify the optimal
method of obtaining PDGFs and applying the technology
in spinal fusions.

Autologous bone marrow contains both osteoprogeni-
tor cells as well as growth factors that may enhance bone
formation. The procedure of obtaining bone marrow
involves minimal morbidity. Bone marrow aspirates are
usually combined to a carrier before application to the
arthrodesis site in order to avoid its diffusion away from
the area in need for repair.

Gene therapy may provide a more potent osteoinduc-
tive signal than recombinant growth factors, because of
the sustained local release of osteogenic proteins ob-
tained with gene therapy at levels that are more physio-
logic than the administration of a single large dose, as is
the case with BMPs.

Ceramics, degradable polymers, bioactive glasses and
metals, rhBMPs, PDGFs, autologous bone marrow aspi-
rate, and ex vivo gene therapy can be used when there is
concern about immune reactions and transferred infec-
tions, as in immunocompromised patients.

When considering the choice of bone graft substitute
in order to attain bone formation, one has to think of the
necessary triad for bone formation: osteogenesis, osteo-
induction, and osteoconduction. Depending on the
anatomic location and the biomechanical loading at the
site of arthrodesis, one or more of the three elements has
to be supplied. For an anterior cervical interbody fusion,
an osteoconductive structural block may suffice in
achieving fusion. The compressive loads, along with the
contact to a bleeding end plate (provides bone marrow
loaded with osteogenic and osteoinductive elements),
with the intercession of the vertebral periosteum and sur-
rounding muscle pericytes (osteoprogenitor cells), can
provide all three necessary components for bone forma-
tion. On the other hand, posterolateral lumbar fusion usu-
ally requires at least an osteoconductive nonstructural
bone graft substitute in addition to a strong osteoinduc-
tive agent provided there is good bridging to viable decor-
ticated bone (primary source of blood supply, bone mar-
row, and osteoprogenitor cells to the fusion mass) (163).

Although only 10% of bone graft procedures world-
wide have relied on synthetic materials (164), including
ceramic and polymers, synthetic composite bone substi-
tutes that combine an osteoconductive matrix with
osteoinductive growth factors and osteogenic cells,
rhBMPs, and gene therapy may ultimately surpass the use
of bone grafts. Combined strategies of biologic and
mechanical manipulation of spinal arthrodesis should be
continuously prudently evaluated with sound scientific
methods and well-designed, well-controlled, and rational
clinical studies.
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CHAPTER 25

Principles of Spinal Instrumentation in
Degenerative Disorders of the Lumbar Spine

Ashok Biyani and Howard S. An

Approximately 72,000 lumbar fusion procedures were
performed in 1993 in the United States for degenerative
disorders of the lumbar spine (1), and the frequency of
lumbar fusion has been on the rise at an annual rate of 8%
for last two decades (2). The use of instrumentation to
augment fusion in the lumbar spine has become quite
popular over the last several years. Although it has been
well established that posterior instrumentation enhances
fusion rate, it is not clear whether it improves the func-
tional outcome. Although transpedicular fixation has now
become widely accepted as the posterior instrumentation
system of choice for lumbar degenerative disorders, its
indications are not well defined and are not universally
accepted. Although several studies have focused on this
subject over the last decade, many are retrospective in
nature, contain a heterogeneous group of patients with
different underlying disorders, and a variety of instru-
mentation systems have been used. Although there is a
relative lack of prospective controlled data in the litera-
ture, a better understanding of the indications of
transpedicular instrumentation and their outcome seems
to be emerging. An increased emphasis is also being
placed on the functional outcome and cost-effectiveness
analysis of instrumentation. 

HISTORICAL PERSPECTIVE

Internal fixation of the spine with wiring techniques
has been known for over a century. Screw fixation was
attempted by King (3) in the spine in 1940s even before
hook-based systems were popularized by Harrington (4)
in the 1960s. Harrington rods were used successfully in
the surgical management of idiopathic scoliosis, but their
applicability in the degenerative conditions of the lumbar
spine was limited. Cotrel and Dubousset modified the
hook-based systems and introduced the concept of seg-

mental fixation (5). The advent of Luque segmental sub-
laminar wiring technique brought forth the next major
advance in the spinal instrumentation (6). This technique
requires an intact lamina for a multilevel fusion construct
and provides poor resistance to axial compression or dis-
traction. Although sublaminar wiring is still widely used
in the management of neuromuscular scoliosis, its role in
management of degenerative spinal disorders is currently
limited to correction of degenerative lumbar scoliosis by
providing a posteriorly directed force and lateral transla-
tion of the apex of the deformity. 

Pedicular fixation was first attempted in 1959 by
Boucher, who tried inserting the pedicle screws through
the facet joints (7). Roy-Camille (8,9) pioneered the tech-
nique of pedicle screw placement in the 1960s with fur-
ther refinement in subsequent years. Transpedicular
instrumentation was introduced in the United States by
Steffee in 1983 (10). Numerous pedicle screw fixation
systems have since been developed. Pedicle screws ini-
tially were attached to the plates, but rod-based systems
have become more popular in the last decade. 

INDICATIONS FOR THE USE OF
INSTRUMENTATION IN LUMBAR
DEGENERATIVE DISORDERS

The role of instrumentation as an adjunct to lumbar
fusion in patients with lumbar degenerative disorders is
not well defined. Although the literature is replete with
reports on instrumented fusion for a variety of underlying
disorders, there is a clear lack of consensus among spine
surgeons on the indications for instrumented posterolat-
eral fusion. Some of the more commonly accepted indi-
cations, although not without controversy or universal
agreement, include degenerative spondylolisthesis and
lumbar instability, multilevel fusion, revision surgery for



pseudarthrosis, and spinal deformity including degenera-
tive scoliosis and flat back syndrome. Posterior instru-
mented fusion for discogenic back pain remains the most
controversial of all indications.

Degenerative Spondylolisthesis

Although untreated degenerative spondylolisthesis
may progress over time in 30% of patients (11), the
majority of patients respond well to conservative treat-
ment, and only 10% to 15% of patients require operative
intervention (12). Posterior decompression and fusion is
the surgical treatment of choice for degenerative spondy-
lolisthesis, because laminectomy alone is likely to further
destabilize the spine. Herkowitz and Kurz (13) have
demonstrated in a randomized, prospective study of
patients with degenerative spondylolisthesis that superior
results are obtained with decompression and concomitant
fusion than with decompression alone. McCulloch (14)
recently reported favorable results with microdecompres-
sion and uninstrumented single level fusion for degener-
ative spondylolisthesis in 21 patients. Several authors
also have evaluated the role of instrumentation in degen-
erative spondylolisthesis. Fischgrund et al. (15) per-
formed a prospective randomized study of 76 patients
with degenerative spondylolisthesis and spinal stenosis.
They reported a higher fusion rate (82%) in the instru-
mented group versus 45% in the noninstrumented group,
but improved fusion rate with instrumentation did not
translate into improved clinical outcome in patients
undergoing single-level posterolateral fusion with
transpedicular instrumentation. At a longer-term follow-
up of the same group of patients, these authors reported
worse outcome in patients with pseudarthrosis compared
with patients who had solid fusion (16).

Yuan et al. (17) performed a large historical cohort
study of patients, who underwent posterior spinal fusion
with (2,177 patients) or without (456 patients) trans-
pedicular instrumentation for degenerative spondylolis-
thesis. The fusion rate was 89.1% for the instrumented
group and 70.4% for the uninstrumented group. Despite
fewer reoperations, less number of spinal levels fused,
less use of allograft and lower worker’s compensation
cases in the uninstrumented group, overall functional
results were superior in the instrumented group. Shorter
time to fusion, better neurologic recovery, and greater
relief of back pain were noted in the instrumented group.
The rate of complications, reoperation, and mortality was
similar in the two groups. 

Booth et al. (18) reviewed 49 consecutive patients with
degenerative spondylolisthesis, who were treated with
decompression, intertransverse process fusion, and seg-
mental pedicle screw instrumentation. Eighty-three per-
cent patients had satisfactory results with the procedure
at a mean follow up of 6.5 years, and 86% reported last-

ing improvement in their back and leg pain. Steffee and
Brantigan (19) reported a fusion rate of 91.5% in a
prospective study of 250 patients with spondylolisthesis
who were treated with variable screw-plate system. Brid-
well et al. (20) also reported significant improvement in
radiographic fusion rate in patients with instrumented
fusion for degenerative spondylolisthesis. Noninstru-
mented patients had significantly increased progression
of spondylolisthesis compared with the instrumented
group.

In a retrospective study of 30 patients with degenera-
tive spondylolisthesis treated with decompression and
instrumented posterior fusion, Nork et al. (21) reported
improved functional outcome using standardized SF-36
questionnaire. Ninety-three percent of patients had suc-
cessful radiographic fusion. Ninety-three percent of
patients were satisfied with their outcome, and their SF-
36 scores were superior to a previously published cohort
of patients with low back pain. Eighty-three percent of
patients had severe back pain preoperatively compared
with 3% of patients having severe pain postoperatively.
Poor outcome correlated with greater preoperative steno-
sis or occurrence of complications. The authors acknowl-
edged that preoperative SF-36 scores were not available,
and there was no control group of uninstrumented fusion
in their study. 

However, some studies have failed to find any signifi-
cant advantages of instrumentation over no instrumenta-
tion. In a prospective randomized clinical study of pri-
mary or degenerative spondylolisthesis, Thomsen et al.
(22) did not observe any significant difference in the
fusion rate or functional outcome when decompression
and posterolateral lumbar fusion was performed with or
without Cotrel-Dubousset instrumentation. A few other
authors have reported similar lack of improvement in out-
come with instrumentation (23–25). It is obvious from
the mixed results of these studies that there is no una-
nimity among spine surgeons on the role of instrumenta-
tion in patients with degenerative spondylolisthesis. Nev-
ertheless, a clear trend seems to be emerging in
management of degenerative spondylolisthesis with
increasing usage of instrumentation. It is worth noting,
however, that solid fusion does not necessarily translate
in to a successful functional outcome.

The presence of L4-5 degenerative spondylolisthesis
without obvious motion on preoperative flexion-exten-
sion lateral radiographs and narrow disc space with end
plate-to-end plate contact is a relative indication for an
uninstrumented posterolateral fusion following decom-
pression. However, instrumented fusion is recommended
in presence of documented instability or relatively pre-
served disc space height to prevent further postoperative
olisthesis secondary to the destabilizing effect of the
decompressive laminectomy (Fig. 25-1). The usage of
instrumentation is also appropriate when there is a sig-
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nificant slippage with associated kyphosis. The instru-
mented posterolateral fusion should be performed either
concomitantly with a posterior lumbar interbody fusion
or extended to the sacrum for correction of the kyphotic
deformity and to gain greater control of L4. Correction of
kyphosis associated with spondylolisthesis and restora-
tion of sagittal alignment is made possible by the usage of
instrumentation, which not only improves the fusion rate,
but may also delay the onset of adjacent segment break-
down (26).

Degenerative Scoliosis

Degenerative scoliosis may appear de novo or degener-
ative changes may develop in patients with preexisting

idiopathic scoliosis. Degenerative scoliosis is most often
accompanied by spinal stenosis. Progression of the defor-
mity may occur because of destabilization if posterior
decompression is performed without concomitant fusion,
and several factors need to be considered when deciding
whether concomitant arthrodesis is indicated. The scoli-
otic curve is likely to progress with decompression alone,
if it is partially correctable on side bending films.
Arthrodesis also is indicated when there has been a doc-
umented curve progression and in the presence of lateral
spondylolisthesis, which is inherently unstable. Other
risk factors for curve progression include a Cobb angle of
30 degrees or greater, and grade 3 apical vertebral body
rotation. Lateral translation of greater than 6 mm and the
presence of L5 seated above the intercrestal line are also
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FIG. 25-1. Preoperative sagittal magnetic resonance image (A), and axial image at L3-4 level (B) in a
patient with degenerative spondylolisthesis at L4-5 and spinal stenosis at L3-4 and L4-5. Postoperative
anteroposterior and lateral radiographs show decompression and instrumented fusion (C,D).
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indicative of instability (27). Finally, Loss of sagittal
alignment renders the spine more vulnerable to develop-
ing progressive kyphosis after laminectomy alone (28).

Patients presenting with radiculopathy that coincides
with the concavity of the curve may need wide lateral and
foraminal decompression, including partial facetectomy.
Fusion is indicated along with central and lateral canal
decompression in the presence of degenerative scoliosis,
particularly when the laminectomy is performed at the
apex of the curve. If the spine is considered unstable
intraoperatively after decompression, fusion should be
performed. Resection of more than 50% of bilateral facet
joints or a whole facet joint is considered to create spinal
instability (29).

Fractional curve at the lumbosacral level is most often
associated with foraminal stenosis. Adequate foramino-
tomy may require removal of a substantial part of the
facet joints, which may lead to further destabilization. In
addition to providing immediate stability, transpedicular
instrumentation also facilitates reduction in pedicular
kinking and indirect decompression of the foramina by
segmental pedicular distraction (30,31). In a cadaveric
study, Inufusa et al. (32) were able to increase the foram-
inal dimensions by 22.6% at L4-5 and by 39.6% at L5-S1
with 6 mm of rod distraction with transpedicular instru-
mentation. 

Simmons and Simmons (34) retrospectively reviewed
the results of decompression and instrumented fusion in
patients with significant lumbar scoliosis and stenosis.
Eighty-three percent of patients had severe pain preoper-
atively. Ninety-three percent of patients reported mild or
no pain at follow-up. Overall fusion rate was 100%, and
mean Cobb angle correction was 19 degrees. In another
retrospective of 27 patients with adult onset scoliosis,
Marchesi and Aebi (35) reported 86% satisfactory results
and 4% rate of pseudarthrosis.

The degenerative lumbar curves often extend from the
lower thoracic spine to the sacrum. Instrumentation
decreases the rate of pseudarthrosis after multilevel
arthrodesis, and facilitates correction of deformity and
restoration of sagittal alignment. However, the extent of
instrumented posterior fusion and concomitant anterior
release and fusion are controversial issues in the surgical
management of degenerative lumbar curves (33). Long
instrumented fusion is associated with significant mor-
bidity, and should be cautiously approached in the elderly
population. 

Degenerative Spinal Stenosis

Most patients with degenerative spinal stenosis can be
treated with decompression alone in the absence of insta-
bility or significant kyphoscoliosis. A laminectomy with
lateral recess decompression by undercutting the articular
facets and adequate foraminotomy allows neural decom-
pression and often can be performed without causing sig-

nificant iatrogenic instability (36). Mullin et al. (37)
reported a 54% incidence of instability after decompres-
sive laminectomy for stenosis, emphasizing the need for
careful selection of patients with certain risk factors who
may need a spinal fusion in addition to laminectomy.
Presence of bridging osteophytes, narrowed disc spaces,
calcified annulus, capsule or ligamentum flavum, and a
high intercrestal line are considered to be preoperative
indicators of spinal stability; such patients should be
treated with decompression alone in the absence of other
risk factors (38).

Garfin et al. (39) have summarized the predictors of
postoperative instability after decompressive laminec-
tomy alone for lumbar stenosis. These risk factors include
a large preoperative slip, decompression across normal
disc height, greater than 50% facet excision at a single
level, increased numbers of levels decompressed, pene-
tration of disc space at the decompressed level, and
female sex. Presence of traction spurs and asymmetric
narrowed disc space also are indicative of postoperative
instability (38). All patients with aforementioned risk fac-
tors for postoperative progression of instability should be
considered for a concomitant fusion. 

Disc herniation is infrequently present in patients with
spinal stenosis. A free fragment or a foraminal disc her-
niation is the most common presentations in this subset of
patients. Decompressive discectomy is necessary in these
instances to relieve the radicular symptoms. However,
vigorous attempts at removing the disc material and rad-
ical disruption of the disc may produce iatrogenic insta-
bility, particularly in younger individuals with maintained
disc height (40). A fusion procedure may be necessary
when a radical discectomy is performed in conjunction
with a decompressive laminectomy (28).

The criteria for addition of instrumentation to fusion
have not been well established in surgical treatment of lum-
bar stenosis. In general, indications for adding instrumenta-
tion to posterolateral arthrodesis include the need for cor-
rection of kyphosis or scoliosis, decompression of the
foramen, translational motion of more than 4 mm, and
angulatory motion of more than 10 degrees in flexion
extension lateral radiographs, and in presence of iatrogenic
instability (28). By providing immediate stability, instru-
mentation halts further progression of olisthesis and
increases the fusion rate. The presence of significant facet
joint arthritis in patients with lumbar stenosis is a relative
indication for concomitant instrumented fusion. 

Hansraj et al. (41) noted that decompression and
instrumented fusion was efficacious in management of
complex spinal stenosis with a 96% patient satisfaction
rate. Complex spinal stenosis was defined as the presence
of radiographic instability in addition to stenosis, degen-
erative spondylolisthesis greater than grade 1 with insta-
bility, degenerative scoliosis with the curve greater than
20 degrees, and history of prior surgery with radiographic
evidence of instability or junctional stenosis.
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Recurrent stenosis is frequently seen in patients under-
going laminectomy without fusion, and occurs because of
bone regrowth and formation of scar tissue. Postacchini
and Cinotti (42,43) reported that recurrent stenosis was
significantly less common in patients who underwent
decompression and concomitant fusion compared with
patients undergoing decompression alone. The reopera-
tion rate for recurrent lumbar stenosis is estimated to be
5% to 23% (44). The management of adjacent segment
stenosis usually is straightforward and involves simple
decompressive laminectomy. However, management of
recurrent stenosis of the previously operated levels is
challenging. Significant bone regrowth, hypertrophic
facets, and epidural scarring are frequently encountered
in patients with recurrent spinal stenosis at the previously
operated level, which necessitates more extensive face-
tectomies that may endanger the stability of the spine.
Therefore, an arthrodesis with or without instrumentation
may be recommended for patients undergoing decom-
pression for recurrent lumbar stenosis. Because instru-
mentation improves the fusion rate, adding instrumented
fusion to laminectomy is appropriate in these circum-
stances. However, these patients are often older and
therefore are subject to a higher risk of overall complica-
tions. Consequently, instrumented arthrodesis should be
performed sparingly, and usually is reserved for patients
with spondylolisthesis and recurrent stenosis (28).

Pseudarthrosis and Flat Back Syndrome

The overall reported incidence of nonunion is approx-
imately 5% to 7% for single-level uninstrumented fusion
and 25% to 35% for uninstrumented degenerative
spondylolisthesis (45). There is a significantly higher
incidence of pseudarthrosis following multilevel unin-
strumented fusion (46). Pseudarthrosis poses complex
diagnostic and treatment dilemmas. Established
pseudarthrosis can be detected on Ferguson views, AP,
and flexion-extension lateral radiographs or reformatted
computed tomography (CT) images. However, Kant et al.
(47) reported 68% sensitivity of radiographs in correlat-
ing with intraoperative confirmation of pseudarthrosis. 

The presence of pseudarthrosis does not necessarily
correlate with the patient’s symptoms. Once a diagnosis
of pseudarthrosis has been established, the clinical pic-
ture should be carefully reviewed to assure that
pseudarthrosis is indeed the underlying cause of persis-
tent pain. The treatment of lumbosacral pseudarthrosis is
complicated and challenging at best. Surgical treatment is
dictated by a variety of factors, including prior history of
instrumentation, associated spinal deformity, and patient
factors such as history of smoking. A noninstrumented
posterolateral lumbar pseudarthrosis is an indication for
revision fusion with rigid transpedicular instrumentation.
Rigid segmental fixation also is indicated when a pos-
terolateral fusion is performed for treatment of a failed

posterior or anterior lumbar interbody fusion (48). A
combined posterior instrumented revision fusion and
anterior interbody fusion may be necessary in selected
cases. 

The outcome of surgical repair of pseudarthrosis is
variable. The rate of successful fusion and improvement
in functional outcome is less than primary fusions. Lauer-
man et al. (49) reported an overall fusion rate of 49%
with use of a combination of sublaminar wires, Harring-
ton compression rods, and variable pedicle screw-plate
constructs and uninstrumented fusion in patient with pre-
existing pseudarthrosis. Eighty-six percent of patients
continued to experience low back pain, and 49% patients
had poor clinical outcome. West et al. (50) reported 65%
fusion rate after lumbar pseudoarthrosis repair with pedi-
cle screw constructs, in contrast with 90% fusion rate in
patients who underwent primary instrumented fusion for
degenerative disc disease or spondylolisthesis. Horowitch
et al. (51) reported a 68% fusion rate after instrumented
fusion in a mixed group of patients, two thirds of whom
had pseudarthrosis. Zdeblick reported on the results of a
large cohort of patients undergoing lumbar fusion, some
of who underwent repair of pseudarthrosis with and with-
out instrumentation (52). The group treated with regraft-
ing without instrumentation had a 20% fusion rate,
whereas both semirigid and rigid instrumentation yielded
100% union. Despite an acceptable fusion rate, the func-
tional outcome of instrumented repair of pseudarthrosis
is more unpredictable.

Carpenter et al. (53) reported a 26% good or excellent
outcome after pseudarthrosis repair despite a 94% fusion
rate. Kim and Michelsen (54) retrospectively reviewed
the results of surgical treatment in 50 failed back surgery
patients. They noted an overall significant improvement
in pain and function in 66% of the patients. Eighty-one
percent of patients with a solid fusion had a satisfactory
outcome compared with 23% in patients with failed
pseudarthrosis repair. Stewart et al. (55) reported a 72%
successful outcome following attempted pseudarthrosis
repair, as determined by the ability of patients to return to
work, the lack of a need for narcotic analgesics, and over-
all satisfaction. 

Patients with a prior decompressive laminectomy may
develop fixed sagittal imbalance owing to loss of poste-
rior stabilizing structures. Fixed sagittal imbalance also
may occur owing to breakdown through pseudarthrosis
instability at a level above or below previous fusion, or
because of multisegmental degenerative disc disease.
Many patients with a flat back syndrome suffer from per-
sistent back pain with erect posture owing to loss of lum-
bar posterior tension band and early fatigue of extensor
muscles. 

Approximately 15% to 20% of patients who have had
a prior lumbar fusion for degenerative disease require
revision lumbar surgery over the ensuing 3 to 5 years.
Pseudarthrosis, flat back syndrome, and postlaminec-
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tomy instability are some of the common causes of per-
sistent pain that require additional surgery. Correction of
flat back syndrome and postlaminectomy kyphosis is best
achieved with appropriate osteotomies, restoration of
global sagittal alignment, and stabilization with trans-
pedicular instrumentation (56). Although there is a higher
risk of complications associated with the technically
demanding revision surgery, high rate of osseous union,
improved spinal alignment, and functional outcome can
be achieved in carefully selected patients.

Degenerative Disc Disease

The role of posterior spinal fusion and instrumentation
in degenerative disc disease without instability is highly
controversial. The decision to perform an arthrodesis is
based on the assumption that the pain generator can be
localized to the degenerative disc space. Improvement in
pain presumably occurs because of elimination of motion
at a degenerated and painful segment. Posterolateral
fusion may be considered for the treatment of intractable
discogenic back pain. The fusion rate for single-level
noninstrumented posterolateral fusion for degenerative
disc disease is approximately 85% to 90% (46). 

Several authors have reported improved fusion rate,
less back pain, and higher return-to-work rates with
instrumented than with noninstrumented fusion for
degenerative disc disease (57–60). Lorenz et al. (57)
prospectively evaluated 68 patients who underwent one
level fusion with or without instrumentation for disabling
back pain for 6 months or more, inability to work, and
failed conservative care. None of the patients with instru-
mented fusion had pseudarthrosis and three fourths of
patients reported improvement in pain and return to work.
In contrast, 58% of patients in the uninstrumented group
had nonunion and only one third of patients experienced
pain relief and were able to return to work. Louise (58)
reported a 97% fusion rate with pedicle screw-plate fixa-
tion in patients with intractable low back pain. Eighty-
five percent of patients with sedentary work and 56.5%
of heavy laborers were able to return to work in that
study.

Dawson et al. (61) reported a 92% fusion rate and 70%
to 80% clinical success rate in a retrospective study of 58
patients treated with posterolateral fusion for discogenic
low back pain. These authors also reported a failure rate
of 50% for patients undergoing revision surgery and 45%
rate of pseudarthrosis for noninstrumented floating
fusion. Hellstadius et al. (62) and Shaw and Taylor (63)
also reported a 26% and 27% rate of pseudarthrosis,
respectively, for posterolateral fusion without instrumen-
tation. In another study, patients who underwent unin-
strumented fusion for lumbar degenerative disc disease
were 24 times more likely to have pseudarthrosis than
comparable patients treated with transpedicular instru-
mented fusion (64). 

Arthrodesis may be indicated for discogenic low back
pain in certain circumstances. These include unremitting
back pain and disability for 1 year, failure of conservative
management including physical therapy for 6 months,
magnetic resonance imaging (MRI) and discographic
findings consistent with advanced degenerative disc dis-
ease and concordant symptom production at one or two
levels. All patients with discogenic back pain who are
being considered for spinal fusion also should have a nor-
mal psychological evaluation.

Patients with recurrent disc herniation at the same level
usually are treated with repeat discectomy without fusion,
unless preoperative instability is present or there is sig-
nificant back pain associated with radicular pain. Routine
use of instrumentation is not necessary in the absence of
radiographically demonstrable instability. Patients with a
second recurrence of disc herniation and those with pre-
operative or iatrogenically induced instability after their
initial recurrence are candidates for arthrodesis (65),
preferably with instrumentation. Smokers should have
instrumented arthrodesis to enhance fusion rate. 

Disc degeneration at a segment adjacent to prior fusion
occurs because of increased stress concentration. White-
cloud et al. (66) treated 14 patients with adjacent segment
degeneration with decompression and extension of fusion
encompassing the degenerated motion segments. Ten of
12 patients treated with instrumented fusion had success-
ful fusion. They recommended instrumented fusion for
symptomatic adjacent degenerated segments, because
instrumentation provides better control of the high
stresses and improves the rate of fusion, compared with
uninstrumented fusion.

Discogenic pain may persist despite a solid posterolateral
fusion, presumably because of the presence of painful
micromotion in the involved segment. Additionally, the disc
itself may be a source of pain (67,68) that may benefit from
interbody fusion, either with or without instrumentation.
The role of interbody fusion is also a controversial subject
that is beyond the scope of this chapter. Circumferential
arthrodesis may reduce the rate of pseudarthrosis to less
than 5%, but the morbidity associated with such an exten-
sive procedure precludes its routine use in the management
of lumbar degenerative disc disease. A circumferential
fusion should be reserved for patients who are considered
to be at high risk for pseudarthrosis, and is best reserved for
revision cases and heavy smokers. Gertzbein et al. (69)
reported 97% fusion rate and 77% good clinical outcome
with circumferential fusion in a difficult group of patients,
62% of whom had previous surgery, 25% with prior
pseudarthrosis, 55% with two or more levels fused, and
43% of whom were heavy smokers. 

SPINAL INSTRUMENTATION SYSTEMS

Although a variety of spinal instrumentation systems
are available, the role of hooks and sublaminar wires in
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the lumbar degenerative disorders is limited. Pedicle
screws are available for use with plates or rods as the lon-
gitudinal members of the construct. However, rod based
pedicle screw systems currently are more commonly used
in management of degenerative conditions of the lumbar
spine. 

Pedicle Screws versus Hooks and Sublaminar Wires

Mardjetko et al. (70) concluded from their metaanaly-
sis that adjunctive instrumentation leads to higher fusion
rate, which, in turn, significantly improves patient satis-
faction. However, these authors were not able to find any
statistically significant difference in outcome between
transpedicular systems and earlier instrumentation tech-
niques such as hooks and rod construct and Luque wiring
techniques. This metaanalysis had several design flaws,
including a relatively small number of published articles,
data from a wide variety of treatments over two decades,
and variability in design and quality of many of the stud-
ies. Gurr et al. (71) biomechanically evaluated the
strength of transpedicular fixation in a corpectomy model
using calf spine. They compared posterior hook-based
systems and pedicle screw constructs and found that the
latter were more rigid, achieved greater fixation, and
restored stability better than hook systems. 

The use of sublaminar wiring and hook-based systems
is outdated in the surgical management of degenerative
lumbar spine disorders because of versatility and superior
biomechanical characteristics of transpedicular fixation
systems. Sublaminar wires are primarily used in the con-
cavity of a degenerative scoliotic curve, whereas the ter-
minal fixation is achieved with pedicle screws distally
and either screws, hooks, or both proximally. The sub-
laminar wires provide a posteriorly directed force with
torsional displacement of the vertebral body and lateral
translation of the apex of a deformity. Hooks are used in
the lumbar spine primarily as infralaminar hooks at the
end of the construct or in patients with osteoporosis.
Supralaminar or infralaminar hooks adjacent to pedicle
screw instrumentation reduce the bending moments at the
screw–rod junction (30).

The pedicle has been shown to be the strongest region
within the vertebra and has been described as the “force
nucleus” where the posterior elements meet the anterior
column (10). Transpedicular fixation facilitates applica-
tion of a rigid shorter length construct, thereby preserv-
ing more lumbar motion segment. Pedicle screws facili-
tate three-column control of the spine from the posterior
approach, and permit restoration and maintenance of
overall physiologic spinal alignment. An added advantage
of a transpedicular system is that greater correction of
deformity is feasible because of stronger points of fixa-
tion. In addition, concomitant laminectomy may be per-
formed without adversely affecting the quality of fixa-
tion. Transpedicular systems avoid insertion of hardware

within the narrowed spinal canal. Solid fixation at the
lumbosacral junction is also possible with pedicle screw
placement (36,70).

Screw-Rod versus Screw-Plate Constructs

Several plate screw designs were introduced in the
early stages of development of transpedicular instrumen-
tation (8–10,24,72). The plate systems are low profile,
and have the ability to resist torsion against large loads.
The plates also provide large surface area under which
the bone graft can be compressed against the spine.
Although plate-based transpedicular fixation has some of
the aforementioned advantages, screw-rod constructs are
more popular because of several drawbacks of screw-
plate constructs. It is difficult to place the plate on multi-
ple screws if multilevel fusion is being performed.
Although the plate may be bent in a sagittal plane, cor-
rection of a multiplane lumbar deformity is difficult to
achieve with a screw-plate assembly. Attachment of sub-
laminar wires to correct degenerative scoliosis or its use
with lamina hooks in patients with osteoporosis is not
possible with plate systems. Impingement of adjacent
facet joints by the plates is common, and cross connec-
tion of plates is difficult. Moreover, there is less space
available for bone graft placement, and it is more difficult
to visualize the fusion mass in postoperative radiographs
in the presence of plates. Finally, the plate screw systems
may be associated with a higher incidence of screw
breakage because of angulation between the screws and
the plate, which may lead to screw-plate malalignment.
The reported rate of breakage of the early designs of
pedicle screws inserted with plates varied from 4.3% to
23% of patients (73,74). 

Screw-rod constructs, on the other hand, are very ver-
satile and overcome many of the disadvantages of the
plate systems. Rods also facilitate extension of the instru-
mentation to the pelvis. Rod systems are assembled either
by lateral connectors to the screws or the rods are
dropped directly in to the top-loading groove of the pedi-
cle screws. In either case, the construct can be difficult to
assemble at times. The overall assembly also tends to be
bulkier than plate-based systems. 

There are few clinical studies comparing the results of
plate-screw and rod-screw constructs. Zdeblick reported
on the results of fusion in lumbar degenerative disorders
in a prospective clinical series of 124 patients (52).
Patients were randomized into three groups; posterolat-
eral fusion without instrumentation, posterolateral fusion
with semirigid plate-screw instrumentation, and postero-
lateral fusion with rigid rod-screw constructs. The overall
1-year fusion rate determined by radiographic analysis
showed fusion rates of 65%, 77%, and 95%, respectively.
The fusion rate among those procedures augmented with
rigid transpedicular fixation was significantly increased
as compared with the other groups. In addition, the over-
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all good to excellent clinical results were greater in the
rigid instrumentation group (95%) as compared with the
semirigid (89%) and uninstrumented groups (71%).

Biomechanical Considerations of Transpedicular
Fixation

Transpedicular fixation permits rigid stabilization of
the spine, which improves the fusion rate. Goel et al. (75)
demonstrated a 70% reduction in flexion-extension and
65% decrease in lateral bending and axial motion with
transpedicular fixation in a cadaver model. Kanayama et
al. (76) observed significantly higher stiffness, more
woven bone, and earlier fusion following instrumentation
compared with uninstrumented fusion in a sheep model
and concluded that spinal instrumentation creates a stable
mechanical environment to enhance the early bone heal-
ing of spinal fusion. Kotani et al. (77) demonstrated that
transpedicular fixation significantly contributed to ante-
rior and middle column load sharing even after success-
ful posterolateral fusion, when eccentric loading was
applied in vivo in sheep. McAfee et al. (78) demonstrated
an increased rate and cross-sectional area of fusion when
posterior instrumentation was performed following ante-
rior and posterior destabilization of the L5-6 motion seg-
ment in a beagle model. Although increased fusion rate
was observed with a more rigid instrumentation, stiffer
constructs also were associated with more severe device-
related osteoporosis, although the clinical significance of
this was unclear. 

Several patient- and implant-related variables may
affect the rigidity of transpedicular constructs. Inner
diameter of the pedicle is the critical surgical diameter,
and is directly related to the height of the patient, but not
the gender (79). Several studies also have demonstrated
that there are no significant racial differences in the mor-
phology of the pedicle (80–83). Increasing the minor
diameter of the pedicle screw decreases the risk of rate of
screw fracture, whereas the major diameter, with greater
depth of threads, determines the pullout strength of pedi-
cle screws. Pedicle cortical disruption is unlikely if screw
diameter is less than the endosteal diameter or is less than
80% of the cortical diameter (84). Consequently, deter-
mination of pedicular dimensions is important in preop-
erative planning.

Pedicle screws are available in conical and cylindrical
designs. The potential advantages of conical pedicle
screw design include less plastic deformation of the pedi-
cle and improved thread purchase by compacting the can-
cellous bone at the cancellous–cortical bone interface
throughout the pedicle. However, conical screws must be
inserted to a correct depth, and loss of pullout strength
may occur if the screw is backed out. In a calf model, Lill
et al. (85) demonstrated that pullout strength of conical
screws that had been backed out half a turn (180 degrees)
was diminished by 50% even without cyclic loading. In

contrast, the pullout strength of cylindrical screws was
that had been similarly backed out diminished only after
cyclic loading.

Pintar et al. (86) performed a biomechanical study with
the rods placed medial or lateral to the pedicle screws,
and noted up to a 20% decrease in stiffness of transpedic-
ular configuration with medial placement of longitudinal
rods without cross connectors, compared with laterally
placed rods without cross connectors. However, there was
no significant difference in flexibility of the constructs
with medially or laterally placed rods when one or more
cross connectors were placed. They concluded that trans-
verse connectors are necessary for constructs with medi-
ally placed rods to achieve rotational stiffness. 

Although a few biomechanical studies have failed to
show any biomechanical advantage of cross-linking of
left and right longitudinal members (87,88), cross con-
nectors are generally believed to significantly improve
the torsional rigidity of the construct (89,90). Dick et al.
(89) reported 44% increase in the torsional stiffness of
pedicular constructs when one cross connector was used,
and an additional 26% increase was noted with two cross-
links. Cross sectional area of the cross-link correlated
well with increase in torsional stiffness of a cross-linked
construct. However, cross-links do not increase stiffness
in the lateral flexion mode.

Several authors have recommended convergent place-
ment of the pedicle screws (36,91,92), which decreases
the likelihood of injury to the adjacent facet joints and
allows insertion of a longer pedicle screw. Angled entry
of the pedicle screws also provides an interlocking effect,
which, in combination with longer screws, improves the
pullout strength of the construct. In a biomechanical
study, paired pedicle screws inserted at 30 degrees of
convergence provided 28.6% higher resistance to axial
pullout than paired pedicle screws placed in parallel (93).
The pullout strength is also increased if the screw is
placed into the end plate.

Biomechanical studies also have evaluated the optimal
depth of insertion of the pedicle screw (91,94). The pedi-
cles offer approximately 60% of fixation strength in the
lumbar spine. An increase in the depth of insertion from
50% to 80% of the vertebral body improves the fixation
strength by 30% (91). However, pedicle screws inserted
to 80% of the anteroposterior depth of the vertebral body
on lateral radiographs may penetrate the anterior cortex
10% to 30% of the time (95). The risk of potentially cat-
astrophic vascular complications far outweighs the minor
biomechanical advantages of bicortical fixation in lum-
bar spine (Fig. 25-2). However, bicortical fixation can be
achieved safely in the sacrum by directing the screw
medially, which increases the fixation strength by as
much as 60%. 

The bone–screw interface remains the most critical
factor in determining the rigidity of transpedicular con-
struct. Several authors (96,97) have shown that a higher
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torque of insertion correlates with a higher screw pullout
force. Halvorson et al. (98) showed that the pedicle screw
pullout strength correlated highly with bone mineral den-
sity. Therefore, insertional torque aids the surgeon in
determining overall quality of bone mineral density and
gauges the rigidity of the pedicular construct intraopera-
tively. However, intraoperative insertional torque of pedi-
cle screws is a poor predictor of postoperative screw loos-
ening (99).

Poor fixation, intraoperative pedicle fracture, or post-
operative screw migration with consequent risk of neuro-
logic injury are major concerns in the presence of osteo-
porosis (Fig. 25-3). Biomechanical studies have shown
that either untapping or undertapping the pedicle hole
may improve the pullout force of pedicle screw in the
osteoporotic spine (94,98). The bone mineral density of
the lamina is affected less severely than that of the pedi-
cles. Coe et al. (100) showed that the mean tensile

strength of lamina hook is 646 N lamina, and lamina
hooks provide better fixation than pedicle screws in
patients with severe osteoporosis. Other authors have also
reported significant improvement in the stiffness of the
construct when the pedicle screws are inserted in con-
junction with laminar hooks (98,101–103). 

Biomechanical and animal studies also have been per-
formed to evaluate the efficacy of cement augmentation
in improving the stiffness of pedicle screw based con-
structs. Pfeifer et al. (104) reported that low-pressure
injection of polymethylmethacrylate (PMMA) into the
pedicles increased the original pullout strength by 149%
compared with 70% increase with milled bone and 56%
increase with matchstick graft. Other investigators
(105,106) have also reported improvement in pedicle
screw pullout strength by PMMA injection into the pedi-
cle. However, injection of PMMA into the pedicles may
cause neurologic damage from extrusion of the cement
into the spinal canal, and may complicate revision of the
pedicle screw. 

In one biomechanical study, revision of a 6-mm pedi-
cle screw with a 7-mm screw decreased the pullout
strength to 73% of the original pullout strength, but a
325% improvement was noted when a 7-mm screw was
augmented with hydroxyapatite (107). In another study
on human cadaveric lumbar vertebrae, Lotz et al. (108)
demonstrated that augmentation of pedicle screws with
injectable carbonated apatite cancellous bone cement
improved the pullout strength of pedicle screws by 68%,
and improved overall biomechanical performance by
30% to 63% on cyclic loading. Calcium phosphate
cement augmentation increases the pullout strength of the
pedicle screws by 10% compared with 147% increase by
use of PMMA (105). The advantage of these newer bone
cement materials is that they are bioabsorbable and are
replaced during healing and normal bone remodeling. 

Stainless Steel versus Titanium Implants

Titanium alloy implants have several potential advan-
tages over stainless steel implants. Titanium implants
offer superior MRI resolution (109–111), making it eas-
ier to interpret postoperative MRI scans. High bioactivity
and more flexibility of titanium implants also may
improve bone ingrowth and mechanical fixation. In an
animal model, Christensen et al. (112) demonstrated 33%
more bone growth with higher mechanical binding at the
bone–screw interface with use of titanium implant. Gen-
eration of particulate debris, however, may occur with the
use of titanium implant in the presence of pseudarthrosis.
Histopathologic evaluation of periimplant tissue samples
obtained during revision surgery in patients with failed
lumbar fusion and titanium instrumentation revealed that
the wear particles generated by titanium implants are pre-
sent both in a free state within the fibrous tissue and
intracellularly within the macrophages. The latter evokes
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FIG. 25-2. Long screws may cause catastrophic vascular
complications.

FIG. 25-3. Hardware migration in a patient with osteoporo-
sis.



a macrophage cellular response in tissues similar to that
seen in total joint replacements. Patients with a solid
spinal fusion have negligible levels of particulate debris
(113,114).

TRANSPEDICULAR INSTRUMENTATION

The goals of adding instrumentation to a posterior
lumbar fusion procedure are enhancement of the fusion
rate, maintenance of correction of deformity while the
fusion incorporates, preservation of maximum possible
segments, and shortening of the time required for reha-
bilitation of the patient. The immediate rigidity provided
by pedicle screw instrumentation permits earlier, more
aggressive rehabilitation without the requirement for an
external brace. Important principles of transpedicular
instrumentation are careful patient selection, safe and
reliable method of insertion of pedicle screws, restoration
of spinal alignment, meticulous preparation of the fusion
bed, and sound fusion technique. The instrumentation
also should be easy to use, and surgeon familiarity with
instrumentation system is paramount. 

Preoperative Evaluation

Appropriate conservative management should be
implemented before surgical treatment. Physical therapy
or home exercises and nonsteroidal antiinflammatory
drugs (NSAIDs) are recommended. Nonsteroidal antiin-
flammatory drugs should be used sparingly in the elderly
population because of potential complications. If conser-
vative treatment fails, it should be followed by a more
detailed evaluation with additional imaging studies such
as MRI or CT myelogram. In addition, provocative test-
ing including discography, facet block, or selective nerve
root injections may be necessary to determine the pain
generator. Overall sagittal alignment should be evaluated
on standing lateral radiographs, and the presence or
absence of segmental instability should be determined on
flexion-extension lateral radiographs. All this informa-
tion helps the spine surgeon to formulate an appropriate
surgical treatment plan that is tailored individually to
each patient. 

Specific anatomy of the lumbar spine should be care-
fully reviewed in each patient. Typically, the sagittal
diameter of pedicle is greatest at the thoracolumbar level
and decreases caudally, whereas transverse diameter of
the pedicle is widest at L5 and gradually decreases at
more proximal levels. The transverse diameter is the pri-
mary factor that determines the size of the pedicle screw.
Plain radiographs reveal the relationship of the pedicle to
each articular facet and transverse process. Preoperative
knowledge of the mediolateral inclination of the pedicle
in the presence of rotation is particularly helpful in
patients with degenerative scoliosis. Preoperative and
intraoperative lateral radiographs provide information on

the cranial–caudal inclination of the pedicles at each
level. The presence of identifiable transverse processes
on AP radiographs also facilitates intraoperative estima-
tion of the location of the pedicle in revision cases com-
plicated by failed fusion. Computed tomographic or MRI
axial images at the level of the pedicle also allow deter-
mination of appropriate medial-lateral angulation along
with the dimensions of each pedicle. 

Determination of bone quality also should be made,
and a dual energy X-ray absorptiometry scan may be
indicated in certain patients. Instrumentation is best
avoided in elderly patients with osteoporosis because of
relatively poor fixation afforded by transpedicular instru-
mentation and higher risk of intraoperative complica-
tions, including pedicle fracture, longer operating time,
increased blood loss, and potentially higher infection
rate. The risk of secondary neurologic complications
from hardware migration and loss of fixation is signifi-
cant as well. 

All patients on chronic narcotic medications should be
considered for detoxification prior to surgery, and a
smoking cessation program should be advised. Smokers
have a significantly higher nonunion rate than nonsmok-
ers (115,116). Brown and associates (116) retrospectively
reviewed 100 patients who had undergone one or two
level laminectomy and fusion. Forty percent of the smok-
ers developed pseudarthrosis compared with only 8% of
nonsmokers. History of smoking is a relative indication
for the use of instrumentation to improve fusion rate.
Finally, preoperative donation of autologous blood should
be recommended for all lumbar fusion procedures.
Although preoperative administration of Procrit (epoetin
alfa) has been advocated by some total joint surgeons to
minimize the need for blood transfusion, its role in spine
surgery has not been investigated.

Intraoperative Considerations

Although the choice of an operating table is surgeon
dependent, it is critical that attention is paid to restoration
of lumbar lordosis during positioning. Proper positioning
of the upper extremities and placement of sequential
compression stockings are necessary. Intravenous antibi-
otics are routinely administered and repeated throughout
the procedure. Preoperative antibiotics have been demon-
strated to diminish the incidence of deep postoperative
infection in patients undergoing instrumented fusion
(117). Intraoperative blood loss is minimized by use of
appropriate hypotensive anesthesia, proper positioning
without any pressure on the abdomen, meticulous hemo-
stasis, and use of cell saver, particularly in multilevel
fusion cases and revision procedures. Autograft iliac
bone is preferred by most spine surgeons and remains the
gold standard. Cancellous chip allograft and demineral-
ized bone matrix also are frequently used as graft
expanders. Bone morphogenic proteins such as RhBMP-

CHAPTER 25/DEGENERATIVE DISORDERS OF THE LUMBAR SPINE / 277



2 (Infuse), BMP-7 (OP-1), and BMP-14 (MP 52) are cur-
rently available for investigational use only. Bone mor-
phogenic proteins may eliminate the need for autograft
harvesting in the future if their effectiveness in achieving
successful fusion is demonstrated in prospective con-
trolled randomized studies. 

The need for safe and accurate placement of pedicle
screws cannot be overemphasized. Malpositioning of
pedicle screws may cause dural laceration or neural
injury (Fig. 25-4). Proper screw placement can be partic-
ularly difficult in revision lumbar surgery and in patients
with significant degenerative scoliosis. In one of the ear-
liest reported series on transpedicular instrumentation,
Roy-Camille (8) reported a 10% incidence of incorrect
placement of lumbar pedicle screws. Up to 40% of pedi-
cle screws were placed incorrectly, and medial placement
was noted in 29% in a recent study. A medial placement
of 6 mm or more was significantly associated a neuro-
logic injury (118). Schulze et al. (119) obtained CT scans
in 50 patients after routine removal of 244 pedicle screws
to eliminate any artifact from the hardware. Fifty-nine
percent of screw tracks were located centrally within the
pedicles, and 20% had violated the medial cortex by 2
mm or less. One patient had a neurologic injury because
of pedicle screw malposition. 

Roy-Camille (8,9) originally described use of a drill to
create a pathway for the pedicle screw. However, creation
of a burr hole at the screw entry point, followed by free
hand development of screw tract with either a stiff probe
(gearshift) or a curet, has currently become the most pop-
ular method of hole preparation. Boachie-Adjei et al.
(120) found the free hand placement of pedicle screws to
be safe, reliable, and cost effective in a prospective study
of 50 patients with adult spinal deformity. Only 3% of
screws were misplaced and 1% violated the medial wall,
none with any clinical sequelae, in that study. 

Meter et al. (121) demonstrated that a true lateral or AP
radiographic view of the vertebra provides a high degree
of certainty that the screw has not crossed the end plate
when a safe zone of 3 mm remains cephalad to the screw
tip. Although intraoperative radiography can reduce con-
cern about violation of the superior vertebral end plate,
excessive use of intraoperative fluoroscopy should be
avoided for fear of cumulative exposure to radiation
(122). Biplanar roentgenography is only 73% to 83%
accurate in determining position of the screw within the
pedicle (123). Odgers et al. (124) prospectively inserted
238 screws from the T11 to L5 vertebral levels with the
assistance of lateral plain radiographs. Eighteen screws
had penetrated the pedicle wall medially and six laterally.
Two screws penetrated the anterior vertebral body cortex.
The overall success rate was 89.1%, and only two patients
(0.84%) had neurologic complications. They concluded
that pedicle screw insertion with the aid of lateral radi-
ographs is safe and effective, and minimizes the operative
time and expense arising from biplanar fluoroscopy.

Screw stimulation monitoring is a valuable adjunct to
lumbar pedicle screw instrumentation. Several authors
have demonstrated the usefulness of intraoperative screw
testing by electrical stimulation to determine appropriate
placement of pedicle screws (125–127). In general, elec-
tromyographic activity at a stimulation threshold of 8 to
10 mA is associated with breach in pedicle cortex, and
activity at 4 to 6 mA or less is indicative of screw contact
with nerve root or the dura. A stimulation threshold of 15
mA provides a 98% confidence in accuracy of pedicle
screw placement. 

Tactile sensory skills, anatomic knowledge, judicious
usage of intraoperative radiography, and additional
modalities such as electromyography monitoring are
important in correct placement of pedicle screws. Several
authors have reported favorable early experience with
computer-assisted frameless stereotactic image guidance
(128–131) and robot-assisted insertion techniques (132)
in placement of pedicle screws in the lumbar spine. Frank
et al. (133) reported the use of a malleable endoscope to
visualize the pedicle cortex. However, these techniques
are still evolving, and have not been fully evaluated.
Moreover, these newer techniques are expensive, and
their usefulness remains questionable at this time, given a
high degree of accuracy with freehand placement of pedi-
cle screws in all but certain revision cases and in patients
with significant spinal deformity.

Percutaneous placement of pedicle screws is being
developed also (134), but lack of adequate preparation of
the intertransverse fusion bed as well as potentially
higher risk of neurologic injury remain major points of
concern. Most minimally invasive systems are designed
to allow percutaneous screw insertion, and interbody
fusion through a small tubular retractor. Some of the
purported advantages of these minimally invasive
approaches are reduced morbidity, less blood loss, cos-
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FIG. 25-4. Medial placement of pedicle screw may cause
neurologic deficit and dural laceration.



metically appealing smaller incisions, and reduced scar-
ring. Such procedures, however, are technically highly
demanding, have a high learning curve and limited appli-
cation, and their usefulness has not yet been clearly doc-
umented in prospective studies.

Operative Technique

Important surgical principles of transpedicular instru-
mentation are strong biomechanical characteristics at the
bone–implant interface, safe insertion of screws without
neurovascular complications, avoidance of damage to the
adjacent facet joints, and restoration of the sagittal bal-
ance. Wide surgical exposure of bony landmarks includ-
ing the transverse processes, pars, and the mamillary
processes is the first important step in accurate placement
of lumbar pedicle screws. The facet joints at levels not
included in the fusion must be preserved. When the
sacrum is included in the fusion, lumbosacral facet joints
and the ala are exposed, and the location of the first dor-
sal sacral foramen is determined. When decompression is
performed as an integral part of the procedure, palpation
of the pedicles from within the canal with the help of a
Woodson also helps in determining the location of the
pedicle. The accessory process is located in line with the
lateral border of the pedicle, whereas the lateral border of
pars interarticularis usually coincides with the center of
L5 pedicle and medial border of the remaining lumbar
pedicles (135).

Several methods of insertion of pedicle screws have
been described. Roy-Camille (8,9) described a “straight-
ahead” technique where the entrance point is chosen at
the intersection of the middle third of the transverse
process and a vertical line bisecting the center of the facet
joint. A drill is then used to create the pathway for the
screw, which is inserted parallel to the end plates in the
sagittal plane. The Magerl technique (136) differs from
that of Roy-Camille in that the entrance point is chosen at
the intersection of the mid portion of the transverse
process and the inferolateral aspect of the superior artic-
ular process, which allows more medial insertion of the
screw parallel with the end plates. This course allows a
longer-length screw to be inserted. A superomedially
directed pedicle screw at the cranial end of the construct
also has been recommended. The entry point for this
superiorly directed screw tends to be at the intersection of
the inferior one third of the transverse process and the
vertical line along the lateral aspect of the superior artic-
ular facet (91). The advantage of this technique is that the
prominent screw head is less likely to cause impingement
at the adjacent intact facet joint at the cranial extent of the
fusion. Gaines (137) recommends a direct funnel tech-
nique to identify and tap the pedicle isthmus, thereby
obtaining a cortical purchase within the pedicle.

The sacral screws may be directed laterally into the
ala, or more commonly, medially into the promontory

(138,139). Insertion of sacral pedicle screws requires
knowledge of the unique anatomy in this region. The
entry point for S1 pedicle screws is located at a point
inferolateral to the superior facet, and the screw is
inserted caudally parallel with the superior surface of the
sacrum. The screw is also angled medially to avoid neu-
rovascular and visceral injury. Mirkovic et al. (139) stud-
ied the neurovascular and visceral anatomy anterior to the
sacrum and noted that the lumbosacral trunk, internal
iliac vein, and sacroiliac joint were most commonly at
risk during insertion of the S1 pedicle screw. The sigmoid
colon and internal iliac vein were most vulnerable to
injury during S2 pedicle screw insertion. 

Typically, a pilot hole is created with a burr at the entry
point of the pedicle, and the pathway into the pedicle and
vertebral body is developed either with a pedicle curette
or a gearshift. A blunt probe is used to determine if the
cortex has been violated. Radiopaque markers are placed
in the pedicle holes and intraoperative lateral radiographs
or fluoroscopy are used to determine accuracy and incli-
nation of marker placement. Each screw hole is tapped
beyond the pedicle into the vertebral body. Probing after
the pedicle hole has been tapped provides an unmistak-
able tactile feedback of the threads within the pedicle.
Tapping is optional in patients with osteoporosis. We pre-
fer to perform decortication and preparation of the fusion
bed and bone graft placement prior to screw insertion.
Electromyographic stimulation of the pedicle screws may
be done to further ensure proper screw placement. As the
construct is put together with rods and connectors, care
must be taken to avoid impingement on the facet joint at
the cranial end of the fusion. The instruments must be
handled very carefully while inserting the rod or tighten-
ing the set screws because inadvertent slippage of instru-
ments into the spinal canal can cause dural laceration and
neurologic damage.

Postoperative Care

Instrumentation obviates the absolute necessity of
postoperative brace wear after lumbar fusion. However,
most patients are typically immobilized in a lumbosacral
orthosis or a thoracolumbosacral orthosis, depending on
the length of the construct. Duration of brace wear varies
depending on surgeon preference, length, and rigidity of
the construct, and patient’s body habitus and compliance.
Transpedicular fixation appears to shorten the duration of
postoperative rehabilitation.

Electrical stimulation devices are also sometimes rec-
ommended in the postoperative period to enhance fusion.
In a controlled prospective study of patients undergoing
posterior spinal instrumentation, Kucharzyk (140)
reported a slightly improved fusion rate of 95.6% with
the use of implantable electrical stimulation compared
with 87% in the control group. Fifty-seven percent of
patients in the stimulated group had clinical success com-
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pared with 46% in the nonstimulated group. Jenis et al.
(141) performed a prospective study of 61 patients under-
going instrumented fusion who were randomized to
receive no electrical stimulation and implantable device
or an external stimulator. They did not find any signifi-
cant difference in fusion rates in any group. Although
there is a scarcity of additional prospective, controlled
data on external electrical stimulation in patients with
instrumented fusion, the use of external bone stimulation
devices may be considered for high-risk patients.

Assessment of bony union is not always straightfor-
ward, particularly in the presence of bulky instrumenta-
tion. Oblique radiographs may help prevent the hardware
from overshadowing the fusion mass and facilitate better
assessment of the fusion status. Ferguson view radi-
ographs are necessary for evaluation of lumbosacral
fusion. Radiographic demonstration of trabeculation
across the intertransverse area is necessary to assess
union (142). We routinely also obtain flexion-extension
lateral radiographs to document union and detect any
instability 6 months postoperatively. 

Prolonged stress shielding from retained instrumenta-
tion may be of concern. However, Craven et al. (143)
reported that initial stress shielding of the bypassed ver-
tebral column that occurs with the use of rigid internal
fixation tends to lessen with time in a canine model. They
attributed this rebound in the bone mineral density of the
fused vertebral segments to several factors, most notably
to a shift in load distribution from implant to the spine
secondary to screw migration or loosening because 
of bone remodeling. Additional factors, such as
implant–implant interface changes (e.g., loosening and
corrosion) also may play a role. However, these authors
had used human-sized bicortical pedicle screws in their
canine experiment, and the longitudinal loads on the
canine spine are typically one tenth of those observed in
the human spine.

Retained hardware also may cause irritation from
prominent hardware, late hematogenous infection, accel-
erated degeneration of the adjacent segment, long-term
metal toxicity, and increased risk of neurologic injury in
the event of future trauma (91). Previous studies
(17,144,145) have reported a 12% to 23% incidence of
hardware removal owing to local irritation caused by the
pedicle screws. However, no data have been reported in
the literature to support routine removal of pedicle
screws, which in fact, may be dangerous because of sig-
nificant risk of neurovascular injury. Consequently, rou-
tine removal of instrumentation should be avoided. 

Complications

The complication rate with the usage of pedicle screw
fixation is low if the surgeon is experienced and attention
is paid to principles and details of the operative tech-
nique. Several authors have reported an acceptable com-

plication rate and risk of neurologic injury during
transpedicular instrumentation (17,145–147). In a histor-
ical cohort study, Yuan et al. (17) reported a 5% incidence
of intraoperative events associated with the use of screws.
Loss of purchase (1.7%) and pedicle fracture and screw
breakout occurred in 1%. Neurologic injury, dural tear,
and screw breakage were rare complications. In a series
of 4,790 pedicle screw insertions, Lonstein (145) noted
that 5.1% screws were inserted outside the pedicle, and
the incidence of permanent nerve root injury owing to
pedicle screw insertion was 0.3%. 

When neurologic deficit is noted postoperatively, thin-
cut CT scan is the imaging study of choice. Sapkas et al.
(148) assessed the position of 220 pedicle screws with
CT scan and lateral radiographs postoperatively in a
prospective manner in 35 consecutive patients. They con-
cluded that although the accuracy of CT imaging is bet-
ter than that of plain radiographs, the difference is not sta-
tistically significant, and postoperative use of plain
radiographs is a reliable method for evaluation of pedicle
screw insertion in the absence of neurologic deficit.
However, when neurologic deficit is present postopera-
tively, placement of questionable pedicle screws is best
evaluated with thin section CT scan. Farber et al. (149)
demonstrated that thin-cut CT scan is 10 times more sen-
sitive than plain radiographs in determining violation of
the medial cortex. 

Postoperative infection in presence of instrumentation
is worrisome. Pedicle screw fixation requires longer
operative time with concerns of increased infection rates.
Wimmer et al. (150) retrospectively reviewed a large
series consisting of 574 posterior instrumented fusions
and 274 anterior procedures. They identified an infection
rate of 21/574 with posterior procedures and 1/274 with
anterior surgery. Increased blood loss and prolonged
operative time correlated with postoperative infection.
Weinstein et al. (151) reviewed a series of 2,391 spinal
operations with an overall infection rate of 1.9%. They
observed increased infection rate in the presence of
instrumentation and in patients with prior history of
surgery. However, no significant difference was noted in
the rate of infection between uninstrumented and instru-
mented spinal fusion in a large historic cohort study (17). 

Glassman et al. (152) retrospectively reviewed 858
instrumented spinal fusion procedures and noted an over-
all infection rate of 4.2% and deep wound infection rate
of 2.6%. Cigarette smoking and previous back surgery
did not predispose to infection in that study. Staphylo-
coccus aureus was the most common offending organism.
All patients with deep infection were treated with serial
wound irrigation and débridement and antibiotic mixed
cement was placed in the lateral gutters. An 80% rate of
improvement was noted after an average of 4.7 débride-
ments. These authors concluded that postoperative infec-
tion does not adversely affect the rate of fusion. Weinstein
et al. (151) also recommend an aggressive surgical
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approach consisting of repeated débridement followed by
delayed wound closure. Viable bone graft and instrumen-
tation may be left in situ to provide stability for achieving
fusion. 

There is a potential for increased blood loss owing to
wider surgical exposure that is necessary for visualization
of anatomic landmarks for pedicle screw insertion. Bulky
pedicle screw based constructs also create a dead space
by elevating the paraspinal musculature off the posterior
elements, which may increase the risk of postoperative
hematoma and infection secondary to a lack of tampon-
ade effect (36). 

Screw loosening at the bone–cement interface is the
most common mechanism of failure in most pedicle
screw instrumentation systems. However, some radiolu-
cency may be present during the time preceding the union
(36). Postoperative fracture of the instrumented pedicle is
rare and its reported incidence is 0.2% to 2.7% of patients
(143,144,146). Macdessi et al. (153) reported develop-
ment of bilateral pedicle stress fractures at the uppermost
level of the fusion mass in a patient 2 years after pedicle
screw removal from an L4-S1 instrumented posterolateral
lumbar spine fusion. They concluded that the pedicle is
the weakest point in the neural arch after posterolateral
fusion. Although movement continues at the level of the
disc space anteriorly, the pedicle is susceptible to frac-
ture. 

Breakage of pedicle screws is uncommon with newer
designs. Breakage of pedicle screws occurred in 0.5% of
all screws in 2.2% patients in one study, in which most
broken screws were of earlier designs (144). Screw
breakage occurred more commonly with greater interver-
tebral motion, less anterior column loading, and presence
of tall discs. Broken screws are not necessarily associated
with pseudarthrosis (50), and breakage of hardware does
not always require surgical management (Fig. 25-5).

However, fusion status must be thoroughly evaluated in
symptomatic patients, because up to two thirds of patients
with broken screws may have pseudarthrosis (144).

Adjacent Segment Degeneration

Adjacent segment degeneration has been known to
occur in patients with spinal fusion even before the use of
instrumentation became widespread. Whether adjacent
segment degeneration is a continuing degenerative
process or a late complication of fusion is debatable. A
solid fusion alters the biomechanics at the adjacent level,
resulting in increased mechanical demands. Increased
biomechanical forces, mobility, and intradiscal pressure
in adjacent segments after fusion have been hypothesized
to accelerate the pathologic changes (154–156). Lee
(157) suggested that increased adjacent level changes
after fusion occur because of stress concentration and
posterior displacement of the center of rotation at the
adjacent segment. 

Whether instrumented fusion leads to acceleration in
the degenerative process of the adjacent segments is not
clear. Static kinematic testing has shown increased
motion at adjacent segments in pedicle screw-based con-
structs (158). Stress transfer to the adjacent joints
increases with increasing number of levels included in
the fused segments (159). Wimmer et al. reported that
adjacent segment degeneration was more common with
multilevel than single-level instrumented circumferential
fusion (160). Additionally, part of the facet joint cephalad
to the fusion may be resected during insertion of the pedi-
cle screws, or the hardware itself may abut against the
facet joint, causing damage to it (91). 

Degeneration most commonly occurs in the segment
immediately cephalad to the fused segment. However, the
next segment adjacent to that segment also has been
reported to break down in 58% patients in one study
(161). Aota et al. (162) reviewed 65 patients who under-
went wide laminectomy, Cotrel-Dubousset instrumenta-
tion, and fusion for lumbar degenerative disorders. They
used the Roy-Camille technique for insertion of pedicle
screw, which involved resection of the tip of the inferior
facet. They reported 24.6% incidence of postfusion insta-
bility, with a vast majority involving the adjacent segment
above the fusion level. Seventy-eight percent instability
occurred in sagittal plane and retrolisthesis was the most
common instability pattern (nine of 15 patients). Age of
the patient appeared to be the most significant factor,
with a 36.7% incidence in patients older than 55 years
compared with 12% incidence in younger patients. 

Etebar and Cahill (163) reported adjacent segment
degeneration in 18 of 125 consecutive patients who
underwent instrumented posterior lumbar fusion for
degenerative instability of the lumbar spine. The mean
follow-up was 44.8 months. Twenty percent of all patients
with next-segment failure were cigarette smokers. Adja-
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cent segment involvement included spondylolisthesis
(39%), stenosis (33%), stress fracture of the adjacent ver-
tebral body (28%), and scoliosis (17%) in their study. The
risk of adjacent-segment failure was particularly high in
postmenopausal women with nearly 50% incidence. In a
retrospective review of 49 patients who underwent instru-
mented lumbar fusion, Rahm and Hall (164) noted 35%
incidence of adjacent-segment degeneration, and its
occurrence was associated with increasing patient age,
the use of interbody fusion, and a worsening of clinical
results with time. An average of 2.5 levels were fused in
their patient population with a mean age of 53.8 years.
Based on their retrospective analysis of 83 patients,
Kumar et al. (165) recommended restoration of sagittal
alignment and normality of sacral inclination as para-
mount in minimizing the incidence of adjacent segment
breakdown. 

In contrast, Wiltse (166) concluded from a comparative
study of 52 patients with instrumented fusion and a con-
trol group of 31 of uninstrumented fusion that the addi-
tion of pedicle screw fixation does not increase the inci-
dence or severity of adjacent segment degeneration in the
first 7 years after surgery.

It is clear that adjacent segment degeneration following
instrumented lumbar fusion is a topic of major concern
among spine surgeons. A thorough understanding of the
patient- and surgeon-related factors may aid the surgeon
in reducing the incidence of the degenerative process of
adjacent unfused segments. Some of the surgeon-related
factors include meticulous surgical techniques with
preservation of the facet joint capsule, avoidance of facet
damage during pedicle screw insertion or abutment of the
facet joints against the hardware, and restoration of sagit-
tal balance. Finally, careful consideration should be given
to the health of adjacent discs and facet joints for possi-
ble inclusion in the proposed levels of fusion and preven-
tion of early breakdown of an adjacent disc. 

COST ANALYSIS

There has been significant increase in the number of
instrumented fusion procedures performed in last several
years. The economic implications of widening use of
instrumentation in lumbar fusion procedures, their cost
effectiveness, and potential value to the society are now
receiving increased scrutiny. Katz et al. (167) performed
a prospective observational study of 272 patients and
concluded that uninstrumented fusion provided superior
pain relief at 6 and 24 months postoperatively. They also
noted that concomitant uninstrumented fusion procedure
increased the hospital cost of decompressive laminec-
tomy by 50% and instrumented fusion increased the cost
by 100%, compared with patients who underwent unin-
strumented fusion. Kuntz et al. (168) calculated the 10-
year costs, quality-adjusted life years, and incremental
cost effectiveness ratio of fusion lumbar fusion proce-

dures with and without instrumentation, and found
instrumented fusion to be significantly more expensive in
terms of incremental gain in health outcome. Gibson et
al. (169) conducted meta-analysis of instrumented versus
uninstrumented fusion and noted improved fusion rate
with instrumentation, but no difference in the clinical
outcome of the two groups. Whether the added cost of
instrumentation is worth the benefit in overall health out-
come remains a controversial and unresolved issue. 

CONCLUSIONS

Pedicle screw fixation is a safe and reliable method of
achieving rigid internal fixation of the lumbar spine in
the hands of experienced surgeons. Instrumentation
improves the rate of fusion and clinical outcome in cer-
tain degenerative disorders of the lumbar spine. However,
more clinical data are needed for establishing the role of
transpedicular fixation in patients with discogenic back
pain. Although pedicle screw fixation offers several
advantages, it should be used judiciously in carefully
selected patients to minimize the risk of untoward com-
plications. The risk-benefit ratio of adding instrumenta-
tion must be analyzed carefully, particularly in elderly
patients. Finally, sound surgical principles of fusion must
be practiced. 
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CHAPTER 26

Spinal Instrumentation Overview in Lumbar
Degenerative Disorders: Cages

Kenneth M.C. Cheung and John C.Y. Leong

ROLE OF CAGES IN THE LUMBAR SPINE

Cages are interbody spacers used to bridge or reconstruct
the interval between two vertebral bodies (1–4). There are
many different designs, but in general, they all provide a
mechanically strong scaffold inside of which osteoinduc-
tive or osteoconductive materials can be placed. Such
material maybe autogenous bone graft, allograft, or more
recently bone morphogenetic proteins (5–10). 

Cages are used in either degenerative conditions of the
spine requiring fusion, or as a form of anterior column
reconstruction after destruction by tumor, infection, or
trauma. This overview concentrates on its application in
degenerative spinal conditions, in which cages are either
used as an anterior load-sharing device after posterior
spinal instrumentation and fusion (1,4,7,11,12); or as a
replacement for bone graft after anterior lumbar inter-
body fusion (ALIF) (13), sometimes referred to as a
“stand-alone” cage.

TYPES OF CAGES

There are no universally accepted classifications for
the cages available today. However, they can be broadly
divided into different types by their design or material
(1).

Three general designs are used, as follows.

Horizontal Cylinders

One example is the Bagby and Kuslich lumbar
(BAK/L) interbody fusion cage (Sulzer Spine-Tech, Min-
neapolis, MN) (Fig. 26-1). These devices generally are
made from titanium. Usually a pair is inserted together by
either the anterior or posterior approach, and by use of
either open or minimally invasive techniques (11,13–19).

Vertical Rings

An example is the titanium mesh cage manufactured
by DePuy AcroMed (Johnson & Johnson, Raynham,
MA), sometimes referred to as the Harms cage (Fig. 26-
2). They are designed to allow the length to be cut as
desired; therefore, they can be used to span either a sin-
gle disc space or multiple segments of the lumbar spine.
Because of the presence of sharp edges, they are usually
and more safely inserted via an open technique (20,21).

Open Boxes

An example is the Brantigan carbon cage (Fig. 26-3)
(22–24). The boxes are designed either with conical supe-
rior and inferior surfaces for an anatomic fit into the disc
space, or as wedges to recreate lumbar lordosis. Some are
designed as a single large cage, which requires an open
technique for insertion; whereas others involve two
smaller rectangular cages, which can be inserted posteri-
orly using minimally invasive techniques.

Cage Materials

In general, these are usually made from titanium,
carbon, or a carbon composite (polyetheretherketone
[PEEK]). Titanium is a mechanically strong and bio-inert
material that is magnetic resonance imaging (MRI) com-
patible. Therefore, cages made using this material can
have relatively thin struts that allow more room for bone
graft in its interior. The presence of a metallic shadow on
radiographs makes the assessment of bony fusion within
the cage difficult. Some surgeons attempt to overcome
this by placing bone graft anterior to the cage as well as
within it (5). Carbon and PEEK cages are radiolucent and
allow for an easier assessment of bone fusion. Addition-
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ally, they have a Young’s modulus that nearly matches that
of cortical bone. This allows the compressive load on the
cage to be shared by the bone graft inside the cage and
may facilitate a more consistent and rapid bone fusion.
Both carbon and PEEK cages are also MRI compatible.

INDICATIONS FOR CAGES

Before the advent of cages, bone grafts such as tricor-
tical iliac crest grafts and fibula strut grafts were used
very successfully as a form of anterior column support
and to promote spinal fusion (25,26). Thus, there are no
absolute indications for the use of cages, and the value of
cages as an alternative to autogenous bone graft should
be judged with the latter as a gold standard. Accordingly,
the indication for use of a cage is the same as that for
bone graft, namely, anterior column reconstruction and
fusion.

Proponents of cages suggest that they may have a num-
ber of advantages over conventional bone graft material
alone. Such advantages mainly stem from the separation
of their mechanical and biological roles and may include:

1. Enhanced mechanical stability 
2. Maintenance of intervertebral disc height
3. Avoidance of bone graft donor site morbidity by

using alternative osteoconductive and osteoinductive
materials inside the cage.

Cages are designed to have better mechanical stability
than bone graft by virtue of their material and design.
Cylindrical cages have a threaded design (Fig. 26-1) and
use a screw-in technique for insertion (14,27), whereas
box cages have a serrated surface (Fig. 26-3) (13,28).
Both help to increase motion segment stiffness and resis-
tance to pull-out. It is claimed that this may improve the
chance of a successful fusion, although this point remains
to be proved scientifically.

Cages may be better at maintaining disc height than bone
graft alone. In our long-term follow-up study (mean dura-
tion of 14 years) of 67 patients that underwent anterior lum-
bar interbody fusion at L4-5 with autologous iliac crest
graft (29), we demonstrated that there was an initial dis-
traction of the disc space by 34% (4.1 mm) followed by an
eventual partial loss of this distraction in 86% of cases
despite a successful fusion. The mean preoperative disc
space height was 12.1 mm, increased immediately after
surgery to 16.2 mm, but settled to 12.6 mm at the latest fol-
low-up. The reduction in distraction occurred within the
first 3 months after surgery and was correlated with age,
but not with recurrence of symptoms, the amount of initial
distraction or sex of the individual. L4-5 segmental angula-
tion followed a similar trend. The early loss of disc space
distraction likely resulted from moulding of the bone graft
into the created space, and bone graft softening and resorp-
tion during remodeling. Studies have shown that restoration
of disc space height tightens the posterior ligaments and
opens up the intervertebral foramina, thereby indirectly
decompressing the neural foramina exiting nerve roots (30).
Although this has been used as a justification for using
cages, it should be borne in mind that our study showed that
the loss of disc space distraction did not correlate with
return of the patients’ symptoms, and no long-term clinical
study is available to demonstrate that disc space height is
maintained with cages. Indeed, there is some evidence in
both animal and human studies that disc space reduction
and loss of lordosis also occur with threaded cylindrical
cages (31,32). Special considerations should be given to
patients with reduced bone density because there is a risk of
end-plate fracture by the implanted cage, which may result
in loss of distraction (29,33).

FIG. 26-1. Bagby and Kuslich lumbar interbody fusion cage,
an example of a threaded horizontal cylinder.

FIG. 26-2. Titanium mesh cage (Harms), an example of a
vertical cylinder. End-rings (right side) can be added to the
reduce stress concentration at the ends of the cage, and
therefore reduce the chance of sinking into the end plate.

FIG. 26-3. Brantigan carbon cage, an example of an open
box design.



Avoidance of donor site morbidity (34,35) is often
cited as another reason for using a cage. However, until
recently only osteoconductive materials, such as allograft
bone and hydroxyapatite blocks, were available as replace-
ments for autogenous bone. We caution that the use of
such materials as the ultimate aim is still to achieve a
fusion and autogenous bone graft is still currently the best
material for this purpose. There have been several studies
examining the use of bone morphogenetic proteins
placed inside cages in human patients (8,10). Both stud-
ies concluded that recombinant bone morphogenetic pro-
tein-2 (rhBMP-2), can effectively achieve a spinal fusion,
although the number of patients involved were small, and
the follow-up short. Large-scale randomized controlled
trials with long-term follow-up are required to prove this
definitively.

CHOICE OF CAGES

The ideal cage should rigidly immobilize the spine in
all directions, be strong enough to withstand repeated
loading, and have a modulus of elasticity close to that of
cortical bone. It should also be easy to insert by either an
open or minimally invasive approach, and should be clin-
ically effective by randomized controlled trials and long-
term follow-up.

It is difficult to advise readers on the optimal choice of
cage because of the wide variety of cages currently avail-
able, with more likely to come on the market in the
future. However, users should be aware of some biome-
chanical and clinical considerations with the currently
available designs.

Biomechanical Considerations

In general, studies comparing the stiffness of the spine
segment after cage insertion have shown no significant
differences among the various designs (13,36–38). All
are effective at stabilizing the spine, compared with its
intact condition, in flexion, axial rotation, and lateral
bending. This effectiveness is dependent on their ability
to distract the surrounding soft tissues and their contact
with the host bone. Hence, the cage needs to be appropri-
ately sized for height as well as fit (13,39). Differences
within a particular category of cage design may have an
effect on mechanical stability. For instance, cages with
sharp teeth have higher “pull-out” forces (13), whereas
Harms cages without the addition of the end-rings impart
only marginally better stability in rotation when com-
pared to bone graft (40). All stand-alone cages, however,
are less effective in stabilizing the spine in extension, and
motion between the cage–bone junction is present unless
supplemental fixation is used (41). Addition of fixation,
whether anterior or posterior, and by translaminar or
pedicle screws, will significantly improve the fusion seg-
ment stiffness (3,36,38,42). 

One area of concern with the use of cages compared to
bone graft is that the stiff struts of the cage stress shield
the bone graft placed inside the cage. Because bone heals
best under compression, this could result in reduced
fusion rates. In a study by Kanayama et al. (37), a calf
spine model was used to quantify the stress-shielding
effects of 11 lumbar interbody fusion cages by measuring
pressure within the cages. This was achieved by injecting
the cages with a silicon elastomer before insertion, and
intracage pressures were measured using pressure needle
transducers. The authors concluded that threaded fusion
cages demonstrated significantly lower intracage pres-
sures compared with nonthreaded cages and structural
allografts. Whether this is clinically relevant is not
known, because there are no comparative studies examin-
ing fusion rates among the various types of cages.

The possibility of stress shielding and the presence of
motion within the spine segment despite the use of cages
raise the question of whether they can be used as stand-
alone devices, without supplemental fixation. Because of
a lack of clinical studies with long-term follow-up, this
question cannot be currently answered. There are cer-
tainly advocates who recommend supplemental posterior
fixation to improve the chance of fusion (38,42–46). It
should be borne in mind that iliac crest bone grafting
without instrumentation has been used successfully to
perform anterior lumbar interbody fusion with fusion
rates for a single level fusion of up to 96% (26,29,47,48).
This should be the benchmark against which fusions with
cages are compared.

Clinical Considerations

Interbody fusion in degenerative disc disease serves a
number of purposes. First, by removing the disc it
removes a potential source of pain, and by removing her-
niated fragments it decompresses the nerve roots. Sec-
ond, fusion stabilizes the segment and augments the ante-
rior column. Third, restoration of disc space height
tightens up the posterior ligaments and opens up the
intervertebral foramina, thus indirectly decompressing
the nerve roots (30,31). The first two aims can be ade-
quately achieved by anterior interbody fusion with tricor-
tical iliac crest bone graft, whereas a cage may be
required for the third aim. However, before a rational
choice of fusion devices can be made, surgeons should be
aware of the clinical track record of cages.

There are very few reports of long-term results of
cages. One of the longest and earliest experiences in the
use of interbody spacer was by the senior author in 1994
(49). A titanium mesh interbody spacer was inserted as a
stand-alone device without bone grafting in 23 patients
with an average follow-up period of 8 years (range, 5 to
12 years). This study demonstrated that bony ingrowth
into the titanium mesh occurred in 18 of 23 patients, as
shown by lack of a radiolucent line at the bone–implant
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junction, and was subsequently confirmed in retrieval
studies. However, six of these 18 implants failed by a
mid-substance disruption of the mesh, with three im-
plants developing a crack, and three becoming
deformed. In all six patients, movement could be demon-
strated between the adjacent vertebral bodies, despite the
lack of a radiolucent line. The authors postulated that
with the solid metal–bone interface, the mesh became
subjected to more stress during flexion and extension,
such that if solid bone fusion did not occur, the implant
failed in its mid-substance. One of the best ways to
demonstrate bone fusion is the presence of anterior
bridging bone (Fig. 26-4). This occurred in four of the 23
cases, and when this was seen, no further movement
between the adjacent vertebral bodies could be demon-
strated on flexion and extension, and no mesh failures
occurred.

Based on this experience, the authors feel that one
should make the distinction between bone ingrowth into
the periphery of the cage, and bone fusion, which extends
from one end plate to the other. If the latter does not
occur, then the cage may fail in the long term. Thus, in
reading the literature on the results of cages, the reader
should make this distinction and note the duration of fol-
low-up. Any study with less than 5 years of follow-up
is very unlikely to see cage failure because of bone
ingrowth only and the lack of a solid bone fusion.

One study examined needle biopsies from tissue within
radiographically successful intervertebral body fusion
cages filled with autograft (6). Five cages were implanted
anteriorly, one with additional fixation, and four cages
were implanted as part of a posterior lumbar interbody
fusion. Five were carbon cages (Brantigan cage), whereas
four were titanium mesh (Harms Cage), with a mean
postimplantation biopsy duration of 28 months (range, 8
to 72 months). Biopsies were obtained from within the
center of the cages and showed small fragments of

necrotic bone associated with viable bone and restoration
of hematopoietic bone marrow. Numerous cement lines
demarcated the edges of previous cycles of remodeling,
and the ratio of necrotic to viable bone varied greatly
among cases. Small particles of debris were found in four
of the five carbon-fiber cages and in one of the four spec-
imens from titanium cages, but there was no visible bone
resorption or inflammation. It could be interpreted that,
despite stress-shielding by the cage, solid bone fusion
eventually may occur, although bone grafts contained
within these cages are still undergoing remodeling
beyond the 3 to 6 months that autograft is normally
expected to fuse and remodel.

In 1997, Ray (50) reported his initial results of using a
stand-alone threaded cage packed with autogenous bone
graft and inserted via a posterior approach. Fusion, as
assessed by plain lateral radiographs and lack of move-
ment on flexion-extension radiographs, was said to occur
in 91%. Lack of movement may result only from bony
ingrowth into the superior and inferior faces of the cage
for a limited distance. The word “fusion” should be used
only if there is evidence of continuous bony ingrowth
through the entire extent of the cage. To date, this has not
been definitively demonstrated in any study.

Kuslich et al. reported on the 4-year follow-up results
of the BAK cage in 25.6% of the original study popula-
tion (18). Their overall “fusion rate” was 91.7% and
95.1% at 2 and 4 years, respectively. This was from a
combination of anterior and posterior approaches.
Whether or not additional instrumentation was used is
unknown. The late-occurring complication rate was
13.8%. Complications necessitating a second operation
occurred in 8.7%, and reoperations directly related to the
device occurred in 3.1%. This study has been criticized
for the small number of patients available for follow-up
assessment (51,52).

Studies examining the use of other cages have tended
to be combined with posterior fixation, and they all
report “fusion rates” in the range of 90% to 100%
(7,12,20,23,24,53). However, it should be noted that no
movement would be detectable on flexion-extension radi-
ographs with solid posterior fixation, thereby hampering
fusion assessment. It requires long-term follow-up to
demonstrate nonunion from loosening or implant failure
(54). 

One additional criterion in the choice of cages is the
surgeon’s familiarity with the techniques of insertion.
Although the majority of the box cages are used in a
similar manner to bone graft, the threaded cylindrical
cages require a specialized technique of insertion. Atten-
tion to detail is important, because complications arising
from inadequate distraction of the anulus fibrosus,
under sizing of the cages, and dural tears from a poste-
rior approach all have been described (55). Additionally,
some cages are designed for anterior minimally invasive
insertion (15–17,56–58), whereas others are designed for

FIG. 26-4. Implanted titanium mesh block showing anterior
bone bridging and solid fusion.



use as a PLIF only. These are all important issues to con-
sider, and any surgeon intending to use such cages should
be thoroughly familiar with their indications and design
considerations.

SUMMARY

Lumbar interbody fusion cages may have some advan-
tages over conventional autogenous bone grafting tech-
niques. They have the theoretical potential to maintain
vertebral distraction, and separate the structural and bio-
logical functions of an interbody spacer. With the devel-
opment of osteoinductive compounds delivered as a
recombinant protein or via gene therapy (59), bone graft
harvesting and donor site morbidity theoretically could
be avoided altogether. However, techniques of insertion
may be demanding and surgeons should be familiar with
the design before using a cage of their choice. Finally,
one should balance the use of such expensive implants
with the low cost and proven effectiveness of autogenous
bone graft, which is the gold standard in anterior inter-
body reconstruction and fusion to date.
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CHAPTER 27

Translaminar Screw Fixation

Dieter Grob

One of the surgical concepts to reduce pain originating
from the lumbar spine is to immobilize the involved ver-
tebrae. The most natural way to achieve this is to take
advantage of the process of bone healing. By preparing
the parts to be fixed with decortication and additional
placement of bone graft, fusion may be enhanced. The
mechanical situation of the spine, with considerable lever
arms and multiple segmental centers of motion, implies a
relatively low success rate of solid bony bridging.

To improve the fusion rate and reduce the need for rigid
and cumbersome external fixation postoperatively, internal
fixation has been introduced to temporarily immobilize the
spine and thus enhance bony calcification. For this purpose
Hadra (1) introduced first metallic wires in 1891. Before
the era of pedicular screw fixation was introduced in
Europe in the early 1960s (2), attempts to stabilize verte-
brae posteriorly with screws only were attempted. The use
of facet screws was first reported by King (3), whose tech-
nique was to immobilize the lumbosacral joints with short
screws traversing the facets. With this technique he
achieved a fusion rate of 91% without prolonged postoper-
ative external fixation. Boucher (4) adopted this idea and
improved the technique. He achieved a 100% fusion rate in
single level fusions by penetrating the ipsilateral pedicle
with the tip of the screw, thus improving the bony pur-
chase. This method of screw insertion implied that the tip
of the screw had to be placed near the foramen and the
nerve root and carried the risk of nerve injury. In addition,
there was a risk of decreased stability of this construct if
the screw broke through the cortex of the posterior aspect
of the facet. These complications of screw fixation in the
lumbar spine made them unpopular despite the simplicity
of the technique. It was Magerl 1984 (5) who modified and
improved the technique of screw fixation and popularized
revival of this type of immobilization. By inserting the
screws from the contralateral side through the lamina,
through the facet and ending in the base of the transverse
process, most of the disadvantages of the former tech-
niques were eliminated without losing their advantages.

Bony purchase was increased by the passage of the screw
through the lamina, and the procedure was less risky
because: (a) the insertion of the screw was clearly posterior
to the neural elements; (b) the technique could be per-
formed under direct visualization; and (c) the direction of
screw insertion was parallel to the exiting nerve root,
thereby minimizing the risk of injury to the nerve.

BIOMECHANICAL CONSIDERATIONS

A simplified but practical biomechanical concept of
the lumbar spine with a three-column model was con-
ceived by Louis (6). The anterior column is represented
by the disc, the vertebral body, and the two posterior
columns by the facets. In the course of evolution,
anatomy adapted to the physiologic requirements of the
spine; therefore, it seems reasonable to assume that the
facets developed in response to mechanical necessity.

The importance of the facets has been demonstrated by
several in vitro experiments in which partial or total resec-
tion of the facets led to dysfunction of the functional spinal
motion unit (7,8). Together with the intervertebral disc, the
facets share and support the axial load of the spine.
Although the disc appears to be the primary load-bearing
structure (8), the facets function as an indispensable part of
the three-column concept to transmit part of the axial load,
which varies according the position of the individual
(9,10). Structural and morphologic changes that occur with
destruction of cartilage and osteophyte formation under-
score the important mechanical properties of the facets.
Because the load passes partially through the facets, the
lever arm acting on an internal fixation device through the
facets remains small. A low-profile fixation device is suf-
ficient to block segmental motion efficiently enough to
enhance solid bony fusion (11,12).

Despite the fact that translaminar screw fixation repre-
sents the lowest profile implant for the lumbar spine, the
stability in flexion achieved with this technique in vitro is
similar to that provided by pedicle screw fixation (13,14).
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The mechanical stiffness of a segment instrumented with
translaminar screws is 2.4 times that of an uninstru-
mented segment; the stiffness was maintained for 5,000
cycles in static and cyclic loading tests (13,14). 

The fact that the transfacet screw fixation in vivo might
be less rigid than pedicle fixation may be an advantage
rather than a disadvantage by promoting bone formation
because rigid fixation results in stress shielding of the
fusion and impedes bone remodeling (Fig. 27-1).

INDICATIONS

Translaminar screw fixation might be indicated in
cases where segmental motion in the lumbar spine must
be eliminated. It can be used as a primary fixation or as a
supplemental procedure to protect and augment an exist-
ing fixation.

Translaminar Screws as Primary Procedure

Segmental Dysfunction

Motion between two or more anatomic structures causes
wear and tear and a gradual change in their microstructure
and macrostructure that may or may not lead to altered func-
tion and possibly pain (15). Given the complexity of the
spine, diagnosis and localization of the pain source remains
a challenging problem. In addition to clinical and radiologic
examination (16), facet blocks and discography may be
helpful to determine the painful segment. Temporary fixa-
tion with an external fixator also may be used as an invasive
diagnostic method to identify a painful segment (17).

Once the diagnosis and localization of the painful seg-
mental motion is established, posterior immobilization

with translaminar screw fixation provides a simple and
effective means of selective fusion of the involved segment
(18). Dysfunction of a segment before the development of
significant macroscopic structural changes represents an
ideal indication for translaminar screw fixation.

Lumbar Spinal Stenosis

Degenerative lumbar spinal stenosis can be effectively
treated with surgical decompression. If the compressive
structures are removed, reduced leg pain and increased
walking distance may be expected (19). It is reasonable to
assume that the decompression may adversely affect the
stability of the involved segment (7). Complete laminec-
tomy with removal of a major portion of the facets, as
may be required for lateral spinal stenosis, may jeopar-
dize the segmental stability (8,20,21,22). Fusion also
should be considered in these circumstances. Once the pos-
terior elements have been removed, only transpedicular fix-
ation systems are feasible. By using the more anatomic,
atraumatic, and physiologic technique of “undercutting
laminectomy,” an effective decompression of the spinal
canal can be performed leaving the posterior elements
essentially intact (23–28). If fusion is considered necessary
under these circumstances, the translaminar screws can pro-
vide fixation without considerable risk or lengthening of
the operative time. 

Revision Surgery

Persistent or recurrent pain after decompressive proce-
dures might be associated with mechanical problems.
Scar formation or persistent bony stenosis might irritate
neurologic structures during motion. Therefore, immobi-

FIG. 27-1. Ten years postoperative: In addition to the solid fusion posteriorly, spontaneous calcification
of the immobilized disc occurred. Axial loads are shared equally in the anterior and posterior columns.



lization of a previously operated segment may be indi-
cated. If there is foraminal narrowing as a result of disc
space narrowing following prior discectomy, additional
distraction will open the foramen (29). Resection of one
facet joint or bilateral resection of more than 50% of both
facets may produce segmental instability (30). Because
translaminar screws rely on the integrity of the posterior
elements, this technique is only possible where the lam-
ina and facet joint are sufficiently intact to receive a 4.5-
mm cortical screw. Because the posterior bone stock is
reduced, careful posterolateral intertransverse dissection
must be done.

Disc-Related Syndromes

Lumbar Disc Herniation

Excision of a protruding disc fragment through a lim-
ited exposure is the accepted surgical treatment for herni-
ated lumbar discs (31). A 5% to 10% incidence of recur-
rent disc herniation and a 10% to 15% incidence of
postoperative low back pain is to be expected with this
technique (32). Routine concomitant fusion after disc
excision is not justified. However, in the presence of
long-standing back pain and degenerative changes in the
involved segment, fusion may help to improve outcome.

Disc Resorption and Internal Disc Disruption

When the underlying pathology is the degenerated disc
itself (23,33), posterior fusion may help to relieve pain by
immobilizing the segment. Posterior translaminar screw
fixation is indicated if anterior surgery is not advised or
indicated for other medical reasons or when posterior
bony decompression is to be performed simultaneously.

Translaminar Screws as a Supplemental Procedure

Augmentation of Anterior Fusion

Translaminar screws efficiently immobilize the poste-
rior columns in the presence of an intact anterior column.
If there is a structural deficiency anteriorly, anterior
reconstruction with a compression-resistant device must
be performed. Biomechanically, anterior struts are ideal
in resisting compressive forces but inadequate in neutral-
izing axial rotational forces. Therefore, supplemental
translaminar screws are ideal in augmenting anterior pro-
cedures by immobilizing the facets and thereby eliminat-
ing axial rotation.

Augmentation of Pedicle Systems

The weak point in long lumbosacral pedicle constructs
is sacral fixation. Different from the anatomy of the lum-
bar pedicles, the sacral pedicles are wider and provide
less solid bone for screw fixation. The additional stability
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achieved by supplementary transarticular screws fixation
in the lumbosacral joint may help to overcome this
anatomic disadvantage (Fig. 27-2).

Repair of Anterior Pseudarthrosis

In cases of anterior pseudarthrosis, posterior supple-
mental fusion is preferred to a repeat anterior procedure.
Scar formation around the aorta, iliac vein, and vena cava
may increase the operative risk of revision anterior
surgery considerably. Translaminar screw fixation with
additional posterior bone grafting offers a simple and
effective method to stabilize the back.

CONTRAINDICATIONS AND LIMITATIONS

Translaminar screws rely on bony purchase to the pos-
terior elements of the vertebrae (lamina, facets, and trans-
verse process). Therefore, the posterior elements must be
substantial enough to hold a screw. Severe osteopenia
might jeopardize the screw purchase. Screw loosening
and pseudarthrosis are more likely to occur in these
cases. Because transfixed facets eliminate rotation in the
y and z axis, but are less effective in the x axis, an intact
anterior column is mandatory for this technique. The
translaminar screws provide segmental fixation at each
level fused, but avoids intersegmental connections between
each fused segment. In our series, there were no statistical
differences in solid bony union between monosegmental
and bisegmental fixations; the number of three segmental
fixations was too few to allow valid statistical analysis.
However, for mechanical reasons, we do not advocate
translaminar fixation of more than two adjacent segments.

FIG. 27-2. Transarticular screw fixation as a supplement to
increase stability at the lumbosacral junction.
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For the same reason, translaminar screws should not be
used to extend an existing fusion.

OPERATIVE TECHNIQUE

The surgical exposure is performed through a standard
midline incision. The spinous processes, lamina, facet
joints, and transverse processes are visualized and decor-
ticated to receive the bone graft. The facet joints are
opened by excision of the capsule, and osteophytes are
removed. The cartilage of the dorsal aspect of the joint is
removed, taking care not to injure the underlying sub-
chondral bone in order to avoid loss of screw fixation.

The insertion of the screws by the Magerl technique is
performed from the contralateral side of the spinous
process of the segment to be fused, using a 50- to 54-mm
long 4.5-mm screw. Fixation in slight flexion can be
achieved if desired by applying interspinal distraction.
Using a 3.2-mm drill bit, a hole is bored from the con-
tralateral side of the spinous process into the opposite
lamina. From there, the drill crosses the facet joint
through its center and ends at the base of the transverse
process (Fig. 27-3). This technique allows a nearly per-
pendicular screw direction in relation to the plane of the
joint to be fused. In obese patients, percutaneous inser-
tion of the drill through a separate stab incision may be
necessary to obtain the proper direction of the screw. A
dissector may be introduced between the attachment of
the ligamentum flavum and the lamina, to minimize the
risk of penetrating the spinal canal during the drilling
procedure. An iliac bone graft must be placed posteriorly
along the bony structures previously decorticated.

The postoperative management is straightforward and
simple. Mobilization is begun on the first or second post-
operative day. A soft corset brace is worn while out of bed
for 3 months to restrict gross motions. Patients are en-
couraged to walk, and no physical therapy is performed
during the first 2 months.

PATIENTS AND RESULTS

One hundred seventy-three consecutive patients under-
went translaminar screw fixation of the lumbar spine, of
which 145 (83%) were reassessed after an average fol-
low-up of 58 months (34). Fifty-seven percent had a sin-
gle-level fusion, 40% a two-level fusion, and 3% a three-
level fusion. As a simultaneous procedure, 30% had a
nucleotomy and 52% had a decompression of the spinal
canal for clinically relevant symptoms of spinal stenosis.

A solid bony fusion, with a radiologically solid fusion
mass and no apparent motion on the digitized flexion-
extension radiographs in the fused segments, was docu-
mented in 163 patients (94%) and 241 segments (96%).
Radiolucency around the screws was detected in five
patients (3%). Two screws were broken; however, no
motion could be detected on the flexion-extension radi-
ographs. 

Preoperatively the subjective pain rating was 7.6, which
decreased to a pain rating of 2.9 at follow-up. Thirty-three
patients (19%) were taking analgesics because of lumbar
back pain. One hundred sixty (92%) of the patients stated
that they would undergo the same treatment again if in the
same situation as prior to surgery. 
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CHAPTER 28

Lumbar Disc Disorders

Mats Grönblad

Medicine, to produce health,
has to examine disease,
and music, to create harmony,
must investigate discord. 

—Plutarch, c.e. 46–120

Low back pain, including that resulting from lumbar
disc disorders, is multifactorial, as is the disability caused
by it (1,2). Perhaps the most common causes of low back
pain are musculoligamentous injuries and age-related
degenerative processes of spinal structures (1). Degener-
ative processes are partly age-related and partly geneti-
cally determined (3–5). Spine problems and spinal degen-
eration are not problems of modern society, they have
been reported in ancient times as well (6). 

SOFT TISSUE

Definitions

Any muscle in the body may be strained or sprained,
including low back muscles. Verifying such sprains as the
cause of low back pain is, however, difficult. Often, how-
ever, either the term low back strain (7,8) or sprain (9) is
used for any acute low back pain symptoms that com-
mence suddenly (e.g., at the workplace). Of note, how-
ever, it has been suggested that sudden increases in phys-
ical activity will mainly affect the intervertebral disc,
which is the most vulnerable spinal structure, due to its
avascular nature and low metabolic rate. Thus, adaptive
remodeling changes in the disc could lag behind those in
other spinal tissues (10). 

History and Physical Examination

Whenever a patient visits for low back pain, the most
important thing is to first exclude any serious underlying
disease or disorder that may warrant specific treatment.
The so-called red flags (Table 28-1) are of great help
when trying to exclude serious underlying disorder.
When one or more of the red flags has been determined
to be present, there is up to a 10% probability that the

patient has a serious underlying disease causing the low
back pain symptoms (13). A report of nighttime pain may
also suggest underlying systemic disease (1) (e.g., malig-
nant disease or inflammatory spondyloarthropathy). This
is particularly the case if the pain shows progressive
worsening with time. The combined history and erythro-
cyte sedimentation rate have been reported to have rela-
tively high diagnostic accuracy in vertebral cancer (14).
Moderately accurate items for diagnosing ankylosing
spondylitis are a need to get out of bed at night and to
move around a bit as well as reduced lateral mobility of
the spine (14). 

Pain radiating below the level of the knee may be sug-
gestive of sciatica, and should warrant a thorough neuro-
logic examination. While in the waiting room the patient
may complete a pain drawing, depicting areas of pain and
pain radiation, possibly with separate markings or colors
for pain, numbness, and “pins and needles”. Viewing
such a precompleted chart will give the examining physi-
cian a quick notion of the presence or absence of sciatic
pain radiation. Pain drawings may be an important
adjunct in the assessment of chronic low back pain
(15–18) and have been shown to have acceptable repeata-
bility (18). 

One should be alert to signs of systemic disease (e.g.,
fever). Following low back strain or sprains, possibly sug-
gesting a muscular source for the pain, palpating verte-
bral muscles for tenderness can be done, but unfortu-
nately, such palpation of tenderness is not reproducible
between examiners (1). Interpreting limited spinal motion
is also problematic, because the correlation with disability
assessments or visual analog scale pain intensity is
reportedly quite low (19). As well, in a normal busy clin-
ical environment the reliability of such measurement of
spinal motion is apparently quite low (20). With thor-
oughly trained examiners, however, the inter-tester relia-
bility for physical examination findings may be some-
what better (21,22). Measures of spinal flexibility have
been reported to be poor predictors of future back pain in
an industrial setting (23). Borge et al. (24) recently con-
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cluded, based on a systematic literature review, that there
is presently no satisfactory answer whether or not physi-
cal examination tests have any prognostic value in the
nonoperative treatment of patients with low back pain.
An exclusively medical approach for the measurement of
physical disability following low back strain or sprains
should probably be abandoned in favor of a multifactor-
ial biopsychosocial approach to low back disability
assessment (19,20). 

Treatment

Following lumbar strain or sprains, the mainstay of any
treatment should be to try to keep the patient active, not
use bed rest as a treatment modality, and to support the
patient in attempts to return to work as quickly as possible
(25–27). The choice of treatments should be based upon
published guidelines for treating patients with low back
pain (11,28–32). It may also be helpful, when attempting
to predict further chronicity of the low back problem, to
consider so-called yellow flags, which are suggested psy-
chological risk factors for delayed recovery (Table 28-2).

DISC DEGENERATION

Definition

A study by computed tomography (CT) discography
on 300 patients with various prediscography diagnoses
indicated a major role for intradiscal pathology in non-
specific low back pain syndromes (33). Also by CT
discography, Schwarzer et al. (34) determined internal
disc disruption to be present in 39% of 92 subjects stud-
ied. Such internal disc disruption was most commonly
present at the L5-S1 and L4-L5 levels (34). Distinguish-
ing pathologic disc degeneration from disc alterations
due to normal aging is, however, problematic. In a clini-
cal setting, it has only recently been possible to radiolog-
ically evaluate the extent and distribution of disc degen-
eration. Radiologic findings that have been interpreted as
suggestive of disc degeneration are, however, also com-
monly observed in asymptomatic subjects (35,36). In a
large-scale magnetic resonance imaging (MRI) study on
asymptomatic women between the ages of 16 to 80 years,
Powell et al. (35) noted a linearly increased prevalence of
one or more degenerate disc with age. Disc degeneration
on MRI was, however, already present in more than one-
third of the women between the ages of 21 to 40 years
(35). A more recent study by Goupille et al. (37) com-
pared spinal cadavers of subjects who had suffered from
chronic low back pain, in the absence of radicular pain,
with subjects who had been free of back complaints. No
individual type of degenerative abnormality was found to
relate specifically to low back pain, but the extent of
pathologic change did show such a relationship with prior
chronic low back pain (37). 

Natural History

There is now moderate evidence indicating that physi-
cal demands of work play only a minor role in the devel-
opment of disc degeneration (3,38,39). In a recent large-
scale longitudinal study on 1,165 nurses, low back pain at
baseline was highly predictive of future low back pain,
and the longer back pain was consistently reported (in a
total of 8 follow-up questionnaires completed 3 months
apart), the greater the likelihood that it would also be pres-
ent at the next follow-up. Furthermore, the investigators
showed that disabling low back pain carried a worse prog-
nosis, as did back pain associated with sciatica (40).
Thus, low back pain should not be regarded as an acute
event that can be cured but as a persistent problem with
intermittent exacerbations (1). As the observations by
Smedley et al. (40) suggest, determining a presence or
absence of disability, already at an early stage, is of para-
mount importance.

Follow-up by MRI of asymptomatic individuals with
lumbar disc abnormalities, for an average of 5 years,
showed progression of disc degeneration findings in
41.5% of the subjects (41). Medical consultation at fol-

TABLE 28-1. Red flags (somatic risk factors) for excluding
serious underlying disorder in patients presenting with low

back pain

Age: >50 years
History of cancer
Unexplained weight loss
Pain: >1 month’s duration
Absence of response to therapy
Pain becomes worse at rest
History of intravenous drug use
Presence of an infection, particularly urinary tract infection

From Bigos S, Bowyer O, Braen G, et al. Acute low back
problems in adults. Clinical practice guideline no. 14.
Rockville, MD: Agency for Health Care Policy and Research,
1994:iii, 1–26 (AHCPR publication no. 95-0642) and Lurie
JD, Gerber PD, Sox HC. A pain in the back. New Engl J Med
2000;343:723–726, with permission.

TABLE 28-2. Yellow flags (psychological risk factors) that
may help predict prolonged recovery

Attitudes and beliefs: The experienced pain is harmful to 
the spine

Inadequate illness behavior (e.g., extended rest)
Compensation
Diagnosis and treatment: Causes confusion or fear about 

outcome
Emotions: fear, irritation, low mood
Work issues: Belief that work is harmful; absence of 

interest of employer; no possibilities for gradual return to
work; high biomechanical demands

From Kendall NAS, Linton SJ, Main CJ. Guide to assess-
ing psychosocial yellow flags in acute low back pain: risk fac-
tors for long-term disability and work loss. Wellington (NZ):
Accident Rehabilitation & Compensation Insurance Corpora-
tion of New Zealand and the National Health Committee,
1997, with permission.



low-up was, however, not predicted by MRI findings at
baseline, but by job-related variables (41). Another simi-
lar 7-year follow-up study on asymptomatic subjects
showed that MRI findings were not predictive of either
the development or the duration of low back pain (42).
The individuals with the longest duration of low back
pain did not have the greatest degree of abnormality on
the baseline MRI scans (42). Interestingly, in school-
children degenerative abnormalities on MRI have been
shown to predict future recurrent bouts of low back pain
(43). It was suggested that disc degeneration present soon
after the phase of rapid physical growth predicted recur-
rent pain up to early adulthood (43). At the other end of
the age scale, a study by CT discography on 291 subjects
with an age range of 17 to 79 years noted that the pro-
portion of severely degenerated but painless discs
increased with age, as did discs producing dissimilar pain
(44). According to the investigators, such degenerated but
asymptomatic discs, particularly in older subjects, may at
least in part explain the well-recognized poor correlation
between low back pain symptoms and radiographic
images (44).

History and Physical Examination

In a study on male cadavers, examined radiographi-
cally and osteologically, history of back injury showed a
relationship with the presence of symmetric disc degen-
eration, anular ruptures, and vertebral osteophytosis (45).
In another study, lumbar disc degeneration, as observed
by plain radiography, showed an age-independent associ-
ation with both a history of lumbago and a history of sci-
atica (46). 

The same basic principles presented previously for
muscular strain and sprain also apply to patients with disc
degeneration. Thus, it is of paramount importance to first
exclude serious underlying disorder (Table 28-1). Unfor-
tunately, there are no clinical tests that are specific for
internal disc disruption that can be diagnosed by CT
discography (34). Recent studies suggest that for mea-
surements of spinal range of motion, there is both poor
intra- and inter-rater reliability (47). Furthermore, range
of motion measurements show poor validity with respect
to relationships with physical and functional impairment
(19,48). There is currently also strong evidence that back
function testing machines producing isometric, isokinetic,
or isoinertial measurements have no predictive value for
either future low back pain or disability (39). Waddell et
al. (49) have presented a validated battery of measures
of physical impairment that can be recommended.
Whichever symptom characteristics or clinical signs are
used, they should show acceptable intra- and interexam-
iner repeatability and predictive validity with respect to
major outcome measures of interest (50). Clinical obser-
vation of overt pain behavior may also be helpful, even if
there may be a problem of standardization (51).

CHAPTER 28/LUMBAR DISC DISORDERS / 301

Imaging

Plain Radiography

The main indication of imaging is to exclude serious
underlying disorder, when red flags are present (Table 28-
1) or otherwise. In older patients the possibility of osteo-
porotic fracture should also be kept in mind (1). For the
evaluation of disc degeneration, plain radiography pro-
duces far too many nonspecific findings, with doubtful
clinical relevance (Figs. 28-1, 28-2). It is almost impossi-
ble to reliably relate such findings to clinical symptoms
of low back pain. Overinterpretation is much too com-
mon, and may have an adverse effect on the outcome by
labeling the patient and increasing the sick role. This will
have an effect opposite to the mainstay of the treatment
protocol, namely to keep the patient active, functional,
and to decrease perceived disability (52). Reliability of
measurement may pose a problem (53). 

CT and MRI

As is the case with plain radiography, these imaging
modalities should be used mainly to exclude serious
underlying disorder (Table 28-1) or when the patient has
progressive or persistent neurologic deficit. Of note, there
is now strong evidence that plain radiography and MRI
findings have no predictive value for future low back pain
or disability (39). They also do not correlate well with
clinical symptoms in patients with nonspecific low back
pain, or with work capacity (39). 

FIG. 28-1. Plain radiograph anteroposterior and sagittal
views of the lumbar spine of an asymptomatic 61-year-old
woman. Note general disc narrowing and minor osteophytes
both anteriorly and laterally. There is also slight scoliosis.
(Courtesy of Dr. Kaj Tallroth, Orton Hospital, Helsinki, Fin-
land.)
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CT should be combined with discography for imaging
disc degeneration. With respect to MRI, it should be kept
in mind that particularly disc bulges and protrusions are
commonly observed in asymptomatic subjects, whereas
disc extrusions are not (Table 28-3). But even when
extrusions are observed, they should be interpreted
within the entire clinical context to determine whether
neural compromise is present or not. Bulges and protru-
sions are particularly prevalent at the two lowest lumbar
levels and the prevalence of disc bulges increases with
age (36). There are now several studies that show MRI
abnormalities in asymptomatic adults (1). 

In a study on cadavers that used in parallel MRI, bio-
chemical, and histologic analysis, decreased total proteo-
glycan content and chondroitin-keratan sulfate ratio in
subjects with low signal intensity on T2-weighted MRI
could be observed, supporting the validity of MRI for
diagnosing disc degeneration (54). Signal intensity on
T2-weighted MRI has been considered the most sensi-
tive available measure of disc degeneration (Fig. 28-3),

whereas the assessment of disc height has less validity
(55). In a large scale study, significant dehydration and
degeneration on MRI was present in less than 5% at the
two uppermost lumbar levels, whereas marked changes
were observed at the two lowest lumbar levels in more
than 20% of the patients (56). 

Discography

When MRI and discography have been used in parallel
for the assessment of disc degeneration, a high correla-
tion has usually been observed (57–59). It is considered
that MRI can be used for detecting early disc degenera-
tion (58). Also quantitative disc manometry has been sug-
gested to show good correlation with MRI for assessing
disc degeneration (60). Disc manometry may be suitable
for evaluating early stages of disc degeneration and may
detect tears of annular fibers that go nondetected on MRI
(60). Results are not entirely consistent, however (61). 

Of all imaging modalities currently available, discog-
raphy is the only one that can locate a degenerated and
symptomatic disc and which visualizes internal disc dis-
ruption (Figs. 28-4, 28-5) (33,34,62–65) (Table 28-4).

FIG. 28-2. Plain radiograph anteroposterior and sagittal
views of a 46-year-old woman with low back pain. Disc nar-
rowing, osteophytes, and end-plate changes appear only at
the L4-L5 level. (Courtesy of Dr. Kaj Tallroth, Orton Hospital,
Helsinki, Finland.)

TABLE 28-3. Presence of disc abnormalities on magnetic
resonance imaging in 98 asymptomatic subjects

%

Normal discs at all levels 36
Bulge (1 level) 52
Protrusion 27
Extrusion 1
Annular defectsa 14
Abnormal finding in >1 disc 38

aDisruption of the outer annulus fibrosus ring of the disc.
Modified from Jensen MC, Brant-Zawadzki MN, Obu-

chowski N, et al. Magnetic resonance imaging of the lumbar
spine in people without back pain. N Engl J Med 1994;331:
69–73, with permission.

FIG. 28-3. T2-weighted sagittal magnetic resonance imag-
ing scan (1.5 Tesla unit) of the lumbar spine of a 45-year-old
man with low back pain. Note severe multiple level disc
degeneration with end-plate abnormalities. The L4-L5 disc is
almost totally obliterated, suggesting severe disc degenera-
tion. (Courtesy of Dr. Kaj Tallroth, Orton Hospital, Helsinki,
Finland.)
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Internal disc disruption has been postulated to be an
important cause of low back pain, and a taxonomy has
been established by the International Association for the
Study of Pain (Table 28-5) (34). The clinical usefulness
and interpretation of discography is, however, controver-
sial (33,62–69). In particular, it has been observed that
discographic pain reports are not only related to anatomic
abnormalities within the disc, but also to scores on the
Minnesota Multiphasic Personality Inventory (MMPI)
(70), somatization disorder, compensation issues, and
abnormal results on psychological testing (69). Thus, it
would seem mandatory to perform psychological testing
on any patient undergoing discography with interpreta-
tion of pain provocation, particularly if the discography
procedure is used for preoperative evaluation. Even
though discography may be problematic for clinical deci-
sion making, studies performed with discography have
considerably widened the horizons for understanding
mechanisms of low back pain and the locations of pain
generators within the spine (62,64), including intricate
mechanisms of pain radiation (65). 

FIG. 28-4. Sagittal view discography in a 46-year-old man
with low back pain. Note normal cotton ball–type images at
L3-L4 and L4-L5, whereas there is abnormal spread of con-
trast in the L5-S1 disc. (Courtesy of Dr. Kaj Tallroth, Orton
Hospital, Helsinki, Finland.)

FIG. 28-5. Sagittal and anteroposterior discography views in
a 36-year-old woman with low back pain. There is slight
abnormal spread of contrast at the L3-L4 level, with more
severe degeneration in the two lowermost discs, as seen by
the widespread distribution of contrast. (Courtesy of Dr. Kaj
Tallroth, Orton Hospital, Helsinki, Finland.)

TABLE 28-4. Summary of position statement of North
American Spine Society Diagnostic and Therapeutic

Committee on lumbar discography

Lumbar discography can be used in select cases such as:
• When there is persistent pain with suspicion of disc

abnormality, and noninvasive tests have not provided
sufficient diagnostic information.

• To determine whether discs within a proposed fusion
segment are symptomatic, and whether adjacent discs
are asymptomatic.

• In patients who have undergone previous spine surgery,
but with nonremitting significant pain, to differentiate
between postoperative scar and recurrent disc herniation.

• To investigate the condition of a disc within, or adjacent
to, a fused spinal segment, to better delineate the source
of symptoms.

• To confirm a contained disc herniation, possibly requiring
minimally invasive discectomy.

Modified from Guyer RD, Ohnmeiss DD. Lumbar discogra-
phy position statement from the North American Spine Soci-
ety Diagnostic and Therapeutic Committee. Spine 1995;20:
2048–2059, with permission.

TABLE 28-5. International Association for the Study of
Pain (IASP) taxonomy for internal disc disruption

The pain should be reproduced on provocation discography
Computed tomography/discography should reveal internal 

disc disruption
As a control, stimulation of at least one other disc should 

fail to reproduce the pain

From Schwarzer AC, Aprill CN, Derby R, et al. The preva-
lence and clinical features of internal disc disruption in
patients with chronic low back pain. Spine 1995;20:
1878–1883, with permission.
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NONOPERATIVE TREATMENT

Types and Results

For treating lumbar disc disorders, a profusion of alter-
native therapies are available to the clinician, as is often
the case when there is a lack of more precise knowledge
regarding etiology and pathophysiology. The clinician
may, however, obtain support in the choice of therapies
from several recently published guidelines, and the main-
stay of any treatment protocol should be to try to adhere
to such guidelines whenever possible (11,28–32,39). 

With an increasing shift to self-management strategies
that empower patients to participate in decisions in their
care (27,71,72), all patients should be provided with basic
information regarding course and prognosis (Table 28-6).
However, the mainstay of any treatment protocol should
be to try to keep the patient active and to try to influence
an often wide array of perceived functional limitations in
daily activities and at work. The principal goal is to con-
tinue normal daily activities (27). Table 28-7 presents
some main principles that will guide the clinician in the
treatment of patients with lumbar disc disorders and non-
specific low back pain. Prolonged low back pain and dis-
ability will usually require a well-organized multidisci-
plinary rehabilitation program (82), even if there is
presently a lack of knowledge regarding the optimal con-
tent of such programs (83) (e.g., whether any specific
type of exercise has any specific physical effect or not)
(84). In one study on multidisciplinary rehabilitation of
patients with chronic low back pain, the most important
variable for determining a successful treatment outcome
was the reduction of subjective feelings of disability,
whereas treatment outcome was not predicted by vari-
ables such as medical background, medical diagnosis,
physical impairment, or physical variables such as mobil-

ity, strength, endurance, or physical performance (82).
There are several available validated condition-specific
(19,85–93) and generic (94–97) functional disability
scales that may be used for assessing outcome. It is
important to remember, however, that disability is multi-
factorial (52,98). 

With respect to the choice of treatment program, there
is presently insufficient evidence to justify intensive and
expensive programs, which are likely to be less cost-
effective (39). In the treatment protocol, the role of the
workplace and work-related factors should not be over-
looked, since recent studies suggest that a close associa-
tion between clinical care and occupational intervention
may produce superior results to other treatment proto-
cols, particularly in patients with subacute work-related
low back pain (99). However, there is a need for more
detailed information on the role of various risk factors for
the various phases of work-related disability (100). 
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CHAPTER 29

Facet Joint Denervation: 
A Minimally Invasive Treatment for 
Low Back Pain in Selected Patients

David J. Hall

It is accepted that the lumbar zygapophyseal joints (facet
joints) are a potential source of low back and referred leg
pain. However, as a clinical entity, facet syndrome re-
mains ill-defined and hence the extent and significance
of its contribution in disabling low back pain is a subject
of ongoing debate. Nevertheless, it is possible to identify,
through diagnostic testing, a very select group of patients
that can be successfully treated by percutaneous radiofre-
quency facet joint denervation.

BACKGROUND

Although Goldthwait (1), in 1911, is credited as the
first to recognize the lumbar facet joint as a potential
source of back and leg pain, it was Ghormley (2), in
1933, who first coined the term “facet syndrome.” How-
ever, their theories focused more on the facet joint exert-
ing mechanical pressure on nerves as the origin of symp-
toms.

Later, in 1971, Rees (3,4) published his work on mul-
tiple bilateral subcutaneous rhizolysis, where he reported
a technique of denervation of the posterior spinal struc-
tures, including the facet joints, merely by the sweep of a
Beaver blade and claimed apparently successful treat-
ment in 998 out of 1,000 consecutively treated patients. 

Following up on Rees’ work, Shealy (5) initially exper-
imented with Rees’ technique but encountered problems
with hematomata in several patients that led him to the
use of a radiofrequency lesioning device under fluo-
roscopy guidance. Mooney (6) was impressed by his
observations of Shealy’s technique and was stimulated,
along with Robertson (7), to undertake their important
work in an attempt to provide more scientific evidence of
the facet joint as a source of back pain. In their study,
injection of the zygapophyseal joints in normal volun-

teers induced both back and referred leg pain and, more-
over, they found that the pain could be obliterated by
injection of local anesthetic into the same joints.

Accordingly, the concept of the facet joint block as a
diagnostic test was born. Since then there have been
numerous studies exploring the utility of facet joint injec-
tions as both a diagnostic and therapeutic tool in the treat-
ment of low back pain; it is fair to say that there have
been widely varying results (8–16). Nevertheless, injec-
tion of local anesthetic into lumbar facet joints or at their
nerve supply is accepted as a diagnostic test of facet joint
pain and it was a natural progression to explore facet joint
denervation procedures in the hope of providing longer-
lasting and perhaps permanent relief of facet joint pain
(6,17–26). In order to refine techniques of facet joint
denervation there was a renewed interest in anatomic
studies to improve the understanding of innervation of
lumbar spine structures and, in particular, to precisely
map the afferent nerve supply of the facet joint (18,
26–30).

ANATOMY

The major afferent nerve supply to the facet joint is
provided by the medial branch of the posterior primary
ramus. The medial branch descends from the posterior
primary ramus over the base of the transverse process in
a groove at the root of the superior articular process,
which is bridged by the mamillo-accessory ligament (Fig.
29-1). The mamillo-accessory ligament is formed by a
condensation of the intertransverse ligament fibers pass-
ing from the mamillary body to the transverse process
and occasionally it is ossified. After passing under the
bridge of the mamillo-accessory ligament, the medial
branch courses across the lamina deep to multifidus and
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finally enters the muscle. Deep to the muscle it sends
fibers innervating the caudal portion of the facet joint
immediately above before sending fibers to the facet joint
below.

Paris (29) proposed a greater multiplicity in afferent
supply to the facet joint. In particular, he described an
ascending facet branch that passed to the posterior aspect
of the facet joint one level above, and throughout its
course was entirely intramuscular and did not lie on any
bony structures. He also suggested a more proximal ori-
gin of branches to multifidus and theorized that they
would contain accessory afferent supply to the facet
joints. However, this description of the anatomy, and in
particular the ascending facet branch, could not be veri-
fied by Bogduk in his anatomical dissections (18,26–30).
The existence of an intramuscular ascending facet joint
branch infers a “triple innervation” of the facet joints

where a single medial branch supplies the adjacent facet
joint and the joints above and below. However, there is
broader acceptance of the “dual innervation” as proposed
by Bogduk where the medial branch supplies its adjacent
facet joint and the joint immediately below. There is
agreement throughout the literature that the medial
branch of the posterior primary ramus is constant and is
fixed adjacent to the bone in the region of the mamillo-
accessory ligament. There is no evidence of nerve fibers
crossing the midline so that facet joints on each side have
a unilateral innervation.

PATHOLOGY

In the majority of cases the cause of lumbar facet joint
pain is not known. Although facet joint osteoarthritis is a
relatively common occurrence, it is rare to find other def-
inite recognizable pathology affecting the zygapophyseal
joint such as systemic inflammatory arthropathy, facet
joint fracture, or infection (6,7,15,31–34). Exclusion of
such disorders is important, leaving osteoarthritis, which
has been proposed as a cause of facet joint pain. Interest-
ingly, it has been demonstrated that facet joint degenera-
tion almost invariably follows disc degeneration at the
same level and, accordingly, degenerative changes within
the facet joint rarely, if ever, exist in isolation (32–34). In
spite of this, a study by Schwarzer (12), evaluating
patients by provocative discography and facet joint
blocks, concluded that it was rare to suffer symptomatic
disc degeneration in combination with symptomatic facet
joints.

DIAGNOSIS

Although most clinicians recognize a clinical presenta-
tion, which is presumed attributable to facet joint pain,
there is no literature to support any pathognomonic his-
torical, physical examination or imaging findings associ-
ated with lumbar facet joint syndrome (6,9,11,14,15,16,
19,31). Typically, it is thought that facet joint pain is
aggravated by rest in any posture and is relieved by move-
ment. The pain may be unilateral or bilateral in the lower
back, with or without radiation to the lower limbs.
Radiculopathy is absent and the pain should not radiate
below the knee. Morning stiffness may be associated with
a stooped posture on rising; lumbar extension is the
movement most likely to aggravate symptoms. Despite
the consistency of this description throughout the litera-
ture, clinical features have not proved to be predictive of
the response to diagnostic facet joint blockade (13–16). 

Facet joint injections form part of the investigative
armamentarium when evaluating patients with nonradic-
ular low back pain who have failed to respond to appro-
priate nonoperative management, including an exercise
program, and in whom there are no sinister features
of alternative underlying pathology. Lumbar facet joint
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FIG. 29-1. A sketch of a dorsal view of the branches of the
left lumbar dorsal rami. Mamillo-accessory ligaments (mal)
have been left in situ covering the L1 and L2 medial
branches. A, articular branches; ib, intermediate branch; ibp,
intermediate branch plexus; lb, lateral branch; m, medial
branch; is, interspinous branch, zj, zygapophyseal joint.
(From Bogduk N. The innervation of the lumbar spine. Spine
1983;8(3):289.)



injections, combined with the use of intra-articular corti-
costeroids, have been used as both a diagnostic and ther-
apeutic modality. However, their use remains controver-
sial (7,8,10,11,15). As a therapeutic option, some authors
have found facet joint injections to be of no use, whereas
at best the injections may provide temporary relief of suf-
ficient duration to allow resolution of symptoms by nat-
ural processes or through an appropriate rehabilitation
program.

A series of studies undertaken by Bogduk and associ-
ates have shown that targeted medial branch blockade is
a valid diagnostic test in the evaluation of facet joint pain
(12,13,16). Indeed, from a technical viewpoint, medial
branch block is more easily performed than facet joint
injections and there is less prospect of diffusion of the
local anesthetic to involve surrounding structures, which
may confound the response.

In addition, differential blocks undertaken on separate
occasions using local anesthetic agents with different
pharmacologic properties and durations of action have
been able to exclude false-positive results (13). Based on
these studies and others where the placebo response is
controlled, facet joint pain is thought to have a prevalence
of up to 40% in chronic nonradicular low back pain
(14,15).

If facet joint pain is accepted as a significant contribu-
tor in disabling low back pain, then it follows that facet
joint denervation may provide long-term or even perma-
nent relief of symptoms attributable to the facet joints.
Facet joint denervation is appealing given the accessibil-
ity of the facet joint and, more particularly, the medial
branch of the posterior primary ramus, which has a con-
stant course adjacent to an easily identifiable bony land-
mark.

Bearing this in mind, when investigating a patient for
consideration of radiofrequency denervation, it is logical
that a medial branch block is a more appropriate diag-
nostic tool than facet joint block because it directly eval-
uates the structure scheduled for ablation.

TECHNIQUE

The original technique described by Shealy (5) tar-
geted the electrode lateral to the midpoint of the facet
joint and then swept the electrode in a cephalad and cau-
dad direction so that there were three electrode positions
for each joint covering the lateral aspect of the facet joint.
The following modified technique is recommended in
view of improved anatomic knowledge.

Under sterile conditions with the patient lying prone
over a pillow to reduce the lumbar lordosis, on a radiolu-
cent operating table, the levels to be denervated are
located by antero-posterior (AP) fluoroscopy. The target
point (i.e., the base of the transverse process where it
meets the root of the superior articular process) is marked
on the skin (Fig. 29-2). A puncture site is marked a cen-

timeter or two lateral and caudal to the target point for the
L1 to L4 levels. (The L5 level is treated differently owing
to the different anatomy, and is described in the follow-
ing.) The lateral and caudal entry point is chosen to pre-
vent deflection of the probe from the target at the base of
the transverse process by the overhanging superior artic-
ular process and the bulging mamillary process. Because
it has been shown that the uninsulated portion of the
probe produces a radial spread of the lesion that does not
extend beyond the tip of the electrode, a more caudal
approach is chosen to allow the introduced probe to lie
nearly parallel to the target nerve so that the nerve is more
likely to be encompassed by the radial spread of the
lesion (35). The L5 dorsal ramus courses in the groove
between the ala and the superior articular facet of S1 and
can be approached in a more sagittal direction with the
probe laying parallel to the dorsal primary ramus proper
as it hooks over the sacrum. The intended puncture sites
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FIG. 29-2. Antero-posterior radiograph of lumbar spine illus-
trating target points for medial branch neurotomy. The target
points lie exactly at the tip of either the arrows at L1, L2, and
L5, or the guide needles at L3 and L4. Note, at the L3 and L4
levels, how the silhouette of the superior articular process
overlaps the target point, demonstrating why electrodes
should be introduced obliquely. The overhanging superior
articular process protects the target point in a dorsoventral
approach. The guide needles are indicating the target points;
however, a more caudal entry point is now recommended in
order to allow introduction of the electrode more or less par-
allel to the respective medial branches at L4 and above. On
the right side of the figure the courses of the medial
branches of the dorsal rami have been superimposed. (From
Bogduk N, Long DM. Percutaneous lumbar medial branch
neurotomy: a modification of facet denervation. Spine 1980;
5:196.)



are anesthetized using Lignocaine 1% down to the level
of the deep fascia, being careful not to anesthetize deep
around the facet joint, which may interfere with nerve
conduction and patient response.

An 11 blade is used to puncture the skin before inser-
tion of 31⁄2-inch, 14-gauge Shiley needles with trocars
under AP fluoroscopy. The Shiley needle is advanced
until it is blocked by the base of the transverse process,
which obviates the need for lateral fluoroscopy to check
the depth of placement. The trocar is removed and the
blunt-tipped electrode is introduced via the Shiley needle,
which can be used to steer the electrode. The transverse
process is palpated easily and the electrode is then
directed in a cephalad and medial direction so that it slips
off the transverse process into the intertransverse space.
The probe is then gradually withdrawn so that the unin-
sulated portion lies at the root of the superior articular
process, more or less parallel to the course of the medial
branch. At L5, as mentioned, the probe comes to lie in a
more sagittal direction in the groove on the superior
aspect of the ala, adjacent to the superior articular facet
and is parallel to the posterior primary ramus proper.
Antero-posterior fluoroscopy is used to confirm the posi-
tion of the tip of the electrode.

A stimulation mode can be used to confirm that the
electrode tip is properly positioned adjacent to the medial
branch of the posterior primary ramus and away from the
anterior primary ramus. At 2 Hz, motor stimulation may
occur and if twitching of the lower limb muscles is
observed, the probe should be withdrawn to a more pos-
terior position. At 100 Hz, a sensory response is elicited
in the posterior primary ramus, which may produce pain
or tingling similar to the presenting symptoms. However,
the sensory response is not diagnostic and this step
should not be necessary because the symptomatic levels
should have been identified by prior medial branch
blockade.

After satisfactory placement of the electrodes, lesions
are made with a radiofrequency generator; the electrode
tip temperature is raised to 80°C for 90 seconds. During
the production of the lesion, the patient should be awake
and cooperative in order to alert the surgeon as to the
development of any radicular symptoms that would neces-
sitate repositioning the lesioning electrode. Usually the
patient experiences an exacerbation of back pain that
reaches a crescendo and then settles as the lesion is com-
pleted. The neurologic status is checked immediately post-
operatively. The procedure is undertaken on an outpatient
basis with minimal or no sedation and the patient is
allowed to return to normal activity as symptoms permit.

RESULTS

Since the introduction of radiofrequency denervation
of the facet joint by Shealy (5), the technique has been
modified and used with varying results (6,17,18–26).

To date only three randomized controlled trials
(20,22,24) have been published evaluating the effect of
radiofrequency lumbar facet joint denervation in chronic
low back pain. However, the studies are not directly com-
parable because they each used either different diagnostic
criteria or different surgical technique.

In 1994, Gallagher (20) included 60 patients who were
judged on clinical grounds to have symptoms of low back
pain suggestive of facet joint origin. Forty-one patients
reported improvement or were equivocal in their response
following injection of local anesthetic into and around the
facet joints that were thought to be appropriate. Those
patients were randomized to undergo either radiofre-
quency facet joint denervation or a sham procedure using
the invalidated technique of Shealy. Nevertheless, relief
of symptoms was noted in patients who had a clear
improvement following facet joint injections compared to
patients who were equivocal in their response to the
injections. The results were evaluated at 1 and 6 months
and were statistically significant.

Van Kleef (22), in 1999, reported results in 31 patients
with chronic low back pain selected on the basis of pain
relief following diagnostic blockade of the medial branch
of the posterior primary rami. The technique of lesion
production was similar to the modified technique as
described in the preceding text, although the approach
was more from a posterolateral oblique direction than the
more caudal oblique approach, as promoted by Bogduk
(35). At least 50% pain relief following medial branch
blockade was required to be eligible to enter the study
and then patients were randomized to undergo radiofre-
quency lesioning or a sham procedure. Interestingly, in
the final analysis, the results were superior in patients
who reported complete relief of pain with diagnostic
nerve blocks compared to those with only partial relief of
pain. Statistical analysis at 3, 6, and 12 months following
treatment showed significant improvement in pain and
functional disability in the treatment group.

In 2001, Leclaire (24) published results examining a
larger sample size of 70 patients but a shorter follow-up of
only 3 months and reported no significant improvement in
the treatment group compared to the sham group. However,
it is noteworthy that patients were included in the study
based on their response to intra-articular facet joint injec-
tions rather than diagnostic medial branch blockade.

COMPLICATIONS

There have been no serious complications associated
with the procedure apart from transient radiculopathy and
the report of a skin burn through poor earthing (5,19–25).

CONCLUSION

It is apparent that there exists a very select group of
patients with disabling low back pain that can be attrib-
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uted to the facet joints and may be successfully treated by
facet joint denervation.

The careful use of diagnostic medial branch blockade
is the critical factor in patient selection for facet joint
denervation. Meticulous attention to detail through the
use of differential medial branch blockade is required to
accurately identify a highly selected group of patients
who may respond to radiofrequency denervation. Follow-
ing recommended protocols is a tedious process that may
test the patience of the clinician (not to mention the
patient) and may explain the paucity of high-quality stud-
ies and the widely varying results published in the litera-
ture. Despite a plethora of literature dealing with anatomy
and experimental studies, evaluating the facet joints as a
potential source of pain, there is an extremely narrow evi-
dence base of high-quality clinical studies examining the
utility of radiofrequency denervation of the facet joints.
In particular, there is a single study (22) that employed
the theoretical best practice methods of patient selection,
accurate lesioning technique, and rigorous scientific
methodology that showed significant alleviation of pain
and functional disability in a select group of patients both
on a short- and long-term basis following radiofrequency
denervation.

There are many factors that may lead to failure of the
technique, including the technical adequacy of diagnosis
by medial branch block and the adequacy of subsequent
radiofrequency medial branch neurotomy. Additionally,
there is always the question of alternate symptomatic
pathology and, in particular, symptomatic disc degenera-
tion because disc degeneration has been shown to always
coexist with facet joint degeneration. It has been postu-
lated that late resurgence of symptoms may be associated
with nerve regeneration, in which case repeat procedures
may be indicated after re-evaluation. Nevertheless, the
minimally invasive technique of radiofrequency facet
joint denervation is appealing given the accessibility of
the medial branch of the posterior primary ramus and the
reassurance that the reporting of complications from the
procedure is virtually nonexistent.
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CHAPTER 30

Intradiscal Electrothermal Therapy

Jeffrey A. Saal and Joel S. Saal

The treatment of chronic discogenic low back pain pre-
sents one of the most difficult challenges to the spine spe-
cialist. Nonoperative measures are frequently unable to
reduce pain and improve function in this patient subgroup
(1, 2). Interbody fusion for these patients has yielded
mixed and often poor results (3–5). An alternative ther-
apy to address this problem is therefore desirable. The
SpineCATH system (Smith & Nephew, Inc., Largo, FL)
to perform intradiscal electrothermal therapy (IDET) was
developed to address this difficult clinical dilemma.

Patients with chronic lumbar pain fall into two clinical
categories: chronic recurrent and chronic persistent.
Chronic recurrent patients have multiple pain flares with
varying durations of 2 weeks to 3 months. Many patients
within this group will begin to have more frequent recur-
rences with fewer pain-free intervals as time passes.
Chronic persistent patients have persisting symptoms that
do not abate and last longer than 3 months. The disc has
been shown to be the pain source in the majority of
patients with chronic symptoms (6). Carey et al. recently
reported that patients who do not experience a resolution
of their back pain within 3 months of onset had a poor
prognosis for further recovery. When the patients were
assessed at 22 months they continued to have persisting
complaints of low back pain and were dissatisfied with
their outcomes (1). Von Korff reported that although 80%
of patients had resolution of their acute low back pain in
12 weeks, 60% of the patients experienced recurrent
symptoms (2). These recent studies underline the fact that
chronic low back pain does not necessarily have a favor-
able prognosis and that the long held truth that 90% of
patients will experience resolution of their back pain
within 6 to 12 weeks is incorrect and misleading.

PATHOPHYSIOLOGY OF INTERNAL DISC
DERANGEMENT

The natural history of the degenerating disc includes
loss of nuclear hydrostatic pressure, which leads to buck-

ling of the annular lamellae. This phenomenon leads to
increased focal segment mobility and increased shear
stress to the annular wall. The process progresses to
delamination and fissuring of the annular wall. Annular
delamination has been shown to occur as a separate and
distinct event from annular fissures (7). Fissures can be
radial or concentric. In addition, electron microscopy has
demonstrated micro “fractures” of collagen fibrils with
disc degeneration. The progressive degeneration of the
disc, manifested by any of these morphologic changes,
has been shown to alter disc mechanics (8).

Tearing and delamination of the annulus can cause
chronic pain. Mechanoreceptors in the disc have been
shown to discharge with disc mobilization (9). Nocicep-
tive tissue has been shown to be sensitized resulting in a
decrease in their firing threshold after treatment with
inflammatory enzymes and mediators (10–12).

A scenario for chronic discogenic pain is created when
any combination of annular fissures, delamination, or
microfractures of collagen fibrils leads to mechanical
distortion of annular lamellae and subsequent sensitiza-
tion of nociceptors that may have also been presensitized
by PLA2 (13), nitrous oxide (14, 15), interleukin 1 (15),
and metalloproteinase enzyme activity (15), or other
chemical mediators. Afferent stimuli produce substance P
release and nociception. Repetitive stimulation of the
dorsal root ganglion (DRG) has been shown to create
prolonged neural activity from the dorsal horn receptor
fields (10,16,17). As the patient continues to load the
disc, the neuronal activity continues. Clinically, the dis-
rupted disc will often cause referral pain into the buttocks
and leg due to DRG stimulation or from direct chemical
irritation of the nerve roots.

A combination of mechanical and neural properties
creates an interplay that leads to chronic discogenic pain.
A high-intensity zone (HIZ) on the T2 of the magnetic
resonance (MR) image has been shown to correlate with
a pain-producing fissured disc 65% to 95% of the time
(18–20). However, MRI predicts the presence of annular
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fissures less than 50% of the time and asymptomatic
patients may have an HIZ (19–22). Therefore, a patient
may have a painful annular tear without concomitant
MRI findings. Disc bulging is due to, and directly asso-
ciated with, annular degeneration and fissures; however,
this phenomenon does not always create clinically signif-
icant low back pain (21).

Certainly not all chronic lumbar pain is discogenic. It
is estimated that more than 50% of patients with chronic
low back pain may have the disc as the primary source of
pain (6), however, an accurate diagnosis can be elusive.
Screening for patients with facet problems, sacroiliac
joint dysfunction, psychosocial problems, systemic dis-
ease, neoplasm, and infection should be undertaken when
appropriate. A chronic pain syndrome with primarily soft
tissue pain and somatization often occurs in the low back
pain population. Practitioners must be aware of the poten-
tial existence of these phenomena. 

THERMAL IMPACT ON TISSUE

Innervation of the intervertebral disc has been well
documented by researchers since the 1930s. More
recently, Bogduk’s work illustrated the sources of lumbar
disc innervation (23). Coppes et al. found nociceptive
properties in nerves of the outer annular wall. In fact,
they observed nerve fibers “deeper than the outer third of
the annulus fibrosus” (24). Freemont et al. also discov-
ered significant neovascularization with neural expres-
sion of substance P, and linked that growth to disc degen-
eration and back pain. They identified nerve fibers as
deep as the inner third of the annulus fibrosus and into
the nucleus pulposus in several disc samples (25).

Letcher et al. established that irreversible nerve blocks
due to neural thermocoagulation occur at 45°C in the
brain (26), and Cosman et al. (27) used radiofrequency
lesioning to produce 45°C isotherms for neural tissue
lesioning. The intradiscal temperatures generated by the
SpineCATH (48° to 75°C) are in the range necessary to
create thermocoagulation of neural tissue in the target
zone accessed (28, 29).

Collagen contraction, or shrinkage, has been well docu-
mented in the use of nonablative laser energy on joint cap-
sular tissue and more recently in radiofrequency applica-
tion in the glenohumeral joint capsule (30,31). Research
has shown that there is a direct correlation between the
amount of heat and duration of the heating applied to tis-
sue and the resulting collagen contraction (32–36).

The breaking apart of the heat-sensitive bonds of the
collagen fibrils causes tissue shrinkage. The framework
of the intervertebral disc is composed primarily of types
I and II collagen, which have a similar molecular struc-
ture. The tensile strength of these collagen fibers is
derived from the extended conformation of the triple
helix molecule, which is cross-linked with hydrogen

bonds. A portion of these bonds is heat sensitive, break-
ing apart when exposed to a range of temperatures over
time. The disruption of these stabilizing hydrogen bonds
releases the molecular strands, which collapse. This col-
lapse, like the release of a spring-held taut, results in a
new contracted state called the denatured or random coil
conformation of the collagen fiber.

The optimal temperature for collagen contraction is
reported to be 65°C. The lowest practical temperature at
which heat-sensitive hydrogen bonds will start to break is
60° C. As the temperature increases, more bonds break. It
is unclear whether there is an additional shrinkage effect
over 75°C. 

Kleinstueck et al. attempted to study intradiscal tem-
perature dispersion from the SpineCATH (37). They
placed the device in the nucleus rather than in the annu-
lus and were able to measure temperatures of great than
42°C (temperature sufficient to thermocoagulate unmyeli-
nated nerve fibers) at distances greater than 10 mm from
the probe. However, their use of previously frozen cadav-
eric discs, and the placement of the heating element in the
nuclear cavity rather than in the annulus as is done in
clinical practice may have limited the peak temperatures.
Freeman et al. presented temperature maps in vivo on
sheep demonstrating higher peak temperatures (38). They
found temperatures of greater than 65°C adjacent to the
catheter. In a recent report Shah et al. found microscopic
evidence of acute collagen modulation in cadaveric discs
heated with a SpineCATH (29).

Recently Barensde et al. reported on a randomized
controlled trial evaluating the efficacy of a radiofre-
quency probe placed into the center of the nucleus and
then heated (39). The treated group fared no better than
placebo. Houpt et al. (40) has previously demonstrated
the inability of temperature dispersion for a radiofre-
quency device to raise intradiscal and annular tempera-
tures. For these reasons the IDET technology (i.e.,
SpineCATH) does not use radiofrequency as a heating
element but rather uses a thermal resistive coil, which
produces conductive heat. Additionally, contrary to the
radiofreqency device studied by Barendse (39), the IDET
device is deployed into the annulus and is not deployed in
the center of the nucleus (28,41).

CLINICAL RESEARCH REVIEW

The first published series of patients treated with IDET
reported the 6-month (range 6 to 9 months, mean 7
months) outcome results for 25 patients with chronic low
back pain of documented discogenic origin with mean
duration of preoperative symptoms of 58.5 months. These
were patients who failed to adequately improve with a
comprehensively applied nonoperative care program and
who elected IDET instead of chronic pain management or
spinal fusion (41). The results demonstrated a statistically
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significant improvement in functional outcome as mea-
sured by Visual Analogue Scale (VAS) scores, Social
Functioning (SF)-36 scores, sitting tolerance times, and
narcotic analgesic medication. Sixty-two patients treated
with IDET and followed for a minimum of 1-year (mean
16 months, range 12 to 23 months) postprocedure
demonstrated outcome evaluation scores that did not sta-
tistically vary from the 6-month group. The mean group
change for the SF-36 bodily pain was 17 and physical
function was 20. These scores are consistent with signif-
icant clinical improvement (42).

A 2-year follow-up study noted continued improve-
ment of SF-36 scores and sitting tolerance times (43).

Karasek and Bogduk (44) reported on the 1-year out-
come of patients treated with IDET (35) and compared
them to a control group of patients (17) similarly diag-
nosed but denied insurance authorization for IDET. The
researchers used a 50% reduction of VAS scores as an
indicator of success. On this basis, 60% were considered
successes. Additionally, they noted that 23% of the
patients had total relief of symptoms. They reported that
only one patient in the control group improved and the
remainder continued to have similar pain intensity.

Derby et al. (45) reported that 62.5% of patients treated
with IDET had a favorable outcome based upon the
Roland Morris Scale, VAS, North American

Spine Society (NASS) outcome instrument, and a gen-
eral activity scale. If patients had preserved disc height
and had not undergone previous surgery at the index
level, the success rate was 76%.

Wetzel et al. presented the 2-year results of a multi-
center prospective cohort study and found statistically
significant improvement in pain reduction and physical
function in their study group (46). To date, there are no
published randomized controlled trials of IDET. Cleary,
such trials will be extremely valuable in determining the
validated efficacy of IDET and other spine therapies.
Until those data are available, physicians and surgeons
should proceed with caution prior to determining the path
of care for their patients with chronic discogenic pain.

MECHANISMS OF ACTION

The precise mechanism of action of the observed
positive clinical effect is currently under investigation.
Moore et al. attempted to create annular in-growth of
nerve fibers after surgically induced injury. They fol-
lowed this with IDET in an attempt to determine if IDET
reduced the population of nerve fibers in treated versus
untreated control specimens. Unfortunately, neither the
control nor the treated specimens had enough neural in-
growth to determine a differential effect (47). Pollintine
et al. presented a cadaveric disc study demonstrating an
equalization of stress across the IDET treated disc (48).
This may lend useful insight into the mechanism of

action of IDET. Clearly, further work on the mechanism
of action is required. 

DIAGNOSTIC WORKUP AND PATIENT
SELECTION FOR IDET

The following 12 criteria represent our present criteria
for IDET candidacy. To date, these criteria have not been
validated by controlled studies. They represent our expe-
rience, and are a work in progress.

1. Severe, function-limiting, chronic low back pain for
more than 3 months.

2. Failure to adequately improve with a comprehen-
sively applied aggressive nonoperative treatment
program consisting of stabilization exercise training,
back education, activity modification, and when
appropriate, fluoroscopically guided selective epidural
cortisone injections and, in some circumstances, facet
injections.

3. A duration of 3 months for the nonoperative care pro-
gram is recommended (this would bring the total
duration of symptoms to an approximate minimum
of 6 months prior to IDET).

4. Normal neurologic examination.
5. Negative straight leg raise (SLR)—no reproduction

of “true sciatica”.
6. MRI that does not demonstrate neural compressive

disease.
7. Preservation of disc height at the symptomatic level

(less than 30% disc space collapse).
8. No measurable segmental instability.
9. No lytic or degenerative spondylolisthesis.

10. Discogram that demonstrates an annular fissure and
reproduces concordant pain at one or more levels at
an injection volume of less than 2 cc, with a docu-
mented negative control level.

11. No irreversible psychosocial barriers to recovery.
12. Motivation to improve with realistic expectations of

outcome.

In summary, IDET is intended for psychologically sta-
ble and motivated patients with chronic function limiting
low back pain with a documented discogenic source of
pain who have failed to improve with an aggressive exer-
cise-based rehabilitation program. Discography criteria
for low-volume concordant pain provocation attempts to
separate appropriate patients with focal annular lesions
who will experience pain reproduction at low volumes
from patients who are questionable candidates with
global annular degeneration who will often experience
pain reproduction only at larger volumes of injectate (i.e.,
greater than or equal to 2 cc volumes). We have noted that
patients with severe disc space collapse (greater than
50%) may have a lower likelihood of success than



patients with preserved disc height. This theorem how-
ever has not been vigorously tested. In addition, the effec-
tiveness of IDET on the previously operated segment
remains an open question. 

PROCEDURAL TECHNIQUE

Overview

Local anesthesia and conscious, monitored sedation is
applied to the patient in an outpatient surgical or radio-
logic setting. A 17-gauge procedure needle is introduced
into the symptomatic disc under multiplane fluoroscopic
guidance. The SpineCATH is introduced through the pro-
cedure needle and navigated to the offending portion of
the annulus. The SpineCATH position is documented in
at least the anteroposterior and lateral radiologic view.
Care must be undertaken to avoid catheter kinking, which
may lead to catheter breakage. Treatment may be
achieved with unilateral catheter deployment, but roughly
40% of the time, due to multiple annular fissures, bilat-
eral deployment is necessary to cover the entire posterior
annular wall. The ORA-50 (Smith & Nephew, Andover,
MA) autotemperature heat generator controls the catheter
heat delivery system. Typically a maximum catheter tem-
perature of 90°C is attained (corresponding to tissue tem-
perature adjacent to the catheter of approximately 72°C).
There are occasions when the temperature profile must
be modified to a maximum catheter temperature of 85° to
89°C to achieve patient comfort. The patient must be alert
enough to be observed for the development of radicular
pain during the procedure. If this occurs, the catheter is
repositioned or removed. Most patients will experience
their typical back pain and referral leg pain during the
procedure. However, this must be differentiated from
radicular pain, especially if the patient experiences it
early in the heating cycle (i.e., catheter temperature 65° to
90°C). If this occurs, it is usually indicative of an
extremely attenuated posterolateral annulus or a catheter
that is extradiscal. It is our preference to inject 2 to 5 mg
of cefazolin into the disc after treatment and removal of
the SpineCATH. 

A survey of complications was presented noting a 6 per
1,750 incidence of reversible nerve injury due to needle
puncture and a 1 per 1,750 incidence of discitis. There is
one published report of cauda equina injury due to IDET
(49). IDET when performed by a skilled practitioner is rel-
atively safe, but certainly not entirely without risk.

Course of Recovery and Postoperative Rehabilitation

Most patients will experience an increase in their typi-
cal pain (back, back and leg) in the early postoperative
period. The postoperative pain gradually subsides over
the first 1 to 7 days. Typically most patients will return to

at least their preprocedure pain level between the 7th and
14th postoperative day. We have noted that patients often
have resolution of their preoperative leg pain symptoms
in the first 4 weeks, whereas the improvement in back
pain requires 6 to 12 weeks to occur. Initial study patients
have been noted to progressively improve between 2 and
9 months. The 2-year data documented that the patient
group demonstrated substantial improvement between 1-
and 2-year follow-up points (43). The clinical course in
the first 4 to 6 months is often variable. However, many
of these patients will stabilize, and at 1-year follow-up
demonstrate significant improvement. Patients who have
not improved above their preoperative baseline by 6
months should be considered unsuccessful. 

The most important postoperative principle appears
to be allowing time for a healing reaction. This requires
delaying aggressive exercise training for at least 3
months postprocedure. It is our practice to place
patients in a semirigid lumbar corset for 8 weeks post-
procedure. During this period, patients are encouraged
to walk. At 8 weeks a progressive stabilization exercise
program is begun and the corset is discontinued.
Patients should be able to return to office work or light
duty assignment by 2 weeks and light lifting duties at 6
weeks postprocedure, although return to heavy work
may require 4 to 6 months. Optimization of return to
work timing and postoperative management deserves
further study. 

CONCLUSION

IDET may offer a group of carefully selected patients
with chronic discogenic low back pain an option other
than chronic pain management or spinal fusion. Random-
ized control trials are necessary to validate the efficacy of
IDET as well as spinal fusion for the treatment of patients
with chronic discogenic low back pain.
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CHAPTER 31

Operative Management of the Degenerative
Disc: Posterior and Posterolateral Procedures

Gunnar B.J. Andersson and Francis H. Shen

In medicine, a successful outcome from a specific inter-
vention is intimately associated with making an accurate
diagnosis. In the case of degenerative disc disease mak-
ing an accurate diagnosis can be challenging (1–3).
Patients with degenerative disc disease may present with
a variety of symptoms ranging from predominantly low
back pain at one end of the spectrum, to leg pain at the
other end (3–5). As a result, the management of degener-
ative disc disease has been controversial (4–8).

In patients with predominantly leg pain the source of
the pain may be a degenerative herniated disc or associ-
ated lateral recess or foraminal stenosis resulting in lum-
bar radiculopathy. However, there is a subset of patients
with axial back pain (low back pain without radiculopa-
thy) where the history, physical findings, and confirma-
tory tests attempting to identify the source of pain have
not been as clear. Pain generators in these patients may
arise directly from the annulus of the degenerative disc
(9,10), from arthritic facets (11,12), or from pathologic
segmental instability and micromotion (13). It is this sub-
set of patients that may benefit the most from a lumbar
fusion. 

In this section we review the operative indications, sur-
gical options, techniques for posterolateral lumbar fusion,
and role of instrumentation for axial back pain from disc
degeneration. Management of the patient with radicu-
lopathy from a herniated disc or stenosis is addressed in
later chapters. 

ETIOLOGY

Studies have focused on the annulus as a source of pain
in the degenerative disc (9,10). Innervation of the annu-
lus has been well characterized, with the outer third being
innervated by pain transmitting free nerve endings (Figs.
31-1,31-2) (14). The sinuvertebral nerve, arising from the
ventral root and gray rami communicants, provides inner-

vation to structures within the spinal canal, the posterior
longitudinal ligament, ventral dural sac, and posterior
portion of the annulus (15). The ventral primary rami and
the sympathetic nervous system innervate the lateral
and anterior aspects of the annulus fibrosus, whereas
branches of the gray rami communicants or the sympa-
thetic trunk innervate the anterior longitudinal ligament
(Figs. 31-1,31-2) (14,16). Furthermore, in a degenerative
disc, the annulus fibrosus, as well as the cartilage end
plates and underlying cancellous bone of the adjacent
vertebra have been shown to be more extensively inner-
vated than normal healthy discs and vertebra (17). In a
study of 193 patients by Kuslich and colleagues, direct
mechanical stimulation of the central and lateral portions
of the annulus and vertebral end plates produced typical
back pain symptoms in approximately two thirds of the
patients (10). 

Many of these same nerve endings are also involved
with the production of pain-related neuropeptides (18).
The number of neuropeptides known to be present in pri-
mary afferent neurons has been steadily increasing (19).
These neuropeptides are produced within the dorsal root
ganglion cell body and are delivered by axonal transport
to the central and peripheral processes of the neurons.
Their release has been demonstrated in response to
intense electric stimulation of peripheral nerves; how-
ever, their exact role in pain modulation from degenera-
tive disc disease has not yet been fully elucidated. 

Because of the three-joint concept of the lumbar spine
(20), axial back pain is likely the result of several factors
(13). It is possible that with increasing ligamentous and
capsular laxity there is progressive mechanical overload
of the degenerative disc and facets resulting in segmental
instability and pathologic motion potentially causing
additional pain (13,21,22). The associated loss of disc
height can increase stress across facet joints resulting in
facet arthrosis. Although controversial, facet arthrosis has
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also been implicated as a possible source of back pain
(11,12,23). However, the clinical picture is variable.
Although nociceptive nerve fibers have been clearly
identified in facet joint capsules and pericapsular tissue,
facet joint injections as a diagnostic and therapeutic
modality are not always effective (23). Randomized stud-
ies have not demonstrated a difference between the effi-
cacy of placebo and that of steroids and local anesthetics
during facet injections (24,25). 

OPERATIVE INDICATIONS

Before the diagnosis of degenerative disc disease can
be made, a careful history, physical examination, and
appropriate confirmatory studies should be performed.
Once the diagnosis has been made, nonsurgical options
should be exhausted before operative treatment is consid-
ered. The authors agree and stress that most individuals
with chronic disc degeneration and axial back pain can
be managed effectively with nonoperative treatment (2,4,
8,26). The natural history of axial back pain is continued
improvement with resolution over time. In cases where

pain persists, it often becomes a diffuse process through-
out the entire lumbar spine, and it becomes difficult to
determine with certainty which of the several levels are
the source of the pain.

Although the majority of patients improve with nonop-
erative measures, surgical intervention has a valuable role
in selected cases. In a recent multicenter study, the
Swedish Lumbar Spine Study Group randomized 294
patients with severe chronic low back pain into either
surgical or nonsurgical treatment groups. The investiga-
tors concluded that in carefully selected patients with
severe chronic low back pain without symptoms of leg
pain or signs of nerve root compression, the improvement
in pain and disability after surgical fusion was signifi-
cantly superior to that of nonsurgical treatment (7). Cur-
rent indications for fusion include the patient with (a)
unremitting pain and disability for greater than 1 year; (b)
failure of aggressive physical conditioning and conserva-
tive treatment for at least 3 to 4 months; (c) magnetic
resonance imaging consistent with advanced disc degen-
eration limited to one or two disc levels; and (d) a nega-
tive psychiatric evaluation and lack of secondary gain
(27,28). 
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FIG. 31-1. The nerve supply of a lumbar intervertebral disc
is depicted in a transverse view of the lumbar spine.
Branches of the gray rami communicantes and the sinuver-
tebral nerves (SVN) are shown entering the disc and the
anterior and posterior longitudinal ligaments (ALL and FLU).
Branches from the sinuvertebral nerves also supply the ante-
rior aspect of the dural sac and dural sleeve. (From Bogduk
N, Twomey LT. Clinical anatomy of the lumbar spine, 2nd ed.
Edinburgh: Churchill Livingstone, 1991:117.)

FIG. 31-2. Neuroanatomic definition of the lumbar motion
segment. 1, Ascending branch of sinuvertebral nerve; 2,
ascending facet branch; 3, sinuvertebral to facet; 4, direct
branch to facet; 5, branches to multifidus; 6, medial branch of
posterior primary ramus; 7, local facet branch; 8, descending
facet branch; 9, branch to sacroiliac; 10, sympathetic chain;
11, branch under anterior longitudinal ligament; 12, branches
from gray ramus to disc; 13, sinuvertebral to disc; 14, gray
ramus communicans; 15, branches from anterior primary
ramus to disc; 16, lateral branch of posterior primary ramus.
(From Oudenhoven RC. The role of laminectomy, facet rhi-
zotomy and epidural steroids. Spine 1979;4:145–147.)



Although some agreement has been reached concern-
ing operative indications, the ideal surgical procedure for
the management of the symptomatic degenerative disc
has not yet been answered. Because the pain is believed
to originate from either mechanical degeneration of the
intervertebral disc or pathologic motion between verte-
brae segments, the majority of surgical interventions
focus on lumbar arthrodesis (Table 31-1). Fusion of the
pathologic and painful lumbar segments would theoreti-
cally stabilize the progression of mechanical disc degen-
eration and eliminate pathologic motion and pain (2,4). 

SURGICAL OPTIONS

Once the decision for operative intervention is decided
on, then the options for arthrodesis include posterior-pos-
terolateral fusions, posterior lumbar interbody fusions,
anterior lumbar interbody fusions, and combined ante-
rior-posterior fusions (4,5,27). There are few comparative
studies that analyze the various techniques (29); the deci-
sion of whether or not to fuse the intervertebral disc is
still under debate. 

Some authors believe that a posterolateral fusion alone
may be insufficient to address anterior pathology at the
level of the intervertebral disc (30–32). They argue that if
the annulus fibrosus has been identified as a potential
pain generator, then treatment should address the pathol-
ogy directly by complete elimination of the disc. Some
studies have demonstrated anterior motion and concor-
dant pain on discography of levels that lie beneath a solid
posterior fusion (33). Proponents of posterolateral fusion
argue that the posterior fusion alone is sufficient to pro-
vide relief of axial back pain symptoms in the majority of
patients and that the associated morbidity from an inter-
body fusion cannot be justified (2,5,34).

Reported fusion rates vary among surgical techniques.
Because of decreased vascularity of the vertebral end-
plates, pseudoarthrosis rates have been reported to be
higher with interbody techniques (3,29). MacNab and
Dall compared anterior interbody, posterior, and inter-
transverse fusions and found that the incidence of
pseudoarthrosis after intertransverse fusions was signifi-
cantly lower than with the other two methods. The inves-
tigators felt that the larger bone surface available from the
transverse processes, lateral articular processes, and
intervening isthmic region, combined with local vascu-

larity, enhanced the rate of neovascularization of the bone
graft (29). Furthermore, interbody fusions often partially
collapse and may potentially extrude during graft incor-
poration. Newer instrumentation and surgical techniques
may improve fusion rates and decrease graft settling;
however, long-term follow-up is still unavailable. 

Biomechanically, the closer the fusion is to the cen-
trode of the motion segment, the greater the stiffness
achieved (3). Theoretically, interbody fusion techniques
should have the highest rigidity, and the posterior and
posterolateral fusions should have the least. However, the
relatively larger fusion masses created posterolaterally
during intertransverse process arthrodeses increases con-
siderably the area moment of inertia, thus improving sta-
bility, particularly in axial rotation and lateral bending. 

Historically, techniques that extend the fusion mass
posteriorly to include the laminae, facet joints, and spin-
ous processes have increased the rigidity of posterior
fusions proportionally. However, this technique can lead
to iatrogenic spinal and foraminal stenosis from bony
overgrowth (4) and has been associated with a high rate
of pseudarthrosis (35). In McBride’s original description
of the posterior fusion, he stressed the importance of the
facet joint and used a morselized transfacet bone block
for lumbosacral arthrodesis (36). Cadaveric studies per-
formed by Boden et al. analyzed the axial and torsional
stiffness of various techniques and questioned that
method (37). Those authors concluded that disruption of
the facet joint capsule required for placement of the trans-
facet bone blocks resulted in loss of spinal stability as
compared with posterior intertransverse process arthrode-
sis alone. One significant advantage of the posterolateral
technique over posterior fusions is that it can be performed
in the absence of posterior elements. Posterior fusions are
rarely performed today, and posterior and posterolateral
techniques most commonly refer to intertransverse process
arthrodeses (38). 

POSTEROLATERAL INTERTRANSVERSE
LUMBAR ARTHRODESIS

Historical Perspective

Spinal fusions were first reported in 1911 for the treat-
ment of Pott disease by providing mechanical stability to
inhibit progressive deformity and the spread of the tuber-
culous infections (39). Also in 1911, Hibbs described his
experience with spinal fusion for tuberculosis and sug-
gested that this technique could be used in the treatment
of scoliosis (40). He performed his first fusion for scol-
iosis in 1914, and reported on his first 59 cases in 1924
(40). Eventually this led to the use of spinal fusions for
the treatment of a variety of spinal deformities and dis-
eases, including fractures, spondylolisthesis, scoliosis,
kyphosis, and intervertebral disc disease. 

Since that time, the techniques and surgical approaches
for posterior-posterolateral lumbar fusions have changed
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TABLE 31-1. Fusion techniques for 
degenerative disc disease

Lumbar fusion techniques

Posterolateral intertransverse fusion
Posterior lumbar interbody fusion
Transforaminal lumbar interbody fusion
Anterior lumbar interbody fusion
Combined antero-posterior lumbar interbody fusion



significantly. There has been a significant increase in the
basic science behind lumbar fusions and the understanding
of the role of instrumentation. All fusion techniques
involve surgical preparation of the site of intended fusion
and an attempt to stimulate the formation of bone (41).
Traditionally, graft materials were either autologous or
allograft bone. However, an increasing number of synthetic
and bioactive substances are currently in use or under
investigation. Three basic requirements are necessary for a
successful fusion: (a) graft material with adequate osteo-
genic, osteoinductive, and osteoconductive properties; (b)
adequate local vascularity to produce and support the bone
healing; and (c) an acceptable local environment for bone
formation (41). A fusion is considered fused when the
newly synthesized bone is mechanically contiguous with
the local host bone and can sufficiently bear physiologic
loads without failure of the fusion mass. A pseudarthrosis
is said to take place if this does not occur. 

Technique

This operation usually is performed under general
anesthesia with the patient in the prone position. Chest
and iliac crest rolls are placed with the chest and
abdomen hanging free to allow pulmonary excursion,
minimize abdominal compression, and minimize disten-
tion of the epidural veins. The use of prophylactic antibi-
otics is recommended.

A midline incision is centered slightly superior to the
spinous processes of the involved levels, and the incision
is extended proximally and distally to include the levels
above and below to ensure adequate exposure. Electro-
cautery is used to divide the subcutaneous tissue down to
the fascia in line with the skin incision. The fascia is

incised in the midline and the paraspinous muscles are
stripped subperiosteally from the spine with electro-
cautery and a Cobb periosteal elevator. Radiographs
should be scrutinized for evidence of previous surgical or
congenital bony defects to minimize inadvertent entry
into the spinal canal. As the dissection progresses,
sponges are packed tightly within the wound to help con-
trol bleeding. The facet joints are preserved until the
appropriate levels have been identified. An intraoperative
radiograph should be obtained if any question exists. 

Once the level is confirmed, the dissection should
progress laterally out to the transverse processes. This is
performed by incising the fascia directly lateral to the
facet joints and following the superior articular facet of
the inferior vertebra out inferolaterally onto the trans-
verse process. Deep retractors are repositioned as needed
throughout the dissection. The muscle and soft tissue are
carefully cleared off the transverse process, making sure
not to fracture it. The dissection is carried superiorly and
inferiorly as needed to include the appropriate levels. The
spinous processes at the involved levels are connected by
dissecting the muscle off the intertransverse ligament,
thus creating space for the graft.

If the fusion is to extend to the sacrum, the ala should be
prepared in a similar manner. The ala is exposed by dis-
secting lateral to the superior articular facet of the sacrum.
It is important to note that in this area there are dense lig-
aments that must be dissected from the sacrum in order to
obtain a clear exposure of the ala. At the end of the dissec-
tion, a continuous trough should exist laterally between the
transverse processes and the ala. Bilateral decortication of
the transverse processes, lateral portion of the pedicle, lat-
eral portion of the articular facets, and ala is performed
with a burr or sharp curettes (Fig. 31-3).
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FIG. 31-3. Preparation of the fusion bed. A: Oblique view of meticulous decortication of the outer face
of the facet joint, transverse process, pars, and alar cortical surfaces. B: Posterior view of decorticated
bilateral lateral graft bed. C: Oblique view of fusion bed packed with cancellous and corticocancellous
bone graft. (Zindrick MR, Selby D. Lumbar spine fusion: different types and indications. In: Wiesel SW,
Weinstein JN, Herkowitz H, et al., eds. The lumbar spine, 2nd ed. New York: Lippincott Williams &
Wilkins, 2004:600.)
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At this point a preliminary sponge count should be per-
formed and the wound checked both visually and with
manual palpation to look for retained sponges. The
wound is then irrigated and the posterolateral trough is
packed ideally with autologous bone graft (see the fol-
lowing). The graft should not be harvested until the trans-
verse processes, ala, and lateral structures have been
exposed and decorticated to minimize the period when
the bone is not in contact with tissue. At the end of the
case hemostasis is obtained, any devitalized tissue is
débrided, and a suction drain inserted into the wound if
necessary. The fascia and subcutaneous tissue are closed
in the standard manner. 

Bone Graft Harvesting: Posterior Iliac Crest

Despite rapid advances in bone graft substitutes, the
use of autologous iliac crest bone remains the gold stan-
dard at this time. Iliac crest is still the most common
source of autologous bone harvest for posterolateral lum-
bar fusions because of its superior osteogenic, osteocon-
ductive, and osteoinductive properties combined with
easy accessibility. 

If amenable, the same midline incision used during the
exposure of the posterior spinal elements can be used to
obtain access to the posterior ilium. Maintaining a full
thickness flap, dissect just superficial to the fascia out lat-
erally to the posterior superior iliac spine. If using the
same incision results in excessive dissection or inade-
quate exposure, a second separate incision can be used.
The second incision can be oriented either vertically or
obliquely, with the posterior superior iliac spine at ap-
proximately the inferior or medial margin of the incision.
Regardless of the approach, care should be taken, if pos-
sible, not to expose beyond 8 cm lateral to the posterior
superior iliac spine, because this may result in injury to
the superior cluneal nerves and cause numbness in the
skin overlying the gluteal region (42).

Dissect down to the posterior superior iliac spine and
expose the iliac crest. Incise the iliac crest periosteum
and subperiosteally dissect the muscle and periosteum off
the outer table of the posterior ilium. This is performed
with a combination of electrocautery and a Cobb eleva-
tor. After the muscles and periosteum are stripped, a Tay-
lor or similar retractor is placed deeply into the wound,
taking care not to inadvertently enter into the greater sci-
atic notch distally.

Once the graft donor site is exposed, begin harvesting
corticocancellous strips using a half-inch osteotome.
Make sure to score the outer table only by creating sev-
eral vertical strips approximately 7 mm in width. The dis-
tal extend of the vertical cuts are then connected hori-
zontally with a curved osteotome to prevent distal
propagation of the strips during harvest. Start at the top
of the iliac crest, and use a curved osteotome wedged
between the inner and outer tables of the ilium to remove

the precut corticocancellous strips. Once they are re-
moved, the intramedullary cavity is available for cancel-
lous bone removal with gouges or curettes. When an
appropriate amount of bone graft has been obtained
hemostasis is achieved, the wound irrigated, and a drain
inserted if necessary. The incision is closed in the stan-
dard fashion. 

Postoperative Management

Antibiotics are continued until the drains are removed,
usually on the first or second postoperative day. Typically
the diet is advanced as tolerated unless an ileus develops.
The patient is encouraged to be out of bed and is allowed
to ambulate the day of or day after surgery. An external
orthosis or brace is recommended for support and com-
fort, particularly if multiple level fusions were per-
formed. Early mobilization has not been shown to lower
the rate of successful fusion and may actually improve
muscle tone, decrease edema, promote hematoma resolu-
tion, and improve patient function and psychologic out-
look.

After discharge from the hospital, the initial visit is
often scheduled at 2 to 3 weeks postoperatively. The
patient is then reevaluated at 6-week intervals for the first
3 months, and then every 3 months for the first year. The
patient can usually return to light duty or part-time work
by 4 to 6 weeks, although heavy lifting and vigorous ath-
letics should be avoided for 6 months. As the patient’s
recovery improves, a more vigorous exercise program is
gradually instituted with focus on proper back care and
mechanics. 

INSTRUMENTED VERSUS
NONINSTRUMENTED POSTEROLATERAL
FUSIONS

Significant interest and debate exists over the use of
instrumentation in posterolateral lumbar fusions. Various
constructs have been investigated and include wires,
hooks, and pedicle-screw based segmental fixation tech-
niques. Currently, segmental instrumentation with pedi-
cle-screw fixation is the construct of choice because of
the ability to control all three columns of the spine from
a posterior approach, the ability to limit the fusion to
involved motion segments, the ability to obtain spinal
fixation in the absence of posterior elements, and the
capability to avoid placement of instrumentation within
the spinal canal (27,43,44).

From a theoretical standpoint, spinal instrumentation
provides immediate stability to the spinal segments being
fused and therefore increases fusion rates. Multiple stud-
ies support this hypothesis (4,44–47). For a single level
posterolateral fusion without instrumentation pseudo-
arthrosis rates are reported to be between 10% and 15%.
The addition of pedicle instrumentation may lower this to
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5%. In a prospective, randomized trial of 49 patients,
Zdeblick demonstrated a statistically significant differ-
ence in fusion rates between instrumented and noninstru-
mented posterior fusions for degenerative disc disease.
The fusion rate for the group with pedicle instrumenta-
tion was 93% compared to 45% without instrumentation
(47).

The use of instrumentation has been shown to reduce
the pseudoarthrosis rate in patients undergoing multiple
level fusions. In a prospective study by Grubb and Lips-
comb (45) that looked at one- and two-level fusions, the
authors found higher fusion rates in patients having
instrumentation. Similar results from a prospective, mul-
ticenter trial were reported by Wood and colleagues (44),
who examined the use of instrumentation in one- to four-
level fusions, with the majority of them being two levels
or greater. Compared to historic controls, the authors
found that patients who underwent fusion without instru-
mentation were over 24 times more likely to develop a
pseudoarthrosis when compared to patients with instru-
mented fusions. 

Other reported advantages of instrumentation include
decreased rehabilitation time, reduced need for postoper-
ative bracing (47), and possible reduced requirement for
postoperative use of pain medication (43,47,48). How-
ever, these findings should not mandate the routine use of
instrumentation during lumbar arthrodesis. Compared to
fusion in situ, the use of instrumentation has been associ-
ated with higher morbidity and mortality (Table 31-2). A
cohort study sponsored by the North American Spine
Society for the use of pedicle instrumentation reported an
overall instrument related complication rate of 5% (48).
The risks and benefits of instrumentation should be con-
sidered in each individual case, particularly in the elderly
patient, where the advantages must be balanced carefully
with the potential risks associated from the use of in-
strumentation. Furthermore, the use of instrumentation
should be performed only by experienced surgeons, who
are knowledgeable and comfortable with the specific
techniques. The occasional use of instrumentation by the
inexperienced surgeon is associated with an unacceptably
high complication rate and should be avoided. 

We believe that in cases where an increased risk of
pseudoarthrosis is present, the use of adjuvant instrumen-

tation is beneficial for posterolateral intertransverse lum-
bar fusions. In particular, this includes patients with risk
factors such as diabetes and smoking, in multilevel
fusions and in revision cases for failed back or surgical
treatment of established pseudoarthrosis.

CONCLUSION

Significant debate exists over the role of surgery in the
management of degenerative disc disease. The lack of
randomized, prospective studies makes the comparison
and evaluation of outcomes difficult to assess. Further-
more, studies on the role of posterolateral arthrodesis for
the treatment of disc degeneration often includes patients
with multiple pathologies, including herniated discs,
spondylolisthesis, and spinal stenosis, some of whom
may have undergone prior decompressive procedures or
arthrodesis. Despite these shortcomings, posterolateral
arthrodesis in properly selected patients is a viable option
for the treatment of axial back pain from degenerative disc
disease. Currently autologous iliac crest remains the gold
standard for bone graft material during posterolateral lum-
bar fusions. The adjuvant judicious use of instrumentation
improves fusion rates by providing immediate stability;
however, its routine use should be avoided and decisions
about its use should be made on an individual basis. 
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A historical cohort study of pedicle screw fixation in thoracic,
lumbar, and sacral spinal fusions. Spine, 1994;19(suppl
20):S2279–S2296, with permission.
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CHAPTER 32

Posterior Lumbar Interbody Fusion

Casey K. Lee and Kenneth J. Kopacz

Degenerative disc disorders are probably the most com-
mon cause of acute or chronic low back pain, but the nat-
ural history and the mechanism of pain production of
degenerative disc disorders are poorly understood. Many
different phases of degenerative disc disease (i.e.,
“degenerative cascade”) are described well by Kirkaldy-
Willis et al. (1). The acute onset of low back pain, the first
time or very occasional recurrences, usually becomes
symptom-free after a short duration. Some pathologic
conditions of degenerative disc disease (DDD) are, how-
ever, responsible for recurrent or chronic persistent low
back pain that significantly affects a patient’s lifestyle.
These include internal disc derangement which is de-
fined as a derangement of the internal disc structure
(nucleus and annulus) or biochemical alterations without
having any external disc pathology such as disc bulge,
herniation, disc height narrowing, or abnormal displace-
ment. Another subtype of DDD is classified as stable
DDD. This is described as degenerative disc changes
without having gross abnormal displacement such as
degenerative spondylolisthesis.

Spinal fusion for DDD has been a most controversial
subject for many decades. The effectiveness of spinal
fusion for DDD was difficult to prove without knowledge
of the natural history of various degenerative conditions.
Yet, DDD has been the most common pathologic condi-
tion for which spinal fusion is indicated. Davis reported
that 51% of spinal fusions performed in the United States
during a 10-year period (1980 to 1990) were for DDD
(2). In a review of English-language literature by Bono
and Lee (3) for spinal fusion for DDD between 1980 and
2000, spinal fusion was indicated for various conditions
of DDD. The most common indication was for stable
DDD (67%) which included internal disc derangement,
DDD without instability, and postdisc excision for disc
herniation. The second most common indication was for
DDD with spondylolisthesis (25%).

Indication for spinal fusion for certain conditions of
DDD such as degenerative spondylolisthesis, progressive

degenerative scoliosis, or hypolordosis (“flat back syn-
drome”) is well accepted while indication for others such
as stable DDD and internal disc derangement (IDD) is
still controversial. Spinal fusion for chronic low back
pain caused by DDD has been proven more effective than
nonoperative treatments in a recent controlled clinical
study (4). For IDD, there is no controlled clinical study
that conclusively proves the effectiveness of spinal fusion
over the natural history or nonoperative treatments, and it
remains a most controversial subject. There is, however,
some indirect clinical information suggesting that spinal
fusion for IDD may be a more effective treatment than the
natural history or nonoperative treatments. In a 5-year
follow-up study of patients with chronic low back pain
caused by IDD (discography-positive) who were treated
with nonoperative treatments, none of the patients
became symptom-free and approximately 50% were
experiencing the same or worse pain (5). In another study,
patients who were candidates for spinal fusion with the
diagnosis of IDD but were denied fusion by insurance
payors were followed for one-and-a-half years. Two-
thirds of patients were experiencing the same or worse
symptoms at follow-up (6). The published results of
spinal fusion for IDD indicate a high rate of symptom
relief and return to work. In a report on a properly
selected group of patients with IDD, spinal fusion pro-
vided better clinical success rates of pain relief (89%) and
return to work (82%) (7). 

CHOICE OF SPINAL FUSION TECHNIQUES

Posterolateral Fusion versus Interbody Fusion

Lumbar interbody fusion is preferred to posterior or
posterolateral fusion in patients with discogenic pain (sta-
ble DDD and IDD) and in patients with anterior column
weight-bearing deficiency, especially with angular insta-
bility in the sagittal or coronal plane. It is also preferred
in patients with failed previous posterior or posterolateral
fusion.
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Various types of spinal fusion produce different bio-
mechanical effects on the fused segment and on adjacent
segments (8,9). In a biochemical study, Rolander re-
ported that posterior fusion did not eliminate motion
across the disc within the fused segment and suggested
that this retained motion across the disc may be the
source of chronic persistent pain after successful poste-
rior fusion. Clinical studies by others further support this
concept (10,11). In these clinical studies, some patients
with discogenic pain had persistent pain after successful
posterior or posterolateral fusion, and their pain symptom
was successfully relieved after subsequent lumbar inter-
body fusion. 

Effects of different types of lumbar fusion on adjacent
segments are primarily caused by changes in stiffness and
changes in the center of rotation of segmental motion of
adjacent levels to fusion (9). Degeneration of the disc
results in changes in biomechanics of the motion seg-
ment. In certain cases, the motion segment may become
unstable in sagittal, coronal, axial or combination
motions due to mechanical incompetence of the disc
(anterior column weight-bearing deficiency) (Fig. 32-1).
Interbody fusion is more effective in correcting the ante-
rior column deficiency than is posterior or posterolateral
fusion. Posterior or posterolateral fusion for DDD with
anterior column deficiency, especially for angular insta-
bility (segmental hypolordosis or disc space wedging),
may produce significant adverse effects on the adjacent
segments (12,13).

Posterior Lumbar Interbody Fusion versus Anterior
Lumbar Interbody Fusion

Indications for, and the fusion rate of posterior lumbar
interbody fusion (PLIF) are very similar to those of ante-

rior lumbar interbody fusion (ALIF). The clinical success
rate is comparable for the two, but the “surgeon factor”
(skills and experience) is an important factor (14). Each
procedure has advantages and disadvantages. ALIF has a
wider and easier surgical exposure, but often requires a
second surgeon (vascular or general). It is associated with
inherently more significant and serious complications
than PLIF, such as vascular or visceral injuries, impo-
tence, or retrograde ejaculation. When rigid fixation is
required for ALIF, an additional posterior approach is
required for pedicle screw fixation. PLIF is primarily
indicated for the lower lumbar and lumbosacral spine
(L3-5 and S1). In the upper lumbar spine above the L2
level, the surgical exposure for PLIF is limited by the
presence of conus medullaris and by the short interpedic-
ular distance. The surgical exposure of PLIF is more lim-
ited and more difficult to master than ALIF. However,
PLIF has definite advantages over ALIF in other aspects:
all three columns of the motion segment can be addressed
through one exposure—posterior decompression, restora-
tion of anterior column weight-bearing function, correc-
tion of degenerative deformities and instability, and rigid
posterior fixation. It has different complications from
ALIF: excessive epidural bleeding, dural tear, or neural
injury. PLIF is preferred to ALIF for patients who require
addressing all three columns at the same time: posterior
decompression, restoration of anterior column weight-
bearing function, and rigid posterior fixation.

PLIF Indications

Indications for PLIF are as follows:

1. The preferred indication for PLIF is DDD with ante-
rior column weight-bearing deficiency (Fig. 32-2).

FIG. 32-1. Disc degeneration with
anterior column weight-bearing func-
tion (“flat-tire syndrome”). Magnetic
resonance imaging of the lumbosacral
spine of a patient with chronic disabling
low back pain shows the L4-5 disc with
diffuse circumferential bulge (arrows)
and with minimally decreased disc
height. The disc has deficient anterior
column weight-bearing function.
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a. DDD with diffuse circumferential disc bulge with
or without disc space collapse (“flat-tire syn-
drome”) (12) (Fig. 32-1)

b. DDD with segmental instability such as degener-
ative spondylolisthesis

c. DDD with segmental deformity—hypolordosis or
disc space wedging (Fig. 32-2)

2. PLIF is a good choice for chronic disabling low back
caused by: 
a. IDD
b. Stable DDD
c. Post-disc excision DDD

3. Other indications for PLIF are:
a. Failed posterolateral fusion
b. The rare indication of a disc space infection with

epidural abscess resistant to nonoperative treat-
ment that requires surgical intervention for débride-
ment and stabilization

c. Degenerative scoliosis where posterior decom-
pression, correction of deformity, and rigid inter-
nal fixation are combined with fusion

PLIF Contraindications

PLIF is contraindicated where the neural elements can-
not be retracted in such conditions as conjoined nerve

roots or severe epidural scarring following previous
surgery. PLIF is not recommended above L2 because of
the very narrow interpedicular distance, narrow spinal
canal, and proximity of the conus medullaris.

PLIF Surgical Techniques

Successful results of PLIF depend on proper patient
selection, indications, and good surgical techniques. The
PLIF procedure requires: (a) adequate exposure; (b) ade-
quate mobilization, retraction, and protection of neural
elements; (c) proper preparation of the vertebral end
plates (graft bed); and (d) placement of an adequate
amount of appropriate bone graft. Basic surgical tech-
niques are described well by others (15–19). Some
selected important points are described here.

Exposure

Bilateral large laminotomies and medial one-half face-
tectomies provide a sufficiently large enough exposure
for the basic PLIF technique (Fig. 32-3). Proper control
of epidural bleeding is essential for mobilization and
retraction of the dura and nerve roots. Bipolar coagula-

FIG. 32-2. Disc degeneration with disc space wedging and
loss of lordosis. A lateral view of the lumbosacral spine of a
female patient shows persistent segmental kyphosis at L4-5
after posterolateral fusion. She has severe persistent low
back pain and was unable to stand up straight. Posterolateral
spinal fusion failed to correct segmental kyphosis and failed
to relieve her symptoms.

FIG. 32-3. The surgical exposure for the basic posterior lum-
bar interbody fusion (PLIF). Bilateral laminotomies and
medial one-half facetectomies (dotted line) will provide suffi-
cient exposure for the basic PLIF. Most of the lamina, spin-
ous processes, interspinous and supraspinous ligaments,
and lateral one-half of facet joints are saved for stability of the
fusion construct.
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tion and division of cross-linking epidural veins between
the extraspinal canal and intraspinal canal venous system
superior to the pedicles provides a dry surgical field and
allows easier mobilization of the dura and nerve roots
medially to the midline (Fig. 32-4).

Mobilization, Retraction, and Protection of Neural
Elements

The dura and the traversing nerve root may be retracted
to the midline (Figs. 32-4, 32-5). A prolonged continuous
retraction of the nerve root should be avoided, especially
for patients who had previous posterior surgery. The exit-
ing nerve root above the disc may occasionally be in the
way at the superior lateral corner of the surgical field
under the facet joint. All of these neural elements should
be retracted and protected all the time during the proce-
dure, especially during insertion of bone graft or any
fusion device into the disc space.

Preparation of the Vertebral End Plates (Graft Bed)

Contact surface area between graft bed and bone graft
is the most important factor for bone healing and subsi-

dence. Exposure of sub–end-plate cancellous bone pro-
motes bone healing. Biomechanical tests indicate that
decortication of the vertebral end plates does not have
any significant effect on the compressive strength at the
interface between bone grafts and vertebral bone (20).
The three most important factors for subsidence of bone
grafts or interbody fusion devices are bone mineral den-
sity of the vertebral bone, applied compressive load, and
contact surface area at the interface. To prevent subsi-
dence, a PLIF construct requires a minimum contact
surface area of 6.25 cm2 for stability at the interface for
a patient with normal bone mineral density under nor-
mal postoperative physiologic conditions (21). This
amount of contact surface area can be obtained by
preparing the end plates for 2.5 cm × 2.5 cm for bone
grafts. For the average-size adult Caucasian, lami-
notomies and medial one-half facetectomies with
retraction of neural elements medially to the midline
provide adequate exposure (1.3 to 1.5 cm on each side)
for decortication of vertebral end plates between pedi-
cles (1.25 cm from each side) and to the depth of 2.8 cm
anteriorly. This contact surface area of 6.25 cm2 is
approximately equal to the total contact surface area of
two tricortical iliac crest bone grafts.

Bone Graft Insertion

Stand-alone PLIF construct (PLIF construct without
internal fixation systems such as pedicle screw fixation
or facet screw fixation) requires bone grafts that provide
sufficient compressive strength to prevent graft collapse,
that provide a sufficiently large contact surface area to
prevent subsidence, and that have good bone healing
potential. Two autologous tricortical iliac crest bone
grafts meet all of the requirements. Each tricortical iliac
crest bone graft may be harvested and split in half and
inserted in four blocks of split grafts (Fig. 32-5). An alter-
native graft is to remove the outer wall of the iliac crest,
obtaining four corticocancellous blocks. These modifica-
tions allow easy placement of graft into the disc space
without excessive retraction of neural elements, and save
the inner cortical table of the iliac crest. Patients treated
with stand-alone PLIF with four blocks of autologous
one-half iliac crest bone grafts show no significant graft
subsidence or graft collapse. Furthermore, there is no sig-
nificant difference in graft subsidence or fusion rate
between stand-alone PLIF and PLIF with pedicle screw
fixation. This strongly suggests that stand-alone PLIF
provides a high rate of fusion without subsidence or graft
collapse when the basic principles of PLIF techniques are
diligently followed. These include: (a) saving posterior
structures of interspinous and supraspinous ligaments
and lateral one-half facet joints; (b) adequate size of ver-
tebral end-plate preparation for contact surface area with
bone graft; and (c) proper choice of bone graft in quan-
tity and quality.

FIG. 32-4. Control of epidural bleeding and retraction of
neural elements. Epidural vessels have regular anatomic
arrangements, vertically running intraspinal canal vessels and
horizontally running connecting vessels between intraspinal
and extraspinal canal systems. Horizontally running vessels
are coagulated with a bipolar cautery and divided immediately
above the pedicles and near the lower vertebral end plate.The
traversing nerve root, dura, and intraspinal vertical epidural
vessels are retracted to the midline.
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Modifications of the Basic PLIF Technique

Many different types of modification of PLIF surgical
techniques have been described in the literature (22–31).
Some advocate bilateral total facetectomies and lami-
notomies for a larger surgical exposure and for easier
insertion of bone grafts or interbody fusion devices. This
surgical exposure, however, produces an unstable PLIF
construct and requires additional rigid internal fixation
systems such as pedicle screw fixation or facet screw fix-
ation. One other similar variation is unilateral approach:
laminotomy and facetectomy, insertion of bone graft or
interbody fusion devices and pedicle screw fixation are
performed on one side only. Little information is avail-
able in the literature about the success rate of the unilat-
eral PLIF. 

Facet screw fixation or other posterior tension band
devices have been used with PLIF for additional stability
of the fusion construct. PLIF with pedicle screw fixation
provides a marginally better fusion rate than stand-alone
PLIF. A good stand-alone PLIF construct provides suffi-
cient enough stability for prevention of subsidence or
bone graft collapse. A clinical comparison study of stand-
alone PLIF versus PLIF with pedicle screw fixation
demonstrated no significant difference in subsidence and
graft failure (32). Patients with stand-alone PLIF do not
require any external brace postoperatively. Patients with

PLIF and pedicle screw fixation appear to have easier and
faster mobilization during the immediate postoperative
period. 

Although autologous iliac crest corticocancellous bone
graft has been the standard for basic PLIF procedure,
many other alternatives have been used. These include
local bone graft from spinous process or lamina removed
during the operation, cortical or corticocancellous allo-
graft, graft substitutes, or various types of interbody
fusion devices. In recent years, the use of ready made cor-
tical or corticocancellous interbody fusion grafts or inter-
body fusion cages have become popular. Most of these
products require facetectomies to provide a large expo-
sure for insertion, and therefore require supplemental
pedicle screw fixation. Some of these devices are poorly
designed and do not satisfy the basic principles of inter-
body fusion techniques (Fig. 32-6).

The average interpedicular (right to left) distance of
the lower lumbar spine of an adult Caucasian is about 2.5
cm, and the average disc height in the lower lumbar spine
is 1.2 to 1.3 cm. In order to have a cylindric cage suffi-
ciently contact the vertebral end plates, the diameter of
the cage has to be greater than 1.6 cm. A smaller cage
will result in gradual subsidence or failure of bony union.
A cage with a 1.5 cm diameter or greater will be very dif-
ficult to insert posteriorly because of the anatomic limi-
tations described herein. It requires total facetectomy or

FIG. 32-5. Preparation of the vertebral end plates and insertion of bone grafts. The vertebral end plates
are decorticated between the pedicles (about 2.5 cm) and to the depth of approximately 2.8 cm toward
the anterior aspect of the spinal column. Four blocks of bicortical corticocancellous graft (each with 0.7
cm width, 2.5 cm depth, and with an appropriate height) are impacted into the disc space. The space
available for bone graft insertion is limited to approximately 1.25 to 1.3 cm when the neural elements
are retracted to the midline. A bone graft wider than 1.3 cm is very difficult and requires further retrac-
tion of neural elements or total facetectomy.
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excessive retraction of the dura and the nerve root beyond
the midline for insertion of such a large cage. The inter-
pedicular distance in the Asian population is smaller than
that of Caucasians, and the procedure becomes even more
difficult and riskier for excessive bleeding and neural
injury (33). Any interbody device or prepared bone graft
in excess of 1 cm wide is difficult to insert posteriorly
into the disc space, and it requires an excessive amount of
retraction even with total facetectomies. The design of
interbody fusion devices for PLIF should be different
from that for ALIF because of these anatomic limitations.
Surgeons must be familiar with these limitations and
choose a proper device to avoid serious complications.

Complications of PLIF

PLIF has a steep learning curve and it carries the risk
of various complications (34–41). Most complications
during PLIF are related to inadequate exposure, excessive
epidural bleeding, and poor understanding of anatomic
and biomechanical principles of the procedure. 

Excessive epidural bleeding can be a problem during
the PLIF procedure. This may cause not only an excessive
amount of blood loss but also poor visualization of the
surgical field leading to dural tear or neural injury. Ade-
quate bleeding control with a dry surgical field must be
obtained before mobilization of neural elements and
work within the disc space.

The incidence of neuropraxia is reported in the range
of 1.5% to 4% (34,41). Okuyama et al. reported a high

rate (8%) of neuropraxia, but all had transient neuro-
praxia with no permanent neural palsy (40). This is pri-
marily due to excessive and prolonged retraction of the
nerve root. To avoid this complication, one must have
constant visualization and adequate mobilization of the
dura and nerve roots, and must avoid prolonged retraction
of neural elements. When PLIF procedure is performed
on a patient who had previous posterior disc surgery with
perineural scar, one must pay extra attention to mobilize
the neural elements and release them more frequently
from retraction. The incidence of dural laceration is
reported in 1.5% (34). This is primarily due to poor visu-
alization of the dura either by an inadequate size of expo-
sure or by excessive bleeding. Over-sized bone graft or
interbody fusion device is another cause for dural lacera-
tion during insertion. 

The incidence of bone graft migration into the spinal
canal is reported in the range of 0.3% to 2.4% (34,35,
41). The common causes for this complication are mis-
fit of bone graft or interbody fusion device in the disc
space or an unstable fusion construct. Proper prepara-
tion of the vertebral end plates and adequate size of bone
graft are essential for a stable fusion construct. When
posterior spinal structures are removed during the PLIF
procedure, especially the facet joints, the fusion construct
must be adequately stabilized with a rigid internal fixa-
tion system.

Excessive epidural fibrosis has been blamed to be a
cause of failed PLIF procedure, although it has not been
proven by any credible study. Excessive epidural bleeding

FIG. 32-6. Interbody fusion devises. For a lower lumbar disc with disc space height of 1.2 cm, the
diameter of a cylindric cage should be more than 1.6 cm for adequate contact surface area. To insert
this through the posterior approach, the surgical exposure requires total laminectomies and facetec-
tomies and requires retraction of the neural elements far beyond the midline.
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and rough handling of the neural elements during the
procedure may result in excessive scarring that may
adversely affect the outcome. Adequate control of epidural
bleeding, as described earlier, will minimize any signifi-
cant epidural fibrosis.
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CHAPTER 33

Operative Treatment of Anterior Procedures

Kambiz Hannani and Rick Delamarter

Low back pain has been a significant cause of disability.
Disc pathology, such as degenerative disc disease and insta-
bility, is believed to contribute to chronic low back pain.
Anterior lumbar interbody fusion (ALIF) addresses this
issue by removal of the disc and stabilization of the verte-
brae via bone graft or substitutes, including autograft or
allograft bone or bone morphogenic protein. In the past 5
years, cages have been introduced in addition to bone graft-
ing to improve anatomic alignment and provide stability.
More recently, artificial disc replacement has been investi-
gated for the anterior treatment of degenerative disc disease.

Axial pain caused by degenerative disc disease contin-
ues to be the main indication for stand alone ALIF. Mul-
tiple studies have demonstrated the presence of nocicep-
tors in the anulus of the disc. The innervation of the disc
is found to increase in discogenic disease (1). Therefore,
the removal of the pain generator (disc) is a logical
approach to improve patients’ symptoms. 

Determining which patients with low back discomfort
have discogenic pain is challenging. Multiple factors,
including the patient’s signs and symptoms, radiographic
findings, and provocative tests need to be combined to make
an accurate diagnosis and treatment plan. Patients with
discogenic disease tend to complain mainly of low back
pain with minimal leg radicular symptoms. The pain usually
worsens with flexion and on the return to the erect posture. 

Radiographic findings may be subtle on X-ray films.
Degenerative disc disease (DDD) can be identified radi-
ographically by a decrease in disc space height and the
presence of osteophytes. Magnetic resonance imaging
(MRI) is helpful in identifying DDD. Magnetic resonance
imaging findings of DDD include decreased signal of the
disc on the T2-weighted images. A high-intensity zone
(HIZ) may be identified, which is thought by some to be
associated with positive discography and annular tears.
Discography, although controversial, is helpful in identi-
fying symptomatic DDD. Concordant pain during discog-
raphy may respond to surgical fusion (2).

Multiple surgical options are available for the surgical
treatment of symptomatic DDD. Anterior lumbar inter-
body fusion alone, combined ALIF and posterior fusion
with instrumentation, posterior fusion alone or combined
with posterior lumbar interbody fusion (PLIF) are all
potential options available to the surgeon. Although many
patients having fusion do well, the removal of the disc
appears to improve the surgical outcome for DDD (3–6).
The two approaches that allow for removal of the disc are
ALIF and PLIF. 

Cloward first reported on posterior interbody fusion in
1943 (7). In 1956, he described an anterior cervical inter-
body fusion (8). However, anterior lumbar interbody
fusion was first reported by Paul Harmon in 1963, and
Crock described a bilateral Dowel technique in 1982
(9,10). Although multiple options are available for the sur-
gical treatment of DDD, ALIF has many advantages com-
pared to other procedures. In contrast to posterolateral
intertransverse fusions (PLIF), ALIF restores the disk
height thereby allowing decompression of neuroforaminal
stenosis. Anterior column support favors load transmission
and places the bone graft volume under compression.
Finally, ALIF removes the disc, which may be the painful
structure (11). Compared to PLIF, ALIF affords a more
complete discectomy and avoids dissection of the posterior
paraspinal muscles. The operative time is significantly less
with ALIF compared to PLIF, and it can be performed
using minimally invasive procedures (11).

Allograft or autograft can be used for ALIF proce-
dures. Historically, autograft has been the gold standard
with excellent incorporation and high fusion rates. Good
clinical outcomes with ALIF autograft have been re-
ported. Penta reviewed 125 patients who underwent
ALIF with iliac crest bone graft (ICBG) over a 10-year
period (12). Sixty-eight percent of the patients were sat-
isfied. The overall fusion rate was 72.4%, and varied
from 91% for single level fusions to 51% for multilevel
fusions. However, one drawback of ICBG is the risk of
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graft subsidence and collapse, which is less common with
allograft struts (13,14). Furthermore, the iliac crest donor
site is a significant source of morbidity. 

Allograft bone has also been used as a stand-alone
device with ALIF. Kozak reported excellent results with a
combination of cortical and cancellous allograft with
97% fusion rate at 1-year follow-up. Recently, however,
unfavorable results with this procedure were reported by
Dawson et al. (15). Seven of 16 patients in that study

developed a pseudarthrosis that required posterior fusion.
Additionally, all patients showed subsidence of their
grafts within the first year, with the pseudarthrosis group
having a threefold increase in subsidence compared to the
fused group (Fig. 33-1).

The fusion rate increases when ALIF using autograft is
combined with posterior instrumentation (16,17). Sarwat
reviewed 43 patients undergoing combined antero-poste-
rior fusions using femoral allograft rings packed with
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FIG. 33-1. A: Lateral X-ray of a lumbar spine illustrating instability and grade I spondylolisthesis at L4-
5 with moderate disc space loss and degenerative disc disease at L5-S1 interspace. B: T2 sagittal mag-
netic resonance image confirming the degenerative disc disease at the lower two levels with decrease
T2 signal and end plate changes at L4-5. C: Lateral X-ray of the lumbar spine following anterior lumbar
interbody fusion using femoral ring allografts at the L4-5 and L5-S1 interspaces; the disc spaces have
been restored with anatomic reduction of the spondylolisthesis at L4-5. D: Antero-posterior X-ray fol-
lowing anterior lumbar interbody fusion.
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cancellous allograft with supplemental posterior stabi-
lization (17). One hundred percent of the one level and
93% of the two level fusion were solid radiographically
on follow-up. Allograft bone provided improved com-
pressive strength but required more time for incorpora-
tion compared to autograft bone (18). At our institution,
stand alone allograft ALIFs are not performed without
supplemental posterior instrumentation.

Within the past decade, cages have been popularized for
performing ALIF. Cages were initially introduced by Bagby
for the treatment of wobbler’s disease in horses in 1977.
Multiple modifications of the original cage design have
been made since 1988. The BAK cage, Ray Cage, and
Interfix Device are all cylindrical cages that are packed
with bone graft. Two cylindrical cages are inserted in the
interspace and give excellent overall stability (Fig. 33-2).

CHAPTER 33/OPERATIVE TREATMENT OF ANTERIOR PROCEDURES / 333

FIG. 33-2. A: Lateral X-ray of the lumbar spine illustrating a disc space narrowing at L4-5. B: Sagittal
T2-weighted magnetic resonance image of the same patient showing decreased height and disc hydra-
tion consistent with degenerative disc disease. C: Lateral X-ray findings after a anterior interbody fusion
using two cylindrical cages. D: Antero-posterior view of the cage construct seen in C.
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Tapered threaded devices are also available and have the
theoretical advantage of improved lordosis and anatomic
alignment. 

Cages have been shown to increase the stability of ALIF.
In reviewing five types of cages, Tsantrizos concluded that
cages decreased the range of motion at the interspace by an
average of 63% in flexion and extension, 69% in lateral
bending, and 23% in axial rotation (11). Cages have other
advantages compared to other fusion methods. In a sheep
study by Sandhu et al., a lower subsidence rate was shown
with cages compared to autograft alone (19). Compared to
PLF, ALIF using cages increases the axial stiffness of the
interspace by 80% (compared to 40% seen in PLF). More-
over, higher nonunion rates have been reported with the
PLF compared with ALIF (11). The increased stability is
likely a function of increased disc space distraction seen
with cage placement versus bone grafting alone. 

The design of the cage also contributes to its stability.
Cages with sharp teeth were found to exhibit higher pullout
forces (20,21). Flexible cages constructed with carbon fiber
reduce stress shielding of the bone graft. Stiffer cage con-
structs transmit less stress to the bone graft and the stress
shielding effect of stiff cages may have a deleterious effect
on bone graft incorporation (Fig. 33-3) (22).

The results of interbody fusion with cages have been
reported in two Food and Drug Administration studies.
Anterior lumbar interbody fusion was evaluated by Kus-
lich using the bar cage in 1998. Nine hundred forty-seven
patients underwent ALIF using the BAK cage in that mul-
ticenter study. Bony fusion was noted in 86% of patients

at 12 months, 91% at 24 months, and 98% at 3 years after
surgery. More than 85% of the patients reported pain
reduction and 91% had improved function by 24 months
postsurgery. Seventy-eight percent of the employable
patients were working at 24 months and 91% at 3 years
after surgery (5). In 1997, Ray reported on 236 undergo-
ing PLIF using the Ray cage. In this prospective study,
functional improvement was excellent in 40%, good in
21%, fair in 21%, and poor in 14% of the subjects. The
complication rate was less than 1%. 

Kleeman reported on the use of bone morphogenetic
protein (BMP) in laparoscopic ALIF. Using computed
tomography and X-ray evaluation at 6 and 12 months
postoperatively, he found that 100% of 22 patients were
fused (23). Furthermore, all of the subjects were satisfied
with the treatment at 12 months with relief of back pain
and improved leg symptoms. 

Currently, artificial disc replacement (ADR) is being
evaluated for the treatment of lumbar DDD. Preliminary
results in the United States and long-term results from
Europe are encouraging. The advantage of ADR is that it
allows motion at the involved level compared to fusion
surgery and decreases stress on adjacent level with a
hypothetical decrease in future adjacent level disease.
One artificial disc is composed of cobalt-chrome alloy
end plate elements, and an ultra–high molecular weight
polyethylene inlay element. The disc functions based on
the ball-and-socket joint principle (Fig. 33-4).

Multiple variations of the anterior approach are avail-
able for ALIF, including mini-open, endoscopic assisted,
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FIG. 33-3. A: The growth of bone through a
cage confirming fusion. B: Histologic confir-
mation of bone growth across the cage.
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or microsurgically assisted (24–26). The most common
surgical method is the retroperitoneal lumbar approach
for anterior discectomy with interbody fusion. The
retroperitoneal or transperitoneal approach can be used
with minimal morbidity from extensive dissection of
muscle, as seen with posterior procedures. 

Multiple investigators have reported good results
with laparoscopic ALIF (23,27). Regan compared
laparoscopic with open ALIF with the BAK cage in a
multicenter study (28). The laparoscopy group had a
shorter hospital stay and reduced blood loss but
increase operative time. Ten percent of the cases needed

to be converted to an open procedure. However, com-
plication rates were comparable between open and
laparoscopic procedure. 

The laparoscopic approach at L4-5 interval is more
challenging than at the L5-S1 level. Zdeblick compared
the mini-open and laparoscopic approach in 50 consecu-
tive patients undergoing ALIF at L4-5. He found that the
rate of complications was significantly higher with the
laparoscopic procedure (20% versus 4%). The operative
time was 25 minutes longer for the laparoscopic group;
furthermore, 16% of the laparoscopic group had inade-
quate exposure for the placement of two cages. 
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FIG. 33-4. A: Lateral X-ray of the lum-
bar spine with severe degenerative disc
disease with collapse disc space at L4-
5. B: T2 sequence sagittal magnetic
resonance image confirming the degen-
eration of the L4-5 disc with collapse of
the interspace. C: Lateral X-ray showing
a patient with an artificial disc replace-
ment with restoration of the disc height
and preservation of lumbar lordosis. D:
Anteroposterior view of the artificial disc
replacement confirming central place-
ment of the device. E: Image of the arti-
ficial disc replacement.
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The anterior retroperitoneal approach can be compli-
cated by venous injury requiring repair as well as devel-
opment of subsequent thrombosis. Arterial occlusion of
the internal iliac artery has also been reported (29).
Patients that present with ongoing leg pain and weakness
in a nondermatomal distribution following ALIF should
be evaluated for iliac vessel thrombosis (30). 

Complications are associated with the ALIF proce-
dures. Bone graft collapse or extrusion and cage malpo-
sition or migration can result in poor alignment and
pseudoarthrosis. Iliac crest bone graft donor site morbid-
ity has been reported in up to 30% of patients that may
last for years (11,16). Moreover, allograft bone has the
potential for disease transmission and immunologic reac-
tion. The risk of HIV infection, for example, has been
estimated at less than 1/1,000,000 in properly screened
donors (31).

Retrograde ejaculation results form injury to the supe-
rior hypogastric plexus. This plexus is responsible for
bladder neck closure during ejaculation. Retrograde ejac-
ulation has been reported in as many as 8% of patients
with ALIF (32). In a review of 4,500 patients, 0.42% of
patients experienced retrograde ejaculation (33). Regan
found an incidence of retrograde ejaculation in 2.3% of
his open versus 5.1% of his laparoscopic ALIF cases.
Fifty percent of the patients had resolution of their symp-
toms at follow-up. Other rare complications reported in
ALIF include pituitary apoplexy, urethral injury, and pan-
creatitis (29,34,35).

In summary, the disc may be a significant cause of
chronic low back pain in degenerative disc disease. One
surgical option for DDD is anterior lumbar interbody
fusion using bone graft or substitutes with or without
cage instrumentation. The anterior approach has multiple
advantages over posterior procedures, including the
avoidance of muscle dissection, excellent restoration of
the disc space height and neuroforaminal decompression,
and improved biomechanics. New technologies, such as
BMP and ADR, have decreased the risk of iliac crest graft
site morbidity and adjacent level disease. 
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CHAPTER 34

Operative Treatment of Anterior and 
Posterior Fusion

Björn Strömqvist

PROS AND CONS

Although everybody dealing with lumbar spine fusion is
aware that selection of the right patient is more important
than selection of the surgical technique, this should not
keep us from optimizing the technical aspects of the pro-
cedures and identifying the most appropriate procedure
in each case. In spite of the fact that many patients with
degenerative disc disease (DDD) experience the so-called
“instability catch” (1), the lumbar spine with disc degen-
erative changes is inherently stable. Hypermobility has
not been demonstrated except in isthmic spondylolisthe-
sis (2) and radiostereometric analysis (RSA) has recently
shown that patients with DDD have decreased segmental
mobility (Axelsson et al., personal communication).
Thus, the basic attitude toward fusion of DDD should be
to select the least possible invasive procedure with the
least morbidity that will address the underlying pathol-
ogy. Recent randomized controlled trials have not been
able to demonstrate instrumentation to improve the out-
come of lumbar spine fusion (3,4). In the Swedish
National Lumbar Spine Study, posterolateral uninstru-
mented fusion seemed to fare equivalently to posterior
instrumented or 360° (anterior and posterior) fusion (5).
The fact that his and other prospective randomized stud-
ies show posterolateral uninstrumented fusion to give
results equal to combined techniques, however, does not
mean that posterolateral fusion is the preferred operation
in every case. Patients undergoing lumbar spine fusion
are very heterogeneous in regard to indications, demo-
graphics, personality traits, and anatomic aspects (6);
individual considerations may have to be made.

INDICATIONS

Combined anterior and posterior fusion may be con-
sidered under the following circumstances: 

1. Facetectomy. If concomitant facetectomy is per-
formed bilaterally or unilaterally, an unstable situa-
tion is present and the ability to obtain a facet fusion
is lost (7,8).

2. Inability to cope with postoperative regimen. In
patients who cannot tolerate postoperative orthotic
treatment and spine immobilization, a combined pro-
cedure may be indicated to resist the loading forces
on the stabilized segment and therefore reduce the
risk for nonunion or implant failure. This also may
apply to patients with high performance demands.

3. Revision surgery. Patients with unsuccessful prior
surgery for degenerative lumbar spine disorders are
given the diagnostic label failed back surgery syn-
drome. Some studies report good results with com-
bined anterior and posterior fusion in such cases
(9,10), although no randomized studies exist.

4. Other metabolic or anatomic variants (e.g., osteope-
nia, insufficient bone surfaces for bony fusion, and
deficiency disorders) may indicate the need for a
combined antero-posterior fusion.

SPINAL STABILIZATION

Comparing anterior, posterolateral, and posterior fu-
sion, Lee and Langrana (11) in a biomechanical study
concluded that the posterolateral fusion technique was
the best method of providing stabilization to the fused
segment and having the least effect on the adjacent
unfused segment. The combined anterior and posterior
fusion provides better stabilization from a biomechanical
point of view, but whether or not this has any relationship
to future adjacent segment problems is not known
(12,13). Using the RSA technique to study in vivo kine-
matics (14), it has been possible to demonstrate a slow
healing rate of uninstrumented posterolateral fusion,
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which becomes stable between 6 and 12 months after
surgery. With the addition of posterior transpedicular
instrumentation, immediate stability is obtained (15).
Stand-alone interbody cages demonstrate an intermediate
time required for segmental stabilization (16). This fact
may be interpreted as obviating the need for routine use
of combined procedures in the inherently stable degener-
ative lumbar spine. Although increased surgery time and
more blood loss occur (5,17), many nonrandomized stud-
ies, however, report very good outcomes with combined
fusions. When combined fusions are considered, one pre-
requisite is that they should be performed by spine sur-
geons very familiar with the technique in order to mini-
mize the complication rate. The risk of retrograde
ejaculation and for sympathetic trunk disturbance, for
example, is solely associated with anterior surgery and
may be minimized by limiting the procedure to surgeons
experienced with anterior procedures.

A major issue in surgery for axial pain is determining
the location of the pain generator. The spine, being a
three-joint complex, can have pain from the disc as well
as facet joint–related pain. This has been one argument
for including vertebral body fusion because some micro-
motion may remain over the disc even in the presence of
a solid posterolateral fusion (18,19). In some instances,
this micromotion produces pain.

SURGICAL OPTIONS

Posterior Fusion plus Anterior Lumbar Interbody
Fusion

This procedure requires posterior fusion and instru-
mentation, either from the midline approach or via the
Wiltse approach between the longissimus and multifidus
muscles (Fig. 34-1). Anterior disc replacement is per-
formed via the transperitoneal or retroperitoneal approach
(20). These approaches have been described previously. If

compression of the interbody implant is desired, anterior
disc resection and implant insertion must be done before
posterior compression is applied to the anterior implant.
This is a complex procedure, but provides the most pro-
nounced stability to the segment immobilized. Posterior
transpedicular fixation techniques with rods or plates are
used, and are usually combined with bone harvesting from
the iliac crest. Anterior cortical bone grafts in the form of
either autografts or allografts may be used or metal cages
or other types of metal implants (usually titanium) (Fig.
34-2). These implants are presented elsewhere in this and
other chapters. Immediate mobilization and early rehabil-
itation without orthosis usually is permitted. 

Posterior Lumbar Interbody Fusion

This procedure is described elsewhere in this text
(Chapter 32), and is essentially a combined anterior and
posterior procedure performed via a posterior approach
(21). Typically, transpedicular instrumentation is used,
and the cages are inserted in the axilla between the com-
mon dural sac and the exiting nerve root. This may neces-
sitate some traction on the nerve root and also may be
associated with troublesome venous plexus bleeding;
therefore, this procedure requires experience with the
technique. Compression of the interbody graft is
achieved by the posterior construct.

Transforaminal Lumbar Interbody Fusion

Transforaminal lumbar interbody fusion (TLIF), or
monoportal posterolateral intertransverse fusions (PLIF),
has been described by Harms and Tabasso (22). This is an
operation performed posteriorly. One of the facet joints is
resected, the disc is removed, and intercorporeal implants
are filled with cancellous bone and are inserted. Posteri-
orly transpedicular instrumentation is used and compres-

FIG. 34-1. Axial image of the lumbar spine showing
(arrows) the Wiltse approach giving good access to pedicles
and transverse processes when performing posterolateral
fusion with and without instrumentation. The cleavage plane
is between the longissimus and multifidus muscles.
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sion is applied as with a PLIF. This approach provides
access to the disc lateral to the nerve root, gives a wider
access to the disc, and can reduce traction to the nerve
root at the disc level. 

A possible disadvantage of TLIF compared with PLIF
is that one entire facet joint must be resected, although
significant parts of both facet joints usually are resected

with PLIF. Threaded cages are less suitable for the TLIF
procedure and smaller cages are used instead, for exam-
ple, two Harms cages, which are inserted from the facet
joint resection side; the first cage is moved to the con-
tralateral side and the second is retained on the ipsilateral
side (Fig. 34-3). Posterior compression is performed by
the transpedicular system as in the other two procedures.
To date this technique is not so well documented in the
literature but seems like an attractive alternative when
combined procedures are considered. 

CONCLUSION

This chapter briefly described techniques for perform-
ing combined anterior and posterior (360°) fusions of the
lumbar spine and discussed the advantages and disadvan-
tages of combined fusion procedures in DDD. Combined
procedures require surgical skill in the technical aspects
of the procedure in order to minimize complications.
Their indication is limited in the inherently stable degen-
erative spine; for example, in patients where concomitant
facetectomy must be performed or in patients unable to
tolerate the postoperative immobilization. Some studies
have shown very good results from combined anterior
and posterior procedures, especially in the failed back
surgery syndrome, but in randomized controlled trials
superiority of the technique has not been proved.
Although an increased complication rate has been
reported, this technique may be indicated in selected
cases when performed by spine surgeons familiar with
the technique. Future prospective studies may help to
determine the optimal fusion procedure, taking into
account biomechanical, biological, and psychosocial

FIG. 34-2. Lateral radiograph after combined fusion using
rods, pedicle screws, and autograft posteriorly and cages
anteriorly.

FIG. 34-3. Postoperative radiograph in patient operated on with a transforaminal lumbar interbody
fusion technique. Posterior fixation is demonstrated with Diapason rod, screws, and autografting, inter-
body fusion with Harms cages, and autograft, both harvested from the posterior iliac crest. A: Anterior
and posterior image. B: Lateral image.
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aspects of an individual patient. With our current knowl-
edge, however, it may be appropriate to conclude by re-
emphasizing that patient selection is more crucial than
technique selection in deciding whether or not to perform
a lumbar spine fusion for degenerative disc disorders. 
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CHAPTER 35

Degenerative Disc Disease: Fusion 
Cages and Dowels 

Richard D. Guyer and Donna D. Ohnmeiss

The treatment of symptomatic degenerative disc disease
(DDD) is a controversial topic. Some regard disc degen-
eration as merely a natural process that generally does not
merit operative intervention. However, some of the acute
annular tears that may trigger the degenerative process
can be extremely painful and remain painful for a long
period, significantly decreasing the patient’s quality of
life. If one accepts the concept of surgical treatment for
symptomatic disc degeneration that is unresponsive to
nonoperative treatment, then the question remains as to
which procedure is the best treatment for this condition.
The primary purpose of interbody fusion for the treat-
ment of disc-related pain is to remove the pain genera-
tor—the pain-producing disc tissue—and maintain or
increase disc height, which indirectly decompresses the
neuroforamen while allowing the fusion to take place.
Generally good results have been reported from inter-
body fusion for the treatment of disc-related pain (1–7).
On the other hand, the results of posterior fusion alone for
the treatment of disc-related pain typically have been
poor (2,8,9). These poor results may be related to the
inability to directly address the disc with a posterior
fusion alone. The pain-producing disc tissue remains in
the segment, and posterior fusion alone may not be ade-
quate to sufficiently reduce the load on the disc, pro-
ducing mechanical pain. Biomechanical studies have
reported that the disc pressure is the same in a disc
spanned by posterior fixation as in an uninstrumented
disc (10). Clinical studies report that anterior interbody
fusion has provided pain relief when performed at the
level of a solid posterior fusion for the treatment of ongo-
ing discogenic pain (11,12). The interbody fusion allows
removal of the disc tissue and stabilizes the segment. 

Traditionally, autogenous iliac crest graft was used for
lumbar interbody fusion. Because of the complications

associated with harvesting iliac crest grafts, including
pain and infection, other alternatives were sought. Use of
allograft addresses this issue and decreases the operative
time by eliminating the time needed to harvest the graft.
Allograft for interbody fusion encompasses a variety of
forms, including dowels, chips, strips, and femoral rings.
Allograft bone can be taken from a variety of donor sites,
including iliac crest, femur, and patella. Although these
materials eliminated donor site complications, there was
some concern as to whether they produced results as
good as autogenous graft. The optimal size, shape, and
composition (cortical versus cancellous bone) have been
debated. There is also a concern with potential transmis-
sion of diseases. There was consensus that the most desir-
able interbody graft would be one that produced a high
fusion rate, reduced or eliminated donor site morbidity,
maintained the height of the disc space and ideal spinal
alignment, and provided rapid stabilization of the spine.
However, identifying a graft material with all these prop-
erties was and remains a challenge. Many designs and
concepts of fusion cages have emerged in the course of
seeking a solution to the problem of identifying the ideal
interbody graft. The role for fusion cages in the treatment
of symptomatic degenerative disc conditions includes
distraction of the disc space and provision of early stabi-
lization to the operated segment while bony incorporation
of the fusion mass takes place. In this chapter, we discuss
various designs of cages that have been used for lumbar
interbody fusion.

INDICATIONS

The indications for the use of cages in the treatment of
DDD are similar to those for traditional lumbar interbody
fusion. The patient should have failed a trial of nonoper-
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ative management including activity modification, med-
ication, and active rehabilitation before considering sur-
gical intervention. If the patient fails nonoperative man-
agement and has a history and physical examination that
correlates with imaging studies for disc-related pain, then
surgery may be considered. Discography is a provocative
and confirmatory test that generally is helpful in deter-
mining the source of pain and helps determine which
level(s) should be included in the fusion. The anatomy of
the patient’s disc space needs to be evaluated with respect
to the placement of a pair of fusion cages. In some cases
it is difficult or impossible to properly place a pair of
cages. Sometimes this is the case in patients with a rela-
tively tall disc space, requiring large-diameter cages. 

Patients with a significant behavioral component to
their pain are generally poor surgical candidates for cage
fusions. In patients with a presentation that is not clear or
suggests a significant behavioral component, preopera-
tive psychological screening can be very helpful. Block
has reported on the use of such an instrument that we use
in our clinic (13). This instrument was found to predict
success or failure in a high percentage of spine surgery
patients. 

BIOMECHANICS OF FUSION CAGES

There have been many reports on the biomechanical
testing of various lumbar fusion cages. However, the
results can be difficult to compare because of differences
in the type of cage used, the specifics of the test parame-
ters used, the manner in which the data are presented and
analyzed, and the fact that most studies suffer from a
small number of specimens tested. The testing can deter-
mine the stiffness of a cage, but the ideal stiffness is
unknown; that is, the stiffness that provides optimal sta-
bility for fusion to occur, but has the least adverse effect
on the adjacent segment. In other words, the ideal cage
must provide strength, yet still allow load sharing with
the vertebral bodies. As with any laboratory testing, there
is great difficulty in trying to extrapolate the results to the
clinical situation since the role of the musculature has
been eliminated. In addition, testing provides information
only about the immediate effect of the implants. The
device performance once scarring, and bony changes
have occurred cannot be evaluated. Also, testing provides
comparative data on segmental motion, but cannot deter-
mine the optimal amount of permissible motion.

One important parameter is the compressive strength
of the devices. Laboratory testing of fusion cages shows
that they are unlikely to fail from compressive loading.
Jost et al. compared the compressive strength of a carbon
cage, a porous titanium implant, and a metallic threaded
fusion cage with and without posterior fixation (14).
They found that in some specimens, the carbon fiber cage
failed at levels within the range of physiologic load, but
the other two cages did not. Posterior fixation did not sig-

nificantly increase the compressive strength of any of the
devices. Low bone mineral density was associated with
construct failure by device displacement into the verte-
bral bodies.

Oxland and Lund performed a comprehensive review
of the biomechanics of interbody fusion cages in human
cadaveric specimens (15). They found that, as stand-
alone devices, cages provided stability in flexion but did
not perform as well in extension. Interestingly, there was
no difference in the stability achieved by anterior versus
posterior approach to implanting the devices. This find-
ing showed that the destruction of the anterior longitudi-
nal ligament by an anterior approach did not result in
reduced stability in extension. Anterior implantation was
associated with more stability in axial rotation than with
posterior surgery. This most likely results from the loss of
the lamina and part of the facet joints required to allow
access to the disc space with posterior implantation of the
devices. The anterior approach also was associated with
greater stability in lateral bending. The authors found that
the addition of posterior fixation increased the stability of
the operated segments. 

EARLY FUSION CAGES

One of the earliest cages commonly used was a
femoral ring allograft packed with cancellous bone.
Although this graft was used in the 1980s before the term
“fusion cages” was in vogue, this graft configuration was
similar to that of later cylindrical cages. That is, the dense
bone of the femoral ring provided early support to the
operated segment. There was concern whether the density
of the femoral ring would allow bony ingrowth. The rings
were later packed with a plug of cancellous bone to pro-
vide scaffolding for bone growth. In our own experience,
using this graft type in the late 1980s, an 80% fusion rate
was reported for the entire group, including both single
and multiple level fusions (16). In the series of 112
patients, there were no cases of graft collapse. There were
seven cases of graft migration, three of which were sig-
nificant and required reoperation. The migration prob-
lems occurred in patients before cutting grooves in the
inferior and superior surfaces of the femoral ring. Subse-
quently, a cancellous screw was sometimes placed anteri-
orly as a “doorstop” to prevent anterior graft migration.
Holte also reported on the use of femoral ring allograft
packed with autogenous graft (17). Supplemental poste-
rior fixation was used in the majority of these cases, and
a fusion rate as high as 96%, depending on the number of
levels fused, was reported. In another series with the same
graft construct without posterior fixation, and with the
addition of an anterior screw to prevent graft migration,
the fusion rate was 84% to 97% depending on the defin-
ition of fusion used (18). In recent years, there has been
renewed interest in the use of these cages made from allo-
graft femoral rings packed with cancellous bone.
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THREADED CYLINDRICAL CAGES

Perhaps the best-known fusion cages are threaded
cylindrical fusion cages. The introduction of these de-
vices in the 1990s sparked widespread interest in inter-
body fusion devices. Two cages are typically placed at
each operated disc level. The cages have fenestrations,
with the largest ones being on the inferior and superior
surfaces to allow bone to grow from the vertebral bodies,
into the bone graft packed inside the cage. These cages
can be placed into the disc space using either an anterior
or posterior surgical approach. With the anterior ap-
proach, either an open or a laparoscopic technique may
be used. One such cervical threaded metal cage, the
Bagby and Kuslich (BAK) device (Sulzer-SpineTech,
Minneapolis, MN) evolved from cervical fusion cages
used to treat wobbler’s syndrome in horses (19). The cage
designed for that application was a rectangular cage filled
with bone graft. A veterinarian (Bagby) teamed with an
orthopedic surgeon (Kuslich) to design a device for
human implantation. The result was the BAK cage. 

Fusion Rates

Determining the presence or absence of fusion is diffi-
cult. The only reliable way to determine if a patient has a
solid union is by reoperation and direct exploration of the
fusion mass. Trying to determine fusion from radio-
graphic images is unreliable. One study investigated radio-
graphic imaging and computed tomography (CT) scan-
ning of four different interbody devices that had been
implanted into cadaveric specimens (20). Eight of each
cage type were implanted, and radiographs and CT failed
to identify lucency around some of the devices. The
authors also reported that chips packed into the cages
could look identical to bridging bone through the center
of the cage, thereby making the determination of fusion
difficult. The ability of CT to detect fusion in patients
with metal fusion cages has been questioned by other
authors (21). 

In addition to the difficulty in detecting fusion, the
actual definition of fusion itself is not uniform across
studies. In some studies of metal cylindrical fusion cages,
up to 5° of motion on flexion-extension radiographs was
considered acceptable for fusion (22). In one study
involving mesh cages combined with anterior buttress
plates and posterior fixation, 3.5° of motion was permit-
ted for solid fusion (23). Our own experience is similar to
that of McAfee, who noted that a good indication of
fusion with open-ended cages is bridging of bone anterior
to the disc space (Fig. 35-1), the so-called “sentinel
fusion” (24). 

Another difficulty encountered in many studies is the
lack of data concerning the repeatability of measure-
ments. This factor could greatly influence the reliability
of the reported fusion rates. 
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Bone biopsies have been performed on a small number
of patients who received carbon fiber or mesh cages and
who appeared to have a solid fusion on radiographic
imaging (25). The authors reported that there was much
variability in the results of the biopsy; however, all
showed histologic evidence of bone graft incorporation.
In most of the biopsies, there was fibrous and necrotic tis-
sue, suggesting that incorporation was not complete.
They also noted particles of carbon fiber or metal within
the biopsies, although these did not cause bone resorption
or inflammatory reactions.

Thalgott et al. reported a 95% fusion rate in patients
whom instrumentation was not removed for continued
symptoms (23). The criteria for a solid fusion in this
study were rather liberal for a combined anterior poste-
rior fusion procedure, allowing up to 3.5° of motion on
flexion extension films. The authors provided no data on
the reproducibility of their measurement method. 

The reported fusion rates for threaded metal cylindri-
cal cages have been as high as 95% or greater for single-
level fusions (22,26). The fusion rates for two-level pro-
cedures are lower, in the range of 71% to 80%. High rates
of fusion of 86% to 100% also have been reported for
carbon cages supplemented with pedicle screws (27–29). 

Methods for improving the fusion rate of threaded
fusion cages are being investigated. There have been no

FIG. 35-1. Radiograph showing abundant bone growth ante-
rior to the threaded fusion cages, frequently termed a “sen-
tinel fusion.”



clinical studies investigating the possible role of bone
growth stimulators to enhance fusion with cages. How-
ever, in a study involving sheep implanted with titanium
threaded fusion cages packed with autograft, bone
growth stimulation was associated with a greater fusion
rate (30). Other possible methods to enhance the fusion
rate achieved with cages is the use of recombinant human
bone morphogenetic protein-2 (rhBMP-2) (31–33), local
gene therapy (34), and recombinant human osteogenic
protein-1 (rhOP-1) (35). These materials have yielded
high fusion rates in studies using animal models (31,35).
In a small patient series, a 100% fusion rate was seen in
a group of patients receiving BMP packed in tapered
cylindrical cages (36). This material appear to be capable
of achieving a high fusion rate and has the additional ben-
efit of eliminating risk of complications and pain associ-
ated with harvesting iliac crest autograft. Larger series of
patients are needed to determine if these promising early
results can be maintained. 

CLINICAL RESULTS

The clinical outcome achieved with fusion cages are
difficult to evaluate due to inconsistency of the outcome
measures used, use of nonstandardized and nonvalidated
measurement tools, mix of diagnoses in the various stud-
ies, and different techniques and devices used within
individual studies. 

It should be noted that several of the large studies dis-
cussed in the following were performed as part of the
approval process for sale of the devices in the United
States. These studies have the benefits of enrolling a large
number of patients, being closely monitored, and having
a minimum of 2-year follow-up. However, such studies
also tend to have some shortcomings that make it difficult
to extrapolate the results to broader future applications.
These include rigorous inclusion-exclusion criteria and
their use by highly specialized and experienced surgeons
recruited to participate in such studies.

Threaded Cylindrical Titanium Cages

In a large study of patients undergoing BAK cage
fusion, Kuslich et al. reported a significant decrease in
postoperative pain scores (22). However, only 32% of the
group from which the preoperative scores were derived
was included in the 24-month follow-up data. Four-year
follow-up data on a subgroup of 185 patients has been
reported (37). Pain and function were significantly im-
proved at the 3-month follow-up compared to the preop-
erative values and did not deteriorate at 4-year follow-up.
Work status improved from 44.1% preoperatively to
71.2% postoperatively. The results of this study have been
criticized because some of the 17 patients who required
additional surgery after the cage procedure were counted
as having a good clinical outcome, and only 185 of the

original 947 patients enrolled in the original study were
included in the analysis. 

Results also have been reported on the 2-year follow-
up of 226 of 236 patients who received the Ray threaded
fusion cages (TFC) (26). Sixty-five percent of patients
had good to excellent results and 65% had good to excel-
lent function. Unfortunately, this study provided no data
comparing the preoperative to postoperative function, so
that conclusions concerning clinical improvement were
not possible. Poor results were reported with the use of
this cage in a series of only 13 patients, all operated at the
L5-S1 level (38). Seven of the 13 patients went on to
reoperation for symptomatic pseudarthrosis. The authors
felt that the use of oversized cages, destruction of the
anterior longitudinal ligament, and removal of part of the
annulus contributed to the poor outcome. 

Threaded Bone Dowels

Threaded bone dowels are similar in design to metal
threaded fusion cages. Their potential benefit is that radi-
ographic assessment is easier because of the lack of arti-
fact created by cages. However, there are concerns about
the consistency of the strength of these cages, which are
made from allograft bone. Barnes et al reported 1-year
follow-up on a series of 28 patients undergoing interbody
fusion using threaded cortical bone dowels packed with
autogenous iliac crest bone graft (39). Patients with disc-
related pain alone underwent anterior interbody fusion,
using the cages as stand-alone devices. In patients with
concomitant spinal stenosis, decompression and posterior
interbody fusion with supplemental posterior pedicle
screws without bone graft was used. There was a rela-
tively low rate of follow-up in the anterior interbody
fusion group (67%). The rate of fusion was less in the
anterior group than in the posterior group (13% versus
95%). Similarly, patient satisfaction was greater in the
posterior group than in the anterior group (38% versus
70%). Based on their results, the authors strongly advo-
cated the use of posterior fixation in addition with the
threaded bone dowels. 

There have been a few studies comparing the use of
bone dowels to other fusion procedures. In one such
study, laparoscopic anterior interbody fusion using
threaded cortical bone dowels was compared to posterior
fusion using pedicle screws (40). The laparoscopic group
had shorter hospital stay, less blood loss, and less opera-
tive time than the posterior fusion group. However, it
should be noted that the study was not randomized; there-
fore, there may have been differences in the patients
treated with the two procedures. In a prospective ran-
domized study, Schofferman et al. compared threaded
titanium cylindrical cages packed with autograft to
threaded bone dowel cages packed with demineralized
bone matrix (41). At the 12-month follow-up, both
groups improved significantly based on Oswestry and
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pain scores, and there were no significant differences in
outcome between the two groups. 

Carbon Fiber Cages

Carbon fiber cages are designed to be used in pairs and
with posterior fixation. The carbon fiber allows for easier
assessment of fusion status because this material is not
visible on radiographic images and does not create arti-
fact on CT scans. One disadvantage of carbon fiber cages
is that they may fracture or collapse, which may result in
release of some of the carbon fibers. Brantigan reported
2-year follow-up data for 221 patients receiving carbon
fiber cages and pedicle screw fixation as part of a multi-
center study (28). In the subgroup of 92 patients with a
diagnosis of DDD, the fusion rate was 100% and 86%
had a good clinical outcome; however, there were numer-
ous complications in the series.

There have been other reports on the use of carbon
fiber cages. One series included 71 patients with carbon
fiber cages and posterior fixation (27). It reported a 90%
fusion rate, but at the median follow-up of 28 months,
only 66% of patients were satisfied with the results of the
surgery and would have the procedure again for the same
result. Two studies on the use of carbon fiber cages have
reported fusion rates of 82% and 86%, but provided no
clinical outcome data (29,42). 

Mesh Cages

Mesh cages, also sometimes referred to as a type of
vertical cage, can be cut to the height desired to fit into
the disc space. The cages are packed with bone graft and
inserted into the disc space. Reinforcement rings may be
placed around the superior and inferior ends of the cage
to provide axial support. There have been only a few
reports on the clinical results of mesh cages, none of
which deal specifically with disc-related pain. The
patient population in these studies was typically a mixed
group of patients with pseudoarthrosis, deformity, post-
laminectomy syndrome, or disc-related pain. One study
described the results of 50 patients undergoing combined
antero-posterior lumbar fusion using mesh cages packed
with coralline hydroxyapatite mixed with demineralized
bone matrix (23). A buttress plate was placed anteriorly
over the operated segment to prevent potential displace-
ment of the cages. Pedicle screws or facet screws were
used with the posterior fusion. The mean follow-up was
50 months, ranging from 36 to 64 months. The authors
reported good results with the procedure, although there
were several cases requiring posterior fixation removal. 

One study evaluated the outcome following non-
threaded cages (either Brantigan or Harms) for the treat-
ment of single-level, disc-related pain was performed in a
group of 15 active-duty servicemen (43). The cages were
inserted posteriorly and packed with autogenous iliac
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crest graft and were supplemented with pedicle screw
fusion. The authors reported that 12 of the 15 servicemen,
80%, returned to full duty. This compared favorably to
the 36% who returned to active duty in a selected group
who elected not to have surgery for their single-level
symptomatic disc degeneration.

Modular Rectangular Cages

There is a rectangular, modular cage (InFix; Spinal
Concepts, Austin, TX) (Fig. 35-2) designed to be used as
a stand-alone device and to be implanted using an ante-
rior approach to the spine. It consists of two plates with
struts that are placed on the periphery of the plates to
control the height and angulation between the plates,
thereby allowing anatomic restoration of the disc height
and lordosis. The plates have holes to allow bony
ingrowth from the vertebral bodies to unite with the bone
packed inside the cage. This device is being evaluated in
a large, multicenter study, but currently no results from
this study have been reported.

LAPAROSCOPIC LUMBAR INTERBODY FUSION

The introduction of fusion cages came at a time when
laparoscopic spinal fusion was being developed. The
cages complemented this evolving surgical technique.
They were small enough to be passed through the cannu-
las used in the laparoscopic procedures. The role of
laparoscopic spinal fusion has gained some acceptance
but some still question if it reduces morbidity, reduces
hospital stay, and reduces recovery time. The endoscopic
technique has been criticized as having an increased com-
plication rate, being too expensive, being too difficult to
perform at the L4-5 level, and offering no benefit over
open surgery. 

Laparoscopic spine surgery requires developing new
skills not typically learned by spine surgeons. They must

FIG. 35-2. Modular rectangular fusion cage.



manipulate the instruments based on what is viewed on a
video monitor. Several authors have reported on the
learning curve associated with laparoscopic spine surgery
(44–46). In several reports, laparoscopic fusion is re-
ported to have longer operating time but less blood loss
than open anterior fusion (47,48). In both of these stud-
ies, laparoscopic surgery was also associated with
reduced hospitalization time. There is debate concerning
the effectiveness and safety of using endoscopic tech-
niques to fuse the L4-5 level. Vraney reviewed radi-
ographic vascular examinations performed for vascular
conditions, and recorded the feasibility of accessing the
L4-5 disc using laparoscopic techniques (49). He sug-
gested that in only one-third of patients could the disc
space be accessed safely because of the vascular anatomy.
Zdeblick also expressed concern about the safety of
accessing the L4-5 disc due to a greater incidence of
complications (50). He advocated that laparoscopic
fusion was feasible at L4-5 if the bifurcation of the ves-
sels was above the L4-5 space and that an open approach
should be used if the bifurcation was at or below the disc.
Kathkouda et al. reported the feasibility of laparoscopic
surgery at the L5-1 level (51), but discouraged its use for
multilevel procedures because of difficulty accessing the
L4-5 disc. However, it should be noted that they per-
formed only 24 cases in the 3 years of their study. This
small a number of cases may suggest that they had not
overcome the learning curve associated with the tech-
nique. The laparoscopic approach to the L4-5 space was
analyzed by Regan et al. (52), who found that by varying
the approach to the L4-5 disc space, based on the location
of the bifurcation of the great vessels, the disc space
could be accessed safely laparoscopically. They noted
that no patients were denied laparoscopic fusion because
of vascular anatomy at the L4-5 level. The ability to
safely assess the L4-5 disc laparoscopically has been
reported by other authors as well (47,53). 

Results from an animal study using mesh cages
showed that laparoscopic fusion resulted in a less stiff
spinal segment than that achieved by an open procedure
(54). They attributed this difference primarily to the fact
that less of a discectomy and less decortication of the end
plates were performed laparoscopically than with an open
procedure. The authors felt that these factors contributed
to less bone growth into the cages, thereby reducing the
stiffness of the fused segment. These laboratory findings
were supported in a clinical study by McAfee et al. com-
paring the fusion rate achieved with partial versus com-
plete discectomy (55). They found that the fusion rate was
significantly greater in the group in whom a complete
discectomy was performed than in patients having a par-
tial discectomy. These results suggest that it is desirable
to perform a complete discectomy when using fusion
cages. This has been confirmed in another study (47).

There has been one published report of a large number
of laparoscopic spine fusion cases performed using cages

(48). The authors of this study reported on a multicenter
series of 240 consecutive patients. The series was com-
pared to a historical cohort of 591 consecutive patients
undergoing open anterior lumbar interbody fusion using
the same design of fusion cages. They found that the
laparoscopic technique was associated with reduced hos-
pital stay, less blood loss, but had greater operative time.
Complications in the two groups were comparable.

There has been one prospective, randomized study
directly comparing the results of laparoscopic to open
anterior lumbar interbody fusion using the same design
of interbody fusion cages (47). The authors reported that
the laparoscopic procedure was associated with a longer
operating time but reduced hospital stay. The hospital
costs for the two techniques were similar. The laparo-
scopic group had a greater percentage of patients who
returned to work and they did so more quickly than
patients undergoing open fusion.

Surgeons considering performing laparoscopic fusions
must have appropriate training in the technique and
should do enough of the procedures to overcome the
learning curve in order to attain and maintain a high skill
level with this procedure. 

ANTERIOR VERSUS POSTERIOR APPROACH
FOR DEVICE IMPLANTATION

Several interbody fusion cages can be implanted from
either an anterior or posterior approach to the disc space.
There appears to be no recommended preference of ap-
proach based on clinical results from the procedure.
Therefore, the decision regarding the approach generally
is based on several other factors. One important factor is
the training and experience of the surgeon. If there is
neural compression, a posterior approach is preferable in
order to address these problems. A posterior approach
reduces the risk of injury to the major anterior vascular
structures and also avoids damage to neural structures
that can result in retrograde ejaculation. If the patient has
significant calcification of the vessels or prior abdominal
surgery in the vicinity of the disc level to be operated,
anterior surgery may be risky. However, there are several
advantages to the anterior approach. It provides a wider
access to the disc space allowing more room to work.
Posterior interbody fusion has a potential risk of injury to
the nerve roots owing to overretraction and requires
removal of some of the facet joints, which may contribute
to instability if too much bone is removed. Finally, the
posterior approach damages the posterior musculature,
which may be a source of pain and disability. 

DISTRACTION AND SUBSIDENCE

Interbody fusion should restore normal disc space
height and prevent future collapse. Most fusion cages are
strong enough to prevent failure and collapse. Disc space
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height may be lost if the cages subside into the adjacent
vertebral bodies. In a study using a sheep model, it was
found that fusion cages significantly distracted the disc
space (56). Although there was subsidence for 2 months
after surgery, by 4 months the operated levels were
solidly fused and the disc space height was greater than it
was preoperatively. Distraction and maintenance of the
disc space height have been investigated in two recent
clinical studies (57,58). Both studies reported reduction
of initial disc space height following surgery, but the
height remained greater than the preoperative height.
Distraction of the disc space height also results in indirect
decompression of the neural foramen. Results of a labo-
ratory study showed that the implantation of interbody
cages resulted in opening of the foramen (59). This find-
ing was supported in a clinical study investigating
changes in foraminal height when cages were inserted
into collapsed disc spaces (60). These findings paralleled
those of the studies on distraction of the disc space. That
is, although the foraminal height decreased over the 2-
year study period, it remained greater than the preopera-
tive value.

LUMBAR LORDOSIS

It is desirable to create or maintain normal lumbar lor-
dosis when fusing the spine. However, the impact of
minor variation in alignment on clinical results has not
been established. Klemme et al. compared the amount of
lordosis produced by threaded devices alone to vertical
cages with posterior fixation (61). They found that cylin-
drical fusion cages placed parallel to the end plates did
not maintain lumbar lordosis as well as vertical mesh
cages combined with pedicle screws. Another study
investigated sagittal alignment with threaded fusion
cages (62). The authors found that there was a significant
decreased in lumbar lordosis at 2-year follow-up in
patients with a posterior interbody fusion, although the
values were within a normal range. They also found that
lumbar lordosis was not related to ultimate clinical out-
come. Another study compared the degree of lordosis
achieved with wedged-shaped cages compared to rectan-
gular cages (63). All cages were made of polyetherether-
ketone. The authors found that both cage designs im-
proved the sagittal alignment and that there was no
particular benefit with the wedge-shaped cages. 

CAGES AS STAND-ALONE DEVICES

There is great debate concerning the use of fusion
cages without supplemental posterior fixation. Biome-
chanical studies show that greater stability is achieved
when posterior fixation is included. However, the ques-
tion of how much immediate stability is needed to
achieve good long-term outcome remains unanswered.
The potential disadvantages of supplemental posterior

fixation include increased operating time, increased
blood loss, increased cost, damage to the posterior mus-
culature, and risk of mechanical failure and reoperations
associated with the posterior instrumentation. In addition,
the additional stiffness provided by supplemental poste-
rior fixation may be associated with long-term acceler-
ated breakdown of the adjacent segment. Several methods
have been proposed to address some of these potential
problems. There include use of pedicle screw fixation
without bone graft, facet screw fusion, and use of trans-
laminar screws without bone graft.

Although there is concern about the use of cages as
stand-alone devices, there is little clinical evidence that
there is a significant problem when using them in this
manner. The clinical outcome reported from the large
series of patients enrolled in the Food and Drug Admin-
istration Investigational Device Exemption (IDE) studies
for the BAK and Ray TFC cages indicate that the devices
perform well without supplemental posterior fixation.
Hacker et al. compared the results of stand-alone poste-
rior interbody fusion with titanium threaded fusion cages
with combined antero-posterior fusion using allograft
dowels (64). There was no significant difference in the
percentages of patients reporting excellent or good
results in the two groups. The total costs in the stand-
alone cage group were less than in the combined group,
although the follow-up time for the former was less than
that of the combined antero-posterior fusion group. 

O’Dowd et al. reported a revision rate of 31% at a
mean of 17.8 months (range, 2 to 25 months) when using
cages alone in anterior interbody procedures (65). In a
review with 3- to 7-year follow-up of patients in whom
cages were used as stand-alone devices, Tran et al.
reported that 8.1% of patients underwent reoperation at
the same level (66). However, 2.1% of this group under-
went reoperation soon after the initial surgery to address
problems with cage placement. Therefore, only 5.2% of
the group underwent reoperation at the same level as the
index surgery for unresolved or new onset pain. Their
results support the concept that cages can be used effec-
tively as stand-alone devices. In the large-scale studies
reported by Kuslich et al. and Ray, in which cages were
used as stand-alone devices, there was not a high reoper-
ation rate to add supplemental posterior fixation (26,37).

In one small study of interbody fusion using cages
only, cages supplemented with in situ posterolateral bone
graft were compared to cages supplemented with pos-
terolateral pedicle screw fixation (67). Cage subsidence
was more common in the group without pedicle screw
fixation, and device loosening was more common at the
L3-4 and L4-5 levels. They suggested that pedicle screw
fixation should be used when operating at levels above
L5-1. However, this study did not compare clinical results
to determine if there were any differences in outcome. 

Carbon fiber cages were designed to be used with
pedicle screw fixation (28). In Brantigan’s study, the
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fusion rate was reported to be 100% in a subgroup of
their patients, although their incidence of reoperation and
complications was much greater than in the other studies
using cylindrical titanium cages as stand-alone devices
(26,37,66). There is a trend now among many clinicians
to do combined antero-posterior fusions. Fusion cages in
the proper clinical setting have proven useful as stand-
alone devices. The best candidates are those who have
relatively narrow disc height compared to those with nor-
mal heights. 

COMPLETE VERSUS PARTIAL DISCECTOMY

There has been some discussion concerning the opti-
mal preparation of a disc space prior to the implantation
of threaded fusion cages. Some of these devices have
been implanted after the removal of cylindrical plugs of
disc tissue to make a space for the cages to be inserted.
The primary theoretical benefit of this method is less
damage to the anterior longitudinal ligament. The practi-
cality of the situation is that once the surgeon finishes
putting both cages of a dual cage construct, there is neg-
ligible anterior longitudinal ligament left. The potential
benefits of complete removal of the disc are elimination
of the pain generator and removal of disc tissue that
might promote growth of fibrous tissue into the cage. The
influence of complete versus partial discectomy in
achieving solid fusion when using threaded titanium
cages has been investigated in a randomized study (55).
At the 2-year follow-up, all patients in whom a total dis-
cectomy was performed had a solid fusion compared to
86% fusion rate in group in whom a reamed channel dis-
cectomy was done. The importance of total discectomy
was also discussed by Sachs et al., who reported a high
fusion rate using the cages as stand alone devices (47). In
general it makes intuitive sense to carry out a complete
discectomy if a fusion is a desired end point. 

COMPLICATIONS

Complications encountered in the treatment of symp-
tomatic disc degeneration are discussed in detail in
another chapter of this book (Blumenthal and Ohnmeiss).
In general, the complications associated with the use of
fusion cages are similar to those reported for other inter-
body fusion methods. We could not find any reports of
frank device failure related to the use of threaded metal
cylindrical cages. As expected, the anterior approach to
the disc space is associated with problems related to
injury of vascular and sympathetic structures as are
encountered with fusion not involving cages. Posteriorly,
complications have been related to retraction of the nerve
roots to allow access to the disc space. There have been
reports of a few cases of device migration or malposi-
tioned cages requiring reoperation for revision. In a
review of 20 patients with cage-related complications,

McAfee concluded that the problems were owing to tech-
nical error in all cases (68).

DISCUSSION

In recent years, a variety of fusion cages have been
used as devices for interbody fusion procedures. They can
provide initial stability to the operated segment and can
increase the fusion rate. As with other spine surgery pro-
cedures, many questions remain concerning the use of the
cages. There has been much discussion concerning opti-
mal cage design. Items that have been discussed include
the shape and modulus of elasticity of the cages, the opti-
mal bone–implant interface area, the degree of penetra-
tion of the cage into the end plates of the vertebral bod-
ies, and the use of posterior fixation. There have been
attempts to address some of the issues in laboratory test-
ing, but they have not been adequately addressed in clin-
ical studies. The use of cages as stand-alone devices
remains controversial. There are reports of good results
with this method. However, although there has been
much discussion concerning the potential problems with
this procedure, there have been little or no data published
on a large series of patients in whom the use of cages as
stand-alone devices was related to poor results. Although
routine use of posterior fixation may possibly minimize
problems related to using cages as stand-alone devices,
this increases costs, operative morbidity, and the potential
for complications related to the additional instrumenta-
tion. As with other spine surgery procedures, there is a
need for well-defined clinical outcome studies on cages
investigating the impact of multiple factors such as
approach and technique, posterior fixation, discectomy
technique, graft material, device shape, size, and place-
ment.

Although fusion cages have been reported to yield
good results in many patients, surgeons must pay careful
attention to patient selection and surgical technique.
There needs to be a thorough diagnostic evaluation with
correlative imaging studies. Patients should have failed
an adequate course of nonoperative management prior to
being considered a candidate for surgery. Patients with a
poor psychological profile will likely do poorly with
fusion using cages or any other operative intervention. 

There is little doubt that the number of future interbody
fusions will decrease as the use of disc prostheses
increases. The indications for some of these devices will
be similar to the indications for fusion cages in the treat-
ment of disc-related pain. However, spinal fusion will
continue to be performed for specific conditions and in
patients who are not good disc replacement candidates.
As discussed, the details of spinal fusion cage procedures
needs further investigation, although based on the data
currently available, these devices appear to have a signif-
icant role in the treatment of patients with back pain and
remain an important part of the spine surgeon’s arma-
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mentarium. We believe that in the properly selected pa-
tient, cages offer the surgeon a satisfactory option as a
stand-alone device. 
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CHAPTER 36

Minimally Invasive Procedures for Anterior
Column Fusion and Reconstruction

H. Michael Mayer

The term “minimally invasive” has been used in the surgi-
cal scientific literature since the introduction of microsur-
gical and endoscopic surgical approaches. It has been
applied in various fields, mainly abdominal, gynecologic,
and thoracic surgery (1–3). Although arthroscopic tech-
niques in the peripheral joints or microsurgical techniques
for discectomy or decompression have been used for
many years in orthopedic surgery, the term “minimally
invasive” was very rarely used or associated with these
procedures. In fact, it has only come to our perception in
recent years, when it was increasingly used to describe or
characterize procedures or surgical approaches for the
treatment of degenerative lumbar disc disorders. 

It is important to distinguish between “true” minimally
invasive procedures for diagnostic and therapeutic pur-
poses and minimally invasive approaches for curative
surgical procedures. Typical examples for minimally
invasive diagnostic and therapeutic procedures include
different kinds of infiltrations including epidural cathe-
ters, root blocks, facet joint block, discography, intradis-
cal electrothermal therapy, and others. These procedures,
however, are either “diagnostic instruments” that are used
to supplement information from noninvasive imaging
techniques such as magnetic resonance imaging (MRI),
or represent noncurative modalities with temporary ther-
apeutic effects. They should thus be classified as semi-
invasive conservative measures.

For the definitive surgical treatment of degenerative
disorders of the lumbar spine, a variety of minimally
invasive techniques have been developed over the last 15
years. All these techniques represent surgical approaches
that are less invasive than the usual standard approaches
(Table 36-1).

This leads to a very fundamental but important concept
which should be appreciated to avoid misunderstandings
and misinterpretations: minimally invasive surgery for
the definitive curative treatment of segmental lumbar disc

degeneration is a minimally invasive approach to perform
“target surgery” such as disc excision, fusion, or disc
replacement—procedures that are (maximally) invasive. 

Wrong indications for surgery, undesired side effects,
complications, and poor results are strongly influenced
by the surgical approach to the target area (4,5). Less
invasive techniques, in general, decrease the degree of
“iatrogenic” surgical trauma. They ameliorate early post-
operative morbidity and enable early and aggressive reha-
bilitation of the patient without an increase in complica-
tions. This chapter describes the rationale for surgery for
degenerative lumbar spine disorders, the goals of surgical
procedures, and the implementation of minimally inva-
sive techniques into the surgical standard strategies. 

RATIONALES FOR SURGERY

There is a long-standing controversy about the surgical
treatment of degenerative lumbar disc “disease.”
Although there are no evidence-based data to support
spinal fusion or reconstruction of the “functional spinal
unit,” surgery is performed worldwide with varying fre-
quency depending on national or continental philoso-
phies. The “gold standard” procedure has always been
segmental spinal fusion. This can be performed by differ-
ent techniques and has become one of the classic “expe-
rience-based” procedures with poorly predictable success
rates due to the lack of an international consensus for
patient selection, surgical approach, fusion technique,
and postoperative management (6–9). 

In the last 2 years, there has been a tremendous accel-
eration in the development and application of a new phi-
losophy that is termed “spine arthroplasty.” This term
encompasses all surgical techniques that aim for a
dynamic reconstruction and preservation of motion with-
out performing a fusion (Table 36-2). Principles of some
of these procedures are described in Chapters 38–40.
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GENERAL PRINCIPLES

Disc degeneration may lead to clinical symptoms of
pain (“discogenic” low back pain). However, low back
pain due to disc degeneration is usually “multifactorial”.
Whereas young patients may present with pure disco-
genic back pain, the majority of patients present with a
mixture of discogenic, arthrogenic, and musculoligamen-
tous symptoms. Surgical procedures to deal with these
symptoms have common goals: the excision or elimina-
tion of pain source(s), the elimination of biomechanical
pain generating mechanisms, the restoration and reten-
tion of the physiologic segmental curvature, as well as the
restoration of disc and foraminal height, especially in
cases with lateral recess or foraminal stenosis. There is no
doubt that these goals can be most reliably achieved by
360° or 270° fusion of one or several lumbar segments.
Using this technique, all potential pain sources (disc, end
plates, facet joints, facet joint capsules) are excised.
Pathologic load patterns due to loss in disc height (“ver-
tical instability”) as well as macroinstabilities (e.g.,
degenerative spondylolisthesis) are eliminated by the
fusion (Fig. 36-1). Disturbances of lumbar curvature in
the sagittal (kyphosis, hyperlordosis) as well as frontal
(degenerative lumbar scoliosis, segmental tilt) plane can
be reduced and maintained by posterior instrumentation.
Disc height and foraminal height can be restored in cases
with root symptoms associated with low back pain. Thus
spinal fusion is the only “curative” salvage procedure to
treat degenerative low back pain. 

LUMBAR FUSION

The controversial discussion on the role of lumbar
fusion is the result of an obvious discrepancy between the
technical achievement of the surgical goals (discussed
previously) and the clinical outcome. The majority of
undesired side effects, complications, and poor outcome
is determined or influenced by the surgical approach to
the target area (4,5).

The main prognostic factors for outcome of lumbar
fusion surgery are patient selection and surgical tech-
nique (7,10,11). 

TABLE 36-2. Lumbar spine arthroplasty procedures

Total disc replacement
SB Charite disc (30)
Prodisc (26,31)
Acroflex (32)

Nucleus replacement
Mechanical

Prosthetic disc nucleus (33)
Spiral nucleoplasty (34)

Biological
Autologeous disc chondrocyte transplantation 

(ADCT) (35)
Posterior Augmentation

Graf ligaments (36)
Dynesys (37)
Wallis (38)

TABLE 36-1. Minimally invasive access surgery for lumbar
fusion and disc reconstruction

Laparoscopic anterior lumbar interbody fusion (22,23)
Percutaneous posterolateral interbody fusion (12)
Mini-open microsurgical posterolateral fusion (13)
Mini-anterior lumbar interbody fusion (24)
Mini-open total disc replacement (26)

FIG. 36-1. Lateral X-ray of the lumbar spine. A: Preopera-
tive–degenerative spondylolisthesis grade I. B: Postopera-
tive–restoration of physiologic curvature with reduction and
270° lumbar fusion.
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Patient Selection

The reader is referred elsewhere in the text (Chapters
28–35, 39, 45) to information on the current “state-of-
the-art” treatment of degenerative low back pain. There is
consensus that spinal fusion in degenerative conditions of
the lumbar spine should be the last therapeutic step when
noninvasive or semi-invasive conservative measures have
failed. However, there is neither consensus on the identi-
fication of lumbar levels to be fused nor on the type of
fusion (7,8,11,12). The most frequently used techniques
are listed in Table 36-3.

Less Invasive Techniques for Lumbar Fusion

Microsurgical Posterolateral Fusion (13)

Posterolateral fusion has been the most widespread
fusion technique for the past 25 years. It has been per-
formed without instrumentation (11,14) or with instru-
mention (15), with varying clinical success and fusion
rates. Decortication of laminae, facet joints, and transverse
processes is followed by the application of autograft or
allograft bone “posterolaterally” in order to achieve a solid
bone bridge between adjacent segments. It is the easiest
technique in fusion surgery, however, it also is the most
traumatizing technique because of damage to the paraver-
tebral muscles during the approach (16–18) (Fig. 36-2).

Unacceptably high pseudoarthrosis rates have limited
the popularity of this fusion among spine surgeons in
Europe (6,11,19).

In 1998 McCulloch described a microsurgical modifi-
cation of the “classic” posterolateral/intertransverse lum-
bar fusion (13). Based on his experience with micro-
surgical discectomy, McCulloch described a minimally
invasive paramedian approach to the intertransverse area.
Soft-tissue dissection is reduced to a minimum. Preserva-
tion of a “soft tissue envelope” (paraspinal muscles, inter-
transverse ligament and muscle) is presumed to provide a
vascularized bed for autologous bone graft. Decortication
of the facet joints and the transverse processes is per-
formed with high-speed drills. The use of autologous
bone graft is recommended.

The clinical results described by McCulloch revealed
the advantages of this minimal invasive technique: In a
series of 22 patients with single-level degenerative disc
disease, microsurgical posterolateral fusion was per-

formed. Follow-up after 2 years showed good and excel-
lent results in 86.4% of the patients. The average hospital
stay was less than 3 days, the average intraoperative blood
loss less than 300 cc. There was only one pseudoarthrosis
(13). In a similar series of 22 patients with degenerative
spondylolisthesis and acquired spinal stenosis, the rate of
satisfactory results was 91%. The pseudoarthrosis rate
however was 14% (13).

Although this technique has not become very popular,
it seems to be a reasonable alternative to the “classic”
posterolateral type of fusion performed through the
Wiltse approach. 

Minimal Invasive Anterior Approaches for Interbody
Fusion

In 1990 Obenchain first described a laparoscopic ap-
proach to the L5/S1 disc (20). This “key” publication trig-
gered the development of a variety of less invasive ante-
rior accesses to the lumbar spine that dominated the last
decade. Laparoscopic surgery was associated with a vari-
ety of technical pitfalls and hazards and has never
reached the status of a “routine-procedure” (21–23).
However, the need for less invasive anterior approaches
was obvious, since 360° or 270° fusion achieves the high-
est fusion rates of all techniques (5,10,24). In 1997, I
described two “mini-open” access techniques to the lum-

TABLE 36-3. Spinal fusion techniques

Posterolateral (intertransverse) 180° posterior
TLIF/PLIF 270° posterior
Percutaneous PLIF 180° anterior
ALIF 180° anterior
Posterior/ALIF 270° posterior/anterior

ALIF, anterior lumbar interbody fusion; PLIF, posterior lum-
bar interbody fusion; TLIF, transforaminal lumbar interbody
fusion.

FIG. 36-2. X-ray lumbar spine, frontal view. Shaded area is
necessary for muscle retraction for posterolateral L4-5 fusion.
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bar levels for anterior interbody fusion (24). They were
based on the application of microsurgical philosophy to
the well-known standard anterior approaches. 

Lateral Retroperitoneal Access to L2-L5

Monosegmental as well as multisegmental anterior
fusion can be performed through a standard anterior ap-
proach to the lumbar levels L2-L5. With this technique,
the abdominal muscle layers are cut, irrespective of their
orientation, and the lumbar segment(s) are approached
anterior to the psoas muscle (25).

Microsurgical (Mini-Open) Access

The mini-open anterior lumbar interbody fusion
(ALIF) technique (mini-ALIF) has been described exten-
sively (9,24), so only the basic principles are repeated
here:

The patient is placed in a right lateral position (Fig. 36-
3). The approach is from the left side. The operating table
is tilted slightly posteriorly (20° to 40°) which facilitates
the access to the lumbar spine through a small skin inci-
sion, even in very obese patients, since all abdominal
contents and fat tissue “fall-away” anterior from the sur-
gical field. The retroperitoneal cavity is entered through
a 4 cm skin incision that is directed obliquely parallel to
the direction of the external oblique abdominal muscle.
The use of a bright head lamp (Xenon light source) and
optical aids (surgical microscope, loupes) is recom-
mended in special situations (e.g., obese patients, reoper-
ation). The muscle layers (external oblique, internal
oblique, transversus abdominus) are exposed by a blunt,
muscle-splitting technique. The peritoneal sac is bluntly
dissected from the psoas muscle and the disc space is
exposed anterior and medial to the psoas muscle. The
anterior circumference of the disc space is exposed from

the midline to approximately 2 cm lateral to the insertion
of the anterior longitudinal ligament. This requires a
small splitting (1 to 1.5 cm) of the medial insertions of
the psoas. The anterolateral circumference of the disc
space is exposed bluntly and kept free from surrounding
tissue by insertion of frame-type retractors that are
anchored in the adjacent vertebral bodies or by an exter-
nal frame holder. 

Fusion Technique

The type of anterior fusion performed is optional once
the target area is exposed. All types of fusion techniques
are possible (autologous bone graft, vertical cages with
bank bone or autologous bone, femoral ring grafts, stand-
alone ALIF cages, etc.) (Fig. 36-4A, B).

FIG. 36-3. Positioning of an obese patient for mini-open
retroperitoneal approach to L2-L5.

FIG. 36-4. A: A 360° instrumental fusion at L5-S1 with autol-
ogous bone graft. B: Both anterior approaches were done
through a 6 cm skin incision at L4-5 with vertical titanium
cage.
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Midline Retroperitoneal or Transperitoneal Access to
the Lumbosacral Junction

The conventional approach to the lumbosacral junction
is either through a midline longitudinal or transverse skin
incision using a transperitoneal route or through a para-
rectal retroperitoneal approach. The patient is placed in a
supine neutral position with the surgeon standing either
on the left or right side of the patient

Mini-Open Access to L5-S1

Mini-open access to L5-S1 is performed through a 4
cm transverse or longitudinal skin incision in the midline
and a mini-laparotomy. Patient positioning has been mod-
ified with the patient in a supine position with the legs
abducted so that the surgeon can stand between the
patient’s legs.

Thus, the visual axis of the surgeon is parallel to the
L5-S1 intervertebral space. The level of the skin incision
can be marked in two different ways: in slim patients, the
abdominal wall is slightly indented with a blunt metal
marker and a lateral fluoroscopy is used to show the posi-
tion of the marker over the L5-S1 disc space. In obese
patients, the orientation and anterior border of the lum-
bosacral junction is identified by lateral fluoroscopy and
a “corridor line” is drawn from there onto the abdomen.
The transverse skin incision is placed 2 cm caudad to the
corridor line (8).

The rectus sheath is exposed and split in the midline.
L5-S1 can be approached through a retroperitoneal route
either from the left or from the right side. To mobilize and
shift the peritoneal sac, it is necessary to incise the poste-
rior rectus sheath. In obese patients and in patients with
previous abdominal surgery, a transperitoneal route is
recommended. Dissection of the prevertebral part of the
peritoneum should generally be from the right to the left.
Electrocautery should be avoided to minimize the risk of
injury to the superior hypogastric plexus and retrograde
ejaculation in men. The anterior circumference of L5-S1
is exposed between the common iliac veins. The median
sacral vessels need to be either ligated or coagulated with
bipolar electrocautery and dissected. L5-S1 is exposed
with the help of special retractors. The options for fusion
are the same as in the levels L2-L5.

Results

Results of mini-open anterior fusion have already been
described (5,8,9). The combination of mini-open anterior
fusion with pedicle instrumentation produces excellent
and good results in 75% to 85% of the patients (5,8). The
pseudoarthrosis rate is 3% and the rate of complications
due to the anterior approach is 5.2%. Perioperative mor-
bidity is extremely low with clinical results that seem to
be comparable to conventional fusion techniques. 

Minimal Invasive Midline Accesses for Total Disc
Replacement

Total disc replacement for the treatment of painful
degenerated lumbar disc is an alternative to lumbar
fusion (26,27). The principles of minimal invasive access
surgery can be applied to this new technology (26,28).
However, total disc replacement requires a midline
approach to all lumbar segments. This mandates a modi-
fication of the approach to the L4-5 and more proximal
levels. The surgical approach technique for L4-5, L3-4,
and L2-3 is described subsequently.

Positioning of the patient and localization of the level
are performed as previously described. Care must be
taken to place the patient in a neutral supine position
without hyperextension to prevent hyperlordosis that
complicates implantation of the artificial disc. 

L4-5 Level

A small transverse skin incision is centered over L4-5
or placed slightly left of the midline (28). The rectus
sheath is exposed and can be split either longitudinally in
the midline or transversely on the left side. In slim
patients, midline splitting of the sheath can provide suffi-
cient exposure to begin the retroperitoneal dissection
from left to right (discussed previously). In obese pa-
tients, it is advisable to mobilize the rectus muscle cir-
cumferentially and begin the retroperitoneal dissection
lateral to the muscle belly after incision of the posterior
rectus sheath. It is important to first mobilize the com-
mon iliac artery and to identify the iliolumbar vein
beneath the psoas muscle. Mobilization of the common
iliac artery is performed with finger dissection and small
peanut swabs. The iliolumbar vein must be identified, lig-
ated, and cut before the common iliac vein is mobilized
toward the midline (9,28). Once the vessels are mobilized
toward the midline, the disc space can be palpated with
the tip of the index finger. The segmental vessels of L4 on
the left side then need to be identified and ligated if nec-
essary (Fig. 36-5).

Thus, the anterior portion of L4-5 can be exposed and
the retractor system can be inserted. Sharp retractor
blades or pins should not be used since they could cause
vascular injury (28,29). 

L3-4 Level

The approach to L3-4 is performed the same way as for
L4-5 except that a curved longitudinal incision is recom-
mended if the L3-4 disc is at the level of the umbilicus.
Usually the iliolumbar vein does not need to be identi-
fied, but the segmental vessels at L3 and L4 on the left
must be ligated before the aorta and the vena cava are
mobilized from left to right. Rarely, the L3-4 disc can be
approached between the aorta and the vena cava. In this
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case, the segmental vein(s) on the left and the segmental
artery(s) on the right side must be ligated (26). 

L2-3 Level

The approach to L2-3 for total disc replacement is
rarely necessary since symptomatic disc degeneration at
this segment is unusual. The skin incision is located at the
level of or cranial to the umbilicus. A transperitoneal
approach is recommended since retroperitoneal dissec-
tion is difficult. Care must be taken to avoid dissection
through the mesenterium. The mesentery and small intes-
tine are pushed cranially to the right and the prevertebral
peritoneum is split in the midline. Care must be taken to
avoid the renal artery.

Minimal Invasive Implantation of the Prodisc Implant

The Prodisc Total Disc (Spine Solutions, Inc., New
York, NY) is the only implant that can be inserted
through the minimal invasive approaches described in
this chapter (Fig. 36-6). Once the anterior circumference
of the disc space is exposed, the midline is marked and
verified through anteroposterior fluoroscopy. A rectangu-
lar window is made in the disc space and the anterior
annulus fibrosus is removed. The nucleus and the carti-
laginous end plates are carefully removed with curettes.
Preservation of the subchondral bone is of paramount
importance. The trial implant can then be inserted (Fig.

36-7A, B). This trial implant determines the size, height,
and degree of lordosis of the final implant. Once it is
placed in the correct position, a groove is chiseled in the
adjacent vertebral bodies for the two keels of the implant.
After removal of the trial implant, the end plates of the
modular total disc are implanted, the disc space is dis-
tracted, and a polyethylene insert is implanted (Fig. 36-
8A,B).

FIG. 36-5. Vessels to be identified for the midline approach
at L4-5 as seen on three-dimensional computed tomogra-
phy–angiography (l.il.v., left iliolumbar vein; l.c.i.v., left com-
mon iliac vein; xx, left segmental vessels L4).

FIG. 36-6. The Prodisc implant (Spine Solutions, Inc., New
York, NY), modular design: two metal end plates, ultra–high-
molecular-weight polyethylene inlay.

FIG. 36-7. A: Trial implant to determine size, height, and lor-
dosis angle. B: Lateral X-ray, trial implant in place at L5-S1.
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CONCLUSION

Minimally invasive surgical approaches for spinal
fusion or reconstruction in degenerative diseases have
been popularized within the last 10 years. Preoperative
planning and modification of surgical strategies with
innovative instruments and implants are key factors for
performing safe and successful surgery. A vascular or
general surgeon is extremely helpful in providing access
to the surgical target area. The main advantages of mini-
mal access surgery are the reduction in perioperative
morbidity and the possibility of early and aggressive
mobilization and rehabilitation of the patient. Although
experience is still limited, disc replacement is a new and
exciting application of less invasive surgical approaches.
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CHAPTER 37

Degenerative Disc Disease: 
Complications of Surgery

Scott L. Blumenthal and Donna D. Ohnmeiss

Many strategies for the surgical management of sympto-
matic disc degeneration have been developed. Potential
advantages and disadvantages are associated with each of
them. The development of fusion cages and artificial discs
has brought renewed interest in surgery for symptomatic
degenerative disc disease. The effectiveness of some of
these techniques and devices is still in question. Another
important issue is the safety of these devices and of the
operative techniques required for them. In this chapter we
will focus on the complications associated with lumbar
fusion, particularly interbody fusion, artificial disc replace-
ment, and intradiscal electrothermal therapy (IDET) used in
the treatment of symptomatic disc degeneration. In order to
focus this review on current techniques and instrumenta-
tion, the majority of the literature reviewed will cover the
period from approximately 1990 to 2002. We tried to
include information dealing specifically with the treatment
of symptomatic degenerative disc disease; however, many
articles involved a mixed group of diagnoses. 

OVERVIEW OF POTENTIAL COMPLICATIONS

With most of the procedures discussed in this chapter,
complications directly related to the surgery may arise
from several sources. The greatest potential for complica-
tions is related to technical problems executing the surgery,
poor implant selection, device failure, and poor patient
selection. Technical problems can be grouped based on the
operative approach used. With anterior lumbar interbody
fusion, the most readily recognized risk is injury to the
great vessels. This may occur by tearing or puncturing one
of the structures with an instrument or during retraction.
Other complications associated with anterior spine surgery
include damage to the sympathetic chain resulting in tem-
porary or permanent sexual dysfunction, urologic prob-
lems, or altered sensation in the lower extremities. When
placing devices from the anterior approach, one must be

aware of the depth of the implant to avoid impingement of
neural elements either directly by the device or by pushing
disc tissue into the canal.

Posterior interbody fusion is also associated with
potential significant complications. Injury to neural
structures can result from making direct contact with an
instrument or from retraction. Typically, bone must be
removed from the posterior elements in order to gain
access to the disc space, which has the potential to create
or contribute to instability of the operated spinal segment.
As with the anterior approach, the surgeon must be
acutely aware of the depth of implants or bone graft since
aggressive insertion of implants or graft can result in sig-
nificant vascular injury. Other complications associated
with posterior spine surgery include damage to the poste-
rior musculature from dissection and retraction of these
tissues. Also, screws placed posteriorly can penetrate the
cortical bone of the pedicle injuring neural structures. 

In surgeries using autogenous iliac crest bone graft,
there are complications related to the donor site. These
include injury to neural or vascular structures, fracture,
infections, and persistent pain. 

ANTERIOR APPROACHES TO THE LUMBAR
SPINE

Interest in the anterior approach to the lumbar spine has
increased dramatically in recent years due to the introduc-
tion of fusion cages, laparoscopic fusion techniques, and
disc replacement. In this section we will review general
complications as well as complications associated with spe-
cific devices implanted using an anterior approach. 

Vascular Injuries

The risk of significant vascular complications during
anterior lumbar interbody fusion is related to the proxim-
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ity of the vena cava and aorta to the disc spaces. These
structures are at greatest risk during the exposure of the
disc space, but can also be injured by blunt contact or
retraction during the placement of devices or bone graft.
There is a great deal of individual variation with regard to
the level of the vessel bifurcation that determines the
approach. Surgery can either be above the bifurcation,
below it, or in some cases between the vessels. Weiner at
al. investigated variation in vascular anatomy with respect
to anterior lumbar interbody fusion (1). They reported
that in about 60% of cases, the vascular anatomy was pre-
dictable and the lumbosacral disc could be accessed
below the bifurcation. In 30% of cases, there were minor
variations in vascular anatomy, which did not signifi-
cantly alter the approach to the spine. In the remaining
10% of cases, a significantly different approach to the
disc was required due to variation in vascular anatomy.
The altered surgical approach involved working above the
bifurcation. In all of these cases, the operated level was a
functional lumbosacral level above a fixed transitional
vertebra. 

One study reported the results of a retrospective review
of 105 consecutive cases in which the retroperitoneal
approach was used to gain access to the lumbar spine (2).
These authors reported that the overall incidence of vas-
cular complications was 15.6% (16/105). This included
tears of the common iliac vein (10.5%), the inferior vena
cava (3.8%), and the iliolumbar vein (0.9%). The authors
found that the complication rate was almost twice as
great with the hypogastric paramedian approach as with
the anterolateral approach. The majority of complications
occurred during the surgical exposure. Fortunately, these
complications resulted in only one case of deep vein
thrombosis, and there were no cases of pulmonary
embolism or catastrophic blood loss. 

In a detailed review of general surgery complication in
anterior spinal fusion, the rate of vascular injury was
found to be 6.6% (3). In two cases, venous injury
occurred during the exposure of the disc space, and in
one case, the injury occurred during graft placement. In
all three cases, the problem was addressed intraopera-
tively with no serious sequelae. The other vascular injury
occurred during the exposure in a case to revise or
remove a malpositioned cage. That injury was attributed
to dense adhesions that had formed after the initial
surgery. There was significant blood loss and the surgery
was abandoned.

The risk of vascular injury was of particular concern as
laparoscopic fusion was being developed. With this pro-
cedure, injury to a major vessel has the potential for more
severe consequence since it cannot be repaired directly.
There was concern about whether or not the endoscopic
procedure could be rapidly converted to an open proce-
dure to repair a damaged vessel before the situation
became critical. Tears of vessels have been reported dur-
ing laparoscopic fusion (4). In the cases requiring con-

version to an open surgery, the vascular injury was
addressed without serious sequelae. It was reported that
among six cases converted to an open procedure due to
iliac vein laceration or excessive bleeding, only one
patient received a blood transfusion. When performing
laparoscopic fusion, one must be acutely aware of the risk
of vascular injury and have a plan to convert to an open
procedure if needed. The equipment necessary for quick
and safe conversion to an open procedure must be readily
available. 

Based on a review of abdominal vascular studies,
Vraney et al. suggested that the L4-5 disc could be
accessed laparoscopically in only approximately one-
third of patients (5). The limiting factor was the location
of the bifurcation of the great vessels with respect to the
L4-5 disc space. The risk of vascular complications was
thought to be too great in the remaining cases. However,
Regan et al. reported that by varying the approach to the
disc, to either above the bifurcation, below the bifurca-
tion, or between the vessels, the disc space could be
assessed in all cases and no patient had been denied a
laparoscopic fusion based on the location of the vessel
bifurcation (6). 

A rare vascular complication of anterior lumbar inter-
body fusion is occlusion of the common iliac artery. This
has been discussed in a few case reports (7–10). One case
of aortic thrombosis following anterior-posterior fusion
has been reported (11). The patient’s condition continued
to deteriorate after intensive treatment and she died 8
days after the spine surgery. In such cases, the vascular
occlusion is usually caused by direct pressure of the vas-
cular structures by the retractors. Vascular complications
may be more likely or more severe in patients with risk
factors such as smoking and vascular calcification. 

Sexual Dysfunction

Retrograde ejaculation can occur with anterior spine
surgery as a result of injury to the superior hypogastric
plexus which is responsible for closing the bladder neck
during ejaculation. This complication can be perma-
nent; however, it typically resolves in 3 to 6 months
after surgery, although it has been reported to take
longer in some cases. The incidence and outcome of
sexual dysfunction were studied in detail in a series of
41 men who underwent anterior lumbar interbody
fusion using a retroperitoneal approach (12). The
authors reported that 8% of the patients experienced ret-
rograde ejaculation, but none had any alteration in
attaining erection or achieving orgasm. Among the four
patients in that study with retrograde ejaculation, two
were permanent, one could not ejaculate for six months
and had reduced ability to ejaculate thereafter, and the
status of the other patient was unknown. In another
study of complications related to anterior spine surgery,
9.6% of 31 male patients reported sexual dysfunction
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(two with retrograde ejaculation and one with reported
impotence) following anterior spine surgery (3). Al-
though impotence has been reported as a direct compli-
cation of anterior spine surgery, it is not very likely (3)
since the parasympathetic plexus, which is responsible
for erection, is located deep within the pelvis and should
not be at risk during anterior spine surgery. 

Ureteral Injury

Ureteral injury from blunt trauma can occur during
anterior approaches to the lumbar spine. If not identified
and addressed intraoperatively, the patient can experience
severe abdominal pain from a large collection of urine in
the abdomen. A few cases of ureteral injury related to
anterior spine surgery have been reported (13–15). Blad-
der dysfunction from injury to the parasympathetic pre-
sacral nerve during the anterior portion of a combined
anterior-posterior fusion has been reported (16). The
patient was treated with self-catheterization and she ulti-
mately regained bladder control in 3 months.

Neural Injury

Injury to the cauda equina or nerve roots may occur
during anterior spinal surgery. This can be the result of
passing instruments too deeply into the disc space, plac-
ing devices or bone graft too far posteriorly, by pushing
disc tissue into the canal space, or by stretching the roots
by over-distraction of the disc space. 

In a cadaveric study, Taylor et al. investigated the
occurrence of foraminal violation and nerve root im-
pingement related to the use of anteriorly placed inter-
body fusion cages (17). Although the number of samples
was small, the authors concluded that the occurrence of
foraminal violation or neural impingement was reduced if
a device was placed directly in the midline. The incidence
of impingement was increased when the devices were
placed 10% off midline, and increased further when the
devices were placed 20% off midline. 

Several studies have reported that the lateral placement
of cages can cause disc tissue to be displaced posteriorly,
resulting in nerve root compression (18,19). Patients with
this complication generally complain of severe radicular
pain immediately following surgery. Imaging can some-
times be difficult to interpret due to artifact from the
metal cages. In a nonrandomized study comparing open
to laparoscopic fusion using BAK cages, disc herniation
was the only complication that was more common in the
laparoscopic fusion group, occurring in 2.8% of cases
(4).

Sympathetic sensory changes can occur and may result
in a “warm leg”, temperature variation, dysesthesia, dis-
coloration, or swelling of the leg or foot (3,20). These
patients should be evaluated carefully to rule out possible
arterial complications. If the problem is not vascular, the

altered sensations generally resolve over the course of
several months. 

Papastefanou et al. reported two cases of femoral nerve
palsy due to patient positioning during anterior lumbar
interbody fusion (21). The patients’ symptoms resolved
in 3 to 6 months. The authors attributed the injury to the
patients being positioned intraoperatively with the spine
and hip immobilized in a position of maximum stretch of
the psoas muscle, compressing the femoral nerve. 

COMPLICATIONS REPORTED IN VARIOUS
ANTERIOR FUSION STUDIES

The reported incidence and types of complications
related to anterior spine surgery vary greatly. This may be
due to the different types of procedure performed, the
type of graft or device used, the skill and experience level
of the spine and access surgeons, the associated patient
comorbidities present, and other factors. Presented herein
is a review of complications reported in some studies of
anterior lumbar spine surgery. The review deals primarily
with publications since 1990 and those involving patients
with symptomatic disc degeneration.

Newman and Grinstead reported a series of 36 patients
undergoing anterior interbody fusion with autogenous
graft specifically for discogenic pain (22). Complications
in their series included one each of pulmonary embolism,
retrograde ejaculation, donor-site wound hematoma, and
graft extrusion. There were no vascular complications,
although 16.7% of patients received a blood transfusion.
Reoperation occurred in 8.3% of patients from extruded
graft, symptomatic pseudoarthrosis, or for disc herniation
above the fusion.

In one of the largest series of anterior lumbar interbody
fusions, Kuslich et al. reported on 591 patients in whom
BAK cages packed with autogenous iliac crest graft were
used as a stand-alone device (23). The data were collected
from the multicenter United States Food and Drug
Administration Investigational Device Exemption (FDA
IDE) trial. The incidence of complications reported in
that series included neurologic injury (2.0%), superficial
infection (3.1%), ileus (3.1%), new radicular pain (1.3%),
retrograde ejaculation (4% of males), hematoma/seroma
(1.5%), vessel damage/bleeding (1.7%), atelectasis/pneu-
monia (1.9%), urologic complications (1.4%), wound
problems (1.2%), phlebitis/pulmonary embolism (0.7%),
fatigue fracture of the S1 vertebral body (1.3%), and
other complications (0.3%). In 0.8% of the study group,
implant migration required reoperation. In an additional
1.5% there was implant migration not requiring reopera-
tion. The authors did not provide data for the total reop-
eration rate in the patients undergoing anterior fusion
with the cages. There were no cases of device failure,
death, major paralysis, or deep infections. The low com-
plication rate in this series was very impressive, since it
represented the initial experience using this implant. 
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The BAK-Proximity cage was designed to be paired
with an original BAK cage. It is similar to the original
BAK cage design but is flat on two sides, making it eas-
ier to fit within the disc space. Two reports involving
small groups of patients having two Proximity cages
implanted at the same level, recommended against this
technique (24,25). In one of the studies, the reoperation
rate was 29%, significantly greater than with paired BAK
cages (24). The other study (25) reported similar results
with a pseudoarthrosis rate requiring reoperation that was
significantly greater in the group with two Proximity
cages than in the group receiving two of the original
devices (23% versus 0%). There was no information
available on the use of a BAK paired with a Proximity
cage at an operated level.

Pavlov et al. reported on a small series of only 13
patients undergoing anterior interbody fusion with the
Ray Threaded Fusion Cage (Ray TFC) cage packed with
autogenous bone graft (26). They reported one case of
transient retrograde ejaculation, and 7 of the 13 patients
underwent reoperation consisting of a translaminar facet
screw fusion for symptomatic pseudarthrosis. The rea-
sons for the high pseudoarthrosis rate in this series could
not be determined and was different from the experience
described in another larger series of patients (27).

Laparoscopic Anterior Lumbar Interbody Fusion

The advent of threaded fusion cages coincided with the
development of laparoscopic spinal fusion that intro-
duced the possibility of smaller incisions, reduced hospi-
talization time and possibly related costs, and shorter
postoperative recovery. These benefits have since been
debated. There has also been concern about the potential
complications of and difficulties associated with this pro-
cedure. The surgeon must adapt to operating using indi-
rect visualization. There was also concern about the abil-
ity to address complications such as injury to a major
vascular structure. In all reported cases of vessel damage
during laparoscopic fusion, the case was successfully
converted to an open procedure without significant se-
quelae. 

In a nonrandomized study, Regan et al. compared 215
laparoscopic fusions to 305 open fusions (4). All proce-
dures were single-level and performed using BAK cages.
In the open group there was a 0.7% incidence of vessel
damage and a 0.3% incidence of pulmonary embolism.
There was a 1.0% incidence of implant migration requir-
ing reoperation. Other complications in the open group
included ileus (3.3%), leg pain (0.7%), hematoma
(1.0%), retrograde ejaculation (2.3%), atelectasis/pneu-
monia (0.7%), urologic complications (1.0%), wound
problems (1.0%), infection (2.0%), and other (1.0%). In
the laparoscopic group, 10% of cases were converted to
open procedures due to bleeding, difficulties with access-
ing the disc space, poor visualization, or technical diffi-

culty with cage placement. Reoperation was undertaken
in 4.7% of the laparoscopic cases, primarily to relieve
nerve root compression caused by displaced disc tissue.
Other complication in the laparoscopic series included
infection (1.4%), ileus (4.7%), device migration (0.5%),
leg pain (0.5%), retrograde ejaculation (5.1%), atelecta-
sis/pneumonia 0.9%), thrombosis (0.5%), fractures
(1.4%), and other (1.4%). As discussed earlier, the only
complication that occurred significantly more often in
the laparoscopic group than in the open group was disc
herniation. There was no significant difference in the
complication rate for the open and laparoscopic groups.

The occurrence of complication in one surgeon’s expe-
rience of 127 consecutive laparoscopic fusion cases has
been analyzed (18). Half of the complications occurred
during the first 40 cases, suggesting a learning curve and
the development of the technique and specialized instru-
ments. 

The results of a nonrandomized comparison of open
retroperitoneal to laparoscopic transperitoneal anterior
spinal fusion have been reported (15). Complications in
the laparoscopic group included one of each of the fol-
lowing: intraoperative disc herniation, ureter injury, iliac
vein laceration, transient retrograde ejaculation, and deep
vein thrombosis. In the open group the only complication
was a single case of ileus. However, it should be noted
that in the laparoscopic group 68% of the surgeries
involved two levels compared to 40% in the open group.
Multilevel surgery is often associated with more compli-
cations.

A prospective, randomized study comparing laparo-
scopic lumbar fusion to open fusion using threaded
fusion cages as stand-alone devices was recently reported
(28). All cases were performed using Ray TFC cages
packed with iliac crest graft and inserted through a
transperitoneal approach. Among laparoscopic cases, the
complication rate was 20%; there was one bladder perfo-
ration, one vena cava perforation that required conversion
to open surgery, one case of urinary retention, and two
cases of retrograde ejaculation. In the open group, com-
plications occurred in 12% of patients consisting of one
case of prolonged ileus and one case of pneumonia. 

Lieberman et al. reported their experience with 44
patients undergoing transperitoneal laparoscopic expo-
sure for lumbar interbody fusion (20). One case was con-
verted to an open procedure due to bleeding, and surgery
was abandoned in two other patients, who subsequently
underwent posterior fusion. One of these patients devel-
oped intraoperative hypotension, hypoxemia, and hyper-
carbia following insufflation. In the other patient the
location of the bifurcation of the vessels over the L4-5
disc made the exposure risky. In another patient with
dense bowel adhesions, there was a suspicion that the
bowel serosa may have been breached. The area was over-
sewn, the surgery aborted, and the cages were inserted
two weeks later. In two other patients, the cages were
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repositioned laparoscopically soon after the initial sur-
gery because of radiculopathy from neural impingement
from cage malposition. No patient required blood trans-
fusion and there were no cases of deep vein thrombosis or
pulmonary embolism. Transient retrograde ejaculation
occurred in 7% of male patients that resolved within 8
weeks. Three patients developed peripheral sympathetic
symptoms of a “warm leg” that resolved within 3 months.
There was one case of small bowel obstruction that
required laparotomy 8 days after fusion. There was one
superficial wound infection at the donor site. The authors
stressed the importance of proper training in order to per-
form the procedure safely.

The role of laparoscopic fusion, particularly in multi-
level procedures has been questioned (29). One study
reported that 17% of cases were converted to open
surgery due to vascular injury or mesenteric tear, and ret-
rograde ejaculation occurred in 27% of male patients.
The authors of that study were discouraged with the pro-
cedure, although it should be noted that the authors per-
formed the 24 cases during a 3- to 4-year period, which
suggests that they may not have fully overcome the learn-
ing curve for the technique. Based on other authors’ expe-
riences, it appears that the surgeons who perform the pro-
cedure frequently have a lower complication rate. 

POSTERIOR LUMBAR INTERBODY FUSION

The complication of greatest concern in relation to
posterior lumbar interbody fusion (PLIF) is neurologic
injury. In order to gain access to the disc space, the neural
structures must be retracted. Injury may be a result of
neural over-distraction or blunt trauma to the nerves from
an instrument. This may cause either neural injury or
dural tear. These tears are generally identified immedi-
ately and repaired intraoperatively. This often requires
additional posterior decompression that may contribute to
instability. When inserting devices posteriorly, the instru-
ments or devices must not be placed too deeply into the
disc space because of the risk of penetrating the disc
space anteriorly and injuring a vascular structure. As with
all open posterior procedures, there is inevitable injury to
the posterior musculature. As with anterior interbody
fusion, the complications from posterior cage insertion
are generally related to the approach and are greater if the
cages are forced through too small an annulotomy.

Lee et al. reported on PLIF using autogenous iliac crest
block grafts for the treatment of disc-related pain (30). In a
group of 62 patients, donor-site pain occurred in 4.8%,
wound hematoma in 1.6%, superficial wound infections in
3.2%, and peroneal nerve palsy which resolved in 3.2%.
The peroneal problems were related to rolls and bandages
being applied to the legs as antiembolic measures. The
problem ceased after this practice was abandoned.

Kuslich et al. reported the results of a multicenter FDA
IDE trial of 286 patients undergoing PLIF using BAK

cages packed with autogenous iliac crest graft as stand-
alone devices (23). The most common complication was
a 10.1% incidence of dural tears. Other complications
included neurologic injury (3.9%), superficial infection
(1.4%), new radicular pain (1.4%), hematoma/seroma
(0.8%), vessel damage/bleeding (0.3%), urologic prob-
lems (0.3%), phlebitis/pulmonary embolism (0.3%), and
other complications (0.8%). There was a 1.7% incidence
of cage migration requiring reoperation and a 1.4% inci-
dence of cage migration that did not require reoperation.
There were no cases of device failure.

Complications in another FDA IDE study were
reported by Ray in 236 patients undergoing posterior
interbody fusion using Ray TFC cages packed with auto-
genous iliac crest graft (31). Complications in the study
included dural tears (5.5%), foot weakness or numbness
(10%, which resolved in all but 2 cases), deep infection
(0.8%), and superficial infection (2.1%). There were no
cases of device failure, cage dislodgement, or cage
migration. In three cases (1.3%), the cages were placed
too far anteriorly and reoperation was undertaken within
two weeks after surgery to adjust the depth of the cages.

Another study reported the results of Ray TFC cages
used for posterior interbody fusion in a series of 67
patients (32). Initially a high rate of dural tears involving
the exiting nerve root were noted. Alternation of the oper-
ative technique by removing the superior spinous process
and performing a total bilateral inferior facetectomy
reduced this complication. Complications in that series
included dural tears (15%), the need for blood transfusion
(25%), “wrong level fusion” (1.5%), retained cottonoid
(1.5%), retained sponge (1.5%), death (1.5%), posterior
cerebral infarction resulting in visual defect (1.5%),
superficial wound infection (3.0%), seroma (1.5%), new
motor deficit (1.5%), sexual dysfunction (3.2% of
males), and sacroiliac arthritis (1.5%). When combining
the figures for intraoperative and perioperative cases of
inadequate device placement, the incidence was 10%.
The overall rate of reoperation was 28% and included
21% of the group undergoing posterior fusion with pedi-
cle screws and plates to treat persistent pain and instabil-
ity at the operated segment. In one patient, a piece of
bone graft had extruded from the cage (the cage end cap
had not been used), in two patients the cage migrated into
the spinal canal requiring device removal, and in one
patient reoperation was required to retrieve a sponge. The
rate of complications and reoperations in this study was
much greater than that in other studies using the same
device. The need to reoperate to add supplemental poste-
rior fixation for instability may be related to the operative
technique used to access the disc space, namely, bilateral
inferior facetectomy and partial removal of the spinous
process. 

Uzi et al. reported on two cases of retropulsed titanium
cages in posterior interbody fusion (33). Both cases
involved the use of Stryker threaded cages. The patients
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experienced the sudden onset of radiating leg pain, one at
2 months postoperatively and the other at 10 days post-
operatively. X-rays showed that in both cases, both of the
cages had migrated posteriorly. Reoperation was under-
taken using pedicle screws to distract the disc space open.
The retropulsed cages were then visualized and pushed
anteriorly, and compression was then applied to the pedi-
cle screws to lock the cages in place. The authors did not
report the total number of cases in which the devices had
been used and therefore the overall incidence of cage
retropulsion could not be calculated. 

Whitecloud et al. described their experience in a retro-
spective, nonrandomized study comparing a transforami-
nal posterior interbody fusion with combined anterior-
posterior fusion (34). All procedures were performed
using Harms cages packed with autogenous graft and
pedicle screw fixation. Among the patients in the com-
bined anterior interbody group, there was one iliac vein
tear and six cases of ileus, only one of which prolonged
the hospital stay. Twenty-three of the 40 patients received
a blood transfusion, averaging 2.2 units. In the trans-
foraminal group, there was one dural laceration, and six
of the 40 patients received packed red blood cells, aver-
aging 1.2 units. The transfusion rates in this study were
much greater than reported in other studies and no reason
for the high rate of transfusion could be determined. 

Cages as Stand-Alone Devices

The use of titanium-threaded cylindrical cages as
stand-alone devices without supplemental posterior fixa-
tion has been very controversial. However, there is little
information suggesting significant problems using cages
as stand-alone devices. One study reported a 31% reop-
eration rate among patients in whom the cages were used
as stand-alone devices (35). The revision surgery was to
add posterior fixation. This experience did not mirror that
reported in some of the large series in which less than 8%
of patients underwent reoperation at the same level to add
supplemental posterior fixation (4,23,27). The reason for
the discrepancies cannot be determined. 

POSTERIOR FUSION

There is little literature available on the treatment of
symptomatic disc degeneration using posterior fusion
alone. Most surgeons think this is a suboptimal method
for treating disc-related pain because the disc is not
addressed directly. However, there have been a few
reports on using this treatment method. Wood et al.
reported on a series of 28 patients undergoing posterior
fusion with pedicle screw and plate fixation and autoge-
nous iliac crest bone graft (36). Reoperation for the
removal of the internal fixation was performed in 14% of
patients. There was a 32% complication rate including 6
wound infections (9.7%) (3 of which required reopera-

tion), phlebitis (3.2%), ileus (1.6%), pulmonary em-
bolism (1.6%), urinary retention (1.6%), and wound
necrosis (1.6%). Screw loosening occurred in 3 patients,
but there were no cases of neurologic complications,
pedicle breeches, or broken screws. However, it should be
noted that this was a small series of patients, which
makes it difficult to determine the true incidence of com-
plications.

COMBINED ANTERIOR-POSTERIOR SPINE
SURGERY

The term combined anterior-posterior fusion is syn-
onymous with a 360° (circumferential) fusion, that is, an
anterior interbody fusion combined with posterior fusion,
with or without pedicle screw fixation. One benefit of
360° fusion is that it directly addresses the interbody
space anteriorly, thereby avoiding the potential difficul-
ties of posterior interbody fusion. The posterior fusion
allows direct access to any posterior pathology, such as
nerve root compression, and permits stabilization of the
posterior column of the spine. The disadvantages of the
combined procedure include the prolonged operative
time, increased blood loss, greater risk of complications,
and higher cost. The 360° fusions have typically been
associated with a high fusion rate, but it has a greater risk
of complications since two approaches to the spine are
involved. There is also a risk of accelerated deterioration
of the adjacent segment(s) due to the rigidity of the con-
struct. The role of combined anterior interbody fusion
with a posterior fusion is controversial. In recent years,
however, it has gained popularity partially because of
newer technologies, such as carbon fiber and other forms
of cages, because of renewed interest in femoral ring allo-
grafts, and because of the use of minimally invasive pos-
terior instrumented fusion, translaminar facet screw
fusion, and other modifications.

Traditional 360° Fusion

Complications of traditional 360° fusions were re-
ported by Gertzbein et al. in a series of 82 patients who
underwent fusion with anterior allograft and posterior
pedicle screw fusion (37). Complications included one
death due to pulmonary embolism, two cases of deep vein
thrombosis, two cases of paralytic ileus, and one case
each of the following: iliac vein injury requiring repair,
deep infection, superficial infection, dural tear, pneumo-
nia, pulmonary edema, reflex sympathetic dystrophy,
graft fracture, retroperitoneal hematoma, S1 nerve root
injury, and wound dehiscence. Instrument-related com-
plications included three broken screws and one broken
rod. The posterior fixation was removed in two patients
due to presumed symptoms.

Liljenqvist et al. reported their experience with 360°
fusion using anterior femoral ring allograft and posterior
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translaminar screws in 41 patients (38). Complications
included one of each of the following: peritoneal tear,
common iliac vein tear, intraoperative fracture of the
femoral graft, postoperative fracture of the femoral graft,
deep vein thrombosis, dural tear, and retrograde ejacula-
tion. One case of nerve root irritation required reopera-
tion, as did one case of incisional abdominal hernia.
Chronic graft donor-site pain was reported by 23.5% of
patients.

Thalgott et al. reported on what was termed a “mini-
mally invasive 360°” fusion (39). The technique com-
bined endoscopic anterior interbody fusion with mini-
mally invasive posterior screw fixation and fusion. Of the
original 64 patients, 18 (28%) were converted to an open
anterior fusion. Complications in the remaining 46
patients included one vessel laceration and six dural
tears, all of which were repaired without event. There
were four cases of interbody cage migration, none of
which were of consequence. The authors noted that this
series represented their initial experience with this new
technique. The high rate of conversions to open surgery
likely represents the authors’ learning curve and a cau-
tious approach to avoid significant complications.

Schofferman et al. reported on combined anterior-pos-
terior fusion with pedicle screws, randomizing patients to
receive either bone graft or no bone graft with the poste-
rior instrumentation (40). Among the 26 patients in the
group receiving bone graft, the complications included 1
case of deep vein thrombosis (3.8%) and 3 dural tears
(11.5%). In the group of 22 patients who received instru-
mentation but no bone graft, the complications included
2 dural tears (9.1%). The reoperation rate to remove
instrumentation was high in both groups at 62% and
64%, respectively, for residual low back pain associated
with tenderness over the instrumentation.

POSTERIOR INTERBODY WITH POSTERIOR
FUSION OR FIXATION

Some surgeons advocate combining PLIF with poste-
rior fusion or fixation. This approach has the potential
benefit of avoiding additional anterior spine surgery.
There are several methods for accessing the disc space
posteriorly as well as various types of posterior fixation,
used either with or without bone graft. 

Freeman et al. reported a 5-year follow-up of 60
patients undergoing combined posterior interbody and
instrumented posterolateral fusion (41). In the majority
of the interbody fusions, autogenous iliac crest graft was
used. Complications in the series included four neuro-
logic complications (6.7%), two of which resolved spon-
taneously, one of which required reoperation to reposition
a pedicle screw, and one of which had bilateral foot drop,
which resolved unilaterally. Three patients developed
deep vein thrombosis, and there was one superficial
wound infection.

There have been several studies reporting the use of
carbon fiber cages and posterior fixation. Carbon fiber
cages are typically rectangular and are used in pairs at
each operated level with bone graft packed into the cages.
They are designed to be used with posterior fixation,
rather than as stand-alone devices. The potential benefit
of carbon fiber cages compared to metal cages is that
radiographic assessment is facilitated. The largest series
of patients undergoing fusion with carbon fiber cages
was published by Brantigan et al. (42) and involved 221
patients undergoing PLIF with supplemented pedicle
screw fixation. There was a 13.5% rate of cage-related
complications, including two cages that were cracked
during implantation and 16 broken pedicle screws in 13
patients. Other complications in the series included two
intraoperative deaths (one due to intraoperative bleeding
and the other due to myocardial infarction), deep infec-
tions requiring reoperation (8 patients), deep vein throm-
bosis (2 patients), reflex sympathetic dystrophy (3
patients), increased motor deficit (3 patients), and
myocardial infarction (1 patient). Two other patients in
the study died of unrelated medical problems and two
committed suicide. Additionally, the authors reported a
13.2% rate of what they described as “minor nondevice-
related” complications and a 26.2% rate of what was
termed “insignificant events” including 41 dural tears.
The reoperation rate was 46.1%, including removal of the
posterior instrumentation in 78 patients (35.2%). Other
reoperations included repair of dural tears (6 patients),
removal of retained drains (3 patients), the need to
address pain coming from a different disc level (6
patients), and revision of pedicle screws or cages (5
patients). The complication rate in this series is greater
than that reported in other studies. It cannot be deter-
mined if this is attributable to the devices themselves, the
technique use to implant them, patient selection, or the
skill level and training of the physicians involved. How-
ever, the data were from the FDA IDE study, which typi-
cally involves surgeons with a high level of expertise.

In a smaller series of 51 patients undergoing posterior
interbody fusion using paired carbon fiber cages aug-
mented with pedicle screw fixation, Tullberg et al.
reported no cases of device failure (43). They reported
three dural tears, one infection, and one case of screw
loosening. Several years later, Tullberg published a case
report involving a failed carbon fiber cage (44). During
reoperation to remove the posterior fixation, a black dis-
coloration of the dura and nerves was noted. The broken
cages were later removed, and histologic analysis showed
many carbon fiber particles but little inflammation
around them. This case exemplifies one of the concerns
of using carbon fiber implants, that is, fracture of the
device with pieces of the cage infiltrating the area near
neural structures.

In a series of 71 patients undergoing fusion using
Ostaped carbon cages supplemented with posterior pedi-
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cle screw fixation (45) complications included seven
neurologic complications (9.8%), two of which required
reoperation for removal of the pedicle screw and plate
fixation. Four additional patients underwent removal of
the posterior fixation due to continued pain. The authors
also reported two dural tears that were repaired intraoper-
atively. 

In a study dealing primarily with psychological factors
and surgical outcome, Tandon et al. reported on 58
patients who underwent interbody fusion using carbon
fiber cages supplemented with posterior pedicle screw
and plate fixation (46). Complications in this series
included transient altered sensation in the foot (4), foot
drop (1), malpositioned cages resulting in reoperation
requiring piecemeal removal of the devices and fusion
anteriorly (1), and one asymptomatic broken pedicle
screw.

Some authors have advocated a transforaminal ap-
proach for posterior interbody fusion. Purported advan-
tages of this technique include excellent access to the disc
space and reduced risk of neurologic injury. Humphreys
et al. compared the posterior and transforaminal approach
for lumbar interbody fusion (47). Pedicle screw fixation
was used in all cases. In the transforaminal cases, bone
graft was packed anteriorly and a single Harms cage was
placed in the middle and posterior portion of the inter-
space. In the posterior interbody group, a single cage was
also used. The authors reported no complications in the
group of 40 patients with transforaminal interbody
fusion. Complications in the 34 patients with posterior
interbody fusion included radiculitis (four cases), broken
hardware (one case), screw loosening (one case), screw
removal (two cases), superficial infection (one case), and
pseudoarthrosis requiring reoperation (one case).

Jun et al. reported a small study of 36 patients under-
going posterior interbody fusion using a facetolamino-
tomy approach to the disc space (48). After placing car-
bon fiber cages and a block of autogenous iliac crest bone
in the disc space, a facet fusion was performed using
translaminar facet screws. The authors reported no neu-
rologic complications or any screw breakage or loosening
with this technique. 

ADDRESSING FUSION CAGE PLACEMENT
DIFFICULTIES

The large number of threaded cages has created the
need to understand the genesis of complications and how
to treat them. McAfee et al. reviewed a group of 20
patients who underwent reoperation for cage-related
problems (19) and concluded that in all cases, the prob-
lems were due to technical error. In anterior procedures,
the main problem was that the cage placement was too
lateral, which pushed disc tissue from the space and
resulted in compression of the nerve roots. When we
encounter malpositioned cages placed too far anteriorly

and pushing disc tissue onto the nerve roots, we perform
a posterior decompression and remove the compressing
tissue (49). If the cage is positioned too far posteriorly, an
anterior procedure can be performed to remove the cage
and to replace it with bone graft, or to rotate the cage and
move it more anteriorly. Typically, malpositioning prob-
lems are recognized early in the postoperative period, and
anterior revision surgery is performed soon after the ini-
tial surgery. This allows the problem to be addressed as
soon as possible before significant scar had formed.
Repeat anterior surgery can be difficult as well as haz-
ardous due to scarring and adhesions to vascular struc-
tures. In a review of complications related to anterior
spine surgery, Rajaraman et al. reported significant diffi-
culties when trying to retrieve a malpositioned cage (3).
This resulted in a major vascular injury due to dense
adhesions between the posterior vessel wall and the
instrumentation. There was significant blood loss and the
surgery had to be abandoned. 

Reoperation to remove a migrated cage more than 14
months after posterior interbody fusion and pedicle screw
and plate fixation has been reported (50). To avoid poten-
tial complications related to revising the cage through a
posterior approach, an anterior approach was used. An
osteotomy of the superior vertebral body was required
because of bony ingrowth into one cage. The migrated
cage was noted to have a fibrous union and was removed.
During subsequent revision of the posterior fixation, it
was noted that two of the four pedicle screws had
breached the canal or foramen. The patient had a good
result after the revision. 

In some cases, two cages cannot be placed safely due
to the degree of vessel retraction required to gain ade-
quate access to the disc space (49). In such instances, a
femoral ring allograft can instead be used without injury
to the vessels. In some patients, the disc width cannot
safely accept two cages of the diameter required to pro-
duce adequate purchase. Under such circumstances, one
cage can be placed in the center of the disc space and
bone graft placed on each side. 

In a series of 35 patients, Hodges et al. reported intra-
operative cage loosening in three patients (51). In these
cases, the initially placed cage appeared to be well posi-
tioned and firmly seated. However, after the implantation
of the second cage, the first cage was noted to be loose.
In all three cases, the loose cage was replaced with a
larger cage without subsequent problems. The loosening
was only identified during a final check before closing.
We have also noted cases where a loose cage fit was
noted intraoperatively (49). Under such circumstances,
the cage can be removed and replaced with bone graft. 

In a review by McAfee et al. of malpositioned cages,
posterior interbody procedures were associated with cage
migration into the epidural space (19). This was attrib-
uted to the selection of too small of a cage to achieve ade-
quate purchase into the vertebral bodies or the cages not
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being seated deeply enough into the disc space. The
selection of small cages may have been related to the dif-
ficulty of trying to adequately access the disc space for
fear of over-distracting the neural structures.

DONOR SITE COMPLICATIONS

One of the potential complications of lumbar spinal
fusion is related to harvest of autogenous iliac crest
graft. The reported incidence of donor-site pain varies in
the literature that is likely related to variation in surgical
technique, and the methodology for recording and
defining pain. There are also other potential complica-
tions from the harvesting of autogenous iliac crest graft.
Vascular injury, particularly to the superior gluteal
artery, can occur. Neurologic injury can also occur at
the donor site. The anterior nerve primarily at risk is the
lateral femoral cutaneous nerve, although the ilioin-
guinal nerve may also be injured. The superior cluneal
nerves are at risk with posterior iliac crest harvesting.
Painful neuromas may occur with nerve injury. Fracture
of the ilium may also occur, although this is not com-
mon. Fractures are typically seen in patients with osteo-
porosis, or in patients with previous injury to the ilium.
There is a risk of deep or superficial infection, or
hematoma formation. 

One study compared the donor-site pain associated
with two different harvest methods in two groups of 30
patients each (52). In one group of patients, harvesting
included the outer cortex and cancellous bone beneath it.
In the other group, a small opening was made in the cor-
tex and only cancellous bone from between the cortices
was taken. The authors found no statistically significant
difference in donor-site pain with either method used.
Two years after surgery, donor-site pain was reported in
17% in the first group and 20% in the second group. 

In a prospective study of donor-site pain, Robertson
and Wray reported relatively minor levels of donor-site
pain (53). On a scale of 0 to 10, at 3 months after surgery,
the mean score was 1.6, and at 12 months postoperatively
it was only 1.2. A score of greater than 3 was reported by
12% of patients, while 55% of patients reported a score
of 0. Although the mean pain values were low, the authors
reported that 13% of patients had numbness at the scar,
10% had local sensory loss in the distribution of the
cluneal nerves, and 35% had a palpable soft-tissue defect,
many with related tenderness. 

In another study involving 290 patients, 25% of
patients had significant donor-site pain, 24% had an
acceptable level of pain, and 51% had no pain (54). In a
subgroup of 81 patients who returned for an assessment,
significant numbness at the donor site was noted by 31%
of patients, and an additional 17% had lesser degrees of
numbness. Radiographs taken in another subgroup of 58
patients showed that none of the donor sites filled in with

new bone to any significant degree, and in some patients,
bony spikes had formed in the harvest area. 

In a review of 414 patients, major donor-site compli-
cations occurred in 5.8% of patients (55). These included
two donor-site hernias, three vascular injuries, six nerve
injuries, seven deep infections, four deep hematomas, and
two iliac fractures. Minor donor-site complications were
reported in 10% of patients and consisted of superficial
infections, seromas, and hematomas. The authors did not
report on donor-site pain.

In a series of 147 patients, Fernyhough et al. found that
29% of patients had chronic donor-site pain at 1-year fol-
low-up (56). They found no difference in the incidence of
pain related to harvest technique when comparing a midline
incision (harvesting through the same incision as the poste-
rior fusion) versus a separate lateral incision to access the
posterior iliac crest. Although an aching sensation was
common in the entire study group, it was more common in
the midline group, possibly because of the close proximity
of the lateral incision to the cluneal nerves. The authors also
reported that patients who underwent reconstructive
surgery were twice as likely to have donor-site pain as
patients who underwent surgery for traumatic injuries. This
finding suggests that patients with chronic pain may be pre-
disposed to more postoperative pain complaints that may be
related to psychological or other factors.

In another study, two approaches to the posterior iliac
crest for graft harvest were compared (57). In one group,
an oblique incision was made parallel to the iliac crest
(standard incision). In the other group, a more vertical
incision was made parallel to the superior cluneal nerves
and perpendicular to the posterior iliac crest (modified
incision). At 1 month after surgery, 44% of the modified
incision group and 74% of the standard incision group
reported numbness at the donor site. At 6-month follow-
up, these figures improved slightly in both groups to 42%
and 68%, respectively. The percentages of patients report-
ing deep pain at 6 months was similar in the 2 groups
(60% and 54%), although the modified incision group
had less activity-related tenderness. 

Another review of 225 patients reported no injuries to
the superior gluteal artery or sciatic nerve. There were
also no deep wound infections, herniation, meralgia
paresthetica, instability, or fracture (58). Ten percent of
patients had major complications, including two patients
with wound drainage, one with a scar requiring revision
surgery, twelve with unsightly scars, and three with
chronic pain, limiting activities. Most of these patients
also had local dysesthesia at the donor site. Minor com-
plications were noted in 39% of patients. These included
dysesthesia that resolved in 6 months, prolonged wound
drainage, one superficial infection, and one retained
drain. Of note is that many of the minor complications
were identified by patient questionnaire but were not
recorded during follow-up visits. This may suggest an
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under-reporting of problems unless the physician specif-
ically addresses donor-site pain or scar problems during
all follow-up visits. Several authors noted that scar prob-
lems emerged more than 6 months after surgery.

One potential method to avoid donor-site complica-
tions is the use of allograft. However, there may be con-
cerns about the quality of allograft and risk of disease
transmission. The use of allograft with fusion cages has
not been investigated. For posterior fusion, the use of
local autogenous graft has been reported to yield fusion
rates similar to that using iliac crest graft (59). If enough
local bone graft is not available, a graft extender or sup-
plement can be used. Bone morphogenetic protein (BMP)
and local gene therapy hold great promise for enhancing
fusion rates and avoiding donor-site complications
(60,61). BMP has yielded promising results in a small
clinical series (62). 

ARTIFICIAL DISCS

In recent years there has been a great deal of interest in
artificial discs. The approach used to implant disc
replacements is the same as is used for anterior interbody
fusion using other devices. Disc replacement is most
commonly used to treat symptoms related to internal disc
disruption or disc degeneration that has failed to respond
to nonoperative care. Currently, there are two total disc
replacements and one disc nucleus replacement that have
been used in large numbers of patients. One of the artifi-
cial discs, the Charité, has been used in Europe for more
than 15 years. The third modification design of this
device has been used for more than 10 years. This device
is a polyethylene core placed between two metal plates.
With the initial two designs of this disc, there were prob-
lems with subsidence. The third design addressed prob-
lems encountered with the earlier models. The other total
disc replacement, the ProDisc, has been used in Europe
for more than 10 years. There are several reports in the
literature on complications related to these devices. In
addition to complications related to any anterior spine
surgery, the primary potential complications related to
disc replacement devices are displacement, device fail-
ure, and wear debris. 

With the early designs of the Charité disc, failure of
the metallic endplates in occurred 31% of cases (63). In
addition, anterior displacement of the device occurred
in 22% of patients. In 31% of patients, the device sub-
sided into the vertebral bodies. Redesign of the device
(the Charité III) and subsequent experience have
resulted in a much lower rate of complications. There
have been no reported cases of device failure associated
with the SB Charité III. 

Evaluating the rate of complications from the Charité
artificial disc is difficult due to overlap between authors
of some of the series, which may have resulted in some

patients and complications being recorded more than
once. In a series of 105 patients, Lemaire et al. noted a
10% complication rate (64). This included five vascular
problems, two cases of neurologic deficits (one resolved
spontaneously, the other required to revision surgery and
fixation), and four cases of bone-related complications
(one posttraumatic vertebral body endplate fracture, one
case of subsidence into osteoporotic bone, and two cases
of periprosthetic ossification). Cinotti et al. reported on a
separate group of 46 patients (65). Implant subsidence
occurred in four patients in whom too small of an implant
was used, although this did not affect clinical outcome.
Periprosthetic ossification was related to immobilization
from a corset for 3 months postoperatively, and to malpo-
sition of the implant. David reported a 5-year follow-up
of 96 patients, in which complications included one
device removal and fusion for severe sciatica, one case of
bone migration requiring reoperation and fusion, and
eight cases requiring subsequent instrumented posterior
fusion for device malpositioning and facet pain (66). 

A multicenter review of the Charité III involving 93
patients and 139 disc levels revealed only one device-
related problem, that being one case of deformation of
the metal ring around the polyethylene core (67). This
remained in place and posed no clinical risk to the
patient. There was a 6.5% incidence of implant migration
or subsidence due to using the wrong size implant. Other
complications identified included phlebitis/leg thrombo-
sis (2 cases), vein injury (6 cases), wound bleeding or
dehiscence (2 cases), superficial infection (1 case), mus-
cle atrophy (1 case), urinary tract infection (4 cases),
incontinence (3 cases), constipation (4 cases), nausea (1
case), skin paresthesia (1 case), hematoma (11 cases),
hypotension due to blood loss (1 case), retrograde ejacu-
lation (1 case), reflex sympathetic dystrophy (1 case),
paresthesia (1 case), unspecified neurologic problems (2
case), and pain (10 case). There were three reoperations
in the group of 93 patients that included one case of per-
cutaneous nucleotomy, one foraminotomy, and one com-
bined anterior-posterior fusion. The authors did not
describe if the fusion was at the same level as the pros-
thesis or at another segment. 

Zeegers et al. reported a series of 50 patients in which
there were 52 problems in 30 patients (68). Unresolved
complications included dysesthesia into the legs (3
cases), sympathetic effect (4 cases), and malpositioned
prosthesis (1 cases). Complications that did resolve
included neurologic problems (7 cases), hematoma (12
cases), painful or numb scars (5 cases), abdominal prob-
lems (3 cases), new or progressive pain (5 cases), vascu-
lar problem (1 case), urinary tract infection (4 cases), ret-
rograde ejaculation (1 case), and deep vein thrombosis (1
case). In one patient, repositioning of a malpositioned
prosthesis was attempted and abandoned with subsequent
fusion performed. There were instances of significant
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vascular injury during the procedure. In total, there was a
24% reoperation rate, primarily for pain control. The
authors noted that this series consisted of their first 50
consecutive patients, and many of the problems encoun-
tered were likely attributable to a learning curve. 

Sott and Harrison reported a series of 14 patients
undergoing the Charité disc replacement (69). They
found five patients (36%) with a “warm” left foot related
to injury of the paravertebral sympathetic nerves, and one
case of implant subsidence.

The other artificial disc that has been used for more
than 10 years in Europe is the ProDisc. This design
includes two metal plates with a polyethylene core
between them. The core is flat on the inferior surface and
slides into the inferior metal plate. There have been no
reports of device failure related to this artificial disc, but
there are only a few articles reporting on this device. In
one study reporting 8- to 10-year follow-up, complica-
tions included one iliac vein tear that was uneventfully
repaired intraoperatively, one case of appendicitis with
peritonitis, and one disc herniation at the level above an
ankylosed prosthetic disc (70). 

One disc nucleus replacement, the Ray PDN (Pros-
thetic Disc Nucleus), has been used in large series of
patients, although no reports on clinical experience with
it have been published at this time. The device consists of
a hydrogel material placed inside a woven restraining
jacket. The hydrogel absorbs water and expands after
being placed into the evacuated disc space. Two devices
are placed at each operated level. The primary complica-
tion related to this device is migration, which has been
reported in 10% of patients (71).

INFECTION

There has been little published on infection associated
with surgery for the treatment of symptomatic disc
degeneration. Several series report on the occurrence of
superficial wound infections at the surgical site or the
donor site. Of greater concern are deep infections. Fortu-
nately these are rare. Glassman et al. investigated the
treatment and outcome of 19 patients with deep infection
related to spine surgery (72). The patients were treated
with multiple irrigation and débridement procedures as
well as antibiotic treatment. Outcome was assessed 12 to
42 months after the fusion surgery. Compared to their
preoperative condition, 57.9% of patients were signifi-
cantly improved, 21.0% were improved, and the remain-
ing 21.1% were unchanged or worse than their preopera-
tive condition (one of whom had a permanent neurologic
injury during the surgery). Solid fusion was achieved in
73.6% of patients and in 21.0% fusion was probable.
These results indicate that although deep infection related
to spinal fusion is a significant problem, acceptable long-
term results can be achieved with aggressive treatment.

INTRADISCAL ELECTROTHERMAL THERAPY

One relatively new method available for the treatment
of disc-related pain is intradiscal electrothermal therapy
(IDET). During this procedure, a catheter with a thermal
coil is percutaneously placed into the disc. As the device
heats up, it is thought to cause thermocoagulation of
nociceptors in the disc annulus. It is also thought to mod-
ify the collagen in the disc as it heals. This is a new treat-
ment with few reports on its outcome and complications.
The most likely potential complication is injury to the
nerve root during placement of the guide needle for the
catheter. Other possible complications include thermal
damage to the cord or nerve roots, and infection. Two
reports on IDET published by the originators of the pro-
cedure noted no complications (73,74). A third paper by
other authors did not comment on complications (75).
One case of cauda equina injury during IDET has been
reported (76). The presence or absence of complications
associated with IDET has been addressed in less than 100
reported patients. This number is too small to adequately
address the risk of occurrence of complications, particu-
larly since these are the earliest reports using this device,
many of which were performed and reported by the
physicians who devised the procedure and were best
acquainted with the device. 

DISCUSSION

Many treatment options are available for symptomatic
disc degeneration unresponsive to nonoperative treat-
ment. The surgical treatment armamentarium for this
condition continues to grow. In addition to traditional
fusion, there are now a variety of different surgical
approaches and devices to use. Avoiding complications is
a primary goal in any operative procedure. In order to do
so, one must consider the options available, the advan-
tages and disadvantages of each—with particular appli-
cation to the individual patient, and the surgeon’s own
level of training, experience, and comfort level associated
with each option. As seen in this review, the type of com-
plications and their incidence vary greatly. The reasons
for this are not clear. It probably has to do with patient
selection, patient comorbidities, skill and experience of
the surgical team, the type of surgery used, and other fac-
tors. As discussed by Kain et al. in a review of complica-
tions of anterior lumbar interbody fusion, the complica-
tion rates appeared to be lower among surgeons with the
largest group of patients (77). It may be that not only
must one be properly trained in performing a technique,
one must practice frequently enough to build and main-
tain an optimal skill level. 

As described earlier, some potential complications can
be avoided by altering the operative plan when difficulty
is encountered. This is seen in laparoscopic cases where



conversion to open surgery is done when there is diffi-
culty with exposure, visualization, or other problems.
When using cages, for example, difficulty placing a pair
of cages or one of the devices may mandate altering the
procedure to use allograft rather than a cage. One must
plan to have proper equipment and graft materials readily
available for unexpected changes in preoperative plans.

There are now many options available for the treatment
of disc-related pain. There are various forms of fusion
cages, some of which can be used as stand-alone devices,
and others that are designed for use with posterior fixa-
tion. Other surgical options include disc replacement and
IDET. It is likely that in the future, even more treatment
options will be available. There are no definitive answers
concerning which option is the best for any individual
patient. IDET, for example, has the benefit of being a
minimally invasive procedure. However, it is applicable
to a relatively narrow spectrum of conditions and still
needs further investigation. Artificial discs have been
used with great success in Europe. The complications
associated with these devices seem similar to those tradi-
tionally encountered with anterior interbody fusion. Arti-
ficial disc replacement is currently available in the United
States only on a limited basis as investigational devices.
Therefore, interbody fusion is currently the primary treat-
ment option for symptomatic disc degeneration unre-
sponsive to nonoperative care. The decisions concerning
which fusion cage or allograft to use, which surgical
approach to use, and whether or not to combine it with
supplemental posterior fixation, are left to the discretion
of the surgeon. The choice of treatment will vary based
on the surgeon’s training and experience, the patient’s
anatomy and history, and the details of the problem being
treated. Surgeons must take every reasonable measure to
reduce the risk including being aware of patient comor-
bidities and previous surgical history. One of the most
important factors in reducing complications and the
severity of their course is the surgeon’s training and expe-
rience. New procedures should be undertaken only after
the surgeon has undergone appropriate training. Impor-
tant considerations include appropriate patient selection,
the presence of anatomic variations and contraindications
to the procedure, and hands-on training in the use of the
instruments and surgical techniques. Despite enthusiasm
over new techniques and devices, caution and appropriate
training is mandatory to avoid complications.
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CHAPTER 38

Dynamic Stabilization in the Treatment of Low
Back Pain Due to Degenerative Disorders

Dilip K. Sengupta

Several reports in the literature indicate that successful
fusion may fail to improve chronic low back pain in a sig-
nificant number of patients (1,2). This has renewed the
interest in dynamic stabilization in the lumbosacral spine.
Essentially, dynamic stabilization means instrumentation
to control movement and load transmission through the
motion segment. The terms semirigid fixation, flexible
stabilization, and soft stabilization are apparently syn-
onymous with dynamic stabilization. However, there is an
essential difference between these terms. When the goal
of stabilization is to improve the rate and quality of fusion
without stress-shielding, the technique is called semirigid
fixation. In contrast, when the goal is to preserve a con-
trolled motion it is usually described as soft stabilization
or flexible stabilization.

The following discussion elaborates the rationale,
techniques, and evolution of the various dynamic stabi-
lization systems in the treatment of chronic low back
pain.

ROLE OF FUSION

The role of fusion in the treatment of degenerative low
back pain is a matter of debate. In a review of the
Cochrane databases for randomized controlled trials,
Gibson et al. (1) concluded that for degenerative lumbar
spondylosis there is no scientific evidence in favor of the
effectiveness of any form of surgical decompression or
fusion when compared with natural history, placebo, or
conservative treatment. In contrast, in a multicenter ran-
domized controlled trial, the Swedish Lumbar Spine
Study Group reported that the outcome of fusion is sig-
nificantly better than that of nonsurgical treatment. How-
ever, most authors agree that in a significant number of
patients successful fusion may not produce adequate pain
relief.

ETIOLOGY OF PERSISTENT BACK PAIN
AFTER SUCCESSFUL FUSION

Chronic low back pain due to disc degeneration is
believed to be generated by abnormal movement, abnor-
mal load transmission, or both in the motion segment.
When conservative treatment fails, the traditional sur-
gical treatment is fusion. Theoretically, fusion should
address both these mechanisms; load transmission is
direct from bone to bone and there should be no move-
ment after fusion. Instrumentation may be added to
increase the fusion rate. Evolution of instrumentation
techniques during the last decade has improved fusion
rates to close to 95%. Unfortunately, this has not resulted
in an equivalent success in the functional outcome (2).

It is unclear why pain persists in some patients follow-
ing a successful fusion. The possible explanations that
have been suggested by various authors may be summa-
rized as follows: 

1. Misinterpretation of pseudarthrosis as solid fusion
2. Adjacent segment disease
3. Abnormal load transmission despite fusion
4. Abnormal sagittal balance.

It has been well recognized that radiologic assessment
of fusion is often unreliable (3–5). McAfee (6) reported
that many cases of failed back syndrome following suc-
cessful fusion were in fact a misinterpretation of pseud-
arthrosis. He emphasized that presence of the “sentinel
sign”, bridging bone in front of the cages, is the only
definitive evidence of fusion. In a study involving 100
cases of failed back syndrome following apparent fusion,
three-dimensional computed tomography (CT) uncov-
ered incomplete fusion in 17%, transitional syndrome in
13%, and pseudarthrosis in 6% of cases (3). A solid
fusion alters the biomechanics at the adjacent level,
resulting in increased mechanical demands (7). There
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have been reports of increased rates of adjacent-level
pathologic lesions after fusion, but these have not been
taken into account for the natural history of degenerative
changes (8,9). After solid fusion using metallic interbody
cages, the mechanical stress at the contact surface of the
end plate to the cages may be much higher than normal
and may generate pain (10). Studies of finite element
models have demonstrated that vertebral loads corre-
sponding to certain activities may generate end-plate
stresses at the control surface with cages that approach
and exceed the failure stress for cortical bone (10,11).
Loss of sagittal balance and “flat-back syndrome” fol-
lowing lumbar fusion may increase the stress at the adja-
cent segment leading to persistent back pain (12). In a
review of 83 consecutive cases of spinal fusion, patients
with abnormal C7 plumb line or abnormal sacral inclina-
tion in the immediate postoperative radiographs were
found to have a much higher incidence of adjacent level
degeneration compared with patients with normal sagittal
balance (13). This has also been established in an in vivo
study in a sheep fusion model (14).

ALTERNATIVE TO THE CONVENTIONAL
FUSION PROCEDURES

Because of failure of fusion to relieve back pain, alter-
native surgical approaches have been developed. These
may be broadly divided into three categories:

1. Semirigid stabilization—to achieve fusion without
stress shielding

2. Artificial disc or nuclear prosthesis—to preserve
motion and to stabilize the segment, while replacing
a component of the motion segment

3. Dynamic stabilization—to preserve motion while
stabilizing the segment, without replacement of any
anatomic structure.

Semirigid Stabilization

As opposed to rigid stabilization, semirigid stabiliza-
tion uses a somewhat flexible construct for fixation. The
goal is to achieve fusion of the motion segment. The
objective of semirigid implants is to avoid “stress shield-
ing” which may discourage formation of the fusion mass,
lead to osteoporosis, and cause loosening of implants. In
vitro biomechanical studies showed semirigid devices
share load with the anterior bone graft or cage to promote
fusion (15,16). 

Most authors describe semirigid rods between the
pedicle screws. Musha et al. (17) reported over 97% suc-
cessful fusion rate using a semirigid system consisting of
rod and pedicle screws. Gertzbein et al. (18) reported
97% fusion rate using 4 mm threaded rod and polyaxial
pedicle screw. They suggested that the system should
only be used in conjunction with an anterior structural

support. Without this anterior support, the construct is
expected to fail. Mochida et al. (19,20) described an inge-
nious method of using a Dacron ligament (Leeds Kieo
Ligament, Neoligaments, Ltd., Leeds, UK) for spinal
fusion, which was originally introduced for reconstruc-
tion of the anterior cruciate ligament. They described the
technique as syndesmoplasty in which each end of the
ligament is fed into a hole in the pedicle, crossed in a tun-
nel in the vertebral body, pulled out of the contralateral
pedicle, and tied around the spinous process of the infe-
rior segment. Their results were comparable to that with
rigid fixation when the instability was small.

Artificial Disc or Nucleus Prosthesis

The goal of prosthetic replacement of the disc or the
nucleus is to preserve motion. The pain is controlled by
removing the pain generator, the diseased disc, and also
by uniform load transmission through the end plate and
the facet joints. The stabilization provided is indirect and
is dependent on tensioning the remaining annulus and the
ligamentous structure after insertion of the prosthesis.
The artificial disc or nucleus differ from dynamic stabi-
lization by prosthetic replacement of a section from the
motion segment. 

Artificial disc and nucleus have been discussed in
Chapters 39 and 40.

Dynamic Stabilization

Due to the unpredictable outcomes of fusion proce-
dures, spinal surgeons are showing an increasing interest
in dynamic stabilization procedures. The goal of dynamic
stabilization is to preserve motion while stabilizing the
motion segment. It may be used alone or in conjunction
with rigid stabilization, to “top off ” the proximal seg-
ment adjacent to fusion to prevent its accelerated degen-
eration.

The ideal mechanism of dynamic stabilization has not
been clearly defined in the literature. The issues of the
degrees of restriction of motion and how much disc
unloading is necessary have not been resolved. A clear
understanding of the cause of low back pain in disc
degeneration is needed before we may consider the ideal
mechanism of dynamic stabilization.

ETIOLOGY OF CHRONIC LOW BACK PAIN
DUE TO DISC DEGENERATION

Segmental Spinal Instability

The role of instability as a cause of chronic low back
pain is not well understood. Panjabi  (21) suggested that
instability is a mechanical entity and is defined as a loss
of stiffness to a given load. Frymore and Krag (22)
echoed the same definition, as a loss of motion segment
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stiffness, such that application of force would produce
greater than normal displacement. This may result in
pain, progressive deformity, and neurologic deficit. How-
ever, biomechanical and radiological studies using open
magnetic resonance imaging (MRI) in flexion and exten-
sion has shown that segmental motion either does not
change significantly with the disc degeneration (23–25),
or may in fact decrease, except during early stages of disc
degeneration (26). Mulholland and Sengupta suggested
that the era of back pain due to a disorder called “insta-
bility” was based on interpretation of spinal instability in
a purely biomechanical sense, validated to some extent in
other joints like the knee and shoulder, and fusion was
seen as the appropriate solution (27).

In the clinical scenario of mechanical back pain, the
instability concept fails to explain two commonly
observed facts. First, patients with disc degeneration
often experience episodes of acute exacerbations super-
imposed on a mild to moderate degree of baseline symp-
toms. If there were any abnormal translation or instability
in the diseased segment, symptoms would be continuous.
It is difficult to understand that if instability or abnormal
movement is the cause of pain, why then is the acute pain
only periodic rather than continuous. Secondly, manipu-
lation by chiropractors, at least in some patients, results
in dramatic relief of symptoms in an acute episode of low
back pain. If instability is the etiology of the pain, it
would not be reduced by manipulation. This also contra-
dicts the notion that instability is the causative factor in
low back pain secondary to disc degeneration.

Back Pain: Movement or Load-Related?

The intervertebral disc has two important biomechani-
cal functions; it must transmit load and it must allow a
controlled range of motion. This movement must not
compromise the adjacent neural elements. Following disc
degeneration, either the load transmission or the move-
ment or both may become abnormal. The contribution of
each of these to back pain in disc degeneration is unclear.

Load Transmission through Normal and Degenerated
Discs

In the normal disc, the hygroscopic nature of the pro-
teoglycan in the nucleus with intact annulus acts like an
inflated car tire and helps in uniform distribution of load
across the end plate. In a degenerated disc, the structure
of the nucleus changes to a nonhomogeneous mixture of
fragmented and condensed collagen, areas of fluid, and
on occasion, areas of gas. Isolated fragments of annulus
or end plate may add to the loose fragments inside the
disc (28). The nucleus becomes depressurized and an
increasingly larger load is transmitted through the annu-
lus, which leads to splitting and inward folding of the

annulus (29). The central area of the end plate overlying
the depressurized nucleus now transmits lesser load, and
corresponding end-plate changes, such as destruction and
thinning of the trabeculae and thinning of the cartilagi-
nous end plate (30,31), are noted in this area. 

Mechanical Back Pain Related to Posture and Activity

The abnormal distribution of load across the disc space
following disc degeneration as explained previously may
causes baseline mild to moderate pain or discomfort. In the
degenerated disc the principal area of load transmission
becomes dependent on posture. In flexion, the anterior
annulus bears major component of the load, while in exten-
sion the posterior annulus bears the major component. The
abnormal high load transmission through the various areas
of the annulus with changes in posture may explain the
activity- and posture-related mechanical back pain.

Acute Episodes of Pain and “Stone in the Shoe”
Hypothesis

It seems most likely that the acute episodes of back pain
must be related to a movement of tissues within the disc. In
a degenerated disc, the fragments of nucleus, end-plate car-
tilage, or annulus may move under the end plate, and
become areas of high spot loading depending on their posi-
tion within the disc. The best analogy for this theory is the
“stone in the shoe,” a concept proposed by Mulholland (27).
When a stone moves under the heel, it causes high spot
loading and pain, similar to an acute exacerbation of back
pain. When the fragment shifts, the pain may subside.
Manipulation of the lumbar spine by a chiropractor may, on
occasion, dislodge the fragment from its weight-bearing
position, bringing an immediate relief of acute pain (27). 

McNally and Adams (32) demonstrated the nature of
load distribution across the normal and degenerated disc.
Disc pressure profilometry studies in cadaver spine
shows that in the normal disc the load is evenly distrib-
uted, but in degenerated disc the nucleus is depressurized,
higher load is transmitted near the peripheral annulus,
and there are irregular areas of high spot loading. A sub-
sequent in vivo study established that abnormal pressure
profiles correlate with abnormal discograms with posi-
tive pain provocation (33).

THE RATIONALE AND PRINCIPLES OF
DYNAMIC STABILIZATION

If the primary cause of back pain is abnormal load
transmission, the aim for treatment should be unloading
the disc. In particular, the abnormal high spot loading and
abnormal high load transmission through the annulus
should be prevented. Movement should be preserved
since the transport of nutrients and metabolites in the disc
is dependent on movement (34). However, any abnormal
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range or direction of motion may secondarily cause areas
of spot loading, and therefore should be prevented.

The pertinent questions in the dynamic stabilization
therefore are (a) how much disc unloading; (b) how much
control of motion would be desirable; and (c) in the long-
term, how can fatigue failure be prevented, in view of
constant movement of the stabilized segment. Pseud-
arthrosis may lead to failure of rigid implant, but a flexi-
ble implant should be able to accommodate the move-
ment without failure. 

The fatigue life of a dynamic stabilization system will
depend on two factors: (a) load-sharing property, and (b)
instant axis of rotation (IAR). The system should share the
load with the disc and facet joints uniformly throughout the
range of movement. Let us consider arbitrarily that the sys-
tem should bear around 30% of the load and allow the

remaining 70% of the load to be transmitted through the
disc and facet joints. If at any time during the range of
motion the implant system has to bear near 100% of the
load, and unload the disc fully, the system would eventually
fail (Fig. 38-1). Secondly, each spinal motion segment has
an optimum IAR, depending on the anatomy of the disc and
the facet joints. Similarly, every dynamic stabilization
device has an optimum IAR, which can be determined in
laboratory, when the system is implanted in two polyethyl-
ene blocks representing vertebral bodies, not connected by
the disc or facet joints. If there is a mismatch in the location
of the IAR of the motion segment and the device after
implantation, they will tend to fight against each other dur-
ing motion. This will lead to abnormal high stress to the
device and the implant-bone junction, leading to the failure
of the instrumentation in the long run. The ideal dynamic
stabilization device should be a load-sharing device
throughout the range of motion, and have an IAR close to
that of the motion segment. 

The various dynamic stabilization systems described in
the literature are all posterior implants (35–43). Most of
these devices aim at restriction of some motion but do not
describe the mechanism of action or extent of disc
unloading. Table 38-1 provides a classification of the cur-
rently described dynamic stabilization devices.

The Interspinous Distraction Devices

These are floating devices (i.e., not rigidly connected to
the vertebrae). This avoids the possibility of loosening, a
major concern for any implant that would have to survive
against motion. The primary indication for interspinous dis-
traction devices is degenerative spinal stenosis with neuro-
genic claudication in an older adult patient. By causing dis-
traction between the spinous processes at the stenotic
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FIG. 38-1. The pressure tracing from the center of
the disc in cadaver lumbar spine during flexion and
extension movement. Normally (N) the pressure is
lowest during the early phase of extension and
rises both during flexion and extension. Following
Graf ligament application (G), the pressure was
raised at neutral position. Following application of
FASS system (described later) with moderate
degree of compression by the ligament (F-1), the
disc was unloaded during flexion but not during
extension. When the FASS system was applied with
larger compression force by the ligament (F-2), the
system became rigid in flexion and unloaded the
disc further, indicating a possibility that such a sys-
tem would eventually fail. It should also be noted
that with the FASS system there was very little
effect on disc unloading in extension.

TABLE 38-1. Classification of the dynamic stabilization
devices in the treatment of low back pain, currently

described in the literature

I. Interspinous distraction devices
a. Minns silicone distraction device
b. Wallis system
c. X-stop

II. Interspinous ligament devices
a. Elastic ligament (Bronsard ligament across the

spinous processes)
b. Loop system

III. Ligaments across the pedicle screws
a. Graf ligament
b. Dynesis system
c. Fulcrum-assisted soft stabilization system (FASS)

IV. Semirigid metallic devices across the pedicle screws
a. Dynamic stabilization systems (DSS-I and DSS-II)

Modified from Sengupta DK. Dynamic stabilization devices
in the treatment of low back pain. Orthop Clin North Am
2003; 35(1):43–56, with permission.



segment, an interspinous distraction device unfolds the
buckled ligamentum flavum and posterior annulus, thereby
relieving the stenosis. The device holds the segment in rel-
ative flexion, a posture adopted by these patients to relieve
their symptoms. The posterior distraction may unload the
facet joint joints and the posterior part of the disc. However,
kyphosis of the segment may increase the load in the ante-
rior part of the disc and these devices may not be suitable
for primarily discogenic back pain.

Minns and Walsh (35) described silicone interspinous
spacers, which on biomechanical testing in the cadaver
spine showed unloading the disc and correcting sagittal
plane imbalance of the spine. No clinical application of
this system has since been described by the authors. A
titanium interspinous distraction device, X-Stop (Fig. 38-
2) has been described by Lindsey et al. (SFMT, Concord,
CA) (37). These are typically indicated for older adult
patients with spinal stenosis presenting with neurogenic
claudication. Senegas et al. (36) described an inter-
spinous spacer made of polyetheretherketone (PEEK),
“the Wallis implant” (Fig. 38-3), which is held between
the spinous processes with Dacron tape. The addition of
the Dacron tape provides further restriction of motion.
The authors have advocated this system for treatment of
early disc degeneration. 

The Interspinous Ligaments

These devices are applied directly to the vertebrae,
without using any metal anchorage. There is no rigid
component to share the load. These devices do not unload
the disc or the facet joint. Their primary mechanism of
action is by limitation of the range of motion.

Caserta et al. (38) reported their experience of using
elastic ligament using alone or to supplement the segment
adjacent to fusion (Fig. 38-4). The authors have used the

CHAPTER 38/DYNAMIC STABILIZATION / 377

FIG. 38-2. The X-Stop titanium interspinous distraction sys-
tem (St. Francis Medical Technologies, Inc., Concord, CA).
(From Sengupta DK. Dynamic stabilization devices in the
treatment of low back pain. Orthop Clin North Am 2003;
35(1):43–56, with permission.)

FIG. 38-3. The Wallis implant consists of polyetheretherketone
interspinous spacer, anchored in its place by wrapping two
woven Dacron ligaments around the spinous processes of the
adjacent vertebrae under tension. (From Sengupta DK.
Dynamic stabilization devices in the treatment of low back pain.
Orthop Clin North Am 2003; 35(1):43–56, with permission.)

FIG. 38-4. The elastic interspinous ligament as described by
Caserta et al. Peroperative picture of L4-5 elastic stabilization
following rigid fixation of the L5-S1 segment. (From Caserta S,
La Maida GA, Misaggi B, et al. Elastic stabilization alone or
combined with rigid fusion in spinal surgery: a biomechanical
study and clinical experience based on 82 cases. Eur Spine J
2002;11 Suppl 2:S192–197, with permission.)



system in 82 cases since 1994 and described encouraging
results. Unfortunately, their report does not describe any
detail of the implant material or the clinical results. Gar-
ner et al. (39) described a tension-band device, the Loop
System (Spinology, Inc., Stillwater, MN), which consists
of a braided polyethylene cable for stabilization of the
spine across the spinous processes. The polymer cable
provides high fatigue strength, in addition to tensile
strength similar to that of metallic cables (Fig. 38-5).

Ligaments across Pedicle Screws

These devices are designed to be anchored to the ver-
tebral bodies through the interface of pedicle screws. A
fabric ligament connects the screw heads to restrict the
motion of the spinal segment. In addition to the ligament,
some of these devices may have a semirigid component.

The Graf ligament (Neoligaments, Leeds, UK), de-
scribed by Henry Graf in 1989 (40), is the most com-
monly used device in this group (Fig. 38-6). This system
consists of a pair of Dacron ligaments applied to the pedi-
cle screws with a predetermined compression force. It
immobilizes the spine in lordosis and locks the facet
joints into full extension. No biomechanical study on the
effect of this system has been published by the inventor.
The system restricts motion but does not unload the disc.
An independent biomechanical study shows that, in fact,
it increases the load in the posterior part of the disc and

the annulus (45). The Graf ligament has been used by
several independent surgeons in Europe and Asia, who
reported with clinical success comparable to that of
fusion (45–51). The proposed clinical indications include
back pain due to segmental instability, to supplement a
direct repair of low-grade spondylolisthesis, and in com-
bination with fusion to stabilize an adjacent segment. In
the author’s experience the Graf ligament was found to be
most useful for stabilizing multisegment disc disease in
younger patients, where fusion has obvious disadvan-
tages. One common complication with the Graf ligament
is postoperative leg pain due to narrowing of the foramen
or buckling of the posterior annulus secondary to hyper-
lordosis; a prophylactic decompression of the nerve roots
has been recommended in these situations. The initial
encouraging clinical results tend to deteriorate during
next 2 years of follow-up (45) and the long-term results
have been reported to be disappointing compared to
fusion (52). This is probably because the Graf ligament
increases the load in the posterior part of the disc and the
facet joints causing accelerated degeneration and also
that the ligament stretches over time and becomes inef-
fective (52).

The Dynesys (the dynamic neutralization system [Cen-
terpulse Spine-Tech, Minneapolis, MN]) was described
by Gilles Dubois (41) in 1994. The system consists of
titanium alloy (Protasul 100) pedicle screws, polyester
(Sulene-PET) cords, and polycarbonaturethane (Sulene-
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FIG. 38-5. The Loop system (Spinology, Inc., Stillwater,
MN). (From Garner MD, Wolfe SJ, Kuslich SD. Development
and preclinical testing of a new tension-band device for the
spine: the Loop system. Eur Spine J 2002;11 Suppl
2:S186–191, with permission.)

FIG. 38-6. The Graf ligament system (Neoligaments, Leeds,
UK), applied between pedicle screws at L4-5 and L5-S1 seg-
ment in saw-bone. (From Mulholland RC, Sengupta DK.
Rationale, principles and experimental evaluation of the
concept of soft stabilization. Eur Spine J 2002;11[Suppl
2]:S198–205, with permission.)



PCU) cylindric spacers (Fig. 38-7). The pedicle screw
heads are connected by a cord under a given tension sim-
ilar to the Graf ligament. The cord is threaded through the
hollow cylindric spacers between the pedicle screws,
which prevents excessive compression between the screw
heads by the cord. The stabilizing cord carries tensile
forces and the spacers resist compressive forces. The pur-
pose of the system is to establish a mobile load transfer
and control motion of the segment in all planes.

The biomechanical testing of the Dynesys system is
mostly limited to fatigue testing of the whole construct and
determining biocompatibility of the nonmetallic compo-
nents. In a recent biomechanical study on cadaver spine, the
Dynesys system was found to provide greater flexibility in
extension and rotation but similar stiffness in flexion and
lateral bending as compared to rigid fixation (53). There is
no data available for the load-sharing characteristics of the
spinal motion segments with the Dynesys system. 

The initial clinical results in a multicenter trial have
been encouraging and the device was found to be safe
(41). However, unlike the Graf ligament, screw loosening
was observed in seven cases. Early surgical intervention
was needed in four cases, and late surgery was needed in

five cases in the same segment and in seven cases for
adjacent segment disease. 

The distraction between the pedicle screw heads by the
Dynesys system may force the segment into kyphosis and
increase the load in the anterior part of the disc. The spinal
extensor muscles may be able to restore the lordosis of the
segment by distracting the disc space and unloading the
disc. This will force the spacers to act as a load-bearing ful-
crum. Therefore, the lordosis and load sharing by the plas-
tic cylinder depends very critically on distraction produced
by the implant, and on the ability of the patient to achieve
lordosis with the extensor muscles (27). 

The Fulcrum-Assisted Soft Stabilization (FASS) system
(Fig. 38-8A, B) was introduced (42) to address what was
perceived as disadvantage by the author of the Graf sys-
tem. These include posterior compression leading to nar-
rowing of the foramen and increased load over the poste-
rior annulus.

In the FASS system a flexible fulcrum is placed
between the pedicle screws, in front of the ligament to
distract the posterior annulus. A fabric ligament, prefer-
ably of elastic material, placed posterior to the fulcrum,
applies a compressive force across the pedicle screws and
maintains lordosis. The fulcrum transforms this posterior
compression force into an anterior distraction force,
which distracts and unloads the disc, independent of mus-
cle action. The degree of disc unloading depends on the
relative tension and compression produced by the ful-
crum and the ligament. For a given distraction by the ful-
crum, the higher the compressive force applied by the
ligament the greater would be the disc unloading. Labo-
ratory experiments on spine models and cadaver spines
demonstrated that, as greater unloading of the disc was
achieved by adjustment of the tension in the ligament and
the fulcrum, the system shared higher load, and the
motion segment lost flexibility (42). An undue stiffness
of the system may be unphysiologic and may cause early
loosening of the screws or implant failure. The other dis-
advantage of the FASS system was that the polytetrafluo-
roethylene (PTFE) fulcrum was solid and although flexi-
ble from side to side, was not compressible along its long
axis. The fabric ligament was also not elastic. The com-
bination of such a fulcrum and ligament leads to a gross
limitation of flexion, but almost no limitation in exten-
sion. Consequently, disc unloading was greater in flexion
but very little in extension (Fig. 38-1). A second genera-
tion of the FASS system was tested, where the fulcrum
was made up of a compressible titanium spring, but the
ligament was the same. This spring-based FASS system
unloaded the disc and resisted flexion and extension more
uniformly throughout the range of motion (54). An ideal
FASS system should consist of a flexible as well as com-
pressible fulcrum, and an elastic ligament that would not
creep significantly. Currently such a system is under
development.
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FIG. 38-7. The Dynesys system consists of pedicle screws,
connected with a fabric cord, passed through the cylindrical
spacers between the heads of the pedicle screws. (From
Mulholland RC, Sengupta DK. Rationale, principles and
experimental evaluation of the concept of soft stabilization.
Eur Spine J 2002;11[Suppl 2]:S198–205, with permission.)



Semirigid Metallic Devices across the Pedicle Screws

Currently there is no semirigid metallic device for soft
stabilization without fusion available for clinical use.
There are a few such devices under development.

The Dynamic Stabilization System (DSS) system
(43) (Spinal Concepts, Inc., Austin, TX) is presently

being tested in the laboratory. This system consists of a
titanium spring connected to the vertebra with the pedi-
cle screws. Two designs of the springs have been tested.
The DSS-I system (Fig. 38-9A) consists of a “C”-
shaped spring, 3 mm in cross-sectional diameter. The
DSS-II system (Fig. 38-9B) consists of an elliptical coil
spring of 3 to 4 mm in cross-sectional diameter. These
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FIG. 38-8. A: The Fulcrum-Assisted Soft Stabilization (FASS) sys-
tem. In this prototype, the fulcrum is made of flexible polytetrafluo-
roethylene and the ligament is made of an elastic fabric band con-
taining polyurethane. B: The FASS system applied to a cadaver
spine for biomechanical testing. (From Sengupta DK. Dynamic sta-
bilization devices in the treatment of low back pain. Orthop Clin
North Am 2003;35(1):43–56, with permission.)

A

B

FIG. 38-9. The Dynamic Stabilization System (DSS) (Spinal Concepts, Inc., Austin, TX). A: DSS-I sys-
tem consists of titanium spring in the shape of a “C”, the straight ends of which are attached to the ver-
tebral body with the pedicle screws. The axis of rotation of this spring is located at the center of the cur-
vature of the spring at C both during flexion and extension. B: DSS-II system consists of a titanium coil
spring. The axis of rotation of this spring lies in front of the coil spring, at C0 location in resting position,
moves forward in flexion to CF, and backward in extension to CE locations.

A B



systems may be applied to the motion segment, with an
appropriate degree of distraction and lordosis, to pro-
duce a mild disc unloading at resting position. The
stiffness of the spring limits the range of motion and
unloads the disc further during motion. 

As explained earlier, the uniform disc unloading
throughout the range of motion will require the IAR of
the spring to lie close to that of the motion segment. The
axis of rotation of the DSS-I system is located close to
the center of the “C” (Fig. 38-9A). In the DSS-II sys-
tem, the axis of rotation is located in front of the coil,
and moves forward and backward during flexion and
extension, respectively, resembling the translation of
IAR of a spinal motion segment (Fig. 38-9B). There-
fore, the DSS-II system unloads the disc more uni-
formly during flexion-extension motion. This has been
established in a continuous record of disc pressure from
the center of the disc in cadaver lumbar spine, follow-
ing application of the two spring systems (Fig. 38-10).
Normally, the disc pressure at the center of the disc is
lowest at the early phase of extension, and rises both in
flexion and in extension because the anterior part of the
disc is compressed in flexion and the posterior part in
extension. Biomechanical testing on cadaver spine

shows that the DSS-I system unloads the disc and
restricts motion favorably during flexion. However, in
extension the system forces the entire disc into distrac-
tion, resulting in greater restriction of motion and also
lowest disc pressure at full extension. This is because
the IAR of the DSS-I lies far behind that of the motion
segment, and it becomes a full load-bearing structure
toward the end of extension. This indicates that DSS-I
is more likely to experience fatigue failure or loosening.
The IAR of the DSS-II system translates like that of a
normal spinal motion segment. Therefore, application
of DSS-II system causes a more uniform disc unloading
and restriction of motion in flexion and extension (43)
(Fig. 38-10). 

Semirigid metallic devices across the pedicle screws
have a unique advantage over the other dynamic stabi-
lization devices. They may be applied with the initial pre-
tension, to distract the disc, when disc unloading is
intended. Conversely, it may be applied with an elastic
compression force on the disc, when a fusion is intended.
Therefore DSS-I may be used in conjunction with an
interbody graft to keep the graft under compression, and
to resist the instability in extension caused by excision of
the annulus in anterior lumbar interbody fusion.

CHAPTER 38/DYNAMIC STABILIZATION / 381

FIG. 38-10. The disc pressure tracing at the center of the disc in cadaver lumbar spine during flexion-
extension movement, with 10 Nm pure moment, in a 6° freedom spine tester. Normally the pressure
rises both in flexion and extension and is lowest during the early phase of extension. Following stabi-
lization with DSS-II system the disc was partly unloaded both in flexion and extension, because of uni-
form load sharing with the disc. Following DSS-I stabilization the disc was partly unloaded in flexion, but
fully unloaded in extension, which indicates that the implant becomes a fully load-bearing structure in
extension, and therefore is more likely to experience fatigue failure or loosening.



SOFT STABILIZATION AS AN ADJUNCT TO
DISC PROSTHESIS

Prosthetic disc replacement is an equivalent of a partial
joint replacement. In the presence of significant facet
joint arthritis, disc replacement may not relieve pain.
When radicular pain warrants decompression involving
partial facetectomy, prosthetic disc replacement may
destabilize the motion segment. A posterior dynamic sta-
bilization system may add the necessary stability for disc
prosthesis to work in this situation. In effect, addition of
a posterior dynamic stabilization system may convert disc
replacement into a total joint replacement.

SOFT STABILIZATION AND DISC REPAIR

If a favorable environment may be created in the
motion segment by unloading the disc and permitting
near normal motion, the disc may be able to repair itself.
Gene therapy in degenerative disc diseases, either by pro-
moting enzymes to produce proteoglycans, or by prevent-
ing enzymes like proteases that damage the disc, is an
emerging technology with much promise. Soft stabiliza-
tion may further enhance the reparative process activated
by the gene therapy. 

SUMMARY

In summary, dynamic stabilization appears to have an
important role in the treatment of the degenerative lum-
bar spine. Fusion of one or two motion segments does not
make a significant difference in the total range of motion
of the lumbar spine. However, preserving flexibility of a
motion segment may prevent adjacent segment disease.
Dynamic stabilization is more physiologic and may de-
liver a better clinical outcome in chronic low back pain
than fusion. Additionally, it may permit disc replacement,
even when facet joints need to be excised. If a favorable
environment is created in the motion segment by unload-
ing the disc and permitting motion by dynamic stabiliza-
tion, the disc may be able to repair itself or may supple-
ment reparative potential of gene therapy.

Despite all these bright prospects, a cautious approach
is recommended before accepting any new implant sys-
tem. The implant for fusion only has to serve a temporary
stabilization until fusion takes place. Implant loosening is
not uncommon in the presence of pseudarthrosis. After
soft stabilization, the implant has to provide stability for
an indefinite period, and also stay anchored to the bone
despite allowing movement. This sounds like a daunting
task. This may only be possible if the dynamic stabili-
zation device functions only as a load-sharing device
throughout the range of motion and does not become a
load-bearing structure at a certain range. To achieve uni-
form load sharing and disc unloading, the instant axis of
rotation of the implant has to lie close to that of the

motion segment. Any mismatch between the kinematics
of the implant system and the motion segment would
result in an early implant failure or loosening. Therefore,
the need for a strict bench test in the laboratory cannot be
overemphasized. The few dynamic stabilization systems
that have been used clinically have been reported to pro-
duce clinical outcomes comparable to that of fusion. No
prospective randomized controlled trial has been reported
yet, which is essential for the practice of evidence-based
medicine. 
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CHAPTER 39

Lumbar Artificial Disc Replacement: 
Rationale and Biomechanics

Geoffrey M. McCullen and Hansen A. Yuan

Stability of the vertebral motion segment is dependent
upon the structural integrity of the disc, facet joints, 
and the musculoligamentous complex. Intervertebral
discs transmit 85% of the axial load and provide rota-
tional/translational support and shock absorption (1,2). In
a standing position, the intradiscal pressure at L3-4 is
1,000 N, increasing to 3,000 N when sitting, leaning for-
ward, or carrying 20 kg (3,4). The estimated number of
walking cycles a person performs is approximately 2 mil-
lion per year (5). Each walking cycle loads the disc 150
to 1,250 N in compression and −40 N to +450 N in shear
(5). The estimated number of lifting cycles is 125,000 per
year, each producing an estimated compressive load
between 200 and 2,250 N (5). 

The magnitude and frequency of such imposed loads
on the spinal motion segment will inevitably lead to wear
and degenerative changes over time. Three sequential
clinical and biomechanical stages of spinal degeneration
have been proposed: dysfunction, instability, and stabi-
lization (6,7). Segmental motion increases with the sever-
ity of disc degeneration (8) and facet degeneration most
typically follows (9,10). Segmental axial rotation motion
increases with the degree of cartilage degeneration within
the facet joints (8). Stabilization occurs with advanced
disc collapse associated with marked end-plate sclerosis
and osteophytosis.

RATIONALE FOR THE ARTIFICIAL DISC

Spinal arthrodesis significantly alters the biomechan-
ics of the spine and results in an increased compensatory
motion and mechanical loading in the adjacent free
segments, particularly within the facet joints (11–15).
Changes in the adjacent segments become more pro-
nounced as the fixation range extends and as the rigidity
of the construct increases (13,16,17). A 45% increase in
intradiscal pressure occurs adjacent to a fusion (17,18).

Elevated intradiscal pressure acts to alter the diffusion
characteristics of nutrients into the disc (19,20) and leads
to biochemical changes including an elevation of type 1
collagen and a decrease in proteoglycan chondroitin sul-
fate, type 2 collagen content, and water content (2,21).
Single photon emission computed tomography imaging 
4 years after lumbar fusion demonstrates 62% with
increased uptake within the vertebral bodies and facet
joints in the free motion segment adjacent to the fused
segment (22). Symptomatic juxtafusion degeneration is
estimated to occur in 35% of postfusion patients (23). 

Discectomy adversely affects the mechanical proper-
ties of the segment and alters coupled motions within
adjacent segments (24,25). The level above a discectomy
experiences an increased anterior-posterior translation in
flexion and increased lateral translation with lateral bend-
ing irrespective of the amount of disc removed (24).
Removal of the nucleus from the disc causes the inner
margins of the annulus to bulge inward rather than out-
ward during loading causing delamination of the fibers
and further degeneration (26–28). Subtotal discectomy
induces significantly less abnormal motion than total dis-
cectomy in all loading modes (24,25). 

The aim of an artificial disc is to decrease pain, pro-
vide stability while maintaining near-physiologic motion,
and diminish the likelihood of adjacent-level degen-
erative cascade. Two artificial disc interventions have
evolved: (a) a total disc replacement (nucleus and annu-
lus) and (b) a nucleus substitute. Many designs have been
suggested. Few devices have been analyzed in biome-
chanical or clinical studies.

TOTAL DISC REPLACEMENTS

Total disc replacements are used to treat degenerative
disc disease when removal of all possible sources of
discogenic pain, including the annulus, is desired. The
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elective indications for a total disc replacement are sin-
gle- or double-level degenerative disc disease, juxtafu-
sion degeneration, and postdiscectomy axial pain that
have failed a significant trial of nonoperative care.
Absolute contraindications include: local or systemic
presence of tumor or infection; osteoporosis (dual energy
X-ray absorptiometry T-score less than −2.5); obesity
(body mass index: weight (kg)/height (m) greater than
40); overlying thoracolumbar kyphosis; spondylolisthesis
(greater than grade 1); disabled posterior elements unable
to contribute in load-sharing with the prosthesis; and
facet osteoarthritis and facet-mediated pain patterns
(Table 39-1).

The natural spine triple joint complex provides six
degrees of freedom: (a) compression, (b) distraction, (c)
flexion, (d) extension, (e) lateral bending, and (f) rotation.
For the total disc replacement, the degree of “constraint”
refers to the relative range of motion of the prosthetic joint
compared with the healthy intact joint within each of these
degrees of freedom (5,29). An “unconstrained” device
provides no mechanical restraint or limit. An “under-con-
strained” device imposes limits to motion outside of the
naturally occurring constraint of motion. With a “criti-
cally” constrained implant, motion is allowed within the
physiologic range but blocked beyond. The “over-con-
strained” prosthesis prohibits natural motion by imposing
limits within the normal range of motion. 

Many current total disc devices are rotationally uncon-
strained and require intact posterior elements (facets and
musculoligamentous complex) for load sharing and bio-
mechanical stability. Over time, such a device risks over-
loading, injury and degeneration of the posterior ele-
ments, particularly the facets. Alternatively, designs with
rotational over-constraint would off-load the facets at the
expense of increasing stress at the implant-host interface.
In addition, the majority of current devices have high
compressive stiffness (over-constraint in axial compres-
sion) resulting in decreased shock-absorbing capacity
and increased risk of vertebral body fracture with signif-
icant loading. 

All total disc replacements are implanted through ante-
rior open approach (transperitoneal or retroperitoneal).
During implantation, the anterior longitudinal ligament

and the anterior annulus are excised. These two anterior
ligamentous structures provide a balanced tensile resis-
tance to rotation on the opposite side of the center of rota-
tion from the facets (30). Methods of retaining or recon-
structing the anterior longitudinal ligament may lead to
restoration of normal load sharing and segmental stiff-
ness (30). Ligament tensioning is the key to restoring
segmental sagittal balance. Restoring the “normal” disc
height can cause over-stretching of the spinal ligaments
that would limit ultimate segmental motion. To avoid
over-distraction, it is advisable not to increase the height
of a degenerated disc by more than 3 mm (31).

The total disc implant requires support from the
peripheral cortical shell of the vertebral body. The end-
plate periphery is stronger while the center is weaker
(32,33). The device end-plate “foot print” should cover
the largest possible area of the vertebral end plate for
optimal load distribution and to decrease the formation of
heterotopic ossification occurring at the end-plate mar-
gins. 

Improvements in material and design specifications
are leading slowly toward the ideal artificial disc (Table
39-2). Material properties to be considered are cytotoxic-
ity, fatigue strength, and the modulus of elasticity. The
design must attempt to approximate the natural disc
dynamics, plan for compatibility between materials, use
safe insertion technique, and have a reliable fixation
between host and implant.

Metal Devices

The primary advantage for using an all-metal total disc
replacement is the optimal fatigue strength. Biocompati-
bility has been shown in other orthopedic applications
including joint arthroplasty. Designs include the springs
with hinge and the ball-in-socket.

Kostuik has developed a device that uses two springs
coiled between plates with a posterior hinge allowing
flexion and extension (34) (Fig. 39-1). This device allows
15° to 20° of axial rotation in the sagittal plane, 3° of lat-
eral bending, and less than 1° of axial rotation (5). The
hinge pin has a decreasing diameter as the ends of the pin
are approached. This feature, combined with elongated
holes in which the pin rotates, is intended to allow a small
amount or rolling lateral rotation (3° to 6°) (5). The
springs sit in pockets that are designed to minimize off-
axis loading and provide for a mechanical stop to prevent
the springs from being loaded to the point that the coils
touch (5). The springs are made of titanium alloy and are
designed to provide adequate stiffness in both flexion and
extension with a combined resistive torque in sagittal
plane rotations of 2.24 N per degree (5). The springs have
been successfully tested to more than 100 million full
deflection cycles without failure (5). Hot isostatically
pressed cobalt chrome alloy, with high carbon content to
improve wear characteristics, is employed in the remain-

TABLE 39-1. Biomechanical contraindications for the
artificial disc

Osteoporosis
Obesity
Significant deformity
Spondylolisthesis (> grade 1)
Disc height <5 mm
Facet incompetence, facet mediated pain
Posterior ligament compromise
Additional contraindications for nucleus replacement:

Incompetent anulus
End-plate sclerosis, Schmorl nodes
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der of the device. Vertically projecting tabs are placed at
the front and side of the plate members through which
screws are placed for fixation. Using different metals,
galvanic corrosion is a concern but minimal corrosive
issues have been seen in short duration animal models
(5). In a sheep model, with histologic analysis at 6
months, fibrous tissue does not grow between hinges or
around coils (35). If such an in-growth were to occur, it
would be expected to significantly interfere with the disc
mechanics. 

Reminiscent of hip arthroplasty, a prosthetic device
shaped as a ball and socket has been proposed (36) (Fig.
39-2) and has subsequently been redesigned. The Maver-
ick (Medronic, Sofamor Danek, Memphis, TN) is made
entirely of cobalt chrome and is axially rigid. There is no
inherent rotational stiffness (unconstrained). Finite ele-
ment analysis (FEA) has predicted that surgical variables
will modulate the loads transmitted through the posterior
elements after implantation (30). When the Maverick is
placed anteriorly, the FEA predicts that facet loads will
increase 2.5 times. A Maverick implanted posteriorly
within the intervertebral space will successfully unload
the facets in axial compression.

Nonmetal Devices

Whereas the principal advantage of metals is fatigue
strength, the primary benefit of using nonmetals such as
rubber and the elastomers (silicone, polyurethane, poly-
ethylene) is the biomechanical similarity to the natural
disc (37). By using a material with a lower modulus of
elasticity, it is easier to replicate disc dynamics, attenuate
shocks, and distribute loads evenly across the end plates.
Difficulties, however, arise when attempting to develop a
long-lasting nonmetal component that has a stable host-
device interface. In addition, a polymer disc prosthesis
that has optimal rigidity in axial compression may pos-
sess insufficient torsional rigidity. Alternatively, a poly-
mer disc that is suitably rigid in torsion frequently
becomes too rigid axially (38). Polymers do not allow the
defining of a stable center of rotation for a disc implant.
Lastly, delamination commonly occurs between polymer
materials.

In 1975, Stubstab and Urbaniak introduced a total disc
constructed entirely of synthetic nonmetal materials (39).
Silicone or other elastomers such as polyurethane were
formed into the general kidney shape with a fluid-filled

TABLE 39-2. Total disc device comparison

Kostuik Salib Lee nonmetal Marnay metal, Buettner-Janz metal, 
metal metal elastomer polyethylene polytheylene two 

spring-hinge ball-socket composite cup-cap moving articulations

Shock absorption Yes No Yes No No
Axial rotation Over constrained Unconstrained Critically Unconstrained Unconstrained

constrained
Translation Over constrained Over constrained Unknown Over constrained Critically constrained
Flexion-extension Under constrained Under constrained Critically Critically Under constrained

constrained constrained
Center of rotation Fixed Fixed Moves Fixed Moves, replicates 

instantaneous 
axis of rotation

Potential Galvanic  Metal-on-metal, Material Polyethylene, Polyethylene, wear
problems corrosion, wear delamination, wear

bulky, difficult, Device-host 
insertion fixation

FIG. 39-1. Kostuik’s all-metal device with two springs coiled
between plates with a posterior hinge allowing flexion and
extension (34). FIG. 39-2. All-metal ball-and-socket design by Salib (36).
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core between flat superior and inferior elastomeric plates.
Simulating the annulus, the device was covered by a
weave of Dacron fibers creating pores for tissue
ingrowth. This device has been implanted into eight
chimpanzees followed for one year (40). Erosion and
reactive end-plate bone formation have been attributed to
an unstable host-implant interface.

Lee and Parsons (41,42) have designed what has been
referred to as the “New Jersey disc” (Fig. 39-3). Two
material designs have been described. In the first, a soft
elastomer central core is surrounded by a fiber-reinforced
polyurethane (12 layers of Dacron with alternating multi-
directional pattern: −45, 0, −45). In the second, the core
is surrounded by a nonfiber reinforced polymer, C-flex
(polysiloxane-styrene-ethylene-styrene-butylene) (Con-
cept Polymer Technologies, Clearwater, FL) (38,43). Two
stiff end plates using elastomer or hydroxyapatite frame
the disc. This disc has been studied both in vitro and in
finite element models (43,44). Questions remaining for
the New Jersey disc include: material biocompatibility,
fatigue, and wear resistance; and the adequacy of short-
and long-term implant fixation. 

The “3-DF” disc is a three-dimensional fabric wo-
ven with an ultra–high-molecular-weight polyethylene
(UHMWPE) fiber and a surface spray-coated with bioac-
tive ceramics (45,46). Made of one material, the device
avoids a composite interface. No changes in biomechan-
ical parameters have occurred after 2 million loading
cycles with compressive loading of 200 N (45). Creep-
relaxation testing has demonstrated a viscoelastic strain-
time curve almost identical to the normal intervertebral
disc (45). The “3-DF” device has been studied using an in
vivo sheep model (46). Highlighting the problems inher-

ent in animal models, complete removal of the end plates
was required in order to fit the 10 mm artificial disc. This
created a different implant-host interface than is clini-
cally intended. The segmental biomechanics and inter-
face histology were evaluated at 4 and 6 months. Implant
displacement without complete dislodgement was noted.
Those devices implanted with temporary internal fixation
(Kanada one-rod Smooth Rod system) were firmly in
place and demonstrated a successful bony bonding to the
host. Work is now being directed toward the creation of a
supplemental bioabsorbable spinal fixation device.

Combination Metal and Nonmetal Devices

To overcome the shortcomings found when using met-
als or nonmetals alone, designs have combined the mate-
rials. Most commonly, this has taken the form of a metal-
polymer-metal sandwich disc. The metal tray is employed
to improve fixation with spikes, tabs with screws, or
porous coating for bony ingrowth. With the component
thus stable and fixed, the central polymer provides the
needed flexibility.

In 1991, Steffee developed the Acroflex disc (DePuy,
Acromed Corporation, Cleveland, OH) (47). This disc
replacement consists of a hexane-based, carbon black–
filled, polyolefin rubber core vulcanized to the two tita-
nium plates. Fixation is accomplished with a porous coat-
ing promoting ingrowth and four 7-mm cone-shaped
posts that extend into the vertebral body. A significant
subsurface shear is experienced at the rubber-metal junc-
tion producing failures with fracture of the rubber core
(48). 

The ProDisc (Spine Solutions, Inc., New York, NY) is
a cap-cup matching articulation designed by Marnay (49)
(Fig. 39-4). The end plates are made of a cobalt chrome
molybdenum alloy with a central fixation keel projecting
through the vertebral end plates. The convex bearing sur-
face is made of UHMWPE that snaps into the inferior end
plate. The device has a fixed center of rotation and is crit-
ically constrained in flexion-extension, unconstrained in
rotation, and over-constrained in translation. 

Buettner-Janz and Schellnack developed the Link SB
Charité disc (Waldemar LINK GmbH and Co., Hamburg,
Germany) (Fig. 39-5) (50). Since the first design in 1984,
three revisions have been made. The current device (Link
SB Charité III) includes two symmetric end plates made
of cobalt chromium alloy. Immediate fixation is by
anchoring teeth projecting from the outer end plate. For
bony ingrowth, the end plates are porous coated with two
layers of thin sintered titanium beads (pore size ranging
from 75 to 300 microns) covered by electrochemically
bonded hydroxyapatite. A primate model has demon-
strated ingrowth over 48% of the end-plate surface (51). 

The inner end-plate surface contour is an oval-shaped
concave surface that articulates with a central high-den-
sity polyethylene core [modulus of elasticity 420 to 1,200

FIG. 39-3. The New Jersey disc designed by Lee et al (41).
A soft, central elastomer core is surrounded by either a fiber-
reinforced polyurethane or a nonfiber- reinforced polymer.
Two stiff end plates using elastomer or hydroxyapatite frame
the disc.
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mega Pascals (MPa)] (52). The device allows 20° of
motion in flexion-extension and lateral bending (under-
constrained). There is no limit to motion in axial rotation
(unconstrained) (53). Hysteresis (the conversion of strain
energy into heat formation during cyclic loading) of the
polyethylene occurs at loads less than 4.2 kN with incip-
ient irreversible polyethylene deformation occurring with
loads between 6 and 8 kN (53). 

With movement in flexion and extension, the polyeth-
ylene core moves: in flexion the polyethylene moves pos-
teriorly and in extension it moves anteriorly. This chang-
ing of the instant axis of rotation (IAR) is meant to
replicate the natural disc (52). Because of the changing
IAR, the Link SB Charité disc needs to be placed poste-

riorly within the intervertebral disc space. Anterior posi-
tioning of the device will significantly decrease the avail-
able motion (52,54).

In a human cadaveric biomechanical study, the Link
SB Charité prosthesis showed an average percentage
increase in segmental axial rotational range of motion of
44% when compared to the intact control (55). The
increase in axial rotation reflects the excision of the ante-
rior longitudinal ligament required during insertion and
the unconstrained nature of the disc in axial rotation.
Flexion and extension range-of-motion between the in-

FIG. 39-4. The Marnay device (49). A: The polyethylene
cups snaps into the inferior end plate. The device is uncon-
strained in axial rotation. B, C: The device in flexion and
extension with movement occurring around a fixed center of
rotation.

B

C

A

FIG. 39-5. The SB Charité disc (50). A: Both top and bottom
inner end-plate surfaces articulate with the central polyethyl-
ene. With flexion, the polyethylene moves posteriorly. B: In
extension, the polyethylene moves anteriorly, changing the
instantaneous axis of rotation. C: The device allows 20° of
motion in flexion-extension and lateral rotation and is uncon-
strained in axial rotation.

A

B

C
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tact specimen and a segment implanted with the Link SB
Charité disc were not significantly different. The disc
preserved the normal mapping of segmental motion at the
operative level and at the adjacent levels.

Clinically, postoperative segmental motion is equal to
preoperative motion (54,56). The motion permitted by the
implanted prosthesis appears to be determined by the
extent of the degenerative changes in the adjacent struc-
tures such as the facet joints and neighboring spinal liga-
ments. The average postoperative range-of-motion for the
SB Charité III is 9° of flexion and extension (52,54,56).
At the L4-5 level 9.6° flexion, 3.4° extension, and 4° lat-
eral bending motion has been reported (52). At L5-S1
these values are decreased with 6° flexion, 3.5° exten-
sion, and 3.2° of lateral bending (52). Clinical studies
confirm that anterior device positioning decreases post-
operative motion (54). Over-distraction causes excessive
tightening of the posterior ligaments and decreases seg-
mental motion. To obtain and maintain available motion,
early postoperative motion is encouraged (54) (Table 39-
3).

In published series, further surgery has been required
in up to 24%, the majority for “pain control” as a result
of ongoing or developing facet-mediated pain (56).
Device dislocation/migration occurs in 2% to 6.5%, usu-
ally secondary to poor size selection (54,57). Eight per-
cent of the devices have subsided most commonly
because of an undersized device “footprint” (54). 

NUCLEUS REPLACEMENTS

There are two potential indications for nucleus replace-
ment: (a) as a adjunct to discectomy (open and percu-
taneous nucleotomy), addressing the biomechanical al-
terations of discectomy; and (b) to relieve back pain
resulting from early stage degenerative disc disease that
has failed to improve with nonoperative means. 

Nucleus substitutes should be made of biocompatible
materials; restore intervertebral height and tension the
annulus with normal end-plate load distribution; recreate
the intradiscal hydraulic pumping mechanism for pres-
sure modulation and nutrient delivery to the remaining

nucleus and the inner annulus; and demonstrate safe, pos-
sibly minimally invasive implantation with a revision
strategy in cases of failure.

Nucleus replacement requires the satisfactory condi-
tion of the annulus and the vertebral end plates. Suffi-
cient annular containment is essential to stabilize the
device in the disc space and to avoid excessive motion
that could lead to migration and an elevated rate of wear
on end-plate or implant surface. When end plates are
weakened by osteoporosis or Schmorl nodes or chal-
lenged by obesity (weight greater than 90 kg or body
mass index greater than 30) subsidence of the implant
into the vertebral body can occur. 

Successful tensioning of the annulus will depend upon
the implant modulus of elasticity and the implant/cavity
conformity. The inward bulging of the annulus after
nucleotomy is reversed by a nuclear implant with Young’s
modulus of elasticity of 3 MPa (range 0.2 to 40 MPa)
(27). Restoration of intervertebral disc height with a
nucleus replacement can best be accomplished if the
starting disc height is greater than or equal to 5 mm. In
late stage disc disruption, with failure of the annulus, end
plate and facets, a nucleus replacement would certainly
be ineffective. Annulus repair and methods to achieve
annulotomy healing remain elusive.

Fernstrom developed the first nucleus replacement in
1966 (58). These devices were spheric, solid, stainless
steel balls, up to 16 mm in diameter that were meant to
serve as intervertebral spacers while allowing movement.
Contact area with the vertebral bodies was small. No
pressure modulation was possible with position change.
The device did not restore the normal load distribution
across the end plate and was ultimately abandoned
because of implant migration or subsidence. 

In the 1960s, work began with the injection of self-cur-
ing silicone and polyurethane into the disc space (3). The
potential advantages of this technique were the minimally
invasive, percutaneous route of insertion resulting in
reduced annular injury and the in situ polymer curing 
that offered the possibility of obtaining good end
plate–implant conformity. The problems encountered
included: long polymerization reaction times; incomplete
polymerization; exothermic reaction temperatures; high
injection pressures; polymer containment; and the pro-
duction of particulate wear debris (59). Subsequent
efforts in nucleus replacement have been directed toward
developing contained systems that allow a more repro-
ducible fabrication and accurate prosthetic placement. 

In 1988, Ray introduced the Prosthetic Disc Nucleus,
or “PDN”, (Raymedica, Minneapolis, MN) with dual disc
cylinders resting side-by-side (60). In the original proce-
dure, a trephine was used, from the posterior approach, 
to bore a passage into the center of the disc. After
nucleotomy, the cylinders were slid into position and
filled with a water-absorbing gel held within a semiper-
meable membrane. Prefilled devices have subsequently

TABLE 39-3. Factors affecting in situ total disc device
motion

Preoperative segmental stiffness
Facet and ligament degeneration, end-plate osteophytes

Device positioning
Anterior positioning decreases motion

Device sizing
Over-stretching ligaments decreases motion
Under-sized “foot print”

Device subsidence
Heterotopic ossification formation

Bracing
Best to avoid
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replaced in situ fill of the cylinders. The outer device
layer of the PDN is constructed with a flexible but inelas-
tic polyethylene fiber jacket that constrains the ultimate
swelling of the hydrogel. 

The PDN implants have passed U.S. Food and Drug
Administration guidelines for biologic safety, cytotoxic-
ity, carcinogenicity and long-term animal implantation.
Fatigue studies to greater than 50 million cycles under
simulated physiologic loads (200 to 800 N) have been
successful (61). After nucleotomy in vitro insertion of the
PDN has restored the segmental mobility in all move-
ment/directions (62).

The first PDN clinical trials began in 1996. Initially,
the PDN used a hydrogel polymer, HYPAN 68 (poly-
acrylonitrile-polyacrylamide), which absorbs 68% of its
weight in water. Early analysis indicated that this device
was too rigid, promoting pressure concentrations on the
cartilaginous end plate (61). In 1998, a change was made
to HYPAN 80, which absorbs more water and thus is
softer. A higher rate of implant migration with a 38%
revision rate was recognized (61). Further changes in
design and surgical protocol followed. PDN devices are
now two differently shaped units: a tapered anterior unit
and a rectangular posterior unit placed transversely and
connected by tethering sutures (Fig. 39-6). To accommo-
date the two units the end-plate anteroposterior diameter
must be 37 mm or greater (61). 

For device containment, the annulotomy must be kept
as small as possible with a sequential annular dilating
technique rather than a cut entry. Using lateral decubitus
positioning and a lateral retroperitoneal exposure,

Bertagnoli has developed the anterolateral transpsoas
approach (ALPA). The annulus is cut to create a hinged
flap. The overlying psoas muscle covers the lateral annu-
lotomy site, diminishing the risk of implant extrusion
(63). A restricted postoperative protocol with the use of a
brace for 6 weeks is recommended (63).

Moderate to severe end-plate remodeling, likely due to
changes in load distribution, has been noted in some
patients implanted with the PDN (63). Sixty patients with
PDN have been followed with postoperative MRI (64).
Six weeks postoperatively there is an increase in degen-
erative end-plate changes in 27% of the implanted levels
(64,65). At one year, the incidence of such changes
increases further to 70%. Advanced degenerative changes
within the end plate at 1 year are seen in 7%. The clinical
implications of these radiographic changes have yet to be
determined.

Other nucleus replacements are emerging in various
stages of early development. Bao has designed a poly-
vinyl alcohol (PVA) hydrogel nucleus replacement in the
form of beads held within a retaining membrane (66)
(Aquarelle Hydrogel Nucleus, Stryker/Howmedica, Mah-
wah, NJ). It is inserted in the dehydrated form, through a
5 mm cannula. Water, drawn from the surrounding tis-
sues, fills the membrane to a 70% water content and the
prosthesis nearly doubles in size. This in situ expansion
creates an interference fit. Like the natural nucleus, the
hydrogel replacement is able to absorb and relinquish
water with changes in applied load. Biomechanical stud-
ies have confirmed restoration of disc function after
hydrogel implantation (67,68). Preventing implant migra-
tion and extrusion remains a problem. The Newcleus
(Sulzer SpineTech, Edina, MN) is an elongated, elastic
memory-coiling, spiral-shaped polycarbonate urethane
(69,70). It is inserted into the disc through a cannula
device to create a spiral coil of the material. The Pros-
thetic Intervertebral Nucleus, or “PIN” (Disc Dynamics,
Minnetonka, MN) is a polyurethane balloon inserted in
deflated form into the disc and then inflated with an
incompressible liquid (71). The size and shape of the
nucleus prosthesis can be significantly altered during
implantation and regained or restored after implantation.  

DEVICE LONGEVITY

The generation of particulate debris can occur as a
result of wear and corrosion and should be expected any
time an artificial disc implant is used. The accumulated
magnitude of the debris over time and the resultant clini-
cal sequelae after disc replacement has yet to be deter-
mined. In long-term patient outcomes for total knee and
hip replacements, microscopic wear fragments have dis-
seminated to the liver, spleen, and paraaortic lymph
nodes (72). Local wear debris can incite a local cytokine-
mediated [tumor necrosis factor-α, prostaglandin-E2,
interleukin (IL)-1, IL-2 or IL-6] immunologic reaction

A

B

FIG. 39-6. The PDN devices (62). A: Sagittal view. B: Axial
view demonstrating a tapered anterior unit and a rectangular
posterior unit placed transversely and connected by tether-
ing sutures. The annulus and end plates must be in satisfac-
tory condition.



that causes destruction of bone at the prosthetic-bone
interface (73). The optimal particle size to disseminate
and to incite macrophages to release cytokines is 1 to 5
microns (72,73).

Among the metals implanted in the spine, titanium
debris fragments appear to be the most reactive in elicit-
ing a cytokine-mediated response (73,74). Polyolefin
rubber compound particles have been generated in vitro
and placed in subcutaneous pouches in rats and adjacent
to the lumbosacral dura in sheep (75). A local foreign
body reaction was created but no particle migration from
the site of implantation was identified and no apparent
local or systemic toxic effects resulted. 

In a nonhuman primate study with the Link SB Char-
ité III, histochemical assays showed no accumulation of
particulate debris (no titanium, UHMWPE, or cobalt
chrome) and no cytokines 6 months after implantation
(51). The lack of long-term evaluation or anatomic dif-
ferences including the absence of synovial fluid in the
disc may be the reason why particulates have not been
generated. 

The SB Charité disc has more than 10 years of clinical
use but no long-term clinical outcome studies. Neither
osteolysis nor late loosening has been reported in clinical
studies. It is a possibility that some cases will be identi-
fied with longer duration follow-up. Repeat anterior
retroperitoneal approaches are fraught with potential haz-
ard because of the development of a thick scar envelop-
ing the spine and vascular structures. Therefore, when
total disc devices fail, the safest revision strategy is a pos-
terior spinal instrumented fusion.

CONCLUSIONS

With innovations in materials and design, the artificial
disc is becoming a reality. Optimal short-term clinical
results will depend upon patient selection. 

Poor clinical results are expected when disc replace-
ment is applied to advanced degeneration (76). Long-
term outcome will depend upon the ability of the device
to replicate natural kinematics and to withstand the repet-
itive loads over time. Long-term clinical evaluations after
disc replacement will be essential to identify the rate and
extent of progressive degenerative change within the
facet joints and the adjacent segments. 

For accurate comparability between developing de-
vices, biomechanical terminology and methodology for
the artificial disc must become standardized. The optimal
device constraint for particular clinical situations must be
determined. 
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CHAPTER 40

Lumbar Disc Replacement: 
Current Model, Results, and the Future

Robert D. Fraser

More than 100 different designs for a disc prosthesis have
been patented or described in publications (1) since Fern-
strom first replaced the nucleus with a metal bearing ball
in the late 1950s (2). Very few of these devices have been
used clinically, however, reflecting the difficulty of trans-
lating the success of hip and knee arthroplasty to the
spine. The prostheses that have been implanted in humans
can be classified as (a) nucleus devices or spacers, (b)
mechanical devices with moving parts, and (c) elas-
tomeric implants that aim to reconstruct the normal elas-
tic properties of the disc. 

NUCLEUS PROSTHESES

The nucleus replacement device used most extensively
in humans is the Prosthetic Disc Nucleus, or PDN
(Raymedica, Minneapolis, MN). This consists of a hydro-
gel pellet contained within a woven polyethylene jacket.
The hydrophilic properties of hydrogel provide this
device with the capacity to absorb fluid and expand.
Hydrogel is a copolymer of polyacrylonitrile (non-
hydrophilic) and polyacrylamide (hydrophilic); the abil-
ity to absorb and bind water is determined by the ratio of
these polymers. The current design permits the pellets to
absorb 80% of their weight in water, giving the PDN
device the potential to restore or maintain disc height.
The aim of the woven polyethylene jacket is to limit
swelling and to minimize horizontal spreading (3).

The recommended technique involves the coronal
placement of two parallel devices within the enucleated
disc space, either by the posterior (hemilaminotomy) or
lateral (transpsoas) routes. The developers state that this
device is not intended for use in cases of severe disc
degeneration or where end plate defects are present (3).

Initial trials during the mid-1990s, with two implants
placed side by side in a sagittal plane, demonstrated a
high expulsion rate with 38% of subjects requiring revi-

sion (4). The PDN shape and surgical protocol were sub-
sequently modified to minimize the extrusion rate, and
further clinical trials are in progress. Encouraging results
are claimed with the use of PDN (3–5), although in each
paper details of the methodology are insufficient to per-
mit critical review.

Other nuclear replacements implanted clinically include
the Aquarelle (Stryker Howmedica, Mahwah, NJ), a poly-
vinyl alcohol material and the Newcleus (Sulzer Spine-
Tech, Edina, MN), a polycarbonate urethane elastomer, but
to date there are no published results of these devices.

Nucleus prostheses may be inserted through a rela-
tively minimally invasive or potentially percutaneous
approach. While this increases the appeal of the proce-
dure, nucleus replacement does not address pathology
related to the annulus or end plate, both of which may be
important components of a painful degenerative process.
Furthermore, nucleus devices are intended to work in
conjunction with the annulus to restore the biomechani-
cal function of the disc. To insert such a device, an annu-
lus lesion must either be made or already exist. Although
special dilators to minimize annulus damage have been
used for the phase IV trials of the PDN, it is unclear
whether the benefits of nucleus replacement will out-
weigh the effects of damage caused to the annulus. 

MECHANICAL DISC PROSTHESES

The prime aim of mechanical disc replacement is to
restore the normal kinematics of the motion segment. The
designs of two mechanical disc prostheses tested in clin-
ical trials are based on the principle of low-friction poly-
ethylene on metal articulations developed for total hip
and knee arthroplasty. A third device, similarly designed
on the basis of the success of prostheses developed for
large synovial joints but with a metal/metal (chrome
cobalt) interface and a posterior rotation axis, is being
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tested in a multicenter clinical trial (6). In general these
prostheses are intended to replace almost the entire disc,
are inserted using an approach similar to an anterior lum-
bar interbody fusion, and rely on large spikes or fins plus
bony ingrowth for stability against the vertebral end
plates. Mechanical artificial discs lack elasticity and can-
not replicate the normal compressive stiffness of the nat-
ural disc. Instead they depend on the restoration of a
mobile lordosis to absorb compressive loads across the
lumbar spine (7). Moreover their articulating surfaces
provide little resistance to torsion, a function of the
motion segment that is impaired by the necessary
removal of most of the annulus.

Schellnack and Buttner-Janz were responsible for the
development of the first version of the Link SB Charité
(Waldemar Link GmbH & Co., Hamburg) artificial disc
in 1982 (8). Over the next five years there were two re-
visions of the design. Consisting of a biconvex poly-
ethylene spacer articulating with two concave cobalt-
chromium alloy end plates, the prosthesis allows rotation
in all three planes. Changing centers of rotation are
allowed by the sliding of the polyethylene core, similar to
that which is achieved in mobile-bearing total knee
replacements. First implanted in 1987, the latest model of
the Link SB Charité has been used more extensively than
any other disc prosthesis. Approximately 4,000 prosthe-
ses have been implanted (7); the report from the largest
case series of 105 patients describes a satisfactory out-
come with the procedure (8). 

The ProDisc (Spine Solutions, New York, NY) was
first described by Marnay in 1991 (9). It consists of a
polyethylene cap articulating with two titanium alloy end
plates. The cap over cup design of the metal-polyethyl-
ene-metal articulation permits motion in all three planes.
Bertagnoli and Kumar reported on a series of 108
patients with follow-up ranging between 3 months to 2
years (10). In this, the only published paper on the out-
come with the ProDisc, an overall success rate of 90.8%
was claimed, increasing to 98% in patients considered to
have “prime” indications. 

ELASTOMERIC DISC PROSTHESES

The attraction of elastomeric discs is their potential to
replicate the elasticity of the normal human disc. Not
only would it be feasible to restore the normal compres-
sive stiffness of the natural disc, but also if firm attach-
ments to the bony end plates could be achieved, it would
provide resistance to torsion and shear. 

With these goals in mind, Steffee designed the Acro-
Flex (DePuy, Acromed Corporation, Cleveland, OH) arti-
ficial disc using a polyolefin-based rubber core vulcan-
ized between two titanium end plates. Not only did the
rubber core provide range of motion, but it also enabled
replication of normal disc elasticity. In theory, this design

should allow for better absorption of loads. However, this
advantage of elastomers is offset by their potentially infe-
rior wear characteristics as demonstrated by the relatively
high rates of failure. In the original series of six patients,
two were reported as failures due to debonding of the
rubber core (11). A second-generation device, using a sil-
icone core instead of rubber, was implanted in eight
patients with one mechanical failure. All failures oc-
curred at levels with increased stress, either due to adja-
cent fusion levels or scoliosis. The AcroFlex is now in its
third generation of design, reverting back to the rubber
core optimized with improved processing and bonding
techniques, and refined indications for surgery. Although
functional outcomes following implantation have been
generally satisfactory, further trials with the third genera-
tion prosthesis were abandoned with the detection of
early failure of the rubber core on thin-section computed
tomography (CT) scans (12). 

The thin-section CT scans used in the AcroFlex study
also identified a significant number of patients with
periprosthetic heterotopic ossification. Limiting range of
motion may be another potential source of failure for any
disc replacement. It is therefore recommended that future
studies include the use of thin-section CT and relate this
to range of motion on standing flexion and extension
radiographs. 

BASIS FOR CURRENT INDICATIONS

For any spinal operation, including total disc arthro-
plasty, patient selection should be based on a careful con-
sideration of many factors. A successful outcome is more
likely to be achieved with the precise correlation of the
patient’s history, physical examination, and radiographic
investigations, in conjunction with psychosocial and
medical backgrounds. Bearing this in mind, indications
were developed for a trial of the AcroFlex lumbar disc
prosthesis (12). Only patients with one- or two-level
symptomatic disc degeneration at either L4-5 or L5-S1
were included. Patients had to complain of disabling low
back pain, with or without referral type leg symptoms
that had been present for a minimum of 12 months and
had failed to respond to nonoperative treatment. Further-
more, the symptomatic degenerative level had to be con-
vincingly localized by provocative discography. For
inclusion in the study discography had to demonstrate (a)
internal disc disruption at the target level, (b) reproduc-
tion of the patient’s typical pain at the target level, and (c)
failure to reproduce typical pain at the control levels adja-
cent to the target level. Because of uncertainty about the
long-term results only patients between the ages of 30
and 55 were considered (12).

The contraindications to disc replacement surgery are
made up of technical and patient selection considerations.
Patients should be excluded if there is a history of previ-
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ous lumbar infection or an active infection elsewhere.
Because disc replacement surgery does not address
posterior element pathology, patients with spondylitic
spondylolisthesis, significant facet arthritis, lateral recess
stenosis, or central stenosis should be considered unsuit-
able. Technical considerations that impede or prevent disc
arthroplasty include patients with a steep lumbosacral
angle at the target level, osteopenia, previous abdominal
radiation or vascular graft, and morbid abdominal obe-
sity. Lastly, patient factors such as significant medical
comorbidity, ongoing litigation or compensation issues,
substance abuse, presence of three or more Waddell
behavioral signs (13), or psychiatric illness may be the
major factors influencing eventual outcomes. The pres-
ence of any of these factors should be regarded a con-
traindication to disc replacement surgery.

Despite the suggestion that in time disc replacement
will be a solution for multilevel degeneration or degen-
eration adjacent to a fused segment, this has not been
considered an ideal indication. Additionally, given the
increased stresses placed on the prosthesis in a patient
with structural scoliosis or adjacent-level fusion, such
conditions are considered relative contraindications.

Bertagnoli and Kumar tried to correlate preoperative
clinical findings to outcome with a view to formulating
appropriate indications for disc replacement (10). They
conducted a retrospective review of 108 patients who
underwent total disc arthroplasty with the ProDisc pros-
thesis. The patients were separated into accordingly into
four groups, those who were considered to have “prime”,
“good”, “borderline”, or “poor” indications for surgery.
Patients with a “prime” indication had a disc height
greater than 4 mm, absence of facet joint arthritis, no
adjacent-level degeneration, and intact posterior ele-
ments. Patients with adjacent-level fusions were con-
sidered to have “borderline” indications. While there
appears to be a gradient of improved successful outcomes
in patients with better indications, no statistical analyses
were performed. However, it also seems that patients with
“better indications” were those with minimal degenera-
tion and they may well have achieved better outcomes no
matter what form of treatment was employed. 

REPORTED CLINICAL RESULTS

In a critical assessment of the evidence related to lum-
bar disc replacement, Wai et al. (14) carried out a thor-
ough search of both the Pubmed and Ovid Medline
databases up to October 2002, and identified papers con-
cerned with the current clinical use of disc prostheses.
Their assessment, summarized in Table 40-1, recorded
factors important to the outcome of disc replacement,
namely: (a) restoration of disc function, (b) preservation
of adjacent levels, (c) overall clinical function, and (d)
complications. The follow-up for all papers reviewed

averaged just less than 2 years with the conclusions often
based on patients followed up for a much shorter period. 

Although a follow-up of 2 years is generally consid-
ered acceptable for publishing surgical results, it is quite
inadequate when assessing the outcome of disc replace-
ment surgery. This is particularly the case when assessing
the safety of implants used for total disc replacement.
Their large dimensions and location close to major ves-
sels makes anterior low-lumbar revision surgery haz-
ardous, particularly when this is performed for complica-
tions related to mechanical failure. 

In their critical review, Wai et al. (14) found a wide dis-
crepancy in the definitions of clinical outcome, many of
which were poorly defined, with reported success rates
ranging from 63% to 95% after disc replacement. Over-
all, these results are similar to those from case series
reports for spinal fusion (15–21), and for common forms
of nonoperative care (22–26). Certainly, randomized con-
trolled trials, using validated and independent assess-
ments of outcome and safety are necessary to establish
the efficacy of disc replacement compared with the cur-
rent standard of care. Clearly, because of the large influ-
ence on function of factors other than disc pathology, a
major effect from disc replacement would be needed to
reach statistically significant differences. The Swedish
Lumbar Spine Study Group published a report of a ran-
domized controlled trial on fusion for back pain (15).
From the published data, Wai et al. (14) estimated that
more than 500 subjects would be needed to determine a
10% improvement in outcome for a 2:1 study design with
a power of 0.8.

Even though there may be no significant difference in
clinical outcomes between fusion and disc replacement in
the short term, the latter has the theoretical advantage of
restoring the function of the motion segment, hence pro-
tecting the adjacent levels. Almost all of the published
studies have described restoration of disc height and
return of motion for both nuclear and total disc replace-
ment surgeries (14). Although protection of adjacent disc
levels is considered of prime importance to the rationale
for disc replacement, only three studies have assessed this
potential benefit. Cinotti et al. performed magnetic reso-
nance imaging (MRI) on 10 patients from their original
cohort of Link SB Charité III prostheses and found no
adjacent level degeneration (27). As more than 75% of
their study population has not been assessed, it is not
valid to draw any conclusions from their report. In the
report of their experience with the ProDisc, Bertagnoli
and Kumar mention that 4.6% of patients developed radi-
ographic evidence of adjacent-level degeneration within
3 to 24 months of implantation (10). With such a short
follow-up and without a control group, it is unclear if this
represents the natural history of disc degeneration or is
significantly less than would have occurred had the pa-
tients undergone a lumbar fusion. Many investigations of
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adjacent-level degeneration after fusion have used MRI
or have longer follow-up times (28–31). 

The work of Kumar et al. is the most similar in method-
ology to the study by Bertagnoli et al. but with a much
longer follow-up period (32). They found an 8% incidence
of radiographically determined adjacent-level disease in
patients 5 years following lumbar fusion with a normal
sagittal alignment. Furthermore, in an MRI study we car-
ried out 10 years after anterior lumbar interbody fusion
(28), the adjacent disc was found to be free of degeneration
in 68% of cases. We examined the pattern of degeneration
in the remainder of the lumbar spine, including the pres-
ence of skip lesions, comparing this with the reports of
MRI findings in normal asymptomatic populations. Based
on this comparison, we concluded that adjacent-level de-
generation was determined more by constitutional factors
than by the presence of a solid fusion.

Further challenging the ability of disc replacement to
preserve the adjacent levels, a study by Zeegers found
that 24% of patients required adjacent-level surgery
within 2 years of having an SB Charité III prosthesis
inserted (33). While this high incidence may represent a
failure to adequately rule out adjacent-level pathology
before performing the index procedure, it is much higher
than any reported for lumbar fusion. In any event, there is
clearly no evidence to date that disc replacement protects
against adjacent level degeneration. 

FOOD AND DRUG ADMINISTRATION STATUS

At the present time, the U.S. Food and Drug Adminis-
tration (FDA) has not approved disc replacement devices
for routine marketing, and currently the use of these
devices is for investigational purposes only. To obtain
approval for general use the manufacturer is required to
demonstrate to the FDA’s satisfaction that their prosthesis
is as substantially equivalent (as safe and effective) to an
already approved device. Specific guidelines concerning
the indications, in vivo biomechanical testing, and clini-
cal results of devices have been published for spinal
implants (34). 

Two separate multicenter, randomized controlled clini-
cal trials are in progress in the United States under the
FDA’s Investigational Device Exemption. The SB Charité
III is being compared with anterior interbody fusion
using the Bagby and Kuslich (BAK) device, while the
ProDisc is being tested against combined anterior and
posterior fusion using pedicle screws and an interbody
fusion construct (35). Both trials intend to recruit
between 300 and 500 patients and the manufacturers
hope to achieve FDA approval within the next few years.
The initiation of a FDA-approved trial in the United
States is pending. The PDN has been given approval by
the Canadian Therapeutic Directorate to begin a clinical
trial and three Canadian centers are recruiting patients for
a prospective evaluation of the PDN (4). 

It is expected that these trials will address short-term
safety issues related to the prostheses and whether the
clinical efficacy is similar to fusion at 2 years. As men-
tioned previously, these studies are unlikely to have suffi-
cient power to detect a difference with fusion unless there
is a large clinical effect. It is therefore essential that long-
term follow-up of the studies be carried out to determine
efficacy, the overall safety of the implants, and their abil-
ity to protect adjacent levels.

THE FUTURE OF DISC REPLACEMENT

It is the spectacular success of arthroplasty of the hip
and knee that has continued to drive the development of
artificial disc technology. Further enthusiasm has been
generated by the demonstration that a number of prosthe-
ses have restored range of motion to the disc and by the
clinical use of the Link SB Charité device for over 10
years. However, this measure of technical success and
implant longevity does not necessarily mean that the
future of disc replacement is certain. It is only if it can be
shown in the long term to perform at least as well as
fusion, without compromise from implant failure, hetero-
topic bone formation or excessive facet degeneration
leading to stenosis, that the place of disc replacement will
be finally assured. 

From the reported results of case series described
herein, it seems likely that current FDA trials will demon-
strate short-term efficacy and safety, leading to approval
of these devices for routine marketing. Because of antic-
ipated demand, the expected FDA approval is likely to be
followed by extensive and widespread clinical usage of
these devices. Based on the experience associated with
the release of other spinal implants as well as the knowl-
edge gained from hip and knee arthroplasty, it will be
only a matter of time before surgeons are confronted with
problems created by implant failure. There is, however,
one major advantage for the spinal surgeon compared
with the hip or knee surgeon undertaking revision proce-
dures for a failed prosthesis. Unlike surgery for the hip
and knee, there is unlikely to be a great functional disad-
vantage in converting spinal arthroplasty to arthrodesis;
moreover, it may be possible to circumvent the surgical
site by retrieving the situation with a posterolateral
fusion. However, when it is necessary to remove a large
lumbar interbody device anteriorly, the proximity of the
major vessels and other vital organs, the scarring from
the original surgery, and the pathology associated with
implant failure all combine to make the revision proce-
dure extremely difficult and potentially disastrous (12). 

Clearly the introduction of these devices into the com-
munity should be with caution. The current “gold stan-
dard” investigations for diagnosis of discogenic back
pain, MRI, and discography have significant high false-
positive rates. A large potential for misdiagnosis resulting
in surgery for pain not arising from the disc exists; hence
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the unsatisfactory outcomes often reported for treatment
of discogenic back pain.

Combined anterior and posterior fusion has been pro-
moted by many spinal surgeons for the management of
back pain since it deals with many different potential pain
sources, including not only the disc but also the ligaments
and facet joints. In contrast, disc arthroplasty targets only
the disc. It is, therefore, more vulnerable to the effects of
misdiagnosis leading to the replacement of a nonpainful
disc rather than dealing with the actual pain source. This is
countered by the restoration of the functional spinal unit’s
range of motion. However, it is unclear whether the extra
few degrees of range of motion offered by a disc replace-
ment over fusion is functionally significant, especially
given the motion available at adjacent levels and hip joints. 

Future models of spinal arthroplasty will no doubt aim
to replicate the elastic properties of the disc without
incurring the problem of wear particles, and also will
attempt to address facet joint pathology. It will take a
great deal of time and carefully controlled long-term tri-
als to determine whether or not these devices offer the
best alternative for patients undergoing surgery for disco-
genic low back pain.
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CHAPTER 41

Disc Herniation: Definition and Types

Tom Bendix

Disc herniation used to be considered as a local bulge on
a disc surface, causing pressure on a nerve root. This was
based largely on the fact that myelogram was the only way
to establish the diagnosis. As myelogram is a highly inva-
sive procedure, which also exposes the patient to signifi-
cant radiation levels, it is considered ethically unaccept-
able in the examination of asymptomatic individuals.
Today, computed tomography (CT) and magnetic reso-
nance imaging (MRI) studies in asymptomatic individuals
have shown that the presence of a local bulge on the disc
surface certainly does not correlate convincingly with the
classic symptoms of disc herniation (Fig. 41-1) (1–6).

Such studies have sparked a totally new era for this
diagnosis. It is likely that disc herniation symptoms are
predominantly initiated by nuclear tissue coming into
physical contact with the nerve root, whereas a (local)
bulge does not normally cause nerve damage (Fig. 41-1).
Moreover, after a passed clinical cause the bulge consists
of scar tissue, forming the morphologic “herniation” (7).

Several terms have been used to describe this condi-
tion: disc herniation, herniated nucleus pulposus (HNP),
prolapse, and slipped disc are those most often used.
Time has come, however, to redefine the condition as a
syndrome characterized by nerve damage, primarily
caused by irritation from nuclear tissue, giving rise to a
production of a variety of cytokines and other inflamma-
tory or autoimmune components (8–21), leading to sec-
ondary pressure hypersensitivity (22,23).

While lifetime prevalence of sciatica of any etiology is
about 40% (24), no authors have been able to give a seri-
ous frequency of lifetime prevalence of lumbar disc her-
niation (LDH). This may be in agreement with the vague
definitions described later in the chapter that the most
frequent rough estimate is about 3% to 4%. The 1-year
incidence has been estimated at 0.1% to 0.5% (25). Of
patients with acute low back pain, only 1% have nerve-
root symptoms (26). Age distribution has its peak close to
40, and male: female ratio is probably close to 1:1 for all

LDH, whereas for those operated upon it is 1.5:1 to 2:1
(5,27,28).

In this chapter only lumbar annular (not end plate) disc
herniation is addressed.

The onset of annular rupture is usually the end point of
gradual disc degeneration, which in turn seems more
related to genetic issues than to physical loads (29). Of
physical factors, flexion plays the greatest role, but even
this factor is not impressive (30).

DEFINITIONS

Considering the aforementioned poor correlation
between clinical and imaging findings, different aspects
of definitions have to be considered.

Patho-Anatomic Types

In accordance with today’s knowledge (as discussed
later in the chapter), the aspect of the nucleus being con-
tained or not seems most relevant as the primary nerve
damage is most likely associated with the inflammatory
influence of free nucleus pulposus tissue on the nerve
root. If nerve damage resulted primarily from pressure, it
is not likely that so many silent disc herniations are seen
in MRI studies. Pressure is, however, obviously important
secondarily, as pressure on any inflamed structure causes
pain. But as the primary lesion, pressure alone only rarely
seems to be relevant (Fig. 41-2).

Contained

The disc bulges locally, but the outermost layer is still
intact. In most cases it is questionable whether this con-
dition causes root damage, rather than referred disco-
genic pain. If the bulge compresses the dorsal ganglion of
the intervertebral nerve root, however, it is likely that the
presence of nuclear material directly touching the root
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may not be necessary (31,32). This is substantiated by
research demonstrating that the threshold for compres-
sion-induced neuronal firing is about half that for other
parts of the nerve root (33). Likewise, if a chemically
inactive bulge causes compression over such a wide area
of the nerve root that the root suffers ischemia (33), this
may also sensitize the nerve root without any chemically
induced lesion (34–36) (Fig. 41-3).

It seems as if contained disc herniations or more dif-
fuse disc herniation displacements (5,37,38) represent a

poorer prognosis as opposed to a more well-defined her-
niation, probably because the first condition is only a
small part of a more substantial degeneration (Fig. 41-6).
Some authors also divide “contained disc herniations”
into “soft” and “hard” categories. Thus, pain from a pri-
mary contained disc herniation is most likely rather a
“simple” discogenic pain, which causes back pain that
dominates over optional leg pain. Such leg pain can be
“radicular”/dermatomal in its perceived location (39), but
will most often be diffuse in its distribution.
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FIG. 41-1. The three disc herniations shown here are
identical on computed tomography or magnetic reso-
nance imaging. Clinically only the one with chemical irri-
tation of the nerve root (bottom, left) produces symp-
toms. Bottom right: A healed, but now clinically silent
herniation.

FIG. 41-2. The different types of disc herniations.



Complete = Protruded = Free

The nuclear material has broken through the outermost
layer of annulus fibrosus, and can be seen in the canal,
and is therefore no longer contained. It is extruded from
the fissure of the disc, whether or not it is in continuum
with the central nuclear tissue. It is not quite clear from
literature if a herniation that has passed the outermost
annulus layer, but still remains subligamentous (40), is
considered “free”. Those protruding through the ligament
are called “transligamentous” (40).

Sequestered

A free nucleus fragment, no longer in contact with the
annular canal it originated from, is clinically meaningful
in the interpretation of fluctuating symptoms, and during
surgery.

“No-Bulge Herniation”

It seems likely that some nucleus-tissue–induced nerve
damage is caused by leakage of nuclear chemicals that do
not physically form a bulge on the disc (Olmarker, per-
sonal communication). As with other nerve-root lesions,
a mechanical component is needed to cause the leakage. 

Radiologic Types

Radiologically, LDH is defined as a localized bulge on a
disc. Several researchers have tried to make a strict distinc-
tion between prolapse and disc protrusion by means of
deciding how much of the entire intervertebral-disc cir-
cumference is taken up by the bulging “dome”. The reason
why no consensus has ever been made is most likely that it
has become clearer that the correlation between a certain
“dome” and the clinical symptoms is small (1).

Another radiologic categorization refers to the location
of the LDH on the circumference (Fig. 41-4).

The intraspinal herniation is most often paramedian 
as shown on Fig. 41-4, but can be median as well.
“Extraforaminal” herniation is also known as “extreme
lateral”, and seems to cause a higher degree of pain than
the other types (41).

Clinical Types

The classic disc herniation starts after a period with
only back pain, or back pain that dominates over leg
pain/sciatica. When leg pain takes over and dominates,
the course of a disc herniation begins (Fig. 41-5).

It may be argued that the clinical disc herniation begins
with the initial back pain. However, when a period of
(dominating) back pain of discogenic origin starts, it is
only seldom that it is followed by a disc herniation. More-
over, dominating leg pain may follow shortly after the
onset of back pain, or after months or years with back
pain. Probably the short course corresponds to a single,
and “clean” annular rupture, whereas a long-lasting “pro-
drome” may correspond to a herniation in a disc that is
highly degenerated (Fig. 41-6).
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FIG. 41-3. The main basic pathology in disc herniation is
inflammation. Pressure on the ganglion and ischemia (wide-
spread compression) may also cause a primary lesion, but
plays a greater role as secondary irritation when existing
inflammation has caused nerve damage.

FIG. 41-4. The location in the segment can be intraspinal
(a), foraminal (b), or extraforaminal (c).

FIG. 41-5. A typical course of a disc herniation. See text.



The distribution of leg pain usually follows the root
leaving the spinal canal one level caudal to the herniation
(Fig. 41-7). If the herniation is more centrally located, 
the root leaving two levels below will occasionally be
affected. A central herniation may even damage the roots
that exit several levels below, as seen in the “cauda equina
syndrome” (see below). Or it may simply cause—or take
part in—spinal stenosis, most often when the canal is
already narrow at that level (see Chapters 1 and 48).

If the herniation is foraminal or extraforaminal, the
nerve root taking off at the same level may be affected.

About 95% of lumbar herniations are located in the
two lower discs, 5% at L3-4, and only very few above that
level.

The symptoms of “cauda equina syndrome”, where
several sacral roots are involved, include flatus inconti-
nence, urinary incontinence, and groin hypoanesthesia.
The influence on the vesica urticaria sphincter is most
often retention. Urinary incontinence may either be seen
because of retention in terms of overflow, or as a primary
neurologic disturbance. Groin hypoanesthesia can be uni-
lateral or bilateral.

NATURAL HISTORY

The natural course of LDH has certainly not been
accurately stated (42). It varies with: 

• different intensity of clinical symptoms including the
degree of paresis 

• coexisting pathology, particularly whether the actual
disc is highly degenerated or not, but also recess or
spinal stenosis, spondylolisthesis, and so forth (43) 

• psychosocial factors (e.g., employment and higher
social group correlates to a faster recovery) (44).

The course does not seem influenced by sex or age
(44), the latter at least not with complete herniation (5).

It is problematic that the clinical courses described in
various studies represent a variety of definitions of LDH,
most likely including many without actual nuclear herni-
ation. The literature makes no conclusions on an average
course of the different phases.
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FIG. 41-6. The clinical course of a disc herniation in relation to the different stages of what happens in
the disc. See text.

FIG. 41-7. The typical root irritations with paramedian lum-
bar disc herniation at various levels.



Thus, the “about-average” natural history (described
subsequently) is largely based on clinical experience, and
a mixture of literature information (28,37,43,45,46). The
onset of dominating leg pain is usually the period with
the most intense pain. Commonly, the pain fades out to
some extent after a few weeks and then tends to remain at
about the same level for a total of approximately 1 to 3
months. Thereafter, the symptoms generally abate over
another few months, and (almost) disappear in 50% to
70% of nonsurgical cases (28,37,46), and in about the
same number of surgical cases in most reports (5,47,48),
with as many as 80% to 90% in a few reports (28,49) (Fig
41-5). The remaining patients experience: 

• long-lasting discogenic pain, which also tends to fade
off, but over a period of some years (50,51) 

• peripheral neurogenic leg pain due to root damage (52) 
• domination of a central nervous system component of

the pain (53).

Among these, psychosocial factors are associated with
the majority of the pain (37).

Formation of a fibrous layer (54,55) is followed by a
gradual reduction of the scar bulge (56) (Fig. 41-6). The
rate of recurrent LDH is about 3% to 14% (54,57).

History and Physical

Several relevant issues of the clinical examination will
be presented, but not all. For further details on clinical
usefulness of history and physical signs, test repeatabil-
ity, and so forth see Andersson and Deyo (58), Hunt et al.
(59), or Vroomen et al. (60).

From the history taking, one of the most important
questions is probably whether leg pain or paraesthesia
dominates over back pain or vice versa. The distribution
of the leg pain—radicular or diffuse—does not allow a
clear distinction between disc herniation or other causes
of sciatica to be made, as diffuse sciatica has often been
reported where herniation has subsequently been verified
at surgery.

As paresis in gradual progress is an indication for
acute surgery, this should be explored during history tak-
ing, as should possible cauda equina symptoms, where
the sequence of symptoms most often is flatus inconti-
nence, urinary retention, and groin hypoesthesia.

“Bowel strain” is also described to be reasonably in-
dicative for herniation.

Whereas painful forward bending is highly correlated
to herniation, there does not seem to be a consistent cor-
relation with lying or sitting. Especially in the acute stage
night pain is common, probably due to increased temper-
ature and inflammation. Sitting has been thought to
aggravate a herniation due to the increased intradiscal
pressure (IDP), but is not often the most pain-free pos-
ture. A possible explanation could be that the advantage
of more space around the herniation due to reduced lor-

dosis—or even kyphosis—caused by sitting (61) exceeds
the disadvantage from a small increase in herniation size
(62) (Fig. 41-8). Moreover, the increase in IDP is proba-
bly smaller than previously believed (63), and when sit-
ting backwardly inclined with a backrest, the IDP is at
least not higher than when standing (64). 

Conversely, lumbar extension is generally omitted due
to the reduction in the foramen size (65).

Of the physical signs, the sagittal lumbar curve in
standing is also influenced by the same principle: the
lumbar curvature is flattened or even kyphotic, automati-
cally arranged by a posterior rotation of the pelvis. This
is done to enable the described mechanism of optimizing
the space for the nerve root. Such a kyphotic curve might
also be obtained by forward bending of the trunk. How-
ever, in that case the addition of static back-muscle activ-
ity compresses the herniated disc to an uncomfortable
level. Thus, erect posture with flattened or kyphotic loin,
or a supported (e.g., hands on the thighs) forward bended
posture is characteristic.

A scoliotic list seems only moderately correlated to
operative findings (66–68). In particular, the Finneson
hypothesis that a certain side location of the herniation
and the nerve root should cause a specific list direction
does not seem valid (67).

A painful forward bending may distinguish disc herni-
ation from recess stenosis, where leg pain also may dom-
inate over back pain, but where forward bending usually
relieves the sciatica (69). A lateral shift—usually away
from the side of the LDH—during forward bending is
often seen in LDH, but does not provide much help in
distinguishing between herniation or recess stenosis.

Side bending toward the opposite side of the pain usu-
ally relieves the pain (Fig. 41-8).

The straight leg-raising (SLR) test with radiating pain
below knee level seems reasonably associated to disc her-
niation (38), although the test reliability—like that for the
ranges of motion mentioned earlier—seems lower than
commonly believed (59). With the surgical finding as the
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FIG. 41-8. With reduction of the lordotic curvature, and with
lateral bending, the size of the herniation increases, but the
enlargement of the intervertebral foramen is even more pro-
nounced.



“gold standard,” and without letting SLR influence the
indication for surgery, the following was registered by
Kosteljanetz et al. (48) (Fig. 41-9): Root compression, if
present, was estimated to be caused by disc herniation in
two-thirds of the patients in this study. This is the case for
those patients with dominating leg pain of more than 6
weeks’ duration. It may be differently distributed in
another group of patients, characterized otherwise.

The literature on SLR is confusing regarding the
degree of leg angle and clinical symptoms. Some authors
report that the smaller the SLR angle, the more intense
the symptoms (70), whereas others do not find such cor-
relation (71).

SLR is not very sensitizing to an extraforaminal herni-
ation (41). The crossed SLR sign (lifting the symptom-
free leg, increasing contralateral pain) seems highly cor-
related to LDH, especially to complete and large
herniations (5,67,72).

For a herniation affecting nerve root L4—or L2-L3,
which are rare—the “femoral-nerve stretch test” may be
valid if carried out correctly: the patient is in a prone
position and the 90° flexed knee is lifted causing hip
extension. To avoid co-movements of the lumbar spine,
the pelvis is fixated by pressing on the lower third of the
sacral bone.

The springing test is a “segmental lordosing” pressure
placed successively on all lumbar segments with the
patient lying prone. If it is painful, it may indicate which
segment of the leg pain originates from, and may also
help to differentiate pain arising in areas such as the
sacroiliac joint.

Obviously neurologic signs—altered sensibility, re-
flexes, muscle strength, and muscle atrophy—should be
tested (refer to neurologic textbooks for more informa-
tion).

Consideration of the piriformis muscle may be
worthwhile. In many patients with disc herniation piri-
formis myosis may contribute to some of the buttock

and leg pain, especially for herniation at L5-S1,
because the S1 root innervates this muscle. There has
been some discussion whether leg pain is caused by
“self-strangulation” in the major ischiadicus foramen
where swelling of the muscle causes compression of the
sciatic nerve, or whether it is simply referred pain. Pir-
iformis involvement can be tested with (a) palpating the
muscle for tenderness or (b) placing the ipsilateral foot
on the other knee, fixating the pelvis with the “heel of
the hand” on the anterior superior iliac spine (ASIS),
and then pushing the knee toward the contralateral side,
and asking for stretch pain. 

Dynamic testing ad modem McKenzie should be per-
formed. With extension, an increase in radicular pain
indicates an active herniation (73). As the herniation
increases, and the foramen decreases (65), possible cen-
tralization of the pain with repeated extension indicates
either that the healing has begun, or at least that the prog-
nosis is good (74).

It seems likely that future tests may include blood sam-
ples elucidating whether or not an inflammatory process
of the disc is present. Serum tested for glycosphingolipid
is already optional, but its applicability in practice is still
unclear (75).
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CHAPTER 42

Disc Herniation: Imaging

Josef Assheuer and Klaus-Peter Schulitz

PLAIN RADIOGRAPH

Following the Quebec Task Force on Spinal Disorders
(1), a radiograph of the lumbar spine is of limited value
in the first 7 weeks after onset of low back pain. Even
with the pain radiating to the extremities with neurologic
signs, radiography can delineate loss of disc height, vac-
uum phenomena, and calcification, as well as sclerosis of
the end plates, osteophytes, and focal end plate defects.
Those signs are not specific for herniation; they are
hardly found in acute disc herniation.

A radiographic examination is not recommended when
disc herniation is suspected. It is the main purpose of
radiographic evaluation to exclude low back pain (LBP),
which was specifically caused by tumors, infections,
inflammatory spondylarthropathies, and fractures (2).

Functional radiographs can delineate instability. Some
biomechanical studies (3) showed increased hypermobil-
ity after open discectomy at the level of operation. How-

ever, hypermobility can be found preoperatively at the
same rate at the level of herniation as in adjacent levels
(4–7). Postoperatively, no significant changes in hyper-
mobility were found. Therefore, hypermobility does not
seem to be a consequence of discectomy. Instability in the
levels above or beneath the level of herniation is caused
by increased stress in the moving segment caused by
changes in motion pattern at these levels (4,5).

MYELOGRAPHY

Myelogram delineates the cerebrospinal fluid (CSF)
space of the thecal sac including the subarachnoidal
space of the nerve roots. An indentation or occlusion of
this space can be regarded as an indirect sign of disc her-
niation and must be differentiated from other space-occu-
pying lesions (Fig. 42-1). Therefore, it is of minor impor-
tance for the diagnosis of herniation. 

407

dural poach of
the nerve root L4

compression of the dural
sac and of the dural poach
of the nerve root L5

FIG. 42-1. A: The right dural poach of the nerve root L5 is not filled because of compression by a her-
niation (myelography antero-posterior view). B: The mass compressing the dural sac and poach of the
L5 nerve root can not be identified. It is probably a herniation according to the position of the mass
(myelography, right oblique view).

compression of the dural
poach of the nerve root L5
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Nerve root entrapment beyond the termination of the
nerve root sheath caused by lateral or foraminal disc her-
niation cannot be detected. High radiation exposure and
invasive procedure as well as possible complications also
have to be taken into account.

Myelography may be the only method to evaluate disc
herniation and other stenosing diseases in patients having
metal implants.

Functional myelography may be indicated to evaluate
so-called dynamic entrapment in disc herniation in
patients showing motion-dependent pain patterns. In
future, functional myelography may be replaced by posi-
tional magnetic resonance imaging (MRI) (8,9).

DISCOGRAPHY

Discography mainly demonstrates the internal state
of the disc and it is very useful to classify types of
internal derangement. The contrast medium injected
into the center of the disc pushes the disc matrix aside
and forms pools. The locations and patterns of these
pools are the criteria for the staging of disc degenera-

tion (10–12). Five different types of discograms are
distinguished based on consistently identifiable fea-
tures in the shape and extension of the radiopaque
shadow (13,14). There are different classifications.
According to the pathoanatomic classification of
Adams et al. (13), type 1 does not show any signs of
degeneration (cotton ball), type 2 is a mature disc with
the nucleus starting to coalesce into fibrous lumps (lob-
ular or sandwich), type 3 demonstrates a degenerated
disc with fissures and clefts in the nucleus and inner
annulus (irregular), type 4 is a degenerated disc with
radial fissures extending into the outer edge of the
annulus (fissured) (Fig. 42-2), and type 5 has complete
radial fissures that allow injected fluids to escape (rup-
tured) (Fig. 42-3). Injection is done into at least two
segments depending on the pain pattern. Herniation
cannot be visualized directly but if type 4 and 5 are
found, herniation is likely, especially if the contrast
medium forms a pool beyond the intervertebral inter-
space (Figs. 42-3, 42-4). The leakage of the contrast
medium beneath the posterior longitudinal ligament
(PLL) is not a relevant sign for herniation. Therefore,
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radial fissure extending
right side into the
outer annulus

FIG. 42-2. Discography L4-5 antero-posterior view. The
intradiscal injected contrast media extends in both levels
into the outer annulus according to grade 4.

Complete fissure of the
annulus

Leakage of contrast
media into the extradu-
ral space

FIG. 42-3. Discography L4-5 reveals total degeneration
of the disc with rupture of the annulus, allowing the
intradiscal injected contrast media to escape into the
epidural space according to grade 5.



discography is not a relevant imaging modality to
demonstrate herniation. Discography is widely used as
a pain reproduction test to identify the segment causing
the low back pain and sciatica. The reliability of this
test is controversial because the referred pain depends
to a high degree on the psychological profile of the
patient (15–21).

COMPUTED TOMOGRAPHY

Computed tomography discriminates with high con-
trast between bone structures and soft tissue. High reso-
lution computed tomography (HRCT) visualizes the sub-
arachnoidal sac, nerve root sleeves, and ligamentum
flavum (Fig. 42-5) (22). Disc material can well be
detected inside and outside the spinal canal. However, CT
does not differentiate between nuclear and annular tissue
(Fig. 42-6). There is a high contrast between herniated
disc material and epidural fat tissue (23,24). Contrast
media after intravenous (i.v.) administration enhance vas-
cular structures and delineate tissue with disturbances of
the blood-tissue barrier. This is helpful in the diagnosis of
vascular malformations and certain tumors such as
meningiomas (25,26). Sometimes, after i.v. administra-
tion of contrast medium, a rim of enhancement is
observed at the margins of the herniated disc material.
This may be related to epidural veins or edema of the
neighboring tissue (27,28). Swelling and displacement of
ganglia and nerve roots can be visualized as well as the
indentation of the dural sac (Fig. 42-7). However, swollen
nerve roots and ganglia with high content of water may
have the same Hounsfield Units (HU) as disc material
and it may be difficult to distinguish one from the other.
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Herniated disc
material

FIG. 42-4. Discography L4-5. The rim of the herniated disc is
marked by contrast media.

disc L4/L5

epidural fat

ligamentum flavum

FIG. 42-5. A: Computed tomography of the disc level L4-5. B: Computed tomography of the level L4-5
4 mm below Figure 42-5A. C: Computed tomography of the level L4-5 8 mm below Figure 42-5A.
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Multiplanar reconstruction is helpful in these cases, espe-
cially with foraminal disc herniations (23,29).

Conjoined nerve roots occurring on the L5-S1 level are
likely to have the same attenuation as disc material and
may be misinterpreted as a disc herniation (30,31). An
accurate analysis of successive CT slices demonstrates
this anatomic variant. It can be seen how two nerve roots
outside the dura join the same dural sheath cranially. Both
nerve roots occasionally leave the spinal canal by the
same neuroforamina (32). The process is unilateral. A
rounded lateral recess is always found with it. Intrathecal
administration of contrast media verifies the diagnosis,

showing the common dural recess (33). This anomaly
was found in 2% of the cases within a CT study, and in
14% within an autopsy series (32).

Most hematomas of the lumbar spine are located
epidurally or subdurally. They may be confounded with
disc herniations. The epidural mass has indistinct margins
and extends over the surface of a vertebral body, being
largest at the mid-vertebral level. The hematomas are iso-
dense with the thecal sac and are indistinguishable from
the nerve root and ganglia. They may arise from a tear of
the fragile epidural veins because of disc disruption.
Computed tomography follow-ups show a regression of
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focal extension of disc
material

FIG. 42-6. By computed tomography herniation is delin-
eated as focal extension of the disc. Differentiation
between nucleus and annular tissue as well as between
protrusion and extrusion is not possible.

Herniation

displaced nerve root S 1

FIG. 42-7. A: Computed tomography of the level L5-S1.
A right side disc herniation displacing the right nerve
root S1 dorsally. The nerve root is nearly indistinguish-
able from the herniated disc material. B: Computed
tomography of the level L5-S1 3 mm beneath the level of
Figure 42-11A. The displaced nerve root is delineated by
the surrounding epidural fat of low density.
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hematomas with the underlying disc herniation remain-
ing (34–36). Epidural and subdural hematomas also may
originate from hematologic disorders, hypertension, and
atherosclerotic vascular diseases (36–38).

Because of their location, synovial cysts and synovial
ganglia of degenerated facet joints may mimic disc frag-
ments. They are broad-based to the zygapophyseal joint,
mostly rounded, emerging into the central canal or subar-
ticular recess. The mass may exhibit internal gas or a cal-
cified rim (39–42). The thickened and protruding liga-
mentum flavum and capsule are isodense with the disc
and may cause diagnostic problems. Injection of contrast
media into the relevant facet joint shows the communica-
tion of the cyst with the joint space (43). Occasionally
cysts can also emerge out of a degenerated disc and are
difficult to differentiate from herniation. They may result
from resorption or mucoid degeneration of an already
existing herniation (44).

Perineural cysts (45), occurring beneath the per-
ineurium at the level or beyond the dorsal root ganglion,
and subarachnoidal cysts (cystic nerve root sleeve dilata-
tion or meningeal diverticulum) (46) located proximally
to the nerve root ganglion, should not be misinterpreted
as herniation. They can be distinguished from herniation
when the pressure erosion of the surrounding bone is
regarded and contrast medium is filled in after intrathecal
administration (47,48).

Nerve sheath tumors may be confounded with lateral
herniations and because of their locations are only
Schwannomas (49).

The main question with postoperative backaches
(failed back surgery syndrome) is to find out whether the
nerve root compression results from reherniation or scar
tissue, especially epidural fibrosis. Native CT is not suit-
able to answer this question (Fig. 42-8) (50). It shows

both scar tissue and reherniated disc material with identi-
cal density. The location of both processes does not per-
mit discrimination either, because scar tissue normally
extends epidurally and laterally to the posterior aspect of
the operated disc (51,52). Therefore, CT discography is
necessary to clarify this condition (Fig. 42-8). If postop-
erative spine hemorrhage and noninfectious inflamma-
tory processes arise, they can be well visualized. Contrast
enhancement of scar tissue depends on the time that
passed between operation and CT examination with older
scar enhancing less. Nevertheless, the diagnosis improves
by 20% up to 3 years after operation (53,54).

PATHOMORPHOLOGIC DEFINITIONS AND
NOMENCLATURE OF DISC HERNIATION

The grading of disc herniation mainly depends on the
internal disarrangement of nucleus and annulus; the dis-
placement of nuclear material is the most important fea-
ture.

Resnick and Niwayama (55) and other authors (56)
propose the following schema for disc herniation: 

Annular bulge: Annular fibers are intact and the disc pro-
trudes beyond the intervertebral interspace around the
end plate (Fig. 42-9).

Protrusion: Nuclear material protrudes through torn
fibers of the annulus, with the outermost fibers
remaining intact (Fig. 42-6).

Extrusion: The nuclear material penetrates all of the
fibers of the annulus fibrosus and lies under the PLL
(Fig. 42-10).

Discal sequestration: The nucleus material penetrates the
posterior longitudinal ligament (PLL) and lies within
the epidural space or the nucleus material does not
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obstructing the
spinal canal

scar tissue

FIG. 42-8. A: Differentiation between scar tissue and possible reherniation is not possible (computed
tomography native at the level L4-5). B: The enhancement of the intraspinal mass after intradiscal
administration of contrast medium reveals reherniation and differentiation from scar tissue (computed
tomography discography at the level of L4-5).

enhancing mass after
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scar tissue
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Extruded disc
material

FIG. 42-10. Computed tomography of the level L5-S1. The
extruded disc material is clearly depicted. Possible rupture of
the posterior longitudinal ligament cannot be visualized.

bony fragment

FIG. 42-11. Computed tomography of the level L4-5 (bony
window). A bony fragment has extruded together with disc
material into the subligamentous space of a 15-year-old
trampoline jumper.

displaced nerve
root

epidural fat

herniated disc

FIG. 42-12. Computed tomography of the level L5-S1. The
herniation has displaced the left nerve root S1 dorsally. The
epidural fat on the left side has nearly disappeared.

foraminal to extrafo-
raminal extruded
disc material with
calcification

FIG. 42-13. A: Computed tomography of the level L3-4. An extruded mass of disc material extends from
foraminal to extraforaminal with calcification. B: CT-discography ascertains extraforaminal herniation
suspected by discography.

extraforaminal herni-
ated disc

A B

lig. flavum

thecal sac

bulging disc

bony endplate of the 
vertebra L4

FIG. 42-9. Computed tomography at the border of the disc
L3-4 to the vertebra L4. The disc exceeds symmetrically and
uniformly the contour of the margin of the vertebra.



penetrate the PLL and migrates beneath the PLL cra-
nially or caudally as a fragment and is separated from
the remaining portion intervertebral disc.

The schema proposed by Herzog (57) is more related
to practical experience concerning protrusion and extru-
sion.

Protrusion is a herniation of disc material and not only
nuclear material. It results in a focal contour abnormality
of the disc margin (Fig. 42-6). 

Extrusion means penetration of the outer annulus of
any disc material, including possible bony fragments
(Figs. 42-10, 42-11). This material may remain beneath
the PLL and is called subligamentous extrusion. If it pen-
etrates through the PLL it is called transligamentous
extrusion. Once the extruded material looses contact with
the parent disc, it is called a sequestered disc fragment,
which can be transligamentous or subligamentous.

Because CT examination cannot discriminate between
nuclear and disc material or outer annular fibers and PLL
(Fig. 42-10), the pathomorphologic schema should be
used only with restrictions.

Bulging occurs when the disc symmetrically and uni-
formly exceeds the contour of the margin of the vertebra
(Fig. 42-9) (22,58,59). The differentiation between pro-
trusion and extrusion as well as subligamentous and
transligamentous extrusion is uncertain (Fig. 42-10). A
distinct focal extension of disc material of remarkable
volume and clear lateral position is probably an extru-
sion. A protrusion normally has a broader base with
regard to its extension (Fig. 42-12) (60). A sequester has
to be assumed when there is clear loss of continuity of
extruded disc material in successive slices. Reformatting
of the axial slices into sagittal orientated views are help-
ful in demonstrating a sequestered extrusion. Therefore, a
CT description of herniation is mainly restricted to the
localization of the herniated material. This may be cen-
tral, lateral, intraforaminal, and extraforaminal and can
extend into cranial and caudal direction. The extent of
herniated disc material is better visualized by CT discog-
raphy (Fig. 42-13). The relation of disc herniation contact
and displacement to the nerve root can be depicted.

COMPUTED TOMOGRAPHY DISCOGRAPHY

To get more information about the pathoanatomy of
the degenerative disc, discography may be followed by
CT examination (12,61–64). When performing a CT
immediately after discal injection, the annular fissures
are mainly filled with contrast media. When a CT 4 to 6
hours after the injection is performed, mainly the nuclear
material is stained. On the base of the discography grad-
ing (13,14), it may be useful for CT discography-staging
to subdivide type 4 into a, b, and c, where in (a) the
derangement extends to less than half of the cross-section

of the disc; (b) the unstained annulus amount is still one
third of the disc radius; and (c) the contrast medium
extends to the outer fibers of the annulus (Fig. 42-14).
Leakage is possible in this case (Fig. 42-15). Type 5 is
also subdivided into a, b, and c groups, where (a) means
protrusion (Fig. 42-16); (b) subligamentous extrusion
(Fig. 42-17); and (c) transligamentous extrusion (Fig. 42-
18). Types 5 b and c include sequestration (63,65). Small
and broad-based disc herniation can be defined (66). The
amount of contrast-medium uptake in the herniated por-
tion can be evaluated (67). Because of the high informa-
tion value, CT discography is regarded as golden stan-
dard in evaluating disc degeneration and herniation for
other imaging procedures.
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Diffuse enhancement of
the contrast media . 

FIG. 42-14. CT-discography of L4-5. Patches of enhance-
ment of contrast media in internal disc disruption. No hernia-
tion.

Leakage of con-
trast media into the
epidural space

Disc disruption

leakage

FIG. 42-15. CT-discography of the level L5-S1. Axial view in
the upper part of the image and sagittal reconstruction in the
lower part. The leakage may mimicry straining of seques-
trated disc herniation.
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Contrast media
extends to the
outer fibers of the
annulus

Outer border of the
annulus

FIG. 42-16. CT-discography of the level L4-5. The intradiscal
applied contrast media extends with a broad base to the dor-
sal border of the disc according to type Va.

Herniation with
uncertain defined
limits

FIG. 42-17. A: Computed tomography of the level
L5-S1. The herniation has uncertain defined limits.
Distinction from nerve root is not possible. B: CT-
discography of the level L5-S1 displayed in the soft-
tissue window defines clearly the border of the
extruded disc material. C: CT-discography of the
level L5-S1 displayed in the bony window. The bony
structures are better defined CT-discography.

nerve root

small based
extrusion of disc
material stained
with contrast
media

stained extruded
disc material
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C

Transligamentous
extrusion

Extruded annulus
material

FIG. 42-18. CT-discography L4-5 displayed with soft-tissue
window shows a transligamentous extrusion with staining of
the disc material. The extruded annulus material has less
uptake of contrast media.



MAGNETIC RESONANCE IMAGING

Up to now, MRI has become the most frequently used
method to depict disc herniation. In contrast to CT, MRI
can directly produce slices in every chosen plane. In CT
as in all X-ray modalities, the electron density is the con-
trast-determining parameter. In MRI there are at least
three intrinsic parameters (proton density, spin-spin, and
spin-lattice relaxation) with a multitude of extrinsic
parameters (echo-time (TE), repetition-time (TR), inver-
sion-time (TI), flip angle, field-strength, receiver-coils, etc.).

This allows to show the different spinal tissues with
remarkable different signal intensities and results in high
contrasts (Fig. 42-19). The nucleus, which is indistin-
guishable from the annulus in T1-weighted images,
becomes very bright in strongly T2-weighted images. The

annulus, ligaments, and nerve roots with fiberlike struc-
tures are bright in gradient-echo sequences, out of phase,
and T1-weighted and dark in T1- and T2-weighted SE-
images. Epidural and intraforaminal fat appears very
bright in T1-weighted images and less bright in T2-
weighted images. It is dark with fat-suppression tech-
niques. Cerebrospinal fluid has very low signal intensity
on T1-weighted images and gets higher signal intensity
with more T2 weighting. Because of identical values for
T1 and T2 relaxation as for proton density, it is impossi-
ble to differentiate the outer annulus PLL complex. The
resolution is equal to high-resolution CT. Inherent arti-
facts, mainly chemical shift (68) and pulsation, have to be
considered because they can affect morphometric and
signal intensity analysis. For signal intensities are no
absolute values, ratios of the signal intensity of interest-
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FIG. 42-19. Appearance of disc,
vertebrae, and neuronal structures
in differently weighted sequences. A
slight protrusion exists in L4-5 and
L5-S1. A: T1-weighted image. B:
Enhanced vascular structures after
intravenous (i.v.) application of
gadolinium (Gd) contrast medium.
C: T1-weighted opposed phased
image. D: Better delineation of the
vascular structures after i.v. applica-
tion of Gd contrast medium. E: Pro-
ton density weighted image. F: T2-
weighted image. G: Fat suppression
with appearance of heavily T2
weighting.

E,F,G

C,D

A,B



ing tissue to the signal intensity of a reference tissue, are
used to describe physiologic or pathologic changes; for
example, the change of signal intensity of the aging or
degenerated disc. Cerebrospinal fluid, adjacent vertebral
marrow, or intensity of the nucleus of obviously normal
disc segments mostly are taken as reference tissues
(69–73). Because of the multitude of parameters that
influence tissue contrast, there is no commonly accepted
protocol for image-based investigation of the lumbar
spine. T1- and T2-weighted images are included in most
studies. The guidelines for quality control of the German
Board of Medicine (Bundesärztekammer) list the spinal
structures that have to be delineated and require in-plane
resolution of 1 × 1.5 mm with a slice thickness less than
4 mm (74).

Different classification systems are used to describe
the degeneration process of the disc. The used parameters
are the signal intensity of the nucleus, which decreases
with growing age and degeneration, and the height of the
intervertebral interspace. There is no commonly accepted
procedure to determine stages of the intervertebral disc
degeneration. Classification schemata, as proposed by
Battié (69) and Pfirrmann (72), include the signal inten-
sity of the nucleus, disc height, and morphologic descrip-
tion of the nucleus, and seem to be most appropriate to
evaluate the degree of degeneration.

Herniated material may contain nuclear, annular, and
end plate tissues. The classification schema of Brant-
Zawadzki (60) for herniation, which is purely based on

morphologic criteria, is widely accepted. These authors
give the following definitions:

Normal: No disc extension beyond the interspace
Bulge: Circumferential extension beyond the interspace

(Fig. 42-20). If a spondylolisthesis occurs, the axial
images can lead to misinterpretation of the disc fixed
on the upper end plate, and the adjacent non-dislocated
vertebra as protrusion (pseudoprotrusion) (Fig. 42-21).

Herniation: Any focal extension beyond the interspace.
Subdivisions:
(a) Protrusion: Focal or asymmetric extension beyond
interspace into the canal, base is broader than any other
diameter of the protrusion (Fig. 42-22);
(b) Extrusion: Focal, obvious extension beyond inter-
space; the base against the parent disc is narrower than
the diameter of the extruding material itself, or there is
no connection to parent disc at all (Fig. 42-23).

To eliminate a false-positive diagnosis it seems impor-
tant not to use the global term “herniation,” but rather its
subgroups.

The subdivisions of extrusion in transligamentous
and subligamentous herniation as described by Herzog
(57) are not included in the preceding schema, probably
because of the difficulty of depicting the outer annulus
PLL complex. An exact differentiation between these
two subgroups can only be done when the rupture of
this complex is clearly demonstrated (75,76). For the
same reason, differentiation between protrusion and
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extension of disc
material beyond the
interspace

FIG. 42-20. A: The bulging disc slightly dents the dural sac
(sagittal image, STIR 2000/150/20). B: The convex shape of
the disc is characteristic for bulging disc (transverse image,
GRE 500/7 out of phase). C: We report the enhancement of
the outer annulus fibers to the elevated tension of the annu-
lus (transverse image, GRE 500/7 out of phase after intra-
venous administration of gadolinium contrast medium).

circumferential extension
of disc material

slight enhancement of
outer annulus fibres

A

B C



extrusion may be difficult (60). Extrusion is more
likely if the herniated material contains nuclear frag-
ments with high signal intensity on T2-weighted
images (Fig. 42-23). With older extrusions, the nuclear
fragment tends to become dark by resorption and des-

iccation (76,77). There may be different opinions when
defining a bulge or protruded disc (77). The divergence
from the concentric contour cannot be clearly identi-
fied in every case. Foraminal and extraforaminal herni-
ations are difficult to classify into protrusion and extru-
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FIG. 42-21. A: The spondylolisthesis mimicries a bulging disc
(sagittal image, GRE 500/7 out of phase). B: The axial slice
position in spondylolisthesis exhibits the total posterior annu-
lus as in bulging conditions (pseudo bulge) (transverse image,
GRE 500/7 out of phase). C: The enhancement of the outer
annulus in pseudo bulge conditions may be caused by stress
to the rim (transverse image, GRE 500/7 out of phase after
intravenous administration of gadolinium contrast medium).

annulus

disc

bone

enhancement of
outer annulus
fibers

A B

C

low signal intensity
of the disc L4/5

impression of the
dural sac

FIG. 42-22. A: Water loss of the degenerated disc leads to
signal loss in the T2-weighted image. The cerebrospinal fluid
of the dural sac appears very bright. The dural sac is
indented by the protruded disc (sagittal image, STIR
2000/150/20). B: In T1-weighted opposed phased image, the
whole disc appears bright, posterior longitudinal ligament,
parts of the plexus, and the dura have intermediate signal
intensities, and the vertebrae appear dark. Therefore, the
extension beyond the interspace is well delineated (sagittal
image, GRE 500/7 out of phase). C: Broad-based asymmet-
ric extension of disc material beyond the interspace (protru-
sion) (transverse image, GRE 500/7 out of phase).
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sion, especially when nuclear material inside the herni-
ation cannot be depicted (Figs. 42-24, 42-25).
Sequestered intervertebral discs are well delineated by
sagittal images (Fig. 42-26)(78).

The relationship of herniation and the neurovascular
structures is of major clinical importance. The contact of

the herniation with the nerve root and its possible devia-
tion, mostly posteriorly, is well visualized in T1- and T2-
weighted axial images. The term “nerve root compres-
sion” (79–81) does not seem to be adequate for these two
conditions and is not convincingly presented in published
images.
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herniated disc mate-
rial

extruded nuclear
material

dural poach of S1 nerve
root

FIG. 42-23. A: Obvious compression of the dural poach of the nerve root S1 by herniated disc mater-
ial. The herniated nuclear material has penetrated the outer fibers of the annulus (sagittal image, STIR
2000/150/20). B: The herniated disc obstructs the recessus S1 on the right side and displaces the nerve
root (transverse image, GRE 500/7 out of phase). C: The uptake of contrast medium in the tissue adja-
cent to the herniation is caused by edema or hypervascularization (transverse image, GRE 500/7 out
of phase after intravenous administration of gadolinium contrast medium). D: Coronal image may be
helpful in delineating extension and position of the herniation with regard to the neuronal and bony
structures (coronal image, GRE 500/7 out of phase after intravenous administration of gadolinium con-
trast medium).
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disc material
extending into
the neurofora-
men L4

FIG. 42-24. A: The degenerated disc L4-5 extends laterally into the neuroforamina. Nerve root, inter-
vertebral vessels, and intraforaminal fat cannot be differentiated by this sequence (sagittal image, GRE
500/7 out of phase). B: The coronal image after intravenous application of gadolinium (Gd)-contrast
medium differentiates better between the affected nerve root and the intraforaminal herniation (coronal
image, GRE 500/7 out of phase after intravenous administration of Gd contrast medium).
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The effect of disc herniation on neurovascular struc-
tures may be visualized as swelling of the nerve root, pos-
sibly caused by edema. This effect is better demonstrated
by enhancement after i.v. administration of gadolinium
(Gd) contrast media (82–89). Enhancement is nearly
always seen at the rim of the herniation (90,91). This is

caused by neurovascularization. Together with dynamic
examination, MR angiography allows the separation of
vascularization from edema (Fig. 42-27) (92–94). Also,
the venous stasis of the anterior venous plexus caused by
the herniation that obstructs the spinal canal can be visu-
alized (83,95).
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extraforaminal her-
niated disc mate-
rial

FIG. 42-25. A: There is a large space occupying lesion with
disclike signal intensity (transverse image, GRE 500/7 out of
phase). B: The enhancing rim better delineates the border of
the herniation (transverse image, GRE 500/7 out of phase
after intravenous [i.v.] administration of gadolinium [Gd] con-
trast medium). C: The parasagittal image after i.v. administra-
tion of contrast medium demonstrates the relationship of the
herniation with the adjacent tissues (sagittal image, GRE
500/7 out of phase after i.v. administration of Gd contrast
medium).
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high contrast
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FIG. 42-26. A: Migrated nucleus mate-
rial with questionable origin (sagittal
image, STIR 2000/150/20). B: Migrated
disc material (sagittal image, GRE 500/7
out of phase). C: Obvious discontinuity
of the migrated nucleus material with the
herniated disc L4-5 (sagittal image, GRE
500/7 out of phase after intravenous
administration of gadolinium contrast
medium).
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rim enhance-
ment

herniated disc
material

nerve root S1

FIG. 42-27. A: The enhanced rim represents
perifocal edema or vascularization (coronal
image, GRE 500/7 out of phase after intra-
venous administration of gadolinium contrast
medium). B: The arterial phase of angiography
demonstrates the hypercapillarization of the per-
ifocal tissue.
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with perineural fat tissue

affected nerve root within
scar tissue

scar tissue

FIG. 42-28. A: Scar tissue appears with lower signal
intensity than the normal ligamentum flavum at the oppo-
site side (transverse image, GRE 500/7 out of phase). B:
Scar tissue has high uptake of contrast medium and bet-
ter delineation of the affected nerve root.
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Shortly after discectomy, scar tissue appears dark in
T1- and bright in T2-weighted images because of its high
water content. It appears enhanced after i.v. administra-
tion of Gd-contrast media (Fig. 42-28) (96,97). Gradu-
ally, scar tissue becomes brighter in T1- and darker in T2-
weighted images. The enhancement of contrast does not
change much. Differentiation of recurrent herniation and
scar tissue can be difficult when the herniated disc mate-
rial also enhances by ingrowth of vascular structures.
Normally, the herniated material does not enhance (Fig.
42-29). The usefulness of Gd-contrast media is doubtful
when the high resolution fast spin-echo sequences are
used along with proton density–weighted images (98). 

T1-weighted images before and after Gd-contrast
application are not sufficient to investigate the origin of
reappearing pain in the early postoperative period. In
such cases, retrodiscal infection has to be taken into
account. T1-weighted out-of-phase sequences before and
after Gd administration show the inflammatory tissue
with high enhancement (Fig. 42-30). Possibly re-herni-

ated disc material appears brighter than any possible
abscess (Fig. 42-31) (99).

Perineural or neurogenic tumors, which might be con-
founded with lateral herniation in native MR images, are
identified by their high uptake of contrast medium, which
may be homogeneous, heterogeneous, or annular (Fig.
42-32) (100–102).

Synovial cysts and ganglia can be recognized easily by
their high homogeneous signal intensity in T2-weighted
images and various signal intensities on T1-weighted
images. The signal intensity depends on the fluid compo-
sition ranging from serous to proteinaceous to hemor-
rhagic (Fig. 42-33). In most cases, the synovial tissue is
enhanced after i.v. application of Gd-contrast media
(42,103,104).

Hematomas may be confounded with herniation in T1-
and T2-weighted images (34,76,105). Better differentia-
tion is possible with T1-weighted GE out-of-phase
sequences where hematomas appear very bright because
of susceptibility effects.
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scar tissue

FIG. 42-29. A: Recurrent low back pain 9 months after discectomy. Epidural scar tissue with suspicion
of reherniation (sagittal image, GRE 500/7 out of phase). B: The reherniated nucleus appears very
bright in T2-weighted images, indicating recent herniation (sagittal image, STIR 2000/150/20). C: For-
eign mass on the left side compressing dural sac (transverse image, GRE 500/7 out of phase). D: After
intravenous (i.v.) administration of gadolinium (Gd) contrast medium, the reherniation is demarked by a
rim of high enhancement (transverse image, GRE 500/7 out of phase after i.v. administration of Gd con-
trast medium).
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retrodiscal space
occupying mass

FIG. 42-30. A: Five days after surgical intervention, the patient
presented with acute low back pain. A bend-shaped retrodiscal
structure can be seen with nearly disclike signal intensity (sagittal
image, GRE 500/7 out of phase). B: The throughout enhanced
mass after i.v. application of Gd-contrast media exclude a disc
herniation (transverse image, GRE 500/7 out of phase after intra-
venous [i.v.] administration of gadolinium [Gd] contrast medium).
C: At reoperation, the mass reveals to be infectious tissue with
pus accumulation (coronal image, GRE 500/7 out of phase after
intravenous administration of Gd contrast medium).
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Scar tissue

FIG. 42-31. A: The unenhanced T1-weighted opposed phased image shows a mass of uncertain ori-
gin (transverse image, GRE 500/7 out of phase). B: After intravenous (i.v.) application of gadolinium
(Gd) contrast medium, an enhancing rim appears. The center has slightly lower signal intensity than
disc material. At operation, the mass is revealed to be an abscess (transverse image, GRE 500/7 out
of phase after i.v. administration of Gd contrast medium).
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FIG. 42-32. A: The foramen is obstructed by a mass of high-signal intensity equal to the intensity of the
disc (sagittal image, GRE 500/7 out of phase). B: The homogenous high uptake of contrast media is
characteristic for neurinomas (transverse image, GRE 500/7 out of phase after intravenous administra-
tion of gadolinium contrast medium).
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CLINICAL RELEVANCE

As shown, there are different imaging techniques to
elucidate the pathomorphologic origin of low back pain
and sciatica. The evaluation of methods regarding accu-
racy and predictive value highly depends on the technical
performance (106) and the expertise of the persons inter-
preting the data. 

A plain radiograph may show a narrowing of the disc
space, osteophytes, and calcification. Therefore, it is not
the method of choice when there are strong clinical hints
for discal herniation, and no suspicion of consuming dis-
eases is given.

Myelography demonstrates filling defects of the thecal
sac and dural recess that may be caused by any stenosing
process (discal, spondylotic, osteoarthritic, or tumorous).
Therefore, this imaging procedure is only indicated today
when patients have metal implants.

Discography describes the internal derangement of the
discs, and rupture and herniation of the outer annulus.
Major disadvantages of discography are: invasiveness,
selectivity of examination, and no differentiation between
subligamentous and transligamentous extrusion. It can 
be combined with the pain reproduction test to locate the
painful segment. The reliability is controversial (19,21,
101,107–114). When discography is followed by CT
examination, it is possible to precisely locate the hernia-
tion and determine the form and volume of herniated
material (62,112). Because of invasiveness and inherent
risks, discography and CT discography are image proce-
dures that are secondary to CT and MRI. 

Computed tomography delineates the outer contour of
the disc as well as gas and calcification. It does not sup-
ply any information about the disc matrix. Sagittal and
coronal views are only available by reconstruction. This
demands thin contiguous axial section. Exposure to radi-
ographs should not be neglected. Apart from MRI, this
technique is the imaging modality of choice to demon-

strate discus herniation and osseous stenosing processes,
even when subligamentous and transligamentous exten-
sions cannot be evaluated.

Magnetic resonance images correlate well with macro-
scopic anatomic sections (112). However, in 13% of the
cases, discs that appear normal on MRI may show tears
on discography (71). The high-intensity zone (HIZ) (115)
does not seem to be a relevant feature for an aching disc
(116). Annulus and nucleus can be distinguished. The
location of herniation inside and outside the canal as well
as its correlation with the neurovascular structures can be
exactly identified. Subligamentous and transligamentous
extrusions are hardly ever indistinguishable. Views of the
whole lumbar spine can be taken from all angles without
any risk for the patient. To sum up, it can be said that MRI
has some advantages in comparison with CT regarding
the diagnosis of disc herniation.

One has to review the ways that image information can
explain patients’ symptoms and therefore form the basis
for treatment.

There is a high incidence of disc abnormalities, as
described by CT and MR examinations in asymptomatic
individuals (21,117–122).

Studies have shown that spontaneous regression of the
hernia can occur with regression of radicular pain (76,77,
90,123–129). It seems that sequestered disc material has
a greater potential for regression than extruded and pro-
truded disc material (50). The contact of herniated mate-
rial with the vascular system in the epidural space is
probably responsible for this natural course of herniation
(130–133). Therefore, conservative treatment should be
considered for at least 2 months after onset of radicular
pain (125,134–137).

The morphometric measurements and their ratios (vol-
ume or size of the herniation, diameters of the dural sac
and spinal canal), and different types of herniation are
considered for their predictive value for the outcome of
conservative or surgical treatment (137–145).
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space occupying mass
with high signal inten-
sity 

FIG. 42-33. A: Well delineated space occupying lesion with high signal intensity (saggital image, STIR
2000/150/20). B: After intravenous (i.v.) application of gadolinium (Gd) contrast medium, there is a
strong enhancement of the hypertrophic synovial membrane of the apophyseal joint. The synovial cyst
compresses the thecal sac (transverse image, GRE 500/7 out of phase after i.v. administration of Gd
contrast medium).

enhanced synovial
membrane of the apo-
physeal joint

thecal sac

synovial cyst
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A connection can be assumed of nerve root compres-
sion and swelling of the root and ganglia with location
and severity of leg pain (78,117,120,146–148).

For the welfare of the patient, the collaboration
between radiologists and clinicians is a sine qua non. For
this purpose, the following demands have to be accom-
plished: 

1. The technical performance has to be optimal. 
2. Disc herniation has to be exactly characterized for

morphology, location, and its relation to the neu-
rovascular system. 

3. A generally accepted nomenclature is necessary. 
4. In the absence of disc abnormalities the imaging

should be able to detect other reasons to explain the
pain of the patient.

5. The results of imaging have to correlate with the
patient’s symptoms.
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CHAPTER 43

Disc Herniation: Nonoperative Treatment

Kevin P. Singer and Peter J. Fazey

“... surgical treatment of spinal disorders produces the best
results when clinical symptoms and signs are congruous and
confirmed by carefully selected imaging studies, and when
they have resulted in an unequivocal diagnosis amenable to
surgical management. An additional and important caveat is
that the surgical result ought to be better than the ‘natural
history’ of the disease being treated.” 

—J.W. Frymoyer, 1997

Herniations of the intervertebral disc (IVD) have proba-
bly afflicted man since earliest times, with the associated
backache entrenched within folklore. The depiction by
Luschka in 1885 of a central nuclear herniation of a lum-
bar IVD (1) (Fig. 43-1) is perhaps the first illustration of
a specific spinal pathology that continues to command
the attention of modern societies. The fact that, for tens
of thousands of years, humans have been reliant upon
nature underscores the challenge from John Frymoyer (2)
to not disadvantage the individual if the natural history of
spinal disease may be better in the long term than surgi-
cal interventions. The early clinical reports by Lindblom
and Hultquist (3), and Hakelius (4), which identified pro-
gressive recovery following sciatica, have been quanti-
fied by others using cross-sectional computed tomogra-
phy (CT) and magnetic resonance imaging (MRI) (5,6).
These observations of the spontaneous regression of disc
herniations have since prompted investigation into the
physiology of this process. 

The natural history of disc herniation describes a
process of resolution both of symptoms and often a
diminution of the herniation itself; which may be aided
pharmacologically through epidural steroids and nerve
root sleeve blocks or through rest and other conservative
interventions. The purpose of this chapter is to review the
natural history of lumbar disc herniation and principles of
nonoperative management of this clinical problem. A
case study report of the sequence to spontaneous regres-
sion of a large central disc herniation at L4-5 in a 32-
year-old woman is provided to illustrate the natural
course of this condition. 

In the case of established herniated nucleus pulposus
(HNP) there is an abundance of literature that confers
advantage to conservative management (7). The efficacy
of nonoperative management, observed through sponta-
neous regression of disc herniation, has been reported not
only for the lumbar (8–10), but also thoracic (11–13) and
cervical disc herniations (14,15). Further reinforcement
for the principle of management by “watching and wait-
ing” stems from the numerous reports of disc herniation
and related disease in a large proportion of asymptomatic
individuals.

In the 10-year controlled follow-up study reported by
Weber (16), similar patterns of neurologic recovery in
groups treated surgically and conservatively were demon-
strated. In contrast, the 5-year follow-up study by Atlas et
al. (17) determined that patients with moderate or severe
sciatica, who had lower functional status at baseline,
reported better outcomes following surgery compared
with nonoperated patients. Irrespective of the extent of
the initial neurologic deficit, a trend favoring nonopera-
tive treatment was reported by Saal and Saal (18) who
confirmed the capacity of HNP to resolve clinically with-
out surgery or chemonucleolysis. The trend for larger her-
niations and sequestrated fragments to show an enhanced
capacity for regression was supported by subsequent
reports (9,19–21). Importantly, a 10-year review by
Fraser et al. (22) clearly indicated that long-term
improvement of a patient’s symptoms of HNP could
occur with or without regression of the herniation.

EVALUATION OF DISC HERNIATION

Early postmortem studies of the thoracic and lumbar
spine by Andrae (23) and Schmorl (24) indicated that
HNP was a frequent occurrence (Fig. 43-2). Since the
advent of plain radiography, a high prevalence of spinal
disease has been identified within asymptomatic individ-
uals (25). Similarly, CT and MRI have highlighted the
extent to which advanced pathology of the IVD, includ-
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ing disc herniations, are present in asymptomatic study
cohorts (26–30). These observations make more difficult
the interpretation of results from diagnostic procedures
used to investigate individual patients presenting with
low back pain. According to Beauvais et al. (31), CT
imaging did not predict the outcome of lumbar IVD her-
niation. Although a larger herniation or free fragment was
found in the group with the best clinical outcome, the dif-
ferences at 3 months were not significant in conferring
any prognostic value. In contrast, a review by Henmi et
al. (32), which followed the conservative management of
10 individuals with HNP, found signal intensity ratios
derived from T2-weighted MRI sequences in the acute
and late follow-up phases that predicted the pattern of
HNP reduction. These authors reported that those HNPs
with lower signals did not show size reductions.

MODEL OF DISC RESORPTION

Although the mechanisms of disc resorption remain
unclear, it has been proposed that, following HNP and its
immediate postinflammatory sequence, intrinsic hydro-
philic capacity is impaired which leads to progressive

desiccation. End stages of the inflammatory cascade are
phagocytosis and eventual resorption (33). Larger iso-
lated disc fragments may regress more readily given their
tendency to migrate and regress due to the inflammatory
mediated response (34,35). Fibroblast growth factor,
inducing neovascularization, appears to be one potent
source for this functional change in morphology of the
fragment (36). In a study by Bozzao et al. (37), reductions
of more than 70% were recorded for large and medium
herniations, averaged across an 11-month follow-up
period. Similar observations have been noted by Ito (7).
In an interesting study by Boos et al. (38), 22 symp-
tomatic and asymptomatic disc herniations, matched
according to age, gender, disc level, and the extent of disc
herniation, were compared using MRI (T1 and T2 relax-
ation times). In the symptomatic disc herniations, signif-
icantly reduced T1 and T2 relaxation times were recorded
compared with the matched asymptomatic herniations. In
addition, the symptomatic disc herniations were associ-
ated with more advanced levels of disc degeneration.
These results suggest that symptomatic and morphologi-
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FIG. 43-1. Depiction of posterior disc herniation, as repre-
sented by Luschka (1) showing a nuclear fissure (reflected)
passing through the posterior anulus (A) and protruding into
the vertebral canal (B).

FIG. 43-2. Axial views of the thoracic (A) and lumbar (B)
cadaveric discs, depicting a midline radial fissure through the
posterior anulus with degeneration and dissication in the
nuclear region of the disc. Apart from a localized osteophyte
to the right side of the vertebral body in B, and the radial anu-
lar defect, the anulus appears relatively normal.



cally matched asymptomatic disc herniations differ with
regard to the matrix composition of the whole disc.

An early consideration during the acute phase of HNP
is the role of epidural steroid injection, either local to the
site of the HNP, or nerve root sleeve injections (39).
Epidural steroids introduced specifically into the epidural
space adjacent to the HNP can aid the inhibition of
inflammatory mediators, moderate pain, and facilitate the
resorption process (40). Although there has been consid-
erable debate over the years, recent reviews provide sup-
port for spinal epidurals and nerve root sleeve blocs,
respectively, as adjuncts to the conservative management
of disc herniation and radiculopathies (40,41).

DISC HERNIATION AND SURGERY

The lifetime prevalence for lumbar radicular syndrome
has been estimated at approximately 5% (42). However,
there are marked regional and international differences in
rates for surgery and conservative management of this
problem that reflect a wide range of issues (2). Candi-
dates for surgery following lumbar disc herniation
account for a relatively small proportion of all spinal
cases. Classic indications include: cauda equina syn-
drome, functional weakness of the lower extremity, and
severe pain (2). In selecting surgical cases, many factors
have been found to be predictive of outcome including
unequivocal radicular symptoms and associated sensory
changes, motor weakness, and straight-leg raising (SLR)
test reduced to less than 30°, with positive tension signs
from contralateral SLR, all of which must be confirmed
by concordant positive imaging studies (43). An increas-
ingly important consideration of presurgical screening is
the determination of psychosocial factors that can mod-
erate the outcome (44).

While the study by Weber (16) provided evidence that
discectomy produced better clinical outcomes at 1 year,
delaying surgery in cases where indications were uncer-
tain to monitor the natural recovery did not produce long-

term harm. The reviews by Hoffman et al. (45) and
Stevens et al. (46) reiterate the importance of careful
patient selection and confirm clinical empiricism that the
principal benefit of surgery for HNP is the rapid relief of
sciatica in those individuals who have failed to improve
under conservative care. Consideration of the state of the
involved disc as a whole may be important given the
observations by Boos et al. that symptomatic HNP cases
tended to be associated with more advanced disc degen-
eration (38). It is valuable to determine, during the phys-
ical examination, whether peripheral (radicular) symp-
toms can change to a more central location following
repeated movements (47). If symptoms can be changed
with mechanical maneuvers, such a finding should
encourage a “wait and watch” approach.

The astute clinician is able to identify salient indications
for surgery based principally upon symptomology, while
recognizing that patient preference and psychosocial indi-
cators also play a role in determining outcomes (48,49). 

PRINCIPLES OF CONSERVATIVE
MANAGEMENT

As a consequence of the burden of back pain on health
care systems, a diverse range of nonoperative manage-
ment options exist. At present, not all interventions have
an established scientific basis, however this deficiency is
progressively changing through the impetus of systematic
reviews of published literature and randomized con-
trolled studies into specific therapies (50). The Cochrane
Back Review Group maintains a comprehensive resource
of contemporary systematic reviews of many of these
therapeutic strategies (51), which is updated and
expanded according to the cyclic review process (46,
52–57) (Table 43-1). In addition, other published nonsys-
tematic reviews are available from this resource (58).

The goals associated with many conservative interven-
tions are: reduction of disability, symptomatic manage-
ment of pain and gradual restoration of premorbid levels
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TABLE 43-1. Selected Cochrane reviews and protocols related to spine surgery and rehabilitation (51,58)

Author (yr) Title of review

Hagen KB et al., 1999 Bed rest for acute low back pain and sciatica
Gibson JNA et al., 2000 Surgery for lumbar disc prolapse
Ostelo RWJG et al., 2000 Rehabilitation after lumbar disc surgery
van Tulder MV et al., 2000 Traction for low back pain with or without radiating symptoms
Hilde G et al., 2001 Advice to stay active as a single treatment for low back pain and sciatica
Karjalainen K et al., 2001 Multidisciplinary biopsychosocial rehabilitation for subacute low back pain among 

working age adults
Rozenberg et al., 1999a Efficacy of epidural steroids in low back pain and sciatica; a critical appraisal by a 

French Task Force of randomized trials
Faas et al., 1996a Exercises: Which ones are worth trying, for which patients, and when?

aNonsystematic reviews.
From Cochrane Back Review Group. Available at: http://www.cochrane.iwh.on.ca/review.htm. Accessed

October 30, 2003, with permission.

http://www.cochrane.iwh.on.ca/review.htm


of spinal motion, cardiovascular fitness, muscle strength,
motor coordination, and function. Conservative therapeu-
tic options for the management of disc herniation are
many and mirror, in part, the strategies that are employed
for mechanical back pain, namely (a) limited bed rest,
physical therapy including exercise prescription, manual
therapy, and forms of electric stimulation for pain man-
agement; (b) local and systemic analgesic and antiin-
flammatory medications; and (c) holistic groupings of
rehabilitation strategies which include cognitive behav-
ioral approaches (53). 

The need to guide patients to an informed decision,
based upon careful monitoring of the severity of the clin-
ical presentation and their tolerance of symptoms over the
first 2 months, is crucial to successful conservative out-
come (Table 43-2). Understanding the physiologic seque-
lae of the natural history (7), and imparting this informa-
tion objectively and positively to the patient is essential to
optimize outcomes. The issue of psychological support to
this patient group is particularly important (50,53,56,59).
This process has been likened to that of a coach motivat-
ing a patient throughout the rehabilitation program (60).
In addition to describing the expected natural history of
recovery as it relates specifically to the individual, there
is the need to provide accurate information regarding the
various progressions that the rehabilitation program will
involve (60). Such programs need to be modified accord-
ing to the extent and location of the HNP. If the chosen
approach is one of a conservative rehabilitation strategy,
the patient can be encouraged to progressively avoid pro-
longed bed rest and to increase activity levels within pain
limits. The role of pain and antiinflammatory medica-
tions should be explained, along with promoting an
expectation that recovery will occur, and that surgery
may not be required. Careful selection of a combination
of interventions such as manual therapy, including mobi-
lization, manipulation and traction of spinal segments in
the involved area; active exercises for range of motion
and trunk stabilization; in addition to education concern-
ing back care and short-term rest during exacerbations
will be necessary, along with ongoing reassurance.
According to some investigations, specific supervised
retraining of trunk stabilizing muscles appears superior to
general exercise programs in restoring spinal function
and preventing recurrence of symptoms (61,62). How-
ever, general exercise in the form of supervised gym cir-

cuits may combine elements of many of these interven-
tions and contribute positively in terms of social interac-
tions with others who are well. 

As disc herniation is a relative contraindication to
manipulation, such forms of manual treatment are not
usually recommended, particularly at the affected inter-
vertebral level or in the presence of protective muscle
spasm (63). However, in carefully selected individuals
screened for contraindications to manipulation, symp-
tomatic relief can be achieved and sustained over the
medium term from such therapy (64). For example, man-
ual traction or specific mobilization may be effective in
relieving symptoms by decreasing mechanical stress on
sensitized structures and encouraging local physiologic
responses to assist in reduction of edema and inflamma-
tory reaction (65). Some forms of lateral flexion mobi-
lization of the lumbar spine, popularized by McKenzie
(66), may be helpful in correcting a scoliotic list, produc-
ing improvement which may be short-lived but benefi-
cial. Of interest are the reports that find certain types of
spinal manipulation can achieve marked symptomatic
relief in patients with HNP (64,67,68). Even short-term
reduction in symptoms may reassure patients that their
pain is able to be managed and, importantly, increase their
expectation of a favorable prognosis. Symptom control
will also expedite return to functional activity.

Although focusing on back pain of mechanical origin,
The Back Book (69) conveys essential conservative back
care information (48,70), which can benefit individuals
with disc herniation, particularly if additional cautions
are emphasized during the acute period according to the
severity of symptoms. The principles of such advice for
patients regarding conservative management of herniated
disc are summarized in Table 43-3.

The effect of HNP on the spinal musculature is an
important consideration of rehabilitation following in-
jury. In parallel with pain arising from HNP marked mus-
cle atrophy can occur, particularly in multifidus and
adjoining paraspinal muscles. This atrophy can be unilat-
eral, associated with a specific segmental level (71), and
persist well beyond the time of injury and symptom reso-
lution (72,73) (Fig. 43-2). Although this observation was
confirmed by Kader et al. (74) in a retrospective analysis
of 78 patients with mixed spinal symptoms, the asso-
ciations between muscle atrophy, radicular symptoms,
root compression, HNP, and degenerated discs were not
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TABLE 43-2. Assessment criteria for conservative versus surgical management for herniated lumbar disc, according to SINS

Severity: Self-reported severity of symptoms, using a visual analog scale; confirmed by responses during 
examination of active and passive spinal motion, and nerve tension testing.

Irritiability: The ease with which symptoms are aggravated and their duration, which determines physical capacity 
and treatment options. Key indicators: intractable pain, limited range of pain-free motion and functional
activity, poor quality sleep.

Nature: Characteristics of symptoms in relation to local and referred pain, and symptomatic response to 
compression or traction, or positioning which may caution against activity.

Stage Is the presentation improving, stable, or progressively worsening?



strong. The morphologic effects of spinal muscle damage
and atrophy following surgery and arising from other
forms of back pain have been examined in a series of
investigations (75–77). Similarly, profound effects of
deconditioning on paraspinal muscles have been docu-

mented after disc injury (78). Minimization of muscle
atrophy must be balanced with the need for adequate ini-
tial bed rest. Following the acute phase, a graduated
active exercise program, which may include hydrother-
apy, should be encouraged and reinforced with education.
Restoration of muscle strength and endurance through
specific back exercises appears to be achieved initially
through neuromuscular adaptations rather than overt
changes in muscle morphology (77), which have a longer
time course for recovery. Abdominal stabilizing exercises
have been demonstrated to play a key role in recruitment
of muscles that sustain lumbar mechanical function
(61,79,80). Aerobic exercise is a recommended compo-
nent of the rehabilitation in most cases as an aide to
restoration of trunk, spinal, and lower extremity muscula-
ture (60). 

Effective management of pain is a very important con-
sideration during the acute phase (Fig. 43-3), given its
profound inhibitory effect upon function and muscle
morphology (81,82). The model of structural pathology
imposing pain inhibition on joint movement, and con-
tributing to local muscle atrophy, subsequently creating a
vicious cycle of ongoing mechanical pain and dysfunc-
tion is a well-recognized sequence for many muscu-
loskeletal systems (83) (Fig. 43-4). Some gentle forms of
passive movement during the acute stage may also be
helpful but must be guided by the symptomatic response
of the individual with consideration of the key elements
of the severity of the clinical presentation, presented in
Table 43-2. Graduated mobilization and some forms of
manipulation for pain-induced limitation of spinal move-
ment may be indicated in the postacute stage of rehabili-
tation (64,65).

The natural history of HNP is presented in the follow-
ing clinical case which highlights the process of symptom
reduction and functional improvement and concomitant
changes in MR images. The rehabilitation approach in
this case included initial rest and analgesia followed by 
a graduated exercise program, including hydrotherapy,
which was moderated according to symptom changes. 
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TABLE 43-3. Principles of patient advice regarding
conservative management of disc herniation

Be aware of the “red flags” and report them if they arise.
These include: bladder and bowel problems, progressive
increase in pain, loss of sensation, progressive peripheral
muscle weakness.

Take it easy initially. When pain is acute, rest is necessary 
but avoid prolonged bed rest.

Believe that you will get better, but be aware that it may 
take several months.

Pain management is important: epidural and nerve root 
sleeve injections may help.

Maintain general spinal movements, avoiding positions or 
directions that increase symptoms. This will assist
recovery and not worsen the problem.

Traction or gentle passive treatment may help during 
exacerbations but may offer only short-term relief. Active
movement and general exercise are important for the
long term.

Keep mobile without aggravating pain levels. Initial light 
activity can be gradually extended to include exercises to
restore spinal muscle strength and endurance, and
cardiovascular fitness. Hydrotherapy may be helpful in
the early stages of recovery.

Minimize prolonged static weight-bearing postures.
Avoid unnecessary lifting.
Surgery may not produce better outcomes than 

conservative care in the longer term. Unless “red flags”
are evident, watchful waiting may be better than early
surgery.

After 2 months of conservative management, surgery is 
much less likely to be required.

Adapted from Buchbinder R, Jolley D, Wyatt M. Population
based intervention to change back pain beliefs and disability:
three part evaluation. BMJ 2001;322:1516–1520; Nachem-
son A. Back pain: delimiting the problem in the next millen-
nium. Int J Law Psychiatry 1999;22:473–490; and Weinstein
SM, Herring SA. Lumbar epidural sterioid injections. Spine J
2003;3:37S–44S, with permission.

FIG. 43-3. Schematic representation of the interrelationship
between pain, muscle function, and cardiovascular fitness
following disc herniation. Initial chemical pain and related
inhibition can result in early and profound spinal muscle dis-
use (atrophy), which may contribute to decreased stability of
the involved segment(s). General deconditioning resulting
from reduced functional activity must be addressed if the
rehabilitation program is to be successful. An early focus on
pain management is important in the acute phase followed
by progressive cardiovascular maintenance exercise and
muscle endurance/strength. Unless specific muscle stabi-
lization and strengthening protocols are implemented (A)
there is the potential for chronically inhibited and atrophic
spinal musculature (B) following herniated nucleus pulposus.
Exercise can also contribute to pain control through im-
proved functional capacity and endurance.



Case Study

A 32-year-old woman presented with severe back pain,
radiating to her left buttock, posterior thigh, and lateral
leg as far as the left ankle. This followed an incident
involving shifting of frozen food products from a low
refrigerated container into storage with a time imperative
to avoid deterioration of the frozen goods. This work
required repetitive lifting in a sustained stooped posture.
Over the next 24 hours, progressive worsening of back
pain and leg symptoms forced her to stop work and seek
urgent medical attention. At no time were bladder or
bowel symptoms reported. 

On physical examination, at 3 weeks following the
onset of sciatic symptoms, sitting was not tolerated and
the patient preferred to stand and move around during
interview. She reported that sleep was frequently dis-
turbed. Static standing posture showed a list to the right.
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FIG. 43-4. A “vicious cycle” of pain-mediated inhibition on
the musculoskeletal system is depicted. Initial chemical pain
from the herniated nucleus pulposus produces profound sup-
pression of motor function that may directly contribute to dra-
matic muscle atrophy and disturbed mechanics of the motor
segment. This compromise can induce further mechanical
disruption and pain that perpetuates the cycle. (Adapted
from Young A, Stokes M, Iles JF. Effects of joint pathology on
muscle. Clin Orthop 1987;18:21–27.)

FIG. 43-5. Sagittal T1- (A) and T2- (B) weighted magnetic resonance images depicting the extent of the
central disc protrusion at L4-5 in a 32-year- old woman. The initial imaging was performed 4 weeks after
the incident (left), with subsequent investigations at 6 months (middle) and 4 years (right), respectively.
Degenerative changes of the L5-S1 disc are also noted.



All spinal movements were markedly restricted. Forward
flexion was arrested by pain with fingertips reaching
above the knees. Extension was limited to less than 50%.
Sensation was impaired over the L5 distribution into the
region of the posterolateral leg. In supine lying, there 
was marked restriction of SLR (45°) bilaterally, with
crossover sign from the right causing left buttock pain.
Reflexes were diminished at the knees and could not be
elicited at either ankle. Lower limb perfusion was normal.

Plain films demonstrated long-standing degenerative
changes at L4-5 with some anterior osteophytes and loss
of disc height. A large posterior central disc protrusion at
L4-5 was demonstrated on initial CT. The bony canal
dimensions were good and adjacent disc levels were sat-
isfactory. At 4 weeks post-onset, lumbar MRI sequences
confirmed the extent of the central disc herniation with
migration of disc material inferior to the L5 superior end
plate, causing compression of the ventral aspect of the
thecal sac (Figs. 43-5, 43-6). At this time the patient had
epidural steroid injection under radiologic guidance at the
left L4-5 level which resulted in marked improvement in
local and referred pain. 

On review at 8 weeks post-onset, SLR was still
reduced to 45° on the left and 60° on the right. Standing
posture was normal and only a mild limp was noticeable.

Although surgery was discussed with the patient she
refused this option preferring to continue with conserva-
tive physical therapy, including hydrotherapy and antiin-
flammatory medications as required. Due to persisting
radicular symptoms and sleep disturbance, a second L4-
5 epidural was given at 9 weeks achieving further good
effect. At this time forward flexion was still limited by
pain to fingertips reaching the knees. While spinal exten-
sion was reduced to approximately 75% of the expected
range for her age, SLR had increased to 60° on the left.

A repeat MRI examination at 6 months demonstrated
more than 70% reduction in the size of the central disc
prolapse (Figs. 43-5, 43-6). On review at 12 months fol-
lowing the injury near normal lumbar extension was
achieved and on forward flexion, fingertips reached to
mid-shins. SLR was now approximately 75° bilaterally
with negative nerve root tension signs. Subtle reduction
in sensation persisted over the lateral aspect of the left
leg. 

Repeated MRI at 4.5 years demonstrated further reduc-
tion in the extent of the L4-5 disc prolapse since the 6-
month assessment (Figs. 43-5, 43-6). Mild reduced sen-
sation persisted along the L5 distribution. Spinal mobility
was slightly limited although movements were pain-free.
Symptoms had reduced to a significant extent, apart from
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FIG. 43-6. Axial T1- (A) and T2- (B) weighted magnetic resonance (MR) images depicting the extent of
the large paracentral disc protrusion at L4-5 resulting in marked displacement of the thecal sac. Com-
parison with the initial MR images clearly shows the substantial reduction in size of the disc extrusion,
particularly in the anteroposterior dimension. Note the serial changes in muscle cross-sectional area
with marked increase in the relative fatty infiltration and coincident bilateral muscle atrophy.



occasional activity related low back pain, in parallel with
restoration of normal activity levels. 

It is interesting to note that profound muscle atrophy
persists almost 5 years after this acute disc herniation at
L4-5 (Figs. 43-5, 43-6). This may in part result from
modification of the patient’s occupation and functional
activities to accommodate the requirement for more con-
servative spinal loading during the postinjury period.

SUMMARY

Epidemiologic and clinical studies show the potential
for the majority of IVD prolapses to regress naturally
over time with conservative management alone. In care-
fully selected patients with sciatica due to lumbar HNP
that fail to resolve with conservative care, there is good
evidence that surgical discectomy achieves effective clin-
ical relief of symptoms; although the scientific evidence
on the optimal timing for surgery is limited. Even less
clear is the balance of risks associated with delayed inter-
vention, of relative complication rates over the intermedi-
ate years following disc injury, and of the longer term
clinical outcomes due to the natural history of nonoper-
ated disc herniation.

The immediate challenge is to improve the planning
and execution of controlled trials of nonoperative man-
agement, with particular attention to areas such as
blinded assessment, randomization, follow-up period, and
the use of discriminating clinical outcome measures. Per-
haps the single major need is to support longer-term
reviews into the lifetime natural history of disc disease,
including HNP, which can then be referenced to specific
diagnostic groups. In this regard, the work of Boos et al.
(38) in differentiating the characteristics of symptomatic
HNP appears helpful.

Nonoperative management of disc herniation can
result in successful resolution of symptoms in a large pro-
portion of individuals although the time course to initial
recovery may be variable and longer than that achieved
with early surgery. While the late results appear similar,
the operated cohort may be more disposed to subsequent
mechanical back pain (43). The initial evaluation for seri-
ous pathology and monitoring for the onset of significant
complications, such as neurologic defects, progressive
cauda equina syndrome, or refractory pain, are critical in
the optimal management of disc herniation. The recom-
mendation for a conservative strategy should persist
because a large number of operations performed cur-
rently are unnecessary when the late outcomes and mor-
bidity following surgical intervention are considered
(43,50). 

In the absence of clear indications for surgery, conser-
vative management, at least for the first 2 months, is rec-
ommended to determine the initial progression of the
problem. 

In this regard, careful education of each patient is
mandatory as is the patient’s involvement in the decision-
making process (84–86). Further, clinical education mod-
els employing decision leaders can positively influence
surgical intervention patterns (87).Throughout the often
prolonged rehabilitation following HNP, biopsychosocial
issues need to be considered. Acknowledgment that
perseverance is necessary is important when counseling
patients to consider a conservative rather than an opera-
tive strategy.

ACKNOWLEDGMENTS

We gratefully acknowledge the input of Dr. Swithin
Song, MD, head of the MRI Unit, Department of Radiol-
ogy and Mr. Peter Woodland, FRACS, spinal surgeon, Sir
George Bedbrook Spinal Unit and the Department of
Orthopaedics at Royal Perth Hospital. 

REFERENCES

1. Luschka H. Die Halbgelenke des menschlichen Körpers. Berlin:
Reimer, 1858.

2. Frymoyer JW, Radiculopathies: lumbar disc herniation: patient selec-
tion, predictors of success and failure, and non-surgical treatment
options. In: Frymoyer J, ed. The adult spine. Philadelphia: Raven-Lip-
pincott, 1997:1937–1946.

3. Lindblom K, Hultquist G. Absorption of protruded disc tissue. JBJS
1950;32A:557–560.

4. Hakelius A. Prognosis in sciatica. A clinical follow-up of surgical and
non-surgical treatment. Acta Orthop Scand Suppl 1970;129:1–76.

5. Guinto FC, Jr., Hashim H, Stumer M. CT demonstration of disk regres-
sion after conservative therapy. Am J Neuroradiol 1984;5:632–633.

6. Teplick JG, Haskin ME. Spontaneous regression of herniated nucleus
pulposus. Am J Roentgenol 1985;145:371–375.

7. Ito T, Takano Y, Yuasa N. Types of lumbar herniated disc and clinical
course. Spine 2001;26:648–651.

8. Dullerud R, Nakstad PH. CT changes after conservative treatment for
lumbar disk herniation. Acta Radiol 1994;35:415–419.

9. Matsubara Y, Kato F, Mimatsu K, et al. Serial changes on MRI in lum-
bar disc herniations treated conservatively. Neuroradiology 1995;37:
378–383.

10. Slavin KV, Raja A, Thornton J, et al. Spontaneous regression of a large
lumbar disc herniation: report of an illustrative case. Surg Neurol
2001;56:333–336; discussion 337.

11. Coevoet V, Benoudiba F, Lignieres C, et al. Spontaneous and complete
regression in MRI of thoracic disk herniation. J Radiol 1997;78:
149–151.

12. Wood KB, Blair JM, Aepple DM, et al. The natural history of asymp-
tomatic thoracic disc herniations. Spine 1997;22:252–530.

13. Morandi X, Crovetto N, Carsin-Nicol B, et al. Spontaneous disappear-
ance of a thoracic disc hernia. Neurochirurgie 1999;45:155–159.

14. Kobayashi N, Asamoto S, Doi H, et al. Spontaneous regression of her-
niated cervical disc. Spine J 2003;3:171–173.

15. Mochida K, Komori H, Okawa A, et al. Regression of cervical disc her-
niation observed on magnetic resonance images. Spine 1998;23:
990–995; discussion 996–997.

16. Weber H. The natural history of disc herniation and the influence of
intervention. Spine 1994;19:2234–2238; discussion 2233.

17. Atlas SJ, Keller RB, Chang Y, et al. Surgical and nonsurgical manage-
ment of sciatica secondary to a lumbar disc herniation: five-year
outcomes from the Maine Lumbar Spine Study. Spine 2001;26:
1179–1187.

18. Saal JA, Saal JS. Nonoperative treatment of herniated lumbar interver-
tebral disc with radiculopathy. An outcome study. Spine 1989;14:
431–437.

19. Maigne JY, Rime B, Royer P, et al. X-ray computed tomographic study

434 / SECTION V/SPECIFIC CLINICAL ENTITIES



of the outcome of lumbar disk hernia after conservative medical treat-
ment (34 cases). Rev Rhum Mal Osteoartic 1991;58:355–359.

20. Maigne JY, Rime B, Deligne B. Computed tomographic follow-up
study of forty-eight cases of nonoperatively treated lumbar interverte-
bral disc herniation. Spine 1992;17:1071–1074.

21. Ellenberg MR, Ross ML, Honet JC, et al. Prospective evaluation of the
course of disc herniations in patients with proven radiculopathy. Arch
Phys Med Rehabil 1993;74:3–8.

22. Fraser RD, Sandhu A, Gogan WJ. Magnetic resonance imaging find-
ings 10 years after treatment for lumbar disc herniation. Spine 1995;
20:710–714.

23. Andrae R. Über Knorpelknötchen am hinteren Ende der Wirbelband-
scheiben im Bereich des Spinalkanals. Beitrage zur Pathologischen
Anatomie und zur Allemeinen Pathologischen 1929;82:464–474.

24. Schmorl G. Zür pathologische Anatomie der Wirbelsäule. Klinik
Wochenscrift 1929;8:1243–1249.

25. Hitselberger WF, Witten RM. Abnormal myelograms in asymptomatic
patients. J Neurosurg 1968;28:204–206.

26. Wiesel SW, Tsourmas N, Feffer HL, et al. A study of computer-assisted
tomography. I. The incidence of positive CAT scans in an asympto-
matic group of patients. Spine 1984;9:549–551.

27. Boden SD, Davis DO, Dina TS, et al. Abnormal magnetic-resonance
scans of the lumbar spine in asymptomatic subjects. A prospective
investigation. J Bone Joint Surg Am 1990;72:403–408.

28. Greenberg JO, Schnell RG. Magnetic resonance imaging of the lumbar
spine in asymptomatic adults. J Neuroimaging 1991;1:2–7.

29. Jensen MC, Brant-Zawadzki MN, Obuchowski N, et al. Magnetic res-
onance imaging of the lumbar spine in people without back pain. N
Engl J Med 1994;331:69–73.

30. Boos N, Rieder R, Schade V, et al. 1995 Volvo Award in clinical sci-
ences. The diagnostic accuracy of magnetic resonance imaging, work
perception, and psychosocial factors in identifying symptomatic disc
herniations. Spine 1995;20:2613–2625.

31. Beauvais C, Wybier M, Chazerain P, et al. Prognostic value of early
computed tomography in radiculopathy due to lumbar intervertebral
disc herniation. A prospective study. Joint Bone Spine 2003;70:
134–139.

32. Henmi T, Sairyo K, Nakano S, et al. Natural history of extruded lum-
bar intervertebral disc herniation. J Med Invest 2002;49:40–43.

33. Arai Y, Yasuma T, Shitoto K, et al. Immunohistological study of inter-
vertebral disc herniation of lumbar spine. J Orthop Sci 2000;5:
229–231.

34. Matsui Y, Maeda M, Nakagami W, et al. The involvement of matrix
metalloproteinases and inflammation in lumbar disc herniation. Spine
1998;23:863–868; discussion 868–869.

35. Minamide A, Hashizume H, Yoshida M, et al. Effects of basic fibro-
blast growth factor on spontaneous resorption of herniated interverte-
bral discs. An experimental study in the rabbit. Spine 1999;24:
940–945.

36. Haro H, Kato T, Komori H, et al. Vascular endothelial growth factor
(VEGF)-induced angiogenesis in herniated disc resorption. J Orthop
Res 2002;20:409–415.

37. Bozzao A, Gallucci M, Masciocchi C, et al. Lumbar disk herniation:
MR imaging assessment of natural history in patients treated without
surgery. Radiology 1992;185:135–141.

38. Boos N, Dreier D, Hilfiker E, et al. Tissue characterization of sympto-
matic and asymptomatic disc herniations by quantitative magnetic res-
onance imaging. J Orthop Res 1997;15:141–149.

39. Cowan NC, Bush K, Katz DE, et al. The natural history of sciatica: a
prospective radiological study. Clin Radiol 1992;46:7–12.

40. Barnsley L. Steroid injections: effect on pain of spinal origin. Best
Pract & Res Clin Anaesthesiol 2002;16:579–596.

41. Weinstein SM, Herring SA. Lumbar epidural steroid injections. Spine
J 2003;3:37S–44S.

42. Group Standards Advisory Group. Epidemiology review: the epidemi-
ology and cost of back pain. London: HMSO, 1994.

43. Postacchini F. Lumbar disc herniation: a new equilibrium is needed
between nonoperative and operative treatment. Spine 2001;26:601.

44. Junge A, Frohlich M, Ahrens S, et al. Predictors of bad and good out-
come of lumbar spine surgery. A prospective clinical study with 2
years’ follow up. Spine 1996;21:1056–1064.

45. Hoffman RM, Wheeler KJ, Deyo RA. Surgery for herniated lumbar
discs: a literature synthesis. J Gen Intern Med 1993;8:487–496.

46. Stevens CD, Dubois RW, Larequi-Lauber T, et al. Efficacy of lumbar

discectomy and percutaneous treatments for lumbar disc herniation.
Soz Praventivmed 1997;42:367–379.

47. Wetzel FT, Donelson R. The role of repeated end-range/pain response
assessment in the management of symptomatic lumbar discs. Spine J
2003;3:146–154.

48. Burton AK, Waddell G, Tillotson KM, et al. Information and advice to
patients with back pain can have a positive effect. A randomized con-
trolled trial of a novel educational booklet in primary care. Spine
1999;24:2484–2491.

49. Kendall NA. Psychosocial approaches to the prevention of chronic
pain: the low back paradigm. Baillieres Best Pract Res Clin Rheuma-
tol 1999;13:545–554.

50. Nachemson A. Back pain: delimiting the problem in the next millen-
nium. Int J Law Psychiatry 1999;22:473–490.

51. Cochrane Back Review Group reviews. Available at: http://
www.cochrane.iwh.on.ca/review.htm. Accessed November 3, 2003.

52. Gibson JN, Grant IC, Waddell G. Surgery for lumbar disc prolapse.
Cochrane Database Syst Rev 2000: CD001350.

53. Guzman J, Esmail R, Karjalainen K, et al. Multidisciplinary bio-psy-
cho-social rehabilitation for chronic low back pain. Cochrane Database
Syst Rev 2002: CD000963.

54. Hagen KB, Hilde G, Jamtvedt G, et al. Bed rest for acute low back pain
and sciatica. Cochrane Database Syst Rev 2000: CD001254.

55. Hilde G, Hagen KB, Jamtvedt G, et al. Advice to stay active as a sin-
gle treatment for low back pain and sciatica. Cochrane Database Syst
Rev 2002: CD003632.

56. Ostelo RW, de Vet HC, Waddell G, et al. Rehabilitation after lumbar
disc surgery. Cochrane Database Syst Rev 2002: CD003007.

57. van Tulder MW, Malmivaara A, Esmail R, et al. Exercise therapy for
low back pain. Cochrane Database Syst Rev 2000: CD000335.

58. Cochrane Back Review Group. Non-Cochrane systematic reviews for
chronic low back pain. Available at: http://www.cochrane.iwh.on.ca/
systematic.htm. Accessed November 3, 2003.

59. Burton AK, Waddell G. Clinical guidelines in the management of low
back pain. Baillieres Clin Rheumatol 1998;12:17–35.

60. Saal JA, Saal JS. Physical rehabilitation of low back pain. In: Frymoyer
J, ed. The adult spine. Philadelphia: Raven-Lippincott: 1997:1805–
1819.

61. O’Sullivan PB, Twomey LT, Allison GT. Evaluation of specific stabi-
lizing exercise in the treatment of chronic low back pain with radio-
logic diagnosis of spondylolysis or spondylolisthesis. Spine 1997;
22:2959–2967.

62. Danneels LA, Vanderstraeten GG, Cambier DC, et al. Effects of three
different training modalities on the cross sectional area of the lumbar
multifidus muscle in patients with chronic low back pain. Br J Sports
Med 2001;35:186–191.

63. Singer KP, Contraindications to spinal manipulation. In: Giles L,
Singer KP, eds. Clinical anatomy and management of low back pain.
Oxford: Butterworth-Heinemann, 1997:387–391.

64. Burton AK, Tillotson KM, Cleary J. Single-blind randomised con-
trolled trial of chemonucleolysis and manipulation in the treatment of
symptomatic lumbar disc herniation. Eur Spine J 2000;9:202–207.

65. Edmondston S, Elvey R. Physiotherapy management of low back pain.
In: Giles L, Singer KP, eds. Clinical anatomy and management of low
back pain. Oxford: Butterworth-Heinemann, 1997:387–391.

66. McKenzie RA. The lumbar spine—mechanical diagnosis and therapy.
Waikanae, New Zealand: Spinal Publications, 1981.

67. Mathews JA, Yates DA. Reduction of lumbar disc prolapse by manipu-
lation. BMJ 1969;3:696–697.

68. Cassidy JD, Thiel HW, Kirkaldy-Willis WH. Side posture manipulation
for lumbar intervertebral disk herniation. J Manipulative Physiol Ther
1993;16:69–103.

69. Roland M, Waddell G, Moffat J, et al. The back book. London: Sta-
tionery Office, 1996.

70. Buchbinder R, Jolley D, Wyatt M. Population based intervention to
change back pain beliefs and disability: three part evaluation. BMJ
2001;322:1516–1520.

71. Hides JA, Stokes MJ, Saide M, et al. Evidence of lumbar multifidus
muscle wasting ipsilateral to symptoms in patients with acute/subacute
low back pain. Spine 1994;19:165–172.

72. Cooper RG, St Clair Forbes W, Jayson MI. Radiographic demonstra-
tion of paraspinal muscle wasting in patients with chronic low back
pain. Br J Rheumatol 1992;31:389–394.

73. Hides JA, Richardson CA, Jull GA. Multifidus muscle recovery is not

CHAPTER 43/NONOPERATIVE TREATMENT / 435

http://www.cochrane.iwh.on.ca/review.htm
http://www.cochrane.iwh.on.ca/review.htm
http://www.cochrane.iwh.on.ca/


automatic after resolution of acute, first-episode low back pain. Spine
1996;21:2763–2769.

74. Kader DF, Wardlaw D, Smith FW. Correlation between the MRI
changes in the lumbar multifidus muscles and leg pain. Clin Radiol
2000;55:145–149.

75. Lehto M, Hurme M, Alaranta H, et al. Connective tissue changes of the
multifidus muscle in patients with lumbar disc herniation. An immuno-
histologic study of collagen types I and III and fibronectin. Spine 1989;
14:302–309.

76. Danneels LA, Vanderstraeten GG, Cambier DC, et al. CT imaging of
trunk muscles in chronic low back pain patients and healthy control
subjects. Eur Spine J 2000;9:266–272.

77. Kaser L, Mannion AF, Rhyner A, et al. Active therapy for chronic low
back pain: part 2. Effects on paraspinal muscle cross-sectional area,
fiber type size, and distribution. Spine 2001;26:909–919.

78. Rantanen J, Hurme M, Falck B, et al. The lumbar multifidus muscle
five years after surgery for a lumbar intervertebral disc herniation.
Spine 1993;18:568–574.

79. O’Sullivan PB. Lumbar segmental ‘instability’: clinical presentation
and specific stabilizing exercise management. Man Ther 2000;5:2–12.

80. Hodges PW. Changes in motor planning of feedforward postural
responses of the trunk muscles in low back pain. Exp Brain Res
2001;114:261–266.

81. Cousins M, ed. Acute pain management: scientific evidence. Canberra:
National Health & Medical Research Council of Australia, 1999.

82. Lipetz JS. Pathophysiology of inflammatory, degenerative, and com-
pressive radiculopathies. Phys Med Rehabil Clin N Am 2002;13:
439–449.

83. Young A, Stokes M, Iles JF. Effects of joint pathology on muscle. Clin
Orthop 1987;18:21–27.

84. Deyo RA. Nonsurgical care of low back pain. Neurosurg Clin N Am
1991;2:851–862.

85. Deyo RA. Tell it like it is: patients as partners in medical decision mak-
ing. J Gen Intern Med 2000;15:752–754.

86. Phelan EA, Deyo RA, Cherkin DC, et al. Helping patients decide about
back surgery: a randomized trial of an interactive video program. Spine
2001;26:206–211; discussion 212.

87. Goldberg HI, Deyo RA, Taylor VM, et al. Can evidence change the rate
of back surgery? A randomized trial of community-based education.
Eff Clin Pract 2001;4:95–104.

436 / SECTION V/SPECIFIC CLINICAL ENTITIES



CHAPTER 44

Operative Treatment of Disc Herniation:
Natural History and Indications for Surgery

Charles G. Greenough

In 1985, Frymoyer and Donaghy (1) reported the 50-year
follow-up of a case of surgical treatment of lumbar disc
herniation. This was a 25-year-old man with a 2-year his-
tory of left leg pain, commencing after a skiing accident.
On examination the straight leg raise was 25 degrees and
the ankle jerk was absent. A myelogram (Lipiodol) was
negative, the cerebrospinal fluid protein was 108 mg
with a pressure of 145 mm HG and there was a slow rise
with jugular compression. Operation was undertaken
with osteotomy of the spinous processes and left hemil-
aminectomies from L2-S1. The dural sac was opened
and no abnormalities were seen. Beneath the sheath of
the L5 root, a 1-cm nodule was found arising from disc
L5-1, which was excised. The patient required transfu-
sion. He was discharged in a brace 19 days following
surgery. Fourteen years later he presented with recurrent
leg pain that responded to conservative treatment. A fur-
ther episode of leg pain occurred 19 years later; at 50
years he was symptom free. The excised specimen was
originally reported as a chondroma, but the pathologist
then remarked on the lack of cellular material and was
able to make the correct diagnosis after comparison with
sections of normal disc material.

“K.N. is of particular interest as he is the first patient
in whom a ruptured intervertebral disc was recognized as
such and as a cause of sciatica. Therefore, he is the man
who started all the damn trouble” (2).

Excision of lumbar disc herniation is the most com-
mon spinal operation undertaken and, with precisely
defined indications, one of the most successful.

Prolapsed intervertebral disc is rare in adolescents and
most common in the third, fourth, and fifth decade. Usu-
ally occurring at L5-S1 or L4-5, the prolapse most often
consists of nuclear material and is frequently unilateral
within the central canal. Commonly the root exiting
immediately below the affected level is involved, the

direct pressure leading to root dysfunction (loss of sensa-
tion or motor power), and the inflammation leading to
radicular pain. Urgent referral is indicated for bowel or
bladder disturbance

ASYMPTOMATIC DISC PROLAPSE

The correlation of radiologic findings to clinical symp-
toms and examination findings is vital. The incidence of
asymptomatic disc prolapse in the lumbar spine is signif-
icant and without careful clinical correlation, the surgeon
may make the mistake of operating on purely archeolog-
ical findings.

Boden et al. (3) noted the presence of asymptomatic
lumbar disc prolapse on magnetic resonance imaging
(MRI) in 20% of subjects under 60 and in 36% of sub-
jects over 60. These findings were confirmed by Jensen
et al. (4), who noted protrusion in 27% of 98 volunteers
and one patient with extruded disc. Boos et al. (5) exam-
ined a cohort of subjects matched by age, sex, and work
intensity to a group of patients who presented with symp-
tomatic disc prolapse. These asymptomatic matched sub-
jects were found to have abnormalities in 76% of the 46
volunteers, 27 volunteers had a protrusion and three an
extrusion. Therefore, it is clear that radiologic disc pro-
lapse is common, particularly in subjects whose work
environment is associated with an increased incidence of
prolapsed intervertebral disc.

Follow-up of patients with asymptomatic disc prolapse
has been undertaken. Boos et al. (6) followed 41 of their
original 46 matched volunteers for a period of 5 years. At
follow-up the subjects underwent MRI scanning and
completed a questionnaire. There was almost no change
in the radiologic classification of the disc prolapse (Table
44-1). Magnetic resonance images also were assessed for
severity and at follow-up 31 out of 41 subjects were rated
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the same and 10 rated radiologically worse. However,
multiple regression analysis of these subjects indicated
that presence or absence of asymptomatic disc prolapse
or its type and extent had no predictive value for duration
of low back episodes during the follow-up period, for
consultations with health care professionals for low back
pain or time off work. These findings were corroborated
by Borenstein (7), who performed a 7-year follow-up of
50 subjects with a symptomatic disc prolapse. During the
follow-up period, 20 reported low back pain; in seven
patients this was a duration of more than 7 weeks. How-
ever, no correlation was found with the MRI appearances. 

Thus, it appears that asymptomatic disc prolapse is not
only relatively common, but when present does not
appear to progress significantly over time in the majority
of subjects. Therefore, it is not clear why some disc pro-
lapses are symptomatic and others are not. Recently an
intriguing hypothesis has been suggested by a research
group in Birmingham, England. Stirling et al. (8) made
use of an enzyme-linked immunosorbent assay (ELISA)
incorporated with lipid S antigen, an antigen that is pres-
ent in the cell wall or membrane of gram-positive cocci.
This assay has already been established in gram-positive
bacterial endocarditis and other deep-seated staphylococ-
cal infections. The assay was being investigated for suit-
ability in diagnosing and monitoring spinal infection.
However, an unexpectedly high incidence of positive
results was found in a group of disc prolapse patients who
had been used as controls. In a formal trial, 108 patients
undergoing surgery for prolapsed intervertebral disc were
studied. Forty-seven positive cultures were obtained from
excised disc material taken under the strictest of aseptic
precautions. Nineteen patients were found to have a pos-
itive immunologic assay (Table 44-2). There was a signif-
icant association between positive culture and positive
assay (p < 0.01). The bacteriologic species cultured are
given in Table 44-3. Although these findings need to be
replicated in other centers, it remains possible that at least
some cases of symptomatic disc prolapse are related to
subclinical bacteriologic infection.

Turning to the natural history of symptomatic disc pro-
lapse some information is available. In 1992, Gogan and

Fraser (9) perform a randomized control of Chymopapain
against placebo (saline injection) for prolapsed interver-
tebral disc. Thirty subjects were injected with saline.
Twenty-six of these subjects were reviewed at 10 years;
approximately half subsequently underwent surgery (10).
Of the remaining 12, six were symptom free at review,
four were significantly improved, and two were not
improved. 

In his seminal paper, Weber (11) found that in patients
with radiologically proved disc prolapse, 70% reported
decreased pain and 60% returned to work within 4 weeks
during initial conservative management. Further, on
long-term (10-year) follow-up, they were able to show
that patients with good long-term results with conserva-
tive therapy had demonstrated significant improvement
within 3 months of onset. This study remains the only
controlled trial of surgical intervention against conserva-
tive therapy. A group of 126 patients with proved disc
prolapse and “uncertain indications” for surgery was
defined. Of these 66 were allocated to conservative treat-
ment and 60 were treated surgically. Of the randomized
subjects at 1 year, those allocated to surgical treatment
were significantly better. At 4 years, improvement was
still noted but less marked and statistically nonsignifi-
cant. At 10 years, the results were identical. This trial may
be criticized on a number of grounds, particularly
because there was no blinding and a crossover of some
26% of the conservative group to surgery in the first year.
However, it did provide evidence that surgery may
improve the outcome in the short term. Subsequently it
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TABLE 44-1. Asymptomatic disc prolapse, progression
over 5 years

Baseline Follow-up

No prolapse 11 11
Protrusion 27 26
Extrusion 3 4
Neural compromise 29 29

Source: Adapted from Boos N, Semmer N, Elfering A, et
al. Natural history of individuals with asymptomatic disc
abnormalities in magnetic resonance imaging: predictors of
low back pain-related medical consultation and work inca-
pacity. Spine 2002;21:1484–1492, with permission.

TABLE 44-2. Immunological assay

Culture→ Positive Negative Total

Serology
↓

Positive 13 6 19
Negative 34 55 89
TOTAL 47 61 108

Source: Adapted from Stirling A, Worthington T, Mathur K,
et al. Association between sciatica and skin commensals.
Presented at the Annual Meeting of the Society of Back Pain
Research, Manchester, UK, 2001, with permission.

TABLE 44-3. Positive cultures (47 cases)

Propionibacterium acnes 29 (62%)
Coagulase negative staphylococcus 8 (17%)
Propionibacterium + CNS 6 (13%)
Mixed CNS 1 (2%)
Coryne Prop. 1 (2%)
Coryne sp./micrococcus 1 (2%)

CNS, central nervous system.
Source: Adapted from Stirling A, Worthington T, Mathur K,

et al. Association between sciatica and skin commensals.
Presented at the Annual Meeting of the Society of Back Pain
Research, Manchester, UK, 2001, with permission.



was estimated by Malter et al. (10) that operative treat-
ment for lumbar disc prolapse provided 5 months of
healthy life as compared with conservative treatment.

Hakelius (12) retrospectively examined 583 patients
with sciatica. He noted that surgically treated patients had
a better result initially but this advantage over conserva-
tively treated cases was not demonstrable at 6 months.
However, at 7 years the conservatively treated group had
more back pain, recurrences, and time lost from work. 

Radiologic appearances also can change with time, but
not consistently (13,14). Delauche-Cavallier et al. (13)
performed repeat scans at 12 months and found that in 21
patients with disc prolapse, five had completely disap-
peared, five had undergone major reduction, four minor
reduction, and no significant change was observed in
seven. At 1 year, Matsubara found the size of the hernia-
tion decreased by more than 20% in 11 patients (34%), by
10% to 20% in eight (28%), and was unchanged in 12
(38%). Even after treatment, in some cases the radiologic
appearance remains unchanged. Fraser et al. (15) re-
scanned 39 patients 10 years after therapy. Twelve had
been treated by saline injection alone, 14 by chemonucle-
olysis alone, and 13 had subsequently required laminec-
tomy for a failed intradiscal injection. The signal of the
treated disc was absent in all cases in each group. Thirty-
seven percent of patients were found to have a persistent
herniated disc and the incidence was similar in all three
treatment groups. The presence or absence of radiologic
herniation at 10 years had no significant bearing on a suc-
cessful outcome. 

Not all patients who recover spontaneously go onto
have permanent improvement. Following the first attack
of sciatica, some 5% of subjects experience a recurrent
attack. Following the second attack, the incidence of
recurrence rises to 20% or 30%, and following the third
or subsequent attack, recurrence occurs in 70% of
patients (G. Findlay, personal communication). 

DIFFERENTIAL DIAGNOSIS

Differential diagnosis in the spine includes conus and
cauda equina lesions, infection at the vertebral body or
disc, arachnoiditis, and intracanal neoplasia. Extraspinal
differential diagnosis includes peripheral vascular dis-
ease, gynecologic conditions, orthopedic conditions (e.g.,
osteoarthritis of the hip or sacroiliac disease), neoplasia
involving the lumbosacral plexus, mononeuropathy, con-
ditions involving the sciatic nerve itself, and shingles.

INVESTIGATION

Magnetic resonance imaging is the tool of choice
today. Computed tomography scanning may be used but
lesions outside the area actually scanned cannot be visu-
alized (e.g., cauda equina lesions). With exact concor-
dance of CT findings with clinical findings, CT remains

a satisfactory method of investigation. It is important that
scanning is undertaken from pedicle to pedicle rather
than simply at disc space level to ensure sequestrated
fragments are visualized. There is no place for myelogra-
phy, radiculography, or discography in the diagnosis of
prolapsed lumbar intervertebral disc. 

CLINICAL INDICATIONS FOR SURGERY

Increasing Neurologic Deficit

If neurologic deficit is progressive, then intervention is
indicated. 

General indications for surgical intervention in herni-
ated lumbar discs are well understood. Disc excision
surgery is far most successful in relieving leg pain than
back pain. It has been outlined in the preceding that the
natural history in this condition is favorable; 70% report
decreased pain and 60% have returned to work within 4
weeks of the onset of symptoms. This is not dependent on
the size or location of the prolapse radiologically. Long-
term success with conservative management is indicated
by substantial improvement within 3 months. Except in
the case of profound motor deficit, there is little indica-
tion for operative intervention within 6 weeks of the onset
of symptoms. Further, little improvement may be
expected in patients with neurologic deficit that is pain
free, because neurologic recovery is unusual.

The criteria of Macnab or “the Rule of Five” (16) have
withstood the test of time and still remain the gold stan-
dard for indications for disc excision surgery (Table 44-
4).

Careful examination is required to confirm the pres-
ence of neurologic deficit and sciatic tension signs
according to Macnab’s criteria. Muscle spasm and spinal
tilt do not add independent prognostic significance.

TECHNICAL INDICATIONS

Technical factors had been thought to influence the
results of surgical procedure for prolapsed lumbar inter-
vertebral disc, and thus had been relative indications for
surgery. The size of the prolapse and presence of spinal

CHAPTER 44/ NATURAL HISTORY AND INDICATIONS FOR SURGERY / 439

TABLE 44-4. The “rule of five”

2 Symptoms 1 Leg pain, greater than back pain
2 Specific neurologic symptoms 

(paraesthesia)
2 Signs 3 Straight leg raising <50% of 

normal or positive crossover test 
or positive bowstring test

4 Two of four neurologic signs 
(altered reflex, wasting, 
weakness, sensory loss)

1 Investigation 5 Positive concordant imaging

Source: Adapted from McCulloch J, Macnab I. Sciatica and
chymopapain. Baltimore: Williams & Wilkins, 1983.



stenosis were felt to have an important influence; the
larger the prolapse or the smaller canal, the worse the
results (17,18). More recent studies in large patient
groups, however, have failed to confirm these findings.
Van Leeuwen et al. (19) could not find any predictive
value in the size of the herniation or dimensions of the
spinal canal in patients treated by chemonucleolysis. In a
large study of 148 patients, Garreau (20) made a careful
analysis of type and size of herniation and the shape and
size of the spinal canal. The overall dimensions of the
canal were examined together with the shape and size of
the lateral recess. They were unable to demonstrate any
relationship of canal size or hernia size with the results of
chemonucleolysis. Thus, the radiologic size of the pro-
lapse does not appear to constitute an indication for
surgery.

Jensen et al. (21) reported no association of postopera-
tive results with epidural fibrosis or appearance of resid-
ual or recurrent disc prolapse. However, they were able to
demonstrate an association of overall result with facet
joint degenerative disease (Table 44-5).

PATIENT-RELATED INDICATIONS

Patient-related factors also provide important modifiers
to the indications for surgery, because they appear to have
significant influence on the outcome of surgery. In a well-
conducted study, Spengler et al. (22) examined the influ-
ence of neurologic signs, sciatica tension signs, personality
factors, and imaging studies on the outcome of surgical
discectomy. Careful evaluation of the history, examination,
and investigation findings was performed and points were
awarded in each category according to a strictly defined
protocol. Personality factors were evaluated using the Min-
nesota Multiphasic Personality Inventory. Overall, the pre-
operative assessment scores were highly predictive of the
surgical outcome. Forty-seven patients with good results
had a mean preoperative score of 86, whereas four patients
with fair results had a preoperative score of 73 and 10
patients with poor results scored only 62. However, more
detailed analysis revealed different contributions of the
four factors to the overall outcome. The best predictor of
the operative findings was the imaging studies. Thirty-nine

percent of the variance was explained of which imaging
studies contributed to 26%. Neurologic signs and sciatic
tension signs were much less predictive at 8% and 5%
respectively. However, the clinical result was overwhelm-
ingly predicted by the personality factors. Total variance
explained all four factors were 40%, of which personality
factors contributed 26%. Imaging studies contributed 10%,
but neurologic signs and sciatic tension signs contributed
only 3% and 1%, respectively. 

Another large study by Junge et al. (23) examined a
large number of possible predictive factors. The factors
that in his analysis were of prognostic significance, how-
ever, did not include specific examination findings or
investigations. Eighty percent of good and poor results in
this study were predicted by physical mobility, pain inten-
sity, other pain locations, compensation, and socioeco-
nomic group. They found no prognostic significance in
age or sex, sciatic tension signs or imaging appearances. 

In 1991 Tregonning et al. (24) found the presence of a
compensation claim had a significant impact on the over-
all results (Table 44-6).

ADMISSION AND POST OPERATIVE CARE

The management of patients during the operative treat-
ment has also been studied. A number of reports have
examined the performance of micro-discectomy under
day case conditions (25-28). One case series has also
been reported examining fenestration and discectomy
without a microscope undertaken as a day case (29).
Recently a prospective randomized controlled trial has
further examined the use of day case management in con-
ventional fenestration and discectomy surgery (30).
Patients were randomized to day case surgery or to
overnight admission. All patients were admitted on the
day of surgery. Significant advantages in mobility on the
day of surgery, daytime hours spent in bed on the first
post-operative day and walking distance at two weeks
were demonstrated. Patient’s opinion of the length of stay
was good. No increase in complications was noted. Thus,
there is evidence that conventional fenestration and dis-
cectomy surgery for prolapsed lumbar intervertebral disc
may be safely and with benefit undertaken as a day case.
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TABLE 44-5. Results of surgical discectomy

Facet Joint No Facet Joint 
Degeneration Degeneration

Excellent 3 23
Improved 5 15
Poor 5 3

p <0.01.
Source: Adapted from Jensen TT, Overgaard S, Thomsen

NO, et al. Postoperative computer tomography three months
after lumbar disc surgery, a prospective single applicance
study. Spine 1991;16:620–622, with permission.

TABLE 44-6. Results of surgical management of discectomy

Compensation Non-compensation

Excellent 3 31
Good 7 68
Fair 20 43
Poor 35 29

p <0.001.
Source: Adapted from Tregonning GD, Transfeldt EE, McCul-

loch JA, et al. Chymopapain versus conventional surgery for
lumbar disc herniation. 10-year results of treatment. J Bone
Joint Surg (Br) 1991;73-B:481–486, with permission.



Postoperative management of patients undergoing sur-
gical treatment for prolapsed intervertebral disc is also
controversial. Fear of recurrence, re-injury, or instability
has lead to the suggestion of several post operative proto-
cols to restrict activity. However, a study by Carragee et
al, (31) has indicated that these may not be necessary. In
this study, patients were allowed to determine their own
levels of activity post operatively and no postoperative
restrictions were imposed. All were urged to return to full
activity as soon as possible. The mean time from surgery
to return to work was 1.7 weeks and 25 percent of
patients returned to work the following day. 97 percent of
those working at the time of surgery returned to full duty
by eight weeks. At two years, no patient had changed
employment because of back or leg pain. Recurrent disc
prolapse occurred in six percent (three patients) of whom
one required surgical intervention. Thus when freed from
restrictions imposed by health care professionals, patients
returned to activities and work much more rapidly and in
apparent safety. Magnusson et al (32) have found no
rational basis for lifting restrictions after lumbar spine
surgery. 

In a recent review of rehabilitation after lumbar disc
surgery (33) the authors found strong evidence that inten-
sive exercise programs commencing 4 to 6 weeks follow-
ing surgery were more effective in improving functional
status and produced a faster return to work as compared
to mild exercise programs (34, 35). However, there was
also strong evidence that this influence was not main-
tained into the long-term. No evidence was found of the
effectiveness of supervised training as compared with
home exercises. There was also no strong evidence of the
effectiveness of multi-disciplinary rehabilitation over the
usual care. Limited evidence indicated that exercises
were more effective in improving low back function sta-
tus than physical agents, joint manipulations, or no treat-
ment.

CONCLUSIONS

Surgery for prolapsed intervertebral disc is principally
indicated on clinical grounds. The radiologic appearances
do not appear to add significant independent predictive
value but patient-related factors are important.
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CHAPTER 45

Operative Treatment of Disc Herniation:
Laminotomy

Charles G. Greenough

The first operation undertaken to remove a lumbar disc
herniation involved osteotomy of the spinous processes
and hemilaminectomies from L2 to S1. A transdural
approach was employed (1). Significant refinements of
surgical technique took place in the following 70 years.
Open discectomy now requires only excision of or raising
of a flap of ligamentum flavum and minimal resection of
the adjacent borders of the laminae. In contrast to the 19-
day hospitalization of the first surgery, patients now may
be subjected to open discectomy on an outpatient basis (2).

TECHNIQUE

Open discectomy is undertaken under endotracheal
general or spinal anesthesia. The patient is generally posi-
tioned prone, although a small number of surgeons prefer
to perform the surgery in the lateral position. However, in
the latter case, it can prove awkward if intraoperative
extension or exploration on the opposite side is required.
Relevant scans and other investigations must be available,
and the surgeons should use them to confirm level and
side of the prolapse. Careful assessment should be made
for the presence of segmentation abnormality. Note
should be taken of the relative position of the iliac crests
and involved disc space. The direction and extent of the
prolapse must be identified, together with any possible
sequestrated fragments. 

Controversy has existed over whether or not the use of
the microscope improves outcome. Proponents of the
microscope point to the improved illumination, provision
of binocular vision, and magnification. Others express
concerns about the difficulty of seeing pathology outside
the field of view and the possible increased risk of infec-
tion. Three randomized controlled trials have failed to
show any significant differences between the two tech-
niques (3–5).

The positioning of the patient should allow some reduc-
tion of the normal lumbar lordosis to increase the inter-
laminar space and should also allow decompression of the
abdomen to reduce epidural bleeding. A number of posi-
tioning techniques are available, each of which has advan-
tages and disadvantages. The surgeon employs the one
with which he or she is most familiar and is most conve-
nient in the operative working environment. The
knee/chest position provides excellent abdominal decom-
pression but can place the thoraco-lumbar fascia under ten-
sion. In addition, considerable manual handling of the
patient is required; with heavy patients this can present a
risk both to the patient and staff. A modification of this
technique is to use a Salford seat where the patient’s weight
is taken on the buttocks and the table is tilted foot down to
produce a more sitting posture. Both of these positions
require increased positioning time. A Wilson frame is con-
venient, but in obese patients it does not provide abdomi-
nal decompression as satisfactorily as other devices. A
four-post support system with supports under the antero-
superior iliac spines and shoulders provides good abdomi-
nal decompression but less reduction in lumbar lordosis. In
addition, pressure complications have been reported with
this frame. The Montreal mattress is convenient and easy
to employ and elimination of lordosis can be achieved by
breaking the operating table. However, in obese patients
insufficient room may be available for the abdomen to
hang freely to produce good decompression. Shorter
patients on a thick mattress can develop pressure-related
complications across the upper anterior thigh. 

Once the patient is properly positioned, the skin is pre-
pared and consideration given to identification of level.
Some surgeons rely on identification of the sacrum at the
time of surgery when undertaking L5-S1 or L4-5 surgery.
This is not possible to do with confidence at L3-4 unless
one makes a large excision and employs radiologic iden-
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tification of level. X-rays may be taken with a percuta-
neous needle, leaving the needle in situ or injecting meth-
ylene blue to mark the tissues. Even this method is not
foolproof; exploration of the wrong level can occur
despite placing a needle in the right interspace and using
it as a dissection guide. 

It should be borne in mind that two of the most com-
mon errors in disc surgery are operating on the wrong
side and operating at the wrong level. Experience has
shown that when the wrong level is operated on it is usu-
ally above the intended level. The surgeon must remain
alert to this possibility throughout the approach; if the
intraoperative findings do not agree with the preoperative
imaging, then a careful review of the level is mandatory.
This may include further radiologic confirmation or
exposure to the sacrum to count and confirm the level.

If no radiologic confirmation is being used, then the
position for the incision may be estimated relative to the
position of the iliac crests. The incision is carried down to
the thoraco-lumbar fascia once hemostasis is obtained. A
self-retaining retractor is placed in the fat layer. 

Using cutting diathermy, an incision made vertically 
in the thoraco-lumbar fascia, immediately adjacent to the
supraspinous ligament and the side of the spinous
process. To allow tension-free retraction of the muscula-
ture, the length of this excision should be adequate, usu-
ally 4 or 5 cm. This fascial incision may be longer than
the skin incision. Muscle then is carefully dissected from
the spinous processes and interspinous ligament using
cutting diathermy under direct vision. Dissection is car-
ried out on the superior and inferior laminae, taking care
to divide the muscular attachments as close to the bone as
possible. Stripping of the muscle using a Cobb or flat
periosteal elevator results in avulsion of tendonous
attachments from the muscle because the instrument can-
not conform to the complex shape of the laminae. Avul-
sion of these tendonous slips may cause bleeding, which
may result in postoperative stiffness and discomfort. 

If radiographic confirmation has not been done, the
level is then confirmed by identification of the sacrum.
The sacrum produces a different sound under percussion
than L5, and usually presents a continuous bony surface.
The inferior margin of the L5 lamina often is sharp,
whereas those laminae above are blunt. Identification
may be made of the lowest mobile segment by use of a
large Cob or other instrument. None of these indicators 
is pathognomic; confirmatory radiographs should be
obtained if the operating surgeon has any doubt. Having
identified the correct level, the ligamentum flavum and
adjacent laminae are cleared of all soft tissue with a large
pituitary rongeur or curette. 

The attachment of the ligamentum flavum to the adja-
cent laminae is significantly different at each end of the
lamina. Caudally it is attached to the superior edge of the
lamina; cranially it is attached to the superior edge and
the deep surface of the lamina. Therefore, access to the

canal can be obtained by careful use of a small Cobb or
similar instrument to detach the fibers of the ligamentum
flavum from the superior border of the caudal lamina. A
smooth instrument (e.g., a McDonald dissector) can be
introduced immediately beneath the lamina to ensure that
no adhesions are present. The ligamentum flavum then
can be excised with a Kerrison rongeur, taking care to
ensure that no adhesions are present as removal proceeds.
Some surgeons prefer to raise the ligamentum flavum as
a medially based flap. 

The most important landmark is then the medial border
of the caudal pedicle. The superior border of the lamina
and, if necessary, part of the medial portion of the base of
the superior facet may be carefully excised with a Kerri-
son rongeur until the pedicle can be positively identified.
To preserve stability, it is important not to allow bony dis-
section to stray lateral to the medial border of the pedicle
at any point. The nerve root is identifiable adjacent to the
medial border of the pedicle. Care should be taken to
ensure that there is no conjoined root, because the supe-
rior portion of this often exits in contact with the superior
border of the pedicle. The nerve root then can be traced
proximally and carefully mobilized medially off the disc
prolapse. It is safer to identify the root at the point where
it approaches the pedicle because, with a large prolapse,
the root can be thinned and stretched to such an extent
that the edge can become difficult to identify at the level
of the disc.

Once the root is safely mobilized medially, the disc
space may be opened and all loose disc material removed.
Careful examination is then made anterior to the root and
for any sequestrated fragments identified on the scan.
Curettage of the end plates is not necessary.

It must always be borne in mind that the great vessel is
immediately in front of the anterior annulus. Particular
care should be taken that a rongeur is not introduced
deeper than the anterior annulus. On occasion a preexist-
ing defect may be present in the anterior annulus; this
represents a significant hazard. 

At the end of the procedure the surgeon should exam-
ine the excised material and compare with this with the
amount and location of the disc prolapse visible on the
preoperative scan as a final assessment of completeness of
disc removal. An assessment also should be made of the
dimensions of the lateral recess. It may be necessary to
perform an undercutting facetectomy to decompress the
lateral recess. This facetectomy should not be carried lat-
eral to the medial border of the pedicle. Before closure,
careful review of the operative field is necessary to ensure
that the nerve root is freely mobile and free from com-
pression. A probe is passed down the intervertebral canal
and superiorly and inferiorly in the spinal canal. Gentle
elevation of the root is performed to allow examination
anterior to the root itself. Careful and gentle palpation
through the dura is undertaken to detect any subligamen-
tous residual fragment or the rare intradural fragment.
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Hemostasis of epidural bleeding is obtained with bipo-
lar diathermy. Recently, interest has been expressed in the
use of materials to reduce the fibrosis following disc
surgery. However, although there is good evidence that
such substances do reduce postoperative fibrosis, the evi-
dence that this results in any clinical improvement is con-
flicting. BenDebba et al. (6) studied 298 patients who
underwent surgery for lumbar disc herniation in a ran-
domized, controlled, double-blind multicenter clinical
trial using the scar-inhibiting substance ADCON-L.
Those patients receiving ADCON-L at surgery developed
significantly less scar ( p = 0.01) and experienced less
activity-related pain than the control group ( p = 0.05).
Logistic regression analysis demonstrated a significant
association ( p = 0.02, odds ratio = .7) showing that the
odds of extensive scar decreased by 30% for every 31%
decrease in activity-related pain score. Similar results
were noted by Geisler (7), but no such effects were found
by Richter (8). Hieb (9) noted an increased risk of cere-
brospinal fluid (CSF) leakage with ADCON-L. 

The thoraco-lumbar fascia is repaired and the superfi-
cial fascia within the fat layer is sutured. The skin wound
is closed and the wound may be infiltrated with local
anesthetic.

Postoperatively, patients are mobilized on the day of
surgery and can be discharged the same day (2). Carragee
(10) has demonstrated that when encouraged to return
early to normal activities, patients return to work very
early. Twenty-five percent of his cases returned to work
the day following surgery, and the average time to return
to work was 1.7 weeks. No increase in complications or
recurrent disc herniation was observed. Magnusson et al.
(11) have found no rational basis for lifting restrictions
after lumbar spine surgery. 

In a recent Cochrane review (12) intensive exercise
programs commencing 4 and 6 weeks postoperatively
also were found to be more effective for improved func-
tional status and more rapid return to work than mild
exercise programs. 

RESULTS OF SURGERY AND FUNCTIONAL
OUTCOME

The results of modern minimally invasive open discec-
tomy are the gold standard against which other treatments
are measured. Sciatica from disc herniation is more
amenable to discectomy than is low back pain and results
are maintained over 24 months. Weber (13) performed
the only randomized study of discectomy against conser-
vative care. At 1 year, surgically treated patients were sta-
tistically significantly better than patients randomized to
conservative treatment, but at 4 years the difference was
not statistically significant. 

The results of surgery are influenced by many factors.
Howe and Frymoyer (14) used 14 different outcome mea-
sures to assess the 10-year follow-up results of 244

patients who had undergone lumbar disc surgery. They
found that the percentage of “satisfactory outcomes”
ranged from 60% to 97%, depending on the outcome
measure employed. In general, measures examining
patient satisfaction provided a higher success rate than
measures using more objective criteria, such as return to
previous occupation. This range of satisfactory results is
substantially greater than the difference among many
techniques used in the surgical management of lumbar
disc herniation. Therefore, it is essential that only direct
comparisons using validated instruments be used to com-
pare outcomes. 

Loupasis et al. (15) analyzed 109 patients with surgi-
cally documented herniated lumbar disc over 12 years. The
late results were satisfactory in 64% of patients, but 28%
still complained of significant back or leg pain. Ninety-
four percent of patients were very satisfied or satisfied
with their results. The reoperation rate was 7.3%, about
one third of which resulted from recurrent disc herniation.
Sociodemographic factors predisposing to unsatisfactory
outcome included female gender, low vocational educa-
tion, and jobs requiring significant physical strength. 

Atlas et al. (16) retrospectively examined 507 patients
with sciatica, 275 surgically treated and 232 non–surgi-
cally treated. On average, surgically treated patients had
more severe symptoms, signs, and imaging findings than
non–surgically treated patients. At 1 year, surgically treated
patients reported significantly greater improvement in
symptoms, functional status, and disability. Seventy-one
percent of surgically treated and 43% of non–surgically
treated patients reported definite improvement (p < .001),
an effect increased after adjustment for differences be-
tween treatment groups at entry (relative odds of definite
improvement, 4.3; p < .001). However, little difference 
in the employment or workers’ compensation status of
patients treated surgically versus non–surgically was ob-
served at 1 year (5% versus 7% unemployed, 46% versus
55% receiving workers’ compensation, respectively). 

Davis (17) was able to examine 98% of 984 patients
operated on for a herniated lumbar disc with a mean fol-
low-up period of 10.8 years. L4-5 and L5-S1 discs were
involved with equal frequency (47%). The recurrence rate
was 6%, one third of which developed during the first
year after operation. The complication rate was 4%, with
no intraoperative vascular or intestinal injuries. The out-
come was good in 89% of patients, defined as a Prolo
score of 8 in 10%, 9 in 19%, and 10 in 60% of patients.
Patients who did sedentary work and homemakers had a
statistically higher total and economic Prolo scores ( p <
.01) than those who did strenuous work. Risk factors for
a poor result were pending legal or workers’ compensa-
tion claims and psychological distress. 

Two large reviews (18,19) have indicated consistent
surgical success rates of 65% to 90% in clinical series,
but have emphasized that careful selection of patients is
of great importance.
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COMPLICATIONS

In 1972, Spangfort (20) analyzed 2,504 operations and
recorded the incidence of complications (Table 45-1).

Cauda equina syndrome may result from excessive
compression of the dural contents during surgery. In the
presence of a very large disc fragment, the exposure
should be widened to allow the fragment to be removed
without excessive traction on the dura. It should be
remembered that diabetic patients are more vulnerable to
this complication, and extra care is required for such
patients.

Wound infection and postoperative discitis may be
reduced by use of prophylactic antibiotics. Rohde (21)
studied 1,642 patients in whom 1,712 discectomies were
performed. In 508 patients, no prophylactic antibiotics
were given; in 1,134 patients, a collagenous sponge con-
taining gentamicin was placed in the cleared disc space.
A postoperative spondylodiscitis developed in 19 of the
508 patients who were not treated with antibiotic prophy-
laxis (3.7%), whereas none of the 1,134 patients who
received antibiotic prophylaxis developed infection ( p <
.00001). A single dose of intravenous antibiotics at induc-
tion of anesthesia may be as effective as other regimens. 

Dural tear occurs in a small percentage of surgeries.
Pseudomeningocele and fistula formation following
dural tears should be repaired. It is essential that the
exposure be widened to provide a good view of, and
access to, the whole length of the tear. With loss of CSF
the cauda equina is much more sensitive to pressure, and
extreme caution should be exercised. Suction should be
avoided inside the dural cavity and over the area of any
prolapsed nerve roots. Suction through a patty is permis-
sible. Dural tears should be repaired with continuous
monofilament, nonabsorbable suture, taking care not to
narrow the dural sac. Large defects can be repaired with
dural replacement material and fibrin glue. Postoperative
patients with dural repairs should be maintained on bed
rest for 48 to 72 hours. 

Penetration of the anterior annulus is a rare complica-
tion that can be associated with vascular or visceral dam-
age (22). Constant monitoring of the depth of the rongeur
is mandatory. If penetration of the anterior annulus is sus-
pected, careful postoperative monitoring of blood pres-
sure, pulse, and abdominal signs is indicated. Lapa-
rotomy should be undertaken without hesitation in the
presence of adverse physical signs.
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TABLE 45-1. Incidence of complications in open
discectomy

Complication Incidence (percentage)

Cauda equina syndrome 0.2
Thrombophlebitis 1
Pulmonary embolism 0.4
Wound infection 2.2
Pyogenic spondylitis 0.07
Postoperative discitis 2
Dural tears 1.6
Nerve root injury 0.5

Modified from Spangfort.
Adapted from Spangfort EV. The lumbar disc herniation: a

computer aided analysis of 2,504 operations. Acta Orthop
Scand 1972;142(suppl):1, with permission.



CHAPTER 46

Chymopapain and Chemonucleolysis

Jeremy Fairbank

Chemonucleolysis is one of the best investigated inter-
ventions for the treatment of spinal disorders. There is
good evidence of efficacy, and yet its use has declined
sharply in North America in recent years. It is still used
in Europe. Recently, manufacture was discontinued
although it is likely to resume shortly. 

Chemonucleolysis dates back to the early 1960s when
Lyman Smith first injected a purified extract of the
papaya fruit into the intervertebral disc to treat interver-
tebral disc prolapse (1,2). Chymopapain was first ex-
tracted in 1941. In 1959 Hirsch was the first to propose
the use of a proteolytic enzyme to dissolve the interverte-
bral disc. Chemonucleolysis has been the subject of a
series of randomized controlled trials. Its use has been
fashionable in various countries at various times. It repu-
tation was damaged because of complications that gener-
ally turned out to be either due to poor technique of nee-
dle placement or to unrecognized comorbidity. Intradural
injection of the enzyme with serious neurologic sequelae
has occurred, but experienced radiologic technique
should make this complication extremely unlikely. There
was also anxiety in the United States because of anaphy-
laxis. This is unusual in Europe, perhaps because meat
tenderizer (based on the same enzyme) is not widely used
(3,4). A lower dosage was also used in Europe. In the
United States some surgeons have been reluctant to use
chemonucleolysis because of reimbursement issues. 

The most serious complication of chemonucleolysis is
transverse myelitis. This occurs in 1:18,000 to 1:25,000
cases (note that this is less than the risk of cauda equina
damage in surgically treated cases. Litigation in Califor-
nia is four times more common following discectomy
than following chemonucleolysis.

Figure 46-1 shows needle placement and pre-injection
discography in a 23- year-old woman with a 1-year his-
tory of back and leg pain. The symptoms and signs in this
patient were consistent with a disc prolapse at L5-S1. She
was frightened of surgery and eventually chose chemonu-
cleolysis. This gave her good relief of leg pain, but her

back pain persisted. A 3-month postintervention mag-
netic resonance (MR) scan showed that the disc prolapse
had largely dissolved. A 9-month scan showed complete
resolution. The back pain was managed conservatively. 

BIOCHEMISTRY

Chymopapain is a sulfhydryl protease found in papaya
latex. It closely resembles papain in its ability to hy-
drolyze a wide variety of substrates but at slower rates.
Chymopapain was so named because it was thought to
have a higher ratio of milk clotting to proteolytic activity
when compared to papain. The clotting capacities of the
two enzymes are in fact equal. It is supplied as a partially
purified, lyophilized powder. Its activity is measured in
units, where 1 unit hydrolyzes 1 µmol of benzoyl-L-argi-
nine ethyl ester per minute at 25°C and pH 6.2 after acti-
vation in a solution containing 1.1 µm EDTA, 0.067 µm
mercaptoethanol, and 5.5 µM cysteine-HCl for 30 min-
utes (5).

In humans there are measurable rises in keratin sulfate
levels for 5 days following chymopapain injection (6).

INDICATIONS

The indications for chemonucleolysis parallel those
for the surgical treatment of disc prolapse. The McCul-
loch criteria are widely used (7). McCulloch’s series of
480 patients showed 70% success in those patients ful-
filling his criteria. He suggested that candidates for
chemonucleolysis should meet three or more of the fol-
lowing:

1. Unilateral leg pain in a typical sciatic root-type dis-
tribution, including discomfort below the knee. The
leg pain has to be more severe than, or at least equal
to, the severity of the associated back pain. If the
roots of the femoral nerve are involved, pain in the
front of the thigh is produced.
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2. Specific neurologic symptoms incriminating a single
nerve (e.g., numbness over the dorsum of the foot or
over the great toe region or flopping of the foot on
walking, signifying the involvement of the fifth lum-
bar nerve).

3. Limitation of straight-leg raising, due to pain in the
leg, by at least 50% of normal; crossover pain from
the unaffected leg to the symptomatic leg; or radiat-
ing thigh or back discomfort or calf and foot numb-
ness on bowstring pressure over the medial or lateral
popliteal nerve.

4. At least two of four possible neurologic changes:
muscle wasting, muscle weakness, sensory alter-
ation, and reflex changes.

5. A positive myelogram showing a disc herniation at
the level suspected clinically.

These criteria continue to hold up today. Number 5 can
be reasonably substituted by findings on an MR scan con-
firming disc herniation. Lateral recess compression and
exit foraminal stenosis have become contraindications.
Even though these were not detected on the myelogram of
the 1970s, McCulloch’s report emphasized the clinical
importance of spinal stenosis and lateral recess stenosis
as a cause of failure. Other contraindications were nonor-
ganic back pain and disc degeneration. Chymopapain
should only be injected at an additional level in the
unusual situation where the same criteria apply.

CONTRAINDICATIONS

This intervention depends on the chymopapain reach-
ing the proteoglycan element of the herniated nucleus

pulposus. This cannot occur if there is a sequestrated
fragment surrounded by fibrosis or a posterior ligament
defect closed by fibrosis. If the offending herniation con-
sists of annulus, its predominantly collagenous content
will not be reduced by chymopapain. Spinal stenosis,
whether central or lateral, may be exacerbated by
chemonucleolysis rather than helped. This is because the
disc space always narrows following chemonucleolysis
and may produce neural compression from foraminal nar-
rowing. It tends to regain some of its height after a year
(8,9). The disc may be dose-dependent (10).

Allergy to chymopapain occurs. In the past chymopa-
pain has been used as a meat tenderizer, and this may have
led to undetected exposure to the antigen. Skin testing
using subcutaneous chymopapain has been described by
Grammer et al. (1988) (11). They used 10 mg per mL chy-
mopapain on 540 chemonucleolysis candidates, of whom 6
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FIG. 46-1. A: A lateral radiograph of the L5-S1 disc to show needle placement and a pre-chymopapain
injection of contrast (discogram) in a 23-year-old woman with a 1-year history of back and right leg pain.
B: An anteroposterior radiograph of the same patient.

A B

TABLE 46-1. Absolute or relative contraindications to
chemonucleolysis

Sequestrated discs
“Hard” discs
Lateral recess stenosis
Foramenal stenosis
Fibrosis due to prior surgery
Arachnoiditis
Neurologic disease
Polyneuritis of diabetic origin
Tumors
Cauda equina syndrome
Severe spondylolisthesis
Known chymopapain or papaya allergy



were positive. These individuals were excluded. None of
the negative patients developed unequivocal anaphylaxis to
chymopapain. If anaphylaxis occurs it should respond to
normal treatment including the use of adrenalin.

The full list of contraindications is listed in Table 46-1.

COMPLICATIONS

In the United States, between 1982 and 1991, 121
adverse events were reported in approximately 135,000
patients having chemonucleolysis (12). This included
seven cases of fatal anaphylaxis, 24 patients with infec-
tion, 32 patients with hemorrhage, 32 neurologic
events, and 15 miscellaneous occurrences with an over-
all mortality rate of 0.019%. Of the 121 events, 105
reported to the U.S. Food and Drug Administration
(FDA) occurred before the end of 1984. Among these,
were six cases reported as acute transverse myelitis. It
is likely that two of these were due to previously unrec-
ognized multiple scleroses. There were one each of
cauda equina syndrome, diabetic neuropathy, intrathe-
cal injection, and postviral myelitis. Three of the six
patients recovered. 

Overall it was found that 47 instances of the complica-
tions (out of the 135,000 patients exposed) were probably
related to chymopapain, 38 were probably not related, and
in the remaining instances, there was insufficient infor-
mation to decide.

In all of the categories investigated, there was a lesser
incidence of complications with chemonucleolysis than
that seen following laminectomy. This report was impor-
tant and was an accurate record of complications because
of the supervision of the FDA. This meant that the data
for chemonucleolysis were far more accurate than the
available data on laminectomy and discectomy. The early
neurologic complications and anaphylaxis cases dealt the
reputation of the procedure a serious blow. This was only
overcome by showing that the neurologic problems were
associated with poor technique and that anaphylaxis
could be avoided by careful history taking and sensitivity
testing. In fact, anaphylaxis has been reduced from an
early 0.5% to 0.25%, and there have been no reported
deaths or major neurologic complications between 1987
and 1996 (13). 

In a series from Austria, Deutman reported one case in
2,000 of anaphylaxis and seven “sensitivity” reactions.
All survived with appropriate treatment (14).

DISCITIS

When discitis was first described, it was thought to be
a “chemical” discitis. Fraser demonstrated conclusively
that this discitis was due to bacterial contamination
(15,16). The use of a double-needle technique and pro-
phylactic antibiotics has virtually eliminated this com-

plication. It is not always easy to grow bacteria from
disc space biopsies, so some surgeons still believe in
chemical discitis when there is a negative culture (17).
Poynton et al. reported discitis in 6 of 105 patients
(5.7%) (18). Only two had a positive culture
(Escherichia coli). None had long-term sequelae. End-
plate changes can be detected on MR after chemonucle-
olysis (19).

TECHNIQUE

McCulloch advocated a posterolateral approach under
local anesthesia (7). Anaphylaxis should be treated if it
arises. Other authors have preferred a general anesthetic
and watchful waiting for complications. In our institu-
tion, we use local anesthesia and sedation with an anes-
thesiologist in attendance. A transdural approach to the
disc is strongly contraindicated. Some authors use
discography to check needle position. Others believe that
this has an adverse effect on the enzyme, although this
has not been substantiated.

In the past back spasm was common after chemonu-
cleolysis. The incidence of inflammatory changes can be
reduced with smaller dosages (20). Dosage has been
reduced from 3,000 to 4,000 U per disc down to 2,000 U
per disc, or even to 500 U per disc by some (21). Pain and
spasm may be reduced by injecting bupivacaine (8 to 10
mL, 0.25%) during needle withdrawal or by using intra-
venous corticosteroids just before the chymopapain injec-
tion. Antibiotic prophylaxis is essential (15).

The disc height decreases following injection by chy-
mopapain by about one-fourth of the pre-injection height
(22). It may recover some or all of the lost height over the
course of a year.

Walking remains the best exercise post-chemonucleol-
ysis. Swimming is encouraged. Most can return to a light
or sedentary type of work within 2 to 4 weeks, and heav-
ier work in 6 to 12 weeks.

LONG-TERM RESULTS: CLINICAL
TRIALS/REVIEWS

The most compelling evidence that chemonucleolysis
is a safe and effective treatment for herniation of the
nucleus pulposus is found in well-designed and con-
ducted prospective, randomized, double-blind studies in
the United States and Australia. One of these double-
blind studies has been carried out for 10 years without
code break or loss of follow-up (23,24).

In Australia, Fraser (24) randomized 60 patients to
chemonucleolysis or intradisc saline. In the chemonucle-
olysis group 80% regarded treatment as successful com-
pared with 34% in the saline group. In the chemonucle-
olysis group, 20% were operated on compared with 47%
in the saline group. These patients were also assessed by
an independent observer who concluded that 77% of the
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chemonucleolysis group and 38% of the saline group had
“moderate” improvement. One patient in each group
developed discitis.

Success prevailed in 77% of patients receiving
chemonucleolysis compared with only 38% for the
placebo group ( p < .004). Only 6 of the patients receiv-
ing chemonucleolysis had required laminectomy com-
pared with 14 in the placebo group ( p < .028) (24).

A European study (25) reported the success rate at 1
year for chemonucleolysis at 88% and for laminectomy at
76%. Chemonucleolysis continued to be superior to
surgery after an additional year. In a 9- to 11-year
prospective, randomized study comparing patients with
these two methods, surgically treated patients who had
done well initially deteriorated with time, whereas those
who did well following chemonucleolysis maintained a
successful outcome in the long term (p < .041).

The long-term results of surgery after failed chemonu-
cleolysis are similar to those obtained after primary disc
excision, indicating that failure to respond to chemonu-
cleolysis does not compromise surgical discectomy,
should it be necessary. In comparing long-term follow-up
of patients who have undergone postchymopapain
laminectomy versus patients who have undergone repeat
laminectomy, better results were obtained in post-
chemonucleolysis laminectomy which were statistically
significant (26).

In trials versus placebo, there is a clear advantage for
chymopapain (27,28). Trials against surgery (observational
and randomized controlled trials) show slightly less effi-
cacy of chemotherapy over surgery in the short term, fewer
complications, and fewer long-term recurrences. In the
longer term the results are comparable (23,29–33).

Nordby and Wright reviewed 45 studies (observational
and randomized controlled trials) made between 1985
and 1993 (27). There were 7,335 patients. On average
76% reported a benefit with chymopapain compared with
88% in patients having open surgery.

Javid reported a prospective cohort design of 200
selected patients, 100 having chemonucleolysis and 100
undergoing surgery (26). Of chemonucleolysis patients
82% saw immediate benefit; 92% surgical patients saw
immediate benefit. By 1 year 88% chemonucleolysis
patients and 85% of surgical patients had benefited from
the respective procedures. In this study chemonucleolysis
was more cost-effective than surgery. 

Observational studies are helpful for investigating effi-
cacy and complications. Bouillet reviewed 43,662 cases
from 316 centers. The overall complication rate was 3.7%,
with 0.45% serious complications (34). Other observational
data are reported by various authors (35–37).

JUVENILE DISC PROLAPSE

Bradbury et al. reported a long-term observational
study of 60 adolescents (13 to 19 years) with disc pro-

lapses (38). All were treated with chemonucleolysis ini-
tially. There were 18 failures (30%) treated by open dis-
cectomy. Follow-up in all cases was more than 5 years
(mean follow-up: chemonucleolysis 8.5 years, surgery
7.2 years). Pain relief was successful in all the chemonu-
cleolysis patients and 16 of 18 of the surgical patients.
Failures are due to large prolapse, sequestrated disc, lat-
eral recess stenosis, facet arthropathy, and osteophytes
(7,31,39,40).

The authors concluded that chymopapain injection was
an effective first-line treatment for this group of patients.
Surgery can then be confined to failures of this treatment
with, in most cases, a good clinical outcome. Both this
study and that of Javid (26) suggest that more chemonu-
cleolysis patients are employed than those who have
surgery. This may represent some selection bias.

DISC PROLAPSE IN OLDER ADULTS

Evidence shows that chymopapain is effective in older
adults with disc prolapse (14,41). Associated pathology,
such as lateral stenosis or root canal stenosis, is more
likely than in younger patients. This can preclude a good
outcome.

HEALTH ECONOMICS

It is likely that chemonucleolysis is less expensive than
surgery, especially when done as outpatient procedure; it
also may be more cost-effective (42). Short-term efficacy
is slightly less than surgery, but in the long-term, it is as
effective. It is likely that there are fewer recurrences with
chemonucleolysis. The health economics of this issue
have been investigated in various studies. None have been
designed to investigate the current practice of low dose
outpatient day care chemonucleolysis or have looked at
the question of long-term recurrence. Malter et al. con-
cluded that surgical treatment was cost-effective and that
there was a cost-utility benefit (43). The cost-utility of
surgery was just under $30,000 per quality adjusted life
year gained compared with nonoperative treatment. This
compares favorably with coronary artery bypass grafting.
These authors had insufficient data to make a conclusion
on chemonucleolysis, but they thought that it would have
comparable findings.

This view is contested by a study by Muralikuttan et al.
(29). This study involved 92 patients randomized to
surgery or chemonucleolysis. Nine of 46 chemonucleoly-
sis patients came to surgery (19%) and only 1 surgery of
the 46 was a failure. By 1 year there was no detectable
difference between the groups. In this study the chemo-
nucleolysis patients were kept in the hospital for a mean
of 7 days and the surgical patients for a mean of 8 days.
There was a demonstrated cost-benefit and cost-utility
benefit for surgery and no advantage for chemonucleoly-
sis. The prolonged inpatient stays make this study of lit-
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tle relevance today. This matter is also reviewed by Javid
(26) and Norton (44).

In a European study, Launois et al. (45). reported the
success rate at 1 year for chemonucleolysis at 88% and
for laminectomy at 76%. Chemonucleolysis continued to
be superior to surgery after an additional year. 

ALTERNATIVES

Alternatives to chymopapain have been sought. There
is some evidence to support the use of collagenase: in a
5-year randomized study of 100 patients comparing col-
lagenase to chymopapain, collagenase was effective in
relieving pain in 52% patients compared with 72% of
patients treated with chymopapain. Surgery rates were
24% and 18%, respectively (46). Other agents, such as
chondroitinase ABC have not shown efficacy. Chemonu-
cleolysis is superior to automated percutaneous discec-
tomy (47,48).

CONCLUSIONS

I have used both chemonucleolysis and surgery in
managing patients with disc prolapses when other inter-
ventions have failed. This requires waiting a minimum of
6 weeks from the onset of symptoms. Chemonucleolysis
is safer than surgery, but its success rate is less. I prefer
to use chemonucleolysis in my younger patients (under
25 years of age), but there is evidence of efficacy in older
patients as well (41). Sequestrated discs will not respond
to chemonucleolysis. Chemonucleolysis does generate
significant back pain in the first 6 weeks (so does
surgery, but patients find postsurgical back pain easier to
accept, and it is expected that strong opiate analgesia will
be used). This means there is not much to choose between
the interventions in recovery time. This risk of recurrence
is probably less with chemonucleolysis compared with
surgery (which is about 10% in 10 years). The size of the
disc prolapse is irrelevant to outcome.

The complete rejection of chymopapain in the United
States is difficult to comprehend when the results of
treatment are carefully reviewed. Low-dose day treatment
for a symptomatic disc prolapse should be offered as a
treatment option to all eligible patients with sciatica from
a contained disc prolapse that has not responded to non-
operative treatment.
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CHAPTER 47

Microscopic Lumbar Discectomy

Robert Kraemer, Alexander Wild, Holger Haak, Joerg Herdmann, 
and Juergen Kraemer

MICRODISCECTOMY OR
MACRODISCECTOMY

Open lumbar discectomy is still the most frequent and
most important intervention in spine. The question is how
to perform open disc surgery—with a small or wide
exposure: microdiscectomy or macrodiscectomy? The
choice of procedure depends on the expected pathology: 

• Is it multisegmental? 
• Is there a concomitant spinal stenosis? 
• Is there a tumor or postoperative fibrosis?

A monosegmental disc prolapse is the most frequent
cause for lumbar disc surgery. The surgical approach
should be as small as possible and wide as necessary.
Besides less trauma, less postoperative pain, and more
rapid mobilization, a small approach reduces the amount
of scaring which is important to prevent perineural fibrosis
which is a cause of the failed back surgery syndrome. The
interlaminar approach is similar for both microdiscectomy
and macrodiscectomy, but the wound and scar formation
might be more extensive in a wide approach. Using a
microscope provides better illumination and better three-
dimensional visualization, and is a better teaching tool.
Several studies report good outcome with shorter hospital
stay and earlier return to work rates compared to conven-
tional disc surgery (1–3). On the other hand, there are
reports of comparable outcome with both procedures, as
well as concerns about specific complications (4,5). 

There are potential pitfalls and errors with microdis-
cectomy. The limited exposure makes it easier to operate
at the wrong level, to overlook free fragments, and to
decompress inadequately. Technical difficulties and inex-
perience with the microscope can result in inadvertent
injury to neural structures and vessels in the spinal canal.
Because of these issues, many surgeons prefer a wide
exposure for open disc surgery that permits better intra-

operative orientation and visualization. It is a challenge
for a spine surgeon to abandon a wide exposure for
microdiscectomy without a loss of quality. Optimal intra-
operative orientation with a small exposure can be
achieved by precise preoperative planning of the incision
and X-ray localization with a needle. A small incision
provides a better illumination of the operative field than
can be achieved by a headlamp. Surgery through a small
approach can be facilitated by special bayonet-shaped
instruments.

Microscopic lumbar discectomy is a four-step proce-
dure starting from the skin to the anterior epidural space
that provides clear visualization of each layer and seg-
ment. The overlapping of the lamina over the disc space
varies by level and must be recognized. The disc space at
L5-S1 is interlaminar in location; at L4-5 the disc is par-
tially covered by the lamina of L4; and at L3-4 and higher
the disc space is completely covered by the superior lam-
ina. The skin must therefore be appropriate: for an
infradiscal L4-5 herniation the disc prolapse is below the
spinal process, for supradiscal L5-S1 herniation the disc
prolapse is at the level of the spinal process. For micro-
discectomy, it is extremely important to visualize the
pathology in the center of the wound. In microdiscectomy
the surgeon must be oriented as to the precise location of
the foramen, nerve roots, and pedicles.

For foraminal and lateral disc herniation the skin inci-
sion is placed 3 cm lateral to the midline and the ap-
proach is between the transverse process. 

In conclusion, the surgical incision and approach
should be as small as possible and as wide as necessary.
One way to progress to microdiscectomy is to start with a
headlamp and to use microinstruments. The surgeon
should use the procedure with which he or she is most
comfortable. It is better for a patient to be operated upon
by an experienced macrosurgeon than by an inexperi-
enced microsurgeon.
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CLASSIFICATION OF LUMBAR MOTION
SEGMENTS FOR MICRODISCECTOMY

For a better correlation between preoperative and intra-
operative findings in microscopic discectomy it is helpful
to have anatomic landmarks that can be easily identified
both on radiographic images as well as intraoperatively.
In most classifications, posterior elements such as facet
joints, laminae, and pedicles are key structures for the
surgical approach to the lumbar spine (7–11). McCulloch
(9) related his classification to the pedicles and compared
the lumbar segments to the stories of a house. The disc
level was the first story, the infrapedicle level the second
story, and the pedicle level the third story of the house.
Wiltse (11) added a suprapedicle level, which could be
considered the upper part of McCulloch’s third story, and
laterally (horizontally), a subarticular zone. For orienta-
tion during interlaminar lumbar disc microsurgery, the
surgeon has only a few anatomic landmarks. Exposure of
the facet joint should be avoided in order to maintain the
vascularization and innervation of its capsule and to
avoid damage to the joint itself.

For the routine interlaminar approach to the lower lum-
bar spine, disc-related orientation is more useful, espe-
cially for less experienced surgeons. After identifying the
inferior border of the lamina and the disc space by its
relation to an intraoperative localizing needle on an X-ray
film, it is easy to find the pedicles, foramen, and nerve
roots. 

The main difference from the classifications of
McCulloch (9) and Wiltse (11) is that the intraoperative
orientation is related only to the disc, not the foramen,
pedicles and facet joints, which cannot be seen in most
microsurgical approaches. 

DISC-RELATED CLASSIFICATION

A disc and the adjacent vertebrae form a segment (the
Junghans motion segment) that is divided vertically into
levels and horizontally into zones (Fig. 47-1).

At the center of a segment is the disc level, with the
supradiscal level above and the infradiscal level below.
Supradiscal and infradiscal levels border on the middle of
the vertebra, which is identical with a line between the
inferior borders of the pedicles. Protruded disc material
can stay at the disc level or dislocate in a supradiscal or
infradiscal direction.

From the midline of the segment in a lateral direction,
there are three zones: medial, paramedial, and lateral. The
medial zone has a right and a left part. The middle of the
paramedial zone is identical with the center of the inter-
laminar approach at L5-S1 and, after removing parts of
the upper lamina, also at L4-5 and higher segments. Most
contained or noncontained disc herniations are in this
area. They lie under or close to the traversing nerve root
at the disc level or the supradiscal or infradiscal level. If
pathology medial to the traversing root is closer to the
segment midline, it lies in the medial zone.

The lateral zone begins at the medial border of the
pedicle and includes the foraminal area and the extra-
foraminal (far out) area. Disc herniations that lie lateral to
the traversing root usually have contact with the exiting
root in the foramen, causing a double-root syndrome. All
levels have the same zones except the infradiscal level,
which does not really have a lateral zone due to presence
of the pedicles.

Myelogram and anteroposterior reconstructions on
magnetic resonance imaging (MRI) show the dural sac
and nerve roots with bony structures.

In the lower lumbar segments, the nerve roots traverse
the disc and infradiscal area before they exit the spinal
canal through the intervertebral foramen of the segment
below. The vertical part of the nerve root that passes the
paramedial zone is called the traversing root until it enters
the lateral zone at the medial border of the pedicle. From
there on it is the exiting root. 

The interlaminar approach to the lumbar spine always
exposes the traversing root centrally and the exiting root
cranially and laterally within the intervertebral foramen.
The pedicle is caudally and laterally located. The travers-
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FIG. 47-1. Disc-related classification of the segment.
Above the disc level is the supradiscal level, and
below it is the infradiscal level; these border on the
middle portion of the vertebra. In the lateral direction
are the medial, paramedial, and lateral zones.



ing roots are intrathecal until they leave the dural sac and
enter the nerve root sheath at the axilla of the root. The
main part of the lumbar traversing root lies intrathecally.
The lumbar traversing roots course past the disc and
supradiscal levels intrathecally. The sheath-surrounded
part of the L3-4 and L5 traversing roots is very short. The
entrance point into the nerve root sheath (axilla point) for
the L5 root is infradiscal medial to the L5 pedicle, and for
the L3 and L4 roots it is caudal to the pedicle. For the S1
root, it is just below the L5-S1 disc. This means that in
microscopic lumbar discectomy an approach to the discal
and supradiscal level in L3-4 and L4-5 segments and to
the supradiscal level at L5-S1 exposes only the lateral
part of the dural sac with the traversing root inside, not
surrounded by a nerve root sheath. A medial part of tra-
versing root does not exist at these levels of the spinal
canal and separation should therefore not be attempted.
Only an interlaminar approach to the disc and infradiscal
levels of L5-S1 and sometimes the intradiscal levels of
L4-5 show sheath-surrounded traversing nerve roots. Tra-
versing nerve roots are most sensitive to mechanical
strain in their sheath-surrounded part, especially at the
entrance point, because they can be manipulated as easily
as in their intrathecal part. 

Exiting roots have a nerve root sheath that naturally
adheres to the posterior surface of the vertebra and the
pedicle. They are also sensitive to any kind of mechanical
strain because they cannot move. Exiting roots are
located craniolaterally to the interlaminar approach and
the disc. They pass around the pedicle into the superior
(upper) part of the intervertebral foramen. The exiting
nerve root and the pedicle adjacent to it have the same
name: the L5 root passes beneath the L5 pedicle, the L4
root around the L4 pedicle, and so forth.

Fragment dislocation in the supradiscal direction often
causes double-root involvement, with simultaneous com-
pression of the traversing and the exiting root. This
involves the intrathecal traversing root and the exiting
root from the segment above.

APPROACH TO THE LAMINA

After incision of the skin and fascia, contact with the
spinous process with a bone rasp leads to the upper cor-
ner of the interlaminar window. The bone rasp passes
along the inferior part of the spinous process to the infe-
rior part of the lamina and then to the upper interlaminar
corner. With the 30° oblique view the surgeon looks at the
lower part of the spinous process and the medial part of
the inferior lamina which form the upper interlaminar
corner (Fig. 47-2). The highest point of this corner has
specific relation to the disc space of the segment. At L5-
S1 this point lies above the disc, at L4-5 it lies at the disc
level, and at L3-4 and higher it lies below the disc space.

The inferior part of the lamina in the upper interlami-
nar corner is not covered by the ligamentum flavum. The

superior part of the lamina in the lower interlaminar cor-
ner is much thinner and is partially covered by the liga-
mentum flavum. Before entering the spinal canal by
flavectomy it is useful to take another X-ray with a dis-
sector in the upper interlaminar corner, which is much
closer to the disc than the needle used to radiographically
localize the proper level for skin incision.

SURGICAL VIEW THROUGH INTERLAMINAR
WINDOW AND DISTRIBUTION OF FRAGMENT
LOCATION

After removal of the ligamentum flavum from the lat-
eral interlaminar area, epidural fat and the lateral portion
of the dura and the traversing root appear. It is not neces-
sary to remove the ligamentum flavum in the medial
interlaminar area in order to expose nerve roots. The L5-
S1 disc lies in the middle of the interlaminar approach to
L5-S1, directly under the traversing S1 root. In the mid-
dle of the interlaminar approach to L4-5, directly under
the traversing L5 root, lies the infradiscal area of the L5
vertebral bone surface.

Exiting roots cannot be seen from this approach, they
can only be estimated. On a left-sided approach, the fora-
men and exiting root are on the surgeon’s left, and on a
right-sided approach they are on the surgeon’s right. The
segmental pedicle is on the opposite side (Fig. 47-3A,B).

In addition to the four main directions—cranial, caudal,
medial, and lateral—there are intermediary planes (cra-
niomedial, craniolateral (foraminal), and caudomedial)
for describing fragment migration. Caudolateral position
of a fragment is not possible because of the presence of
the pedicles. Even if a fragment lies lateral to the travers-
ing root in the infradiscal area, it is still in the paramedial
zone because the lateral border to this zone is the pedicle.
Infradiscal caudal herniations are the most frequent indi-
cation for open surgery (59%). The disc fragment lies
between bone and the traversing root, which is immobile
because of the presence of the pedicle laterally. Hernia-
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FIG. 47-2. A surgeon’s 30° oblique view of the upper areas
of a left-sided interlaminar window. Bony contact with the
inferior part of the spinous process leads directly to the
upper interlaminar corner.



tions in other directions less frequently come to surgery.
The distribution of fragment migration in patients who
have been treated conservatively is completely different
from that in surgically treated patients (12). 

FOUR STEPS TO THE DISC

First Step: Skin

Needle localization with X-ray is generally more accu-
rate than localization by palpation. The needle should be
placed at a 90°-angle to the skin, approximately 2 to 3 cm
paramedically on the contralateral side (Fig. 47-4).

Palpation of iliac crest and spinous processes is often
misleading because of anatomic variations and difficulty
in palpating bony landmarks in obese patients. The 3 cm
skin incision is placed centrally at the appropriate level.
For supradiscal and discal herniations of L3-4, L4-5, or
L5-S1 the incision is placed at the level of the spinous
process. For infradiscal herniations, the incision should
be slightly below the spinous process.

Second Step: Ligamentum Flavum

After incision of the fascia and stripping aside the back
muscles, palpation along the inferior part of the spinous
process leads to the upper interlaminar corner (Fig. 47-2).
The highest point in this upper interlaminar corner is the
best place to enter the spinal canal. When the skin inci-
sion is correctly centered over the L5-S1 disc, the upper
interlaminar corner is the cranial part of the approach; for
the L4-5 disc it is in the middle of the approach. For L3-
4 discs and higher the upper interlaminar corner is in the
caudal part of the approach (Fig. 47-5). A modified
Casper retractor is inserted to maintain exposure.

Before opening the spinal canal the upper interlaminar
corner of the inferior part of the lamina has to be identi-

fied in relationship to the needle landmark in order to
know where to find roots pedicle and discs in micro-
scopic discectomy without further exposure.

Third Step: Posterior Epidural Space

The spinal canal should be opened to reach the parent
disc even if fragments have migrated. After removal of
ligamentum flavum and parts of the lamina the posterior
epidural space can be visualized. In the lateral part of the
interlaminar window at L5-S1 the surgeon has a direct
view on the transversing S1 root that is sometimes cov-
ered or surrounded by epidural fat. At L4-5, and in higher
segments, the interlaminar window is more medial and
the dural sac wider so that the transversing root is covered
by the lateral dural sac.

Fourth Step: Anterior Epidural Space

Medialization of the transversing root with a lone
nerve root retractor allows a direct view of the disc
level at L5-S1 after flavectomy and of the L4-5 and
more proximal levels after additional bone removal of
the lamina in the upper interlaminar corner. At L4-5
and higher levels a flavectomy without laminotomy
exposes the anterior epidural space on the vertebral
bony surface of the infradiscal zone. This area has
many epidural veins and should not be exposed if the
pathology is at the disc or supradiscal level. Medializa-
tion of the dura and nerve root, extraction of the disc
prolapse, and wound closure are the same as with con-
ventional discectomy. A specialized disc extractor with
a depth block is recommended in order to avoid ante-
rior perforation of the annulus fibrosus with possible
injury to the abdominal vessels (Fig. 47-6).
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FIG. 47-3. A, B: Left-sided microscopic interlaminar approach to the lumbar spine. In front of the
approach is the dural sac with the traversing root inside. Only at the disc and infradiscal levels of L5-S1,
and sometimes at the infradiscal level of L4-5, is there a traversing nerve root surrounded by a nerve
root sheath.
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FIG. 47-4. A–C: The needle is placed in a 90°-
angle paramedian on the contralateral side. The
disc level is marked and so the skin incision in cor-
relation to the pathology shown on the magnetic
resonance image.

FIG. 47-5. Second step: lamina flavum at the disc level.
When the skin incision is centered over the disc at L5-S1
the approach exposes the ligamentum flavum with the
upper interlaminar corner cranially located. At L4-5 the
upper interlaminar corner is in the middle and at L3-4 it is
caudal and medial.
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LIGHT SOURCES

Good lighting is mandatory for a microsurgical ap-
proach. If there is no microscope available, a headlamp
can be useful, although only the surgeon will have an ade-
quate view. The use of a microscope is excellent for
teaching conditions—the assistant has the same view as
the surgeon —and it also provides optimal illumination
and magnification of the operating field. Performing
surgery with an operating microscope (Fig. 47-7)
demands a certain level of training and the learning curve
may vary between surgeons. The adapting time can be
individually different. Nevertheless, a surgeon who uses a
microscope should be able to switch over to the head
lamp if technical problems with the microscope occur.

INSTRUMENTS

The standard instruments used for the microsurgical
approach to the lumbar disc are designed for manipula-
tion in the spinal canal and are thin with a special angu-
lar shape.

RESULTS

The reported results of microscopic lumbar discectomy
vary. These variations are the result of different indica-
tions for surgery and different outcome measures. Results
after microsurgical procedures are reported by Caspar
(13), Kahanovitz (14), Krämer (15,16), McCulloch (6),
Silvers (2), Williams (17), Wilson (18), and Zahrawi (19).

Two trials were conducted comparing microdiscectomy
with standard discectomy, both included clinical outcomes
that were similar (20,21). Because of different outcome
measures, metaanalysis is generally not possible (22).

EARLY COMPLICATIONS IN MICROSCOPIC
LUMBAR DISCECTOMY

The complications of open disc surgery and micro-
scopic discectomy are discussed mainly in books of expe-
rienced spine surgeons (6,23). 

In the European Spine Society questionnaire (24) to
evaluate a risk and value score for different diagnostic
and therapeutic procedures in the spine, open discectomy
had the highest effectiveness for pain relief, but a nega-
tive overall risk value score because of complications and
poor results. Our recent studies evaluated different fac-
tors that influenced the outcome of open lumbar disc
surgery (24,25).
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FIG. 47-6. A, B: Rongeur with a depth guard for intradis-
cal maneuvers to avoid anterior vessel injury (Aesculap).

FIG. 47-7. Operating microscope. Surgeon and assistant
have the same view.
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Classification

Complications of open lumbar disc surgery may be
classified as intraoperative, immediate postoperative, and
late postoperative according to when they are apparent
rather than when they occur. Complications of lumbar
spine surgery can either be general, and therefore
common to any type of surgery, such as thrombosis,
embolism, and anesthetic problems, or they may be spe-
cific for spine surgery.

Intraoperative complications are recognized immedi-
ately by the surgeon and should be recorded. Operative
reports are not always complete so their true frequency
remains uncertain. Many of these problems can be
avoided by meticulous preoperative planning. Some intra-
operative complications are common, such as epidural
bleeding and durotomy, and can be managed quite easily.
Other complications, such as anterior vessel and visceral
injury, are severe, but fortunately extremely rare.

Immediate postoperative general complications such
as vomiting, thrombosis, and circulatory problems can
occur after any kind of surgery. Some of the specific
spine complications occurring during the operation may
be initially unrecognized by the surgeon and become
symptomatic and obvious in the days following surgery.
These include complications secondary to patient posi-
tioning, abdominal symptoms, and bladder disturbances.

Late postoperative complications after lumbar disc
surgery may become obvious after the patient leaves the
hospital. These include general complications like throm-
boembolism as well as specific complications such as
recurrent disc herniation, spondylodiscitis, and the failed
back surgery syndrome due to peridural fibrosis and
instability. Late complications can only be evaluated by
questionnaires or follow-up studies with patient examina-
tion since not all patients consult their surgeon when
these complications arise. 

Intraoperative Complications

Missed Preoperative Checklist

The surgeon performing a lumbar disc operation
should examine the patient just prior to the surgical pro-
cedure to verify any recent change in symptoms or new
findings. Symptoms can change in a short time because
of fragment migration or resorption. A difference in visu-
alization between MRI and intraoperative X-ray findings
must be recognized. Sometimes a lumbosacral segment
can be seen on MRI but not on X-ray. General anesthesia
should commence only when all preoperative imaging is
complete including an X-ray with the needle localization. 

Wrong Level Exploration

Precise preoperative planning is one of the main
prerequisites for successful microsurgery and avoiding

wrong level exploration. For McCulloch (6) it is the most
important prerequisite. In our comparative study (25),
wrong level exploration occurred 1.2% of the time in a
group of very experienced surgeons and 3.3% of the time
in a group of less experienced surgeons.

Wrong level exploration is more likely to occur at L4-
5 and higher segments than at L5-S1. In all cases the cor-
rect segment was ultimately identified intraoperatively by
X-ray. As described previously it is useful to take a sec-
ond X-ray with a dissector in the upper interlaminar cor-
ner before flavectomy. 

Missed Pathology

Missed pathology means that the compressive pathol-
ogy causing the clinical symptoms was not adequately
addressed. This can happen when wrong level exploration
is not recognized and other nonsignificant pathology is
removed. Under such circumstances the patient awakes
with the same pain or worse than before surgery. 

If the suspected intraoperative pathology is not found,
an intraoperative myelogram can be considered.

Other Pathology

Other pathology means the surgeon finds a different
pathologic entity than what was expected but which could
have caused the clinical symptoms. This could be an
undiagnosed neurinoma or a synovial cyst from the facet
joint. In these cases a closer look at the imaging pictures
should be undertaken. In some cases it might be neces-
sary to perform an intraoperative X-ray or myelogram to
identify missed pathology.

Bleeding or Epidural Hematoma

Epidural hematoma causing symptomatic neurologic
compression or cauda equina syndrome is one of the most
feared complications of spine surgery. During a posterior
approach, lumbar spinal canal arterial bleeding from the
back muscles and epidural venous bleeding are the most
important causes for such bleeding. Intraoperative bleed-
ing can be minimized by positioning the patient prone
with the abdomen hanging freely.

Arterial bleedings from the back muscles should be
identified and coagulated carefully.

At the end of the surgical procedure, after the muscle
retractor is removed, the muscle walls should be checked
for bleeders because prolonged muscle retraction may
temporarily occlude potentially significant muscle bleed-
ers, which could begin bleeding after muscle layer clo-
sure. When an epidural hematoma is identified, surgical
intervention must be performed as soon as possible to
evacuate the hematoma.

Epidural vein bleedings do not cause compression of
the dural sac, but do cause cauda equina syndrome. Some
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experienced spine surgeons (26–28) believe that epidural
vein bleeding often stops when the disc fragment is
removed and after wound closure. We prefer to tampon-
ade as long as possible before using bipolar cautery.
Excessive cautery of epidural veins may inhibit the nutri-
tion of the nerve roots and may be the cause of epidural
fibrosis and postdiscectomy syndrome (failed back syn-
drome).

An epidural hematoma, even if it does not compress
the dural sac, can also cause epidural fibrosis. The main
reason to prevent and stop bleeding from epidural veins is
that they obscure the visual field. Because of the limited
approach in microdiscectomy, even a small amount of
bleeding may appear as a major hemorrhage under the
microscope and make it difficult to perform a safe and
adequate discectomy. Therefore the following precau-
tions should be followed to prevent intraoperative bleed-
ing:

• positioning of the patient with abdomen hanging freely
• avoid exploring the posterior surface of the vertebra if

it is not necessary
• retract epidural veins with the retractor before entering

the disc space
• cauterize veins if they are in the way.

If epidural vein bleeding occurs it may be better to
remove as much of the protruded disc material as possi-
ble before taking care of the bleeding. The bleeding dur-
ing this maneuver could be managed by continuous suc-
tion and the use of cotton tamponades. After removal of
the disc prolapse, it is easier to expose the bleeding vein
and cauterize it if necessary.

For continuous bleeding from cancellous bone we use
a small amount of bone wax.

In our series excessive bleeding occurred in 7.1% of
patients treated by the group of experienced surgeons and
in 3.5% of the patients treated by the group of very expe-
rienced surgeons. In all cases, excessive epidural vein
bleeding did not cause intraoperative or immediate post-
operative complications (25).

Durotomy

Injuries to the dura with loss of cerebrospinal fluid
(CSF) occur in many types of spine surgery. Clear fluid
in the wound should not automatically mean dural tear. It
could also arise from a puncture hole from previous
myelography, from a spinal anesthetic, or from inadver-
tent dural puncture from an epidural injection days before
surgery. Other causes of intraoperative fluid include syn-
ovial fluid from facet joints (6) or from a wet cotton patty.

Unfortunately presence of clear fluid usually means
CSF from inadvertent durotomy by surgical instru-
ments. Most commonly this occurs during opening of
the dura by incision of the ligamentum flavum. This can
happen when the ligamentum flavum is very thin, which

occurs with lumbosacral anomalies (6), or when a big
disc herniation displaces the dural sac posteriorly under
the ligamentum flavum. This is why we prefer a two-
step flavotomy with a special semi-sharp dissector.
Under special conditions, intentional durotomy is nec-
essary to deal with intradural pathology, which is rare in
lumbar disc surgery (6).

When a CSF leak is recognized, localization and
assessment of the injury must be determined: Is it medial
or lateral, caused by incision or punch, are nerve roots
involved? When the durotomy is localized, it is better to
avoid it in order not to inadvertently enlarge the hole.
After the disc herniation is removed, there is more space
and less tension on the dura and suture repair is easier. A
head down/back up position reduces dural tension and
empties the dural sac. Tears of more than 3 mm in length
should be closed with 6-0 sutures. Usually, the microsur-
gical exposure must be extended. Small punctures can be
left alone. We prefer to put a small free fat graft from the
subcutaneous fat to the dural repair. The patient should
have intravenous antibiotics and be kept in bed for 3 days. 

Complications of dural tears include headache due 
to CSF loss, CSF fistula, and postoperative pseudo-
meningocele, which can be seen by MRI. Our own expe-
rience with a follow-up study comparing patients who
had intraoperative dural tears with a control group
showed better results in the control group (25). With a
two-step blunt perforation of the ligamentum flavum,
appropriate instrumentation, and good visualization of
the lateral dura and nerve root border it should be possi-
ble to reduce the number and extent of dural tears in lum-
bar microdiscectomy to a minimum. In conclusion, du-
rotomies are a matter of experience. They occurred in the
group of less experienced surgeons 7.2% of the time and
among the very experienced surgeons 0.8% ( p < .001) of
the time (25). 

Nerve Root Lesion

The incidence of nerve root lesions after lumbar spine
surgery has been estimated at 0.2% (29). Such injury may
be suspected postoperatively by the presence of a new or
increased neurologic deficit. Iatrogenic intraoperative
nerve root injuries are classified by the site where they
occur, proximal to the foramen or extraforaminal, and by
the way in which the injury occurs: open by sharp instru-
mentation or closed by excessive traction, compression,
or heat from electrocautery. Poor visibility, perineural
adhesions, and congenital neural anomalies such as con-
joined nerve roots are the most common causes of dam-
age to the nerve roots. Therefore, it is absolutely neces-
sary to define the lateral border of the root and dural sac
before removing any material from the spinal canal. Even
when the neural elements are safely retracted by a nerve
root retractor, the tissue in the anterior epidural space
should be identified by the 2 mm dissector. The bright
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white of disc material should not be mistaken for epidural
fat and vessels.

Rootlets may herniate through a durotomy. After re-
duction of the rootlets the dura must be repaired. Small
defects may be covered by a free fat graft especially if a
suture could strangle the nerve root. The most vulnerable
area for an open nerve root legion is the axilla of the exit-
ing nerve root. Thus effects to remove intradiscal frag-
ments should not take place medial to the nerve root in
the axilla. One of the principles of microdiscectomy is to
stay lateral to the nerve root in order to avoid axillary
injury. 

Anterior Vessel Injury, Visceral Injuries

When a rongeur penetrates the anterior annulus fibro-
sus, it may contact a major vessel that lies immediately in
front of the lower lumbar discs. Grasping maneuvers in
order to clean out the disc material may rupture the ves-
sels. The most frequent lesion is an isolated injury to the
left common iliac artery (30) caused by surgery of the
L4-5 disc. The overall complication rate for anterior ves-
sel injury is 0.045% (31). Only 50% of such injuries are
immediately apparent with a dramatic unexplained fall in
blood pressure and excessive hemorrhage from the disc.
In these cases disc surgery has to be stopped immediately,
the wound closed, and the patient turned over for a
laparotomy and repair of the injured vessel. 

In 50% of the patients the symptoms of anterior vessel
injury and other abdominal injuries are recognized later
in the recovery room with extreme hypotension and
painful abdominal swelling. In these cases, laparotomy
must be performed immediately. Even with prompt
action, the mortality of this complication is approxi-
mately 50% (6). Prevention of this major complication is
possible if intradiscal maneuvers are performed only with
rongeurs that cannot be inserted deeper than 25 mm. This
leaves an adequate safety margin since the anteroposte-
rior disc diameter is 35 to 40 mm on average (Fig. 47-6). 

Immediate Postoperative Complications

Postoperative Leg Pain and Neurologic Deficits (Table
47-1)

Although not usually considered a complication in
most series, persistent or residual leg pain after nerve root
decompression surgery of the lumbar spine can be con-
sidered a complication. If the correct level was operated
upon, and if neurologic symptoms are not severe or pro-
gressive, one can wait.

It is important, however, to consider the possibility of a
residual disc fragment or a recurrent herniation. Indications
for a careful postoperative neurologic examination and a
repeat computed tomography (CT) or MRI study are: 

• severe leg pain lasting more than 2 to 3 days 

• progressing neurologic deficit 
• cauda equina syndrome.

When a nerve root has been compressed for a long
time by a disc herniation or an osteophyte it may not
become asymptomatic immediately after decompression.
The reasons for residual symptoms are not completely
understood, but include the duration of compression, the
presence of comorbidities such as diabetes, intraoperative
nerve injury, compression from a hematoma, inadequate
postoperative pain medication, and individual pain sensi-
tivity. 

In addition to wrong level exposure, missed additional
pathology at the current level is another cause of failed
lumbar disc surgery. Additional disc fragments can be
missed or concomitant bony stenosis may not be appreci-
ated and thus decompressed. The patient may awake from
surgery with the same pain or it might even be worse
because of additional operative trauma and postoperative
hematoma. Repeat CT or MRI should be performed to
detect the missed fragment or other pathology. 

Continued postoperative leg pain and neurologic
symptoms of the same or increased intensity as before
surgery can be caused by either missed pathology or by
an early recurrent disc herniation. This could be caused
by abdominal pressure such as by coughing during the
immediate postoperative period. 

Usually symptoms from a recurrent disc prolapse
occur after a pain-free interval. It may occur when the
patient begins to stand and axially load the spine with
more frequency. In our series we had 0.2% rate of recur-
rent disc herniation in the first week after surgery. Once
a new herniation is verified by repeat CT or MRI conser-
vative management or revision surgery at the same level
may be considered. The risk of recurrent disc herniation
cannot be eliminated by extensive disc curettage
(6,29,30). It is generally recommended that all disc mate-
rial under the annulus perforation that could lead into a
recurrent herniation be removed at the time of the initial
surgery.

All variations of the kneeling position that are used in
lumbar disc surgery can produce compression on the skin
and neurologic structures. Brachial plexus stretch injuries
and compression of the radial and ulnar nerve can
develop by the hyperabduction of the arm. Bernsmann
(32) observed two cases of slight brachial plexus dys-
function in our series, all of which disappeared in the first
few days following surgery. Severe lesions from position-
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TABLE 47-1. Causes for postoperative leg pain

Residual symptoms from original condition
Intraoperative nerve root injury
Residual fragment disc, foreign body retention
Early recurrent disc herniation
Nerve irritation secondary to intraoperative positioning



ing, such as cervical myelopathy from hyperextension of
the neck, or visual disturbances (6,33,34) from failure to
protect the eyes during surgery and in the prone position
are very rare and should be avoided by proper head posi-
tioning.

There is a wide range of possible cauda equina symp-
toms, from slight bladder disturbances to the fully devel-
oped cauda equina syndrome with perineal anesthesia,
urinary incontinence and decreased rectal tone, and bilat-
eral progressive leg weakness. 

The absence of any of these clinical features does not
rule out a developing cauda equina syndrome. 

Injury to the cauda equina can occur at surgery from
direct damage to the nerves or postoperatively from
hematoma. We have not seen a cauda equina syndrome
from fat graft compression in our large prospective ran-
domized study of free fat graft versus no fat graft for
epidural scarring (9), although this condition has been
reported by others.

Concern about a possible cauda equina syndrome man-
dates a thorough neurologic examination and immediate
CT or MRI. If a compression lesion is found, immediate
surgery to decompress the cauda equina is necessary,
although a study showed that there is no statistically sig-
nificant difference in outcome between patients who had
decompressive surgery within the first 20 hours after the
onset of cauda equina syndrome and those who had
surgery 24 to 48 hours after onset (35). 

The reported incidence of disc space infection ranges
from 0.13% to 0.9% (6,30,36–38). Most studies recom-
mend infection prophylaxis with antibiotics. 

It has been claimed that microdiscectomy has a higher
infection rate than standard disc surgery because of con-
tamination by the microscope. However, publications on
microdiscectomy surgery (30) and our own experience
show that the deep wound infection rate in microdiscec-
tomy surgery is not significantly higher than with tradi-
tional discectomy. 

CONCLUSIONS

It is impossible to avoid all complications in any
surgery, including lumbar microdiscectomy. According to
McCulloch (6), the two major criticisms of microdiscec-
tomy are wrong level exploration and missed pathology.
If wrong level exposure is not recognized, pathology will
be missed. The risk of complications with lumbar
microdisc surgery can be minimized if meticulous atten-
tion is given to preoperative, intraoperative, and postop-
erative details (24). It is helpful for spine surgeons to
master the microsurgery learning curve by working with
other experienced spine microsurgeons and to read the
literature about how to avoid intraoperative complications
and how to manage them if they occur. 

The outcome of lumbar disc surgery depends heavily
upon proper patient selection (Table 47-2). The right

patient with the right indication for microscopic disc
surgery will have a good result if a well-trained surgeon
removes the disc fragment using a standard approach.
The learning curve in micro-decompression surgery can
be improved upon in special training courses that provide
instruction for working with the microscope on cadaver
spines. Infection can be decreased by careful draping of
the microscope and by the use of prophylactic antibiotics.
Recurrent disc herniation is an uncommon but important
complication in lumbar disc surgery that may result in
another operation with a greater risk for complications
and scar formation. In many cases it is the beginning of a
failed back surgery syndrome. 
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CHAPTER 48

Classification, Natural History, and 
Clinical Evaluation 

Yong Hai

Lumbar spinal stenosis is defined as the reduction in the
diameter of the spinal canal, lateral nerve canals, or
neural foramina. The stenosis may occur as a part of a
generalized disease process and involve multiple areas of
the canal and multiple levels or, conversely, may be local-
ized or segmental. The reduction in the diameter of the
spinal canal or neural outlets may be attributable to bone
hypertrophy, ligamentous hypertrophy, disc protrusion,
spondylolisthesis, or any combination of these elements.
This clinical entity is used to describe a complex set of
symptoms, physical findings, and radiographic abnor-
malities caused by a narrowed spinal canal. Pain in the
back and leg(s) and, in particular, claudication caused by
compression and ischemia of nerve roots are the main
symptoms. Although it is one of the most common spinal
disorders in people older than 65 years, and frequently
causes significant functional impairment (1), there is still
some uncertainty in diagnosing and treating lumbar canal
stenosis, including: 

1. Though nearly all people in this age group have radi-
ographic evidence of degenerative disc and joint dis-
ease, the incidence of clinically symptomatic lumbar
canal stenosis is unknown.

2. The diagnosis is largely clinical. Although imaging
studies can confirm the diagnosis, they often show
abnormalities in people with no symptoms. 

3. Treatment is mostly empiric. Although lumbar canal
stenosis is the most common reason for spinal
surgery in this older population group (2) and
accounts for inpatient expenses approaching $1 bil-
lion per year (3), no comparison of surgical versus
nonsurgical treatment has ever been done.

Lumbar spinal stenosis has been known for more than
100 years, but for a long time it was simply not
addressed. This occurred because the association between
herniated vertebral discs and sciatica received most of the

attention after it was discovered by Mixter (4) in 1934.
However, since the early 1950s, starting with the studies
of Verbiest (5), this has changed, and lumbar spinal steno-
sis now is an accepted clinical entity and a well-recog-
nized spinal disorder.

Stenosis is most frequently a sequela of the aging
process, usually readily identifiable on imaging studies as
evidenced by the high incidence of positive radiographic
findings in asymptomatic patients (6–8). The presence of
a narrow canal on radiographic imaging studies does not
by itself define the syndrome. Rather, the syndrome is
defined by a complex set of symptoms and clinical find-
ings that must be supported by radiographic evidence.
Patients with spinal stenosis patients often present with
few objective physical findings. Up to 95% of patients
treated surgically have only subjective symptoms, mainly
pain (9,10). Accurate diagnosis and treatment decisions
must be based on a thorough knowledge of the clinical
syndrome and natural history (11–15). Vascular claudica-
tion in particular (16) must be considered in the differen-
tial diagnosis, in addition to lumbar spondylosis, periph-
eral vascular disease, and peripheral neuropathy.

CLASSIFICATION

The classification of lumbar stenosis is important
because of the implications of the underlying etiology of
the condition and when forming a therapeutic strategy,
specifically directing surgical approaches (17).

Spinal stenosis may be classified by either its etiology
or location. The classification of spinal stenosis proposed
by Arnoldi (18) in 1976 remains useful and is still the
most widely used classification. He divided lumbar
stenosis into two major groups: congenital or develop-
mental stenosis, and acquired stenosis. Congenital steno-
sis (primary stenosis) is present at birth as part of a
malformation and is divided into idiopathic and achon-
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droplastic etiologies. In contrary, acquired stenosis (sec-
ondary stenosis) is present in patients with symptoms and
signs of stenosis but with normal dimensions of the orig-
inal vertebral canal and is further classified into degener-
ative, combined congenital and degenerative, spondylotic
and spondylolisthetic, iatrogenic posttraumatic, and
metabolic. Degenerative stenosis of the lumbar region is
the most common type of spinal stenosis. Symptomatic
lumbar stenosis typically occurs in patients in the fifth to
seventh decades of life with a reported incidence from
1.7% to 10%, and as the population ages, a greater num-
ber of patients will need to be treated for this condition
(19–23). Although there may be a structural predisposi-
tion to spinal stenosis (congenitally short pedicles),
symptomatic narrowing of the spinal canal usually is seen
in association with osteoarthritic changes of the lumbar
spine. Men and women seem to be affected equally with
spinal stenosis; however, women are afflicted with asso-
ciated degenerative spondylolisthesis four times more
often than men (24).

Anatomic classification refers to central canal stenosis,
lateral recess stenosis, or neural foraminal stenosis.

Central stenosis refers to a narrowing of the spinal
canal across the anteroposterior diameter, the transverse
diameter, or both (17,25,26). The central canal is en-
closed anteriorly by the posterior portion of the vertebral
body and the vertebral disc and posteriorly by the lamina
and the base of the spinous process. Central canal steno-
sis, commonly occurring at an intervertebral disc level,
defines midline sagittal spinal canal diameter narrowing
that may elicit neurogenic claudication or pain in the but-
tock, thigh, or leg. Such stenosis results from ligamentum
flavum hypertrophy, inferior articulating process, facet
hypertrophy of the cephalad vertebra, vertebral body
osteophytosis, and herniated nucleus pulposus (27,28).
Stenosis at multiple levels is more common than strictly
segmental stenosis. In approximately 40% of cases, cen-
tral stenosis is caused by soft tissue hypertrophy. On com-
puted tomography (CT) scans, midsagittal lumbar canal
diameters less than 10 mm represent absolute stenosis
and midsagittal lumbar canal diameters less than 13 mm
represent relative stenosis (29).

Entrapment and compression of the nerve root in its
pathway through the spine, referred to as the nerve root
canal, is termed lateral stenosis (17,25,26,30,31). The
nerve root canal begins where the nerve root exits the
dura and ends where the nerve root leaves the interverte-
bral foramen. The nerve root canal is bordered by the
pedicle of the vertebra above and the pedicle of the ver-
tebra below. The anterior side of the canal is formed by
the vertebral body and vertebral disc. The posterior side
of the canal is formed by the facet joint structures of the
vertebrae above and below. Lateral stenosis occurs when
the spinal nerve is compressed within the nerve root canal
or the vertebral foramina (32). As the disc narrows, the
pedicle may move in an inferior direction, narrowing the

lateral recess and pinching the spinal nerve (33,34). Mac-
Nab (35) originally described this entrapment and com-
pression of the nerve root between a diffuse lateral bulge
of the disc and the pedicle above as pedicular kinking.
Narrowing of the lateral recess can also be the result of
facet hypertrophy or enlargement and ossification of the
ligamentum flavum. Radiculopathy, or decreased func-
tion of a nerve root, is commonly observed with lateral
stenosis.

Lateral recess stenosis (i.e., lateral gutter stenosis, sub-
articular stenosis, subpedicular stenosis, foraminal canal
stenosis, intervertebral foramen stenosis) is defined as
narrowing (less than 3 to 4 mm) between the facet supe-
rior articulating process and posterior vertebral margin.
Such narrowing may impinge the nerve root and subse-
quently elicit radicular pain. This lateral region has been
compartmentalized by several authors into entrance zone,
mid-zone, exit zone, and far-out stenosis (30,31,36).

The entrance zone lies medial to the pedicle and supe-
rior articulating process, and, consequently, arises from
facet joint superior articulating process hypertrophy.
Other causes include developmentally short pedicle and
facet joint morphology, as well as osteophytosis and her-
niated nucleus pulposus anterior to the nerve root. The
lumbar nerve root compressed below superior articulat-
ing process retains the same segmental number as the
involved vertebral level (e.g., L5 nerve root is impinged
by L5 superior articulating process).

The mid-zone extends from the medial to the lateral
pedicle edge. Mid-zone stenosis arises from osteophyto-
sis under the pars interarticularis and bursal or fibrocarti-
laginous hypertrophy at a spondylolytic defect.

Exit zone stenosis involves an area surrounding the
foramen and arises from facet joint hypertrophy and sub-
luxation, as well as superior disc margin osteophytosis.
Such stenosis may impinge the exiting spinal nerve.

Far-out (extraforaminal) stenosis entails compression
lateral to the exit zone. Such compression occurs with far
lateral vertebral body end-plate osteophytosis and when
the sacral ala and L5 transverse process impinge on the
L5 spinal nerve (8).

In order to correlate the classification of lumbar spinal
stenosis with surgical planning, Hansraj et al. (37,38)
introduced a classification of typical and complex lumbar
spinal stenosis. Typical lumbar spinal stenosis was classi-
fied in those patients:

• who did not undergo previous lumbar spine operations
• who did not have radiographic evidence of instability
• who had degenerative spondylolisthesis at most grade

1, with no instability, if present 
• who had degenerative scoliosis with a curve less than

20°, if present.

In their study, patients with typical lumbar spinal
stenosis were treated with decompressive surgery. Com-
plex lumbar spinal stenosis was classified in patients with 
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• lumbar spine operations with evidence of radiographic
instability, if present

• radiographic evidence of postoperative junctional
stenosis, if present

• degenerative spondylolisthesis greater than grade 1
with instability, if present 

• degenerative scoliosis with a curve greater than 20°, if
present. 

These patients were treated with decompressive sur-
gery and also underwent surgical stabilization.

NATURAL HISTORY

The natural history of lumbar spinal stenosis is not
well understood. A slow progression appears to occur in
all affected individuals. Even with significant narrowing,
such persons are very unlikely to develop an acute cauda
equina syndrome in the absence of significant disc herni-
ation. Anecdotally, the clinical course varies consider-
ably. In most patients, the course is chronic and benign
(32,39,40).

Only one study has been concentrated on the natural
course of lumbar spinal stenosis. In 1992, Johnsson et al.
(40) reported on 32 patients followed up for an average of
49 months (range, 10–103 months). Fifteen percent of the
patients were improved, 70% were the same, and 15%
were worse. The patients received no specific nonopera-
tive therapy. Two of the patients were not operated on
because of advanced cardiovascular disease, and the
remainder of the patients refused surgical treatment. No
proof of deterioration was found after 4 years, and the
authors concluded that the condition of the majority of
patients with lumbar stenosis who were treated conserva-
tively remained unchanged over a period of 4 years. How-
ever, the patients did not improve either, so surgical
decompression may be an option as decompression of the
symptomatic level yields a high rate of improvement.

Numerous other nonoperative outcome studies for
lumbar spinal stenosis have been published. In 1996,
Atlas et al. (41) assessed the outcomes of 81 patients who
were treated surgically and 67 patients who were treated
conservatively after 12 months. Although the conditions
of patients who underwent surgery were worse clinically
and radiographically at the start of the study, their results
were better after treatment than the results of the patients
who were treated conservatively. For 28% of patients who
were treated conservatively, pain was better to completely
gone, and for 15%, the pain was much worse. In 2000, the
same authors (42) reported their results of 4 years’ fol-
low-up in their perspective study of surgical or conserva-
tive treatment of lumbar spinal stenosis. Among 119
patients, 67 were treated surgically and 52 were treated
conservatively. After 4 years, 70% of the surgically
treated and 52% of the conservatively treated patients
reported that their predominant symptom, either leg or

back pain, was better. Satisfaction of patients with their
current state at 4 years was reported by 63% of the surgi-
cally treated and 42% of the conservatively treated
patients. Surgical treatment remained a significant deter-
minant of 4-year satisfaction. For the conservatively
treated patients, there was no significant change in out-
comes over 4 years, whereas the initial improvement seen
in the surgically treated patients modestly decreased over
the subsequent 4 years. 

Swezey (43) reported on the outcomes of 47 patients
who had been evaluated 5 years earlier for lumbar spinal
stenosis. Patients had symptoms of neurogenic claudica-
tion, and CT or MRI findings of moderate to severe
stenosis (43 patients) or severe spondylosis by plain radi-
ographs (4 patients). Treatments included instruction of
ergonomics and flexion exercise, analgesic medications,
intermittent pelvic traction (11 patients), and epidural
steroids (13 patients). Eleven patients required laminec-
tomy. Of the patients who were treated conservatively,
43% were improved. Symptoms of neurogenic claudica-
tion were unchanged in 30%. 

Simotas et al. (44) reported 49 patients with lumbar
stenosis treated conservatively with an average follow-up
of 3 years. At 3 years following treatment, 9 of the 49
patients had undergone surgical intervention. Of the
remaining 40 unoperated patients, it is reported that two
suffered significant motor deterioration, one of whom
still reported overall symptoms as mild improvement, and
the other as definite worsening. Five of the 40 unoperated
patients reported feeling overall symptoms as probably or
definitely worse, 12 reported no change, 11 reported only
mild improvement, and 12 reported sustained improve-
ment. Twelve of the 40 unoperated patients also had 
no pain or only mild pain. The authors concluded that
aggressive nonoperative treatment for spinal stenosis
remains a reasonable option. 

In a randomized study by Amundsen et al. (39), 100
patients with symptomatic lumbar spinal stenosis were
given surgical or conservative treatment and followed for
10 years. Nineteen patients with severe symptoms were
selected for surgical treatment and 50 patients with mod-
erate symptoms for were chosen for conservative treat-
ment, whereas 31 patients were randomized between the
conservative (18 patients) and surgical (13 patients) treat-
ment groups. After a period of 3 months, relief of pain
had occurred in most patients. Some had relief earlier,
whereas for others it took 1 year. After a period of 4
years, excellent or fair results were found in half of the
patients selected for conservative treatment, and in four-
fifths of the patients selected for surgery. Patients with an
unsatisfactory result from conservative treatment were
offered delayed surgery after 3 to 27 months (median, 3.5
months). The treatment result of delayed surgery was
essentially similar to that of the initial group. The treat-
ment result for the patients randomized for surgical treat-
ment was considerably better than for the patients ran-
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domized for conservative treatment. Clinically signifi-
cant deterioration of symptoms during the final 6 years of
the follow-up period was not observed. Patients with
multilevel afflictions that were either surgically treated or
not did not have a poorer outcome than those with single-
level afflictions. Clinical or radiologic predictors for the
outcome were not found. The authors concluded that the
outcome was most favorable for surgical treatment, but
an initial conservative approach seems advisable for
many patients because those with an unsatisfactory result
can be treated surgically later, with a good outcome.

As the population becomes older, this condition is
encountered more frequently. The diagnosis accuracy has
improved and the number of cases detected is increasing.
Because of the relative unpredictability of surgical treat-
ment, good knowledge of natural evolution and of the
predictive factors influencing the course of the disease is
crucial. Unfortunately, and in contrast with numerous
surgical series, few studies have dealt with natural evolu-
tion. Only one randomized study (39) has compared
short- and long-term results of medical versus surgical
treatment. Most of these studies are retrospective, with
methodologic flaws and are difficult to compare. At the
present time no scientifically based recommendations
can be made to lumbar spinal stenosis patients at diagno-
sis. Similarly, predictors of success of medical and surgi-
cal treatment still need to be identified. However, results
of the studies published suggest that a substantial propor-
tion of patients do not automatically deteriorate and will
remain unchanged or even improved by medical means.
Randomized studies with the necessary ethical precau-
tions are needed to obtain clear-cut conclusions.

HISTORY AND CLINICAL EVALUATION

Recognition of spinal stenosis depends primarily on
the description of the leg symptoms. The history and
physical examination are an essential component in the
assessment of patients with lumbar spinal stenosis. Phys-
ical examination occasionally demonstrates neurologic
deficits or exacerbation of symptoms with spinal posi-
tioning. However, many patients with spinal stenosis have
no abnormal findings on examination. Spinal imaging
confirms the clinical impression. Because many people
who have no symptoms are found to have radiographic
abnormalities, clinical correlation is critical.

Patients with lumbar spinal stenosis usually undergo a
“staged” diagnosis (Fig. 48-1). The first diagnostic stage
is the physician visit, during which the patient receives a
physical examination. Results of the physical are com-
bined with information from the patient history in a pre-
liminary diagnosis. Lumbar spinal stenosis is not defini-
tively diagnosed at this stage, so the diagnostic results are
described as “consistent with” spinal stenosis or not con-
sistent with spinal stenosis.

History

Spinal stenosis typically affects persons over 50 years of
age (45). It is uncommon in younger people unless they are
anatomically predisposed by a congenitally narrowed canal,
previous spine trauma or surgery, spondylolisthesis, or even
scoliosis. The classic symptom of central canal stenosis is
pseudoclaudication, also known as neurogenic claudication
(1–3,45–47). Patients typically complain of pain, paresthe-
sia, weakness, or heaviness in the buttocks radiating into the
lower extremities with walking or prolonged standing,
relieved with flexion or sitting. Though many patients have
significant lumbar pain due to degenerative joint and disc
changes, most have more lower extremity discomfort rather
than spinal pain. The most important aspect of neurogenic
claudication is the relationship of symptoms to posture.
Symptoms occur with spinal extension and are relieved in
flexion. Patients usually have no symptoms or have mini-
mal discomfort when seated or supine. They can walk
longer distances with less pain in a forward flexed position,
such as when using a grocery cart while shopping (the “gro-
cery cart sign”). They may be able to exercise using a sta-
tionary bicycle in the seated flexed position for a much
longer time than when walking in the erect position on a
treadmill. In a review of 68 patients with myelographically
proven, surgically confirmed spinal stenosis (47), the most
common symptoms were pseudoclaudication and standing
discomfort (94%), followed by numbness (63%) and weak-
ness (43%). Symptoms were bilateral in 68%. Discomfort
was felt both above and below the knee in 78%, in the but-
tocks or thigh in 15%, and below the knee in 7%. Historic
features correlating most strongly with a confirmed diag-
nosis of spinal stenosis (likelihood ratio 3:2) include age
greater than 65 years, severe lower extremity pain, and
absence of pain when seated (13).

Physical Examination

The most important features of the physical examina-
tion are the motor, reflex, and the palpatory examina-
tions. The physical examination in patients with lumbar
canal stenosis is frequently normal or demonstrates only
nonspecific findings. Many older people have reduced
spinal mobility, with or without spinal canal stenosis.
Extension is usually more limited than flexion (12,15).
Patients with stenosis often have lumbar, paraspinal, or
gluteal tenderness, probably related to underlying degen-
erative changes, muscle spasms, and poor posture. Some
assume a characteristic “simian stance”, with their hips
and knees slightly flexed and the trunk stooped forward
(45). This semiflexed posture allows patients to stand or
walk for longer distances. Hamstring tightness is often
present and may produce a false-positive straight leg-
raise test. The neurologic examination typically is normal
or reveals only subtle abnormalities such as mild weak-
ness, sensory changes, and reflex abnormalities. This is
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particularly true if the patient has rested in the seated
position before the physical examination begins. These
subtle findings may be unmasked if the patient is exam-
ined after walking until developing leg and buttock symp-
toms similar to the presenting complaint (46).

Ankle reflexes are diminished in 43% to 65% of
patients, while knee reflexes are abnormal in 18% to 42%
(13,15). The straight leg-raising test and other nerve root
tension signs are usually negative unless there is con-
comitant disc herniation. A careful motor examination
should be done. Leg weakness is generally mild and over-
whelmingly in the distribution of the L4, L5, or S1 nerve
roots. Objective evidence of subtle weakness can usually
be demonstrated in about 50% of persons with spinal
stenosis (2). Weakness of the muscles innervated by the

L5 nerve root is the most common finding (46), and
weakness of great toe extensors (extensor hallucis
longus) and hip abductors should be sought, the latter by
the Trendelenburg test (46). 

The Trendelenburg test is performed by having the
patient stand on one leg; if the gluteus medius is not func-
tional or is denervated, the pelvis drops on the side oppo-
site the damaged muscle. This is shown clinically by an
abnormal, waddling gait called the “Trendelenburg gait”,
caused by trying to compensate for a drooping pelvis.
The gait should be carefully observed. Difficulty in walk-
ing on the toes suggests S1 root involvement. Difficulty
with heel walking suggests L4 or L5 nerve dysfunction.
Sensory abnormalities may be present in 46% to 51% of
preoperative spinal stenosis patients (2,12). 

FIG. 48-1. Diagnosis and treatment of lumbar spinal stenosis. Clinical symptoms at the time of pre-
sentation to the physician. Patient may have one or all of the symptoms.
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Katz et al. (13) found a positive lumbar extension test
to be strongly predictive of imaging confirmed spinal
stenosis. This test is performed by asking the standing
patient to hyperextend the lumbar spine for 30 to 60 sec-
onds. A positive test is defined by reproduction of the
buttock or leg pain. Katz et al. (13) examined the value of
the history and physical examination in the diagnosis of
degenerative lumbar spinal stenosis. In this study, 93
patients over 40 years of age with symptoms of low back
pain were examined by attending physicians who were
then asked the extent to which they were certain the
patient had lumbar spinal stenosis. The diagnostic
impressions of expert clinicians and imaging, when avail-
able, were used as a reference standard to evaluate the
attending physician’s diagnosis. Severe lower extremity
pain, absence of pain when seated, a wide-based gait,
thigh pain following 30 seconds of lumbar extension, and
neuromuscular deficits were all strongly associated with
patients with lumbar spinal stenosis. No pain when seated
and wide-based gait had the highest specificity, 93% and
97%, respectively. The highest sensitivity came from age
greater than 65 (77%), pain below buttocks (88%), and
no pain with flexion (79%).

Fritz (48) has developed a treadmill test as a clinical
diagnostic tool for the differentiation of neurogenic clau-
dication due to lumbar spinal stenosis from other
pathologies that may produce similar symptoms. Spinal
extension and weight bearing that occur during walking
narrow the spinal canal and exacerbate the symptoms of
lumbar spinal stenosis. Spinal flexion or nonweight-bear-
ing postures that occur while sitting increase the dimen-
sions of the spinal canal and reduce symptoms. The tread-
mill test involves having the patient walk on a level
surface and an inclined surface. The time until onset of
symptoms, total walking time, and time until symptoms
return to baseline are recorded for each surface. Walking
on an inclined plane produces spinal flexion and may be
better tolerated by patients with lumbar spinal stenosis.
The treadmill test was evaluated using 45 subjects with
low back pain of varying etiologies and self-reported lim-
itations in walking. Diagnostic images with MRI or CT
were used as the gold standard for diagnosis. Twenty-six
of the subjects were diagnosed by imaging as being
stenotic. Self-reported sitting to relieve symptoms was
significantly related to diagnosis. The sensitivity of this
self-reported measure was 88.5% [95% confidence inter-
val (CI) of 76.2 to 100], but specificity was 38.9% (95%
CI of 16.4 to 61.4). For the treadmill test, earlier onset of
symptoms with level walking, greater total walking time
during inclined walking, and prolonged recovery after
level walking were significantly related to a diagnosis of
lumbar spinal stenosis. The sensitivity and specificity for
earlier onset of symptoms with level walking were 68.0%
(95% CI of 49.7 to 86.3) and 83.3% (95% CI of 66.1 to
100), respectively; for larger total walking time during

inclined walking they were 50.0% (95% CI of 37.5 to
62.5) and 92.3% (95% CI of 77.8 to 100), respectively;
and for prolonged recovery after level walking they were
81.8% (95% CI of 5.7 to 97.9) and 68.4% (95% CI of
47.5 to 89.3), respectively. The authors concluded that a
two-stage treadmill test might be more useful in the dif-
ferential diagnosis of lumbar spinal stenosis compared to
patients’ self-reports of posture.

Use of the treadmill-bicycle test for the differential
diagnosis of neurogenic claudication was also examined
by Tenhula et al. (49). In their study, 32 patients with doc-
umented lumbar spinal stenosis were evaluated before
and after surgery. Patients were found to have a signifi-
cant increase in their symptoms from the start to the end
of the treadmill test but fewer patients were found to have
significant symptoms on bicycle testing. Two years after
surgery, patients had an improvement in their walking
ability on treadmill testing, but showed no improvement
in their ability to bicycle. The authors believe the tread-
mill-bicycle test may be a useful tool for the differential
diagnosis of neurogenic claudication.

CENTRAL CANAL STENOSIS VERSUS
LATERAL STENOSIS

Symptoms of pseudoclaudication are associated pri-
marily with central lumbar stenosis. In contrast, patients
with purely lateral recess stenosis:

• usually do not develop symptoms of neurogenic claudi-
cation (15) 

• typically have radicular symptoms in a specific der-
matomal pattern (30)

• often have pain at rest, at night, and with the Valsalva
maneuver (30)

• tend to be younger (mean age 41 years) than patients
with central canal stenosis (mean age 65 years) (15).

DIFFERENTIAL DIAGNOSIS

The differential diagnosis is broad, and many condi-
tions may be ruled out with a thorough evaluation (Fig.
48-2). Peripheral neuropathy, arteriovascular disease, and
hip arthritis are common entities with similar symptoms.
In older patients with back or leg pain, diagnostic possi-
bilities differ from those in younger patients; nonme-
chanical causes of back pain such as malignancy, infec-
tion, or abdominal aortic aneurysm are more common in
older patients than in younger patients (11,14).

Malignancy

Red flags that should raise the suspicion of underlying
malignancy include significant weight loss, intractable
night pain unrelieved by change in posture or pain medi-
cine, or history of malignancy (50).
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Infection

Fever with localized back tenderness, recent systemic
infection, or history of an invasive spinal procedure
should raise the possibility of a spinal infection (11).

Vascular Claudication

When evaluating leg pain in older adults, neurogenic
claudication must be distinguished from vascular claudi-
cation (Table 48-1).

Peripheral Neuropathy

Peripheral neuropathy may also superficially mimic
features of spinal stenosis. However, patients with periph-

eral neuropathy usually have a stocking-glove distri-
bution of pain or paresthesia. There may be a bilateral
symmetric reflex loss. Vibratory sensation is frequently
diminished (46). Numbness is typically constant with
peripheral neuropathy.

Hip Disease

Hip disease may produce gait difficulty and leg symp-
toms. A careful examination of the hips and surrounding
soft tissue should be done to exclude significant hip
arthritis and gluteal or trochanteric bursitis.

Although clinicians consider a combination of results of
the history and physical examination and imaging findings
to be the most effective means of diagnosing lumbar spinal

FIG. 48-2. Differential diagnosis of lumbar spinal stenosis. Arrows indicate the possible or most likely
condition associated with the described symptoms. Many of these symptoms overlap, and an individual
may need additional testing to determine the exact cause of low back pain.

TABLE 48-1. Findings in neurogenic claudication and vascular claudication

Finding Neurogenic claudication Vascular claudication

Symptoms with walking Yes Yes
Symptoms with standing Yes No

Variable walking distance before symptoms Yes No
Relief with flexion Yes No
Relief with sitting Yes Yes
Peripheral pulses diminished No Yes
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stenosis, no objective criteria for using the history and
physical examination have been reported. In addition, there
are no reported clinical trials of the effectiveness of such a
composite diagnosis. The only quantitative evidence corre-
lating diagnostic information with outcomes is for the
imaging findings. Clinical decision making should be
based on a collection of data, including the history and
physical findings, functional status, imaging and electrodi-
agnostic studies, and other adjunctive studies.
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CHAPTER 49

Imaging of Spinal Stenosis and Degenerative
Lumbar Spondylolisthesis with Stenosis

Donald L. Renfrew and Kenneth B. Heithoff

There is no universally accepted definition of the term
spinal stenosis. Gunzburg et al. (1), in an article correlat-
ing computed tomography (CT) findings with decom-
pression surgery, state, “Lumbar spinal stenosis is . . . a
clinical condition and not a radiologic finding or diagno-
sis.” Nonetheless, the same authors also affirm, “CT or
MRI [magnetic resonance imaging] combined with myel-
ography has become the standard tool for iconographic
evaluation of (spinal stenosis).” In an article on conserv-
ative treatment of spinal stenosis published in 2000,
Simotas et al. (2) state, “No validated system for radi-
ographic rating of stenosis exists.” Although we recog-
nize that this controversy exists, we offer this chapter to
explain and illustrate our approach to the imaging of
spinal stenosis.

Many authors (3–5) use the term stenosis to signify
any reduction of size of the spinal canal or neural fora-
mina, whether from chronic bone, cartilage, or degenera-
tive changes or from acute disc herniation, tumor, or
epidural abscess. Others (6,7) reserve use of the term
stenosis for bony reductions in canal size. Most clinical
cases of spinal stenosis follow from degenerative changes
of the intervertebral discs and facet joints. Although
osteophytes along the disc and facet joints contribute to
narrowing, degenerative soft-tissue abnormalities usually
account for more of the narrowing than do bony abnor-
malities (5). Degenerative soft-tissue abnormalities in-
clude thickening of the ligamentum flavum (8), bulging
of the disc, and capsular swelling of the facet joints.
Therefore, we use the term stenosis for fixed bony or rel-
atively fixed soft-tissue reductions in canal size. Used in
this manner, the term is descriptive and does not name a
disease process. Most cases of stenosis defined in this
way result from degenerative disc bulging, osteophytic
spurring, and facet arthropathy (Fig. 49-1), but stenosis
may be caused by any of several other processes. Exam-

ples include foraminal stenosis from scoliosis (Fig. 49-2)
or lytic spondylolisthesis (Fig. 49-3), and spinal canal
stenosis from closed arch spondylolisthesis (Fig. 49-4) or
after surgery (Fig. 49-5).

CLASSIFICATION AND NOMENCLATURE

Classification systems of stenosis may use cause (e.g.,
congenital, degenerative, or combined) or location (e.g.,
spinal canal, subarticular recess, and foramen) (Fig. 49-6).
Another method of classification is by severity (mild,
moderate, or severe). When reporting an imaging study,
we grade spinal canal, subarticular, and foraminal stenosis
not only relative to other levels in the same patient (and,
when necessary because of an inherently small canal, an
idealized norm from other patients), but also taking into
account the degree of neural compression (Table 49-1;
Figs. 49-1 to 49-5, 49-7) (9). Reliance solely on percent-
ages of narrowing overrates the severity of stenosis in
patients with inherently large spaces (canals, subarticular
recesses, and foramina) while underrating the severity of
stenosis in patients with small spaces (Tables 49-2 to 49-
4). In addition to grading the degree of stenosis, note may
be made in appropriate cases that the spinal canal has a
trefoil configuration, a characteristic of congenital or de-
velopmental (short pedicle) spinal stenosis (Fig. 49-8).

Grading spinal canal stenosis and lumbar foraminal
stenosis and neural compression may be done relatively
easily on most scans. Grading lumbar subarticular recess
stenosis is more difficult because of either scan quality
(for technical or patient related reasons) or crowding of
neural structures. As an alternative to grading subarticu-
lar stenosis using a mild–moderate–severe scale, it may
be preferable to note simply that narrowing is present,
and estimate whether compression of the associated neu-
ral structure is likely or not.

(Text continued on page 479)
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FIG. 49-1. Degenerative spinal canal and subarticular recess stenosis demonstrated on a myelogram-
computed tomography (myelo-CT). This 45-year-old man had low back and bilateral leg pain. A: Axial 3-
mm CT at the L5-S1 level following injection of intrathecal contrast demonstrates moderate facet arthropa-
thy (arrow 1) but no spinal canal or subarticular recess stenosis. The degenerative abnormalities do not
distort the S1 nerve root sleeves (arrow 2) or thecal sac (arrow 3). B: Axial 3-mm CT at the L4-5 level fol-
lowing intrathecal contrast demonstrates degenerative disc bulging with a vacuum phenomenon (arrow 1)
and bilateral severe facet arthropathy (arrow 2). There is resultant severe (>50% antero-posterior diameter
reduction) spinal canal stenosis (arrow 3) and severe left (arrow 4) and moderate right (arrow 5) subartic-
ular recess stenosis. A focal abnormality of the facet joint capsule on the right (arrow 6) further narrows the
subarticular recess; this may represent a small synovial cyst. C: Axial 3-mm CT at the L3-4 level following
intrathecal contrast demonstrates findings similar (but less severe) to those seen at the L4-5 level, with
degenerative disc bulging and facet arthropathy combining to cause severe spinal canal and subarticular
recess stenosis (arrow). D: Axial 3-mm CT at the L2-3 level following intrathecal contrast demonstrates that
the spinal canal and subarticular recesses (arrows) have normal caliber at this level. (From Renfrew DL.
Atlas of spine imaging. Philadelphia: Elsevier, 2003, with permission.) 
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FIG. 49-2. Scoliosis (with accompanying degen-
erative disease) producing multilevel foraminal
stenosis from scoliosis with accompanying
degenerative disc disease.This 66-year-old man
had low back pain and left hip and lateral thigh
pain and left leg weakness and numbness. A:
Coronal T2-weighted (T2W) magnetic reso-
nance image (MRI) demonstrates scoliosis con-
vex to the left centered at the L2-3 level. L2-3, L3-
4, and L4-5 (arrow 1) all have severe disc
narrowing and dehydration, particularly along
the concave, right side of the curve where there
are accompanying osteophytes. There is also
leftward shift of L4 on L5 (arrow 2) and rightward
shift of L2 on L3 (arrow 3). The L5 scoliotic tilt
narrows the left side of the L5-S1 disc (arrow 4).
B: Right parasagittal T2W MRI through the plane
of the right L5 pedicle shows mild up-down nar-
rowing of the right L5-S1 foramen and no right L5
ganglionic compression (arrow). Note that L2
through L4 are medial to the plane of the image.
C: Right parasagittal T2W MRI through the plane
of the L3 and L4 pedicles, approximately 1 cm
medial to (B), demonstrates severe up-down
foraminal stenosis at the L3-4 (arrow 1) and L4-
5 (arrow 2) levels with moderate compression of
the exiting L3 and L4 ganglia.

(continued on next page)
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FIG. 49-3. Lytic spondylolisthesis with severe up-down
foraminal stenosis. This 71-year-old man had right back pain
and right leg tingling. This patient had 20% lytic spondylolis-
thesis and severe loss of disc height and hydration at L4-5.
Right parasagittal T2-weighted (T2W) magnetic resonance
image (MRI) at the level of the neural foramina shows normal
up-down dimension of the L3-4 (arrow 1) and L5-S1 (arrow
2) foramina with severe up-down narrowing of L4-5 (arrow 3)
foramen with associated moderate compression of the exit-
ing L4 ganglion. (From Renfrew DL. Atlas of spine imaging.
Philadelphia: Elsevier, 2003, with permission.)

FIG. 49-4. Spinal canal stenosis from closed arch spondylolisthesis.This 25-year-old man had low back
and bilateral leg pain. A: Sagittal T2-weighted (T2W) magnetic resonance image (MRI) demonstrates
40% spondylolisthesis of L5 on S1. The posterior elements of L5 are directly adjacent to the dorsal L5-
S1 disc margin and dorsal superior aspect of the S1 vertebra, causing severe spinal canal stenosis
(arrow). B: Parasagittal T2W MRI demonstrates a dysplastic (but otherwise intact) L5 pars (arrow).
Usually, spondylolisthesis in young people is associated with pars defects that allow the posterior ele-
ments to remain in place while the remainder of the vertebra subluxes anteriorly, resulting in no spinal
canal stenosis. In this case, the intact pars resulted in forward movement of the posterior elements as
well, causing severe spinal canal stenosis.

A B

FIG. 49-2. (continued ). D: Left parasagittal T2W MRI through
the plane of the left L4 and L5 pedicles, on the convex side of
the curve, demonstrates little narrowing of the L3-4 (arrow 1)
and L4-5 (arrow 2) neural foramina. However, the L5-S1 neural
foramen is severely stenotic (arrow 3), with abutment of the L5
pedicle and sacral ala and resulting severe compression of the
L5 ganglion. (From Renfrew DL. Atlas of spine imaging.
Philadelphia: Elsevier, 2003, with permission.)
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FIG. 49-5. Spinal canal stenosis following surgery, with additional adjacent segment degenerative
stenosis. This 43-year-old man had undergone remote posterior fusion with instrumentation at the L5-
S1 level. The patient returned with low back pain with lower extremity pain on ambulation. A: A lateral
scout digital radiograph from myelo-CT (myelography-computed tomography) study demonstrates pos-
terior hardware with two sets of paired laminar hooks. The lower set is over the S1 laminae (arrow 1)
and the upper set beneath the L4 laminae (arrow 2). Also noted is L3-4 degenerative disc narrowing
with a vacuum phenomenon (arrow 3) and 15% degenerative spondylolisthesis, and wedging of L1
(arrow 4). B: Axial 3-mm myelo-CT image at the L5-S1 intervertebral disc level demonstrates solid dor-
sal fusion, posterior instrumentation, and severe spinal canal stenosis at the level of the laminar hooks
(arrow). C: Axial 3-mm myelo-CT image through the L3-4 (superior adjacent segment) demonstrates
degenerative disc disease with a vacuum phenomenon (arrow 1) and disc bulging combining with
severe facet arthropathy (arrow 2) and degenerative spondylolisthesis to produce severe spinal canal
and subarticular recess stenosis (arrow 3). The patient tolerated the spinal canal stenosis at L5-S1 rel-
atively well until development of adjacent segment degenerative stenosis at L3-4. (From Renfrew DL.
Atlas of spine imaging. Philadelphia: Elsevier, 2003, with permission.)
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FIG. 49-6. Illustration demonstrating anatomic nomenclature. Axial magnetic resonance imaging at the
L5-S1 level illustrating anatomic terms. The spinal canal (also called the central zone) is bounded ante-
riorly by the posterior disc margin, posteriorly by the laminae, and laterally by a plane drawn through
the medial margin of the facet (zygapophyseal) joint. The subarticular recess (also called the subartic-
ular zone) is bounded anteriorly by the disc margin, posteriorly by the superior articular facet of the S1
level, medially by a plane drawn through the medial margin of the facet joint, and laterally by another
plane drawn through the medial margin of the pedicle. The foramen (also called the foraminal zone) is
bounded anteriorly by the disc margin, posteriorly by the S1 superior articular process, medially by a
plane drawn through the medial margin of the pedicle, and laterally through another plane drawn
through the lateral margin of the pedicle. Note that the foramen also has a superior margin (the inferior
aspect of the L5 pedicle) and an inferior margin (the superior aspect of the S1 pedicle), but that the sub-
articular space and spinal canal have no superior and inferior margins, although discussion of these
spaces is generally about their configuration at the level of the disc. Also note that the lateral recess is
defined as the space medial to the pedicle, and thus does not exist at the level of the disc, spinal canal,
subarticular recess, or foramen (where most stenosis occurs). (From Renfrew DL. Atlas of spine imag-
ing. Philadelphia: Elsevier, 2003, with permission.)

TABLE 49-1. Neural compression definitions

Term Definition

Mild 75%–99% of normal diameter of the structure is maintained
Moderate 50%–74% of the normal diameter of the structure is maintained
Severe <50% of the normal diameter of the structure is maintained
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FIG. 49-7. Foraminal stenosis. This 42-year-old man had low back and right hip pain numbness in left
foot. Sequential right parasagittal T2 weighted images (T2WI) from the lateral aspect of the L5 pedicle
past the medial aspect of the pedicle to the right side of the spinal canal. A: Right parasagittal T2-
weighted (T2W) magnetic resonance image (MRI) shows greater than 50% reduction in the up-down
dimension of the L5-S1 foramen (arrow); however, no associated ganglionic deformity is present, so the
stenosis is graded as moderate (see text). B: Right parasagittal T2W MRI medial to (A) demonstrates
moderate stenosis is again seen at L5-S1 (arrow 1). At L4-5, there is severe combined up-down and
front-back foraminal stenosis (arrow 2) from a combination of degenerative disc narrowing, degenera-
tive disc bulging (arrow 3), and facet arthropathy (arrow 4). These degenerative processes result in mild
compression of the L4 ganglion. No L3-4 narrowing is identified (arrow 5). C: Sagittal T2W MRI at the
level of the medial aspect of the neural foramina shows no L5-S1 narrowing but there continues to be
severe L4-5 narrowing (arrow). D: Sagittal T2W MRI at the lateral aspect of the spinal canal shows sub-
articular recess stenosis at the L4-5 level (arrow 1). There is severe loss of disc height and disc dehy-
dration at L4-5 (arrow 2) and L5-S1 (arrow 3), and subchondral Modic type II degenerative changes at
L4-5. (From Renfrew DL. Atlas of spine imaging. Philadelphia: Elsevier, 2003, with permission.)
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TABLE 49-2. Spinal canal stenosis grading scheme

Term Description

Mild The spinal canal has >75% of the 
antero-posterior dimension of a normal
level. The nerve roots are evenly
distributed without crowding.

Moderate The spinal canal has 50%–74% of the 
antero-posterior dimension of a normal
level.a

The nerve roots “crowded” or closer together 
than at a normal level.

Severe The spinal canal has less than 50% of the 
antero-posterior dimension of a normal
level. Typically, there is no visible
cerebrospinal fluid (CSF) around the nerve
roots at the level of severe stenosis.b

aIf the patient has an inherently small spinal canal and
this degree of narrowing produces a crowded appearance
of the nerve roots with scant CSF around the nerve roots,
the degree of stenosis should be upgrade to “severe.” If the
patient has an inherently large spinal canal and there is
abundant CSF around the nerve roots, the stenosis should
be graded as “mild.”

bIf the patient has an inherently large spinal canal so that
there is still abundant CSF around the nerve roots with little
crowding of these structures, the stenosis should be graded
as “moderate.”

TABLE 49-3. Subarticular recess stenosis grading scheme

Term Description

Mild The subarticular recess has 75%–99% of 
the antero-posterior dimension of a
normal level, and the traversing nerve root
has ample surrounding cerebrospinal fluid
(CSF), without displacement or
compression of the nerve root.

Moderate The subarticular recess has 50%–74% of 
the antero-posterior dimension of a
normal level.a

Severe The subarticular recess has less than 50% 
of the antero-posterior dimension of a
normal level. There is no visible CSF
around the nerve root at the level of
severe stenosis.b

aIf the patient has an inherently narrow subarticular recess
and this degree of narrowing produces compression of the
traversing of the nerve root, the degree of stenosis should be
upgraded to “severe.” If the patient has an inherently gener-
ous subarticular recess and there is abundant CSF around
the nerve root, the stenosis should be graded as “mild.”

bIf the patient has an inherently generous subarticular
recess so that there is still abundant CSF around the nerve
root, the stenosis should be graded as “moderate.”
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The direction as well as the degree of lumbar forami-
nal stenosis may be noted. Loss of disc height or disc
margin osteophytic spurring and degenerative disc
bulging causes the overwhelming majority (>90%) of
cases of lumbar foraminal stenosis (10). Disc disease pro-
duces loss of the cephalocaudal dimension (craniocaudal
or up-down) stenosis (Figs. 49-3, 49-7). On the other
hand, facet arthropathy causes antero-posterior (AP) nar-
rowing, and the stenosis may be termed either AP or
front-back. A combination of both is called, logically
enough, combined stenosis.

Although almost all causes of bony neural compres-
sion occur within the confines of the spinal canal or
within the subarticular recesses or foramina, occasionally
such compressions occur lateral to the foramen. Causes
of this phenomenon include: (a) bony stenosis between
the transverse process of L5 and the sacral ala (11); (b) a
pseudoarthrosis between a transitional transverse process
or sacral ala and the vertebral body of the next higher seg-
ment (Fig. 49-9); or (c) a lateral osteophyte formation off
of the L5-S1 disc with narrowing of the space between
the disc margin and ipsilateral sacral ala (Fig. 49-10).

In addition to the imaging findings of reduction of size
of the normal spinal canal, subarticular recess, foramen; or
extraspinal space and narrowing of neural structures,

Hacker et al. (12) have described an additional sign in
spinal stenosis consisting of redundant nerve roots in the
thecal sac (Fig. 49-11). They posited that such redundancy
follows repeated stretching of the nerve roots above a level
of stenosis, with failure of passage of the nerve roots back
past the level of stenosis once pulled through.

DEGENERATIVE SPONDYLOLISTHESIS

Degenerative spondylolisthesis is a common cause of
spinal stenosis. In this condition, degeneration of the facet
joints and intervertebral disc may cause spondylolisthesis,
or forward displacement of one vertebra relative to the next
lower level. Degenerative spondylolisthesis occurs most
frequently at the L4-5 level in middle-aged to elderly
women (13–19). Overly sagittal (20) or axial (13,18) align-
ment of the facet joints may produce degenerative spondy-
lolisthesis. Whether abnormally aligned or not, the facets
almost invariably demonstrate moderate or severe degener-
ative changes in degenerative spondylolisthesis. A combi-
nation of spondylolisthesis, facet arthropathy, and associ-
ated degenerative disc disease produces associated
stenosis, particularly of the subarticular recesses and spinal
canal and usually somewhat less dramatically of the neural
foramina (Figs. 49-12 to 49-14). Sequential images may

TABLE 49-4. Foraminal stenosis grading scheme

Term Description

Mild The neural foramen has 75%–99% of the 
antero-posterior and cephalocaudad
dimension of a normal level, and the
traversing nerve root has ample
surrounding cerebrospinal fluid (CSF) or
perineural fat, without displacement or
compression of the nerve root.

Moderate The neural foramen has 50%–74% of the 
antero-posterior and cephalocaudad
dimension of a normal level. There may be
up to mild (<25%) compression of the
ganglion or nerve root.a

Severe The neural foramen has less than 50% of the 
antero-posterior dimension of a normal
level. There is no visible perineural fat
around the nerve root at the level of
maximal stenosis.b

aIf the patient has an inherently small neural foramen and
this degree of narrowing produces at least moderate (>25%)
compression of the exiting nerve root or ganglion, the degree
of stenosis should be upgraded to “severe.” If the patient has
an inherently generous neural foramen and there is abun-
dant perineural fat or CSF around the nerve root and gan-
glion, the stenosis should be graded as “mild.”

bIf the patient has an inherently large neural foramen so
that there is still abundant fat or CSF around the nerve root
and ganglion and there is no neural compression, the steno-
sis should be graded as “moderate.”

FIG. 49-8. Trefoil spinal canal with severe stenosis. This 76-
year-old man with long-standing low back and bilateral leg
pain and weakness. Axial T2-weighted magnetic resonance
image at the L4-5 disc level demonstrates severe spinal
canal and subarticular recess stenosis. Complete efface-
ment of cerebrospinal fluid makes it difficult to identify the
small, trefoil spinal canal (arrow 1). Note degenerative disc
bulging (arrow 2) and bilateral facet arthropathy (arrow 3).
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FIG. 49-9. Stenosis between a pseudoarthrosis and the next higher vertebral body. This 50-year-
old man had low back and right leg pain. Plain films (not shown) demonstrated transitional
anatomy with sacralization of the right side of the L5 segment. A: Axial 3-mm computed tomog-
raphy (CT) examination at the level of the upper sacrum demonstrates asymmetry of the sacral
ala. The right L5 ventral ramus (arrow) is located in a notch along the medial aspect of the right
sacral ala. B: Axial 3-mm CT examination superior to (A), demonstrating the sacralized right side
of the L5 vertebra (arrow 1) and a narrow channel for passage of the right L5 ventral ramus (arrow
2). Note that the contralateral left L5 ventral ramus (arrow 3) sits along the anterior aspect of the
sacrum. The right L5 ventral ramus is in a position where it could be compressed between the L5
vertebral body and disc and the anomalous lateral mass. C: Axial 3-mm CT examination superior
to (B). Note the anomalous articulation between the right L5 lateral mass and S1 sacral ala
(arrow 1). There are reactive or degenerative changes along the lateral margin at this level (arrow
2). At this level, the space between the lateral mass and L5 vertebra (arrow 3) is much larger than
in (B).
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B

FIG. 49-10. Stenosis between lateral osteophyte formation and the sacral ala with radicular pain.
This 67-year-old man had low back and left leg pain in the hip, lateral thigh, and lateral calf. A:
Right parasagittal T2-weighted (T2W) magnetic resonance image (MRI) demonstrates a widely
patent neural foramen (arrow) without L5 ganglionic compression. B: Left T2W MRI shows severe
up-down foraminal stenosis (arrow 1) secondary to loss of disc height and osteophyte formation
(arrow 2), with associated mild flattening of the exiting right L5 ganglion. C: Axial T2WI through
the L5-S1 intervertebral disc demonstrates moderate facet arthropathy (arrow 1) and degenera-
tive disc bulging. Furthermore, there is extensive left-sided osteophyte formation (arrow 2), which
projects along the left lateral aspect of the L5 vertebral body and narrows the space between the
vertebral body and the left sacral ala (arrow 3), with displacement and compression of the L5 ven-
tral ramus (arrow 4). (Compare to the position of the left L5 ventral ramus [arrow 5].) The steno-
sis is lateral to the plane in (B), and lateral to the parasagittal images obtained in routine lumbar
MRI. (From Renfrew DL. Atlas of spine imaging. Philadelphia: Elsevier, 2003, with permission.)
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demonstrate progression of degenerative spondylolisthesis
through time (Fig. 49-15). Table 49-5 lists imaging features
differentiating degenerative and lytic spondylolisthesis, but
note that the two processes may coexist at different levels
in the same patient (Fig. 49-16).

The development of synovial cysts sprouting off of
degenerated facet joints in patients with degenerative
spondylolisthesis frequently contributes to symptoms (10);
this complication should be suspected when a patient
develops superimposed radicular pain on long-standing

FIG. 49-11. Redundant nerve roots above a level of stenosis in the lumbar
spine. This 68-year-old man had low back and bilateral leg pain. Sagittal T2-
weighted (T2W) magnetic resonance image (MRI) demonstrates severe L3-4
spinal canal narrow/stenosis (arrow 1) secondary to a combination of degener-
ative disc disease and facet arthropathy with a superimposed caudally dissect-
ing disc extrusion. Superior to the level of the stenosis, there is redundancy of
the nerve roots within the thecal sac (arrow 2). This redundancy is thought to be
secondary to a lack of free movement through the level of stenosis (see text).

FIG. 49-12. Magnetic resonance image (MRI) of mild degenerative spondy-
lolisthesis. This 59-year-old woman had central low back pain radiating into
both legs. A: Sagittal T2-weighted (T2W) MRI minimal (<5%) degenerative
spondylolisthesis: Note the forward shift of L4 on L5 (arrow). The examina-
tion also demonstrates multilevel degenerative disc disease with disc dehy-
dration and Schmorl node formation.

(continued on next page)A

(Text continued on page 487)
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FIG. 49-12. (continued ) B: Right parasagittal T2W MRI through the level of the foramina show no
foraminal stenosis (arrow). C: Axial T2W MRI at the level of the L4-5 disc shows moderate facet
arthropathy (arrow 1), mild spinal canal (arrow 2), and mild subarticular recess (arrow 3) stenosis. No
neural compression is present. (From Renfrew DL. Atlas of spine imaging. Philadelphia: Elsevier, 2003,
with permission.)

FIG. 49-13. Magnetic resonance image (MRI) of moderate degenerative
spondylolisthesis. This 74-year-old woman had a constant backache with
radiation of pain into both hips and legs, and superimposed sharp pain with
walking. A: Sagittal T2WI shows multilevel degenerative disc disease, 15%
degenerative spondylolisthesis at L4-5 (arrow 1), and 3 mm of retrolisthesis
at L5-S1 (arrow 2).

(continued on next page)A
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FIG. 49-13. (continued) B: Parasagittal right T2-weighted (T2W) MRI shows mild L4-5 up-down nar-
rowing (arrow 1) from a foraminal disc protrusion (arrow 2) and a patent L5-S1 foramen (arrow 3). C:
Axial T2W MRI at the superior margin of the L4-5 disc shows a pseudodisc appearance because of
spondylolisthesis (arrow 1), moderate facet arthropathy (arrows 2), and mild spinal canal and subartic-
ular recess stenosis. The pseudodisc appearance is secondary to volume averaging through two adja-
cent segments on axial images. (From Renfrew DL. Atlas of spine imaging. Philadelphia: Elsevier, 2003,
with permission.)

B C

FIG. 49-14. Computed tomography-myelogram (Myelo-CT) of severe degenerative spondylolisthesis.
This 62-year-old woman with low back pain had bilateral leg pain and right leg weakness. A: Sagittal
reconstruction CT examination shows moderate L4-5 and severe L5-S1 disc narrowing. There is 20%
degenerative spondylolisthesis of L4 on L5 and complete block to flow of myelographic contrast mate-
rial at the L4-5 level (arrow). B: Axial 3-mm CT cut at the level of the L4-5 intervertebral disc shows
severe facet arthropathy (arrow 1). Note the volume averaging through the L4 and L5 levels and severe
spinal canal stenosis, with no myelographic contrast within the spinal canal (arrow 2). (From Renfrew
DL. Atlas of spine imaging. Philadelphia: Elsevier, 2003, with permission.)

A B
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FIG. 49-15. Progression of degenerative spondylolisthesis through time. A: Sagittal T2-weighted (T2W)
magnetic resonance image (MRI) demonstrates multilevel degenerative disc disease. Minimal degen-
erative spondylolisthesis of L4 on L5 is seen (arrow). B: Sagittal T2W MRI done 5 years later demon-
strates 15% degenerative spondylolisthesis (arrow). Note ongoing degenerative disc disease and
improved image quality with technologic advancements in the interval since the prior study. The patient
originally had exclusively back pain, but developed leg symptoms by the time of the second scan.

A B

TABLE 49-5. Differentiation of degenerative and lytic spondylolisthesis

Degenerative spondylolisthesis Lytic spondylolisthesis

Usual location L4-5 L5-S1
Facet arthropathy Moderate or severe Usually none; the joints beneath the level of lysis tend to be 

atrophic
Spinal canal diameter Decreased Increased
Pars interarticularis Intact Interrupted

FIG. 49-16. Coexistent lytic and degenerative spondylolisthesis. This 73-year-
old woman had low back pain with right leg pain and tingling. A: Sagittal T2-
weighted (T2W) magnetic resonance image (MRI) shows multilevel degener-
ative changes with lumbar disc dehydration and L4-5 and L5-S1 disc
narrowing. There is 20% spondylolisthesis of L4 on L5 and L5 on S1. Note
spinal canal stenosis at L4-5 (arrow 1) at a level of degenerative spondylolis-
thesis and lack of spinal canal stenosis at L5-S1 (arrow 2) at a level of lytic
spondylolisthesis.

(continued on next page)
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FIG. 49-16. (continued) B: Right parasagittal
T2W MRI demonstrates L4-5 facet arthropa-
thy (arrow 1) and a pars defect at L5 (arrow
2). Note that the L4-5 foramen demonstrates
severe stenosis (arrow 3), whereas there is
less stenosis at L5-S1. C: Axial T2W MRI
through the level of the L5 pars demonstrates
fibroproliferative changes along the pars mar-
gins (arrow 1) and asymmetric and dysplastic
posterior elements (arrow 2). D: Axial T2W
MRI through the level of the L4-5 interverte-
bral disc demonstrates severe facet arthropa-
thy (arrow 1) with a pseudodisc anteriorly and
moderate spinal canal and subarticular
recess stenosis (arrow 2).
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FIG. 49-17. Degenerative spondylolisthesis with radicular pain secondary to
synovial cyst formation. This 52-year-old woman had new onset of low back
and right leg pain. A: Sagittal T2-weighted (T2W) magnetic resonance image
(MRI) shows 5% degenerative spondylolisthesis of L4 on L5 and L5-S1 mild
disc degeneration and bulging. In addition, there is a dorsal soft-tissue mass
within the spinal canal at the L4-5 level (arrow).

(continued on next page)
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low back pain (Fig. 49-17). Of course, an acute disc herni-
ation may be seen in the same clinical scenario, and imag-
ing is required to make the differentiation (Fig. 49-18).

IMAGING MODALITIES AND CONTROVERSIES

The classification system proposed here applies re-
gardless of the imaging modality used. Myelography, CT,
MRI, and myelography with CT (myelo-CT) have all been
used for evaluation of spinal stenosis. We typically use
MRI to evaluate stenosis, supplemented by myelo-CT in
some cases. Bartynski et al. (21) recently published a study
suggesting that both MR imaging and myelo-CT signifi-
cantly underestimated spinal stenosis 28% to 38% of the
time, and that standard myelography performed much bet-
ter, underestimating spinal stenosis in only about 6% of
cases. This finding runs counter to the trend of using MR
imaging for diagnosis of stenosis. In addition, the outper-
formance of myelo-CT by plain film myelography sug-
gests that myelography may always or nearly always have
an appearance of spinal stenosis. We could determine
whether myelography was in fact often a false-positive test
if we had a reliable reference standard; however, we do not.
Measurements typically are not obtained at the time of
surgery as to the AP diameter of the spinal canal, subartic-
ular recess, or foramen, and it is questionable whether such
measurements would be considered reliable. We can use
surgical outcome as the reference standard of whether
someone has spinal stenosis, and assume that those who
fare well following surgery are “disease-positive” for
stenosis and those who do not are “disease-negative.” In
Bartynski et al.’s study, all patients were relieved of symp-
toms following surgery. Differentiating which of the three
imaging methods evaluated in Bartynski’s study (MRI,

myelo-CT, and myelography) probably would be best eval-
uated using receiver operating characteristic curve analy-
sis, but this topic is beyond the scope of this chapter. Note
that at least three problems arise if we use such surgical
outcome as the reference standard: (a) Patients achieving
symptom relief might be getting it through a placebo
mechanism. (b) Patients who fail to achieve symptom
relief may still have stenosis but also have or develop other
conditions producing similar symptoms (including failed
back surgery). (c) Other studies have shown no relation-
ship between relief of symptoms and improvement of
stenosis as depicted by imaging. Attempts to find a spe-
cific fixed numerical value for a given measurement
(either AP diameter or cross-sectional area) predictive of
symptom production or surgical outcome have not been
successful (5,7,22–24). Use of only bony measurements
makes little sense in light of the contributions of soft tissue
to spinal canal narrowing (5,22). Use of dural sac dimen-
sions makes more sense, but is still not predictive of surgi-
cal results (1,25). In fact, some studies have shown poorer
outcomes when operating on more severe degrees of nar-
rowing, perhaps because of the permanent damage of the
nerve roots before operation. Thus, although absolute mea-
surements of a linear dimension or (with markedly greater
difficulty) cross-sectional area of the spinal canal, subar-
ticular recess, or neural foramen may be reported, their sig-
nificance in a given case is questionable. Factors con-
tributing to the lack of correlation between measurements
of narrowing and symptoms or surgical outcomes include
the necessity of a second location of stenosis for symptom
production (26,27), the rapidity of onset of stenosis (slowly
progressive stenosis is better tolerated than rapidly pro-
gressive stenosis), superimposed minor trauma (10), posi-
tional narrowing of the structure in question (28,29), and

FIG. 49-17. (continued) B: Axial T2W MRI demonstrates bilateral L4-5 facet joint arthropathy (arrow
1). In addition, a synovial cyst (arrow 2) projects off the anteromedial aspect of the right joint. C: Oblique
fluoroscopic image from an L4-5 facet joint injection. A 22-gauge needle is at the inferior aspect of the
L4-5 facet joint and contrast flows through the joint (arrow). With injection of a small volume of local
anesthetic and steroid, the patient had a brief recurrence of her typical pain followed by long-standing,
complete pain relief, consistent with synovial cyst rupture.

B C
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poor interobserver and intraobserver agreement among
interpreters of imaging studies (30–32). Our terminology
and the illustrations offered in this chapter are our attempt
to address the last concern.

TREATMENT

Treatment of spinal stenosis varies greatly. Many publi-
cations have supported conservative treatment (2,33) with
a combination of exercise, nonsteroidal antiinflammatory

drugs, or epidural steroid injection (2,4,34–35). Because
symptom production follows from not only single level
narrowing, but also from any additional areas of narrowing
(26,36), the rapidity of onset of the narrowing of such
superimposed soft-tissue abnormalities as disc herniations,
synovial cysts,  minimal trauma (10), and additional as yet
unidentified factors, addressing only the stenosis at a sin-
gle level does not invariably lead to a favorable outcome.
However, in a meta-analysis of 74 articles on spinal steno-
sis, Turner et al. (37) found favorable outcomes reported in

FIG. 49-18. Degenerative spondylolisthesis with superimposed disc herniation. This 66-year-old
woman with chronic low back pain had new onset left leg pain. A: Sagittal T2-weighted (T2W) magnetic
resonance image (MRI) demonstrates multilevel degenerative disc disease with 5% degenerative
spondylolisthesis at L4-5. There is a superimposed cranially dissecting 6-mm disc extrusion (arrow).
B: Axial T2W MRI at the level of the L4-5 disc demonstrates severe facet arthropathy (arrow 1) and
moderate spinal canal and subarticular recess stenosis (arrow 2) with a trefoil appearance of the spinal
canal. C: Axial T2W MRI just above the level of the L4-5 disc demonstrates the cranially dissecting disc
extrusion (arrow 1) with severe spinal canal and bilateral subarticular recess narrowing (arrow 2) with
compression of the traversing L5 nerve roots, left greater than right. (From Renfrew DL. Atlas of spine
imaging. Philadelphia: Elsevier, 2003, with permission.)
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an average of 64% of cases. In a more recent publication,
Atlas et al. (38) compared 4-year outcomes in a matched
prospective observational study and found that surgical
treatment was associated with a greater improvement in
patient-reported outcomes than nonsurgical treatment. The
decision to perform surgery usually hinges more on clini-
cal symptoms (particularly on neurogenic claudication
interfering with activities of daily living or progressive
neurologic dysfunction) (39), than it does on imaging
appearance. Controversy continues regarding whether
fusion should accompany decompression (40,41).

In the special case of degenerative spondylolisthesis,
Vogt et al. (17) in a population study found no relation-
ship between anterolisthesis and back pain. Kauppila et
al. (42) found it problematic to ascribe back pain to
degenerative spondylolisthesis, and Matsunaga et al. (16)
felt autostabilization prevented progression of disease
and that the natural history of the disease was thus
benign. Iguchi et al. (43) found most patients did well
even without surgery. On the other hand, Moller et al.
(19) found that surgery provided better pain relief and
functional outcome than an exercise program.
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The nonoperative treatment of lumbar spinal stenosis
(LSS) is a very current and practical topic because the
aging of the general population is increasing the number
of patients with this degenerative spinal disorder. Even
now degenerative LSS is a major cause of low back and
lower extremity pain as well as functional limitation in
elderly persons (1–3). Research on the nonoperative
treatment of LSS patients has been very modest com-
pared with the large number of studies on the operative
treatment of LSS (2,4,5). In fact, surgery has been the
treatment of choice since the 1950s, when Verbiest (6)
published his first report; however, at present it seems
unreasonable that this increasing number of LSS patients
could be left to surgical management alone. The basic
problem with the nonoperative treatment of LSS is that
little is known about the efficacy of nonoperative therapy
modalities and the factors that are associated with a bet-
ter outcome (2). Until now, LSS patients with mild to
moderate symptoms have been treated conservatively,
and patients with severe symptoms have been treated sur-
gically (7). Recently, more reports concerning nonopera-
tively treated LSS patients have been published. In these
comparative cohort studies between nonoperative and
operative treatment, the results were more favorable to
operative than to conservative treatment. However,
regardless of treatment, unsatisfactory outcomes were
common: 20% to 40% of patients treated operatively, and
50% to 70% of patients treated nonoperatively had unsat-
isfactory outcomes after 4 years (4,5,8,9). 

THE PATHOANATOMY AND
PATHOPHYSIOLOGY OF LUMBAR SPINAL
STENOSIS

Lumbar spinal stenosis is a posture-dependent func-
tional and structural disorder caused by the progressive
degenerative and reparative stenotic process of the lum-

bar spine resulting in continuous reduction of the central
and lateral canal spaces. This process is slow and gradual,
taking many years to occur and deteriorate. These degen-
erative changes dominate at the level of the mobile por-
tion of the lumbar segment (i.e., at the level of the three-
joint complex) (10), and mostly at the three lower lumbar
levels (11). In patients with initially diminished size of
the spinal canal (i.e., preexisting developmental relative
stenosis) (12), symptomatic LSS generally occurs before
the age of 50 because these patients have limited reserve
space to accommodate the degenerative encroachment.
Although various radiologic measurements of the lumbar
spinal canal and the dural sac are useful as guidelines, the
degree of impingement on the neural elements by the
bone and soft tissues is more important. The cross-sec-
tional area of the caudal fibers varies from 62 mm2 at L1
to 30 mm2 at L5 in men, and 50 mm2 and 32 mm2 in
women, respectively (13). 

The physiology of the lumbar spine is characterized by
space changes in the spinal canal during various lumbar
positions. The available space within the spinal canal
decreases in extension and axial loading (minimum size
of the canal), and increases in flexion and axial distrac-
tion of spine (maximum size of the canal) (14). In healthy
subjects, the relative narrowing of the antero-posterior
diameter of the dural sac from lumbar flexion to exten-
sion decreases about 10% but in patients with mild, mod-
erate, or severe LSS this diameter decreases 32%, 45%,
and 67%, respectively. Thereby, the more the canal is
structurally narrowed by the stenosing process, the more
it will be functionally narrowed by additional lumbar
extension. Penning (13) called this phenomenon “the rule
of progressive narrowing.”

The decisive turning point for symptomatic LSS is
when the available reserve space of the spinal canals for
the nerve roots has been used up. Schönström (14) called
this point to the critical size of the spinal canal. In prac-



tice, this means that the ability of the nerve roots to
receive their needed nutrition and blood supply is reduc-
ing when the spinal canal dimensions are decreasing to
this point. For instance, if the patient has moderate steno-
sis, the spinal canal enters this critical size only in exten-
sion of the lumbar spine (i.e., walking and standing), but
when the spinal canals are reduced, the patient has to
bend her or his back in order avoid the canal to enter the
critical point and escape symptoms (15). It is obvious that
in most LSS patients this stenosing process is not contin-
uously progressive but stabilizes at a certain individual
level of stenosis. 

The functional pathophysiology of LSS explains the
posture-dependency of the LSS patient’s symptoms: Pain
is exacerbated in lumbar extension (i.e., on prolonged
standing and walking), and pain is relieved in lumbar
flexion (i.e., on standing or sitting with the trunk in flex-
ion, or lying down with knees flexed) (7–18). These pos-
ture-dependent changes can be proved by various func-
tional radiographies (i.e., functional myelography,
dynamic computed tomography [CT], axially loaded CT-
myelography, MRI, and positional MRI) (13,19–21).
Takahashi et al. (17,18) demonstrated that this functional
phenomenon is more sophisticated by measuring the
changes of the local epidural pressure at the stenotic level
in various body postures and during walking. 

CLINICAL EVALUATION OF PATIENTS WITH
LUMBAR SPINAL STENOSIS

Symptomatic LSS is a dynamic and structural syn-
drome in which the symptoms are dependent on the
patient’s posture. Although the symptoms of LSS may be
variable, bizarre, and vague, their typical feature is the
relationship between symptoms and body posture. This
“symptom-posture” analysis is a keystone when diagnos-
ing LSS because radiographic findings are meaningful
diagnostically only if they are accompanied by the clinical
syndrome of neurogenic claudication or chronic nerve
root compression (16). However, the basic clinical prob-
lem is that symptoms, signs, and radiologic findings of
patients with LSS are not associated with each other (11).
Further, if pain and other symptoms of LSS are solely
related to compression of the cauda equina, nearly all
elderly people would suffer from symptoms of stenosis
because the pathoanatomic changes related to LSS are a
function of the aging process (7). Hence, it is important
that the physician listens closely to the patient’s symptoms
and pays attention to the relationship between symptoms
and body postures. Furthermore, the extension test of the
lumbar spine (16) and the treadmill test (22) with pain
analysis may help to verify the clinical diagnosis of LSS. 

Before the clinician is able to reliably diagnose LSS,
she or he has to reconcile the patient’s symptoms, signs,
clinical tests, and imaging findings, to exclude other con-
dition mimicking LSS symptoms and identify the etiol-

ogy and coexisting pain syndromes of LSS (16,23). Con-
sequently, the most demanding task of the clinician is to
estimate how much the aging patient’s symptoms and
lowered functional capacity is related to her or his radio-
logically confirmed stenotic findings, and how much is
related to coexisting spinal, other musculoskeletal, and
medical comorbidities (16,24). The conclusion of this
thinking process is critical to appropriate selection of
therapy for the patient. Optimal treatment begins with
accurate identification of the condition. 

NONOPERATIVE TREATMENT OF LUMBAR
SPINAL STENOSIS

The nonoperative treatment of LSS is not supported by
controlled studies, but has to apply a practical and rational
understanding of the pathoanatomic and pathophysiologic
changes that are taking place in LSS patients during aging. 

When a patient comes to the physician with pain in the
back and lower extremities related to LSS, she or he is
most likely requesting some form of treatment (7). At
present, the primary treatment of LSS is mostly nonoper-
ative because many patients respond well to this treat-
ment (4,25,26). Although nonoperative treatment is less
successful in patients who have more severe pain, func-
tional limitation, and neurologic dysfunction, the nonop-
erative approach is recommended because a delay of
surgery for some months does not worsen the prognosis
of these patients (3,4). Also the rapid symptomatic or
functional decline is unexpected in patients with LSS but
a traumatic distortion of the lumbar spine or a lumbar
disc herniation may temporarily exacerbate the LSS
patient’s symptoms. Further, although an attack of cauda
equina syndrome is very rare in LSS patients, the physi-
cian has to keep this possibility in mind because these
patients have to be operated on as soon as possible.

The nonoperative option is the only chance for an LSS
patient who refuses surgical treatment or in whom surgi-
cal treatment is contraindicated because of the patient’s
medical condition. Currently, we have more and more
elderly LSS patients who have many other diseases (i.e.,
heart disease, asthma, other lung diseases, aortoiliac
occlusive disease, osteoarthritis of hip and knee joints,
diabetes, severe obesity, peripheral neuropathy, rheuma-
toid arthritis, osteoporosis, etc.). Thus, the physician has
to have a good overall picture of the LSS patient and her
or his other diseases when considering appropriate ther-
apy for alleviation of LSS symptoms.

NONOPERATIVE TREATMENT OPTIONS OF
LUMBAR SPINAL STENOSIS

Nonoperative treatment is based on the rational appli-
cation of the pathoanatomic and pathophysiologic find-
ings for the nonoperative therapy plan. The treatment is
aimed at acting on these biomechanical and muscu-
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loskeletal alterations and on inflammatory processes to
alleviate the patient’s pain and discomfort and improve
functional capacity. Simotas (27) proposed that nonoper-
ative treatment is divided into three independent but over-
lapping phases: pain control, stabilization, and a condi-
tioning phase. Thus, it is often necessary to combine
many treatment options and time them properly so that
therapy can be effective on various etiologic factors. 

Little is known about the efficacy of nonoperative ther-
apy of LSS and which factors are associated with better
outcome (2). Nonetheless, there is a rational reason to
suppose that the current nonoperative treatment can have
an effect on those pathoanatomic and pathophysiologic
mechanisms that cause symptoms in patients with LSS. It
is reasonable to suppose that we attain better results by
using concurrent or overlapping treatment options. 

Medical Treatment

Nonsteroidal Antiinflammatory Drugs

The use of nonsteroidal antiinflammatory drugs
(NSAIDs) is based on the presumption that mechanical
and structural alteration combined with local inflamma-
tory changes lead to pain in LSS patients (28). Thus,
NSAIDs are aimed at relieving the LSS patient’s pain and
inflammation to relax the muscle tension, and in this way
to improve the functional cooperation of the lumbar spine,
pelvis, and lower extremities. These drugs are effective for
acute low back pain, but sufficient evidence on chronic
low back pain and on LSS is still lacking (29,30). 

We have several NSAIDs, as well as cox-2 specific
drugs, in clinical use at the present time. However, the
efficacy of various NSAIDs is roughly equivalent
(28,30). The most common side effects of NSAIDs are
gastrointestinal irritation and bleeding, which one has to
pay to attention in older patients. These drugs can also
deteriorate renal function because of the inhibition of
renal prostaglandin synthesis. 

Analgesic Drugs

Most LSS patients have chronic low back pain caused
by degenerative changes of the lumbar spine (11). There
are various pathogenetic mechanisms for this chronic pain
(e.g., vascular damage, neuromodulation, and the exten-
sive nerves innervating degenerative discs). Degenerative
discs have more extensive innervation than normal discs;
these additional nerves may have nociceptive properties
(31). It is rational to suppose that the same pain mecha-
nisms play a role in LSS. Centrally acting analgesics
should be effective for chronic low back pain and sciatica.
Schnitzer et al. (31) showed that tramadol was very effec-
tive for the treatment of chronic low back patients. Tra-
madol also can be used in combination with NSAIDs for a
double-active antiinflammatory and analgesic effect.

These centrally acting analgesics are valuable addi-
tions to our drug arsenal; however, because of the poten-
tial for addiction, sedation, constipation, and other
adverse effects (e.g., nausea, dizziness, somnolence, and
headache), their use among older patients is limited.

Muscle Relaxants

Muscle relaxant drugs are a logical approach for muscle
tension, which may be one of the important etiologic roles
in the pathogenesis of chronic low back pain (28,31). How-
ever, there is limited evidence for the effectiveness of these
drugs in the treatment of chronic low back pain. Further, it
is debated whether muscle relaxants offer additive relief
when combined with analgesics or NSAIDs (28).

Antidepressant Drugs

Originally, the efficacy of antidepressant drugs was
demonstrated in patients with painful diabetic neuropathy.
Thus, their use in patients with LSS, including radiculopa-
thy and neuropathic pain, seems to be reasonable, although
there is no evidence for the use of antidepressants in LSS.
Also, the evidence of their effect is conflicting in chronic
low back pain patients. But two other reasons support the
use of these drugs for chronic pain of LSS patients: anti-
depressive effect for subclinical depression and sedating
effect for improving sleep. Newer antidepressant drugs
(i.e., serotonin reuptake inhibitors) have not been well eval-
uated in the treatment of chronic pain syndromes (28). 

Calcitonin

The effect of salmon calcitonin on LSS pain is proba-
bly based on central analgesic effect, improvement of
cauda equina blood flow, or antiinflammatory effect (32).
Calcitonin has some beneficial analgesic effect on LSS
patients with spinal claudication (33,34), but its use has
not become standard for LSS nonoperative treatment.
However, the use of calcitonin is reasonable in LSS
patients with osteoporosis or Paget disease. 

Physical Therapy

All treatment options of physical therapy are based on
a rational understanding of the degenerative process of
the lumbar spine resulting in LSS. Thus, the goal of phys-
ical therapy is to counteract the mechanisms of the
degenerative process causing symptomatic LSS. 

In practice, the physiotherapist has to apply this knowl-
edge to various treatment modalities because currently
little is known about the efficacy of physical therapy
options. Because LSS patients are often elderly people,
the physiotherapist also should have an understanding of
age-related changes in the musculoskeletal tissues and
their relationship to musculoskeletal impairment (35). 
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Manual Traction

The therapeutic goal of the manual lumbar traction is
aimed at increasing space of the lumbar spinal canal in order
to reduce the pressure on the cauda equina (15). It is obvious
that traction causes axial movement on discs and facet joints
to mobilize and stretch the stiff three-joint complex. If this
traction therapy relieves pain, the patient can continue this
therapy at home by hanging from the horizontal bar. 

Therapeutic Exercise

Therapeutic exercise includes stretching, strengthen-
ing, and conditioning, as well as postural education (36).
The biomechanical goal of therapeutic exercises is aimed
at decreasing the anterior pelvic tilt to decrease the exten-
sion the lumbar spine in order to increase space of the
lumbar spinal canals (25). The prescription of proper
therapeutic exercise should be based on the specific lim-
itations detected during the physical examination and on
the understanding of the age-related changes in the mus-
culoskeletal tissues and their relationship to muscu-
loskeletal impairment (35,37). Lindgren et al. (38)
showed that therapeutic exercise does not influence seg-
mental instability seen on functional radiography,
whereas functional electromyographic (EMG) findings
were significantly improved. Further, Arokoski et al. (39)
showed by using the surface EMG measurement that sim-
ple therapeutic exercises were effective in activating both
abdominal and paraspinal muscles. 

Transcutaneous Electrical Nerve Stimulation

Transcutaneous electrical nerve stimulation (TENS) is
a noninvasive therapeutic option used for pain relief by
electrically stimulating peripheral nerves via skin surface
electrodes. The goal of TENS in LSS patients is to relieve
pain, reduce muscle spasms, improve range of motion,
and advance functional ability (40). 

The evidence from randomized controlled trials does
not support the use or nonuse of TENS alone in the treat-
ment of the chronic pain. Transcutaneous electrical nerve
stimulation is likely useful to employ concurrently with
other physical therapy modalities because patients in the
TENS groups consistently report less pain, better func-
tional status, and greater satisfaction (40). Thus, it is rea-
sonable to suppose that LSS patients benefit from these
concurrent treatments.

Epidural Steroid Injection Therapy

Favorable outcomes from some controlled and many
uncontrolled studies suggest that epidural steroid injec-
tions reduce lumbar radicular pain caused by lumbar disc
herniation and LSS. The therapeutic benefit of this ther-
apy may be best attained with concurrent use of other
nonoperative treatment (e.g., physical therapy) (41). 

The mechanical compression of the nerve root may
cause microvascular injury, resulting in formation of
nerve root edema, which is likely to cause various neural
changes and may be involved in the production of pain in
nerve roots (42). The alleged rationale for using epidural
steroids is that they reduce the edema and inflammation
around nerve roots. However, there is weak evidence in
the scientific literature supporting the use of epidural
steroids in the management of LSS. 

Lumbar spinal stenosis usually occurs in the elderly pop-
ulation in which the surgical risk may be considerable.
Because of such risk factors the treating physician may con-
sider alternative treatment options (42). In a descriptive,
prospective study of 30 patients with a mean age of 76 years
and 10-month follow-up, the caudal epidural injection
offered significant pain relief for up to 10 months (43).

Epidural injections should be performed by experi-
enced physicians, and fluoroscopically monitored injec-
tions are recommended. Further, no absolute orders can
be made regarding the most effective type and dosage of
steroid, timing or number of injections, or route of admin-
istration (41).

Other Nonoperative Treatment Options

Lumbar Belts

The use of lumbar belts in LSS patients has two goals:
to maintain the lumbar spine in slight flexion in order to
decrease the compression of the cauda equina and to mit-
igate irritation or inflammation of the nerve roots, and to
improve the motion control in order to result in more sta-
ble motion patterns of the functional spinal unit. 

Current definitions of spinal instability are based on a
loss of stiffness (44). The degeneration of the three-joint
complex considerably alters spinal dynamics (44), result-
ing in abnormal kinematics of the motion segment that
may produce irritation or inflammation of the spinal
nerves and cauda equina (3,7). Further, a gradual increase
in lordosis of the lumbar spine is one sequela of degener-
ative disc disease. Thus, lumbar supports that decrease
lumbar lordosis could be helpful (1).

Ultrasound Therapy and Trigger Point Injections

Myofascial pain syndrome is very likely one of pain
expression that arises from the irritated and inflamed
source of the degenerative lumbar spine. Both ultrasound
therapy and trigger point injections (1% lidocaine) with
stretching were found to be effective in reducing pain
intensity, increasing pain threshold of myofascial trigger
points, and improving range of motion (45).

SUMMARY

Lumbar spinal stenosis is a common and increasing
clinical entity because of the growing number of elderly

CHAPTER 50/NONOPERATIVE TREATMENT / 493



people. The pathoanatomic verification of LSS is practi-
cal and easy by means of CT or MRI equipment, but the
accurate reconciling the patient’s complaints with radio-
logic changes is not verifiable by clinical means. Further,
these elderly patients may have much concurrent pathol-
ogy. However, the functional nature of LSS, the extension
test, and the treadmill test help the physician to unite
compatible symptoms and signs with radiologic findings
for the clinical diagnosis of LSS. 

The management of LSS is not established. The treat-
ment is aimed at alleviating the severity of pain to guar-
antee the patient’s functional capacity in everyday life. In
practice, conservative treatment is often adequate in
patients with mild or moderate pain, whereas in patients
with severe pain surgical decompression is a noteworthy
option after 3 months of conservative treatment. The
increasing number of LSS patients should motivate us to
carry out all-round functional studies on the conservative
treatment of LSS.
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CHAPTER 51

Indications for Surgery and 
Laminotomy Procedures

Franco Postacchini

Lumbar spinal stenosis has been defined as a “narrowing
of the osteoligamentous vertebral canal and/or the inter-
vertebral foramen causing compression of the thecal sac
and/or the caudal nerve roots; at a single level, narrowing
may affect the whole canal or part of it” (1–3). This def-
inition implies a clear-cut distinction between a narrow
spinal canal in which the neural structures are not com-
pressed and a stenotic canal causing compression of the
caudal nerve roots (Fig. 51-1A, B).

Spinal stenosis includes developmental, degenerative,
and combined (developmental and degenerative) stenosis. 

Developmental stenosis can be achondroplastic or con-
stitutional. The former is the pathologic narrowing that
can be found in achondroplastic dwarfs. The latter, which
has also been called idiopathic developmental stenosis
(4), is characterized by an abnormal narrowing of the
bony vertebral canal that cannot be ascribed to any
known etiologic factor. A narrow spinal canal may trans-
form into stenosis in the presence of minor degenerative
changes of the intervertebral disc or the articular
processes and is unable to cause compression of the
neural structures in a spinal canal that primarily is of nor-
mal size.

Degenerative stenosis is most often associated with
deformities such as degenerative spondylolisthesis or
scoliosis. The form not associated with deformities may
be called simple degenerative stenosis. The latter is due to
degenerative changes of the articular processes or osteo-
phytosis of the vertebral end plates in the presence of a
spinal canal originally of normal size. 

Each condition includes spinal canal stenosis and iso-
lated nerve root canal stenosis, which correspond, respec-
tively, to the so-called central stenosis and lateral stenosis
(Fig. 51-1B, Fig. 51-2). Stenosis of the intervertebral
foramen, which should not be identified with lateral
stenosis, is usually associated with one of the two other
types of stenosis (5). 

INDICATIONS FOR SURGERY

Natural History

Johnsson et al. (6) compared 19 untreated patients with
30 patients who underwent surgery. They were followed
for a mean of 31 and 53 months, respectively; all patients
in both groups had lumbar stenosis of moderate severity.
One-third of the untreated patients were improved and
two- thirds were unchanged or had worsened. Porter et al.
(7) reviewed 169 patients with lateral stenosis, most of
whom had no treatment. After a mean of 2 years, radicu-
lar symptoms persisted in 78% of cases, but had
improved in 90%. In the vast majority of preoperative
patients, however, there was no evidence of neurologic
deficits, and in no instances was clinical diagnosis con-
firmed by imaging or neurophysiologic studies. 

Conservative Management

In a retrospective study (8) of 49 patients followed for
a mean of 33 months, it was found at the latest follow-up
that 9 patients had undergone surgery, 7 had worsened, 12
were unchanged, and 21 were slightly or significantly
improved. 

In a prospective study (9), 19 patients with severe
symptoms were selected for surgery and 50 patients with
moderate symptoms for conservative treatment, whereas
31 were randomized between the conservative and surgi-
cal treatment groups. At 3-month follow-up, relief of pain
had occurred in most patients. After 4 years, satisfactory
results were observed in half of the patients in the con-
servative group and in four-fifths of those treated surgi-
cally. After 10 years, the results showed no significant
deterioration in both groups. The results in the patients
randomized for surgery were considerably better than 
in those randomized for conservative management. In
another prospective study (10), 67 patients treated surgi-
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cally and 52 nonsurgically were followed for 4 years. At
the latest follow-up, satisfactory results were reported by
63% of the patients in the surgery group and 42% of
those treated conservatively. 

In my experience, most patients with severe central
stenosis do not improve or show temporary relief after

conservative management. Conversely, patients with cen-
tral stenosis causing posterior or posterolateral compres-
sion of the thecal sac, but no significant nerve root com-
pression in the radicular canal, often show a significant
improvement, which is probably due to the natural course
of the disease. The same is true for lateral stenosis: if nar-
rowing of the radicular canal is severe and responsible for
significant neurologic changes, conservative manage-
ment does not usually lead to significant improvement,
particularly in the long term.

Candidates for Surgery

There is no indication for surgery in patients with only
a narrow spinal canal. Similarly, surgery is usually not
indicated in stenotic patients who complain only of back
pain, in the absence of deformities, such as degenerative
spondylolisthesis or scoliosis, or vertebral instability. In
patients with an unstable motion segment who have only
back pain it is usually sufficient to carry out a fusion
alone if stenosis is mild, because it is very unlikely that
neural compression will significantly increase and
become symptomatic over time once the motion segment
has been stabilized. Conversely, neural decompression
should be performed if stenosis is severe, because the
modifications of reciprocal position of the articular
processes, as a result of fusion, can be responsible for
postoperative onset of radicular symptoms. 

In patients with radicular symptoms, surgery is indi-
cated when conservative management protracted for at
least 3 months has led to no significant improvement. 

In the presence of motor deficits only, it can be diffi-
cult to decide whether there is an indication for decom-
pression. Surgery is usually indicated when stenosis is
severe and the deficits are severe and of less than a few
months’ duration. In the presence of paresis lasting more
than 6 to 8 months, there can be no indication for decom-
pression because there are few or no chances of improve-
ment of muscle function.  

The best candidates for surgery are those patients
under the age of 70 years with no comorbid diseases, who
have a severe or very severe stenosis, long-standing
radicular symptoms associated with severe intermittent
claudication, moderate, or no motor deficits, and mild or
no back pain. On the opposite side of the spectrum are
patients who have mild stenosis, mild or inconstant leg
symptoms with no precise radicular distribution, a his-
tory of claudication after several hundred meters or
longer, no motor deficit, and back pain of similar sever-
ity to, or more severe than, leg symptoms. In these cases,
surgery usually involves high risk of a poor result and
should be thus avoided or delayed as long as possible.
Between the two extremes there are numerous situations
in which the surgical indication should be evaluated indi-
vidually, based on several factors, which may or may not
influence the decision. 
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FIG. 51-1. A: T1-weighted magnetic resonance imaging
(MRI) sagittal scan showing a narrow spinal canal. The the-
cal sac has small anteroposterior diameters, particularly at
the lower three lumbar levels, but the neural structures show
no osteoligamentous compression. B: T2-weighted sagittal
MRI scan showing severe stenosis at L2-L3 level and less
marked stenosis at L4-L5.

FIG. 51-2. Anteroposterior myelogram showing lateral steno-
sis at L4-L5 level. The L5 root is not filled with contrast
medium bilaterally (arrows) and the thecal sac shows a mild
indentation on both sides.
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Advanced Age

Several studies have shown that surgical decompres-
sion also may offer significant relief of symptoms to
patients older than 70 years (6,11–13). In my experience,
there is no significant difference in the results of surgery
between patients in early older adulthood (60 to 70 years)
and those who are older (over 80 to 90 years), provided
the stenosis is severe and the patient is in satisfactory
general health.  

Comorbidity

In one study (12), a high rate of comorbid illnesses was
found to be inversely related to the rate of satisfactory
results after surgery. Another study (14) compared the
long-term results of surgery in 24 diabetic and 22 nondi-
abetic patients. In the diabetic group there was a 41% rate
of satisfactory results, compared with 90% in the nondi-
abetic group. Different results, however, were observed in
a similar study (15), in which the outcome was satisfac-
tory in 72% of the diabetic and 80% of the nondiabetic
patients. Neither the duration of the diabetes before
surgery nor its type correlated with the outcome. A mis-
taken preoperative diagnosis was the main cause of fail-
ure in diabetic patients, in whom diabetic neuropathy or
angiopathy may mimic the symptoms of stenosis.  

Previous Surgery

Surgery for spinal stenosis tends to give less favorable
results in patients who previously underwent decompres-
sive procedures in the lumbar spine (11,16–18). This is
particularly true when stenosis is at the same level or lev-
els at which the previous surgery for disc herniation or
stenosis had been performed (3). In these cases, decom-
pressive surgery should usually be undertaken in the
presence of severe compression of the neural structures
and severe symptoms well correlated with the vertebral
level or levels that appear stenotic on the imaging studies. 

Disc Herniation

A concomitant disc herniation in the stenotic area does
not influence the indications for surgery. However, the
presence of multiple, markedly bulging discs associated
with only mild posterolateral compression of the neural
structures exposes the patient to the risk of persistent
anterior compression of the nerve roots after a posterior
decompression. 

Type of Stenosis

There is no significant difference in terms of indica-
tions for surgery between the various types of central
stenosis. However, patients with degenerative or com-
bined stenosis at a single level appear to be the best can-

didates to surgery because they tend to have a better out-
come compared to those with stenosis at multiple levels.
In patients with constitutional stenosis, the intervertebral
disc may play a significant role in the compression of the
neural structures. When the disc bulges considerably in
the spinal canal, but is not truly herniated, it may be
impossible to eliminate the anterior compression of the
neural structures and this may lead to less satisfactory
results compared with the cases in which the neural com-
pression is caused exclusively by the articular processes.
Patients with lateral stenosis tend to have better results
than those with central stenosis in terms of relief of both
radicular symptoms and back pain, particularly when
stenosis, as usually occurs, is at a single level.   

Certainty of the Diagnosis

It is sometimes difficult, in patients with leg symp-
toms, to determine whether the symptoms are related to
compression of a nerve root and which root is involved.
This often occurs in patients with mild or moderate nar-
rowing of the central or lateral spinal canal and no motor
deficits or reflex changes. In these cases, in which mag-
netic resonance imaging (MRI) and computed tomogra-
phy (CT) may be unhelpful, there is an indication for
myelography. When myelography is inconclusive, nerve
root injection with local anesthetic may be indicated.
Even the latter, however, may leave the diagnosis uncer-
tain. These patients are the worse candidates for surgery.
Surgical management can be taken into consideration
only when other diseases, particularly hip conditions and
peripheral neuropathies, are excluded and the clinical
symptoms and preoperative investigations indicate that
there are enough possibilities that a given spinal root is
the cause of symptoms.  

Spinal Fusion

Fusion of motion segments decompressed bilaterally is
unnecessary, unless (a) the motion segment, albeit in the
absence of degenerative spondylolisthesis, is preopera-
tively unstable, as shown by flexion-extension X-rays; (b)
at surgery, the articular processes have completely been
removed, accidentally or purposely, on both sides; or (c)
the articular processes have been excised on one side and
discectomy has been performed bilaterally in a patient
complaining of chronic back pain, particularly when the
latter probably originated from the decompressed motion
segment. These guidelines, previously indicated based of
the clinical experience (3), were confirmed by a prospec-
tive randomized study (19).  

SURGICAL TREATMENT

Definition of Terms

Decompression of the lumbar spinal canal can be car-
ried out by central laminectomy—also defined as bilat-
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eral or complete laminectomy—or by laminotomy. The
latter—also called keyhole laminotomy or hemilaminec-
tomy or partial hemilaminectomy—consists in the re-
moval of the caudal portion of the proximal lamina, the
cranial portion of the distal lamina and a varying portion
of the articular processes, together with a part of, or the
entire, ligamentum flavum on the side of surgery. 

The term foraminotomy indicates removal of a part of
the posterior wall of the intervertebral foramen, while the
term foraminectomy refers to complete excision of the
wall of the foramen.

Unilateral Laminotomy at a Single Level

Indications

The main indication is lateral stenosis at a single level
on one side.

The preoperative planning may be difficult when lat-
eral stenosis is severe and symptomatic on one side and
mild and asymptomatic on the opposite side. In these
cases, the advantage of performing a unilateral decom-
pression is more to preserve the stability of the motion
segment and to avoid the risk of onset of radicular symp-
toms on the asymptomatic side after surgery. There are
patients who complain of radicular pain for several weeks
or months after decompression on the asymptomatic side.
A possible explanation is that the surgical trauma and the
scarring tissue may irritate a nerve root which is not sig-
nificantly compressed before surgery, while these factors
have no detrimental effect on a compressed root. 

Unilateral decompression may also be indicated in the
presence of severe lateral stenosis on both sides in older
patients with unilateral symptoms who are in poor gen-
eral health or when there are high chances that bilateral
decompression may lead to vertebral instability and
spinal fusion is, for any reason, not indicated. 

In patients with central stenosis at a single level or
multiple levels, unilateral laminotomy may be indicated
in the presence of monoradicular symptoms, particularly
when nerve root injection with a local anesthetic has
shown that a single root is symptomatic or when a more
extensive decompression appears unnecessary or con-
traindicated. 

Technique

The surgical technique is similar to that used to remove
a herniated disc. When using the operating microscope,
the skin incision is some 4 cm in length. I usually begin
by removing the caudal half of the cranial lamina and the
medial half of the inferior articular process of the verte-
bra above using an osteotome. There is no risk in using
the osteotome for removal of the inferior articular process
because the underlying superior articular process of the
vertebra below protects the emerging nerve root. The lig-

amentum flavum can now be seen and detached from the
border of the caudal lamina and the superior articular
process with a curette. The osteotome can also be used to
remove the proximal half of the caudal lamina and the
superior articular process. When removing the latter,
attention must be paid to place the blade of the osteotome
in the most lateral part of the process and to orient the
osteotome 15° to 20° obliquely in a medial-lateral direc-
tion to avoid damage to the underlying root (17). Alter-
natively, a Kerrison rongeur is used for piecemeal
removal of the caudal lamina and the superior facet. Once
the emerging root and the thecal sac are exposed, bone
removal from the lateral part of the canal is continued
using the osteotome obliquely until the neural structures
are completely free of compression. Complete excision of
the articular processes must be avoided. However, when
laminotomy is performed on one side only, decompres-
sion can be generous because there is no risk to destabi-
lize the motion segment, if this is stable preoperatively
(Fig. 51-3). The disc is inspected and excised if it is soft
and protrudes markedly. The final step is to use a probe
to determine whether the emerging nerve root is com-
pressed in the intervertebral foramen and to remove bone
until it is completely free of compression, paying atten-
tion to not perform an unnecessary foraminectomy. 

Bilateral Laminotomy at a Single Level

Indications

The advantage of bilateral laminotomy at a single
level, compared with central laminectomy, is that lamino-
tomy preserves vertebral stability to a greater extent than
laminectomy by preserving the supraspinous and inter-
spinous ligaments and the central portion of the vertebral
arch. 
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FIG. 51-3. Postoperative radiograph of a patient with lateral
stenosis at L4-L5 level on the left side who underwent
laminotomy on that side (arrows). Note the wide decompres-
sion performed on the transverse plane.



This procedure is the treatment of choice in patients
with lateral stenosis at a single level in the presence of
bilateral leg symptoms. In central stenosis, bilateral
laminotomy is indicated when narrowing of the spinal
canal is mild or moderate, particularly when discectomy
on one side or both sides is performed due to concomitant
disc herniation or marked disc bulging. This often occurs
in constitutional stenosis, in which bilateral laminotomy
should usually be preferred to central laminectomy. In
degenerative central stenosis, there is an indication for
laminotomy when narrowing of the spinal canal is not
exceedingly severe. When stenosis is marked, bilateral
laminotomy may lead to persistence of radicular symp-
toms due to inadequate decompression of the thecal sac
in the central portion of the spinal canal. 

Technique

The technique is similar to that described for unilateral
laminotomy. More attention must be taken to preserve the
outer third of the articular processes because total or
subtotal arterectomy, particularly when bilateral, entails a
high risk of postoperative instability. 

Laminotomies at Multiple Levels

Indications

Patients with constitutional central stenosis often have
stenosis at multiple levels. Usually they are middle-aged
or in early older adulthood and in many cases stenosis is
of moderate severity and the intervertebral discs are nor-
mal in height. Furthermore, the discs often play an impor-
tant role in the compression of the neural structures by
protruding in the spinal canal. In these patients, central
laminectomy exposes the patient to the risk of postopera-
tive vertebral instability, particularly when discectomy is
carried out or stenosis involves the high lumbar levels,
where it is more difficult, with central laminectomy, to
preserve the articular processes. In these cases, lamino-
tomies at multiple levels allow vertebral stability to be
preserved, thus avoiding fusion procedures at two or more
levels. 

The same considerations are valid for degenerative
central stenosis. In this type of stenosis, however, it is less
often necessary to make any effort to preserve vertebral
stability and avoid spinal fusion because the presence of
intervertebral osteophytes or a marked decrease in height
of the discs exposes the patient less to the risk of postop-
erative instability. Furthermore, narrowing of the spinal
canal may be much more severe than in constitutional
stenosis and laminectomy thus ensures a more complete
neural decompression. However, in patients with degen-
erative stenosis there is also often an indication for mul-
tiple laminotomies. This occurs when central laminec-
tomy is a risk to destabilize the motion segments, or

stenosis, although involving the whole canal, is particu-
larly severe in the nerve root canal. An advantage of
laminotomy is that decompression is focused on the
nerve root emerging from the thecal sac and it can there-
fore be more effective in terms of clinical results, because
in stenotic patients the radiated symptoms are often
caused by compression of the emerging root, rather than
the thecal sac. 

Occasionally, the two procedures can be combined,
when stenosis is very severe at one or two levels and
moderate and essentially lateral at one or two additional
levels.

Technique

The spine is exposed using the same technique
employed for central laminectomy. The interlaminar
spaces are cleaned of residual muscle tissue using a
curette. Beginning on one side, laminotomy is performed,
as described earlier, at the most stenotic level and then at
the cranial or caudal levels needing decompression. The
same procedure is successively carried out on the oppo-
site side (Fig. 51-4). When performing laminotomy at
two adjacent levels, care should be taken not to remove
the entire lamina on one side and particularly on both
sides at the same level, since in the latter case the spinous
process becomes unstable and should be removed. If
complete arthrectomy is inadvertently carried out on one
side, at least the outer third of the articular processes on
the opposite side should be preserved and discectomy
should be avoided, particularly on both sides. 
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FIG. 51-4. Radiograph taken 2 years postoperatively in a
patient with constitutional stenosis at L2-L3 to L4-L5. The
arrows indicate the laminotomies performed at the stenotic
levels.



Results of Laminotomies

In a prospective randomized study comparing central
laminectomy with multilevel laminotomy in central lum-
bar stenosis, Postacchini et al. (20) found laminotomy to
give similar overall results to total laminectomy. Patients
submitted to laminotomy had less back pain and none had
vertebral instability postoperatively, but they also had 
less subjective improvement for radicular symptoms,
although the difference was not significant. It was con-
cluded that multiple laminotomy is the treatment of
choice when narrowing of the spinal canal is mild or
moderate. 

In a prospective study of patients with central or lateral
stenosis, 96% were satisfied with tier treatment at a mean
of 4 years after surgery (21). Aryanpur and Ducker (22)
obtained satisfactory results in the vast majority of their
32 patients with lateral stenosis. None of these individu-
als experienced surgical complications. However, Young
et al. (23), using multiple laminotomy with an operating
microscope in 32 patients with lateral or central stenosis
reported a 9% incidence of dural tears. In the series of
patients mentioned above, we found a higher incidence of
postoperative neural deficits with laminotomy than with
central laminectomy and in most cases neural complica-
tions occurred in patients with severe stenosis.  
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CHAPTER 52

Laminectomy for Spinal Stenosis

Brian J. C. Freeman

Spinal stenosis maybe defined as a narrowing of the cen-
tral spinal canal, the lateral recess, or the neural foramina.
Normal canal size has been reported as a midsagittal
diameter of greater than 11.5 mm and a cross-sectional
area of greater than 1.45 cm2 (1,2). Absolute stenosis is
said to occur when the midsagittal diameter of the canal
is less than 10 mm and relative stenosis is said to occur
when the midsagittal diameter of the canal is between 10
and 13 mm (3). 

Spinal stenosis may be primary or secondary. Primary
spinal stenosis may be congenital or developmental (e.g.,
achondroplastic stenosis or constitutional spinal steno-
sis). Secondary stenosis occurs in a canal of normal
dimension and is acquired as a result of conditions such
as spondylosis. Degeneration in the three joint complexes
typically starts this process. Synovitis commencing in the
facet joints leads to the thinning of articular cartilage and
loosening of the joint capsule (4). This leads to greater
spinal motion accelerating degeneration in the disc. Disc
height is lost leading to a reduction in the size of the
neural foramina (so called up-down stenosis). The liga-
mentum flavum becomes redundant with infolding fur-
ther contributing to a reduction in canal dimensions (5).
Osteophytes on the superior articular facet narrow the lat-
eral recess; osteophytes on the inferior articular facet nar-
row the central canal. Reduction in canal volume can
compromise vascular supply to the neural elements lead-
ing to an ischemic neuritis (6), and direct compression of
nerve roots may lead to demyelination causing unremit-
ting pain. Spinal stenosis may be present in isolation or in
combination with other conditions such as degenerative
spondylolisthesis or degenerative scoliosis. The natural
history of spinal stenosis remains unclear. There are few
longitudinal prospective studies documenting the course
in untreated patients (7). Existing literature suggests that
symptoms progress in approximately 20% (8) to 33% (7)
of nonoperated patients.

INDICATIONS FOR SURGERY

Patients present with an insidious onset of back, but-
tock, thigh, and calf pain. Typically in neurogenic claudi-
cation, back, and leg pain are increased when standing
and walking. Patients may sit or bend forward to relieve
this pain. These postural changes result in an increase in
the size of the canal. Walking is increasingly restricted
and ultimately rest pain or a neurogenic bladder may
develop. Vascular claudication may be confused with
neurogenic claudication. The patient with vascular insuf-
ficiency has pain that is increased by walking and lying
down but is often decreased by standing. The patient with
spinal stenosis may be able to cycle a considerable dis-
tance because the lumbar spine is flexed during this activ-
ity. The patient with vascular insufficiency however is
likely to provoke symptoms during such activity. A search
for risk factors such as cigarette smoking and diabetes,
plus a careful examination of peripheral pulses will usu-
ally help to distinguish the two conditions. 

Physical examination in a patient with spinal stenosis
typically reveals a loss of lumbar lordosis, increased pain
on extension, and reduced pain on flexion. Specific neu-
rologic signs are rare, but may be provoked by exercise.
Passive straight leg raise is often negative. The shuttle
walking test (9) and the exercise treadmill (10) have been
used to measure baseline functional status and surgical
outcome objectively. Patients with hip, groin, or knee
pain may have osteoarthritis of the hip or knee. If doubt
exists, plain radiographs of the lumbar spine, pelvis, and
knee will help to confirm the pain source. Patients with
diabetes commonly have symptoms of peripheral neu-
ropathy. Electromyograms (EMGs) and nerve conduction
studies may help with the diagnosis. Finally it should be
remembered that there is an associated cervical stenosis
in approximately 5% of patients with lumbar stenosis
(11). 
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Conservative management should always be consid-
ered before surgery. Nonsteroidal antiinflammatory med-
ication can reduce both back and leg pain. Physiotherapy
working on trunk stabilization and flexion exercises may
be beneficial. General fitness work including cycling,
swimming, and walking in water may improve a patient’s
symptoms. The use of epidural steroids remains contro-
versial. They may relieve acute pain, but long-term
results have been disappointing. Others suggest epidural
steroids should be considered as a nonsurgical alterna-
tive, especially in the older adult patient where surgery
carries greater risk (12). There is circumstantial evidence
that calcitonin is beneficial for approximately 40% of
patients with neurogenic claudication, particularly in
those with spinal Paget disease (13). Simotas et al. stud-
ied 49 patients with lumbar spinal stenosis who were
treated with aggressive nonoperative treatment including
exercise, analgesics, and epidural steroids (14). They
reported 25% of patients were significantly better after a
3-year period, and that neurologic deterioration was rare.

Patients who fail conservative treatment and persist
with moderate or severe intractable leg pain should be
considered for surgery. Patients who are unable to stand
upright, and have a significant reduction in walking dis-
tance, and who find this degree of disability unacceptable
should also be considered for elective surgery. The
patient should be medically fit and able to tolerate a gen-
eral anesthetic, the prone position, and the estimated
blood loss. Occasionally, among older adults multiple
comorbidities may preclude surgery. A delay in surgery
of months or even years does not appear to adversely
affect the result of surgery (15). Patients with rest pain or
acute onset of urinary retention or fecal incontinence
should be considered for urgent surgery.

Imaging studies are of prime importance in defining
the level and degree of stenosis. Plain radiographs may
show a narrow interpedicular distance on the anteropos-
terior view and short pedicles on the lateral view in con-
genital stenosis. They may also reveal a degenerative
spondylolisthesis or a degenerative scoliosis. Water-solu-
ble myelography combined with computed tomography
(CT) has until recently been regarded as the gold stan-
dard. However, this invasive technique has largely been
replaced by fine-cut CT scan (Figs. 52-1, 52-2) and mag-
netic resonance imaging  (MRI) (Figs. 52-3 through 52-
7). The latest generation two-dimensional CT scanners
allow soft tissue and bony windows of both axial and
sagittal orientation. However, there is still the difficulty
of surveying the whole spine with CT. MRI is noninva-
sive and allows surveillance of the whole spine. Its use 
is contraindicated in the presence of ferromagnetic
implants. Bony detail and extent of foraminal stenosis is
still best observed on a good CT scan. CT and MRI
remain complementary investigations, with the majority
of surgeons opting for MRI as the initial investigation. 

Before proceeding with surgery all imaging should
demonstrate clear evidence of neural compression that is
congruent with the patient signs and symptoms. If doubt
exists regarding the extent of decompression, electrodiag-
nostic testing can help. EMGs show changes in approxi-
mately 80% of patients with spinal stenosis and may help
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FIG. 52-1. Case 1. An 81-year-old man with bilateral leg
pain, maximum walking distance 100 yards. Computed
tomography of the spine, axial section at L3-L4, showing
moderate central and lateral recess stenosis. Circumferential
disc bulge (arrow) and hypertrophic degenerative changes in
the facet joints with associated flaval ligament thickening
(arrow).

FIG. 52-2. Case 1. Computed tomography of the spine, axial
section at L4-L5, showing further central canal and lateral
recess stenosis.



to localize surgery (16). Somatosensory evoked potentials
have been used, but have a high false-positive rate. Motor
evoked potentials may also play a role in the assessment of
the complex patient. The response to lumbar epidural
steroids can predict the outcome of decompressive surgery.

In one series, patients who had pain for less than 12
months and in whom epidural steroids reduced leg pain by
50% for more than 1 week, a good result was observed in
95% 12 months after surgery (17). On the other hand if
symptoms were present for more than 1 year, and the
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FIG. 52-3. Case 2. An 80-year-old man with weakness in
both legs when walking more than 3 yards. Midline sagittal
T2-weighted magnetic resonance image scan showing criti-
cal central canal stenosis L3-L4, relative stenosis L2-L3, and
L4-L5.

FIG. 52-4. Case 2. Right parasagittal T2-weighted magnetic
resonance image showing foraminal stenosis, right L3-L4
(arrow).

FIG. 52-5. Case 2. Axial T2-weighted magnetic resonance
image through L3-L4. Central and lateral canal stenosis.
Note facet joint hypertrophy and thickening of ligamentum
flavum.

FIG. 52-6. Case 3. A 76-year-old man unable to stand
straight, intense bilateral leg pain. Walking distance 3 yards.
Midline T2-weighted magnetic resonance image scan show-
ing multilevel severe central stenosis due to degenerative
discs and narrow central canal.



improvement after epidural was less than 50% and only 5%
were improved by surgery. Diagnostic nerve root blocks
can be helpful in predicting the outcome of localized
decompression. Preoperatively, if the patient can find relief
by postural changes such as sitting or bending forward, a
good outcome can be predicted (18). If postural changes
do not produce relief, only 50% of patients can be expected
to improve with surgical decompression. 

SURGICAL TECHNIQUE

Patients are fitted with thromboembolic deterrent
(TED) stockings. A general anesthetic is administered
and a urinary catheter is inserted. The patient is posi-
tioned in mild lordosis on well- padded rolls. The
abdomen must be free to reduce venous distension and
potential epidural venous bleeding. We routinely use
hypotensive anesthesia and intraoperative cell salvage to
minimize the need for homologous blood transfusion. I
prefer to use Loupe magnification (2.5×) with a fiberop-
tic light source.

The Approach

I commonly use a spinous process osteotomy (19) to
facilitate lumbar decompressive surgery. The multifidus

is taken down unilaterally approaching on the most clini-
cally symptomatic side. Care is taken not to extend the
subperiosteal dissection beyond the medial aspect of 
the facet joint, thereby preserving the medial branch 
of the dorsal ramus. Using a broad curved osteotome, an
osteotomy is made through the involved segments just
superficial to their junction with the lamina. The spinous
processes with the attached interspinous and supra-
spinous ligament are then retracted to reveal the lamina.
The technique affords excellent visualization with a wide
area available for Kerrison use while minimizing destruc-
tion to the tissues. Weiner et al. discuss the advantages of
this approach including reduction in paraspinal denerva-
tion, preservation of the supraspinous/interspinous liga-
ment complex, reduction of dead space, and preservation
of the median furrow, which may be of cosmetic concern
to the patient (20). I believe the procedure saves time
when compared to a bilateral take down of multifidus and
results in significantly lower blood loss. An average
blood loss is 250 mL (range 125 mL to 1,100 mL) for
two, three, four and five level decompressions, a figure
similar to that reported by Weiner et al. (20).

Laminectomy

Laminectomy addresses the global degenerative
process by allowing decompression of the central canal,
lateral canal, and neural foramina across multiple levels.
The extent of the decompression will depend on the pre-
operative imaging. The most frequent error is to decom-
press too little (21). Most decompressions are carried out
for degenerative changes. These changes will continue
after surgery and it is easier to fully and adequately
decompress on the first occasion. The laminectomy is
most easily performed with a Leksell rongeur. This dou-
ble-action rongeur is particularly good for hard bone.
When the majority of the bony work has been done,
checks should be made for any adhesions between the
remaining lamina and the dural sac with a Watson-
Cheyne dissector. The laminectomy is then completed
with a Kerrison rongeur. The decompression should
always begin away from the area of maximal stenosis.
The lamina can safely be removed out to the most medial
portion of the articular facets. Care is taken to preserve
the pars interarticularis. When the central canal has been
decompressed for the planned distance it is advisable to
place a Kocher tissue forceps at the most cranial and at
the most caudal extent of the decompression and take an
X-ray (Fig. 52-8). This provides clear documentation of
the limits of decompression and allows for any intraoper-
ative adjustment to the length of decompression (Fig. 52-
9). The decompression is now moved out laterally. A par-
tial facetectomy is best achieved with a 1 to 2 cm
osteotome angled away from the dura commencing cra-
nially and moving to the most caudal limit of the decom-
pression. The loose bone is then removed with a pituitary
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FIG. 52-7. Case 3. Right parasagittal T2-weighted magnetic
resonance image scan showing multilevel foraminal steno-
sis, right L2-L3, L3-L4, L4-L5, L5-S1. Contrast with the
foramina at L1-L2 and above. This patient underwent a five-
level spinal decompression facilitated by a spinous process
osteotomy. Estimated blood loss 800 to 900 mL. Patient was
discharged from hospital on postoperative day 6.



rongeur. Up to 50% of the facet joint can be removed
without significantly compromising stability. Finally, the
nerve root canals are checked and further decompressed
with a Kerrison rongeur. At this point it is helpful if the
assistant retracts the dura protected by a pattie, with a
fine-tipped sucker in one hand and a nontoothed forceps
in the other. Epidural bleeding may be controlled by judi-
cious use of bipolar diathermy. After decompression of
the nerve root a 3 to 4 mm probe should easily pass out
the nerve root foramen and it should be possible to

demonstrate a 1 cm medial displacement with a root
retractor. One should check for concomitant disc hernia-
tion that may be contributing to the neural compression.
Rarely is it necessary to perform a discectomy in addition
to a laminectomy. However, if laminectomy and discec-
tomy are performed simultaneously, then a spinal fusion
should be considered to prevent the risk of postoperative
instability. I prefer to avoid the placement of Gelfoam,
Surgicel, Floseal, or other hemostatic sealant on the dura.
There are reports of cauda equina and spinal cord com-
pression caused by such agents (22,23).   

Hemilaminectomy

Hemilaminectomy involves the unilateral removal of
bone and ligamentum flavum. It is appropriate for
patients with unilateral symptoms from a unilateral
stenosis. Hemilaminectomy allows the ipsilateral exiting
and the traversing nerve root to be decompressed, while
preserving the spinous process and the interspinous and
the supraspinous ligaments. To improve visualization, the
table can be tilted away from the surgeon. Foraminal
stenosis may be decompressed with an upbiting Kerrison.
Total facetectomy can decompress this region, but con-
cern regarding postoperative stability will mean that sta-
bilization and fusion will usually be necessary. 

Extraforaminal stenosis is best dealt with by the
paraspinal approach described by Wiltse (24). Decom-
pression may require total facetectomy, removal of the
transverse process, and partial removal of the pedicle.  

The Closure

When closing a spinous process osteotomy, the retrac-
tors are removed and the spinous process remnant
checked for any sharp bone spikes. If present, these are
removed with a rongeur. A deep drain is placed and the
dorsolumbar fascia is resutured to the supraspinous liga-
ment/fascial complex with the osteotomized spinous
process resuming its native position, maintaining the pos-
terior midline furrow.

Postoperative Care

Patients are mobilized the next morning. The drains are
removed at 24 to 48 hours. If concern exists about stability,
a lumbosacral orthosis may be worn for the first 6 weeks.
Patients are usually discharged within 3 to 5 days. Physio-
therapy to increase range of motion and restore trunk sta-
bility is offered at 6 weeks. Patients may return to light
work at 6 weeks and heavy manual work at 3 months. 

RESULTS

Johnsson et al. compared 44 patients with lumbar
spinal stenosis treated surgically to 19 patients with lum-
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FIG. 52-8. Case 1. Operative marker film showing Kocher
tissue forceps on the cranial and caudal extent of the
planned decompression.

FIG. 52-9. Case 1. Operative picture showing the extent of
decompression. Partial laminectomy L3, and total laminec-
tomy L4 and L5 have been performed.



bar spinal stenosis treated without surgery (7). The study
was not prospective, nor randomized. They found 59% of
operated patients to be clinically improved, compared to
32% of nonoperated patients. However, a greater percent-
age of the surgical group compared to the nonsurgical
group (25% versus 10%) was worse at follow-up. Katz et
al. reported retrospectively on 88 consecutive patients
who underwent laminectomy for degenerative lumbar
stenosis and were followed for 2.8 to 6.8 years (25).
Repeat operations for instability or stenosis were required
for 17% of patients and 30% had severe pain at the latest
follow-up. Risk factors for poor outcome included preop-
erative comorbidity and limited single-level decompres-
sion. They concluded the long-term outcome of decom-
pressive laminectomy was less favorable than had been
previously reported.

Turner et al. reviewed 74 articles reporting on the out-
come of surgery for spinal stenosis. Overall they found
64% of patients had a good or excellent result (26). The
results in those with degenerative spondylolisthesis were
good or excellent in 83% to 85% of patients. Atlas et al.
reported the 1-year outcome of surgical and nonsurgical
management of lumbar spinal stenosis in a prospective,
nonrandomized cohort study (27). They concluded that
patients with severe lumbar spinal stenosis treated surgi-
cally had greater improvement than patients treated non-
surgically. They subsequently reported the 4-year outcome
(28). Of 119 patients with 4-year follow-up, 67 were
treated surgically (the vast majority with laminectomy) and
52 were treated nonsurgically. The surgical group had more
severe symptoms and worse function at baseline. Even
after control for baseline differences, surgically treated
patients reported better outcome at 4 years compared to
nonsurgically treated patients: 70% of the surgical group
compared to 52% of the nonsurgical group reported that
their predominant symptom (either leg or back pain) was
better. Satisfaction was greater in the surgical group: 63%
compared to 42% in the nonsurgical group. The relative
benefit of surgery declined over time with differences in
outcome narrowing between the two groups over the four
years. Nevertheless, the relative benefit of surgery re-
mained superior to nonsurgical treatment.

In comparing the technique of multiple laminotomies
versus total laminectomy, Postacchini et al. reported a
longer operating time for bilateral laminotomy at two or
three levels compared to total laminectomy at an equal
number of levels (29). They reported a higher incidence
of neural complications in the laminotomy group and a
higher incidence of instability in the laminectomy group.
At present Postacchini reports that 70% to 80% of
patients have a satisfactory result from surgery, but the
outcome tends to deteriorate in the long term (30). Iguchi
et al. reported a minimum 10-year outcome following
decompressive laminectomy for degenerative lumbar
spinal stenosis (31). Over 50% of patients in this series
were evaluated as good or excellent. 

Comorbidities including osteoarthritis, cardiac disease,
rheumatoid disease, and chronic pulmonary disease have
a detrimental effect on outcome following surgery accord-
ing to Katz et al. (25). Ragab et al. reported on 118
patients over the age of 70 years who had surgery on the
lumbar spine for spinal stenosis (32). In this study
advanced age and the presence of comorbidity did not
affect the overall outcome of pain relief and resumption of
daily activities, with 91% of patients experiencing good or
excellent results. Similarly, Sanderson and Wood reported
good or excellent results in 81% of patients 65 years of
age or older undergoing decompression for degenerative
lumbar stenosis (33). Diabetes mellitus was associated
with poor results in one series (34), however Cinotti et al.
showed similarly successful outcomes following spinal
decompression in diabetic and nondiabetic patients (35).
There is a strong association between self-rated health and
surgical outcome reported by Katz et al. (36). 

Gibson et al., in the Cochrane Review, concluded
there was no acceptable evidence of the efficacy of any
form of decompression for degenerative lumbar
spondylosis or spinal stenosis (37). There is an urgent
need for properly conducted prospective randomized
controlled trials with subjective and objective outcome
measures to assess the efficacy of decompressive
surgery for spinal stenosis. 

COMPLICATIONS

Dural Tears

Dural tears occur in approximately 5% of primary
decompressions for spinal stenosis. This rate may increase
in revision decompression procedures to 13.2% (38).
Tears should be repaired with a 4-0 to 6-0 running suture
(I prefer 5-0 Vicryl) and the repair should be tested with a
Valsalva maneuver (positive pressure inspiration for sev-
eral seconds). Fibrin glue may be used to supplement the
repair, or indeed if the tear is small, fibrin glue alone may
be sufficient. A deep drain is placed and allowed to drain
under the effects of gravity. A careful watertight closure of
the dorsolumbar fascia, subcuticular tissues, and skin is
strongly recommended. Patients are kept lying flat for 48
hours, at which point the drain is usually removed. Dural
tears that are recognized and treated appropriately do not
lead to long-term sequelae (39).

Neural Injury

Primary neural injury is extremely rare with primary
lumbar decompressions but less so with revision proce-
dures. The surgeon must suspect a nerve injury when a
cerebrospinal fluid leak is observed and a close inspec-
tion should be made. Patients on aspirin may develop a
postoperative hematoma that can compress the thecal sac
leading to a delayed cauda equina syndrome. Particularly,
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if the case was associated with a dural tear, the cauda
equina seem less resilient to compression by an expand-
ing hematoma. The operating surgeon should, as a matter
of routine, perform a complete neurologic assessment of
postoperative patients in the recovery area and document
this in the medical records. Repeated neurologic assess-
ment should be performed over the following 24 to 48
hours. Any significant deterioration in lower extremity
power, loss of sensation in the perineal area, inability to
void, or fecal incontinence must be investigated urgently
with MRI and the appropriate action taken immediately. 

Infection

The risk of infection in primary lumbar decompres-
sions is about 1% to 2%, however this figure may rise to
5% in revision procedures. Suspected cases should be
taken to the operating theatre and have both the superfi-
cial and deep tissues explored and cultured. A thorough
débridement should be performed and deep drains left in
situ. A low threshold for repeated débridement should be
operated. For deep infections, it is common to require 3
weeks of the intravenous antibiotics, dependent on the
organism and the measured response of the patient’s
inflammatory markers. 

Iatrogenic Instability

Instability following laminectomy is uncommon.
White and Wiltse reported a 2% incidence of postopera-
tive iatrogenic spondylolisthesis (40). Johnsson et al.
however reported 10 out of 31 patients (32%) in their
series developing a slip following radical decompression
(41). Postoperative slips greater than 2 mm were associ-
ated with poorer results and slips appeared to be more
common in females. Robertson et al. stressed the impor-
tance of facet joint orientation and dimensions rather than
the absolute amount of the joint removed (42). More
sagittally aligned facets were more likely to result in slip-
page when compared to the more coronally aligned
facets. Extensive decompressions over multiple levels
with subtotal or near total facetectomies and discec-
tomies are much more likely to slip. These cases should
be considered for preoperative fusion. However, it is gen-
erally accepted that fusion is not required following
decompressive surgery provided there is no evidence of
segmental instability. This is confirmed by Grob et al.
who prospectively evaluated 45 patients undergoing
decompression of the spine with and without arthrodesis
for the treatment of lumbar spinal stenosis without insta-
bility (43). They concluded that in the absence of seg-
mental instability, arthrodesis was not necessary after
decompression of the lumbar spine, provided the stabiliz-
ing posterior elements of the spine are preserved during
the operation. This is possible with a spinous process
osteotomy as previously described. Those patients with

preoperative spondylolisthesis and degenerative scoliosis
are special cases and ones in which spinal fusion should
more readily be contemplated.

Epidural Fibrosis

This may be associated with heavy epidural bleeding
and the excessive use of the bipolar diathermy. It is diag-
nosed as a worsening of leg pain and may be diagnosed
by MRI with the administration of a contrast agent such
as gadolinium. Treatment options include drugs such as
amitriptyline, carbamazepine, or gabapentin, X-ray–tar-
geted foraminal epidural steroid injections, or occasion-
ally revision surgery and neurolysis.

Arachnoiditis

This is characterized by intrathecal fibrosis and
responds poorly to treatment. It may be minimized by
careful handling of neural tissue and frequent release of
retracted nerve roots during surgery. The risk of arach-
noiditis is thought to increase with epidural bleeding.
Larger epidural vessels should be controlled with bipo-
lar diathermy, smaller vessels with temporary place-
ment of patties, or absorbable hemostats (e.g., Surgi-
cel). 

Failure to Relieve Pain

This may occur with long-standing ischemic neuritis,
inadequate decompression, bony regrowth (44), postop-
erative instability, pseudarthrosis, flat back syndrome,
and neural injury. Some of these problems are cor-
rectable. Many, however, are not and these patients
should be referred appropriately to pain management
programs. 

SUMMARY

Decompression without arthrodesis is the preferred
treatment for spinal stenosis without instability. The spi-
nous process osteotomy does much to facilitate de-
compressive surgery, while preserving the stabilizing
posterior elements. Laminectomy allows a global decom-
pression of the central canal, lateral canal, and neural
foramen. Laminotomy is not suitable for congenital
stenosis or constitutionally narrow canals. If more than
one facet joint is sacrificed or the disc is removed then
prophylactic fusion should be considered. Advances in
anesthetic and surgical techniques mean the procedure
may safely be offered to patients well over 80 years of
age, provided multiple comorbidities have been taken
into account. There is an urgent need for properly con-
ducted randomized controlled trials to assess the efficacy
of decompressive surgery versus conservative treatment
of spinal stenosis.
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CHAPTER 53

Laminoplasty

Yoshiharu Kawaguchi and Masahiko Kanamori

Extensive laminectomy has been used widely for the
treatment of lumbar spinal stenosis. However, results of
laminectomy were not consistent because of postopera-
tive instability of the lumbar spine and laminectomy
membrane into the spinal canal. To resolve these prob-
lems, the technique of lumbar expansive laminoplasty
was developed in 1981 (1). This operation enlarges the
spinal canal and preserves the posterior spinal structure
for the adequate decompression of spinal nerve and rein-
forcement of spinal stability (2). This procedure has been
used in patients who are active physically with combined
lumbar stenosis, including developmental or degenerative
stenosis, spinal stenosis with multiple ossification of
intraspinal ligaments or herniated nucleus pulposus, and
degenerative stenosis accompanied by segmental instabil-
ity (3–5). In this chapter, we describe the indication,
operative procedure, postoperative management, results,
and complications of lumbar laminoplasty.

INDICATIONS

Laminoplasty is usually carried out on active patients
who have multilevel spinal stenosis. Recently, we have
also used laminoplasty on older patients (over 70 years)
who had spinal stenosis with segmental instability.

Other indications for laminoplasty include: 

1. Multilevel degenerative spinal stenosis accompa-
nied by developmental spinal stenosis in patients in
whom heavy physical activity is required in daily
living.

2. Multilevel combined spinal stenosis accompanied by
herniated nucleus pulposus or intraspinal ossified
masses (bony spur formation at the posterior verte-
bral edge, peridiscal ossification, ossification of 
the posterior longitudinal ligament, or ligamentum
flavum) in active patients.

3. Cauda equina tumor in young or middle-aged patients
(less than 60 years).

4. Multilevel degenerative spinal stenosis with instabil-
ity of the segment in patients who require reinforce-
ment of stability of the lumbar spinal segment.

5. Migrated lumbar disc herniation.

OPERATIVE PROCEDURE

Groove Making in the Laminae

The spinous process is carefully removed at its base
and used as a bone graft. The target laminae are cut by
high-speed air drill. The outer edge of the bilateral
grooves is made to reach the lateral one-third of the artic-
ular facet. The groove on the hinged side should be wider
and more conical than the groove on the open side.

Tunnel Making for Wiring (Fig. 53-1A)

Just prior to mobilization of the laminae, small holes
are made in each lamina on the open side, using a special
awl, a pusher, and a perforator.

Rotating the Laminae

The laminae are completely cut off along the groove
on the open side using a diamond burr and the ligamen-
tum flavum is also dissected on the same side with a
knife. Then, the laminae are turned up to an angle of at
least 45°. In the hinged side, an incomplete separation
of the laminae is recommended by means of an inter-
rupted perforation of the internal cortex using a dia-
mond burr. 

Intraspinal Intervention

If there is a symptomatic herniated nucleus pulposus or
cauda equina tumor, discectomy or tumor extirpation is
performed through the open gap.
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FIG. 53-1. A–C: Schematic representation of the procedure of expansive laminoplasty. [From Tsuji H.
Expansive laminoplasty. In: Tsuji H, Dawson E, eds. Comprehensive atlas of lumbar spine surgery. St.
Louis: Mosby-Year Book, 1991:116–119, with permission. (This edition published by arrangement with
Nankodo Co, Ltd, Tokyo.)]
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Trimming of the Cut Surface

The edge of the groove facing the lateral recess of the
spinal canal is trimmed with a rongeur and curette, and
the remaining ligamentum flavum is removed as com-
pletely as possible.

Wiring (Fig. 53-1B)

A 0.3-mm braided steel wire or 1.0 braided nylon is
passed through each hole. Using a small-diameter steel
burr, the orifice of each hole is sufficiently widened to
facilitate each passage of the wire or the nylon. A curved
blunt needle is used to pass the wire or nylon through the
hole in the bone.

Bone Grafting and Fat Tissue Grafting (Fig. 53-1C)

The spinous processes are reformed into cubes measur-
ing 15 to 20 mm × 10 to 15 mm for bone grafts, and a
transverse hole is made in each graft. One end of the steel
wire or the nylon, first passed through the lamina, is also
passed though the bone graft and the articular process. The
wire or the nylon is tied after the bone graft is interposed
into the gap on the open side. The laminae, including the
articular processes are thoroughly decorticated with an air
drill. The bone chips for the spinous process or posterior
iliac bone are translated on both sides. Free fat tissue is
also grafted onto the epidural areas of the open gap. After
a suction drain is placed, the wound is closed.

POSTOPERATIVE MANAGEMENT

The suction drain is removed 48 hours after surgery.
Assisted turning of the patient and active exercise of the
lower extremities are begun on the second postoperative
day. The patient is permitted to walk 1 to 2 weeks after
surgery wearing a body cast or hard corset. The cast or
hard corset is worn for 4 weeks, followed by a soft corset
for 8 weeks.

RESULTS

Neurologic Results

54 patients with lumbar spinal stenosis were operated
on from 1981 to 1999. The average length of follow-up
was 5.5 years with a range from 2 to 13 years. The local
pathologic findings included 25 patients with degenera-
tive stenosis, 12 with combined stenosis, and 6 with
hyperostotic stenosis. Thirteen patients revealed spondy-
lolisthesis and 12 had scoliosis (Cobb angle greater than
10°). The operation time and blood loss per one lamina
were 60 minutes and 214 mL, respectively. Twenty-four
patients (44%) received blood transfusion. 

The Japanese Orthopaedic Association (JOA) pro-
posed a scoring system for low back pain (Table 53-1).

Neurologic results were assessed by the system and eval-
uated based on the postoperative score and the recovery
rate was calculated using the following formula: 

The recovery rate (%) =

The preoperative and postoperative JOA scores and
recovery rate are shown in Table 53-2. The average recov-
ery rate at the last follow-up was 69.2%±21.1% in degen-
erative stenosis, 66.5%±44.5% in combined stenosis, and
65.2%±26.1% in hyperostotic stenosis. That was
54.7%±37.4% in the patients with spondylolisthesis and
63.7%±29.5% with scoliosis. The recovery tended to be
poor in the patients with spondylolisthesis, but there was
no statistical difference. As yet, long-term result has not
been clarified, because this procedure developed in the
early 1980s. In our follow-up series of more than 5 years,
6 patients showed spinal instability at the adjacent level
of expansive laminoplasty.

Roentgenographic Results

Using computed tomography, the shape of the spinal
canal was enlarged with a rectangular shape (Fig. 53-2).
The average cross-sectional area was expanded from 1.8
cm2±0.9 cm2 to 3.0 cm2±0.9 cm2 after surgery. None of
the patients showed kyphotic change of the lumbar spine,
but five patients revealed progression of degenerative
spondylolisthesis. Laminar fusion was achieved in 21
patients (43%). In the patients without laminar fusion, the
range of flexion-extension motion of the operated spinal
area was reduced to 58% of preoperative range.

Complications: How to Avoid/Treat

Surgical trauma in lumbar laminoplasty is not as lim-
ited as with laminectomy, however, there were no major
general or neurologic complications experienced intra-
operatively or postoperatively. Blood transfusion was
required in 44% of the patients, but in the more recent
cases, autologous blood transfusion was introduced and
allogenic transfusion was avoided.

Expansive lumbar laminoplasty is most suitable for
central canal stenosis. Decompression of the nerve root is
usually difficult in patients with lateral stenosis in the
ordinary procedure. Lateral recess decompression can be
performed at the open side in the same manner as
laminectomy. When decompression of the lateral recess
at the hinge side is required, decompressive fenestration
should be performed before lifting up the laminae. For
decompression of the nerve root tunnel, unroofing of the
tunnel can be performed. 

In long-term follow-up of more than 5 years, spinal
instability at the adjacent level of the laminoplasty was
observed in 6 patients. This may be a disadvantage of

(postoperative score − preoperative score) × 100
�����

29 (full score − preoperative score
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TABLE 53-1. The evaluation system for the treatment of low back disorders devised by the Japanese
Orthopaedic Association (JOA score)

Score

Subjective symptoms
Low back pain

None 3
Occasional mild pain 2
Frequent mild or occasional severe pain 1
Frequent severe pain 0

Leg pain or numbness
None 3
Occasional mild leg pain or numbness 2
Frequent mild or occasional severe leg pain or 

numbness 1
Frequent severe leg pain or numbness 0

Walking capacity
Normal 3
Able to walk >500 m with leg pain or numbness 2
Able to walk for 100–500 m 1
Able to walk <100–500 m 0

Clinical signs
Straight leg raising test

Normal 2
30°–70° 1
<30° 0

Motor function
Normal 2
Slight weakness (MMT: good) 1
Severe weakness (MMT: less than good) 0

Sensory function
Normal 2
Slight disturbance 1
Severe disturbance 0

Bladder function
Normal 0
Mild dysuria −3
Severe dysuria −6

Impossible Difficult Easy

Restriction of activities of daily living
Tossing about in bed 0 1 2
Standing up 0 1 2
Washing face 0 1 2
Half-sitting posture 0 1 2
Sitting 0 1 2
Lifting 0 1 2
Running 0 1 2

Total for normal 29

MMT, Manual Muscle Testing.

TABLE 53-2. Results of expansive laminoplasty

JOA score (point) Recovery rate (%)

Preoperative 11.2 ± 4.1 NA
Postoperative 6 months 21.3 ± 3.9 55.4 ± 22.6
Postoperative 1 year 23.3 ± 4.3 69.0 ± 21.7
Last follow-up 23.0 ± 5.6 65.6 ± 31.3

JOA, Japanese Orthopaedic Association; NA, not applicable.



spinal fusion by laminoplasty. Thus, it is necessary to eval-
uate disc degeneration in the whole lumbar spine and the
operative area should be determined according to the level
of stenosis and the condition of the disc degeneration.
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FIG 53-2. A: Preoperative computed tomography (CT). B: Postoperative CT.
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CHAPTER 54

Degenerative Lumbar Spondylolisthesis with
Spinal Stenosis: Natural History, Diagnosis,
Clinical Presentation, and Nonoperative
Treatment

Mohamed Mostafa Mossaad

Forward displacement of a proximal vertebra in relation
to its adjacent vertebra in association with an intact
neural arch, and in the presence of degenerative changes
is known as degenerative spondylolisthesis (1). The term
is derived from the Greek word spondylous, meaning ver-
tebra and olisthesis, meaning to slip or slide down a slip-
pery incline. 

Degenerative spondylolisthesis is usually a result of
long-standing instability; it is most common at the junc-
tion of the fourth and fifth lumbar vertebrae. The insta-
bility is a result of a combination of disc degeneration
and facet joint degeneration. The displacement results
from a failure of the apophyseal joints to restrain shear
(2,3). In 1950 MacNab showed that the displacement
occurs in the sixth decade, and patients generally attend
with symptoms around 60 years of age. He also postu-
lated that the displacement is limited, and a slip ratio of
more than 15% is unusual (4). The degenerative changes
at the facet joints and disc degeneration add to subluxa-
tion of the facet joints, which allow forward or posterior
movement of one vertebra over the other. 

Degenerative spondylolisthesis narrows the spinal
canal, and symptoms of spinal stenosis are most com-
mon. Hypertrophic facet arthrosis is a frequent cause of
foraminal stenosis (1). The symptoms of lumbar spinal
canal stenosis, particularly a complaint of neural claudi-
cation, serve as the most common operative indication
(5). 

Because the appearance of a significant deformity or
neural claudication is often antedated by significant and
recurring episodes of low back pain, sometimes the con-
dition is considered a prototype for spinal segmental

instability. However, the radiographic abnormality may
occur without current or prior symptoms (Fig. 54-1) (5).

NATURAL HISTORY

Degenerative spondylolisthesis occurs when a vertebra
is displaced in relation to that immediately below it, with
no disruption of the neural arch, no congenital anomaly,
and in the presence of degenerative changes in a spine not
previously subjected to surgical or traumatic insult (6).

In 1997 Marchetti and Bartolozzi showed that there are
two main types of degenerative spondylolisthesis: pri-
mary, in a spine without congenital or acquired patho-
logic conditions; and secondary, as a result of congenital
or acquired pathologic conditions, both with degenerative
changes at the facet joints and disc spaces (6).

They showed that primary degenerative spondylolis-
thesis occurs mainly in patients over or around the age of
60 years, most involving L4. The initial pathologic con-
dition is usually degeneration of the posterior articular
process, which is the cause of segmental instability and
involves the disc space as well. 

Most of these patients present a translational olisthesis
that resembles lumbar spinal stenosis in clinical and radi-
ographic assessment.

The disc may protrude posteriorly into the spinal canal.
Symptoms start to appear gradually and develop slowly
with severe back pain and radicular pain. Nonoperative
treatment generally provides a satisfactory result, with
indication for surgery when this fails.

Secondary degenerative spondylolisthesis occurs be-
cause of a congenital or acquired pathologic condition
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localized above or below the olisthetic vertebra, which is
not clinically important. Marchetti and Bartolozzi re-
ported that this condition is mild, presented with mild
symptoms, and has little tendency to deteriorate. Nonop-
erative treatment is usually the treatment of choice and is
appropriate. Surgery has never proved to be necessary in
their or our experience (6).

In 1997 Bridwell reported that degenerative spondy-
lolisthesis is variable as it is for all degenerative disc dis-
ease, but in 1990 Sakou et al. reported a gradual tendency
toward loss of disc height and narrowing of spinal canal.
They also mentioned that it is uncommon for an unoper-
ated degenerative spondylolisthesis to slip more than
50% (7,8).

Forward displacement results from a failure of the
apophyseal joints to restrain shear. They are orientated in
the sagittal plane in the upper lumbar spine, and become
progressively more coronally orientated toward the lower
lumbar spine (Table 54-1; Fig. 54-2) (3).

The most frequent site for degenerative spondylolis-
thesis is at L4-5, where the shearing forces are not ade-
quately restrained by the apophyseal joints. Microfrac-
tures and remodeling occur in the subchondral bone of
the joints. The vertebra slowly displaces forward, with
gradual bony deformity, loss of disc integrity, and stretch-
ing of the ligaments. The causative factors and their
related importance are uncertain. Osteoporosis has been
implicated in the sagittal orientation of the joints and dis-
ruption of the disc. There is no evidence that joint laxity
is significant (9,10).

An intact neural arch is essential for the apophyseal
joints to effectively restrain shear. The fact that spondy-
lolysis can be present with no vertebral displacement sug-
gests that spinal structures other than neural arch play a
significant point in resisting shear forces (9,10).

The increasing shear forces in the lower lumbar lor-
dotic spine are balanced by the progressively efficient
restraint of the coronally orientated lumbar facet. L4-5
appears to be the level where the joints may fail to
restrain shear. Several possible factors cause this failure:

1. Constitutional variation in the orientation of the
apophyseal joints. Those individuals whose L4-5
facets are more sagittally orientated than the rest of
the population are more prone to displacement (11).

2. Osteoporosis of the subchondral bone of the facet
joints is vulnerable to microfractures, with deformity
of the facet joints. It was suggested by Junghanns and

FIG. 54-1. Lateral radiograph of a patient with degenerative
spondylolisthesis at L4-5. The disc space is shown to be
reduced with bony sclerosis and forward displacement of
body of L4, with an intact neural arch. There is deformity of
the superior articular facet of L5 and deformation of the cen-
tral canal, root canal, and intervertebral foramen.

TABLE 54-1. Forward displacement

Mean facet angle (degrees)

L1 66.5 �13.3
L2 61.3 6.8
L3 54.4 10.0
L4 41.5 10.8
L5 38.8 7.4

L4

L3

W sin α

α

W

L5

S1

FIG. 54-2. Diagram to show sheer through the lumbosacral
disc, where W is the body weight above and disc, and α is
the lumbo-sacral angle. (From Porter RW. Management of
back pain, 1st ed. Edinburgh: Churchill Livingstone, 1986:40,
with permission.)
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MacNab that an increased angle between the pedicle
and inferior articular facet allows forward subluxa-
tion of the upper vertebra (2,4); however, Newman
found no increase of this angle in the slipping verte-
bra. He suspected that progressive widening of the
angle may accompany the progressive slip from
remodeling in response to microfractures (3).

3. A degenerative disc less effectively restrains shear
(12).

4. Increased lumbar lordosis increases the force of
shear, but there is no evidence that these patients
have an increased lumbosacral angle. Posture may be
significant, especially in pregnant women, in whom
the ligamentous restraint is less effective (11).

5. Newman believed that poor spinal and abdominal
muscles place proportionally greater strain on the
apophyseal joints, and the facets give way from an
acquired instability of the soft tissues, especially the
interspinous and supraspinous ligaments. He also
thought the high incidence of spina bifida occulta is
significant (3).

6. Obesity disproportionate to muscle strength increases
the shear.

7. Diabetic patients (especially women) who have under-
gone oophorectomy are also at significantly higher
risk (5).

Several of the mentioned causative factors in combina-
tion may explain the higher incidence of degenerative
spondylolisthesis in women, especially obese women.

The proximal vertebra steadily displaces forward,
deforming the vertebral canal, root canal, and interverte-
bral foramina (Fig. 54-3). If the central canal is already
constitutionally narrow, then vertebral displacement with

an intact neural arch will deform the dura and its con-
tents. The root canal can become critically narrow, espe-
cially at the exit of the foramina. If a dynamic element is
superimposed on the reduction of the space for the neural
contents, pathologic changes develop in the dura and
nerve roots, producing symptoms (11).

Degenerative changes develop in the apophyseal joints
and at the margins of the vertebral bodies until a degree
of stability occurs. These osteophytic changes can
encroach on the root canal. It is interesting that the verte-
bral body does not become wedge shaped as in the dis-
placed body of an isthmic spondylolisthesis; the former
displacing in adult life, the latter during growth (11).

The major instability is not flexion-extension instabil-
ity (in other words, tilt), but axial rotational and antero-
posterior (AP) transitional instability (13).

In 1994 Frymoyer mentioned that radiographic surveys
showed that degenerative spondylolisthesis is more com-
mon in patients with hemisacralization. This finding is
thought to be of etiologic significance because the immo-
bility of the L5-S1 level shifts mechanical stress to the
adjacent level of L4-5 (5).

An important requisite for degenerative spondylolis-
thesis is relative immobility of the lumbar segment below
the lesion. The immobility is most commonly caused by
hemisacralization, but can result from advanced disc
degeneration at the level of L5-S1 (Fig. 54-4). Spinal
fusion is an iatrogenic cause for immobility. The forward
slip occurs many years after the original fusion. Surpris-
ingly, many patients are asymptomatic despite the defor-
mity (Fig. 54-5) (14).

Degenerative spondylolisthesis with a canal stenosis
has been shown by Frymoyer to be more common in dia-
betic women who have undergone oophorectomy. These
observations are clinically relevant because the orthope-
dist faced with a patient with degenerative spondylolis-
thesis, diabetes, and leg pain often has to determine
whether diabetic neuropathy or spinal stenosis is the
cause of the leg pain. The relationship to oophorectomy
suggests that estrogen replacement might prevent or slow
the onset of the deformity and symptoms. The higher
prevalence in diabetic patients is thought to result from
weakened collagen cross-linking. Other mechanical theo-
ries suggest that congenital or acquired abnormalities in
the orientation of the facets predispose to forward dis-
placement. Unfortunately, the various pathoanatomic the-
ories have no utility for designing specific prevention
strategies (5).

Degenerative spondylolisthesis is the result of long-
standing intersegmental instability (15,16). As the slip
progresses, the articular processes change direction and
become more horizontal (17). Degenerative spondylolis-
thesis occurs six times more commonly in women than in
men, six to nine times more frequently at the L4 inter-
space than at adjoining levels, and four times more fre-
quently when the L5 is sacralized than when it is not.

L4

L5

L5 root

FIG. 54-3. Diagram to show that the L5 nerve root can be
affected in the central canal from a rim of L4-5 disc in degen-
erative spondylolisthesis. (From Porter RW. Management of
back pain, 1st ed. Edinburgh: Churchill Livingstone, 1986:
147, with permission.)
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When the lesion is at L4, the L5 vertebra is more stable
and exhibits less lordosis than is average (17,18).

Knutsson believed that flexion and extension views
also reveal dynamic instability, a frequent precursor of
degenerative spondylolisthesis, at even earlier ages (19).

Degenerative spondylolisthesis with an intact neural
arch, which is a secondary form of lumbar stenosis, is
more common at the L4-5 level, and followed in descend-
ing order of occurrence at the L3-4, the L2-3, and the L5-
S1 interspaces (20–22).

Interestingly, the slip in degenerative spondylolisthesis
seldom exceeds 30% unless there has been surgical inter-
vention (19).

Sakou et al. found that progression of slipping was
observed in 30% of 40 patients followed for longer than
5 years, but the progression was not necessarily associ-
ated with deterioration of the patient’s condition (8).

DIAGNOSIS

As always, a careful history and physical examination
are the first steps in the diagnosis of degenerative spondy-
lolisthesis with lumbar canal stenosis. The description of
the pain is helpful and important in the diagnosis. There
may be sensory loss or leg weakness. Hamstring tightness
is always a common finding. Patients with spondylolis-
thesis may exhibit a type of waddling gait. 

As in most patients with lumbar spinal stenosis, the clin-
ical examination findings often are nonspecific. The loss
of lumbar lordosis can be detected by inspection if the
patient is experiencing significant spine or neurologic
symptoms (5). When stenotic symptoms are severe, a fixed
forward-flexed posture, sometimes accompanied by hip-
flexion contractures, can be observed. Except in very thin
patients, the step deformity usually is not palpable (23).

Surprisingly, some patients with degenerative spondy-
lolisthesis retain a normal spinal mobility or in some
instances, hypermobility. It has been suggested that pa-
tients with this condition have generalized ligamentous
laxity, which might be of etiologic significance (23).

The neurologic examination may be useful when the
patient has an isolated unilateral radiculopathy. The knee
jerk reflex may be reduced or absent when the L4 nerve
root is involved. Unilateral dorsiflexion or quadriceps
weakness and the pattern of sensory loss are important
findings. However, a positive nerve root tension sign is
uncommon, particularly in the older population. More
commonly, the neurologic findings are nonspecific and

FIG. 54-5. Lateral radiograph of a patient who had fusion
from L5 to the sacrum, sometime previously. Displacement of
L3 over L4 above the solid fusion is demonstrated (arrow).
(From Frymoyer JW. Degenerative spondylolisthesis: diagno-
sis and treatment. J Am Acad Orthop Surg 1994:2;10, with
permission.)

FIG. 54-4. Lateral radiograph of a patient with
degenerative spondylolisthesis at L4-5 with the
L5-S1 space extremely narrowed. (From Fry-
moyer JW. Degenerative spondylolisthesis:
diagnosis and treatment. J Am Acad Orthop
Surg 1994:2;10, with permission.)
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may include bilaterally absent reflexes, spotty sensory
losses, as well as muscle atrophy or weakness.

Plain roentgenogram (Fig. 54-6) include the essential
finding of demonstrating the forward displacement of L4
on L5, the most common level at which this disorder
occurs, or more rarely, L5 on S1 or L3 on L4 in the pres-
ence of an intact neural arch. Isthmic spondylolisthesis
also may occur at this level, and plain X-ray should help
to rule out this entity. Concomitant degenerative changes
include disc space narrowing, end plate irregularities,
sclerosis, osteophytes, and traction spurs (Fig. 54-7).
Facet sclerosis and hypertrophy should all be noted on the
plain X-ray film. Patients with isthmic spondylolisthesis
are quite likely to be young and have neurologic symp-
toms. The AP radiograph often, but not always, demon-
strates the accompanying hemisacralization of L5.

Dynamic flexion-extension views may be obtained but
rarely demonstrate significant additional translational
instability. Several authors have suggested recumbent
supine or prone lateral flexion-extension radiographs for
patients who are too uncomfortable to endure standing
dynamic X-ray studies (24).

The alternative approach to demonstrate instability is
the traction-compression radiographs, which has been
described by Friberg (25). In this technique, a lateral lum-
bar radiograph is taken first after the application of a
standard axial load and then after traction. The difference
in displacement between these two views is correlated
with back pain and instability, and is considered by
Friberg to be of prognostic significance (25).

Further roentgenographic evaluation is not warranted
for patients with predominantly mechanical back pain
that responds to the usual conservative modalities. How-
ever, additional imaging studies may be warranted if sig-

nificant back pain persists that is unresponsive to nonop-
erative means or if significant radicular pain intervenes,
with progressive neurologic claudication or radicu-
lopathies and clinical suspicion that another condition
(e.g., metastatic disease) may be causative. The presence
of bladder or bowel complaints is an absolute indication.

The imaging alternatives include computed tomogra-
phy (CT), myelography, contrast material–enhanced CT,

FIG. 54-6. Lateral radiograph of a patient with root pain.
Degenerative spondylolisthesis at L4-5 (A), and L5-S1 (B),
with reduction of disc spaces and root canals with intact neural
arches.A

B

FIG. 54-7. Lateral radiograph of a patient with L4-5 ischemic
spondylolisthesis with an advanced slip. Note the defect in
the pars. (From Frymoyer JW. Degenerative spondylolisthe-
sis: diagnosis and treatment. J Am Acad Orthop Surg 1994:
2;10, with permission.)



and magnetic resonance imaging (MRI). Typically, there
is a diminished cross-sectional area at the level of the
spondylolisthesis. There also may be hypertrophy of the
superior facet with subarticular entrapment of the L5
nerve root. Soft-tissue abnormalities include thickening
of the ligamentum flavum and posterior translation of a
disc fragment.

Sagittal plane MRI is best for displaying the abnormal
anatomy of spondylolisthesis, T2-weighted images for
the canal and T1-weighted images for the pars interartic-
ularis and neural foramina. The MRI sagittal view clearly
shows the degree of subluxation and the relationship of
the intervertebral disc to the adjacent vertebral bodies
and spinal canal. Parasagittal images are excellent for
showing encroachment of the nerve root in the foramina
by disc or hypertrophic bone. Loss of the normal fat sig-
nal cushioning the nerve root is a sign for significant
foraminal stenosis. 

Ulmer et al. proposed the “wide canal sign” to distin-
guish between isthmic and degenerative spondylolisthesis
(26). Using a midline sagittal section, they noted that the
sagittal canal ratio (maximum anteroposterior diameter at
any level divided by the diameter of the canal at L1) did
not exceed 1:25 in normal controls and in subjects with
degenerative spondylolisthesis. The measurement always
exceeded 1:25 in patients with spondylolysis.

Technetium bone scanning was more commonly
ordered before the advent of MRI scanning to rule out
possible metastatic diseases. However, currently bone
scanning is less commonly used in the initial evaluation
of patients with degenerative spondylolisthesis.

Local anesthetic injections may be useful in specific
cases. The best indication is concomitant degenerative
spondylolisthesis and hip osteoarthritis. Relief of symp-
toms following an intra-articular hip injection suggests
that the hip is the most probable origin for the symptoms.

DIFFERENTIAL DIAGNOSIS

Epidemiologic studies have suggested that degenerative
spondylolisthesis is often an asymptomatic roentgeno-
graphic finding. This fact is of enormous importance
because there is a natural tendency for clinicians to ascribe
symptoms to an obvious structural lesion. Numerous spinal
entities can give rise to similar symptoms, including spinal
stenosis, central disc herniation, and degenerative scoliosis.
One study demonstrated that a high percentage of patients
with degenerative scoliosis also had degenerative spondy-
lolisthesis (27). In patients with coronal plane abnormali-
ties, who are frequently elderly, neurologic symptoms may
suggest multilevel involvement. 

Disease of cervical spine commonly produces symp-
toms that radiate to the lower extremities in elderly peo-
ple. In all patients who are being evaluated (especially for
surgery) cervical abnormalities should be ruled out with
flexion-extension plain radiographs and possibly an MRI

scan of the cervical spine if the physical examination
raises any question of cervical problems. 

Osteoarthritis of the hip joint occurs in 11% to 17% of
patients with degenerative spondylolisthesis, and can
mimic the anterior thigh pain of an L4 nerve root entrap-
ment (16). Therefore, the hip needs to be carefully exam-
ined for an alternative cause for symptoms of leg pain.
Also, medial knee pain from degenerative disease or a
torn meniscus may stimulate an L4 radiculopathy and
produce considerable confusion for the clinician.

Peripheral vascular disease is common in elderly per-
sons, who are also candidates of degenerative spondylolis-
thesis. Pain with ambulation is a typical finding, but it is
much more closely related to decreased oxygen-carrying
capacity of circulation to the lower extremities than to
activity. Patients with vascular disease typically have more
problems walking uphill than do patients with degenerative
spondylolisthesis or spinal stenosis. In addition, patients
with peripheral vascular disease typically have increased
pain when riding a stationary bicycle, whereas patients
with spinal stenosis typically are able to ride a stationary
bicycle for a prolonged period because they can flex the
lumbar spine. Patients with peripheral vascular disease
need only to stop walking to alleviate their symptoms;
patients with degenerative spondylolisthesis often must sit
down and flex the lumbar spine to relieve their symptoms.

Unfortunately, elderly patients often have both dis-
eases. They should have Doppler studies if there is any
question of diminished blood flow to the lower limbs.
With equal degrees of vascular and neural involvement
from spinal stenosis, the vascular problem is usually
addressed first.

Diabetic neuropathy rarely produces a painful radicu-
lopathy. Electromyelographic and neural conduction
studies should be performed in patients with diabetes
mellitus. The surgical outcome for radiculopathy may not
be as good in diabetic as in nondiabetic patients.

A less common coexistent condition is diffuse idio-
pathic skeletal hyperostosis. This condition is character-
ized by multilevel bridging osteophytes and commonly
affects middle-aged and older men, who frequently are
diabetic and uricemic. If surgery is required, these
patients can be far more challenging than those with stan-
dard degenerative spondylolisthesis.

Other disorders that may resemble the symptoms of
degenerative spondylolisthesis include metastatic disease
of the spine or the presence of retroperitoneal tumor.
Because of the age group affected and the substantial dif-
ferential diagnosis, it is important to perform a current
and complete medical evaluation before proceeding with
definitive treatment of the spinal disorder (5).

CLINICAL PRESENTATION

Back pain is the most common chief complaint in
patients with degenerative spondylolisthesis. Often the
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pain has been episodic and recurrent for many years. The
course of the back pain in the patient’s history may be
highly variable and usually is unrelated to trauma. Few
patients can recall a specific traumatic event. The back
pain usually is mechanical and may be relieved with rest.
Back pain usually is noted early as the superior vertebral
body translates anteriorly with forward displacement of
its inferior articular process (28). Radiation into the pos-
terolateral thighs also is common and is independent of
neurologic signs and symptoms. The second most com-
mon presenting symptom is neurogenic claudication. The
advent of leg symptoms is the most common reason why
patients and referring physicians become concerned and
seek specialized medical attention. This results from fur-
ther thecal compression by the posterior articular facets,
as well as posterior displacement of the intervertebral
disc level at the level of olisthesis (29). The pain is usu-
ally diffuse in the lower limbs, involving dermatomes and
muscles innervated by the L4-5 and S1 nerve roots.
Another type of presentation is a monoradicular nerve
pain pattern usually involving an L5 spinal nerve root.
The leg pain is always accentuated by walking and
relieved by rest. These symptoms of spinal stenosis are
reported by 42% to 82% of patients who seek help from
spine surgeons (23). Typically, the leg pain is also
relieved by forward flexion of the spine. Additional com-
plaints include cold feet, altered gait, and “drop episodes”
wherein the patient unexpectedly falls while walking
(23).

Genitourinary findings are uncommon, but patients
with these complaints should undergo imaging studies.

Interference with bladder and bowel control can occur
with extreme stenosis, as was reported by Kostuik et al.
in 3% of their patients (30). Unlike the acute and often
devastating bladder and bowel symptoms of cauda equina
syndrome in lumbar disc herniation, spinal stenosis often

has an insidious and subtle presentation. The unwary
examiner is at risk of attributing these symptoms to age-
related conditions, such as cystocele in women and pro-
statism in men.

Stenotic symptoms are the result of mechanical and
vascular factors. As the slip progresses, facet hypertrophy,
buckling of the ligamentum flavum, and diffuse disc
bulging contribute with forward displacement to compres-
sion of the cauda equina (Fig. 54-8). As in any stenotic
condition, the relief of symptoms that follows forward
spinal flexion is thought to be related to the increase in the
AP diameters of the spinal canal that occurs in that pos-
ture. In extreme cases, patients may report the need to
sleep in the fetal position to relieve leg symptoms. 

The significant vascular component in complaints of
leg pain may lead to restless legs syndrome sometimes
called “vesper’s curse” (31). In this condition, patients are
awakened by aching pain in the calves, restlessness, an
irresistible urge to move the legs, and fasciculations. This
syndrome is reported to be exacerbated by congestive
heart failure, which in turn may increase pressure in the
arteriovenous anastomoses that characterizes the lumbar
nerve-root microcirculation. Accordingly, if the patient
reports increasing night cramps, it is worthwhile to obtain
a thorough cardiovascular examination. Other associated
neurologic symptoms (e.g., numbness and weakness) are
present variably. The patients also may note a sudden
episode of weakness, altered gait, or numbness. The pain
may be progressive and incapacitating and may occur
much more frequently with positional changes of the lum-
bar spine unrelated to significant exertion. For example, a
patient may inadvertently extend the lumbar spine during
sleep and produce such severe pain that significant sleep
disturbance results (32,33). Progressive motion weakness
and symptoms and signs of cauda equina syndrome are
indications for emergent decompression surgery.

FIG. 54-8. Magnetic resonance imaging scan demonstrates the relationship of the caudal sac and
nerve roots and facet degeneration. Note the marked narrowing of the lateral recesses.



The physical examinations findings in patients with
degenerative spondylolisthesis (as in patients with spinal
stenosis) may be nonspecific. In the standing position,
the patient may decompensate anteriorly to allow a more
flexed position of the lumbar spine. Inspection and pal-
pation of the lumbar spine may reveal a palpable step off
at the level of the olisthesis. The iliolumbar ligaments,
sacral iliac joints, sciatic notches, other spinous pro-
cesses, and trochanteric bursae should all be palpated and
the presence of symptoms noted.

Range of motion of the lumbar spine usually is normal,
and many patients can flex forward without difficulty.
The examiner should attempt to extend the lumbar spine
fully and, if possible, the patient should be asked whether
the symptoms are being reproduced (33,34).

As noted, some patients present with degenerative
spondylolisthesis above a spinal fusion (35). A long
symptom-free interval is followed by the onset of nerve-
root symptoms and stenosis emanating from the level
above their previous fusion (35).

The neurologic examination may reveal a focal nerve
deficit. The quadriceps tendon reflex may be reduced
with an L4 radiculopathy. Less commonly, there is
quadriceps weakness and possibly atrophy. Extensor hal-
lucis longus weakness also may be encountered with an
L5 spinal nerve root abnormality. However, most com-
monly, the results of neurologic examination are nonspe-
cific, with symmetric motor findings and symmetrically
depressed reflexes noted in the elderly population.

NONOPERATIVE TREATMENT

Nonoperative management is the primary treatment for
patients with low-grade adult degenerative spondylolisthe-
sis who present with acute or chronic low back pain (36).

Nonoperative treatment should include reducing en-
vironmental pain generators, various physical therapy
modalities, non-narcotic medications, immobilization,
and occasionally multidisciplinary pain clinics (37). This
nonoperative management regimen is similar for all pop-
ulations with other types of mechanical low back symp-
toms and should be pursued diligently both by the patient
and surgeon (38).

The initial recommendations include practicing healthy
back care, including proper lifting and bending tech-
niques, and avoiding periods of prolonged sitting or dri-
ving (39). Decreasing or eliminating tobacco use and pur-
suing an ideal body weight benefit the patient. 

Nonoperative treatment of degenerative spondylolis-
thesis is similar to the nonoperative management of other
mechanical disorders of the lumbar spine. No prospective
randomized studies confirm a preferred method of non-
operative treatment. However, there is recent evidence
that the natural history of degenerative spinal stenosis
and degenerative spondylolisthesis may be more favor-
able than previously thought. 

Johnsson et al. followed 32 patients with clinical
symptoms and myelographically confirmed stenosis for
an average of 49 months. No patient had significant dete-
rioration, and surprisingly many patients improved (40).
In patients who have predominantly back pain, the usual
conservative modalities of appropriate rest, the use of
anti-inflammatory nonsteroidal medication may have a
significant beneficial impact. 

MEDICATION

Anti-inflammatories

This group of medications, which specifically aims to
decrease inflammation in tissues, can be quite effective in
mild and moderate pain. Side effects (aside from allergic
reactions) may include stomach upset, gastritis, ulcer
problems, and kidney and liver problems. 

Analgesics

This group of medications aims to reducing the sensa-
tion of pain without any specific action at the source of
the pain. In a sense, this covers or dampens the pain but
does not treat the site of the problem. 

Muscle Relaxants

These medications aim to loosen the tension and irri-
tability of muscle tissue. By relaxing a very tense muscle,
the pain caused by spasm and cramping can be reduced.
Some patients become very drowsy with these medica-
tions. 

Combination Drugs

These combine different types of medication to offer
pain relief and anti-inflammatory effects. 

Narcotics

These pain medications are quite strong and act on the
brain and spinal cord to decrease the sensation of pain.
Because of addiction potential and risks of overdose,
these medications should be restricted in use. 

Antidepressants

In some cases mild doses of antidepressant medication
may offer added relief from chronic nerve related pain.

The second nonoperative measure that deals with pain in
patients with degenerative spondylolisthesis is the encour-
agement of aerobic conditioning, on the premise that exer-
cise may improve arterial circulation to the cauda equina
because walking often aggravates symptoms. A stationary
bicycle is a good alternative, particularly if the handle bars
and seat are set up to allow the forward-flexed position.
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AEROBIC CONDITIONING

Physical Therapy

Physical therapy for spinal conditions includes pain
modality treatments such as transcutaneous electrical
nerve stimulation (TENS), massage and ultrasound,
acupuncture and traction, and structured guided strength-
ening programs for restoring good muscle function.
There are many different types of exercise programs. Par-
ticular focus on isometric strengthening appears to be
beneficial for many patients. Isometric exercises involve
activities that stimulate contraction of a muscle (working
the muscle) while maintaining the length of that muscle
(i.e., no significant motion across the span of the muscle).
Vigorous movements or extremes of motion are often
avoided in physical therapy approaches to spinal care. 

Exercise

Most patients are advised to maintain some form of
regular exercise on a long-term basis. Even patients with
mild or intermittent back pain and no severe underlying
problem may benefit from regular exercise. A number of
studies have shown that regular aerobic activity reduces
the change of developing repeated back injuries. Clear
advantages of one type of sport over another have not been
shown. Therefore, it may be more important to find an
activity that is enjoyable and easy to maintain on a regular
schedule, such as swimming, fast walking, and running.

Weight Reduction

The third method of nonoperative therapy in managing
back pain from degenerative spondylolisthesis is weight
reduction. This strategy often minimally affects neuro-
logic complaints. Careful management of osteoporosis
may be helpful. Additional strategies include the judi-
cious use of braces.

ADDITIONAL STRATEGIES

There are a wide variety of binders, belts braces, and
other devices designed to offer relief from back pain.
There effectiveness in most cases has not been clearly
proven, and yet many patients do feel some relief from
their pain with some of these applied devices. However,
long-term wear of back braces may lead to gradual weak-
ening of the supportive muscles owing to the effect of
unloading the spine; therefore, this may not be desirable.

Epidural block and extended bed rest appear to be of lit-
tle value and carry a significant risk of morbidity, espe-
cially in elderly patients. Likewise, there is no information
to support the use of manipulative therapy, which may be
contraindicated, particularly in osteoporotic patients.

Many studies suggest that radicular pain is much less
amenable to the same nonoperative management strate-

gies that are applicable when radiculopathy is related to a
herniated disc. In general, patients with predominantly
leg pain require a longer trial of nonoperative care to
evaluate the efficacy of treatment. For patients with sig-
nificant leg pain, administration of epidural steroids is an
appropriate temporizing measure (36–39).

Patients with low-grade degenerative spondylolisthesis
may present with a multitude of physical, emotional, and
psychological symptoms, and these patients often are
best handled by a multidisciplinary pain center approach.
This includes input from different services, including
anesthesia, physiatry, psychiatry, physical therapy, occu-
pational and behavioral therapy, and social work. It was
found that this multidisciplinary approach is useful in
both previously operated and nonoperated patients (41).
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CHAPTER 55

Decompression

Bo Jönsson

Degenerative spondylolisthesis mostly occurs at the L4-
L5 level and has a gender-related difference in preva-
lence, being four to five times more frequent in women.
Radiographic cross-sectional studies of older adult
women have demonstrated an incidence of anterior slip of
29% in the lumbar spine, but without correlation between
pain and olisthesis (1). There was an increasing preva-
lence of L4-L5 olisthesis with increasing patient age.

The proportion of patients with degenerative spondy-
lolisthesis in articles dealing with spinal stenosis shows a
rather wide variation. Turner et al. (2) noted that 28 out of
74 articles on spinal stenosis included data on degenera-
tive spondylolisthesis, with a mean proportion of 50%
(range 0 to 100). Their compilation included, however,
four articles containing only patients with degenerative
spondylolisthesis and therefore 50% probably does not
reflect the true prevalence. In a prospective, consecutive
long-term study on spinal stenosis including 105 patients
with radiographic reassessment of all patients (3), 32 out
of 105 patients (30%) had degenerative spondylolisthesis.
Katz et al. (4) have retrospectively analyzed a group of 88
patients with spinal stenosis regarding long-term result;
of these 88 patients, 22 had a degenerative spondylolis-
thesis (25%). In a study on postoperative instability after
lumbar decompression by Johnsson et al. (5), 20 out of 45
patients (44%) had a preoperative olisthesis. Katz et al.
(6) presented another prospective, multicenter study
including 272 patients with spinal stenosis, where 93
patients (34%) had a spondylolisthesis of 5 mm or more.

ANATOMY

Patients with degenerative spondylolisthesis often have
a specific laminar configuration predisposing for the ver-
tebral slipping (7). The articular surface of the superior
articular process is facing medially and the laminae are
converging distally toward the inferior articular
processes, which are medially located with their joint sur-
faces facing laterally. Due to this configuration of the

articular processes, the facet joints are more or less sagit-
tally oriented. This configuration is more easily recog-
nized in younger patients without degenerative changes
(Fig. 55-1).

A number of radiographic studies have demonstrated a
correlation between degenerative spondylolisthesis and
sagittally angled facet joints (8–10). Grobler at al. (11)
described the increased angles in patients with degenera-
tive spondylolisthesis, but also the reduced coronal
dimension after decompression, with increased risk for
instability. 

In a recent study (10) on orientation and osteoarthritis
of the lumbar facet joints, the authors found a significant
correlation between sagittally oriented joints and
osteoarthritis, even in patients without olisthesis. The
degenerative changes in patients with spondylolisthesis,
however, were more severe.

Love et al. (12) confirmed the sagittal orientation of
facet joints in patients with degenerative spondylolisthe-
sis, but interpreted this joint configuration more as a con-
sequence of arthritic remodeling.

RADIOGRAPHIC FINDINGS

In a study of 105 patients with spinal stenosis by Jöns-
son et al. (3) the radiographic findings were assessed for
all patients. There were 32 patients with degenerative
spondylolisthesis, 4 at level L3-L4, 25 at L4-L5 and 3 at
L5-S1 (Fig. 55-2). Patients with degenerative spondy-
lolisthesis had a more pronounced narrowing of the
spinal canal with an anteroposterior-diameter of 5.6 mm
compared with 6.7 mm in patients with no spondylolis-
thesis. The site of the spondylolisthesis was the narrowest
site in most (24 of 32) patients. 

DECOMPRESSION

The standard surgical procedure consists of a midline
laminectomy extended laterally toward the edge of the
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dural sac. In order to decompress the single nerve roots,
the decompression is extended laterally-distally including
the medial part of the facet joints without violating the
stability. In patients with facet joints orientated in the
coronal plane (and no degenerative spondylolisthesis),
nerve root impingement may occur in the lateral recess
(i.e., below the superior articular process). Decompres-
sion is obtained by the undercutting technique. In patients
with sagittally oriented facet joints and degenerative
spondylolisthesis, root compression may be caused by the
anteriorly displaced inferior articular process, necessitat-
ing resection of the medial/anterior part of this process
(Fig. 55-3).

Results of Decompression

In 1992, Turner et al. presented a survey of 74 articles
on results after decompression for spinal stenosis (2).
Good to excellent results were on average reported by
64% of the patients; there was, however a wide variation
in outcome. The authors noted better outcome in studies
including more patients with degenerative spondylolis-
thesis. There were four reports including only patients
with degenerative spondylolisthesis and good to excellent
result was noted by 83% to 85% in these articles. Some
of these articles however included patients who under-
went spinal arthrodesis.

A corresponding meta-analysis including only studies
dealing with spinal stenosis and degenerative spondy-

lolisthesis was presented by Mardjetko et al. (13). Their
analysis included 25 papers published between 1970 and
1993. Superior results were found in patients who under-
went a concomitant spinal arthrodesis; satisfactory
results were noted in 69% of patients who were treated
with decompression only, while 86% to 90% of those
who underwent fusion reported satisfactory results.

Herron and Trippi (14) evaluated 24 patients, all with
degenerative spondylolisthesis treated with laminectomy

FIG. 55-1. A: Plain X-ray demonstrating laminar configuration in a patient with sagittally oriented facet
joints. B: Magnetic resonance imaging, axial view demonstrating sagittal angles of facet joints.

A B

FIG. 55-2. Degenerative spondylolisthesis is most com-
monly seen at level L4-L5, but may occur at multiple levels.
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alone. At follow-up (18 to 71 months after surgery) 20
out of 24 patients (83%) reported good result.

Epstein (15) has reported the results of decompression
alone in 290 patients treated over a 25-year period. Excel-
lent result was obtained in 69% and good result in 13%.
Secondary spinal arthrodesis was performed in 8 (2.7%)
of the patients. 

In a prospective and consecutive study of 105 patients
operated on due to spinal stenosis (16), 32 patients had a
degenerative spondylolisthesis. Follow-up examinations
were performed 4 months and 1, 2, and 5 years postoper-
atively. All radiographs were reassessed by a neuroradiol-
ogist, who had no information regarding surgical results.
Predictors of good outcome were sought using logistic
regression analysis. In this study design, the most impor-
tant factors were, in this order: a low anteroposterior (AP)
diameter of the spinal canal, absence of comorbid disease
affecting walking, and less than 4 years of leg symptoms.
Most patients with degenerative spondylolisthesis had a
more pronounced narrowing of the spinal canal and
reported good results at follow-up.

POSTOPERATIVE PROGRESSIVE SLIP AFTER
DECOMPRESSION ONLY

Johnsson et al. studied postoperative slipping after
lumbar decompression (5). In the patient group with
degenerative spondylolisthesis, progressive slip occurred
in 65% of the patients without influencing the surgical

results. During this period, many authors recommended a
wide, radical decompression and total facetectomies were
performed in more than 50% of the patients in this study.

Another study of postoperative stability after surgery
using a facet-preserving undercutting technique (17)
demonstrated better results with progressive slip in only
32% of patients with spondylolisthesis preoperatively.
Also in this study, no correlation between surgical result
and progressive slip was seen.

Recently, two studies using alternative decompressive
procedures have reported good results and low risk of
increased instability postoperatively. Kinoshita et al. (18)
evaluated 51 patients who underwent decompression
through a unilateral approach and found no increased slip
postoperatively. Kleeman et al. (19) described their
results in 54 patients who underwent decompression
through the “port-hole” technique. Good to excellent
result was noted in 88% and there was no statistical dif-
ference regarding result in patients with or without
degenerative spondylolisthesis. Progressive slip was
noted in 13% of the patients.

Matsanuga et al. (20) studied the natural course of slip-
page and described 30% progressive slippage in a study
of 40 patients.

DISCUSSION

During the last decade, randomized, controlled studies
have demonstrated superior surgical outcome in patients
operated on with concomitant spinal arthrodesis. The
results of these procedures are described in Chapters 56
and 58. Spinal stenosis, with or without degenerative
spondylolisthesis afflicts an older adult patient group,
and is the main indication for spinal procedures in the
elderly. With increasing age, the incidence of concomi-
tant cardiovascular and other degenerative diseases
increase, with associated potential risks for anesthesio-
logic/surgical complications. The complication rate is
higher in patients who are treated with a concomitant
spinal fusion (21). In the clinical situation, the spinal sur-
geon has to include these considerations in the surgical
decision making. In a study on patient selection, costs
and outcomes, Katz et al. (6) noted that patients who
underwent spinal fusion were significantly younger.

A national registry of lumbar spine surgery due to
degenerative diseases has been evolved in Sweden (21).
According to data from surgical procedures performed in
the year 2000, 15% of patients with spinal stenosis under-
went a concomitant spinal fusion, indicating that in com-
mon clinical practice, half or less than half of the patients
with spinal stenosis and degenerative spondylolisthesis
are selected for spinal arthrodesis in conjunction with
decompression. Interestingly, Katz et al. (6) noted similar
figures, with 50% of patients with spondylolisthesis
greater than 5 mm or scoliosis greater than 15° being
treated with laminectomy alone.

FIG. 55-3. Magnetic resonance imaging, axial view at L4-L5
in a 70-year-old woman with degenerative spondylolisthesis
and spinal stenosis. Note anterior displacement of inferior
articular process.



CHAPTER 55/DECOMPRESSION / 527

Studies on patients with spinal stenosis and degenera-
tive spondylolisthesis have evaluated this patient group as
a homogenous entity. The number of patients included in
randomized studies, as in the Herkowitz study (22), has
been too few to allow analysis of subgroups. In the clini-
cal situation, however, the spinal surgeon encounters sit-
uations with a wide variation of symptoms within the
same group of diagnosis. There are, for example, patients
with minor or no back pain at all despite a radiologically
verified olisthesis. Is there a need for fusion in these
patients? Or consider the patient in whom physiologic
stabilization has reduced the vertebral mobility at the
slipped level. Does this patient need a fusion?

There is still no consensus regarding treatment of this
patient group and there are different opinions between
spinal researchers, exemplified by two recently published
surveys (23,24). There is a need for further research with
the aim to create more precise scientific guidelines
regarding treatment of the different subgroups.
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CHAPTER 56

Decompression with Posterolateral Fusion

Gianluca Cinotti

INDICATIONS

As in any patients with spinal condition in whom the
surgical option has been considered, a successful opera-
tion may be expected if a correct surgical indication has
been made. A wrong surgical indication, in fact, is prob-
ably the most important factor responsible for poor sur-
gical outcomes in patients with degenerative spinal con-
ditions. This is particularly true in degenerative
spondylolisthesis, since the condition may be asympto-
matic, and thus not requiring any treatment, or cause a
wide spectrum of symptoms including low back pain,
radicular pain or both. As a result, in any patient with
degenerative spondylolisthesis (DS) in whom surgery
may be indicated, a careful clinical and radiologic evalu-
ation should be carried out to confirm that patient’s
symptoms are due to the spondylolisthesis. 

Preoperative Planning

Historically, a degenerative spondylolisthesis can be
treated with decompression alone, decompression plus
fusion with or without internal fixation and, in a few
patients, with fusion alone. Decompression plus fusion is
thought to be the treatment of choice by most surgeons
since it allows reaching better results compared to
decompression alone (1–6). This is certainly true when an
unselected population of patients with DS is randomly
treated with the two procedures. However, if a selection
of patients who need fusion or decompression is carried
out preoperatively, the surgical outcomes may further
improve and unnecessary fusion be avoided. An accurate
clinical and radiologic assessment before surgery may be
helpful to this aim. 

Clinical evaluation should assess whether predominant
symptoms are due to nerve root compression (radicular
pain is the predominant symptom), to spinal instability
(back pain is the predominant symptom), or both. Radio-
logic evaluation should assess the degree of vertebral
instability and the severity of stenosis at the spondylolis-

thetic level. In particular, standard and flexion-extension
radiographs should determine the degree of vertebral
slipping and whether a hypermobility of the olisthesic
vertebra is present. Magnetic resonance (MR) scans
should assess whether a narrowing of the spinal canal or
a true stenosis, including a compression of the nervous
structures, is present and, in the latter event, if this
involves the lateral or central portion of the spinal canal.
On axial MR scans, the orientation of facet joints in the
horizontal plane and the amount of facet joint resection
necessary to free the nerve root in the lateral canal should
be also evaluated (7,8). Disc herniation below the
spondylolisthetic vertebra is uncommon; however, since
a false impression of disc herniation may be seen on both
sagittal and axial scans, the presence of a posterolateral
or lateral disc herniation associated to the spondylolis-
thesis should be ruled out. Finally, MR scans should eval-
uated whether degenerated discs are present at the levels
adjacent to the spondylolisthesis since this may influence
the choice of vertebral levels which have to be included
in the fused area.

On the basis of preoperative investigations, a decom-
pression with fusion is indicated in patients with one, or
more, of the following requisites: low back pain is pre-
dominant or equal to radicular pain; a grade II spondy-
lolisthesis is present; a hypermobility of the spondylolis-
thetic vertebra is seen on flexion-extension radiographs;
severe central stenosis is present, whereby central
laminectomy is needed; facet joints show a marked sagit-
tal orientation in the horizontal plane, so that a tendency
to vertebral slipping may be expected after decompres-
sion (although this event is often asymptomatic). Con-
versely, decompression alone may be indicated in the
minority of patients with the following requisites: radicu-
lar pain is the only, or predominant, symptom; a grade I
spondylolisthesis is present; flexion-extension radio-
graphs show no evidence of hypermobility of the slipped
vertebra; a lateral stenosis is present, whereby a unilateral
or bilateral laminotomy may be adequate to decompress
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the nerve root; facet joints show a mild sagittal orienta-
tion in the horizontal plane, so that only a slight increase
in vertebral slipping may be expected after decompres-
sion. Fusion alone is indicated in a few patients with DS
in whom low back pain is the only symptom and no
stenosis is present on MR scans.   

Specific Indications to Decompression plus
Posterolateral Fusion

In any patients with DS in whom fusion is indicated, a
posterolateral arthrodesis may be performed successfully.
Spinal instrumentation may be associated to fusion; how-
ever, since most of the patients with DS do not show a
marked vertebral instability, the indication to perform an
instrumented or a noninstrumented fusion rests entirely
on discretion of the surgeon. Many surgeons are use to
associate pedicle screws to posterolateral fusion to reduce
postoperative pain, avoid a rigid orthosis, shorten the
hospitalization time and accelerate the functional recov-
ery. Internal fixation was also found to increase the
fusion rate (1,9–11), possibly by reducing vertebral
motion and subsequent unfavorable mechanical stresses
(axial rotation and tension stresses) on the graft material.
However, no significant difference was found in the clin-
ical outcomes of patients submitted to instrumented or
noninstrumented fusion (9,12).

Posterolateral non-instrumented fusion may be advan-
tageous in any patient with DS showing degenerative
processes at the levels adjacent to the spondylolisthesis,
since in these cases a less rigid fusion mass reduces
mechanical stresses at the adjacent levels compared to an
instrumented fusion. A noninstrumented posterolateral
fusion may also be advantageous in severely osteoporotic
patients in whom a poor fixation of pedicle screws may
be expected.   

Interbody devices may be associated to posterolateral
fusion and pedicle screws to increase the fusion rate,
reduce vertebral slipping, and restore the height of the
disc space. However, there is no evidence that these fac-
tors may influence the surgical results in patients with
DS. In particular, no prospective randomized study
demonstrated better clinical outcomes after 360° fusion,
nor that the reduction of olisthesis may improve the
results in patients with DS. The restoration of the foram-
inal height subsequent to the insertion of interbody
devices has little clinical effects on the nerve root (13),
particularly in DS patients in whom the olisthesis may
cause lateral or central stenosis whereas the foraminal
dimensions are not affected by the condition. Patients
with DS may be treated with interbody devices, along
with pedicle screws, as alternative to posterolateral
fusion, to eliminate the need for harvesting autogenous
bone graft from the iliac crest. However, since the type of
fixation (biological or mechanical) achieved with inter-
body cages has not well established yet, further studies

should assess whether this procedure can yield surgical
outcome as good as those reported by patients submitted
to posterolateral fusion at long- and very long-term fol-
low-ups. 

OPERATIVE TREATMENT

Whatever support is used the patient should be po-
sitioned on the operative table so that the abdomen is
maintained free during the operation in order to avoid
compression on large abdominal vessels and reduce intra-
operative bleeding. 

The posterolateral approach described by Wiltse (14)
or the posterior approach can be used. The former allows
a better exposure of the fusion area and reduces intraop-
erative bleeding; the second is more frequently used
when a decompression of the nervous structures has to be
associated to fusion, that is, in the majority of cases. With
the posterior approach the skin incision should be
extended one or two levels proximally and distally to the
fusion area so that an adequate muscular retraction to
expose the transverse processes is achieved. If a decom-
pression of the nervous structures has to be performed
this is usually carried out before fusion to limit the blood
loss. 

Decompression

In the most frequent situation (i.e., degenerative
spondylolisthesis of L4), the vertebral slipping causes a
compression of L5 nerve root in the lateral canal. If
severe slipping is present, or if the sagittal dimension of
the spinal canal is extremely narrow, the olisthesis may
also cause central stenosis at the disc level due to the for-
ward slipping of the posterior vertebral arch.

Nerve decompression can be performed with several
techniques, but the most commonly used are central
laminectomy and unilateral, or bilateral, laminotomy
(15). Central laminectomy is indicated in patients with
severe stenosis and in any patients in whom fusion has
been planned. The procedure entails initially the excision
of the spinous process of the slipped vertebra so that
laminectomy can be started in the middle portion of the
spinal canal and then extended laterally on both sides.
This reduces the risk of damaging the nervous structures
during decompression since the sagittal dimension of the
spinal canal is larger, and stenosis less severe, in the cen-
tral portion of the spinal canal than in the lateral portion.
The ligamentum flavum, which can be normal or hyper-
trophic, is removed at this stage and the dural sac
exposed. Partial facetectomy is then carried out to free
the emerging nerve root that may be compressed by the
superior or inferior facet joint. The extension of facetec-
tomy varies depending on the severity of stenosis. Usu-
ally, in the presence of severe central stenosis both 
the inferior and superior facets should be extensively
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resected (approximately the medial two-thirds of the facet
joints) whereas a less extensive facetectomy may be per-
formed in patients with moderate isolated lateral stenosis.
The orientation of facet joints in the horizontal plane also
affects the extension of facetectomy. When facet joints
show a coronal, or slight sagittal, orientation, lateral
stenosis is mainly due to a hypertrophic superior facet
joint (Fig. 56-1A). In this case partial facetectomy may be
accomplished by removing initially the medial one-half
or two-third of the inferior facet with a small osteotome,
and then the medial one-half or two-third of the superior
facet with a pituitary rongeur. When facet joints show a
marked sagittal orientation, stenosis is often caused by
the forward slipping of the inferior facet (Fig. 56-1B). In
this case, only the anterior portion of the inferior facet
needs to be excised. Total facetectomy should be avoided,
even if fusion has been planned, because it is usually
unnecessary and it may cause marked postoperative insta-
bility that may increase the risk of pseudarthrosis, partic-
ularly in non-instrumented fusion. Laminectomy should
be extended cranially, approximately 1 cm beyond the
inferior endplate of the slipped vertebra, and caudally,
until the emerging nerve root is entirely free in the lateral
canal. Foraminotomy is usually not necessary in these
patients. Nerve decompression is performed in a similar
fashion when a unilateral or bilateral laminotomy is car-
ried out. However, in these cases, the spinous process
with the supraspinous and intraspinous ligaments are pre-
served, whereby decompression consists in a unilateral or
bilateral fenestration of the spinal canal including a small
removal of the lamina along with partial facetectomy as
described before. Laminotomy is the treatment of choice

in patients with DS in whom decompression alone has
been planned or in those in whom posterolateral fusion
has been planned but radicular symptoms involve only
one leg, so that a unilateral opening of the spinal canal
can be performed.

Preparation of the Bed Graft

The bed graft for posterolateral fusion is prepared by
dividing, with a diathermy blade, the insertions of the
longissimus muscle from the lateral aspect of the articu-
lar apophyses. Two arteries may be found at this phase:
one is located laterally to the pars interarticularis and one
at the junction between the superior border of the trans-
verse process and the pedicle. Both these arteries can be
coagulated using bayonet forceps. The lateral portion of
the articular apophysis is palpated with the index finger
and the transverse process identified and exposed. 

The bed graft should be carefully prepared and as large
as possible to increase the amount of blood supply and
osteoinductive factors available for the graft material. To
achieve this goal the decortication should include, other
than the transverse processes, the lateral portion of the
superior facet joint and the pars interarticularis, so that a
continuous bony bridge between the adjacent vertebrae
will more likely occur (Fig. 56-2).

Decortication can be performed either manually or by
using a high-speed burr. A manual decortication is pre-
ferred by some surgeons because the high-speed burr
may cause thermal necrosis of the decorticated bone that
could negatively affects the result of fusion. If a manual
decortication is performed, a bone rongeur can be ini-

FIG. 56-1. A: In degenerative spondylolisthesis (DS) patients showing facet joints coronally oriented,
hypertrophic changes of the superior facet are often responsible for lateral stenosis. In these cases,
facetectomy includes the removal of the medial one-half of the inferior and superior facet joint. B: In DS
patients showing facet joints sagittally oriented, the forward slipping of the inferior facet is often respon-
sible for lateral or central stenosis. In these cases facetectomy may be limited to the removal of the ven-
tral portion of the inferior facet providing no further compression is caused by the superior facet joint.

A B
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tially used to interrupt the thin cortical wall of the trans-
verse processes, taking care to avoid its complete frac-
ture. The decortication is then extended to the entire
transverse process with a small curette. The pars interar-
ticularis and the lateral aspect of the superior articular
apophyses can be decorticated with a curved osteotome,
a large curette or a bone rongeur. The preparation of the
bed graft is completed when bleeding bone has been
exposed throughout the fusion area and when soft tissues
that might interpose between the bone graft and the
decorticated bone have been carefully removed.

Harvesting and Positioning of Graft Material

Autograft and allograft are currently used for postero-
lateral fusion. This author currently use autogenous bone
graft from the iliac crest since, at the present, this seems
to be the best graft material for spinal fusion. This is par-
ticularly true in degenerative spondylolisthesis in which a
one level fusion is usually performed and unilateral har-
vesting of bone graft from the iliac crest is sufficient for
the entire bed graft. Alternative graft materials, including
osteoinductive and osteoconductive substances, are under
investigations; however, further studies are needed to
evaluate their effectiveness compared to autograft.

Autogenous bone graft is usually harvested from the
iliac crest. Some surgeons are used to expose the iliac
crest from the same skin incision of laminectomy. How-
ever, this implies that a wide subcutaneous dissection has
to be performed to expose the iliac crest, with possible
occurrence of subcutaneous seromas and delay in the
healing of the surgical wound. It is preferable to perform
a second skin incision, 3 to 4 cm lateral from the posterior
iliac spine, with an oblique direction from cranial to cau-
dal and from medial to lateral. This skin incision is per-
pendicular to the iliac crest, and thus limits the amount of
bone graft which may be harvested, but is in the same
direction of the cluneal nerves which lie subcutaneously
in this region (Fig. 56-3). On the other hand, a skin inci-
sion parallel to the iliac crest allows harvesting a larger
amount of bone graft but entails higher risks of transect-

ing the cluneal nerves, with possible occurrence of painful
neuroma, compared to the previous skin incision.

Once the iliac crest is exposed, a subperiosteal dissec-
tion is carried out on the external portion of the iliac
wing. Care must be taken to avoid a subperiosteal dissec-
tion, and elevator positioning, too close to the sciatic
notch, since at this level the superior gluteal artery and
vein may be damaged (Fig. 56-3). Although this compli-
cation is uncommon, the surgeon should be well aware of
it because it can be difficult to control the bleeding, par-
ticularly if the transected vessel retracts within the pelvis.
In this event treatments include: (a) a caudal enlargement
of the surgical wound in order to elevate subperiosteally,
and retract laterally, the gluteus maximus, to expose the
piriformis muscle and, at its superior border, the superior
gluteal artery which at this point can be ligated (16); (b)
embolization of the superior gluteal artery (17); (c) direct
ligation of the artery by turning the patient in supine posi-
tion and reaching the arterial origin through an anterior
retroperitoneal or transperitoneal approach. 

FIG. 56-2. Decortication of the bed graft in
posterolateral fusion. The bed graft should
include the transverse processes, the lat-
eral portion of the superior facet joint and
the pars interarticularis.

CN

GA

FIG. 56-3. Anatomic structures which can be injured during
harvesting autogenous bone graft from the iliac crest. CN,
cluneal nerves; GA, gluteal artery.



Harvesting of bone graft consists in taking cortical
bone and cancellous bone separately. Cortical bone is
removed by performing vertical and horizontal cuts with
a straight osteotome on the cortical wall of the iliac wing.
A curved osteotome is then used to remove cortical chips
while cancellous bone is usually taken with a gouge.
Small bone chips are then prepared and placed in the bed
graft, first positioning a layer of cancellous bone directly
in contact with the decorticated bone and then position-
ing a layer of cortical bone over the cancellous bone.
Paraspinal muscles are then replaced over the bone graft
taking care to avoid a displacement of bone chips into the
spinal canal. To prevent this from occurring, the dural sac
should always be protected with hemostatic sponges
before the positioning of the bone graft. Before skin clo-
sure, bone wax should be placed over the decorticated
area of the iliac wing until bone bleeding is arrested and
a drain is positioned in both surgical wounds.

POSTOPERATIVE MANAGEMENT

Standing and walking is allowed from the first opera-
tive day as tolerated by the patient. We encourage six
walks of 5 minutes from the second postoperative day
and as long as possible from the fourth day after the oper-
ation. A plaster cast or corset is worn 24 hours before
hospital discharge, that is, between the seventh and tenth
day after surgery. This hospitalization time is substan-
tially reduced (3 to 6 days) in patients submitted to instru-
mented fusion. The corset is usually removed 4 months
after surgery but physical exercises are not allowed until
6 months from the operation.  

RESULTS

Although degenerative spondylolisthesis is probably
the most frequent condition requiring spinal fusion in the
adult population, few studies analyzed in detail the results
of this procedure in DS patients.

Feffer et al. (2) analyzed the surgical outcome in 19
patients with DS treated in two different Hospitals. Eight
patients underwent decompression and fusion, and 11
decompression alone. All patients had leg pain equal to or
greater than their back pain and radiologic investigations
showing a compression of the nervous structures. Length
of follow-up ranged from 12 to 72 months. In the fused
group, the clinical result was rated as good in 5 patients
and fair in 3. In the decompressed group, the clinical
result was rated as good in 5, fair in 3 and poor in 3
patients. Lombardi et al. (5) analyzed the surgical out-
come in 47 patients with DS treated with wide decom-
pression (bilateral total facetectomy) in 6 patients, stan-
dard decompression (partial facetectomy) in 20 patients,
and decompression with partial facetectomy plus pos-
terolateral fusion in 21 patients. The follow-up ranged
from 24 months to 7 years. The surgical outcome was

rated as excellent or good in 30% of the patients who had
wide decompression, 80% of those who had standard
decompression, and in 90% of those who had decom-
pression plus fusion. Postoperative increase in vertebral
slipping did not correlate with the clinical result except
when postoperative slip approached 50%.

We evaluated the clinical and radiologic results of 16
patients with DS (included in a larger group of patients
with spinal stenosis) after a mean follow-up of 8.6 years
(range 5 to 19 years) (18). The clinical outcome was rated
as excellent or good in eight of the ten patients who had
decompression and fusion and in two of the six who had
decompression alone. A reconstitution of the posterior
vertebral arch excised at surgery was found to occur more
frequently in spondylolisthetic patients than in stenotic
patients without spondylolisthesis and, in the spondy-
lolisthetic group, in those who had decompression alone
compared to those who had decompression and fusion.

Herkowitz and Kurz (4) analyzed prospectively the
surgical outcome in patients with DS. Of the 50 patients
included in the study, 25 were treated with decompres-
sion alone and 25 with decompression and fusion. The
length of the follow-up ranged from 2.4 to 4 years. The
clinical outcome was rated as excellent or good in 96% of
the patients in the fused group and in 44% of those in the
decompressed group. A pseudarthrosis was noted in 36%
of the patients of the fused group; however, all these
patients reported an excellent or good result.

A prospective randomized study analyzed the effective-
ness of decompressive laminectomy and posterolateral
fusion with or without spinal instrumentation in patients
with degenerative spondylolisthesis (9). In the 67 patients
available for a 2-year follow-up the clinical outcome was
rated as excellent or good in 85% of patients who had a
noninstrumented fusion and in 76% of those who had an
instrumented fusion. However, a successful arthrodesis
was found in 45% and 82% of the patients who had,
respectively, a noninstrumented and an instrumented
fusion. An excellent or good result was reported by 83% of
patients with pseudarthrosis after noninstrumented fusion. 

A meta-analysis of literature on DS patients treated
with laminectomy alone or laminectomy and instru-
mented or noninstrumented fusion, revealed satisfactory
results in 69% of those who had laminectomy alone, and
90% and 86% of those who had laminectomy with non-
instrumented and instrumented fusion, respectively (6).
The reported fusion rate was 86% in those who had a
noninstrumented fusion and 93% in those who had an
instrumented fusion.

McCulloch retrospectively reviewed 21 patients with
degenerative spondylolisthesis who had a decompression
and noninstrumented unilateral fusion (19). After an
average follow-up of 38 months, the overall satisfactory
outcome was 76%. Twenty of twenty-one patients had
relief of their claudicant leg pain and the overall fusion
rate was 86%. 
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Kuntz et al. analyzed the cost-effectiveness of fusion
with and without instrumentation for patients with degen-
erative spondylolisthesis and spinal stenosis (20). The
results showed that the cost-effectiveness of laminectomy
with non-instrumented fusion compares favorably with
decompressive alone and with decompressive plus instru-
mented fusion.

In conclusion, data on the surgical outcome in patients
with DS are largely incomplete due to methodologic lim-
itations of the studies. Most of the series are retrospec-
tive, did not analyze the functional outcome, did not
address possible causes of failures, and are based on
short-term follow-ups. Nevertheless, most of the studies
show that DS is one of the spinal condition in which the
result of the surgical treatment is more predictable and
that posterolateral fusion is one of the most effective pro-
cedures in the treatment of DS. A correct surgical indica-
tion, including an evaluation of the psychological profile
of the patient, is one of the most important factors in
determining the success of the operation. Preoperative
assessment should also include a radiologic investigation
at the levels adjacent to the spondylolisthesis, to avoid
missing a concomitant spinal condition at another verte-
bral level. 

COMPLICATIONS

Decompression and posterolateral fusion is though to
be a safe procedure with a low complication rate. In keep-
ing with this, no surgically related complications were
reported in a meta-analysis of literature on DS patients
treated with decompression and non-instrumented fusion
(6). 

Complications may be related to decompression or
fusion. The former are similar to those reported by
stenotic patients, including dural tear, motor deficits and
infections. These complications are uncommon and their
incidence is usually lower than in stenotic patients with-
out spondylolisthesis, since in the latter decompression is
more likely to be performed at multiple levels compared
with patients with DS in whom stenosis is often present
at a single level. 

Complications related to posterolateral fusion are also
rare. They are usually associated to the harvesting of iliac
crest bone graft rather than to posterolateral fusion in
itself. Their reported incidence was found to range
between 0.7% and 25% for major complications and
between 9.4% and 24% for minor complications (21,22).
In a large retrospective study, none of the patients had
major perioperative complications such as superior
gluteal artery injury, sciatic nerve injury or deep infec-
tion, nor did patients report major late complications such
as herniation at the donor site, meralgia paresthetica,
pelvic instability or fractures (23). However, 18 patients
(10%) had other major complications, including pro-
longed sterile drainage, subcutaneous seroma, unsightly

scar revision and chronic pain limiting physical activities.
In the same series, 39% of the patients had minor
complications, including temporary dysesthesia, wound
drainage, and superficial infection (23). In a consecutive
series of patients in whom autogenous bone graft was
harvested through a skin incision perpendicular to the
posterior iliac crest (study group) and, for comparison,
through a skin incision parallel to the posterior iliac crest
(controls), the patients in the study group reported signif-
icantly lower numbness, tenderness and pain at the donor
site compared with the controls (24).

In conclusion, major complications, including superior
gluteal artery injury, sciatic nerve injury, meralgia pares-
thetica etc. are uncommon and often published as case
reports. Minor complications occur more frequently, par-
ticularly persistent donor site pain. This complication
usually does not limit physical activities but may affect,
in some way, the overall clinical outcome in approxi-
mately 10% to 30% of patients. The amount of bone graft
harvested from the iliac crest with related soft tissue dis-
section, the accuracy in the surgical procedure and the
type of skin incision used to expose the iliac crest seem
to be the most important factors affecting donor site com-
plications.

REFERENCES

1. Bridwell KH, Sedgewick TA, O’Brien MF, et al. The role of fusion and
instrumentation in the treatment of degenerative spondylolisthesis with
spinal stenosis. J Spinal Disord 1993;6:461–472.

2. Feffer HL, Wiesel SW, Cuckler JM, et al. Degenerative spondylolisthe-
sis. To fuse or not to fuse. Spine 1985;10:287–289.

3. Fox MW, Onofrio BM, Hanssen AD. Clinical outcomes and radiologi-
cal instability following decompressive lumbar laminectomy for
degenerative spinal stenosis: a comparison of patients undergoing con-
comitant arthrodesis versus decompression alone. J Neurosurg 1996;
85:793–802.

4. Herkowitz HN, Kurz LT. Degenerative lumbar spondylolisthesis with
spinal stenosis. A prospective study comparing decompression and
intertransverse process arthrodesis. J Bone Joint Surg [Am] 1991;73:
802–808.

5. Lombardi JS, Wiltse LL, Reynolds J, et al. Treatment of degenerative
spondylolisthesis. Spine 1985;10:821–827.

6. Mardjetko SM, Connolly PJ, Shott S. Degenerative lumbar spondy-
lolisthesis: a meta-analysis of literature 1970–1993. Spine 1994;19:
S2256–S2265.

7. Cinotti G, Postacchini F, Fassari F et al. Predisposing factors in degen-
erative spondylolisthesis. A radiographic and CT study. Intern Orthop
1997;21:337–342.

8. Grobler LJ, Robertson PA, Novotny JE, et al. Decompression for
degenerative spondylolisthesis and spinal stenosis at L4-L5. The
effects of facet joint morphology. Spine 1993;18:1475–1482.

9. Fischgrund JS, Mackay M, Herkowitz HN, et al. Degenerative lumbar
spondylolisthesis with spinal stenosis: a prospective, randomized study
comparing arthrodesis with and without instrumentation. Spine 1997;
22:2807–2812.

10. Yuan HA, Garfin SR, Dickman CA, Mardjetko SM. A historical cohort
study of pedicle screw fixation in thoracic, lumbar and sacral spinal
fusions. Spine 1994;20S:2279S–2296S. 

11. Zdeblick TA. A prospective, randomized study of lumbar fusion. Pre-
liminary results. Spine 1993;18:983–991.

12. Thomsen K, Christensen FB, Eiskjaer SP, et al. The effects of pedicle
screw instrumentation on functional outcome and fusion rates in pos-
terolateral lumbar spinal fusion. A prospective randomized clinical
study. Spine 1997;22:2813–2822.

CHAPTER 56/DECOMPRESSION WITH POSTEROLATERAL FUSION / 533



534 / SECTION V/SPECIFIC CLINICAL ENTITIES

13. Cinotti G, De Santis PF, Nofroni I, et al. Stenosis of lumbar interverte-
bral foramen. anatomic study on predisposing factors. Spine 2002;27:
223–229.

14. Wiltse LL, Spencer CW. New uses and refinements of the paraspinal
approach to the lumbar spine. Spine 1988;13:696–706.

15. Postacchini F, Cinotti G, Perugia D, et al. The surgical treatment of cen-
tral lumbar stenosis. Multiple laminotomy compared with total
laminectomy. J Bone Joint Surg [Br] 1993;75:386–392.

16. Shin AY, Moran ME, Wenger DR. Superior gluteal artery injury sec-
ondary to posterior iliac crest bone graft harvesting. A surgical tech-
nique to control hemorrhage. Spine 1996;21:1371–1374.

17. Lim EVA, Lavadia WT, Roberts JM. Superior gluteal artery injury dur-
ing iliac bone grafting for spinal fusion. A case report and literature
review. Spine 1996, 21:2376–2378.

18. Postacchini F, Cinotti G. Bone regrowth after surgical decompression
for lumbar spinal stenosis. J Bone Joint Surg 1992;74-B:862–869.

19. McCulloch J A. Microdecompression and uninstrumented single-level
fusion for spinal canal stenosis with degenerative spondylolisthesis.
Spine 1998;23:2243–2252.

20. Kuntz KM, Snider RK, Weinstein JN, et al. Cost-effectiveness of
fusion with and without instrumentation for patients with degenerative
spondylolisthesis and spinal stenosis. Spine 2000;25:1132–1139.

21. Keller EE, Triplett WW. Iliac crest bone graft: review of 160 consecu-
tive cases. J Oral Maxillofac Surg 1987;45:11–14.

22. Summers BN, Eisenstein SM. Donor site pain from the ilium. A com-
plication of lumbar spine fusion. J Bone Joint Surg [Br] 1989;71:
677–680.

23. Banwart JC, Asher MA, Hassanein RS. Iliac crest bone graft harvest
donor site morbidity. A statistical evaluation. Spine 1995;20:1055–1060.

24. Colterjohn NR, Bednar DA. Procurement of bone graft from the iliac
crest. An operative approach with decreased morbidity. J Bone Joint
Surg [Am] 1997;79:756–759.



CHAPTER 57

Anterior Lumbar Interbody Fusion

Mamoru Kawakami and Tetsuya Tamaki

Degenerative spondylolisthesis is a clinical term charac-
terized by the forward translation of a vertebra on the
inferior vertebra in the presence of an intact neural arch.
The pathoanatomic elements of degenerative facet
arthropathy, anterolisthesis, narrowing of the disc space,
and ligamentum flavum redundancy contribute to the
development of spinal stenosis, including the central
canal, lateral recess, and foraminal zones (1). It may be a
source of low back pain with insidious onset of radicular
or referred leg pain or intermittent claudication. Although
there are many reports with regard to surgical results for
patients with degenerative spondylolisthesis, evaluating
the outcomes of surgical treatments requires knowledge
of the natural history of the untreated condition. How-
ever, little is known of the natural history of, or the opti-
mal surgical treatment for, degenerative lumbar spondy-
lolisthesis. 

When deciding on operative treatment for degenerative
lumbar spondylolisthesis, it is essential to choose the
appropriate surgical procedure based on the stage and
pathogenesis (2). In the early stage of degenerative lumbar
spondylolisthesis, the initial symptom is mainly low back
pain, while pain of the lower extremities can also occur.
These symptoms are thought to be related to either disc
degeneration or degenerative arthritis of the facet joints.
In the middle stage of degenerative lumbar spondylolis-
thesis, the dural sac is constricted, causing central canal
stenosis because of the anterior shift of the inferior artic-
ular process of the slipping vertebra and posterior bulging
of the intervertebral disc materials. During this stage, the
patient suffers from low back pain associated with radicu-
lar pain of the lower extremities, and intermittent claudi-
cation. By late and end-stage degenerative lumbar
spondylolisthesis, osteophytes have formed on the medial
and ventral sides of the superior articular process of the
lower spine, preventing the displacement from progress-
ing further, and these osteophytes become one of the
causes of lateral stenosis. Although low back pain occa-
sionally abates because of the decrease in instability, this

is accompanied by the simultaneous development of
numbness or paresis of the lower extremities at rest (2–4).

There does not appear to be a clear consensus for the
optimal surgical treatment of degenerative lumbar
spondylolisthesis. Most studies show that the clinical out-
come is better when decompression is accompanied by
fusion using the posterior approach (5). However, suffi-
cient decompression and fusion may be obtained by the
anterior lumbar interbody fusion in some condition or
stage of degenerative lumbar spondylolisthesis. The
mechanism of neural decompression is indirect, with
restoration of disc space height, reduction of listhesis,
and foraminal enlargement, which are achieved by inter-
vertebral distraction and maintained by a structural ante-
rior interbody fusion (1). An experimental study using
cadaveric lumbar spines also demonstrated that interbody
distraction using anteriorly inserted plugs, immediately
improved the narrowed canal area and increased the
spinal canal and the foraminal volume, in lumbar degen-
erative spondylolisthesis (6). An intervertebral fusion
takes advantage of the large surface area for graft contact
of both contiguous vertebral end plates, assists in main-
taining or improving disc space height, and allows place-
ment of the graft under compression, which biomechani-
cally is a more suitable environment for graft maturation. 

Using a meta-analysis of the literature from 1970 to
1993, Mardjetko et al. evaluated the results of anterior
interbody fusion for patients with degenerative lumbar
spondylolisthesis (7). They found that only three articles
met the inclusion criteria and that pooling the data from
these three studies yielded a 94% fusion rate, with an
86% rate of patient satisfaction (7). Two of these three
papers are Japanese in origin and there are many reports
in Japanese with regard to the anterior lumbar interbody
fusion for degenerative lumbar spondylolisthesis. In this
chapter, we review the indications and the clinical out-
comes, including radiologic assessments and complica-
tions of anterior lumbar interbody fusion, for degenera-
tive lumbar spondylolisthesis.
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INDICATIONS FOR ANTERIOR LUMBAR
INTERBODY FUSION

Surgical treatment is indicated when appropriate con-
servative treatments fail to control clinical symptoms
such as low back pain, leg pain, numbness, and inter-
mittent claudication. Anterior interbody fusion involves
an anterior retroperitoneal approach. Adhesion of the
peritoneum is thus a factor of contraindication. It has
been reported that patients can expect satisfactory
results up to about 65 years of age (1,8,9). Anterior
interbody fusion is indicated for younger patients (i.e.,
those under 50 years), but is not generally indicated for
older patients (10–12). Patients with osteoporosis have
a lower success rate for correction and are at risk of col-
lapse of the bone grafts (12). Degeneration of the adja-
cent segment at the time of surgery may possibly cause
enhanced degeneration after surgery (13). The indica-
tion is for patients without osteoporosis or degeneration
of the adjacent segments (13,14). Anterior interbody
fusion is not recommended for patients with an apparent
multilevel involvement (1,9,10,14). A patient with a sin-
gle-level lesion, symptoms and signs that usually appear
or worsen after activities such as standing or walking, or
who has neurologic symptoms and signs in the leg but
no leg pain in the resting position, is a good candidate
for this surgery (15). A patient whose clinical symptoms
can be relieved by the application of a carefully molded
body cast or corset in a flexed position is also a good
candidate for this surgery (1,9). A poorer functional out-
come may be found in patients who have responded
poorly to a preoperative test brace. 

An indication for this surgery, using data from
dynamic X-rays, is lumbar instability of the affected
segments but not severe stenosis, where posterior ele-
ments such as the facet joint are involved (10–12,15). A
need for decompression can possibly occur in patients
with stenosis of the lateral recess. The staging in degen-
erative spondylolisthesis proposed by Satomi et al.,
using computed tomography (CT) scanning after myel-
ography, is very useful to evaluate the cause of dural sac
compression (8,16,17). Stage 1 images exhibit posterior
distension of the intervertebral disc with vertical incli-
nation of the articular facets. In stage 2, the inferior
articular process of the slipping vertebra shifts anterior
to the superior articular process of the lower vertebra. In
stage 3, osteophytes form anterior and posterior to the
superior articular process of the lower vertebra. The
anterior shift of the inferior articular process of the slip-
ping vertebra can improve with reduction of slippage
and restoration of the intervertebral disc height sec-
ondary to the anterior interbody fusion (stages 1 and 2).
However, the anterior interbody fusion is not effective in
those cases where the superior articular process of the
lower vertebra is involved in the clinical symptoms
(stage 3) (8).

POSTOPERATIVE MANAGEMENT

Postoperative bed rest is recommended for 3 weeks after
surgery (2,14). Supplementation with Arbeitsgemeinschaft
für Osteosynthasefragen (AO) screwing and wiring (18)
can reduce the time of bed rest after surgery (13,16) to 2
weeks. A body cast is applied for 4 to 6 weeks after bed rest
(2,14,19), followed by a corset for about 6 months until
bony fusion is obtained (14). Postoperative management
should be very strict and is important because there is no
optimal anterior instrumentation. An interbody cage,
including threaded cylinders and monobloc devices from
the anterior may give stabilization of the lumbar spine
immediately after surgery and reduce the time of bed rest.
Biomechanical studies reveal that the cage decreases inter-
vertebral motion in flexion, axial rotation, and lateral bend-
ing compared with uninhibited motion (20). However, the
cage does not stabilize the spine in extension (20). Supple-
mentary posterior fixation including pedicle screw fixation
and translaminar fixation substantially improves the stabi-
lization (21,22). Therefore, supplementary posterior fixa-
tion can reduce the time of bed rest, and eliminates the
need for a body cast. Supplementation with pedicle screw
fixation to the anterior interbody fusion can reduce the
period of bed rest to only 2 to 3 days in patients with
degenerative lumbar spondylolisthesis (15).

CLINICAL OUTCOMES

Functional Results

Takahashi et al. have reported that long-term results
have been achieved with anterior interbody fusion for the
treatment of degenerative spondylolisthesis (1,9). They
used the score rating system of the Japanese Orthopaedic
Association (JOA) for clinical evaluation (23), a full
score being 29 points. They classified patients with a
score of 25 points or more as “satisfactory”, while those
with a score of 24 points or less were classified as “unsat-
isfactory”. Using a Kaplan-Meier survivorship analysis at
an average follow-up of 12 years and 7 months, Taka-
hashi et al. reported a 76% rate of satisfactory results at
10 years, a 60% rate of satisfactory results at 20 years,
and a 52% rate of satisfactory results at 30 years (1,9). All
patients in their 30s (average age at surgery, 36.5 years)
maintained satisfactory results at least until their final
examination, with an average follow-up of 24 years, 11
months after surgery (range, 20 years to 29 years, 10
months). Results were also satisfactory in 80% of
patients in their 40s (average age at surgery, 44.7 years)
for up to 16 years, and 73% of patients in their 50s (aver-
age age at surgery, 54.8 years) for up to 10 years. How-
ever, results were satisfactory in only 4 of the 7 patients
60 years of age or older (average age at surgery, 65.2
years) immediately after surgery. The authors concluded
that these results indicate that regardless of patient age at
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surgery, patients can expect satisfactory results up to
about 65 years of age, and that anterior interbody fusion
is a treatment that can guarantee a good lifelong course
for patients with degenerative spondylolisthesis. 

Satomi et al. compared the results of anterior interbody
fusion with or without AO screwing and wiring to patients
who underwent posterior decompression with or without
spinal fusion (8,16,17). They used the degree of recovery
or recovery rates, which were calculated from preopera-
tive and postoperative JOA scores. The mean follow-up
period was 3 years, 2 months. Clinical improvement was
seen in 77% of the group undergoing anterior interbody
fusion compared with only 55.7% of patients in the group
undergoing posterior decompression. Since their indica-
tions were different for patients with degenerative spondy-
lolisthesis as described previously, it is questionable to
compare these functional outcomes. 

Nishizawa and Fujimura retrospectively reviewed 58
patients (13 men and 45 women) with degenerative
spondylolisthesis treated with anterior lumbar interbody
fusion. The follow-up period ranged from 28 to 128
months, averaging 63 months, and the mean recovery rate
was 78%. They found that the recovery rate for low back
pain and gait was better than for leg pain or tingling, clin-
ical signs, and urinary bladder function (2). 

Tanaka et al. reported surgical results for minimally
invasive anterior lumbar interbody fusion (24) with a sup-
plemental pedicle screw system for degenerative spondy-
lolisthesis, compared with those of posterior lumbar
interbody fusion (15). They found that the mean recovery
rate was 76.8% in patients treated with minimally inva-
sive anterior lumbar interbody fusion with a supplemen-
tal pedicle screw system, compared with 70.9%. 

Nishizawa et al. reported on results following anterior
interbody fusion for lumbar degenerative spondylolisthe-
sis (19). The mean follow-up period was 11 years, 10
months. They found that the mean recovery rates were
76%, 80.9%, 81.6%, 73.1%, and 68.8%, in follow-ups at
1 year, 3 years, 5 years, and 10 years after treatment, and
at the final follow-up, respectively. Long-term results
showed some deterioration of functional outcomes in

patients treated with anterior interbody fusion (1,9,19).
The deterioration of the JOA score is thought to be attrib-
utable to age-related general weakness (1,9). 

Kim et al. reported six patients with degenerative
spondylolisthesis treated with anterior interbody fusion
(25). Their evaluation was a pain rating only: excellent,
good, fair, and poor, where there was little or no pain,
mild pain, moderate pain, and severe pain, respectively.
One, three, and two patients had excellent, good, and fair
results, respectively. Four patients were satisfied with the
surgical results. Functional results using the recovery
rates are summarized in Table 57-1. These results were
obtained from retrospective studies. 

The indications for anterior interbody fusion are dif-
ferent from those for posterior decompression with or
without posterolateral fusion or posterior interbody
fusion. Although reports from Japan have used the JOA
score and recovery rates, the instrument for functional
measures is also different from that reported in other
countries. It is questionable whether these functional
results of anterior interbody fusion are superior to those
of the posterior approach for patients with degenerative
lumbar spondylolisthesis. 

Radiologic Results

Inoue et al. performed anterior interbody fusion on 36
patients with degenerative lumbar spondylolisthesis to
remove the diseased intervertebral disc (4). They reported
a correction in sagittal malalignment with restoration of
disc space height in the majority of patients. Fusion was
successful in all single-level fusions and in 85% of dou-
ble-level fusions (4). Takahashi et al. found 4 cases of
nonunion in 10 patients treated with double-level fusions
(1,9). Nishizawa et al. reported that bony union was
achieved in 55 of 58 patients (95%), including fusion in
situ for 39 patients (67%), collapsed fusion for 16
patients (28%) and nonunion for 3 patients (5%). They
found that the recovery rate was 85% in patients with
fusion in situ, 66% in those with collapsed union, and
46% in those with nonunion (p < .05) (2). 
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TABLE 57-1. The periods of follow-up and recovery rates in anterior 
interbody fusion for degenerative lumbar spondylolisthesis

Mean follow-up Mean recovery 
Total period (mos) rates (%)

Takahashi et al. (1) 19 151 71
Satomi et al. (17) 27 38 77
Nishizawa & Fujimura (2) 58 63 78
Tanaka et al. (15) 18a 14 76.8
Nishizawa et al. (19) 27 142 68.8
Hirofuji et al. (11) 28 104 52.8

Total: 177 85 70.7
aMinimally invasive anterior lumbar interbody fusion with supplemental pedicle screw sys-

tem.



Satomi et al. reported that the average percentage of
vertebral slippage improved from 18.5% preoperatively
to 7.4% postoperatively in the anterior interbody fusion
group, and that the reduction rate of the slippage was
62.1% (16,17). Nishizawa et al. reported in their long-
term follow-up study that the union rate was 92.6% (18).
Nonunion was found in two patients treated with double-
level fusion; both had poor outcomes. In their series, the
average percentage of vertebral slippage improved from
19.1% preoperatively to 6.8% immediately after surgery,
and to 9.2% at follow-up. The mean collapse rate was
22.4% and was not related to the recovery rate. 

Rates of fusion reported in the literature are summa-
rized in Table 57-2. According to the definition of fusion
proposed by Fujimura (10), 16 patients (26%) were clas-
sified as collapsed fusion, where the collapse rate calcu-
lated from the disc heights immediately after surgery and
at follow-up was more than 20%. Forty-two patients
(69%) were classified as fusion in situ, where the col-
lapse rate was less than 20%, and three patients (5%) had
nonunion. The mean recovery rates were 86%, 67%, 47%
in fusion in situ, collapsed union, and nonunion, respec-
tively (10). 

Collectively, these reports demonstrate that anterior
interbody fusion for degenerative spondylolisthesis can
improve and restore the percentage of anterior vertebral
slippage and maintain the sagittal alignment at the
fusion level. It has been reported that the facet angle and
the spread ratio of the intervertebral disc space are fac-
tors influencing the collapse of bone grafts (26). In
patients with osteoporosis, some countermeasures are
required to prevent the collapse of bone grafts, due to a
small facet angle and the need to spread the interverte-
bral disc space excessively. If there is a suspicion of
incipient pseudoarthrosis, patients with spondylolisthe-
sis should be treated by fusion with either intralaminal
screw fixation or pedicle screw fixation, by posterior
spondylodesis, or by posterolateral fusion. The com-
bined use of bone graft substitutes, such as hydroxyap-
atite-based ceramic or an interbody cage, with autolo-
gous bone may prevent collapse of the grafting bone and

improve fusion rates and functional outcomes after ante-
rior interbody fusion.

COMPLICATIONS

Anterior interbody fusion involves an anterior retroperi-
toneal approach along with its attendant complications.
The most serious complication has been death because of
pulmonary embolism. Surgical injury to the presacral
sympathetic nerves may result in either retrograde ejacu-
lation or ejaculatory dysfunction. There is the possibility
of vascular injury through the anterior approach, espe-
cially in older patients with fragile vessels. Usually, this is
considered a temporary and very rare complication when
the retroperitoneal approach is performed. No procedure-
related complications were reported in two papers pub-
lished by Takahashi et al. (9) and Satomi et al. (17).
Nishizawa and Fujimura reported that 9 of 58 patients
treated with anterior interbody fusion had complications
including iliac donor-site pain (n = 3), wire breakage of
AO screwing and wiring (n = 2), liver dysfunction (n = 2),
deep vein thrombosis (n = 1), and pulmonary embolism (n
= 1) (2). Anterior interbody fusion may be also compli-
cated by injury to the lateral femoral nerve in connection
with harvesting of the bone graft. 

The iliac crest was used as the donor site. In 26 patients
treated with anterior interbody fusion, Nakai and Abe
found that 17 suffered complications: neurologic compli-
cation (n = 1); donor site complications (meralgia pares-
thetica (n = 7), fracture (n = 2); deep vein thrombosis (n
= 2); and edema in left leg (n = 4) (12). Rates of compli-
cations are summarized in Table 57-2. 

For anterior intervertebral fusion, bone graft substi-
tutes such as allografts or hydroxyapatite instead of autol-
ogous bone or an interbody cage may be useful to prevent
donor site complications. The rate of nonunion after an-
terior interbody fusion for patients with degenerative
lumbar spondylolisthesis has been previously described.
Anterior interbody fusion may result in enhanced degen-
eration in the adjacent segments of the fusion site. Long-
term follow-up is needed to assess possible disc degener-
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TABLE 57-2. Fusion rate, complications, and reoperation in anterior 
interbody fusion for degenerative lumbar spondylolisthesis

Total Fusion (%) Complications (%) Reoperation

Takahashi et al. (1) 39 35 (89.7) ND ND
Satomi et al. (17) 27 26 (96.3) ND ND
Nishizawa & Fujimura (2) 58 55 (94.8) 9 (15.5) ND
Tanaka et al. (15) 18a 18 (100) 0 (0) ND
Nishizawa et al. (19) 27 25 (92.6) ND 3
Hirofuji et al. (11) 28 28 (100) ND 3
Nakai & Abe (12) 26 25 (96.2) 16 (61.5) 2

Total: 223 212 (95.1)

ND, not described.
aMinimally invasive anterior lumbar interbody fusion with supplemental pedicle screw system.



ation, including herniated disc and instability. Nishizawa
et al. clearly demonstrated that the lesion of the adjacent
segments did not result from anterior interbody fusion,
because there were no significant differences in mobility
of the intervertebral disc space and in disc height between
the age-matched groups after the surgical and conserva-
tive treatments (19). 

We have reported that lumbar sagittal alignment influ-
ences the clinical outcome after decompression and pos-
terolateral spinal fusion for degenerative lumbar spondy-
lolisthesis (27). Even in patients treated with anterior
interbody fusion, imbalance of the sagittal alignment of
the spine may result in enhanced disc degeneration in the
adjacent segments. Further study is needed to evaluate
whether the sagittal alignment of the spine influences the
surgical result after anterior interbody fusion. Although
there can be serious complications such as pulmonary
embolism, the number of complication events is small. It
is important to evaluate complication rates in large series
and compare with the posterior approach to make clear
the effectiveness and safety of anterior interbody fusion
for patients with degenerative lumbar spondylolisthesis. 

CONCLUSION

The consensus throughout the literature about surgical
approaches is that anterior interbody fusion in the surgi-
cal management of degenerative lumbar spondylolisthe-
sis improves clinical outcomes and achieves solid fusion.
However, surgical indications for this procedure should
be limited because of the differing stages of degenerative
spondylolisthesis. Although several comparative studies
of anterior interbody fusion and posterior approaches
have been undertaken, the indication was different and
the results varied. Functional outcomes, fusion rates, and
complications should be compared for both the anterior
and posterior approaches. Prospective randomized stud-
ies addressing this issue have yet to be performed. The
role of new bone graft substitutes and interbody cages
should be made clear in anterior interbody fusion for
degenerative lumbar spondylolisthesis.
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CHAPTER 58

Decompression with Instrumented Fusion

Dilip K. Sengupta and Harry N. Herkowitz

A consensus has been formed that degenerative lumbar
spondylolisthesis with stenosis benefits from decompres-
sion, with significant reduction of radicular pain and
claudication, if nonsurgical treatment fails. But there is
no general agreement about the indications for fusion.
Indications for instrumentation are even more controver-
sial. Generally speaking, the goals for decompression are
to relieve radicular symptoms and neurogenic claudica-
tion. The goals for fusion are to relieve back pain from a
degenerated disc and elimination of instability. The goals
for instrumentation are to promote fusion and to correct
listhesis or kyphotic deformity.

INDICATIONS FOR INSTRUMENTATION

The factors leading to the decision for fusion and
instrumentation may be based on (a) preoperative condi-
tion and (b) intraoperative assessment of stability of the
motion segment.

There are four preoperative factors to consider:

1. Disc height
2. Degree of kyphosis
3. Degree of instability
4. Degree of listhesis.

There are four intraoperative factors to consider:

1. Extent of decompression procedure 
2. Previous laminectomy 
3. Adjacent segment disease
4. Available bone stock

Disc Height

When the disc height is completely collapsed to only 1
or 2 mm, then progression of the spondylolisthesis after
decompression is less likely (1). When the preoperative
disc height is greater than 2 mm, an instrumented fusion
is recommended to prevent progression of listhesis.

Degree of Kyphosis

Normal sagittal Cobb angle at the L4-5 level varies
between −8° to −17° (2). Degenerative spondylolisthesis
results in a relative segmental hypolordosis. Presence of
frank kyphosis is considered an indication of restoration
of lordosis. Instrumentation is always indicated whenever
a correction of deformity is intended at surgery.

Degree of Instability

Presence of abnormal motion at the listhetic segment
exceeding 5 mm is an indication for instrumentation to
achieve fusion. The best way to demonstrate the patho-
logic motion is controversial. The instability may be
assessed radiologically by flexion-extension films in
either supine or sitting posture. An alternate method is to
compare lateral radiographs in standing position versus in
a supine hyperextended position on a pillow. However,
even in absence of preoperative demonstrable motion,
many observers noted as much as 20% to 40% reduction
of listhesis, when the patient is positioned prone on table
after general anesthesia (3,4). 

Degree of Listhesis

Degenerative listhesis rarely exceeds grade I or grade
II. In occasional cases, listhesis may progress beyond
50%, even in absence of previous surgery. 

Degenerative listhesis following previous laminec-
tomy, or when involving an adjacent segment to previous
fusion may exceed grade II. An instrumented fusion is
indicated when listhesis exceeds 50%, whether or not a
correction of deformity is indicated.

Extent of Decompression

The stabilization structures in a motion segment
include the disc anteriorly, the facet joints posteriorly, and
the pars. The exact degree of instability engendered by a
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given decompression is difficult to predict. However,
previous reports in the literature show that removal of
one-third to one-half of the facet joints on both sides or
all of one facet joint at a given level is often tolerated,
without progression of the listhesis (5,6). Abumi et al. (7)
demonstrated in a biomechanical study in cadaver spine
that removal of greater than 50% of each facet joint led to
an unacceptable movement of the motion segment.
Therefore, when facet excision in excess of 50% in each
side is required for adequate decompression, an instru-
mented fusion is recommended. When adequate decom-
pression warrants violation of the pars, or bilateral dis-
cectomy in addition to partial removal of the facet joints,
progress of listhesis may be anticipated. An instrumented
fusion is indicated in such cases as well.

Recurrent Stenosis after Previous Laminectomy

Degenerative listhesis may progress beyond 50% in the
presence of previous laminectomy. Even if the listhesis
has not progressed, a revision decompression at the same
level often requires significant removal of the remaining
facet joints, indicating an instrumented fusion. On the
other hand, previous decompression surgery may achieve
a spontaneous facet joint fusion that may add stability
and may not need further fusion.

Adjacent Segment Disease

Degenerative lumbar spondylolisthesis with stenosis at
an adjacent level to a caudal fusion segment is subjected

to additional stress and is more likely to progress unless
instrumented.

Available Bone Stock

In order to achieve successful fusion without instru-
mentation, adequate bone graft needs to be applied on a
sufficiently large bed. In patients with small transverse
processes, meaningful transverse process fusion becomes
unlikely. To accomplish facet fusion disruption of the
facet joint capsule an articular cartilage is needed, which
predisposes to further instability. Instrumentation is indi-
cated in these situations to achieve fusion. Significant
osteoporosis is a contraindication to instrumentation.

TYPE AND EXTENT OF INSTRUMENTATION

Posterior Pedicle Screw Fixation Alone

Only posterior pedicular instrumentation is adequate
for most cases of degenerative lumbar spondylolisthesis
with stenosis, where instrumentation is indicated.
Although it is conventional to instrument both sides,
there has been no difference in the fusion rate or clinical
outcome after unilateral versus bilateral pedicle fixation
(8). For multilevel fusion it is preferable to instrument
both sides. End vertebrae should be instrumented, but it
is not mandatory to insert pedicle screws in all the levels
(Fig. 58-1). Many surgeons deliberately skip the middle
vertebrae during pedicle fixation, if the bone quality is
good and pedicle fixation appears firm at surgery. This

FIG 58-1. A: A 72-year-old female patient with degenerative spondylolisthesis at L3-4 and L4-5 seg-
ments presented with mechanical back pain and neurogenic claudication. B, C: Flexion-extension views
show translation at both the levels. (continued)
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reduces the cost of instrumentation as well as avoids
unnecessary complication associated with pedicle screw
insertion.

Selective Fusion

In the presence of multiple level spinal stenosis associ-
ated with degenerative spondylolisthesis it is not neces-
sary to fuse all the segments. In a prospective randomized
study in 45 patients with spinal stenosis without instabil-
ity undergoing decompression alone, decompression with
selective fusion or decompression with fusion of all the

segments, Grob et al. (9) found no difference in outcome
between the different groups. They concluded that
arthrodesis was not justified in the absence of radio-
graphically proven instability. Herkowitz et al. also sug-
gest decompression of all the symptomatic stenotic lev-
els, but instrumented fusion of only the listhetic segment
with instability (10) (Fig. 58-2).

Interbody Fusion

When correction of listhetic segment is intended
because of grade II slip or higher, or restoration of lordo-

FIG 58-1. (Continued) D, E: The patient was treated with decompression and posterior instrumenta-
tion fusion from L3 to L5 segments. Since L4-5 disc space was completely collapsed, no screw was
inserted at this level. F, G: At 2-year follow-up, the instrumented segments maintained stability. Consol-
idation of bone graft is difficult to interpret from these plain radiographs. H, I: Flexion-extension lateral
radiographs show no movement at the instrumented segment, indicating a possible fusion.
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sis is intended due to presence of frank kyphosis, only
posterior pedicle fixation may not be adequate. The pedi-
cle screws are subjected to excessive stress in these situ-
ations, unless supported by an interbody device. This may
be accomplished by either posterior lumbar interbody
fusion or by an additional anterior interbody fusion. 

An alternative to interbody fusion is to extend the
fusion to an additional segment caudally. For example,
correction of spondylolisthesis or slip angle at L4-5 level
may be achieved by additional interbody fusion of L4-5

level alone or by extending posterior pedicle fixation
from L4 to S1 levels.

Posterior Instrumentation without Fusion

A small but increasing group of surgeons prefer to use
soft stabilization procedures after decompression with
posterior instrumentation but without fusion. Gardner et
al. (11,12) described the Graf ligamentoplasty (13) pro-
cedure with long-term follow-up (11) in degenerated disc

FIG. 58-2. A, B: A 68-year-old male patient with mechanical back pain and neurogenic claudication.
Anteroposterior and lateral radiographs show degenerative spondylolisthesis at L4-5 segment and
stenosis at L3 to S1 segment. C, D: Flexion-extension lateral radiographs clearly demonstrate 5 mm
translation at L4-5 segment. E, F: The patient was treated by decompression from L2 to S1 segment,
but stabilization of the unstable L4-5 segment only. (continued on next page)
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diseases with or without spondylolisthesis. This proce-
dure involves attachment of a Dacron ligament to the
pedicle screws across the unstable segment. The disad-
vantage of this procedure is that it increases the lordosis
by compressing the posterior segment of the disc, which
may cause further narrowing of the foramen. The recently
described Dynamic Neutralization System (Dynesys)
implant (14), which involves insertion of a similar liga-
ment, but with a plastic cylinder around it, may produce
the distraction of the disc space. However, since the dis-
traction is produced by an implant lying posterior to the
axis of flexion-extension, this system may lead to loss of
lordosis. Restoration of lordosis of the motion segment
then depends on the muscle action by the spinal extensor
muscles. Mochida et al. (15) reported an innovative
method of posterior stabilization in which the Leeds-Keio
artificial ligament was used as a nonrigid implant to stop
movement in degenerative spondylolisthesis.

POSTOPERATIVE MANAGEMENT

The average duration of surgery for decompression
and instrumented posterolateral fusion is approximately 2
to 3 hours. Single-level fusion may be performed under
spinal anesthesia. The patients are mobilized to a chair on
the evening of surgery and ambulation begins the next
day with the help of physical therapy. Deep vein throm-
bosis prophylaxis is done by sequential pumps and com-
pression stockings around the legs and by early mobiliza-
tion. Braces are typically not used. Drains are removed in
the first or second postoperative day. The average hospi-
tal stay is 2 to 4 days. Most patients may be discharged

home. Some older adult patients may require inpatient
rehabilitation. The patients are advised against bending,
lifting, and twisting motion of the spine for 6 to 12 weeks.
Return to work may vary between 6 to 12 weeks depend-
ing on the nature of job. Nonsteroidal antiinflammatory
drugs should be avoided in all fusion patients.

RESULTS

Traditionally, the surgical management of degenerative
lumbar spondylolisthesis involves decompressive laminec-
tomy alone. Superiority of fusion over decompression
alone was being reported in the literature. A prospective
randomized study comparing the role of arthrodesis versus
decompression alone was lacking until 1991, when
Herkowitz and Kurz published a prospective study in 50
cases, comparing decompressive laminectomy alone with
additional intertransverse fusion for single level spinal
stenosis with degenerative spondylolisthesis. The results of
this study showed a significantly better outcome and a
lesser chance of progression of the slip in the fusion group. 

Several studies compared the role of instrumentation.
The critical issues in adding instrumentation to a fusion
are whether the fusion rate will increase and whether the
clinical outcome will improve. This must be balanced
against increased cost of the implants and potential com-
plications of instrumentation.

In a prospective randomized study in 124 patients
(including 56 with degenerative or isthmic spondylolis-
thesis) in 1993, Zdeblick (16) reported significantly bet-
ter fusion rate in the instrumented group. However, no
breakdown of the number of patients with degenerative

FIG. 58-2. (Continued) G, H: Anteroposterior and lateral radiographs at 3-year follow-up show the lum-
bar spine maintains stability, despite short segment fusion only.
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spondylolisthesis was made. Subsequently, Bridwell et al.
(17) reported a study on 44 patients who underwent
fusion after decompression for degenerative stenosis with
spondylolisthesis. They compared a decompression
group, decompression and uninstrumented fusion group,
and fusion with instrumentation group. The instrumenta-
tion group showed a much higher fusion rate, better func-
tional outcome, and improved restoration of sagittal
alignment compared to the uninstrumented group, (87%
and 30%, respectively). 

In 1994 Mardjetko et al. (18), in a meta-analysis of lit-
erature between 1970 and 1993, reviewed 25 papers on
degenerative spondylolisthesis, which met the inclusion
criteria. This study compared fusion rate and clinical out-
come between five groups, which were decompression
alone, decompression and uninstrumented fusion, de-
compression, and fusion with control instrumentation
(Harrington hook-rod construct, Luque segmental fixa-
tion with sublaminar wires), and decompression and
fusion with pedicle screws. They found a 69% satisfac-
tory outcome in the nonfusion group compared to a 90%
satisfactory outcome in the fusion group, which was sta-
tistically significant. The fusion rate in the instrumented
group varied from 93% to 96% and was significantly
higher compared to uninstrumented group (86%). The
clinical outcome (satisfaction rate) between instrumented
groups (86% to 90%) and uninstrumented group (90%)
was not significantly different. They concluded that
spinal fusion rate is enhanced by adjunctive spinal instru-
mentation, with no significant difference between control
devices and pedicle screws. Possibly, this reflected early
results of pedicle fixation, and also a difference in the
number of segments fused, with control devices versus
pedicle screws. 

Yuan et al. (19) published an historical cohort study of
2,684 patients with degenerative spondylolisthesis with
81% of patients being treated by pedicle screw fixation.
They observed a significantly higher and faster fusion
rate (89.1% versus 70.4%) in the instrumentation group,
and in addition, a better maintenance of spinal alignment.
The pedicle screw fixation group also demonstrated a
higher rate of neurologic and functional improvement
compared to the uninstrumented control group. Rechtine
et al. (20) reported a prospective study with instrumented
fusion for degenerative spondylolisthesis, and compared
the results with a literature-based control group of degen-
erated spondylolisthesis with uninstrumented in situ
fusion. They concluded that fusion was more than three
times more likely to occur with instrumentation com-
pared to the uninstrumented in situ fusion group.

Although these studies indicated a higher fusion and
better clinical outcome rate with instrumentation over
uninstrumented fusion, there was no conclusive evidence,
in absence of a prospective randomized controlled study.
Finally, Fischgrund et al. (21) presented a randomized
controlled study, comparing decompressive laminectomy

and fusion with or without spinal instrumentation using
pedicle screw in 67 patients with single-level degenera-
tive spondylolisthesis with stenosis. Clinical outcome
was excellent to good in 82% of the uninstrumented
group, and 76% of the instrumented group. The differ-
ence was not significant (p < .45). Successful fusion was
observed in 45% of the uninstrumented group, and 82%
of the instrumented group, and the difference was signif-
icant (p < .0015). Overall, successful fusion did not influ-
ence patient outcome (p < .435). They concluded that
instrumentation certainly improves fusion rate but not
necessarily improves clinical outcome. The long-term
implications of pseudarthrosis and adjacent segment dis-
ease in this patient population remain to be studied.

COMPLICATIONS

The potential complications of decompression and
pedicle instrumentation include wound infection, dural
tear, and complications related to malplacement of pedi-
cle screws. Recurrent stenosis and junctional stenosis
need further discussion.

Adjacent segment stenosis has been reported to be
around 42% in a long-term follow-up study of lumbar
fusion by Lehmann et al. (22). Whitecloud et al. (23)
reported a study of 14 patients with adjacent-level steno-
sis, treated with decompression and fusion. They found
an 80% pseudoarthrosis rate with uninstrumented fusion
compared to only 17% with instrumentation. 

Patel et al. (24) reviewed 42 cases in our institute that
required surgery for adjacent-level stenosis and found
that the symptom of adjacent-segment stenosis developed
more frequently and at an earlier period when the initial
surgery involved instrumentation compared to the unin-
strumented fusion. Of the 42 cases reviewed, 12 had an
uninstrumented fusion at the initial operation; they devel-
oped adjacent segment stenosis at an average of 143
months, compared to 30 cases with primary instrumented
fusion that developed symptoms at an average of 62
months. Adjacent segment stenosis was found to be more
frequent in the proximal segment. Some 24 cases had a
floating fusion; 20 developed stenosis at the proximal
level; 3 developed stenosis at the distal level; and one
case developed stenosis at both the adjacent levels. While
all these cases had decompression at the second opera-
tion, 33 of the 42 cases required extension of fusion to the
adjacent level. The authors suggested, in absence of insta-
bility and when no significant facet excision is necessary,
stenosis above a previous fusion may be treated with
decompression alone; otherwise, instrumentation is rec-
ommended.

Recurrent stenosis may also be produced by laminar
regrowth. Postacchini and Cinotti (25) reported some
degree of bone regrowth in 88% of cases treated with
laminectomy or laminotomy with or without fusion in 40
patients. They reported symptomatic restenosis in as
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much as 40% of cases with moderate or severe degree of
bony regrowth.

CONCLUSION

Although there is some consensus for indications for
fusion in the surgical treatment of degenerative spondy-
lolisthesis with stenosis, indications for additional instru-
mentation remain controversial. Generally, presence of
significant movement in the listhetic segment indicates
instrumentation. Any intention for correction of listhesis
or kyphosis of the listhetic segment warrants either inter-
body fusion or extension of fusion down to the sacrum,
with instrumentation. Recurrent stenosis of a previous
laminectomy level or adjacent segment disease often
indicates instrumented fusion. Instrumentation certainly
improves the successful fusion rate but there is no con-
clusive evidence that it improves clinical outcome. 
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CHAPTER 59

Degenerative Lumbar Spinal Stenosis with
Scoliosis-Kyphosis: Surgical Techniques, 
Results, and Complications

Hirokazu Ishihara and Hisao Matsui

Degenerative lumbar spinal stenosis with scoliosis is a
relatively new concept of the disease. In 1976, Arnoldi et
al. (1) defined the international classification of lumbar
spinal stenosis and nerve root entrapment syndromes. In
their classification, lumbar spinal stenosis was defined as
the following: congenital stenosis (idiopathic, achon-
droplastic) and acquired stenosis (degenerative, com-
bined, spondylolisthetic/spondylolytic, iatrogenic, post-
traumatic, Paget disease, fluorosis). The concept of
degenerative lumbar spinal stenosis with scoliosis had
not yet been described. Due to the longer life span and
greater expectations during this life span, the number of
patients being treated for this condition is increasing. It is
important to differentiate degenerative scoliosis from
other degenerative spinal stenosis syndromes because the
pathogenesis of nerve root or cauda equina compression
and treatment considerations are quite different. Despite
the number of studies that have focused on degenerative
lumbar spinal stenosis with scoliosis, considerable confu-
sion continues to persist as to the optimal method of the
treatment. This study defines the pathogenesis as well as
the appropriate surgical techniques for degenerative sco-
liosis based on the current literature and our surgical
experience.

PATHOGENESIS OF CAUDA EQUINA AND
NERVE ROOT COMPRESSION

Lumbar spinal stenosis refers to any narrowing of the
spinal canal, resulting in highly variable signs and symp-
toms. In addition to the central canal containing cauda
equina, there are three potential zones that may affect the
nerve roots: the lateral recess zone, the foraminal zone,
and the extraforaminal zone (2). Central canal and lateral

recess stenosis may occur with any one or a combination
of disc prolapse, facet degeneration and hypertrophy, lig-
amentum flavum hypertrophy or degenerative spondy-
lolisthesis, and may cause cauda equina and nerve root
compression. In addition to these changes, loss of lumbar
lordosis, an increase of apical rotation, lateral vertebral
slip, as well as foraminal stenosis as a result of disc col-
lapse, pedicle approximation and facet joint subluxation
(the superior articular process of the inferior vertebra
subluxates anteriorly and superiorly, diminishing the area
of the foramen) can occur with the progression of degen-
erative scoliosis (2). Hasegawa et al. (3), in a cadaveric
study, showed that significant foraminal stenosis is com-
monly associated with a foraminal height of 15 mm or
less and a posterior disc height of 4 mm or less. Nerve
root entrapments can also be caused by pedicular kinking
(the root is kinked and over stretched by downward pedi-
cle migration on the concave side concomitant with disc
collapse) (Fig. 59-1). Foraminal or extraforaminal disc
herniation can occur at the compression site (concave
site) of the curve (4) (Fig. 59-2). Thus, it is very common
for the nerve roots in the foraminal or extraforaminal
zone to be compressed in patients with degenerative sco-
liosis. Many authors have stated that nerve root compres-
sion is almost always seen on the concave side of the sco-
liosis (5–7), and L4 and L5 nerve roots are the most often
involved (8). We have analyzed the relationship between
nerve root compression and the pattern of the scoliotic
curve in 22 consecutive degenerative scoliosis patients.
L3 root was affected in 23% of patients; L4 root in 68%,
L5 root in 55%, and S1 root in 18%. Of these, both L3
and L4 roots and both L5 and S1 roots were affected in
23% and 18% of patients, respectively. L3 and L4 roots
were more compressed by foraminal or extraforaminal
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FIG. 59-1. A 54-year-old man complained of right leg pain. Neurologic examination indicated that the
symptomatic nerve roots were L3 and L4. Lumbar spine radiographs show a left lumbar scoliosis from
L1 to L4 of 23° with the apex at L3. A: On myelography, there is no remarkable compressive factor for
L3 and L4 roots. B, C: Right L3 and L4 radiculographies reveal the compression and elongation of the
nerve roots due to pedicular kinking.

A,B C

FIG. 59-2. A 76-year-old woman presented with right L4 radiculopathy. L4-L5 discography (A, B) and
computed tomography after discography (C) disclose L4-L5 foraminal intervertebral disc herniation with
leakage of the contrast medium to the right L4 root sheath.

A,B C



stenosis on the concave side of the curve, while L5 and
S1 roots were commonly affected by lateral recess steno-
sis on the convex side. The Cobb angle of the curve and
the lateral slip of the apex or next to the apex vertebra of
the cases in which L3 or L4 root was affected by forami-
nal or extraforaminal stenosis were significantly larger
than those of the cases in which L5 or S1 root was com-
pressed by lateral recess stenosis (8a).

DIAGNOSTIC STRATEGY

It is necessary to determine the symptomatic nerve
roots and their compressive factors. The symptomatic
nerve roots can be determined by the pain distribution,
neurologic findings, and nerve root infiltration using
lidocaine. In plain radiographs, the pattern of scoliosis,
such as the upper and lower end vertebrae, the apex ver-
tebrae, Cobb angle of the curve, and the rotation and lat-
eral slip of vertebrae are determined. Intervertebral disc
space narrowing, osteophyte formation, shortening of the
pedicles with pedicular thickening, and facet joint arthro-
sis are also important findings (6). Segmental instability
is assessed by lateral flexion-extension and anteroposte-
rior lateral bending radiographs (dynamic radiographs).
The generally accepted standard criteria for instability are
more than 4 mm of translation and more than 10° of
angularity when compared with the adjacent proximal or
distal levels (9).

The central canal and lateral recess stenosis are rela-
tively easy to diagnose by magnetic resonance imaging

(MRI) or myelograms, however, in foraminal or
extraforaminal herniation, discography, computed
tomography after discography (CTD), and nerve root
infiltration are necessary in addition to MRI and myel-
ography (Fig. 59-2). The use of CT allows detection of
bony encroachment on the foramen. Although the shape
of the foramen is not well seen on axial images,
parasagittally reconstructed images, including bony and
soft tissue windows, allow better definition of the pres-
ence of bony spurs arising from the posterolateral verte-
bral body or facet joint and extending into the foramen
(2). The parasagittal and coronal images of MRI may
allow visualization of the foramina along the length of
the lumbar spine. The most suggestive finding is a
paucity of perineural fat surrounding the nerve root on
T1-weighted images (10) (Fig. 59-3). However, scolio-
sis sometimes makes it difficult to read these images
correctly. Radiculography may show a filling defect or
deformity of the nerve root sleeves (Fig. 59-1). How-
ever, sometimes it may be difficult to demonstrate the
foraminal stenosis from the neuroradiologic point of
view. Foraminal stenosis is sometimes concluded based
on the negative findings (e.g., radiculography demon-
strated pain recurrence and disappearance after nerve
root infiltration by lidocaine), but no obvious root com-
pression was found in the lateral recess zone or
extraforaminal zone. It is also necessary to consider the
double crush syndrome (e.g., the same nerve root is
compressed at both the lateral recess zone and the
foraminal zone).
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FIG. 59-3. Coronal and parasagittal T1-weighted magnetic resonance images of a 70-year-old patient
with left L4 radiculopathy due to L4-5 foraminal stenosis. Note the presence of fat signal around the right
L4 root in a coronal image (A) or L2 and L3 nerve roots in a parasagittal image (B), but the absence of
fat signal around the left L4 root (arrow).
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INDICATIONS FOR SURGERY

Conservative treatment must be tried. Pitchett et al. (8)
stated that nonsteroidal antiinflammatory drugs reduced
symptoms in 54% of patients. Bracing, bed rest, exercise,
traction, and application of heat were effective in reliev-
ing pain in 46% of patients. Indications for surgery
include progressive neurologic deficit or severe pain that
is refractory to conservative treatments.

DECOMPRESSION ALONE

In 1974, Epstein et al. (11) first reported the surgical
treatment of nerve root compression caused by degenera-
tive lumbar scoliosis. Four patients between the ages of
58 to 80 years were followed for 6 to 18 months.
Laminectomy or hemilaminectomy was performed with
unroofing of the lateral recesses and foramina by medial
facetectomy or total facetectomy, and lasting relief of
pain was achieved. The authors concluded that because of
associated spondyloarthrosis, advanced disc degenera-
tion, and spontaneous interbody fusion in this age group,
the spinal column is stable and can tolerate facet removal.

San Martino et al. (12) also performed hemilaminec-
tomy, with foraminotomy and medial facetectomy in 12
patients and laminectomy with bilateral decompression
of multiple nerve roots including facetectomy in 8
patients. The patients were followed up for 4 years and in
16 patients the results were considered excellent with
return of function and no restriction regarding occupa-
tional activities. No patient suffered a recurrence of
major symptoms and no one required additional surgery.

On the contrary, Benner and Ehni (5) also performed
laminectomy, hemilaminectomy, and foraminotomy in 14
patients between the ages of 50 to 85 years. The results
were generally quite good and relief of radiculopathy was
obtained. However, occasionally low back pain and
sacroiliac pain persisted and four patients in this group
developed progression of scoliosis. These patients under-
went additional Harrington instrumentation and fusion.
Katoh et al. (13) compared the results of decompression
alone (fenestration, laminectomy, or hemilaminectomy)
and decompression with posterior fusion using Harrington
instrumentation in degenerative lumbar scoliosis. Three
patients were treated with laminectomy alone and seven
were treated with laminectomy and posterior fusion. The
mean age at surgery was 65 years (range, 54 to 75), and
the curve measured between 15° and 50°. At follow-up
(mean of 4.2 years), overall satisfactory clinical results
with pain relief and improved walking distance were noted
in the patients treated with laminectomy and posterior
fusion. However, all patients treated with decompression
alone needed reoperation because of recurrence of leg
symptoms due to the progression of scoliosis.

Recently, many papers have stated that with decompres-
sion alone, without any form of stabilization as the treat-

ment of degenerative scoliosis, additional problems usually
occur as does the progression of deformity. Such treatment
does not yield a long-term satisfactory result (14).

INDICATIONS FOR SPINAL FUSION

The selection criteria for which patients with degen-
erative scoliosis should be fused are not clear and are
somewhat controversial. The average age of the patients
is relatively high and a number of patients have some
complications such as hypertension, diabetes mellitus,
or heart problems. Thus, most surgeons prefer to avoid
an operative procedure that causes prolonged and exces-
sive bleeding.

Postacchini (15) stated that in a few older adult patients
who present little or no back pain with mild scoliosis,
there can be an indication for decompression alone; how-
ever, in patients who present with severe scoliosis and
low back pain, there is an indication for wide decompres-
sion and spinal fusion using pedicle screw instrumenta-
tion. Because back pain is related to a loss of lumbar lor-
dosis and trunk unbalance in severe degenerative
scoliosis, a primary aim of the surgery is the correction of
the curve and restoration of body balance. Hansraj et al.
(16) stated that the spinal fusion and instrumentation is
needed for degenerative scoliosis with a curve of greater
than 20°. Gelalis and Kang (9) stated that each patient
must be treated on an individual basis depending on the
age of the patient, whether there has been documentation
of progression of the scoliosis curve, the amount of low
back pain versus the amount of radicular symptoms, and
finally the experience of the spine surgeon. If the patient
predominantly has stenosis symptoms with a minimal
degree of scoliosis (less than 25° to 30°), in most
instances a simple laminectomy along with foramino-
tomy without fusion is all that is necessary and a good
outcome is achieved. If a patient has a more pronounced
deformity (greater than 30°), with any degree of lateral
translational listhesis, a fusion should be performed at the
time of decompression. This becomes especially true if
the main reason for the surgical treatment was to treat the
spinal stenosis symptoms (17). The surgeons nevertheless
must keep in mind the potential for destabilization of the
spine during the decompression procedure, particularly if
excessive amounts of facet joints are resected. However,
it is difficult to predict which patients with subtle degen-
erative scoliosis will develop progression of the defor-
mity after decompression surgery (9).

EXPANSIVE LAMINOPLASTY WITH
POSTERIOR SPINAL FUSION

Tsuji et al. (18,19) have developed lumbar expansive
laminoplasty. This technique provides reinforcement of
the stability of the lumbar spine as well as decompression
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of the nerve roots by expanding the cross-sectional area
of the spinal canal. The merits of this method are that it is
minimally invasive, applicable for older patients who
have other comorbid medical problems, and the use of
instrumentation can be avoided. However, the method is
limited to some extent in the decompression of the hinged
side; thus, indications are limited. It is impossible to cor-
rect the deformity by this method. We have applied this
procedure to treat lumbar spinal stenosis with scoliosis.

The spinous process is removed from its origin and
used as a bone graft. The lamina is cut wider as the outer
edge of the groove reaches the lateral one-third or one-half
of the facets. The groove at the hinged side is outlined as
a cone in the horizontal plane. Small holes are made in
each lamina and in the articular processes on the open side
using an awl, pusher, and perforator. The laminae are then
detached completely at the open side in order to obtain
sufficient rotation of the laminae. The lateral recess of the
spinal canal is trimmed, and the remaining ligamentum
flavum is removed completely. The medial facetectomy or
partial pediculectomy are added in case of necessity. The
bone grafts from the spinous processes are fitted into the
gap of the open side and held in place by No.1 nylon
threads. At least a 45° rotation angle of the lamina is nec-
essary. The cross-sectional shape of the canal is altered
from triangular to square. All of the open epidural space
between the laminae is shielded by free fat grafting. The

joint capsules are completely removed, and the lamina and
the articular processes are decorticated bilaterally, includ-
ing adjacent intact laminae, using a high-speed air drill.
Corticocancellous bone sticks from the posterior ilium are
carefully grafted (Figs. 59-4, 59-5).

Matsui et al. (20) reviewed the clinical and radiologic
results of 27 patients who underwent expansive lamino-
plasty with a mean follow-up of 5.6 years. There was
marked recovery of clinical symptoms, and nearly 80%
of patients obtained good or excellent results. Only one
patient (4%) required additional surgery, which involved
discectomy at the caudal level of the laminoplasty. Radi-
ographic evaluation revealed that postoperative changes
of scoliosis were slight both in the expanded area and at
the L1-L5 levels (Fig. 59-6).

DECOMPRESSION AND POSTEROLATERAL
FUSION (PLF) OR POSTERIOR LUMBAR
INTERBODY FUSION (PLIF) WITH PEDICLE
SCREW INSTRUMENTATION

Pedicle screw instrumentation is the best method to
fuse and correct the deformity, because it has the best
biomechanical advantage, acting through the three
columns of the spine and also providing the best fixation
in the bony substrate (14). Aebi (21) described the tech-
niques of degenerative scoliosis correction using the
Arbeitsgemeinschaft für Osteosynthasefragen (AO) inter-
nal spinal fixator system. The pedicle screws are inserted
into the pedicles of both neutral vertebrae and the apex
vertebra. The pedicles of the intermediate vertebrae are
then supplemented by additional screws. Next, complete
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FIG. 59-4. Lumbar expansive laminoplasty. Small holes are
made in each lamina and the articular processes on the
open side using an awl, pusher, and perforator. The bone
grafts from the spinous processes are fitted into the gaps of
the open side and held in place by nylon threads.

FIG. 59-5. In performing a posterior spinal fusion, the joint
capsules are completely removed, and the laminae and the
articular processes are decorticated bilaterally, including
adjacent intact laminae, using a high-speed air drill. Cortico-
cancellous bone sticks from the posterior ilium are carefully
grafted.



posterior soft tissue release over the involved spine is
achieved to mobilize the curve. The distracter is then
mounted on the concave side of the curve with attach-
ment being made to the end vertebrae screws. Gentle dis-
traction is performed with this device as the pedicle
screws in the apex vertebra and the screws in the remain-
ing intermediate vertebrae are used to mobilize the defor-
mity manually, segment by segment, through repeated
rotatory movements toward the midline. A long threaded
rod is inserted on the pedicle screws on the convex side
of the curve and fixed by a clamp. The apex vertebra is
derotated as far as possible by this mechanism. The sagit-
tal plane deformity, irrespective of the coronal plane
curve, can then be corrected by pushing forward or
pulling back on the pedicle screw. 

The author pointed out sagittal curve correction and
restoration of body balance are the most important fac-
tors influencing the incidence of low-back pain. The per-
sistence of a flat back after surgery clearly correlates with
continuous lumbar pain. Furthermore, the convexity of
the curve can be reduced by compressing the pedicle
screws of the neutral end vertebrae along the threaded rod
toward the apex vertebrae. The screws in the intermediate
vertebrae are tightened against the rod. The femoral dis-
tracter is removed and a second threaded rod with hinged
clamps is inserted into the screws on the concave side.
The screws in the remaining vertebrae are tightened in
the same manner as on the convex side. A bilateral PLF
using iliac crest autograft bone is then performed in a
routine fashion. Nerve root exploration and decompres-
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FIG. 59-6. A 76-year-old woman complained of left leg pain and low back pain. Neurologic examination
and root block revealed that her symptomatic nerve root was right L4. A: Lumbar spine radiographs
show a right lumbar scoliosis from L2 to L4 of 24° with the apex at L3. There is a 10 mm lateral slip of
L3 on L4 vertebra on the preoperative anteroposterior view. B: L3-5 laminoplasty with L4-5 medial face-
tectomy, L4 partial pediculectomy and posterior spinal fusion was performed. A 2-year follow-up antero-
posterior radiograph indicates that the posterior fusion is accomplished. Postoperative computed
tomography (CT) (D) shows that the spinal canal is enlarged into a rectangular shape, comparing with
preoperative CT (C).
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sion is performed after the spine is completely instru-
mented. 

Aebi (21) has performed this operation for 8 patients
who ranged in age from 44 to 74 years. The postopera-
tive follow-up time was 1 to 3 years. The curves ranged
from 22° to 48°. Seven of these eight patients subjec-
tively rated the overall outcomes of their surgery as
good or excellent and believed that surgery significantly
improved the quality of their daily life. One patient was
dissatisfied with the results and had expected greater
relief from pain. The overall correction of curves was
greater than 50%. There was no infection, no evidence
of pseudoarthrosis, and no instrumentation-related com-
plications.

Marchesi (22) reviewed the result of segmental pedicle
screw instrumentation in degenerative lumbar scoliosis.
The AO internal fixator was used for 9 patients and the
Cotrel-Dubousset (CD) instrumentation was used for 18
cases. Mean age at surgery was 60 years (range, 40 to 88),
and the curve measured between 22° and 82°. At follow-
up (mean of 56 months for the AO Internal Fixator and 42
months for CD instrumentation), the average curve cor-
rection was better than 50%. Overall, satisfactory clinical
results with pain relief and improved walking distance
were noted in 86% of the patients. Using this technique,
no postoperative deaths or neurologic deficits occurred.
Only a few complications and a 4% pseudoarthrosis rate
could be observed. 

Liew and Simmons (7,14) described the two general
techniques for correction of degenerative scoliosis. One
is a technique used for patients with short degenerative
collapsing curves with reasonably well-maintained lum-
bar lordosis or minimal loss of lordosis. This involves
some distraction on the concave side with the rod care-
fully contoured to maintain lordosis and a neutralization
rod on the convex side (Fig. 59-7). The other technique is
a rod derotation maneuver as used for patients with idio-
pathic curves. This technique is useful for patients with
longer degenerative curves and for patients with more
significant loss of lumbar lordosis. In these patients, the
derotation maneuver will convert the scoliotic curve in
the coronal plane into a lordotic curve in the sagittal
plane. The overriding principle for both of these tech-
niques is to end up with a spine that is balanced above the
sacrum with the areas that have been decompressed well
stabilized within the instrumented segments. Another
important principle is to avoid ending the instrumentation
at an area of junctional kyphosis or at a level of a spondy-
lolisthesis.

Simmons and Simmons have performed this opera-
tion for 40 patients with degenerative scoliosis. The
average follow-up was 44 months. Satisfactory outcome
was noted in 93%. The mean correction of the curve was
19°. No instrument-related failure or pseudoarthrosis
occurred (23). 

Zurbriggen et al. (24) also reported a surgically treated
series of 40 patients with degenerative scoliosis. The sur-
gical techniques applied consisted of decompression of
neural elements by laminectomy and partial scoliosis cor-
rection with CD instrumentation and PLF with autolo-
gous bone graft. The series included 18 males and 22
females with a mean age of 62.8 years. Final evaluation
was possible in 30 patients at a mean period of observa-
tion of 59.5 months. Following a very precise diagnostic
and therapeutic protocol, excellent, good, and satisfac-
tory results were obtained in 13 (43.3%), 16 (53.3%), and
1 (3.3%) patients, respectively. While scoliosis was con-
verted from a mean preoperative Cobb angle of 18.7° to
7.6°, mean preoperative lumbar lordosis was slightly aug-
mented from 37° to 41.5°. The results suggested that
maintenance or correction of lumbar lordosis is more
important than the correction of the scoliosis.

Oguma et al. (25) stated that PLIF using threaded tita-
nium interbody fusion cage with pedicle screw instru-
mentation was better to correct and maintain lumbar lor-
dosis. They compared the results of PLF with pedicle
screw instrumentation (15 cases) and PLIF using
threaded titanium fusion cage with pedicle screw instru-
mentation (35 cases) in degenerative scoliosis. The aver-
age follow-up period was 44 months, and successful
fusion was observed in all cases. There was no significant
difference about the correction and correction loss of sco-
liosis between PLF and PLIF cases. However, the mean
correction loss of lumbar lordosis was 13.2° in PLF cases
and 1.9° in PLIF cases.

The complications of these instrumentation surgeries
include blood loss, infection, nerve root or cauda equina
injury, and the pseudoarthrosis with or without instru-
mentation failure. The risk of adjacent segment degener-
ation is also higher when lengthy fusion with rigid instru-
mentation is performed. In a review of 125 patients,
Etebar and Cahill (26) noted a 14% incidence of sympto-
matic adjacent-segment degeneration after lumbar fusion
with pedicle screw instrumentation. A 78% incidence of
adjacent segment degeneration occurred after fusion
encompassing three or more segments.

CONCLUSION

The appropriate surgical techniques for degenerative sco-
liosis remain one of the most controversial topics in spine
surgery. It is important to determine the symptomatic nerve
roots and their compressive factors. The nerve roots in the
foraminal or extraforaminal zone are compressed fre-
quently by pedicular kinking, foraminal stenosis because of
disc collapse, pedicle approximation and facet joint sublux-
ation, or foraminal and extraforaminal disc herniation. The
decompression alone without some form of stabilization
usually will have additional problems and progression of
the deformity and will not yield a long-term satisfactory
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result. Expansive laminoplasty with posterior spinal fusion
or decompression and PLF or PLIF with pedicle screw
instrumentation will result in a successful outcome.
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CHAPTER 60

Nondegenerative Spondylolisthesis:
Epidemiology and Natural History,
Classification, History and Physical
Examination, and Nonoperative Treatment 
of Adults

James Rainville

Spondylolisthesis is defined as a displacement of a verte-
bral body on the one below it. The term is derived from
the Greek spondylos (vertebra) and olisthesis (a slippage
or falling). The term was first used by Kilian in 1854 (1),
though this spinal deformity was first described by
Herbinaux in 1782 (2). Both descriptions were in obstet-
ric literature as cases of severe anterior displacement of
the fifth lumbar vertebra on the sacrum that were noted to
compromise the pelvic inlet during labor and delivery. 

The most common direction of spondylolisthesis, and
the alignment abnormality that will be implied when the
term is used in this chapter, is a forward or anterior dis-
placement of the superior vertebral body, sometimes
referred to as anterolisthesis. Posterior vertebral displace-
ment termed retrolisthesis, and lateral displacement
termed laterolisthesis are also commonly observed
abnormalities of vertebral alignment. 

The intact neural arches of the lumbar vertebrae add sta-
bility to the spinal motion segments, in part through the
function of the inferior and superior articular processes of
the facet joints. In the lumbar region, anterior displacement
of the superior vertebra of each motion segment is resisted
through overlapping of its inferior articular processes with
the superior articular processes of the vertebra below (3). In
1855, Robert zu Koblenz first recognized that the presence
of spondylolisthesis indicated failure of this essential func-
tion (4). When spondylolisthesis is noted, a systemic evalu-
ation of the posterior aspect of the vertebra is required to
determine the cause of that failure. 

CLASSIFICATION OF SPONDYLOLISTHESIS

The causes of spondylolisthesis can be categorized into
distinct categories. Classification of spondylolisthesis
into five categories was derived from the collaborative
work of Wiltse, Newman, and MacNab (5), and expanded
into six by Wiltse and Rothman (6). The classification is
based on anatomic characteristics of the neural arch for
the first two types, and on acquired pathologic conditions
for the last four types. Following presentation of this clas-
sification, this chapter will focus mainly on issues rele-
vant to congenital and isthmic spondylolisthesis.

Type I: Congenital or Dysplastic Spondylolisthesis

Congenital abnormalities of the lumbosacral junction
can permit slippage of L5 on the sacrum. These are
divided into three subtypes.

Subtype IA

Here the articular processes of the facet joints are poorly
developed and have a horizontal (axial) orientation, mak-
ing them ineffective at preventing forward displacement of
the lumbar vertebra above (Fig. 60-1) (5). It is often
accompanied by spina bifida of L5 and S1. Although the
pars may remain unchanged in this type, critical narrowing
of the spinal canal could potentially occur if slip exceeds
25% as the posterior neural arch moves forward. However,
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usually the pars articularis is also hypoplastic and often it
either elongates or comes apart, thus preventing critical
canal narrowing (6). When abnormalities of the pars inter-
articularis are combined with this congential subtype, it is
difficult to distinguish this type from the isthmic spondy-
lolisthesis listed below (5).

Subtype IB

In this type the articular processes have a sagittal mal-
orientation but the neural arch is usually intact (Fig. 60-
2). The intact neural arch usually prevents high degrees of
forward slippage in this type (6).

FIG. 60-1. Type IA congenital spondylolisthesis
where the facet joints have a horizontal (axial)
orientation, making them ineffective at prevent-
ing forward displacement of the lumbar vertebra
above.

FIG. 60-2. Type IB congenital spondylolisthesis
caused by the articular processes having a sagit-
tal malorientation.
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A,B



558 / SECTION V/SPECIFIC CLINICAL ENTITIES

Subtype IC

This group includes all other congenital malformation
of the lumbosacral junction, including congenital kyphosis
due to congenital failure of vertebral body formation (6).

Type II: Isthmic Spondylolisthesis

In this type of spondylolisthesis, the location of struc-
tural failure is the pars interarticularis—the isthmus or
bridge of bone between the superior and inferior articular
processes of the neural arch. Two subtypes are recog-
nized.

Subtype IIA

By far, the most common abnormality of the pars inter-
articularis is a bony defect that completely disrupts its
integrity, termed spondylolysis [Greek: spondylos (verte-
bra) and lysis (loosening)] (Fig. 60-3). Spondylolysis can
occur bilaterally or unilaterally. When bilateral spondylol-
ysis is present, the inferior articular processes and the
lamina are structurally dissociated from the remainder of
the vertebra. This compromises the ability of the facet
joints to control vertebral movement and alignment at that
segment, thus allowing spondylolisthesis to occur (5). 

Subtype IIB

Spondylolisthesis can also result from elongation of
the pars interarticularis without separation (Fig. 60-4).

The elongation is thought to develop from repeated frac-
turing and healing of the pars that occurs as the vertebral
body slides forward (6). 

Type III: Degenerative Spondylolisthesis

Long-standing degeneration of the lumbar motion seg-
ment can lead to failure of the ability of the facet joints to
maintain normal sagittal vertebral alignment. This is dis-
cussed in Chapters 54 through 58.

Type IV: Traumatic Spondylolisthesis

This condition results from severe trauma, with acute
fractures often involving multiple parts of the pedicles
and neural arch. The resulting structural incompetence
allows forward slippage to develop over a period of
weeks or longer (6).

Type V: Pathologic Spondylolisthesis

In the presence of local or generalized bony disease,
abnormalities can develop in the pedicles and neural arch
leading to their failure to resist the forward thrust of the
upright spine, resulting in spondylolisthesis (6). Basu et
al. presented two cases of spondylolisthesis in patients
with osteogenesis imperfecta caused by pathologic elon-
gation of the pedicles (7).

FIG. 60-3. Type IIA isthmic spondylolisthesis caused by
bony defects of the pars interarticularis.

FIG. 60-4. Type IIB isthmic spondylolisthesis caused by
elongation of the pars interarticularis.



Type VI: Postsurgical Spondylolisthesis

During spinal surgery performed to decompress com-
promised neural elements, large amounts of the posterior
supporting structures including the facet joints can be
removed in order to obtain adequate decompression. In
approximately 4% of cases, this can lead to incompetence
of the neural arch and facet joints (and in some cases
stress fractures of the weakened inferior articular
process) and resulting spondylolisthesis (6,8). 

EPIDEMIOLOGY AND NATURAL HISTORY OF
SPONDYLOLYSIS 

Spondylolysis is an acquired condition, as it has never
been documented in fetal dissections or at birth (9–12).
Spondylolysis can occur soon after birth however and has
been reported in infants less than 1 year of age (13,14).
The majority of cases of spondylolysis are thought to
occur in young children. Radiographic screenings of chil-
dren entering first grade (ages 5 to 7) have identified
defects in 4.4 % of that population (13,15). By 18 years
of age, 6% of that same population was observed to have
spondylolysis, suggesting that an additional 1% to 2% of
people developed spondylolysis during later childhood
and adolescents (13). Few additional cases are thought to
occur throughout adult life, and the prevalence of 6% has
been documented in radiographic screening of large num-
bers of adult spines (16). Spondylolysis is almost twice as
common in males than females (7.7% versus 4.6%),
(13,17), and is more frequently seen in white than black
populations (12). 

Higher prevalence of spondylolysis has been reported
in some populations. Clinical studies of Alaskan Eskimo
and archeologic studies of some Eskimo and Native
American skeletons have noted a rate of spondylolysis of
ranging from 17% to 53% (18–20). Children and adoles-
cents aggressively participating in certain activities such
as gymnastics (21–23), throwing sports (23), football
(24), wrestling (25), dance (21), and swimming breast
and butterfly strokes (26) are suspected to have a higher
incidence of acute spondylolysis caused by the mechani-
cal stresses of those sports on the pars interarticularis. 

Spondylolysis occurs most frequently at the L5 verte-
bra, where about 90% of the cases are found, and then
with decreasing frequency at higher lumbar levels
(13,17,27).

Numerous factors have been implicated in the etiology
of spondylolysis. Wiltse suggested that the basic lesion
was a stress fracture of the pars interarticularis (28). His
theory postulates that significant forces were transmitted
through the pars interarticularis during vigorous activities
and that either from repeated minor trauma, or occasion-
ally after a single traumatic incident, a stress fracture
develops. When this stress fracture fails to unite, spondy-
lolysis results. Wiltse’s theory implies that the pars inter-

articularis of some individuals is structurally susceptible
to fracture under physiologic stresses that are common to
active children and adolescents. 

This theory has received some support by histologic
studies of the lumbar vertebrae of human fetuses per-
formed by Sagi et al. (29). They noted that after 12 to 13
weeks of gestation, ossific nuclei of the neural arch for
the lower lumbar vertebrae were present in the region of
the pars interarticularis and resulted in uneven distribu-
tion of trabeculation and cortication in these regions. This
results in the development of a potential area of weak-
ness, or a stress riser, that would be susceptible to failure
under repeated stress or micro trauma. Of interest, in the
upper lumbar spine, where spondylolysis is infrequently
observed, the ossific nuclei were noted to be at the base
of the pedicles and more uniform trabeculation of the
pars was observed (29). 

It seems likely that the upright posture and resulting
lumbar lordosis are required to deliver sufficient stress to
the pars interarticularis in order to induce spondylolysis.
This is supported by the lack of spondylolysis in the lum-
bar spines of neurologically impaired individuals who
have never walked (30), and the absence of neural arch
defects in any species other than humans, the only species
with lordosis in the lumbar spine (14).

A genetic predisposition to spondylolysis has long
been suspected. Relatives of index cases of spondylolysis
have been observed to have a greater incidence of this
finding that ranges from 19% to 69% (5,13,31–33). Per-
haps it is some morphologic feature of the pars interar-
ticularis that is genetically transmitted which results in a
predisposition to the formation of the pars defect
(28,31,33). 

EPIDEMIOLOGY AND PROGRESSION OF
SPONDYLOLISTHESIS

Radiographic evidence of spondylolisthesis is present
in many children and adolescents at the time of diagnosis
of spondylolysis. Fredrickson et al. noted spondylolisthe-
sis in 68% of children with spondylolysis detected by
radiographic screening at entry to first grade (13). For
those who developed spondylolysis after first grade,
Fredrickson et al. only noted spondylolisthesis in 35%.
Higher prevalence of spondylolisthesis may occur in
patients with spondylolysis who present for medical care.
Wiltse et al. suggested that spondylolisthesis developed
in about 50% of older children and adolescents who pre-
sented with symptoms of back pain suggestive of acute
spondylolysis (28). Studies headed by both Danielson
and Frennered noted spondylolisthesis in over 80% of
children who were evaluated in a hospital clinic for
spondylolysis (34,35). In contrast to these studies, Ishida
et al. observed a much lower rate of spondylolisthesis of
40% in a review of 325 radiographs of patients with
spondylolysis (36). 
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The degree of spondylolisthesis can be described in
several ways. The slippage can be quantified by measur-
ing the distance between the posterior borders of L5 and
S1 at the level of the superior end plate of S1. This mea-
surement is divided by the sagittal length of the inferior
end plate of L5 and expressed as a percentage (Fig. 60-5)
(34). At least 5% slippage must be present to confer a
diagnosis of spondylolisthesis (36). In clinical practice,
slippage is more commonly categorized into five grades:

grade I indicates slippage from 5% to 25%; grade II, 26%
to 50%; grade III, 51% to 75%; and grade IV over 75%
(Fig. 60-6) (37). Grade V, termed spondyloptosis, refers
to complete dislocation of L5 on S1. 

The vast majority of cases of spondylolisthesis (60% to
75%) are classified as grade I, with 20% to 38% classi-
fied as grade II, and less than 2% of all cases grade III,
IV, or V (17,36,38,39).

Progression of Slippage

Following diagnosis, substantial concern about possible
progression of spondylolisthesis is common. Fortunately,
progression of slippage has received considerable study. 

Evidence suggests that most progression of spondy-
lolisthesis occurs in the immature skeleton. In a follow-
up study of spondylolysis in children and adolescents that
did not heal with conservative treatment, Sairyo et al.
observed progression of slippage in 80% of children in
the cartilaginous stage of skeletal development, and in
17% during the apophyseal stage of development. After
skeletal maturity, no progression was noted (40). These
findings that connect slip progression with skeletal matu-
rity help explain the observation of others who have
noted that most progression occurs during childhood and
the early teenage years (13,41), and only minor progres-
sion occurs after skeletal maturity (42,43). 

Prognostic factors are lacking to predict progression of
spondylolisthesis (34,35). In a study of slip progression
of 311 young patients (less than age 30) with mean obser-
vation time of 3.8 years, no radiographic or demographic
predictor of progression could be found (34). When
observed, only rarely was the slip progression greater
than 20%. High initial slip correlated with a combination
of high slip angle, convexity of the upper end plate of S1,
low lumbar index and disc height reduction, but these
factors did not predict further slippage. Instead these fac-
tors are suspected to be the consequences of high-degree
spondylolisthesis (34). Participation in competitive sports
does not influence progression of spondylolisthesis (44).

Several recent studies have noted an anatomic finding
that may influence spondylolisthesis. It has been
observed that spondylolisthesis was rare in cases of
spondylolysis in which there was an increased vertical
thickness of the L5 transverse process (45,46). They
found that this increased thickness of the transverse
process was associated with increased size of the poste-
rior band of the iliolumbar ligament, and postulated that
this increased stability of the L5 vertebra, thus preventing
anterior displacement (45). The same findings were noted
to predict adjacent disc degeneration in older subjects
with spondylolysis. Those with slender L5 transverse
processes were found to have advanced degeneration at
L5-S1, and those with thicker transverse processes had
little degeneration at L5-S1 but advanced degeneration at
L4-5 (36). 

FIG. 60-5. The percent of slippage of spondylolisthesis is
calculated by measuring the distance between the posterior
borders of L5 and S1 at the level of the superior end plate of
S1. This measurement is divided by the sagittal length of the
inferior end plate of L5 and expressed as a percentage.

FIG. 60-6. Meyerding classification of spondylolisthesis into
grades is based on the amount of slippage of the superior
vertebral body on the vertebrae below.



Progression of spondylolisthesis in adults has been
noted in several studies. Spondylolisthesis may develop
or progress with advancing age, though the amount of
slippage is generally small (36,46). Fredrickson et al.
noted a slip progression of 2%, 5%, and 1% during the
third, fourth, and fifth decades, respectively (42). Floman
reported on a series of 18 spondylolytic patients present-
ing with back pain. He demonstrated progression of a
mean of 15% in vertebral slippage over an average of 7
years (47). In adults, disc degeneration at the level of the
defect occurs with greater frequency in individuals with
spondylolysis and spondylolisthesis (48,49), and when it
occurs is associated with slip progression (39,42,47).
Neither the degree of disc degeneration nor the amount of
spondylolisthesis is associated with the prevalence of
back pain (39) and no study has linked progression of slip
with pain symptoms.

Symptoms and Disability

It is apparent that the development of spondylolysis in
toddlers and young children produces only minor symp-
toms, if any symptoms at all, for complaints of back pain
are not acknowledged by the adults responsible for their
care. Because of this, the development of spondylolysis is
rarely detected in this age group (13,14,28). 

For older children and adolescents, back pain occur-
ring with the development of spondylolysis is a more
common complaint, especially in those with acute stress
reactions or acute stress fractures of the pars interarticu-
laris. The intensity of pain can range from mild to severe
(35), therefore, this diagnosis must be considered in all
children and adolescents presenting with back pain, espe-
cially those participating in aggressive physical activities
(28,35,50,51). Sciatica has been reported in a small per-
centage of adolescents with spondylolysis but neurologic
deficits are rare (13,35,42).

In adults, an association between spondylolysis and
spondylolisthesis with pain symptoms has been hard to
establish (17). The soft tissue at the site of spondylolysis
contains sensory nerve fibers and neuropeptides with
potential to generate pain (52,53). Several epidemiologic
studies (13,17,39,42), along with case series (38,47,49,
54–56) of subjects with spondylolysis and spondylolis-
thesis, confirm that some have back pain complaints.
Saraste observed that low back pain symptoms were more
frequently reported in the subpopulation of young adults
with spondylolisthesis of greater than 25% (grade 2 or
higher), with a high slip angle, with spondylolysis at the
L4 level, or with early disc degeneration (48). In contrast,
no relationship was noted between the grade of slippage
and back pain in older adults (39). Abnormal motion or
instability at the spondylolytic level has not been demon-
strated to occur in adults with back pain (57,58). Clearly,
most people with spondylolysis and spondylolisthesis are
asymptomatic, and the incidence of back pain in adults
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with these problems is similar to that in the population in
general (13,17,31,33,39,56,59,60). 

Some patients with spondylolisthesis develop progres-
sive neuroforaminal encroachment, most commonly by
disc material pushing upward toward the root from below
and trapping it under the pedicle above, that can ulti-
mately cause nerve root entrapment with resultant signs
and symptoms (Fig. 60-7) (61–63). The most commonly
involved roots are L5. The rate of occurrence of lumbar
radiculopathies in spondylolisthesis is not reported, but is
most likely quite low, but certainly not rare.

For women, spondylolysis and spondylolisthesis were
not found to be risk factors for pregnancy complications,
nor was pregnancy associated with slip progression or
increased low back pain symptoms (64).

Disability because of back pain is not more prevalent
in adults with spondylolysis and spondylolisthesis than in
the general public (38,39,60). In studies of young athletes
with spondylolysis and spondylolisthesis, frequent prob-
lems related to pain or disability were not observed, even
in those participating in contact sports (44,65). 

Regardless of the low frequency of symptoms with
spondylolysis and spondylolisthesis, some patients do
present with back pain or sciatica attributable to these
structural problems. When patients do develop symp-
toms, spondylolysis and spondylolisthesis may be con-
sidered within the context of the patient’s complex spinal
situation, and viewed as concurrent factors but not neces-
sarily the cause of symptoms.

PHYSICAL EXAMINATION

The physical examination in spondylolysis and spon-
dylolisthesis has few specific or sensitive findings.

FIG. 60-7. Neuroforaminal stenosis caused by disc material
entrapping the L3 nerve root under the pedicle above.



Detection of spondylolisthesis on physical examination is
difficult except in the rare cases of grade III or greater
slips. Here a “step off ” of the spinous processes can be
seen or palpated at the level of the spondylolisthesis. In
grade I and II spondylolisthesis, the “step off ” is much
more difficult to detect, and not a reliable finding in our
experiences. Painful trunk range of motion is often noted
with children and adolescents with symptoms from acute
spondylolysis. This is especially noted for trunk exten-
sion, as this motion shifts load to the facet joints and
neural arch and thus through the region of the pars (66).
Limitation of range of motion for trunk extension has
been observed (38,67), and palpation of the back may
reveal local tenderness at the lumbosacral junction (38).
Unfortunately, these findings are common to other spinal
disorders, and are not specific for spondylolysis. 

Neurologic deficits and positive straight leg-raising
tests are rarely found in cases of spondylolisthesis,
including cases with sciatica (38). When neurologic
deficits are noted, they usually involve the L5 roots that
can become irritated within their neuroforamina
(38,61,62). 

CONSERVATIVE TREATMENT OF ADULTS
WITH SPONDYLOLYSIS AND
SPONDYLOLISTHESIS

Spondylolysis and spondylolisthesis are often first
detected in adults when they present for evaluation and
treatment of back or leg pain complaints. When discov-
ered, these findings must be considered within the con-
text of the complete clinical picture, and only with cau-
tion should the patient’s symptoms be attributed to these
bony abnormalities. 

In general, evaluation and treatment of acute back pain
in adults with spondylolysis and spondylolisthesis should
follow recommendation for nonspecific low back pain,
including avoidance of bed rest and rapid return to activ-
ities (68–71). No studies have addressed the use of com-
monly prescribed medication, modalities, and manual
therapies for treatment of symptoms in this population.
Some researchers have advocated extension bracing for
adults with back pain including those with spondylolis-
thesis (72), but convincing evidence of efficacy is lack-
ing.

Exercise

Exercise is commonly prescribed for the treatment of
back pain. Several studies have evaluated exercise as a
treatment for back pain with associated spondylolysis and
spondylolisthesis. 

Möller and Hedlund randomized a population of 111
adults with isthmic spondylolisthesis to one of three
groups: an exercise program, posterolateral fusion, or
posterolateral fusion with transpedicular fixation (38).

The exercise group underwent a program consisting of
eight simple exercises that did not require equipment and
four exercises that required a pulley and leg press
machine. Exercises focusing on strengthening both the
back and abdominal muscles and postural training were
performed 3 times per week for 6 months, and then twice
a week for the next 6 months under the guidance of a
physical therapist. At 1- and 2-year follow-up, the exer-
cise group demonstrated a small reduction in pain, and no
change in disability. Both function and pain were signifi-
cantly better in the two surgical groups. Return to work
rates were similar for both groups at 2 years (54% versus
55%). 

Another study compared flexion versus extension exer-
cises in 48 adults with spondylolisthesis (73). The study
reports randomly assigning patients to different physi-
cians who prescribed (or perhaps preferred) either flexion
or extension exercises. Flexion exercises consisted of
pelvic tilts and the seated chest to thigh maneuvers, and
extension exercises consisted of upper trunk extension
and hip extension performed in the prone position. The
study does not report on the type of instruction, the fre-
quency and duration of the exercises, exercise compli-
ance, or the methods used for conducting follow-up.
Short- and long-term results strongly favored the flexion
exercise group. Unfortunately, methodologic shortcom-
ings make the findings interesting but in need of further
study before full endorsement of flexion exercises can be
given.

O’Sullivan et al. studied stabilization exercises in a
group of patients with chronic back pain and spondyloly-
sis or spondylolisthesis (74). They randomized 44
patients to a specific stabilization exercise treatment or
uncontrolled care directed by their treating practitioner.
The stabilization exercise group underwent 10 weekly
sessions of physical therapy aimed at training the specific
contraction of the deep abdominal muscles, namely the
internal oblique and the transverse abdominus with coac-
tivation of the lumbar multifidus muscles, presumably
selectively proximal to the pars defect. After accurate pat-
terns of co-contractions were achieved, these were incor-
porated into daily activities. The control group received
variable exercises and passive treatment. Their results
showed that the stabilization exercise group experienced
significant reduction in pain intensity and disability
scores compared to the control group. These results were
maintained at 30-month follow-up. 

Rainville and Mazzaferro reported on a group of 48
patients with spondylolysis and spondylolisthesis with
chronic low back pain who were treated with exercise
(75). This exercise program was based on the functional
restoration model, where physiologically intensive exer-
cises are prescribed to eliminate impairments in trunk
flexibility, strength, and endurance. The exercise program
was not altered because of the presence of spondylolysis
and spondylolisthesis Exercises were supervised by a
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physical therapist, consisting of resistive training, stretch-
ing and endurance activities, and were done in both flex-
ion and extension directions. Patients were encouraged to
continue exercising in the presence of tolerable pain (76).
Treatment time averaged 6 weeks. Outcomes included
measurements of flexibility, strength, pain, and disability.
Significant improvements in flexibility and strength were
noted, and were similar to those observed in patients
without these abnormalities. During treatment, pain score
decreased by an average of 36%, and disability scores by
46%. Long-term outcomes were not reported. 

Injections

The use of spinal injection for the treatment of spondy-
lolysis or spondylolisthesis has not been studied. Some
clinicians do use injection with corticosteroid or local
anesthetic agents into the facet joints adjacent to the pars
defects, and others directly into the pars defects as poten-
tially therapeutic interventions for back pain symptoms in
these patients, but efficacy has not been validated. Some
clinicians use selective injections as tools to diagnose the
specific pain generator in spondylolysis. The lack of joint
capsules at the pars defects, and the potential for uncon-
trolled spread of injected material may limit the conclu-
sions that can be drawn regarding specific pain genera-
tors from these injection procedures (77,78). 

In cases of radicular pain and foraminal stenosis, selec-
tive nerve root blocks with local anesthetic agents or cor-
ticosteroids may be used to try to confirm the source of
pain generation or to treat the radicular symptoms. We are
unaware of any studies that address this procedure in
spondylolysis and spondylolisthesis.

CONCLUSION

Conservative treatment options for adults with pain
symptoms and spondylolysis and spondylolisthesis have
received sparse study. In general, following the common
treatment guidelines for back pain seems merited. Some
evidence suggest that exercise may be useful, with pro-
grams using flexion exercises, spine stabilization, and
aggressive stretching and strengthening all having some
advocates. Diagnostic and therapeutic selective spinal
injections may be of some use, but have not been studied
in this population. 
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CHAPTER 61

Imaging in the Evaluation of Lumbar and
Lumbosacral Spondylolysis and
Spondylolisthesis

Stephen L. Gabriel Rothman and Leon L. Wiltse

Spondylolysis and spondylolisthesis continue to fascinate
the medical community, with an ever-increasing mass of
information being published each year (1). As imaging
techniques become more sophisticated, more detailed
information is available to the clinician. Thin section
computed tomography (CT) with reformations (2,3) and
magnetic resonance imaging (MRI) allow detailed analy-
sis of the abnormal motion segment as never before. This
chapter reviews the classification of spondylolisthesis
and spondylolysis and illustrates how modern imaging
studies have expanded our understanding of the group of
disorders.

ANATOMIC CLASSIFICATION

The classification adopted here is based primarily on
the previous work of Wiltse et al., slightly modified from
previous editions of the compendium. The classification
is anatomic without regard to underlying etiology. 

1. Congenital 
A. Juvenile dysplastic spondylolisthesis—This is

type of spondylolisthesis occurs in young chil-
dren. The articular processes of the affected
motion segment are axially oriented. The anom-
alous articular processes are often associated
with spina bifida of the upper sacral segment.
This unstable anatomic situation may lead to for-
ward slippage (4,5).

B. Adult facet misalignment—Congenital or devel-
opmental asymmetry of the articular processes
occurs in two general forms. The articular
processes may be sagittally oriented and therefore
parallel to one another or they may be anomalous

in their orientation and asymmetric (Fig. 61-1). In
both of these instances, the articular processes are
free to glide forward one upon the other causing
slippage in adult life as the joints begin to degen-
erate.

C. Other congenital anomalies of the lumbar spine
allow spondylolisthesis to occur. Congenital
kyphosis is the most common anomaly (6).

2. Isthmic spondylolisthesis—The lesion is within the
pars interarticularis. There are three variants.
A. Lytic spondylolisthesis—The most common type

of spondylolisthesis is a stress fracture of the pars
interarticularis that has not healed (7). 

B. Healed lytic spondylolisthesis—Slippage is due
to elongated pars interarticularis caused by heal-
ing of a previous stress fracture of the pars.

C. Acute fractures of the pars. These are very rare
and are associated with other fractures of the
neural arch or articular processes.

3. Degenerative spondylolisthesis—This type is due to
articular subluxation caused by 4. Postsurgical
spondylolisthesis.
A. Slippage due to surgical removal of most or all of

the articular processes.
B. Postoperative stress fractures of the base of the

articular processes at the junction with the lam-
ina. This occurs in patients with extensive partial
facetectomy.

5. Posttraumatic spondylolisthesis—This condition is
always due to very severe trauma of the neural arch
other than the pars.

6. Pathologic spondylolisthesis—Slippage is due to
deformity of the pars caused by a bone softening dis-
ease.
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TYPES OF SPONDYLOLISTHESIS

Congenital Spondylolisthesis

Type A

Congenital spondylolisthesis of the lumbosacral area
in young children is due to hypoplasia or dysplasia of the
superior sacral segment. This most commonly manifests
itself as a combination of spina bifida occulta of S1 and
deformity of the sacral articular processes. The superior
articular processes of the sacrum are axially oriented and
very short. There is concomitant deformity of the inferior
articular processes of L5 (Fig. 61-2). The inferior articu-
lar processes of L5 parallel the horizontally oriented
sacral facets. This axial orientation produces a pair of
joints, which allow forward slippage, because the articu-

lar processes cannot check the forward gliding of L5 on
the sacrum. With flexion, the weight of the body bearing
down upon the axial-oriented facets causes forward
deformity and spondylolisthesis. The pars interarticularis
remains intact in this disorder. Consequently, if the slip-
page significantly exceeds 35%, cauda equina compres-
sion is likely to occur. This manifests itself as tightness of
the hamstrings.

On occasion there may be more pronounced anomalies
of the first sacral segment and L5. The more the sacrum
is hypoplastic the more likely there is to be slippage.
Zembo et al. (8) reported a series in infants, two of who
had the condition at birth. These lesions are different
from congenital kyphosis, which usually occurs in the
thoracolumbar area.

Type B

Adult congenital spondylolisthesis is a disorder of the
articular processes. Slippage probably occurs because of
an unstable orientation of the articular processes (Fig. 61-
3). Typically, the articular processes are sagittally ori-
ented. In most normal people, a line drawn along the
plane of the joint surfaces of the lumbosacral facets will
intersect within the spinal canal or vertebral body.
Because of this orientation, the inferior articular
processes prevent excessive forward gliding of the supe-
rior articular processes upon flexion. There is bone
against bone contact throughout the range of motion.
When the articular processes are sagittally oriented, there
is no bone on bone contact in flexion. The soft tissues of
the joint capsules bear the force of flexion and allow for-
ward subluxation. In some patients, the articular
processes are parallel to each other. This may also allow
spondylolisthesis.
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FIG. 61-1. Elongated but intact pars: A: Lateral radiograph showing elongation of the pars. There is no
localized callus formation and no clear signs of pseudarthrosis. There is no open pars defect. B: Axial
computed tomography scan shows dysplasia of the articular processes.

A B

FIG. 61-2. Congenital spondylolisthesis. Frontal radiographs
on a patient with flat, axially oriented articular processes.
Note the hypoplasia of the superior surface of the sacrum
with spina bifida occulta.



Type C

Other severe congenital anomalies may be associated
with spondylolisthesis. Congenital kyphosis is the most
common member of this group. Congenital failure of for-
mation of a vertebral body, congenital failure of segmen-
tation, and combinations of complex anomalies may all
lead to spondylolisthesis (9). 

ISTHMIC SPONDYLOLYSIS AND
SPONDYLOLISTHESIS

Spondylolysis is one of the most common disorders of
the lumbar spine. It is firmly established that lytic defects
of the pars interarticularis are stress fractures of child-
hood. There are fewer than five reported cases of spondy-
lolysis in very young children. There is a report on a child
of 8 months with a defect in the pars interarticularis
whose father had a similar lesion (10). Boukow and
Kleiger (11) reported on a child whose defect was diag-
nosed at 4 months of age. 

The fractures typically begin to make their appearance
around the age of 5. There is an occurrence peak between
the beginning of kindergarten and the end of the second
grade. Baker and McHolick (12) and Frederickson et al.
(13) reviewed radiographs on a large number of children
at approximately 5 years of age and again 2 years later.
Approximately 4.4% of children developed pars defects
in this age group. The same authors reviewed films on the
same group of patients and proved that approximately 2%
more will develop spondylolysis by age 19, with a peak
in the teenage years. 

Spondylolysis is not caused by a single traumatic
event. It is due to the repeated stresses of life. In
teenagers, there is usually a history of sports-related back
pain. The disorder is extraordinarily common in gym-
nasts, divers, and other participants in bending and twist-

ing activities. The etiology is unknown. There is a defi-
nite genetic propensity for developing pars fractures.
Approximately 30% of Northern Slope Alaskan Eskimos
have defects in the pars. There are numerous publications
documenting the incidence in other populations.

IMAGING ANALYSIS

In children, the diagnosis of spondylolysis can be
made with regular X-rays or nuclear bone scan. The
evolving fracture is obvious, especially on single photon
emission computed tomography (SPECT) scans. It is not
often that CT or MRI is necessary. It is possible to differ-
entiate recent, evolving pars fractures from subacute and
chronic lesions by CT. In the acute phase, the fracture line
is sharp and jagged. As the lesion progresses the edges of
the fracture become indistinct. Although pars fractures
can be identified on almost any imaging study, CT is the
procedure of choice for defining the subtleties of the
bony abnormalities. It is usually possible to define nearly
all the bony abnormalities on MRI but it requires more
interpretive skill and high-quality images. Subtle signal
changes can be seen in the pars on MRI during the acute
phase similar to other fractures but they are hard to
define. Bright signal is noted on the T2-weighted
sequences in the pars and adjacent lamina and pedicle.
Low signal is noted on the T1 scans. Abnormal signal
within the pars and adjacent pedicle may be the earliest
signs on MRI even before the fracture is obvious. There
is occasionally abnormal signal noted within the adjacent
pedicle in adults with spondylolysis. This is thought to
represent increased fat in the marrow space (Fig. 61-4).

L5 Spondylolysis

Having reviewed MR images and CT scans on more
than 3,000 patients with spondylolysis and spondylolis-
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FIG. 61-3. Adult congenital spondylolisthesis. Axial computed tomography scan (A) and sagittal refor-
mation (B) reveal abnormal orientation of the articular processes. The right articular processes is sagit-
tally angulated and the left is hypoplastic.
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thesis, a theory has evolved regarding the etiology of
stress fractures of the neural arch. It has long been real-
ized from routine radiographs, that anomalies of the
superior sacral segment were very common in spondylol-
ysis. Spina bifida occulta, for example, is extremely com-
mon. What was not obvious from regular X-rays is that
another manifestation of superior sacral dysplasia is
hypoplasia of the superior articular processes of the
sacrum. 

Children who develop pars fractures between the ages
of 5 and 7 rarely have any clinical signs. The diagnosis
was made based on imaging studies. Teenagers who
develop pars fractures will usually have back pain.
Nuclear bone scans in this painful period will be posi-
tive because of the body’s attempt to heal the fractures.
It is therefore reasonable to presume that there must be
some difference in the cause or mechanism of fracture
development. 

A review of 250 consecutive reformatted CT scans of
the lumbar spines in patients with L5 spondylolysis
revealed two distinct anatomic patterns that suggest a uni-
fying theory of the etiology of pars fractures and appears
to explain the difference in clinical presentation.

Axial CT scans on patients with L5 spondylolysis
reveal that approximately two-thirds will have hypoplas-
tic superior articular processes of the first sacral segment
(Fig. 61-5). Other minor and occasional major anomalies
are also noted in this group of patients. Spina bifida
occulta is the most common. One-third of patients with
L5 spondylolysis have normal articular processes and
neural arch (Fig. 61-6). This ratio of two-thirds with
hypoplastic facets and one-third with normal facets is the
same ratio Frederickson et al. (13) showed between the
occurrence rate peaks in young children between the ages
of 5 and 7 and the second teenage peak. We believe that
this is not mere happenstance. 
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FIG. 61-4. A: Axial T1-weighted magnetic resonance (MR) scan with abnormal bright signal with the
pedicles adjacent to pars defects. B: Sagittal T2 MR scans show similar bright signal within the pedicle
and adjacent bone.
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FIG. 61-5. Axial computed tomography scans
showing marked symmetric hypoplasia of the
sacral articular processes with forward slippage of
L5 on the sacrum.



In our series, the teenage patients with a known history
of vigorous sports activity always had normal neural
arches and normal sacral articular processes. None of the
patients with an obvious sports-related clinical syndrome
had hypoplastic articular processes. We were able to scan
a number of children early in the course of a bout of
severe back pain. In some of these children, recent frac-
tures with sharp edges were visualized on the sagittal
reformations. In several instances, fracture lines were
visualized that had not gone completely through the pars.
They always occurred in the same location. The fracture
was always open on the inferior surface on the pars. The
superior surface of the pars was intact. Several of these
children had follow up CT scans. In some cases the par-
tial fracture was seen to progress to complete fracture. In
some cases, the fracture was noted to heal. Figure 61-7
depicts a CT scan on a child who presented with recent
back pain. The nuclear scan was positive unilaterally.
Note the unilateral partial fracture of the pars on the axial
images and the sagittal reformations. Approximately one
month later, the scan was repeated because of increasing
back pain. The repeat scan demonstrated bilateral open
pars fractures. Contrast this with the pair of scans in Fig-
ure 61-8. This child was also scanned because of recent
onset of severe back pain and a unilaterally positive bone
scan. On the initial scan, a fracture is noted extending
superiorly from the undersurface of the pars extending
upward toward the pedicle but completely through the
bone. A follow-up scan approximately 6 weeks later
showed that the fracture had healed. The pars was scle-

rotic and slightly deformed. A small residual deformity
was noted at the most inferior edge of the pars where the
fracture began. This pattern of healing is quite common. 

None of the patients with pars fractures, which were in
a phase of active healing, had hypoplastic articular
processes. According to Frederickson et al. (13), none of
the children in their series who developed spondylolysis
between the ages of 5 and 7 had any low back symptoms.
We believe that the finding of hypoplastic articular
processes on the CT or MRI scan indicates that the
spondylolysis developed silently between the ages of 5
and 7. This would account for all the CT observations.

Unilateral Spondylolysis

A series of CT scans was reviewed on adult patients
with unilateral spondylolysis. There are two possible
causes for unilateral spondylolysis in adults. Either the
patients had a single stress fracture that failed to heal or
had bilateral stress fractures that healed on only one side.
It is certainly probable that both scenarios occur (as we
have shown previously two patients, one of whom healed
the fracture and one who went on to develop bilateral
fractures). We suspect that most adult patients who are
diagnosed with unilateral spondylolysis originally had
bilateral fractures with healing on one side. The evidence
for this is twofold. The most telling fact is that there is
frequently sclerosis and deformity of the contralateral
neural arch in patients with unilateral spondylolisthesis
(Fig. 61-9). This may be so striking as to be confused
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FIG. 61-6. A: Axial computed tomography scan demonstrates normal sacral articular processes and
spondylolysis. B: Sagittal reformation shows the normal position of the superior articular process of the
sacrum with respect to the pars.
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FIG. 61-7. Pars fracture in evolution A: Axial computed tomography (CT) taken near the onset of back
pain. There is a unilateral right-sided pars fracture. The left pars is intact. B: Axial CT scan approxi-
mately 6 weeks later now shows bilateral pars fractures. C: Sagittal reformation of the first scan. The
fracture line extends superiorly from the tip of the sacral articular process but does not extend com-
pletely through the pars. D: Sagittal reformation of the second scan. The fracture now extends com-
pletely through the pars and the defect has completely widened. The opposite pars looked identical.
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FIG. 61-8. Pars fracture in evolution. A: Axial computed tomography (CT) scan shows a very subtle
lucency within the right pars (arrow). This is the evolving pars fracture. B: Sagittal reformation. The frac-
ture extends partially through the pars pointing superiorly from the tip of the normal size sacral articu-
lar process. C: Sagittal reformation performed on a second CT scan done several months later shows
that the fracture line has shortened and the bone is more sclerotic indicating healing.
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with osteoblastoma, the most common hyperostotic
benign lesion of the neural arch. The explanation in the
older literature was that the thickening of the neural arch
and prominence of the trabeculae was due to the “stress
effect” on the contralateral lamina. Based on CT obser-
vations on the many other neural arch stress fractures that
will be discussed subsequently and on the numerous
cases of proven healed spondylolysis, it seems obvious
that this is not correct. Rather the sclerosis is due to a
healed pars or laminar fracture.

The second interesting observation is that the majority
of patients with unilateral spondylolysis have unilateral
hypoplastic sacral articular processes. Occasionally the
entire hemilamina is hypoplastic (Fig. 61-10). When we
tabulated our data on this group of patients, we found the
same two-thirds to one-third ratio of hypoplastic facets
that was noted in the bilateral pars group. Remarkably, in
the group with hypoplastic articular processes, the
hypoplastic facet was always on the side of the open pars
defect. 

Healed Spondylolysis

We easily diagnose patients with open pars defects and
spondylolisthesis, as their abnormality is obvious.
Patients with healed spondylolysis may be very difficult
to diagnose. These patients have sustained injury to the
lumbosacral motion segment. This may very well lead to
early disc degeneration. The deformity of healed pars
defects is less well known and may only be seen on high-
quality reformatted CT scans. There is usually residual
deformity with bone sclerosis. There are numerous adult
patients whose CT scans reveal sclerosis and subtle
deformity of the pars. This has been termed “hockey
stick” deformity and usually represents healing of the
fracture with slight lengthening of the pars. The older lit-
erature describes many patients with a diagnosis of con-
genital spondylolysis with intact neural arch. While this
probably occurs due to microfractures that do not actually
separate, we believe that the great majority of these
patients have healed bilateral spondylolysis. The subtle
changes of healing are obvious on high-quality reformat-
ted CT. The previous generations of researchers could not
possibly see these minor abnormalities commonly on reg-
ular radiographs.

There are two common patterns of healing definable
by CT. The healing fracture may unite in situ with little or
no slippage. The bone will appear sclerotic as previously
demonstrated in Figure 61-8. That scan showed a fracture
in the process of healing. A hint of the residual fracture
line was seen in that patient and may remain for a long
time. In adults with old healed spondylolysis, the pars
will be sclerotic and usually deformed in the shape of an
inverted hockey stick. In those instances, the fracture
heals across the entire width of the fracture line. The CT
scan in Figure 61-11 demonstrates the characteristic
changes of this type of fracture healing. In some patients,
the entire length of the fracture may not heal. Ossification
of the ligamentum flavum (which is also the joint capsule
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FIG. 61-9. Unilateral spondylolysis. Axial computed tomography scans demonstrate open pars defect
on the right side and a dense, sclerotic lamina on the left. The lamina is diffusely thickened.
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FIG. 61-10. Hypoplasia of the lamina and articular process
on the side of an open pars defect. Axial computed tomogra-
phy scans reveal a normal left articular process and lamina.
The right lamina is hypoplastic and there is no recognizable
joint.
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FIG. 61-11. Healed pars fracture in adults.
Axial computed tomography demonstrates
thickening and deformity of the pars. A
faint residual line is noted in the area of
the previous fracture.

FIG. 61-12. A: Axial computed tomography scan on a
patient with bilaterally healed pars fractures. The left pars
and lamina are diffusely sclerotic, enlarged, and deformed.
The entire length of the fracture has closed as in the previ-
ous figure. The right pars defect is still visible laterally but
fused medially by a bridge of bone. B: Sagittal reformatted
scan showing a portion of the residual open defect and the
dense, downward projection of the bridge of bone which has
formed in the ligamentum flavum.
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of the zygapophyseal joint) may ossify and produce a
medial projecting bridge of bone bridging the pars defect.
This bar of bone may extend inferiorly into the neural
foramen and compress the exiting L5 nerve (Fig. 61-12).

ADULT SPONDYLOLYSIS AND
SPONDYLOLISTHESIS

It is virtually unheard of to find a patient over the age
of 20 with recent pars fractures without other major
trauma to the motion segment. One must consider the
adult pars defect a pseudarthrosis. CT will therefore
demonstrate the findings typical of a pseudarthrosis.
Adult pars defects have smooth edges, much as we would
expect from any pseudarthrosis. Disorganized callus is
commonly seen projecting into the spinal canal. 

The overwhelming majority of patients with spondy-
lolysis are diagnosed as adults. They present with back
pain, leg pain, or both. Frequently, the spondylolysis is
unrelated to the cause of the back or radicular pain, which
may be coming from an acute process at a higher level. In
adults with a diagnosis of spondylolysis made in child-
hood, spinal imaging is usually performed for the eluci-
dation of the causes of neural compression or for plan-
ning operative intervention. 

Imaging studies are useless for the evaluation of back
pain. It is a common logical flaw to presume that the
cause of back pain can be diagnosed on CT or MRI. Back
pain cannot be seen on scans. A painless spondylolysis
and one that is hurting look identical. The amount of slip-
page says nothing about the existence of back pain
because the patient’s spine undoubtedly looked the same
the day before the onset of back pain as it did the day the
scan was performed. Furthermore, nearly all L5 discs
will be degenerated in patients with spondylolisthesis.
Painful and painless discs look the same. Since approxi-
mately 25% of patients with L5 spondylolysis will have
disc protrusions at L4 greater than 5 mm, one cannot

even know if the back pain is coming from the next ros-
tral or any other disc space. Furthermore, even seeing
hypermobility of the motion segment on flexion and
extension films does not allow one to diagnose that as the
cause of back pain. Hypermobility and even instability
develops over a very long time, and was undoubtedly
present on days when there was no back pain. Therefore,
seeing hypermobility does not allow one to conclude that
it is the cause of back pain. A patient may be having back
pain from any of the anatomic areas just mentioned, but
one can never conclude from the imaging study that any
of these abnormalities is the pain generator.

CAUSES OF RADICULOPATHY

The most common radicular syndrome is due to com-
pression of the L5 nerve roots. This may occur anywhere
from the nerve root origin near the L4/L5 disc, the lateral
recess, along the course of the L5 neural foramen, and
outward, beyond the foramen to the tip of the L5 trans-
verse process. S1 radiculopathy is much less common.
Forward slippage of the L5 body actually decompresses
the S1 root because the neural arch remains behind with
superior articular process of the sacrum. Consequently S1
radiculopathy is an unusual clinical finding. Disc hernia-
tion at the L5 level is also very rare. 

The L5 root may be compressed at the L4/L5 disc
space by a bulging or herniated disc. This is no different
than the typical patient with L4/L5 disc herniation. The
disc fragment compresses the origin of the L5 root as it
exits from the thecal sac. At least one-fourth of patients
with L5 spondylolisthesis will have up to 5 mm of disc
protrusion at L4/L5. Compression of the L5 root also can
occur in the subarticular gutter and the lateral recess 
due to buildup of fibrocartilaginous material at the
pseudarthrosis. This bony callus can become very large.
Figure 61-13 shows a patient in whom the callus is so
large that the two masses nearly meet in the midline. 
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FIG. 61-13. Canal stenosis from fibrocartilaginous buildup at the pseudarthrosis. Axial computed
tomography scans demonstrate amorphous lumps of bone projecting from the medial border of each of
the pars defects. They nearly meet in the midline.



The L5 root is most often compressed in the neural fora-
men. The foramen narrows and deforms in a characteristic
way. As the L5 body slips forward, the pedicle descends rel-
ative to the sacrum and flattens the root against the bulging
pseudo-disc and an osteophyte, which frequently projects
upward from the superior edge of the sacrum. The shape of
the neural foramen in spondylolisthesis is characteristic of
vertebral slippage. This produces a horizontally oriented
foramen rather than the typical keyhole-shaped foramen
(Fig. 61-14). It is important to remember that the foramen
is not simply a hole through which the nerve exits. It is a
bony channel of at least 1 cm. The nerve root may be com-
pressed throughout the length of the exit canal. Simply
widening the entrance to the foramen does little to relieve
compression of the L5 nerve. Furthermore, proper decom-
pression of the foramen requires removal of the length of
the S1 ridge projecting upward into the L5 nerve.

In patients with advanced slippage, the L5 root can be
compressed beyond the exit zone of the neural foramen.
This has been termed the “far-out syndrome”. It is criti-
cal to recognize far-out root compression because routine
foraminotomy will fail to cure the radiculopathy. The
nerve root is compressed between the transverse process
of L5, which has slid forward, and the ala of the sacrum.
Proper surgical therapy requires decompression of the
nerve root within the foramen as well as removal of the
L5 transverse process.

AN ANATOMIC THEORY ON THE ETIOLOGY
OF L5 SPONDYLOLYSIS

We believe that the anatomic analysis of the CT scans
in our series leads to unifying theory on the etiology of

spondylolysis. Since it is uniformly accepted that the
basic lesion is a stress fracture, this theory must define a
congenital anatomic variation, which should be the pre-
cursor of the fracture. We believe that hypoplasia of the
sacral articular processes is anatomic malformation. The
first premise is that the pars interarticularis is the weak-
est portion of the neural arch. The pars can be thought of
as an inclined plane balanced on the tip of the superior
articular process of the sacrum. The fulcrum of rotation is
a point within the pars adjacent to the tip of the articular
process (Fig. 61-15A, B). In children with normal articu-
lar processes, the rostral and caudal portions of the pars
are of equal length and therefore balanced. In this bal-
anced state, forces on the pars due to everyday motion are
insufficient to fracture the pars.

In children with hypoplastic articular processes of S1,
that portion of the pars in apposition to the tip of the
articular processes is significantly displaced caudally.
The fulcrum of rotation is therefore displaced caudally
creating an asymmetric inclined plane with increased
stress on the upper portion of the pars (Fig. 61-15C, D).
The mobility of everyday life produces excess stress on
the rostral end of the pars and causes silent stress frac-
ture. This theory accounts for all of the previously
described observations. Two-thirds of patients will
develop silent stress fractures between the ages of 5 and
7 years. Two-thirds of patients with both unilateral and
bilateral adult pars defects have hypoplastic facets.
Finally, since none of the sports-related fractures
occurred in patients with hypoplastic facets we can there-
fore conclude that in children with normal articular
processes, the pars fractures are due to increased stress
from vigorous sport, even in the face of normal anatomy. 

OTHER STRESS FRACTURES OF THE LUMBAR
VERTEBRAE

Although stress fractures most commonly occur in the
pars interarticularis, any portion of the vertebral ring can
fracture. These unusual fractures nearly always occur
contralateral to a typical pars fracture and must be con-
sidered variants of the spondylolysis complex. The most
common non-pars contralateral fracture occurs in the
lamina. There are two types. The better-known lesion has
been termed a “retro-isthmic cleft”. Originally, these
lesions were thought to be congenital clefts in the neural
arch posterior to a normal pars. They appear as fairly well
circumscribed linear lucent defects, which run perpen-
dicular to the long axis of the lamina. They generally have
slightly shaggy edges consistent with a pseudoarthrosis
and inconsistent with the smooth, corticated edges
expected in congenital clefts (Fig. 61-16). These lesions
are visible on MRI scans although they are much more
difficult to diagnose on MRI than on CT. The signal in the
bone adjacent to the cleft is generally low on T1 because
of the sclerosis present in the area. 
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FIG. 61-14. The horizontal foramen of spondylolisthesis.
Sagittal reformatted scan reveals normal orientation of the
L4/L5 foramen. The L5/S1 foramen is flattened and horizon-
tally oriented. Note the upward projecting spike of bone aris-
ing from the inferior end plate of L5.



The second type of fracture is perhaps even more com-
mon but less well known. It is a spiral fracture through the
lamina opposite a typical pars fracture. CT reveals the
residual deformity of the fracture. The changes in the lam-
ina are no different from those seen in healing fractures of
other long bones (Fig. 61-17). It is probable that the thick-
ened, sclerotic lamina in many patients with unilateral
open pars defects are due to healed laminar fractures. 

Much less commonly, defects occur within the pedicle on
the contralateral side from a regular pars fracture. This is the
least common neural arch fracture in our series, being seen
in only two patients, one of who was a professional soccer

player. Stress fractures of the pedicle can also occur follow-
ing laminectomy and facetectomy due to weakening of the
neural arch by the decompression (Fig. 61-18).

The literature defines a lucent cleft in the vertebral
body just anterior to the pedicle as a “retrosomatic
cleft”. This was originally thought to be a congenital
failure of fusion of the vertebral body ossification cen-
ter to that of the pedicle. High-resolution CT has proven
that incorrect. These are vertebral stress fractures. The
typical retrosomatic cleft tends to be a well-defined
lucent line between the pedicle and the posterior edge of
the vertebral body (Fig. 61-19). The fusion plane of the
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FIG. 61-15. Theory of the etiology of L5 spondylolysis. A: Diagrammatic representation of the forces on
the pars in a patient with teenage spondylolysis with normal articular processes. Note that the forces on
either end of the inclined plane will be balanced.The fulcrum is in apposition to the tip of the superior artic-
ular process. B: Sagittal computed tomography reformation on a patient with conforming anatomy. A line
drawn through the L5/S1 disc passes well below the tip of the sacral articular process. C, D: Diagrammatic
representation of the forces on the pars in a patient with hypoplastic sacral articular processes. The ful-
crum descends along the length of the pars to a point just rostral to the tip of the articular process.

A B

C D
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FIG. 61-17. Spiral fracture of the lamina. Axial computed tomography scans reveal an oblique fracture
through the left lamina.

FIG. 61-18. Stress fracture of the pedicle. Axial computed
tomography scan reveals sclerosis of the vertebra from
degenerative disease. A stress fracture is seen in the right
pedicle.

FIG. 61-16. Retro-isthmic cleft. Axial magnetic resonance
imaging scan. There is a typical pars defect on the right and
a retro-isthmic defect on the left. The edges of both fractures
are irregular as seen in any pseudoarthrosis.



vertebral ossification center and the pedicular ossifica-
tion center lies much farther anterior within the verte-
bral body. In many instances one can identify a faint,
curvilinear, sclerotic line within the vertebral body rep-
resenting the fusion plane of these ossification centers
(Fig. 61-20). The retrosomatic fracture occurs posterior
to this fusion plane.

Although not generally considered when one thinks of
the neural ring, the posterior edge of the apophyseal ring
of the vertebral body is the anterior margin of the neural
canal. Separation of the posterior apophyseal ring is
termed a posterior limbus vertebra.

Posterior limbus vertebra occurs when a fragment of
disc material herniates through the ununited posterior
apophyseal ring, fracturing a segment of the ring and dis-
placing it into the spinal canal. While technically this may
not be a stress fracture, it is useful to include it as the last
of the neural ring fractures to be associated with spondy-
lolysis. The combination of spondylolysis and posterior
limbus vertebra may be associated with heavy sports
activity such as weight lifting (Fig. 61-21).
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FIG. 61-19. Retrosomatic cleft. Axial (A) and (B) sagittal reformatted computed tomography scan.
There is a typical pars defect on the left side and an irregular cleft on the right.

A B

FIG. 61-20. Failure of complete fusion of the ossification
centers of the vertebral body with that of the right pedicle.
Axial T1-weighted magnetic resonance scan reveals a lucent
crescentic line well within the vertebra.

FIG. 61-21. Pars fractures and posterior limbus vertebra.
Axial CT beside the typical bilateral pars defects, a crescen-
tic bar of bone has displaced posteriorly from the vertebral
body. This is a large segment of the apophyseal ring. This is
due to herniation of disc material through the developing ver-
tebral end plate prior to fusion of the apophyseal ossification
center to the remainder of the vertebra.



CONCLUSION

Children between the ages of 5 and 7 years account for
two-thirds of patients with spondylolysis. They likely
fracture their pars because of increased forces on the pars
due to the long lever caused by hypoplastic facets. There
is usually no history of sports activity or unusual back
activities. Teenagers account for one-third of patients.
They fracture their pars through repeated vigorous activ-
ity and are often serious athletes. Although the pars is the
most likely portion of the neural arch to fracture, any por-
tion of the ring may be involved. Multiplanar CT is the
procedure of choice for the evaluation of the bony
anatomy in patients with spondylolysis, spondylolisthe-
sis, and the stress fracture variants.
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CHAPTER 62

Evaluation and Management of the Athlete
with “Pars Fracture”

Robert Watkins III and Robert G. Watkins IV

A complaint of low back pain in a competitive athlete
requires an in-depth investigation, specific diagnosis, and
appropriate treatment. Lumbar pain in an athlete is a
stress fracture until proven otherwise. While the inci-
dence of stress fractures is higher in certain types of ath-
letics compared to others, any athlete is potentially sub-
jected to the repetitive twisting and extension motion that
is identified with the etiology of spondylolysis. The typi-
cal spondylolytic lesion occurs in the par interarticularis,
but may be present in the pedicle or articular process. 

While there have been references made to a congenital
predisposition to spondylolysis, environmental factors
have clearly been shown to be a significant source of
pathology in the young athlete. The sports frequently
associated with a significantly increased incidence are
diving, gymnastics, wrestling, and weightlifting (1). The
incidence of pars interarticularis defects in female gym-
nasts is four times that of the general female Caucasian
population. The incidence of pars defects is approxi-
mately 4.5% during the first year of school and is more
common in boys than girls (2). There are certain familial
predispositions to pars defects in young children and
there is an increased incidence of spina bifida occulta in
young athletes who have spondylolysis (3). Spondyloly-
sis rarely leads to progressive high-grade spondylolisthe-
sis. Progressive slip has a higher incidence between the
ages of 9 and 12 in girls and 10 and 14 in boys (4).
Cahill’s evaluation of the young athlete documented an
incidence of 0.8% of children without evidence of fatigue
fractures developing such a fracture between the ages of
10 and 20 (15). McCarroll documented an incidence of
2.4% of acquired spondylolysis during a 4-year college
football career (6). In answer to the question, “Is spondy-
lolysis a fatigue fracture?” Hutton, Stott, and Cryon
demonstrated that cyclic loading can produce a fatigue
fracture of the pars interarticularis (19). Because of the

increasing use of weightlifting as a training technique in
all varieties of sports, many athletes suffer a fatigue frac-
ture in the weight room as opposed to directly on the ath-
letic field. There are still certain maneuvers in specific
sports such as hyperextension in gymnasts, extension in
anterior alignment in weightlifters, and extension with
rotation in baseball pitchers that can lead to the repetitive
loading that produces the fracture. 

The pain source of acute spondylolysis is predomi-
nantly the fracture. Just as fractures hurt in other loca-
tions, the fracture of the pars interarticularis can produce
pain. The location can be at any level of the spine. It is
certainly more common at L5, because L5 is a transi-
tional area between the fixed sacrum and the mobile lum-
bar spine. There is an abnormal distribution of forces at
this level, and rotational forces may be inappropriately
directed to the pars interarticularis at L5 (8). Shear forces
at the lumbosacral junction have been shown to predis-
pose the pars to fracture (7,9). 

Athletes are often seen with asymptomatic spondyloly-
sis. There is a high incidence of professional athletes with
asymptomatic lesions not related to a specific complaint of
low back pain. Bilateral defects with or without grade I
spondylolisthesis can produce pain from the relative insta-
bility of the anterior column produced by the loss of inher-
ent tensile and shear strength of the pars interarticularis.
Symptomatic discogenic pain is a reality and certainly can
be coupled with spondylolysis at the same level. The
injured disc, innervated by the sinuvertebral nerve, under-
goes annular tears and inflammation, which result in pain. 

Often the patient arrives at the spinal specialist with a
diagnosis, and is already improving after having stopped
the sport activity. This patient needs the full history and
physical examination afforded to every patient with back
pain with testing for signs of nerve root impingement and
a complete neurologic examination.
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HISTORY AND PHYSICAL EXAMINATION

The key to a proper history and physical examination
is to have a standardized form that accomplishes the
needed specific objectives:

1. Quantitate the morbidity. Use a value scale of pain,
function, and occupation. Converse with the patient and
listen to the inflections and manner of pain description.
Detail the time of disability and the time of origin of the
pain. We use the Oswestry Scale and Disability Rating.
The severity of the morbidity often determines the
aggressiveness of the diagnostic and therapeutic plan.

2. Delineate the psychosocial factors. Know what psy-
chologic effect the pain has had on the patient. Know the
social, economic, and legal results of the patient’s dis-
ability. We use the pain drawing on the initial visit and a
detailed psychologic report in certain instances. Under-
stand what can be gained by the patient’s being sick or
well. Derive an understanding of what role these factors
are playing in the patient’s complaints.

3. Eliminate the possibility of tumors, infections, and
neurologic crisis. These conditions have a certain urgency
that requires immediate attention and a diagnostic thera-
peutic regimen that is very different from that required
for disc disease. Constant, unrelenting pain that becomes
worse at night is an indication of tumor or infection. Ask
about bowel, bladder, and sexual dysfunction and do a
thorough examination.

4. Diagnose the clinical syndrome:

a. Nonmechanical back or leg pain—Inflammatory,
constant pain; minimally affected by activity; usually
worse at night or in early morning.

b. Mechanical back or leg pain—Made worse by activ-
ity; relieved by rest.

c. Sciatica—Predominantly radicular pain; positive
stretch signs, with or without neurologic deficit.

d. Neurogenic claudication—Radiating leg or calf pain;
negative stretch signs; made worse with ambulation
and spinal extension; relieved by flexion.

Pinpoint the pathophysiology causing the syndrome.
Three important determinations are:

1. What nerve (especially in radiculopathy)? 
2. What level? Which neuromotion segment?
3. What pathology? What is the exact structure or dis-

ease process in that neuromotion segment that is
causing the pain?

Some key factors in the history and physical examina-
tion are:

1. What caused the injury?
2. The time of day when the pain is worse?
3. A comparison of pain levels during walking, sitting,

and standing.
4. The effects of Valsalva maneuver, coughing, and

sneezing on pain.

5. The type of injury and duration of the problem.
6. The percentage of back versus leg pain. (We insist on

getting an accurate estimate of the relative amount of
discomfort in the back versus that in the legs. These
two numbers must add up to 100%.)

The physical examination should address:

1. Maneuvers during the examination that reproduce
the pain.

2. The presence of sciatic stretch signs.
3. The neurologic deficit.
4. Back and lower extremity stiffness and loss of range

of motion.
5. The exact location of tenderness and radiation of

pain or paresthesias.

The presentation of an athlete or adolescent with
mechanical low back pain requires a thorough examina-
tion. Most athletes can identify the mechanical activity in
their sport that produces the pain. At times, players will
only have pain while throwing or only have pain while
batting. Of course, if the inflammation is significant
enough the athlete may have constant unrelenting pain,
even interfering with sleep. Some athletes present with a
long history of pain with activity—a chronic lumbar pain
that intermittently flares up. At other times, athletes can
specifically remember the types of activities they were
performing when the pain started. Many athletes with
spondylolysis will have pain both in flexion and exten-
sion. Coughing, sneezing, and straining may also cause
pain for patients with severe inflammation. 

The examination begins with finding the location of
pain and tenderness. The patient frequently points to a
unilateral lumbosacral location in the area of the postero-
superior iliac spine. 

Typically, patients with acute spondylolysis do not
have leg pain, although it can be present. They often have
paraspinous spasm and hamstring tightness. Patients typ-
ically have more pain with extension and with extension
and rotation toward the painful side. The one-legged lum-
bar extension maneuver in which the patient stands on
one leg and bends backward is a commonly used test to
accentuate the pain from an acute spondylolysis. 

RADIOGRAPHS

X-ray evaluation is limited in the ability to pinpoint an
area of acute spondylolysis. Areas of sclerosis may be an
impending fracture or a more ominous osteoid osteoma
or osteoblastoma (10). Oblique X-rays may demonstrate
the presence of a spondylolysis. Because some defects
are seen better at 30° and others at 60°, and because the
presence or absence of an established spondylolysis has
little correlation with the exact etiology of pain, we
stopped the use of oblique X-rays on patients with lum-
bar pain (11). 
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The key to diagnosis in the athlete and adolescent with
back pain is a lumbar single photon emission computed
tomography (SPECT) scan (12). The tomography of the
bone scan is a very accurate test for identifying an
impending or established acute spondylolysis. The
radionucleotide is picked up by bone-forming cells.
These cells may be in response to a fracture or impending
fracture. It can also be associated with arthritis in a lum-
bar facet joint (13). A chronic spondylolysis that is nega-
tive on the SPECT scan should not be the etiology of that
patient’s pain. 

Our typical workup for the young athlete with back
pain of more than 3 weeks’ duration includes a lumbar
SPECT scan. If it is positive for reaction, we order a lum-
bar CT scan to identify what area is positive. Is this an
osteoid osteoma, osteoblastoma, injured facet joint,
arthritic facet joint, or a stress fracture in the pedicle,
pars, or articular facet? If the SPECT scan is negative, we
order a magnetic resonance imaging (MRI) to rule out
disc degeneration, infection, or tumor.

Use of the MRI to diagnose acute spondylolysis has
been presented in a number of different forums. Proper
technique with the MRI can identify acute bone edema.
This certainly can be a method of identifying an acute
spondylolysis. There is certainly less radiation exposure
using the MRI. However, the combination of the bone
scan and CT scan is a visual demonstration to parents and
the patient of their exact back problem. The CT scan
allows a clear-cut definition of what is positive on the
bone scan and it allows one to determine how long the
defect has been present. A very early defect is most likely
to heal regardless of treatment. A well-established defect
is less likely to heal. A CT scan offers a way of following
this in the future that is much more specific than the
MRI. 

TREATMENT

When the young athlete comes to you for care, it is the
obligation of the clinician to properly demonstrate the
lesion to the patient and the parents and devise an appro-
priate treatment program for the patient’s complaints.
Treatment begins with identification of the etiology of
the problem. If the etiology of the problem is one specific
maneuver in a sport, stop that maneuver. If it is partici-
pation in the sport, stop the participation in the sport.
Stopping the motion that causes the problem is the first
step in treatment.

For many years, conservative treatment has consisted
of avoidance of physical activity and the use of orthoses
to immobilize and support the back. Such treatment has
been only minimally effective. For example, in looking at
pars defects in 185 spondylolytic adolescent athletes,
Morita et al. classified the defects into early, progressive,
and terminal stages, depending on degree of severity, as
revealed by CT (10). Patients wore a lumbosacral support

corset for periods as long as 6 months. The defect healed
in 73% of the early cases, but only 38.5% of the progres-
sive cases and none of the terminal cases. The subject of
pain relief was not addressed in their report.

However, as early as 1976 physicians such as Magora
in Israel advised that orthoses be used only to train the
patient in building good postural habits, not for support in
treating spondylolysis or asymptomatic spondylolisthesis
(9). An orthosis may produce some relief from pain
because of the limitation of movements and general feel-
ing of support it provides. However, as Magora observed,
as soon as the orthosis is removed the tenderness tends to
increase, the back and abdominal muscles are weakened
and atrophied, and some movements of the lumbosacral
spine are limited, all of which result in a more prolonged
and painful therapy. Only in the case of severe low back
pain did Magora prescribe bed rest. When pain was mild
to moderate, he recommended an immediate return to
normal daily activities, albeit with some modifications 
to those activities, combined with an exercise program to
strengthen back and abdominal musculature (15).

Others agree with this stance and, like Hensinger (18)
and Johnson (26), maintain that when symptoms are
related to activity, stabilization of the spine alone will
achieve excellent long- term remission of symptoms and
minor neurologic findings.

The trunk stabilization program offers an early return to
sports without the use of a lumbosacral brace. It comprises
a combination of activities that work to bring the spine
back to a position of balance and power in injured athletes.
By training muscles of the trunk to work in coordination,
the program produces biomechanically sound spinal func-
tion. It uses special isometric strengthening exercises to
develop specific trunk muscles that are molded in response
to proprioceptive feedback. Muscle function based on bal-
ance and coordination, not strength alone, is the result. Ini-
tially, the athlete is taught to attain a very safe, neutral,
pain-free, and controlled position. He or she then moves
through a series of exercises that combine balance and
coordination. Gradually, the athlete, while maintaining
good trunk control, is moved in incremental steps through
increasingly advanced exercises. In each succeeding exer-
cise, the patient assumes a somewhat more precarious
position than he or she had experienced in the one that pre-
ceded it. There are eight categories of exercises:

1. Dead bug
2. Partial sit-ups
3. Bridging
4. Prone
5. Quadripedal
6. Wall slides
7. Ball exercises
8. Aerobics.

Each of these categories consists of five levels, with
each level of difficulty amplifying the intensity of perfor-
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mance, increasing the number of repetitions of the exer-
cise performed, varying the body positions, adding resis-
tance when exercising, and so forth (Table 62-1).

TREATMENT

Certain spondylolytic defects will heal. Acute lesions
have a higher chance of healing than chronic defects (18).
Use of a Boston brace has never statistically been demon-
strated to enhance healing of the spondylolytic defect
(19,20). At our institution, follow up X-rays and CT scans
are of no practical value in spondylolytic patients who are
responding favorably to a back strengthening rehabilita-
tion program and whose symptoms have subsided. Radi-
ographically following spondylolisthesis is only impor-
tant in young athletes. From the ages of 9 to 13, in the
presence of occulta spinal bifida and with a doming of
the sacrum, spinal optosis can occur. After the age of 16,
this would be a rare occurrence. This can be followed
with a simple lateral radiograph. General guidelines are
that, with a slip of less than 50%, there are no restrictions
necessary. With a slip of 50% or more, high-risk sports
are not recommended until the growth stops. As a practi-
cal matter, those with high-grade slips are seldom able to
participate in high-velocity sports.

Our experience in the use of bracing versus stabiliza-
tion in adolescent athletes consists of an unpublished
series of 31 athletes evaluated for return to full activity.
The athletes were divided into two groups: group A, 19
patients treated only with the trunk stabilization and
group B, 12 patients treated with a rigid lumbosacral
orthosis, followed by a trunk stabilization program. The
patients were selected randomly. Group A was treated
purely with stabilization training. Group B wore the brace
without physical therapy for 2 months before beginning
physical therapy. Group A patients returned to full activ-
ity at 3 months, and group B patients at 4 months. The
two groups reached the same excellent functional recov-
ery rate. As a result, we have not used a lumbosacral
orthosis in the last 15 years.

Return to sport after acute spondylolysis is based on
the Watkins-Randle 1 through 5 rating scale of trunk sta-
bilization exercises. An adolescent athlete should be able
to do a full level 3 workout and college and professional
athletes should be able to do level 4 or 5 workouts before
practice. Steps in returning an athlete to play are as fol-
lows:

1. Complete the appropriate level of the stabilization
program

2. Be in excellent aerobic condition compatible with the
sport through aerobic conditioning while doing the
stabilization program

3. Work with the coaching staff and training staff in a
series of sport-specific exercises for the individual
sport

4. Return slowly to the sport with playing time or posi-
tion changes as needed and specific to the sport

5. Maintain the same level of stabilization training after
return to the sport for a period of 6 months to a year.

SURGICAL TREATMENT

There are very limited indications for the surgical
treatment of spondylolysis. In 20 years of treating
spondylolysis in adolescent, college, and professional
athletes, we have resorted to surgery two times. One was
in a minor league baseball pitcher with a unilateral defect
who had already missed one season and was in danger of
missing another. The other was for bilateral spondyloly-
sis in a minor league pitcher. The incidence of sympto-
matic acute spondylolysis not responding to stabilization
training and allowing a return to the sport is rare. Experi-
ences with extremely demanding activities such as cricket
bowlers may be different.

Direct repair of the spondylolytic defect has been
shown to be effective (21–26). Many different techniques
have been described such as hook screws (21,22,26),
translaminar screws (21,26), wiring (26), and pedicle
screws with a V-shaped rod (27). Our operation of choice
is a lag screw across the spondylolytic defect and grafting
of the defect with minimal exposure. A prerequisite for a
spondylolysis repair is that the disc is normal (23). This
can be determined with MRI or discography. Other oper-
ations such as the Hamby modification of the Cole and
Scott technique for tension bind wiring and bone grafting
for bilateral defects (28) is certainly acceptable in treating
the problem. 

Patients with significant disc degeneration may need a
one-level fusion. We have performed two fusions in pro-
fessional athletes for spondylolisthesis with a 50% effec-
tiveness rate. Lumbar spinal fusion in professional ath-
letes is not a very successful operation because of the
high demands placed on adjacent levels, the amount of
time out from the sport for the fusion to heal, and the
aggressive demands put on the spine in the early-healed
phase. Artificial disc replacement for spondylolisthesis is
an unknown factor at this time.
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CHAPTER 63

Indications for Surgery in Spondylolysis and
Spondylolisthesis in Adults and Surgery for
Low-Grade Spondylolisthesis

Dahari D. Brooks and Bruce E. Fredrickson

The goal of this chapter is twofold: (a) present and dis-
cuss the indications for operative management of low-
grade nondegenerative slips; and (b) present and discuss
surgical options for the treatment of low-grade nonde-
generative slips. For the purposes of this chapter, we will
discuss the indications and procedures as they relate to
low-grade, nondegenerative causes of spondylolisthesis
only. Nonoperative treatment modalities, and the evalua-
tion and management of high-grade (III through V) slips
will not be addressed in this chapter.

The term spondylolysis is defined as the breaking down
of a vertebral structure; and is derived from the Greek
“spondylos” (vertebra) and “lysis” (dissolution). Spondy-
lolisthesis, derived from the Greek “spondylos” (vertebra)
and “oblishtesis” (a slipping), refers to any forward slip-
ping of one vertebra onto the one below it. The underlying
pathology that predisposes to this forward slippage
includes spondylolysis, disc degeneration, elongated pars
intra-articularis, or pedicles, and congenital arch defects.
In 1963, Newman reviewed 319 cases of lumbar spondy-
lolisthesis and described three categories (1):

1. Congenital (dysplastic)
2. Isthmic (spondylolytic)
3. Degenerative spondylolisthesis.

Since the publication of this classification scheme,
Wiltse devised a classification scheme based on etiologic
and anatomic factors (Fig. 63-1) (2):

1. Traumatic spondylolisthesis
2. Congenital or dysplastic
3. Isthmic
4. Pathologic spondylolisthesis
5. Iatrogenic (postsurgical) spondylolisthesis.

In congenital or dysplastic spondylolisthesis displace-
ment occurs early in life and is often severe. Overall, con-
genital slips account for approximately 15% of cases, and
affects females to a greater extent (1). The pars may
remain intact, but is usually underdeveloped. 

Isthmic spondylolisthesis is the most common form of
spondylolisthesis. Isthmic spondylolisthesis is defined as
an anterior slip of the upper lumbar vertebrae, as well as
separation of the anterior aspect of the vertebrae from the
posterior neural arch (3,4). The fibrous defect in the pars
allows for the future displacement (2,3,5–10). 

Degenerative slips typically occur at the L4-5 level,
and result from long-standing instability secondary to
disc and facet degeneration (1). 

Traumatic spondylolisthesis refers to slips secondary
to an acute injury pars/facet complex. Posterior element
destruction secondary to a lytic process such as malig-
nancy or infection, results in a pathologic spondylolisthe-
sis. And finally, excessive surgical removal of the sup-
porting bony and ligamentous structures results in an
iatrogenic spondylolisthesis. 

The severity of the slip, despite the various etiologies,
has been historically based upon the slip percentage. The
slip percentage is determined in a number of ways. The
classically described method involves the division of the
inferior end plate of the superior vertebra into four equal
segments (each representing 25%). The numbers of seg-
ments anteriorly displaced determine the slip grade. Slips
are classified as either low- or high-grade based upon this
percentage. A low-grade slip indicates that the amount of
anterior translation is less than or equal to 50%; whereas
a high grade slip indicates that the amount of anterior
translation exceeds 50%. 
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INDICATIONS

Natural history studies have demonstrated that the
majority of individuals with a pars defect remain asymp-
tomatic. While radiographic evidence of slip progression
in the adult is possible, the likelihood of this translating
into clinical symptoms is low. Although patients may
experience back pain with or without extremity pain, the
overall incidence of low back symptoms is not signifi-
cantly higher than that of the general population (4,11,12).

The treatment options are quite variable for those indi-
viduals with significant complaints despite an adequate
course of supervised conservative management. Clini-
cally, patients can present with a variety of symptoms. 

1. Mechanical low back pain with normal neurologic
examination

2. Mechanical low back pain with extremity pain and
normal neurologic examination

3. Mechanical low back pain and either unilateral or
bilateral radicular leg pain (13).

In addition to back or leg pain, patients may also com-
plain of postural changes, or hamstring tightness. Radi-
ographs are helpful in this situation to determine whether
the slip has progressed. Slip progression can cause or
intensify radicular or back pain (6,14).

It is commonly accepted that patients who present with
intractable low back pain with or without lower extremity
symptoms despite adequate conservative therapy, or
radicular symptoms are appropriate surgical candidates
(15). Conservative management in general consists of an
exercise protocol, with emphasis on trunk stability and
strength training. In addition, activity/lifestyle modifica-
tions, weight loss, epidural or selective nerve root injec-
tions, and aerobic conditioning have also been shown to
improve long-term function (16). Modalities such as
ultrasound, massage, or traction have not been shown to
make a statistical difference with respect to outcome. 
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FIG. 63-1. Classification scheme for
spondylolisthesis based on etiology and
radiographic appearance. (From Fry-
moyer JW, ed. The adult spine: princi-
ples and practice. New York: Raven
Press, 1991, with permission.)

TABLE 63-1. Surgical options

Posterior Anterior

Gill decompression Anterior lumbar
interbody fusion 
(ALIF)

In situ fusion Combined ALIF and 
posterior fixation

Decompression and in situ fusion
In situ fusion with instrumentation
Decompression and instrumented 

fusion
Direct repair of pars defect



Once the decision for operative management has been
made, the treating surgeon has several available options
(Table 63-1). Surgical intervention can provide superior
long-term results for appropriately selected patients
(13,17–21). 

POSTERIOR DECOMPRESSION

In 1965, Gill published a study of 20 adult patients with
symptomatic isthmic spondylolisthesis treated with poste-
rior decompression consisting of wide excision of the
loose lamina and inferior facets and foraminal decompres-
sion (Gill decompression) (22). It was noted that the most
common root involved in this condition was L5. It
appeared that compression of the fifth lumbar root resulted
from the buildup of fibrocartilaginous tissue at the site of
the pars defect, and that the presence of a slip, either pre-
operatively or postoperatively, did not reliably correlate
with symptoms. At an average follow-up of 36 months,
Gill noted no slip progression, and only 3 fair/unsatisfac-
tory outcomes (22a). In 1984, Gill reevaluated 52 patients
(including those of the original study) ranging in age from
14 to 57 years. Twenty-one individuals demonstrated slip
progression, with an average increase of 5.9% in males and
16% in females. Despite the progression, only 10% of
these patients were symptomatic. Furthermore,
good/excellent results were noted in 82% of those individ-
uals without radiographic evidence of progression. 

DECOMPRESSION AND IN SITU FUSION

Despite such encouraging reports of posterior decom-
pression, the increased risk of slip progression has pre-
vented this technique from gaining greater support. The
addition of a posterolateral in situ fusion allows one to
address this added risk of progression (Fig. 63-2). Long-

term results demonstrate low rates of slip progression,
excellent patient pain relief and satisfaction, and rela-
tively low complications. Various authors have evaluated
this procedure and report an approximate 80% to 85%
success rate, with few (if any) reports of slip progression
(13). Furthermore, those individuals with poor surgical
outcomes had a significantly higher pseudoarthrosis rate
(15,17). Thus, successful clinical outcomes relied heavily
on the presence of a solid fusion mass (15,17,20).

Fusion in situ

Realizing that the success of surgical management of
low-grade nondegenerative spondylolisthesis is depen-
dent largely upon obtaining a solid arthrodesis; in situ
posterolateral fusion without decompression has been
performed as a reliable, rapid, and easy means of treat-
ment (23,24). Various reports demonstrate similar suc-
cess rates as those seen with decompression and fusion.
The only identifiable factor that has been shown to
impact outcome is the presence of a pseudoarthrosis.
Individuals with a nonunion were more likely to have a
poor outcome as has been shown in the past. 

The addition of a Gill decompression to arthrodesis for
the treatment of low-grade isthmic spondylolisthesis in
patients who do not demonstrate significant radicular
symptoms does not appear to improve clinical outcomes.

POSTERIOR INSTRUMENTATION AND FUSION

Given the strong correlation between radiographic
fusion and clinical outcome, pedicle screw fixation is often
used to increase fusion rates in this subset of patients
(25–28). The use of tobacco products and nonsteroidal
antiinflammatory drugs (NSAIDs) postoperatively has
been demonstrated to adversely affect fusion rates. The use
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FIG. 63-2. Illustration of a posterolateral decompression and in situ fusion. (From Frymoyer JW, ed. The
adult spine: principles and practice. New York: Raven Press, 1991, with permission.)



of supplementary instrumentation in addition to decom-
pression, and autologous posterolateral arthrodesis has
been shown to improve the clinical outcome and fusion
rate for those patients who are smokers, have an iatrogenic
slip, or require revision secondary to an established
pseudoarthrosis (29). It should be noted that for those indi-
viduals without such predisposing risk factors, there is no
significant advantage of transpedicular screw fixation in
improving fusion rates or clinical outcome (29).

DIRECT REPAIR OF THE PARS INTRA-
ARTICULARIS

Direct pars defect repair allows for the preservation of
lumbar motion segments, and restoration of the normal
anatomy (30–36). In addition to the previously stated
indications for operative treatment, when considering
direct repair, particular attention should be paid to the
quality of the disc and facets (5,37). In the setting of
degenerative disc disease (DDD) there is inherit instabil-
ity and abnormal motion which can lead to early facet
degeneration, spur formation, and nerve root compres-
sion. Therefore, preservation of the degenerated lumbar
motion segment increases the likelihood of a poor out-
come (30,34,36). Direct repair is best suited for younger,
symptomatic patients without concomitant DDD (36). 

In addition to DDD, the incidence of spina bifida
occulta among those individuals with low- grade isthmic
spondylolisthesis at L5/S1 is increased. These congenital
defects or absence of the posterior elements can present
technical difficulties that prevent direct pars repair. Spe-
cial attention should be paid to those patients in whom
repair is considered at the L5/S1 level.

Overall, the reported results for direct repair in appropri-
ate patients are quite encouraging (30–35,38). Individuals
with back pain secondary to either spondylolysis or grade I
spondylolisthesis treated with direct repair typically have
excellent results. Reports indicate the presence of a solid
bony union at approximately 6 months as well as no signif-
icant limitation in lumbar motion (30,34). Direct repair of
the pars defect has been shown to provide satisfactory
results with few complications, as well as the added benefit
of maintaining normal lumbar motion (30,34). 

ANTERIOR LUMBAR INTERBODY FUSION
(ALIF)

Interbody fusion involves complete anterior discec-
tomy and interbody fusion of the affected level. Advo-
cates of this technique indicate that the associated degen-
erative disc disease and instability is best addressed
anteriorly (39–42). The ability to excise the disc, fuse,
and possibly reduce the slipped level allows for encour-
aging results with relatively few postoperative complica-
tions. Not only do patients appear to improve initially,
long-term results demonstrate improvement for up to 10

years after surgery (41,42). Despite such positive reports,
the potential for significant complications does exist, and
is increased when reduction maneuvers are attempted.
Complications include vascular as well as neurologic
injury. Reports range from a 0 to 30% incidence of L5, S1
nerve root injury, or cauda equina syndrome. The inci-
dence of pseudoarthrosis secondary to shear forces is
greater than that reported from posterolateral in situ
fusion. Despite the potential risks of ALIF, no statistically
significant difference in fusion rates or clinical outcome
has been demonstrated when compared with posterior
decompression and fusion with pedicle screw fixation
(41).

COMBINED ALIF AND POSTERIOR
INSTRUMENTATION

The trend for higher pseudoarthrosis rates secondary to
shear forces with ALIF alone lead to the use of supple-
mental posterior pedicle screw fixation and fusion (43).
Fusion rates did appear to improve; however, the overall
success rate was similar to that of either ALIF or poste-
rior fusion. In addition, increased operative times and
blood loss makes this surgical option less appealing.

DISCUSSION

To date there have been many studies evaluating surgi-
cal management of low-grade nondegenerative spondy-
lolisthesis. Regardless of the method employed, the indi-
cations for surgical intervention are quite uniform. These
are low back pain with or without lower extremity pain
despite an adequate trial of conservative treatment, or
symptomatic slip progression. 

The authors recommend the following approach to the
evaluation and treatment of those individuals with symp-
tomatic low-grade nondegenerative slips. Clinical symp-
toms/signs of low back pain and nerve root irritation con-
sistent with spondylolisthesis should be documented.
Anteroposterior (AP), lateral, and oblique lumbosacral
plain radiographs are obtained for the purposes of classi-
fying the type and grade of slip. The first line of treat-
ment should be conservative; it is important to stress to
the patient that nonoperative treatment does not equate to
no treatment. Conservative management consists of
supervised physical therapy, weight reduction, activity
modification, pain blocks, and if applicable, job retrain-
ing. 

For that subset of patients who complete the 6-month
course of conservative care and continue to be sympto-
matic, surgical intervention is pursued. A magnetic reso-
nance (MR) image and dynamic LS spine films are
obtained preoperatively. Flexion/extension films provide
a rough estimate of the degree of instability present and
the potential need for instrumentation. The presence and
extent of disc and facet degeneration can be evaluated on
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MRI. In addition, discography, selective nerve root, facet,
or pars blocks can better delineate the source of the
patient’s pain. 

For young individuals (between the age of 16 and 30)
with no evidence of DDD, with complaints primarily of
low back pain, we recommend direct pars repair for those
lesions of L4 and above. The presence of other congeni-
tal posterior defects at L5 often prohibits repair. Only in
rare circumstances in which the posterior and anterior
elements are normal do we recommend repair of the L5
defect. Preoperative MRI evaluation is an excellent
means of evaluating the integrity of the posterior and
anterior elements. In addition to plain radiographs and
MRI, we also recommend diagnostic pars blocks to help
differentiate the source of the patient’s symptoms and
signs. Although more technically demanding, the main-
tained motion and restoration of normal alignment pro-
vide excellent long-term patient satisfaction. 

For those patients who are not candidates for direct
repair, we further subclassify them based on presenting
signs and symptoms. Patients can typically be separated
into one of three categories: 

1. Category A—mechanical low back pain with normal
neurologic examination

2. Category B—mechanical low back pain with extrem-
ity pain and normal neurologic examination

3. Category C—mechanical low back pain and either
unilateral or bilateral radicular leg pain.

For those patients who fall into either category A or B
we recommend posterolateral in situ fusion with autolo-
gous bone graft as the primary surgical treatment. This
can be accomplished either through a midline posterior
approach or a Wiltse posterior muscle splitting approach
(which is our preferred method). We do not, however, rec-
ommend dual skin incisions. Removal of the facet cap-
sule and articular cartilage and insertion of bone graft is
an important part of the procedure. We do recommend the
addition of pedicle screw fixation in those individuals
who have identifiable risk factors for pseudoarthrosis or
demonstrate excessive motion on dynamic radiographs.
Risk factors for nonunion include tobacco use, revision
procedures secondary to an established nonunion, iatro-
genic slip, or long-term NSAID use for other medical
problems.

For patients who present with symptoms and signs
consistent with a radiculopathy (category C), we elect to
perform a single-level decompression and in situ fusion
with autologous bone graft. Once again, instrumentation
is used for individuals who are at greater risk of nonunion
or demonstrate excessive motion. 

CONCLUSION

Each intervention presents a unique set of technical
demands, potential risks, and complications. Whether

one chooses to address the condition anteriorly, posteri-
orly, or some combination thereof, success is directly
related to achieving a solid fusion. For those individuals
without degenerative disc disease or evidence of
advanced facet arthritis, direct pars repair provides satis-
factory results with limited loss of lumbar motion. The
success rate in the presence of preexisting degenerative
disc disease or abnormal facets has been clearly demon-
strated to significantly diminish over time. 

We recommend posterior in situ fusion for those symp-
tomatic patients with evidence of disc or facet abnormal-
ity. The addition of a posterior decompression in the set-
ting of leg pain without radicular findings does not
significantly improve the results and should be avoided.
The results in the presence of a true radiculopathy do
improve with combined posterior decompression and
fusion. Supplemental instrumentation should be consid-
ered for those patients at higher risk of developing a
pseudoarthrosis, or who demonstrate motion on dynamic
radiographs. 

In conclusion, the key points when treating patients
with symptomatic low-grade slips are to determine
whether they are suitable surgical candidates, and to
determine what is the most efficacious, reliable, and
safest means of addressing the pathology. Regardless of
the surgical procedure performed, the ability to obtain a
solid fusion and thereby reduce pathologic motion and
the risk of progression provides the patient with the best
chance for a positive outcome. 
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CHAPTER 64

Surgery for High-Grade Spondylolisthesis

Marek Szpalski and Robert Gunzburg

Spondylolisthesis is a common condition reported in 5%
to 6% of Caucasian males and 2% to 3% of Caucasian
females (1). It can be encountered in up to 50% in
Alaskan Inuits (2). In the latter case, Stewart suggested
that this high frequency could be due to repeated falls on
the ice may be associated with a predisposing weakness
of the pars (3).

This chapter discusses high slippage isthmic spondy-
lolisthesis classified by Wiltse as IIA (4). In the Meyer-
ding classification, those high-grade slippages are classi-
fied as III and IV, meaning a displacement of more than
50% (5). A further degree consisting of the fall of the ver-
tebra in front of the sacrum is referred to as spondylopto-
sis. Progression of slip is usually reported at 6% in adult
life, so a relatively small number of subjects will fall into
this category.

The existence of type I or congenital spondylolysis is
controversial. Dysplastic articular process may predis-
pose to pars elongation and separation, but we did not
find any published report of spondylolysis found at birth.
Spondylolysis does not therefore appear to be a congeni-
tal lesion and developmental errors are not considered
relevant to its etiology (6). It does not appear that spondy-
lolysis was ever described in newborns or very young
infants. Repetitive stress seems to be the main etiologic
factor although hereditary factors may predispose to the
injury (7,8). Once separation of the pars occurs, however,
so-called type I is indistinguishable from type IIA.

Contrary to other stress fracture locations, spondyloly-
sis only rarely heals spontaneously.

In the vast majority of subjects, the condition is present
at the L5S1 level. The frequency is higher in subjects pre-
senting frequent lumbar hyperlordosis—dancers, gym-
nasts, weight lifters, javelin throwers, football linemen,
and so forth.

Higher grade lesions will provoke different mechanical
or neurologic problems. On the neurologic point, root
impingement and stenosis (foraminal, lateral, or central)
can be encountered. This can be made worse by the fre-

quent degenerative changes and disc bulge accompany-
ing spondylolisthesis. The tension of the dural sac over
the upper edge of the S1 vertebra can even induce a cauda
equina syndrome. 

Higher slippage degree will influence the sagittal spin-
opelvic alignment and balance that may be very dis-
abling, as it will eventually involve knee flexion and
spine hyperextension. 

Although even high-grade lesions can be silent, symp-
tomatic high-grade spondylolisthesis will often require
adequate surgical treatment. 

The surgical options will include simple decompres-
sion, fusion in situ with possible decompression, reduc-
tion, and fusion. Fusion can be anterior or posterior and
reduction can be accompanied by partial or total resection
of the slipped vertebra. 

INDICATIONS FOR SURGERY

In children and adolescents, all subjects with a slip
over 50% or with documented progression of a slip from
25% to 50%, regardless of symptoms, will be candidates
for surgery (9). Patients with L1 to L4 spondylolisthesis
often have a poorer prognosis than those with a lower
lesion. However some authors have described a very
long-term follow-up of high-grade spondylolisthesis
patients treated conservatively with good results,
although surgical treatment resulted in a higher and faster
symptomatic improvement (10).

In adults the main indication for surgery will be based
on the importance of the symptoms, persistent leg pain,
neurologic deficits, or cauda equina syndrome are defin-
itive indications. The same applies in cases in which
major sagittal imbalance induces severe standing, walk-
ing, or visual difficulties (11). Although back pain is
more frequent in patients with higher slip (12), surgery
for isolated back pain is still discussed as the exact source
of nociception is unclear. Highly disabling back pain is a
relative indication; however, the patient must be aware
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that a full resolution of pain is not certain. Caution should
be exercised before deciding to operate for isolated back
pain in even high-grade spondylolisthesis patients. Only
realistic surgeon and patient expectation will avoid major
and some times medicolegal disappointments. 

Goals of surgery in symptomatic high-grade spondy-
lolisthesis comprise the resolution of back and leg pain as
well as the restoration of anatomic balance and function
by the fusion of the affected levels. This surgery, however,
is extremely challenging and accompanied with a high
rate of complications. The aim of achieving an anatomic
reduction may lead to an increase in back or leg pain.
Surgical therapy should therefore always be considered
with the utmost caution. 

High-grade spondylolisthesis is relatively rare and
large series, especially randomized comparative studies,
difficult to perform. Possible techniques include decom-
pression, posterior fusion in situ, posterior decompres-
sion and posterolateral fusion without reduction, 360° in
situ fusion, 360° fusion after reduction, L5 resection, and
L4 to S1 fusion. 

Decompression

Some authors have advocated isolated decompressive
laminectomy and presented satisfactory results (13) when
they performed an associated partial facetectomy. How-
ever, this study treated degenerative lesions of moderate
grade. Other studies present a success rate around 70%
(14,15).

Laminectomy alone (even total) does not seem suffi-
cient to decompress all the neural structures and more
specifically the foramen. It is often necessary to remove
the remaining pars interarticularis and all callus frag-
ments (Gill nodules) (14). At the L5-S1 level it will
sometimes be necessary to resect the sacral dome anterior
to the cauda equina.

Moreover further slippage, with worsening of symp-
toms, often occurs after isolated decompressive surgery
(16–18).

For all these reasons it appears that decompression
alone does not seem an adequate treatment of high-grade
spondylolisthesis (19), and significant decompression
should be followed by fusion (12).

Fusion in situ

Fusion in situ is a widely accepted treatment for lum-
bosacral spondylolisthesis (20). It is a safe and reliable
procedure and excellent results have been reported in the
cases of high-grade displacements. It is the most common
type of surgery performed in the treatment of spondy-
lolisthesis. Posterior, anterior, and combined procedures
have been described. The number of levels involved in the
fusion has been subject to discussion. It is generally

believed that in case of severe displacement at L5-S1
(Meyerding grade III and IV) the fusion should include
L4 and down to the sacrum. Some authors even advocate
L4-S1 fusion in lower-grade lesions (21). 

Posterolateral Fusion

Posterolateral in situ fusion has been routinely recom-
mended (18,22,23), in spite of relatively high
pseudoarthrosis rates (24–26).

This procedure can be performed by midline or bilat-
eral lateral approach. In the presence of neurologic signs
or symptoms, decompression will be realized. Ricciardi
et al. reported good results after transpedicular fixation
combined with systematic L5 root decompression (27).
However, adjuvant extensive decompression may favor
pseudoarthrosis and Carragee found no advantages in
performing decompression in patients without serious
neurologic deficits (19).

As in all posterolateral fusions obesity or a history of
smoking induces of higher risk of pseudoarthrosis. In
presence of nonfusion, slippage can gradually increase.
Among the complications described, acute cauda equina
syndrome in the early postoperative period is a rare but
dramatic event. Neurologic complications and even cauda
equina syndrome can also occur after in situ fusion (28).
In a series of 189 patients, Schoenecker et al. reported a
6% cauda equina incidence in patients who had no neu-
rologic dysfunction before surgery (28).

Some authors have attributed cauda equina lesions to
mechanical damage endured during decortication before
bone grafting (29). Nevertheless, good functional results
have been reported at long-term follow-up. Johnson and
Kirwan report an average follow-up of 14 years with
favorable outcome (23). It appears that even though there
is no correction of the sagittal pelvic balance, kinematic
and temporal parameters of gait can be normalized after
in situ fusion (30). 

Instrumentation is widely used and transpedicular fix-
ation appears to be the material of choice. However, the
use of instrumentation remains a controversial subject.
Many studies present good results with instrumentation
(31), however, few are prospective and controlled. Some
prospective controlled studies have reported better fusion
rates but no change in outcome with instrumentation than
with noninstrumented fusion (19,32). In a mixed cohort
of diverse indications including spondylolisthesis, Zde-
blick reported better fusion rates and outcomes (33).
However, in another study Thomsen did not show any dif-
ferences in fusion rate or outcome (34). The same results
where reported by France in a mixed cohort (35).
McGuire showed no difference in fusion rate between
instrumented and noninstrumented fusion (36).

A metaanalysis of the available controlled trials
showed a slightly significant advantage of instrumenta-
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tion to produce bone fusion and a nonsignificant trend
toward better outcomes (37). A Cochrane Review of
surgery for degenerative spondylolisthesis shows no
advantage of surgical treatment over conservative alter-
natives (38). 

However, those controlled studies usually refer to low-
grade or degenerative spondylolisthesis and there does
not appear to be similar controlled work in the area of
higher grade lesions. In slips, over 50% adjunction of
instrumentation seems a reasonable and safe alternative.
(17). Nevertheless, the reported pseudoarthrosis rates are
high, ranging from 17% to 40%. Bending of the fusion
mass and instrumentation failure have also been
described and increased slippage can occur in the absence
of fusion even with the use of adequate instrumentation. 

Posterior Interbody Fusion (PLIF)

The use of PLIF has been described in grade I and II
spondylolisthesis (39,40) and in grade III and IV after
reduction (41) but does not appear to have been described
in grade III and IV in situ fusion. 

Bohlman and Cook described a fibular strut placed
posteriorly from the sacrum into the body of L5. This
technique appears interesting in the stabilization of
higher grade lesions (42). A similar technique has been
used by Esses et al. (43).

Anterior Interbody Fusion (ALIF)

Isolated ALIF has been suggested (44) and described
for the treatment of lower-grade spondylolisthesis since
the 1930s (45), and ALIF cages have been used routinely
(26,46). 

Some authors report a high rate of progressive slippage
after ALIF when slippage is over 50% (11). In high dis-
placement cases, the size of the contact surfaces available
for fusion is very limited. It does not appear that cages
have been used in the in situ fusion of high-grade lesions. 

Verbiest has described a technique using a fibular graft
placed between L4 and the sacrum in the stabilization of
high-grade spondylolisthesis (47). This technique pro-
vides a good anterior column support and the anterior
fibular graft has been used with success by other authors
(48).

The addition of an anterior fibular strut has also been
described as a salvage procedure in the treatment of
failed isolated posterior fusion with good reported results
(49,50).

Isolated anterior intervertebral cages or dowels are not
appropriate in the treatment of spondylolisthesis as they
are unable to stand the constant high shear loads encoun-
tered in lumbosacral spondylolisthesis combined with an
immobile sacral segment and highly mobile lower lumbar
area (51,52).

Circumferential Fusion (360°)

Several authors propose a combined anterior and pos-
terior stabilization, especially in the adult patient and if a
wide decompression has been performed (48). Smith and
Bohlamn described good results with a combined in situ
fusion through a single posterior approach, partial resec-
tion of the first sacral segment and an anterior interbody
fibular graft combined with a posterolateral fusion (53).
Roca et al. (54) have also reported favorable results with
the same technique in a group of patients presenting with
an average slip of 77% and a slip angle of 36°. 

It appears that circumferential fusion has been mostly
described in combination with a reduction of the slip-
page.

Reduction of Spondylolisthesis

The first trials of reducing spondylolisthesis were
reported in the 1930s (55); however, poor results and
major neurologic complications led to the abandonment
of those procedures in favor of in situ fusions. In the
1970s, reduction through a two-step posterior and ante-
rior approach with the use of Harrington rods is described
(56). Other techniques describe the preoperative reduc-
tion by plaster casts followed by posterior instrumenta-
tion and fusion with good results (57). The more recent
evolution of surgical techniques and efficient instrumen-
tations brought a new interest in reduction of severe
spondylolisthesis.

Several reasons can be put forward to advocate reduc-
tion of spondylolisthesis. The cosmetic appearance is a
first factor to consider as in situ fusion does not restore
the sagittal balance. Therefore, reduction will improve
this cosmetic aspect (58). However, many studies have
shown that cosmetic deformity was not considered a
major problem by the majority of patients (10,23,31).
Some authors even reported that patients who had under-
gone reduction were less satisfied with their appearance
than those who had simple in situ fusion (59).

The high pseudarthrosis rate and progression of slip-
page associated with in situ fusion can be improved by
performing a reduction (60,61) and avoiding high tensile
shear forces across the fusion mass. Yet, this maneuver
increases risk of neurologic injury, particularly to nerve
root L5 (17). According to Kozak (62), routine release of
the lumbosacral ligament in order to avoid injury to the
L5 nerve root seems prudent. Molinari et al. (63) found
in situ fusion to give poor results when severe dysplasia
of the posterior elements of L5 are present, in particular
small transverse process surfaces. 

In a recent retrospective analysis of six cases in which
partial lumbosacral kyphosis reduction, posterior decom-
pression, and pedicle screw fixation were performed,
Boachie-Adje et al. found that it is the partial reduction
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of the slip angle and not the percentage of slip that is
important in obtaining optimal results (64). With a simi-
lar technique using fibular allograft for the posterior
interbody fusion, Smith et al. (65) had good clinical and
radiologic results in nine cases. 

According to Molinari et al. (63) the addition of long
iliac screws reduces the risk of instrumentation failure.
Experimental biomechanics studies have shown the
advantages of screws purchasing the iliac bone down to
the acetabular column (66). Other authors have advocated
the use of a second set of sacral fixation points (67).
Klöckner stresses the fact that the dome-shaped surface
of the sacrum needs to be resected, thus allowing a mono-
segmental reduction (68). 

Grade III and IV spondylolisthesis cases, in which the
kyphosis has led to an impairment of the full upright
standing position with extended hips and knees, are a pri-
mary indication for reduction. Such a reduction can be
achieved by either a posterior instrumented approach, a
combined anterior and posterior approach (360°), or a
vertebral body resection. Slow gradual reduction by
means of an external fixator followed by internal fusion
and fixation has also been described (69,70). Using this
method, Wild et al. report good results, an 84.5% correc-
tion of the slip and no neurologic complications (70).
Only experienced surgeons should perform these opera-
tions and neurologic monitoring is certainly not a luxury.
Based on a retrospective analysis of 93 cases of grade III
or IV spondylolisthesis, Seitsalo et al. (18) suggested that
an attempt to reduce an increased slip angle was war-
ranted in some cases. 

Some authors however believe that in adults the risks
of reduction outweigh the benefits (53,71,72). These
risks consist primarily of neurologic compromise of the
cauda equina or the L5 nerve root by lengthening and
traction or by impingement against the iliolumbar liga-
ment. The frequency of neurologic complications
reported in the literature varies from 6% to over 50%
(17,24,63,67,73–76).

An experimental study Petraco et al. suggests that par-
tial reduction be advocated since the risk of stretch injury
to the L5 root is not linear and sharply increases during
the second half of reduction. Reductions greater than
50% of the width of the L5 body demonstrated the higher
root tension and potential for neurologic injury (77).

It appears that reduction of the slip angle is more
important than reduction of the percentage slip and that
partial reduction of the slip angle is often sufficient to
reduce kyphosis and enable stable fixation while decreas-
ing the neurologic problems associated with more com-
plex reduction maneuvers (64). Furthermore, reduction
of slip angle allows easier decompressive maneuvers and
places the fusion mass in a more compressive position,
thus decreasing the risk of fusion mass elongation and
pseudoarthrosis. Furthermore, for some authors, such a
partial reduction allows the use of isolated posterior

fusion without the need for additional anterior exposure.
Smith and Bohlman report good results with partial
reduction and fixation with a posterior interbody fibula
interposition supplemented by a pedicular fixation (63).
Those techniques using an isolated posterior approach
decrease the burden and risk of neurologic and vascular
complications associated with anterior approaches.

The advantage of the posterior reduction techniques is
that they can be completed in one stage. A thorough
decompression has to be performed before the reduction
is attempted and a fixation by transpedicular screw is
mandatory to maintain the position. It is more important
to correct the kyphosis than to correct the translation
(64). In a report on prospective cases Steffee and Branti-
gan (78) noted clinical success in 86% of patients with
spondylolisthesis. 

With posterolateral surgery the fusion mass is under
tension. This has led to many cases of nonunion when
severe slippage was present. Hu et al. (67) reported on 16
patients and found hardware failure in 5 cases. Boos et al.
(79) reported 83% implant failure and pseudarthrosis rate
in patients where postreduction stabilization was per-
formed by an isolated posterolateral fusion. They recom-
mend a combined interbody and posterior fusion since
they believe that pedicular fixation systems alone do not
allow permanent stabilization. 

Due to the problems reported with isolated posterior
fixation, many authors have advocated the use of anterior
column support (67). Molinari et al. found largely supe-
rior results after reduction in those patients with added
anterior support compared with those treated by posterior
fusion alone. The rate of nonfusion in the latter group was
39% compared to none in the 360° group (25). DeWald
et al. also reported a very high rate of solid fusion after 2
years’ follow-up after reduction and 360° fusion (24).

Indeed, the combination with anterior surgery where
the graft is under compression answers a biomechanical
rationale adopted by many (11,24,80,81). These two
operative stages can either be performed in one or two
separate stages with a one-week interval. Anterior fusion
can be obtained by the use of an array of devices ranging
from autologous bone (fibula, iliac crest) and allografts
to cages of varying shapes and composition. Louis and
Maresca have described a technique with a specific
instrumentation allowing L5 to be tilted back on to S1
and progressively pushed back in place (61).

Laursen et al. reported good results following partial
reduction and fixation by anterior interbody fusion and
posterior pedicular screws. There were no complications
and good functional outcome (82).

Circumferential fusion also decreases the occurrence
of hardware failure.

Reduction of severe spondylolisthesis is a demanding
and very long surgery; surgical duration is often around 8
hours (67) and blood loss may be critical. The results of
reduction in severe spondylolisthesis are satisfactory but
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must be balanced by the risk of permanent neurologic
complications. Although for some authors this risk is
acceptably low it is, nevertheless, present and much
higher than in cases of in situ fusion. Therefore care must
be taken, in postoperative planning, to compare this risk
with the importance of the expected benefits. 

Vertebral Body Resection

Total resection of the fifth vertebral body and fusion of
L4 to S1 has been proposed by Gaines and Nichols (83).
The rationale was that the shortening would facilitate the
sagittal balance realignment and reduce the risk of neuro-
logic impairment. A high rate of complications preclud-
ing the wide application of the technique was later
reported (84). Out of 16 patients, 12 had early postopera-
tive neurologic troubles and 5 had permanent neurologic
motor deficit. Four patients had a revision surgery for
pseudarthrosis or fixation failure. This procedure has also
been advocated by other authors (85).

The indications for this type of surgery are excep-
tional. Wild et al. present such a procedure for the treat-
ment of spondyloptosis in an 18-month-old patient with
good results after 10 years of follow-up (86).

CONCLUSIONS

The goal of surgery in high-grade spondylolisthesis is
to improve pain, neurologic deficits, and avoid further
displacement. Restoration of sagittal balance will be a
major goal if kyphosis disallows the patient to stand,
walk, or look forward. Patients presenting with such
severe sagittal imbalance are at risk of further slippage
and subsequent neurologic damage. Cosmetic criteria do
not appear to be major surgical indications in most sub-
jects (31).

However, surgery for high-grade spondylolisthesis,
and more specifically reduction techniques, carries a high
incidence of major complications, mainly neurologic,
which are sometimes permanent. Likewise, the incidence
of revision procedures for fixation failure is high. In
those conditions the risk/benefit ratio for this surgery has
to be assessed carefully. 

The exceptional nature of this surgery and the small
sample sizes encountered in most studies make true ran-
domized controlled studies hardly feasible. The lack of an
instrument to record specific outcome makes the problem
even more complex. Some authors (65) have applied the
Scoliosis Research Society (SRS) outcome questionnaire
described by Haher et al. (87) and modified by Asher et
al. (88). However, the SRS instrument was only validated
for adolescent scoliosis and validation of the same or
another instrument in the context of high-grade spondy-
lolisthesis would be welcome. 

Fusion in situ appears indicated for pain and minor
walking disturbances in the absence of neurologic symp-

toms or deficits. Reduction (essentially partial) will be
indicated in more severe cases. Complete reduction or
vertebrectomy will only be indicated in a few extremely
severe cases.

Surgery in high-grade spondylolisthesis and spondy-
loptosis is a high-risk surgery and should be restricted to
those cases where conservative treatment could not sig-
nificantly reduce invalidating complaints of low back
pain and radiculopathy or walking or forward vision is
not possible because of severe sagittal plane imbalance. It
should be performed only by experienced surgeons in
well-equipped centers. 
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CHAPTER 65

High-Grade Spondylolisthesis: 
Slip Reduction versus in situ Fusion

William C. Lauerman and Steven C. Scherping

Isthmic spondylolisthesis occurs because of a defect in
the pars interarticularis that allows the forward slippage
of one vertebra, most commonly L5, on the level below.
This defect, called spondylolysis, is presumed to be a
fatigue fracture, for the development of which there is a
hereditary predisposition, and which is caused by repeti-
tive hyperextension stresses (1).

Spondylolysis is common, with a prevalence of 5% to
6% of the population at skeletal maturity. Approximately
75% of individuals with spondylolysis are seen to have an
associated slip, the large majority of which are in the Mey-
erding grade I (0 to 25%) or less commonly grade II (26%
to 50%) categories. Only a small percentage of cases of
spondylolisthesis involve slips that progress beyond 50%,
into the realm of high-grade spondylolisthesis (2).

The occasional case of true high-grade spondylolisthe-
sis differs from the more common lower-grade cases in
several ways. While spondylolysis and isthmic spondy-
lolisthesis, on the whole, are twice as common in males
as in females, high-grade slips occur in women as much
as four times as frequently as in men. Furthermore, the
pathoanatomy of the high-grade slip involves more than
just anterior translation of L5 on S1, a fact that has major
significance in terms of presentation and, in some
instances, treatment. As the L5 vertebral body translates
anteriorly it also, once it passes about 50% translation,
rolls anteriorly into kyphosis. This lumbosacral kyphosis,
measured by the slip angle (Fig. 65-1), alters the biome-
chanics of the entire lumbar spine; in order to balance the
trunk over the pelvis hyperlordosis, above L5, is neces-
sary. The hyperlordosis can then lead to long-term prob-
lems including pain, facet joint arthrosis, and central and
lateral recess stenosis above the lumbosacral level (3).

The well-described cosmetic alterations seen in high-
grade spondylolisthesis are also a function, in large part,
of this lumbosacral kyphosis. The kyphotic forward roll

of the body of L5 usually induces a backward rotation of
the sacrum, measured by the sacral inclination (Fig. 65-
1), with concomitant backward rotation of the entire
pelvis. This accounts for the flattening of the buttocks
and transverse abdominal crease, which are often cos-
metically objectionable in these patients (4).

Finally, in cases of high-grade spondylolisthesis, pat-
terns of nerve root or cauda equina compression differing
from those usually seen should be considered. While L5
nerve root entrapment in the L5-S1 foramen is common in
the adult with isthmic spondylolisthesis of any grade, it
appears to be more common in higher grade slips. Patients
with high-grade spondylolisthesis, particularly when there
is significant lumbosacral kyphosis, may also manifest
cauda equina symptoms due to stretching of the sacral
nerve roots over the L5-S1 disc and the posterior aspect of
the dome of the sacrum (5). This picture is quite rare in
slips below 50%. Finally, it is not uncommon to see steno-
sis develop above the L5-S1 level, particularly when there
has been a previous fusion, in patients with high-grade
slips and compensatory proximal hyperlordosis. 

SURGICAL INDICATIONS

The adult patient with spondylolisthesis may present
with back or leg pain; failing nonoperative treatment
these are the most common indications for surgery in all
grades of slip. Patients with higher-grade slips may also
present with symptoms of cauda equina syndrome, which
are usually mild and chronic and may be easy to over-
look. Clear-cut evidence of urinary retention would rep-
resent an absolute indication for surgical treatment. Cos-
metic considerations may also play a role in treatment
decision making. While it is easy to assume that the adult
has come to accept his or her deformity, this may not be
the case and the patient’s perception of the relative impor-
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tance of his or her appearance must factor into selection
of the appropriate operation. In the adult slip progression
can occur, although it is uncommon in the absence of
prior surgery (6). The presence of progressive spondy-
lolisthesis represents an indication for surgery, however,
and current radiographs should be compared to old films,
if available, always taken with the patients standing.

SURGICAL OPTIONS

The surgical treatment of the patient with high-grade
spondylolisthesis falls into two categories: fusion in situ
or reduction and fusion. Nerve root, and sometimes
cauda equina, decompression are commonly performed
as part of either of these two types of surgeries; radicular
or cauda equina symptoms may constitute part of the
patient’s symptom complex or decompression may be
undertaken as a prophylactic measure. Nerve root decom-
pression is universally recommended when reduction is
undertaken and is employed by some surgeons when per-
forming in situ fusion. 

Fusion in situ is most commonly performed through a
posterior approach, although circumferential fusion may
be employed. Anterior fusion for high-grade spondylolis-
thesis is rarely employed as a stand-alone primary opera-
tion. Nerve root decompression is usually necessary as an
adjunct in case of fusion in situ as most adults presenting

with high-grade spondylolisthesis have signs or symp-
toms of radiculopathy. 

Posterolateral in situ fusion for high-grade slips gener-
ally extends from L4-S1 and the use of pedicle screw
instrumentation, in addition to autologous bone grafting,
is now routine in such cases. The rationale for extending
the fusion to L4 in children and adults stems from the
mechanically disadvantaged position of the L5 transverse
processes, which are also commonly quite small, relative
to the sacral ala. Extension of the bone grafting up to L4
is considered necessary in order to create a fusion bed
that is under compression (L4-S1) rather than under ten-
sion (L5-S1) (4).

A significant risk of nonunion exists with posterolat-
eral fusion, with or without instrumentation, for high-
grade spondylolisthesis (7). To offset this risk Smith and
Bohlman have described fusion of both the anterior and
posterior columns, through a single posterior approach.
In addition to traditional posterolateral fusion a fibula
dowel graft is introduced through a drill hole in the
sacrum, across the L5-S1 disc, and into the body of L5
(8) (Fig. 65-2). A more commonly employed alternative
to the posterolateral fusion is a combined anterior and
posterior approach. Transperitoneal or retroperitoneal
exposure of the L5-S1 level allows for discectomy and
grafting. Alternatively, a fibular strut graft can be intro-
duced into the body of L5, across the disc space, and into
the sacrum. Either anterior technique is followed by pos-
terolateral fusion and instrumentation. 

The techniques used for slip reduction have evolved
over the last quarter century, and much of the experience
reported has been in adolescents. Many techniques, par-
ticularly those involving cast reduction, traction, or other
indirect means, are rarely employed at this time and are
unsuitable for the adult patient.

The major risks of reduction of high-grade spondy-
lolisthesis include neurologic injury and instrumentation
failure, with loss of reduction (3,7,9–11). Both of these
may be minimized by, and most authors stress the impor-
tance of, accepting less than complete reduction. This
clearly lessens the risk of nerve root injury, a finding that
Petraco et al. have explained in a study on cadavers
demonstrating the disproportionate strain in the L5 root
occurring during the last 50% of reduction (12). Since it
is the lumbosacral kyphosis, in a high-grade slip, which
causes most of the mechanical problems, it is now well
accepted that kyphosis reduction, rather than complete
reversal of the anterior translation, should be the primary
goal of surgery (12,13). 

Currently the options commonly used for reduction
include a posterior instrumented reduction using gradu-
ally applied distraction, posterior translation of L5, and
lumbosacral extension (Fig. 65-3). This technique, origi-
nally pioneered by Edwards, takes advantage of vis-
coelastic stress-relaxation and is not suitable for some

FIG. 65-1. Drawing illustrating the pertinent measurements
to quantify the deformity in spondylolisthesis. SI, the sacral
inclination, describes the orientation of the sacrum and
pelvis. The slip angle, when positive, measures lumbosacral
kyphosis. The percent slip measures the anterior translation
of L5 on S1. (From Miller MD, Brinker MR. Review of
orthopaedics, 3rd ed. Philadelphia: WB Saunders, 2000:367,
with permission.)
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adults with more rigid curves or who have had prior
attempts at fusion (3).

Transforaminal interbody fusion techniques can facili-
tate reduction and enhance arthrodesis rates when used in
conjunction with instrumented posterior reduction. Fol-
lowing foraminotomy and distraction, subtotal L5-S1 dis-
cectomy, working through both foramina, is performed.

This serves to increase flexibility of the deformity at the
time of posterior translation and extension. The disc
space can then be grafted, with a structural graft if
desired, to provide fusion in both the anterior and poste-
rior columns (14). 

An alternative approach is to combine anterior L5-S1
and L4-L5 discectomy with instrumented posterior

FIG. 65-2. A 46-year-old woman with progressive spondylolisthesis following a prior attempt at fusion.
A: Marked lumbosacral kyphosis with an almost vertical sacrum. B: The patient’s lateral radiograph
shortly after the Bohlman procedure. The arrowheads mark the corners of the fibular strut graft. C, D:
The anteroposterior and lateral views 7 years after the patient’s second surgery. She had excellent relief
of her pain. Note, however, the persistent lumbosacral kyphosis and compensatory hyperlordosis prox-
imally.
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reduction and fusion. Greater flexibility, lending to easier
reduction, is achieved with this method. In higher grade
slips or cases of spondyloptosis, however, it can be
exceedingly difficult to visualize the L5-S1 disc that
becomes trapped between the L5 vertebral body and the
front of the sacrum. 

A final alternative, popularized by Gaines, is resection
of the entire L5 vertebrae through a combined anterior

and posterior approach, followed by reduction of L4 onto
the sacrum and instrumented L4-S1 fusion. The advan-
tages ascribed to this technique include lesser risk of neu-
rologic injury and ease of achieving reduction (15),
although mechanical and neurologic complications have
been reported (16). The Gaines procedure probably rep-
resents, however, the most reliable reduction procedure
available for high-grade slips when there has been a pre-

FIG. 65-3. Two-stage instrumented reduction and fusion for high-grade
spondylolisthesis in a 28-year-old woman. A: Preoperative lateral view
demonstrating the spondyloptosis, severe lumbosacral kyphosis, and
associated sagittal plane imbalance. B: Partial correction after first
stage, including resection of sacral dome and anterior beak of L5 poste-
riorly. C: Final standing lateral radiograph, demonstrating correction of
translation and lumbosacral kyphosis, with near-normal global sagittal
alignment. D, E: Preoperative and final postoperative clinical photos.
(From Bridwell KH, DeWald RL. Textbook of spinal surgery. Philadelphia:
JB Lippincott, 1991:631, with permission.)

A–B

D–E

C
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vious attempt at fusion or when there is severe lum-
bosacral kyphosis resulting in the L5 vertebral body
descending anterior to the sacrum (17). 

Essentially all authors who describe modern tech-
niques of slip reduction stress the importance of thorough
neural decompression (3,4,12). Even in patients without
overt radiculopathy, aggressive foraminotomy allows
visualization of the L5 nerve roots that must be checked
and rechecked many times throughout the course of the
reduction of the slip. In some cases resection of the L5-
S1 disc and even partial resection of the dome of the
sacrum is employed to decompress the sacral roots and
facilitate reduction.

Fusion in situ versus Reduction

No aphorism is more appropriate, when considering
the right treatment for the adult with high-grade isthmic
spondylolisthesis, than that admonishing the surgeon to
“fit the operation to the patient, not the patient to the
operation.” Selecting the right operation requires consid-
ering individual factors in the patient’s presenting com-
plaints and past history as well as physical findings and
radiographic criteria. 

What does the patient want from surgery? Most adults
are reluctant to identify cosmesis as a major part of their
concern. The surgeon, therefore, needs to present the
effect that one operation, or another, is likely to have on
the patient’s appearance. Where is the pain? While either
approach is likely to relieve low back pain or leg pain,
some patients have chronic fatigue pain in the upper lum-
bar and thoracolumbar region. This often is caused by
sagittal plane imbalance induced by the lumbosacral
kyphosis and relief may be less predictable with in situ
techniques (Fig. 65-4) (3).

Has the patient had surgery before? The timing and
type of such surgery may have an impact on the optimal
procedure. A recent decompression without fusion with
rapid slip progression often lends itself to attempted
reduction. On the other hand an established nonunion at
the lumbosacral junction, without motion, often requires
extensive surgery to achieve reduction and may be better
suited to in situ fusion techniques. 

Physical findings typically supplement factors in the
history. Marked sagittal plane imbalance, manifested by
compensatory hyperlordosis and a “crouched posture”,
often results in fatigue-type pain in the mid-back and is
only likely to be altered significantly with reduction.
Other physical findings consistent with severe spondy-
lolisthesis and sagittal plane decompensation include
flattening of the buttocks, a transverse abdominal crease,
and trunk shortening with the lower ribs sitting on the lat-
eral iliac crests; these rarely improve with in situ fusion.
Finally, certain radiographic findings favor one approach
or the other, although the radiographs typically reflect
what is seen on physical examination. Some patients have

relatively high-grade slips but do not develop a particu-
larly severe lumbosacral kyphosis; in these individuals,
who often have less dramatic physical findings, in situ
fusion is advantageous. Other patients have such severe
kyphosis, and sagittal plane decompensation, that even a
fusion from the transverse processes of L4 to the sacral
ala would lie outside the compressive “anatomic zone”,
described by Bradford as the imaginary proximal exten-
sion of the sacrum (17). These patients require either cir-
cumferential fusion in situ or reduction (at least partial)
to establish a favorable fusion environment.

The major clear-cut advantage of in situ fusion is
safety (3–5,9,10). While nerve root injury and even cauda
equina syndrome have been reported following fusion in
situ, major permanent deficits are uncommon. Virtually
all reports of spondylolisthesis reduction, however, note
the occurrence of neurologic complications. These
deficits have been reported following all techniques as
well, including noninstrumented reduction, L5 vertebrec-
tomy, combined anterior and posterior approaches, and
gradual instrumented reduction. The reported incidence
of root deficits, usually at L5, ranges from 0 to 40% (3,4).
Cauda equina syndrome following reduction is less com-
mon. The majority of neurologic deficits, including root
and cauda equina, improve but most larger series contain
patients with permanent disability. Amundson et al. have
proposed several maneuvers that may be used at surgery
to minimize the risk of neurologic injury. These include
either staged reduction (with a 1- to 2-week interval) or
spine shortening by virtue of a sacral dome osteotomy in
cases where excessive axial lengthening, particularly of
rigid deformities, is anticipated (Fig. 65-2). Neurologic

FIG. 65-4. A 46-year-old woman, approximately 30 years
after in situ fusion for high-grade isthmic spondylolisthesis.
Lateral radiograph demonstrates sagittal plane imbalance
and hyperlordosis from L1 to L5. She has chronic thora-
columbar and lumbar fatigue-type pain.
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monitoring, including one or more wake-up tests, can be
used to alert the surgeon to root compromise (5). As a
final safeguard, accepting partial reduction often lessens
the neurologic risk (13). 

Other advantages of in situ fusion are less clear-cut. It
would appear that reduction is technically more complex,
with increased operating room time and cost, increased
blood loss, and monitoring expenses. Some in situ tech-
niques, however, call for a combined anterior and poste-
rior approach, require extending the fusion cephalad, and
may have a higher long-term failure rate from nonunion
or slip progression. These “costs” may offset the com-
plexity of reduction. 

Heller et al. have described a number of potential
advantages of reduction, fixation, and fusion for spondy-
lolisthesis. These include reduced risk of postoperative
progression, more rapid pain relief, the ability to more
aggressively decompress the nerve roots without fearing
instability, increased fusion rates, limited fusion length,
and the restoration of normal spine mechanics and body
posture with improved appearance (7). Only the last of
these advantages is universally accepted, while the others
have not been fully documented. Fusion in situ for
spondylolisthesis has a nonunion rate reported to be
between 0 and 40%, with a risk of slip progression as
high as 50%. The reported incidence of nonunion follow-
ing reduction and fusion for high-grade spondylolisthesis
varies from 0 to 38%, sometimes with slip progression. It
should be noted, however, that some of these reports, such
as Bradford and Gotfried’s series in which 6 of 16
patients developed delayed union, do not involve the use
of more modern instrumentation techniques (11). Other
putative advantages of reduction, while potentially valid,
depend somewhat on surgeon bias; advocates of in situ
fusion do not compromise the extent of their nerve root
decompression in most cases and would likely agree that
the rare patient in whom partial sacrectomy, or extensive
discectomy is needed to achieve adequate decompression
requires instrumentation and fusion.

CONCLUSION

Many factors in a given patient’s history, physical
examination, and radiographic evaluation need to be con-
sidered when determining if surgery is necessary, and if
so what procedure is best for that patient. Younger adults
with high-grade isthmic spondylolisthesis frequently
require surgical treatment and there is no one option that

is right for all such patients. Advocates of in situ fusion
cite numerous advantages, the most widely accepted of
which would be a decreased risk of neurologic injury.
Instrumented reduction and fusion, while offering a num-
ber of potential benefits, clearly is able to restore more
normal mechanics to the lumbar spine, resulting in an
improved appearance and posture. Careful analysis of the
patient’s pathologic anatomy, signs, and symptoms allows
the surgeon to offer the patient the procedure with the
most favorable risk/benefit ratio.
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CHAPTER 66

Adult Scoliosis

Yizhar Floman

For many years scoliosis was considered a condition that
starts exclusively during skeletal growth either in child-
hood or adolescence, not in adult life. Indeed, scoliosis is
common in adolescence (4% of the population) and may
carry forward into adult years as an untreated condition.
However, more recently it has been recognized that scol-
iosis also can start de novo during adult life. For practical
reasons, adult scoliosis is defined as a presentation of
spinal deformity after skeletal maturity (usually after the
age of 20 years). Adult scoliosis may start before skeletal
maturity, but treatment may not be sought until later in
adult life; alternatively, it may present as a de novo spinal
deformity in adult life. The most frequent type, present
before skeletal maturity, is idiopathic scoliosis. On the
other hand, de novo scoliosis usually arises because of
advanced degenerative disc disease, osteoporosis, or
both. Adults also may present with a spinal deformity fol-
lowing a previous surgery for degenerative disc disease
(DDD) or as a sequel to a previous fusion surgery (e.g.,
adjacent level disc degeneration with scoliosis or iatro-
genic flat back).

The predominance of the literature dealing with scol-
iosis remains focused on adolescent spinal deformities.
The natural history of adult spinal deformities is less
known. Nevertheless, as more adults with scoliosis seek
treatment, more interest and research focus on the natural
history of these complex deformities in adult life and
their management. Aside from the disfigurement caused
by the spinal deformity, pain and disability may become
a major problem. The recent awareness of the public
toward quality of life issues and not just longevity may
bring adult scoliosis into the focus of attention; the con-
dition may soon become a significant health care prob-
lem. 

PREVALENCE

The prevalence of adult scoliosis is probably on the
rise because of increased longevity in the Western world.

Lonstein estimated that there are about half a million
adults with spinal curves (including thoracic curves) 30°
or greater in the United States (1). The two most common
types of curves that are encountered in adult life are idio-
pathic and degenerative scoliosis. The former is a condi-
tion that starts in childhood or adolescence, and pro-
gresses over the years with superimposed DDD that
becomes symptomatic in adult life. On the other hand,
degenerative scoliosis is a de novo type scoliosis sec-
ondary to DDD that developed on a formerly straight
spine. Scoliosis may be the result of the asymmetric
involvement of disc degeneration, facet arthrosis, and
disc collapse (2). Although it is obvious that the etiology
of the two conditions is completely different, adult idio-
pathic scoliosis and degenerative scoliosis coexist and
may share a common final pathway (i.e., increasing disc
degeneration with increasing spinal deformity accompa-
nied by pain and disability).

The prevalence of adult scoliosis in the general popula-
tion has been estimated to be 2% to 15% (3–7). The wide
variation in the reported prevalence of adult spinal defor-
mities is because most published reports were based on
different population surveys, different gender studies, dif-
ferent age groups, and various inclusion criteria. Strayer
(8) reviewed routine chest X-rays of 928 postpartum
women and obtained standing antero-posterior (AP) views
of the spine of those appearing to have a spinal deformity
in the coronal plane (scoliosis). Five percent of the entire
study group had curves measuring 10° to 19° and 2% had
curves exceeding 20°. The vast majority of women in the
study population (77%) were thought to have idiopathic
scoliosis (8). Kostuik and Bentivoglio (9) studied 5,000
intravenous pyelograms of patients older than 20 years.
Thoracolumbar or lumbar scoliosis greater than 10° was
found in 3.9% of the study population. The incidence of
lumbar curves was 2.5%, whereas the incidence of thora-
columbar curves was 1.4 % (9). Vanderpool et al. (10)
found an even higher incidence of scoliosis (6%) in peo-
ple 50 years of age and older. Most identified curves in the
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study of Kostuik and Bentivoglio (86%) were idiopathic in
nature; however, some curves were secondary to congeni-
tal or neuromuscular etiologies (9). Biot and Perdrix
found 12% prevalence of lumbar curves in a retrospective
study of abdominal X-rays (3). Robin (6), in a study of
3,600 persons aged 45 to 84 years who were chosen at ran-
dom from electoral lists, found that 15% had a thora-
columbar or lumbar curve of more than 10°. Perennou et
al. (5) described the frequency and characteristics of adult
lumbar scoliosis in a prospective clinical and radiologic
study. They studied 671 adults (49.8% M, 50.2% F) who
were admitted to a spine rehabilitation unit for back pain
during an 8-month period (5). The mean age of the
patients was 50 years; 30% were older than 60 years. The
prevalence of curves greater than 10° was 7.5% (55 out of
the 671 patients in the study group). Seventy-two percent
of the scoliotic patients were females (2:1 sex ratio). The
prevalence of lumbar scoliosis increased with age: It was
found to be 2% before age 45, 6% between 45 and 59
years, 15% in patients older than 60 years (5). The mean
Cobb angle was 21°. Only 14% of the patients reported
about a known deformity in their adolescent years.
Korovesis (4) in a similar study on adult scoliosis found
that right-sided lumbar curves were as common as left
sided curves (as opposed to the predominance of left-
sided lumbar curve in adolescent idiopathic scoliosis).

In summary, it may be noted that the prevalence of
adult scoliosis rises with age. More recent studies show
more equal numbers of degenerative and idiopathic type
curves while early surveys reported that the majority of
adult curves were idiopathic. There are a significant num-
ber of right lumber curves and the female to male ratio is
smaller than in comparable series of patients with adoles-
cent idiopathic scoliosis.

PATHOGENESIS AND CLASSIFICATION

Adult scoliosis can be divided into two main sub-
groups; individuals with previous history of scoliosis
before the end of skeletal maturity and individuals
whose scoliosis started in adult life (de novo) (Figs. 66-
1,66-2). Contributing factors for adult onset scoliosis
are degenerative disc disease, osteoporosis (10,11), and
prior back surgery. Although the association between
adult scoliosis and DDD is obvious, it is less so in rela-
tionship to osteoporosis. Velis et al. (12) found a sig-
nificant reduction in bone mineral content in young
women with idiopathic scoliosis. The incidence of adult
scoliosis in women with osteoporosis also is higher
(10,13). Vanderpool et al. (10), Healy and Lane (13),
and Velis and Thorne (14) found a positive correlation
between osteoporosis and increased prevalence of sco-
liosis in an older adult population. Robin et al. were
some of the few investigators to find no correlation
between degenerative scoliosis and osteoporosis (6).
Nevertheless, it is well established that vertebral osteo-
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porosis and disc degeneration with facet joint arthrosis
coexist in the elderly population (15).

Regardless of the etiology, adult scoliosis is character-
ized by vertebral structural changes with translatory
shifts (i.e., lateral olisthesis accompanied by degenerative

FIG. 66-1. Antero-posterior X-ray of the lumbar spine in a
55-year-old woman with low back pain. Note that the lumbar
spine is straight with no apparent deformity.

FIG. 66-2. Antero-posterior X-ray of the lumbar spine of the
same patient as in Figure 66-1, 7 years later. Note that a sco-
liotic curve has evolved (de novo scoliosis) with marked rota-
tion at L2.
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disc and facet joint arthrosis). Although the magnitude of
these curves usually is mild, only 10% develop curves
that exceed 30°; lateral vertebral subluxation (lateral
spondylolisthesis) is observed more frequently (Fig. 66-
3) (13,14). The degenerative process is either the primary
event leading to a spinal deformity or superimposed as a
secondary event on a preexisting curve that started before
skeletal maturity. 

Therefore, adult thoracolumbar or lumbar scoliosis
may be classified as follows:

1. Primary adult curves: true adult onset deformity (de
novo scoliosis) resulting from degenerative disc disease,
osteoporosis, or both. This type of deformity is often
associated with loss of lumbar lordosis (16).

2. Secondary adult curves:
a. On the top of a previous stable adolescent curve

(at the end of skeletal growth, up to 30° to 40°).
In these cases, a previously stable curve becomes
unstable because of superimposed degenerative
changes with or without osteoporosis.

b. On top of a previous unstable progressive ado-
lescent curve (at the end of skeletal growth). The
curve continues to increase in magnitude in adult
life because of its inherent biomechanical behav-
ior and also as a result of superimposed degener-
ative process.

In both primary and secondary adult scoliosis, the
degenerative process plays a central role in the loss of
lumbar lordosis and may even result in thoracolumbar
kyphosis (Fig. 66-4).

FIG. 66-3. Antero-posterior X-ray of the lumbar spine in a
64-year-old woman with low back pain. Note the marked
degenerative lumbar scoliosis with lateral spondylolisthesis
at L2-3.

FIG. 66-4. A: Antero-posterior X-ray of the lumbar spine in a 72-year-old woman with low back pain.
Note the lumbar scoliosis with advanced disc degeneration. B: Lateral lumbar spine X-ray of the same
patient as in Figure 66-4A. Note the true lumbar kyphosis.

A B
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CLINICAL PRESENTATION

It is common for the spinal health care provider to be
presented with an adult patient with a spinal deformity
accompanied by loss of lumbar lordosis, trunk imbal-
ance, and significant mechanical back pain. When
obtaining the history it is important to establish whether
curve progression has taken place. Previous radiographs
are not available in many cases (or are inadequate to
determine if curve progression took place). Important
clues in the history taking are loss of height or altered
waistline, increase in the size of the lumbar paraspinal
hump, or the need to alter clothing. Although adult idio-
pathic scoliosis patients are predominantly women, the
percentage of men with de novo degenerative scoliosis is
greater.

It is well established that adult scoliosis can lead to a
painful progressive spinal deformity. Pain may arise not
only from DDD and facet arthritis leading to symptoms
of spinal stenosis, but also from muscle fatigue caused by
the altered biomechanics secondary to the deformity. The
latter muscle problem arises from the coronal as well as
the sagittal imbalance caused by the progressive spinal
deformity. In general, the incidence of back pain in the
adult scoliosis patient is about equal to that in age
matched controls (9,17–19). Also, the vast majority
(91%) of older patients with long-standing adolescent
idiopathic scoliosis exhibited degenerative changes of the
involved vertebrae (20). Kostuik and Bentivoglio (9)
found that 60% of adults with scoliosis had back pain; the
same figure was noted in adults without spinal deformity.

However, adult patients with lumbar curves have greater
pain intensity (21). When the curve progressed above
45°, prevalence and severity of pain increased (22).
Patients with thoracolumbar or lumbar curve patterns,
especially with lateral olisthesis tend to have a greater
incidence of back pain (23). In reports from more recent
studies, chronic back pain was present in 61% of the sco-
liotic patients versus 35% in control subjects (24). Pain
may arise at the apex of the deformity or be referred
lower down. A radicular component may be present,
especially with advanced degenerative changes (25).
Root entrapment is common and occurs more often on
the concavity of the curve (5,17).

Pritchett et al. (26) studied 200 patients with degener-
ative scoliosis. All 200 patients had back pain aggravated
by standing and walking, and 142 (72%) had lower limb
symptoms including complaints of spinal claudication.
Forty-five percent of the patients had neurologic symp-
toms, mostly paresthesias (26).

Schwab et al. (27) studied 95 patients with adult sco-
liosis: 33 men and 62 women, whose average age was 59
years. Most had significant back pain (74%); the average
visual analog scale (VAS) of pain was 58. Fifty-four per-
cent of the curves were classified as degenerative and
46% as idiopathic. The average lumbar curve magnitude
was 36°. The authors found a highly significant correla-
tion between the VAS of pain and the presence on radi-
ographs of lateral olisthesis and obliquity of the L3 or L4
end plates (Fig. 66-5).

Likewise, loss of lumbar lordosis and thoraco-lumbar
kyphosis were positively correlated with the self-reported

Plumbline in mm of
offset from T1-S1

L3 obliquity angle
(degrees from horizontal)

L4 obliquity angle
(degrees from horizontal) Maximum lateral

olisthesis 

FIG. 66-5. Important radiographic mea-
surements in the assessment of lumbar
scoliosis taken from a standing antero-pos-
terior X-ray of the lumbar spine. (From
Schwab FJ, et al. Adult scoliosis: a quanti-
tative radiographic and clinical analysis.
Spine 2002;27:388, with permission.)
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pain. On the other hand, the magnitude of the Cobb angle,
the sagittal pelvic tilt index, and the plumbline offset
showed no statistically significant correlation with the
self-reported pain by the VAS. Symptomatic lumbar
curves tended to be larger in the idiopathic group (40°
versus 25° in the degenerative group). 

Although the disfigurement caused by the lumbar
deformity may have adverse psychological conse-
quences, most middle-aged adults cope well with the
deformity (23). 

In summary, the incidence of back pain has been
shown to be similar among adults with and without sco-
liosis although patients with lumbar curves with lateral
olisthesis tend to have a greater incidence of back pain.
Also, the severity and chronicity of back pain has been
reported to be greater among adults with lumbar scolio-
sis as compared to age-matched controls without spinal
deformity (17,28–31). Symptoms of neurogenic claudi-
cation are common in adults with lumbar scoliosis; how-
ever, history of pain relief by bending forward or sitting
is less reliable than in patients with lumbar spinal steno-
sis without scoliosis (26).

NATURAL HISTORY

The natural history of adult scoliosis should be ana-
lyzed according to the classification of adult deformities
i.e. idiopathic or degenerative. It is recognized however
that the two conditions may co-exist.

IDIOPATHIC CURVES 

In a review of 161 patients observed for an average of
40 years at the university of Iowa, 68% of the curves pro-
gressed after maturity (19,23,32,33). This trend contin-
ued 10 years later (total follow-up time of 50 years!) (24).
Although thoracic curves progressed 1° per year, thora-
columbar curves progressed 0.5° per year and lumbar
curves even less (.24º per year) (32). From this long-term
study, Weinstein and Ponseti (32) identified multiple fac-
tors that were associated with curve progression (Table
66-1). For example, lumbar curves of more than 30° with
apical vertebral rotation of more than 30% progressed the

most. Right-sided lumbar curves tended to progress twice
as much as left lumbar curves (32). Also, marked verte-
bral rotation combined with translatory shift (lateral olis-
thesis) was associated with significant curve progression.
The thoracolumbar curve pattern manifested the most
pronounced amount of apical vertebral rotation. The inci-
dence of translatory shifts increased with time. At 50
years of follow-up, 71% of patients had at least one trans-
latory shift (24). Combined curves tended to balance with
age, although the lumbar part tended to progress more
than the thoracic counterpart. Weinstein and Ponseti (32)
noted greater progression in lumbar curves if L5 was not
well seated over the sacrum and apical vertebral rotation
was more than 33%. 

DE NOVO DEGENERATIVE CURVES

Robin (6) studied AP X-rays of a randomly chosen
population of 3,600 subjects aged 45 to 84 years. These
individuals were part of a population survey for osteo-
porosis in the city of Jerusalem. The authors found that
scoliosis was much more common in the elderly popula-
tion than the reported incidence of scoliosis in school
children. Indeed the incidence of scoliosis in various
reported series shows a constant rise from childhood to
old age. Although the prevalence of adolescent idiopathic
scoliosis in the at-risk population (i.e., children 10 to 16
years old) is approximately 2% to 3% (19) and only 10%
to 15% of these have lumbar curves, 15% of individuals
over 60 years of age have lumbar curves (5).

Robin et al. (7) further analyzed 554 individuals longi-
tudinally for 7 to 13 years (315 women, and 239 men, age
range 50 to 84 years). Each individual had one supine AP
X-ray of the lower thoracic and lumbar spine. One hun-
dred seventy-nine individuals (113 F, 66 M) had curves
exceeding 10°. Fifty-five individuals (10%) developed de
novo scoliosis during this period (curve range, 1° to 20°).
Left-sided curves were common in women; the sex ratio
(F:M) increased with curve size. Rotatory olisthesis was
found in 34% of the patients, most common at the L3-4
and L4-5 levels. In the supine position, most curves were
reduced by about 30%. Korovessis et al. (4) identified
137 individuals with adult scoliosis among a group of
1,154 patients with low back pain during a 3-year period.
They excluded from the study group patients with a pos-
itive history of spinal deformity, curves smaller than 10°,
and osteoporotic vertebral fractures. Ninety-one patients
out of the 137 (66%) were available for follow-up evalu-
ation (18 men and 73 women, mean age 67 years). Right-
sided lumbar curves were most common (55%). Average
curve size was 16.5° (range, 10° to 36°). Lateral spondy-
lolisthesis was present in most cases. Risk factors directly
related to curve progression were lateral olisthesis at the
apical vertebra, a high Harrington factor (Cobb angle
divided by the number of vertebrae included in the
curve), and the disc index (4). 

TABLE 66-1. Features associated with progression in
curves >30 degrees at skeletal maturity

Lumbar Thoracolumbar

Cobb angle >30 Cobb angle >30
Apical vertebral rotation Apical vertebral rotation

>30% >30%
Curve direction Translatory shifts
Relation of L5 to intercrestal line
Translatory shifts

Source: Adapted from Weinstein SL. Naural history. Spine
1999;24:2592–2600, with permission.
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Various authors calculated the annual curve progres-
sion rate to range from .3º to 3º (4,5,26). Korovessis et al.
(4) noted progression of 5° or more in 72% of the curves
during an average follow-up period of 3.7 years. Peren-
nou et al. (5) studied 41 patients with a follow-up period
spanning 10 to 30 years (mean, 12 years) and found that
73% of the patients showed curve progression of 10° or
more (2° to 6° per year, average 3°).

Pritchett and Bortel (26) examined 200 patients with
degenerative lumbar scoliosis. Inclusion criteria were a
curve greater than 10° with no previous history of spinal
deformity. Of the entire patient population, 151 were
women and the mean age of the study population was 69
years (range, 50 to 89) (Table 66-2). Curve range was 14°
to 60° (mean, 24°). Curve size was greater than 35° in
about 20% of the patients. The number of vertebrae
involved in the curve was 3 to 6 (mean, 3). Sixty-eight
percent of the curves were left-sided. The apex of the
curve was most commonly located between L2 and L3. In
67% the Moe-Nash grade of vertebral rotation was 2. An
interesting finding was that degenerative spondylolisthe-
sis was noted as well in more than half of the patients.
(Indeed, many patients with neurogenic claudication
caused by spinal stenosis also have some degree of
degenerative scoliosis.) An even more common finding
was a lateral spondylolisthesis (78% of the patients).
Average lateral translation was 8 mm (range, 3 to 8 mm).
The lumbar scoliosis was associated with a reduction in
the size of lumbar lordosis in 85% of patients. Mean lum-
bar lordosis was 18° (range, 7° to 45°). All curves with
the intercristal line passing through L5 or L4-5 interspace
with vertebral rotation of 2 or more (Moe-Nash) had
curve progression. Curves greater than 30° with lateral
translatory shift of 6 mm or more also had continued
curve progression. Most progression occurred in curves
with apices between L2-4 (26). 

ASSESSMENT: IMAGING

Full-length standing radiographs (35 × 91 cm) (pos-
tero-anterior [PA] and lateral) allow a thorough assess-
ment of the entire length of the spinal column in both the
coronal and sagittal planes. If surgical curve correction is

considered, PA and lateral supine-bending films should
be taken to assess curve rigidity and flexibility. In rigid
curves that do not significantly correct on side bending
views, traction views have been suggested to provide bet-
ter information regarding curve correctability during
surgery (34,35). Others have advocated the “push-prone”
view (manual lateral forced correction) for assessment of
curve flexibility (36). Recently, Luk et al. (37) advocated
the fulcrum bending view as a better predictor of curve
correctability (the patient lies in a lateral decubitus posi-
tion with the apex of the major curve placed over a large
bolster) (37).

Patients with symptoms of radiculopathy, without or
with neurologic deficit, are traditionally evaluated by
myelography followed by post-myelography computed
tomography (CT). An alternative to myelography is mag-
netic resonance imaging (MRI) scans. Magnetic reso-
nance imaging may provide detailed information on cen-
tral, lateral, and foraminal neural encroachment.
Magnetic resonance imaging scans also may provide
information regarding disc degeneration and may dictate
the extent of spondylodesis. If surgery is contemplated,
provocative discography may add further information as
to the extent of arthrodesis needed (38). Although
provocative discography remains a controversial diagnos-
tic procedure, leading authorities such as Kostuik (39)
and Bradford et al. (20,40) recommend its use in con-
junction with MRI to determine the extent of distal
spondylodesis. However, the lack of prospective clinical
studies that prove that the use of provocative discography
leads to better clinical results makes the use of discogra-
phy disputable. Occasionally flexion-extension views as
well as facet block injections may be considered as well
to determine the extent of instrumentation and fusion
(39).

EVALUATION OF CORONAL AND SAGITTAL
BALANCE

Coronal Balance

The Cobb angle and number of vertebrae in the curve
are recorded (Figs. 66-6,66-7). Next, the end plate obliq-
uity (from the horizontal) of the apical and the end verte-
bra are measured. Also, the maximal lateral olisthesis
(translatory shift) is recorded as well. The central sacral
line (from the spinous process of S2) is erected. The
plumb line (a parallel line to the center sacral line) is
drawn bisecting the center of C7 or T1. The distance
between the central sacral line and the plumb line is the
coronal decompensation measurement. For certain thora-
columbar curves it is better to evaluate the lateral trunk
shift (LTS) (Fig. 66-8). This is calculated by first drawing
a horizontal line to the edges of the ribs of the apical ver-
tebra. A perpendicular line bisects the horizontal line.
The distance between the perpendicular line and the cen-
ter sacral line represents LTS (41,42).

TABLE 66-2. Risk factors for curve progression in
degenerative lumbar curves

Curve No curve 
Factor progression progression

Patients 41 (100%) 30 (73%) 11 (27%)
Cobb angle >30 Degrees <30 Degrees
Rotation Grade 2–3 Grade 1–2
Intercrestal line Through L5 Through L4
Vertebral translation ≥6 mm <6 mm

Source: Adapted from Pritchett JW, Bortel DT. Degenera-
tive symptomatic lumbar scoliosis. Spine 1993;18:700–703,
with permission
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Apical vertebral translation also can be evaluated by
measuring the lateral distance of the apical vertebra from
the plumb line.

Sagittal Balance

Before the 1980s, little attention was paid to the sagit-
tal contour of the spine and assessment, and treatment of
spinal deformities focused almost exclusively on the
frontal or coronal plane of the spine. The sagittal contours

of the spine and global sagittal balance have emerged in
recent years as crucial factors in assessing spinal defor-
mities. This is especially true when one deals with tho-
raco-lumbar or lumbar deformities where changes in the
lateral profile of spine have a central role in the severity
of symptoms in patients with adult lumbar deformities.
Indeed, there is a spectrum of involvement in the sagittal
contour of the spine in adult scoliosis from hypolordosis
to true segmental kyphosis. Therefore, the evaluation of
the sagittal balance of the spine is extremely important.

Regional intervertebral relationships are important
when assessing the sagittal plane balance, but the global
alignment of the spine is even more important. There is a
close relationship between the intervertebral angulations
in the various regions of the spine (cervical, thoracic, and
lumbar) and the global sagittal balance. For example, the
lumbar spine compensates with lordosis if the thoracic
kyphosis increases. In order to maintain a normal overall
sagittal balance (a negative vertical sagittal alignment;
see the following) the lumbar lordosis should exceed the
thoracic kyphosis by 20° to 30° (Fig. 66-9). This is also
true with cervical lordosis. The normal cervical lordosis
is about 40°, to which the occipito-atlantal junction con-
tributes about 30° (43). The mean thoracic kyphosis from

FIG. 66-6. Evaluation of the coronal balance. The Cobb
angle and the number of vertebrae in the curve are recorded.
(Modified from Spine 2002;27:388.)

Plumbline

Mid sacral line

Coronal
decompensation

FIG. 66-7. The plumb line is drawn bisecting the center of C7
or T1. Also the central sacral line is erected. The distance
between the central sacral line and the plumb line is the coro-
nal decompensation. (Modified from Spine 2002;27:388.)
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FIG. 66-8. Evaluation of the lateral trunk shift (LTS). This is
calculated by first drawing a horizontal line to the edges of
the ribs of the apical vertebra. A perpendicular line bisects
the horizontal line. The distance between the perpendicular
line and the center sacral line represents LTS. (From Katz
DC, Durrani AA. Factors that influence outcome in bracing
large curves in patients with adolescent idiopathic scoliosis.
Spine 2001;26:2354–2361; Floman Y, Penny NJ, Micheli LJ,
et al. Osteotomy of the fusion mass in scoliosis. J Bone Joint
Surg 1982;64A:1307–1312; Spine 2001;26:2356.)
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T1-12 (apex T6-7) is 27° to 39°, each disc contributing 1°
to 3° of kyphosis (44). The thoracolumbar junction is a
transition zone connecting the kyphotic thoracic spine to
the lordotic lumbar counterpart. The L1-2 disc is the first
lordotic segment. The global sagittal alignment at the tho-
racolumbar junction (T12-L2) is either neutral or slightly
lordotic.

The simplest assessment of the sagittal contour is the
lateral plumb line, which is dropped from C7 and nor-
mally falls posterior to the postero-superior corner of the
lumbosacral disc (45). This is referred to as the sagittal
vertical axis (SVA) and quantifies the global sagittal bal-
ance of the spine (Fig. 66-9). The SVA normally falls
anterior to the thoracic spine and through or slightly pos-
terior to the apical lumbar bodies. When the SVA falls
anterior to the S1 body, it is considered positive and if it
falls behind the S1 body it is considered negative. The
normal SVA in adults usually is negative. 

The lumbar spine is lordotic; the apex is located at the
L3-4 interspace (44,45). The L4-5 and the L5-S1 segments

provide for about 60% of the total lumbar lordosis. The
lumbar discs provide for 47° of lordosis and the vertebral
bodies only 12° (46). Adolescents have a greater negative
sagittal spinal balance than asymptomatic adults (47).

Studies of normal subjects have demonstrated a clear
relationship between standing sagittal sacropelvic angu-
lation (sacral inclination) and lumbar lordosis (Fig. 60-
10) (48). Jackson and McManus (48) found that sacral
inclination correlated with total lumbar lordosis and
standing hip extension (hip axis). The pelvic hip axis is
located midway along a line drawn between the centers of
the femoral heads on the lateral radiograph. These corre-
lations appear to be valid not only in normal volunteers
but also in patients with low back pain and DDD (45,48).
As segmental lordosis and total lordosis decrease in
patients with DDD of the lumbar spine, the vertical sacral
inclination increases with increased hip extension. The
sacral angulation is an indicator of standing hip extension
through the acetabular or hip axis. In patients with DDD,
the sacropelvis rotates posteriorly around the hip axis as
both the segmental and total lordosis decrease. This
results in more vertical sacral inclination with associated
hip extension. The sacrum acts as a sixth lumbar vertebra
and translates around the hip axis (Fig. 66-10).

The vertical plumb line measurements have no corre-
lation with the sacral inclination. Therefore, it is impor-
tant to assess both the vertical line balance and the sacro-
pelvic and hip axis. These important biomechanical
relationships in the standing position should be kept in
mind when assessing patients for fusion surgery. Preser-
vation of lumbar lordosis and normal alignment of the
thoracolumbar junction are believed to be crucial factors
for the well being of the spine and also affect the long-
term results of spinal fusion (49). In a case of hip flexion
contracture the compensatory mechanism of spinal bal-
ance through hip extension and sacral translation may be
compromised (50).

More recently, Lagaye and Duval-Beaupere described
the pelvic incidence as the most important radiographic
parameter in maintaining an “economical” sagittal balance
(51). The pelvic incidence is the angle between the per-
pendicular to the sacral plate at its midpoint and the line
connecting this point to the middle axis of the femoral
heads (Fig. 66-11). These authors (51) found that the pelvic
incidence has a key importance in the regulation of sagit-
tal balance not only in “normal” subjects but also in scoli-
otic patients. The greater the apical rotation and the Cobb
angle in scoliotic subjects, the lower is the pelvic inci-
dence; the ability to maintain an “economical” sagittal bal-
ance also is reduced.

In summary, the assessment of the sagittal contours of
the spine and global sagittal balance are of utmost impor-
tance in the management of spinal deformities. The sagit-
tal vertical axis and its relationship to the lumbar spine
and sacrum, the vertical sacral inclination, and the pelvic
incidence are important tools in evaluation of thora-
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FIG. 66-9. The sagittal vertical axis. (From Gelb DE, et al.
Spine 1995;20:1351–1358, with permission.)
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columbar and lumbar deformities. Thus, pelvic morphol-
ogy has been found to affect standing lumbosacral lordo-
sis and pelvic balance in adult volunteers, individuals
with low back pain, and scoliosis patients (51,52).
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CHAPTER 67

Adult Scoliosis: Indications for Surgery 

James A. Antinnes and Serena S. Hu

Adult scoliosis is defined as a curve that presents or
undergoes treatment after the onset of skeletal maturity.
Adult scoliosis can be classified into two groups. The
first group is a curve that arose before skeletal maturity
but is being treated as an adult curve. Most of these
patients have idiopathic scoliosis; rarely congenital or
paralytic curves may not require treatment until adult-
hood.

The second group includes curves that present de novo,
after skeletal maturity. It may be difficult to differentiate
between adult idiopathic scoliosis and de novo scoliosis,
however the principles of treatment are the same and will
be discussed in this chapter. The de novo type of curve is
typically secondary to degeneration, but may also be due
to osteoporosis, or is seen after prior spinal surgery.
Patients can develop deformity after wide decompression
for spinal stenosis, particularly if a pars fracture devel-
ops, but may also present as a complication of a prior
fusion. Patients in the latter category may have adjacent
segment degeneration or iatrogenic flatback deformities.

Conservative care is usually the initial treatment for
management of pain in adult scoliosis. Advancements in
spinal instrumentation, improvements in anesthetic tech-
niques, spinal cord monitoring, and postoperative care
have improved the ability to safely address complex
deformities in patients with adult scoliosis.

INDICATIONS FOR SURGERY

The indications for surgery can be based on the fol-
lowing criteria:

• back pain failing conservative care
• progressive leg pain or neurologic deficit 
• muscle fatigue secondary to spinal imbalance
• curve progression
• progressive pulmonary compromise secondary to

deformity
• severe deformity.

As with any patient with mechanical back pain, initial
treatment is conservative. A physical therapy program to
improve aerobic capacity, strengthen muscles, and
improve flexibility and joint motion is the mainstay of
treatment (1–6). Local modalities, including heat and
massage, as well as nonsteroidal antiinflammatory drugs
(NSAIDs), and possibly bracing may provide some relief
although none has been shown to prevent curve progres-
sion (7). Finally, injections such as corticosteroid injec-
tions in facet joints, epidural space, or nerve root blocks
may be of value in helping relieve a patient’s pain. If
surgery is eventually needed despite conservative mea-
sures, patient outcomes may be enhanced by improving
baseline activity and aerobic activity prior to undertaking
surgery.

Obtaining successful surgical outcomes in adult spinal
deformity requires an understanding of surgical princi-
ples and how these factors apply to each patient’s needs
and expectations. In general, the goals of surgery in adult
scoliosis are to decrease pain, to stabilize the curve, and
to halt progression or improve neurologic symptoms.

Pain is the most common presenting complaint,
accounting for up to 85% of surgical cases (8–12). Back
pain in the area of spinal curvature is thought to be
related to the degree of disc degeneration, with subse-
quent facet arthropathy, rotatory subluxation, and lateral
listhesis. Generalized back pain is often related to muscle
fatigue from either coronal or sagittal imbalance (13). 

Claudicatory leg pain can be due to central lateral
recess or foraminal stenosis and often corresponds to the
concavity of the curve. Magnetic resonance imaging
(MRI) or computed tomography (CT)-myelogram are
helpful for diagnosing central lateral recess or foraminal
stenosis. Foraminal stenosis can also be suspected with
disc space narrowing. Rotatory subluxation can also
compromise nerve roots, especially in the concavity at
the apex of the curve (14). All of these mechanisms can
be dynamic and relieved to some extent by position.



Curve progression in the adult with an idiopathic curve
pattern has been well documented (2,7,15–17). Weinstein
and Ponsetti studied 40-year follow-up data on patients
with idiopathic curve patterns. Thoracolumbar curves
between 50° and 75° at maturity increased an average of
22.3°. Lumbar curves had the most progression, espe-
cially when the fifth lumbar vertebra was not well seated
and when the apical rotation was greater than 33%
(17,18). The findings of Kostuik et al. showed similar
results (19–21). Furthermore, Kostuik and Bentivoglio
found that when the curves were greater than 45°, the
prevalence and severity of pain increased significantly
(22). This is in contrast to the research of Nachemson and
Nilsonne who reported that there was not a strong corre-
lation between curve magnitude and pain intensity (4,13).
Most studies do agree that the majority of pain emanates
from the lumbar spine, increasing in severity if the curve
is greater than 45° at skeletal maturity (22–24).

Pain may be improved by up to 70% after successful
fusion, but the frequency of the pain does not necessar-
ily improve (25,26). Complete recovery from an
involved long segment decompression and fusion can
take up to 2 years, especially in older or debilitated
patients (27). Therefore an open dialog with the patient
prior to undertaking any surgical intervention is crucial
in providing the patient with reasonable expectations.
As with any elective orthopedic procedure, the more
certain the cause of the pain, the more likely one is of a
successful outcome. 

Finally, a discussion of cosmesis as an indication in the
adult with scoliosis is warranted. Johnson and Holt fol-
lowed 100 patients for over 10 years after a spinal fusion
and retrospectively reported that body image and cosme-
sis played a larger role in the patient’s decision to proceed
with surgery than was thought at the time of the operation
(10,28). While previously thought to be an uncommon
indication for surgery, it may be considered after thor-
ough discussions with patients and their families about
the goals and expectations. Posterior segmental instru-
mentation with or without thoracoplasty (29) can often
yield excellent correction of the deformity.

Adult patients appear to fall into two categories when
considering surgical intervention. Patients under the age
of 40 with curves greater than 50° to 60° with chronic
pain not relieved by conservative management may opt
for surgery. Patients with significant deformity that is
unacceptable to them may also be considered for surgery. 

In patients over the age of 50 with adult scoliosis it is
more common to find complaints of curve progression,
back and radicular pain, or pain that is claudicatory in
nature. Some patients with curves greater than 90° may
benefit from surgery if there is a progressive loss of pul-
monary function that is not attributable to an underlying
pulmonary disorder. This is not a problem with lumbar
scoliosis. 

SURGICAL PLANNING

As part of the surgical planning, many factors need to
be considered and the overall health of the patient as well
as their expectations must not be overlooked. While many
of the basic principles are the same, there are many fac-
tors that make surgery for adult scoliosis different and
often more challenging than the surgical correction of
adolescent idiopathic scoliosis. The presence of disc
degeneration, facet arthropathy, and osteopenia are just
some of the challenges of surgery in the adult population. 

There is also a greater tendency for adjacent segment
problems in the adult population. Progressive kyphosis at
the end of constriction most commonly occurs proxi-
mally. Attention to avoiding ending a fusion at a kyphotic
segment can prevent this problem, but may still occur in
osteoporotic patients. 

Osteopenia is a major concern, especially in older
adult females, but should not be overlooked in male
patients or any patient with a paralytic curve. Multiple
fixation levels and supplemental fixation with sublami-
nar wires can be helpful (30). For curvatures in which sig-
nificant correction is obtained, care must be taken not to
place too much force on the end vertebra as fixation fail-
ure and fracture are certainly possible in osteopenic bone.
Segmental fixation can provide increased purchase and
creates a larger area for force transmission in deformity
correction. A combination of transpedicular screws in the
lumbar spine with either segmental hooks and sublaminar
wires in the thoracic are typically used. Lumbar pedicle
screws have been shown to be superior to hooks with bet-
ter curve correction and greater correction of compen-
satory curves below the instrumented levels (31,32).
Recent studies suggest that the pullout strength of tho-
racic pedicle screws is superior to hooks and their use in
experienced hands may be warranted when increased
strength is needed (33,34).

The possibility for coronal and sagittal imbalance in
adults is greater as curves are stiffer than those found
in adolescents. Therefore any imbalance is less toler-
ated in the adult population and flexibility should be
assessed preoperatively with bend films and balance
assessed intraoperatively with full-length radiographs.
It is important to remember that in the adult patient,
achievement or maintenance of coronal and sagittal
balance is more important than curve correction
(15,23,33–38).

In general, adult patients are at an increased risk for
developing perioperative complications when compared
to adolescents. Major complications include residual pain
(5% to 15%), neurologic injury (up to 5%), infection (1%
to 5%), pseudoarthrosis (5% to 27%), and thromboem-
bolic event (1% to 20%) (16,21,27,36,37,39–45).

The surgical instrumentation should provide maximum
stability and allow early mobilization. For combined
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surgery, same day procedures are preferable to staged pro-
cedures if physiologically and technically feasible. There
have been several studies, most notably by Dick et al.,
which showed that combined procedures had a lower
infection rate than did staged procedures (46). This differ-
ence was attributed to patient malnourishment and subse-
quent inability to fight potential pathogens. Hu et al. fur-
ther found that total parenteral nutrition improved
nutritional status in patients undergoing staged anterior-
posterior surgeries (47). Furthermore, Lenke et al. demon-
strated that nutritional status did not return to baseline for
up to 6 to 12 weeks after surgery (47a). 

SURGICAL TECHNIQUES

Thoracolumbar and Lumbar Curves

Patients with thoracolumbar or lumbar curves with
flexible secondary curves are ideal candidates for anterior
correction and fusion with segmental instrumentation
(Fig. 67-1). The anterior procedure has many advantages
in this setting which include fusing fewer motion seg-
ments, obtaining superior correction, and obtaining
higher fusion rates (49). It is important in the lumbar
spine to maintain or produce lordosis by the use of struc-
tural interbody grafts or cages placed as far anteriorly as
possible in the disc space (20,50). 

When choosing this technique, it is crucial to make
certain that the secondary curves are flexible. If there is a
fixed secondary curve, especially a fixed oblique lum-
bosacral take-off, this procedure will result in a signifi-
cant coronal imbalance. 

In patients with either spinal stenosis or radiculopathy,
decompression is required and in this case a posterior or
combined approach is preferable. Generally, these pa-
tients are older and often have poor bone quality. Often
their curves are quite stiff, and these patients are better
served by a combined approach. In this set of patients, it
is important to follow certain principles. Firstly, the
fusion should not end at a kyphotic segment to decrease
the risk of junctional kyphosis (23,51). It may be neces-
sary to extend the fusion proximally to the upper thoracic
level in some older patients. 

Double Thoracic and Lumbar Curves

In this group of patients, it is important to remember
the overall goals in adult deformity surgery: achieve
spinal balance, provide pain relief, and obtain a solid
fusion. With that in mind, for patients with balanced
curves in the thoracic and lumbar regions, posterior
instrumentation, and fusion usually leads to a successful
result. These patients will often have curves of less than
60°. 

In more severe curves, particularly if associated with
imbalance, a combined anterior and posterior procedure

is preferred. In the first stage, an anterior discectomy and
fusion of the lower thoracic and lumbar levels is per-
formed, using structural allografts or mesh cages to
restore lordosis. The allografts are prevented from
migrating with cancellous 6.5 mm AO (Arbeitsgemein-
schaft für Osteosynthesefragen) with plastic washers as
interference screws. They are supplemented with autoge-
nous local graft. In the second stage, posterior instru-
mentation with generous iliac crest bone graft is per-
formed. 

Fusion to the Sacrum

There is some controversy regarding fusion to the
sacrum in adult scoliosis, with most reports claiming a
higher complication rate and lower patient satisfaction
rate when patients are fused to the sacrum (27,42,43,
52–55). Some recent studies reported no increase in com-
plications or decreases in patient satisfaction in long
fusions to the sacrum (42,56).

There are certain special conditions for which fusion to
the sacrum should be considered:

• an unbalanced lumbosacral curve that does not correct
on side bending radiographs

• the presence of substantial degeneration of the L4-5
and L5-S1 motion segments 

• the need to decompress the lumbosacral junction below
a lumbar fusion.

Long fusion to the sacrum always requires a circum-
ferential fusion, generally with an anterior procedure. The
allograft femoral rings can be shaped to preserve lumbar
lordosis, which is important as 66% of the lumbar lordo-
sis arises from the lowest two levels, L4-L5 and L5-S1.
Structural grafting at the L4-L5 and L5-S1 levels
improves fusion rates and decreases stress on the sacral
screws (Fig. 67-2). If needed, the fusion can be extended
to the pelvis using the Galveston technique, iliac screws,
or intrasacral rods (43,52,54,55,57). S2 screws have been
shown to decrease the strain on the S1 screws (57).
Extension to the pelvis can provide a crucial fixation
point in osteoporotic patients (43), but the iliac fixation
can be prominent in thin patients and may need to be
removed after fusion is achieved. For patients with good
bone stock, strong anterior structural graft and sagittal
balance, bicortical sacral screws may be adequate. Trans-
foraminal or posterior interbody graft can obviate the
need for a separate anterior procedure, and can also
restore foraminal height and interpedicular distance
(50,52,55,58,59). These results are too preliminary to
endorse this technique. 

If a fusion to the sacrum is undertaken, it is of utmost
importance to achieve both coronal and sagittal balance
(60). Care must be taken not to over correct either the
thoracic or lumbar curve to prevent ending up with a
fixed pelvic obliquity and severe imbalance. We routinely
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take long cassette intraoperative anterior-posterior and
lateral X-rays to assess balance.

Patients who undergo extensions of their fusions to the
sacrum for pain or progression of scoliosis can also have
a high rate of successful outcomes. Kostuik and others
showed good and fair postoperative results in up to 93%

of patients, as long as a solid fusion was obtained and
lumbar lordosis was restored (42,53,54). Our experience
has also been similar, however, some maintain there is a
higher complication rate when fusing to the sacrum, and
the decision to fuse to the sacrum should not be taken
lightly (42,43).
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FIG. 67-1. This 37-year-old woman had developed increasing pain and
progressive deformity of this lumbar curve. A, B: Preoperative antero-
posterior and lateral film. C, D: The patient’s scoliosis was addressed
with an anterior instrumentation and fusion, with fibular strut grafts in
the disc spaces to maintain lumbar lordosis. She returned to full-time
work without restrictions.
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FIG. 67-2. This 63-year-old woman had progressive severe lumbar pain
secondary to her adult scoliosis and degenerative lumbar curvature. A, B:
Preoperative anteroposterior and lateral radiographs. She underwent
staged anterior and posterior spinal fusion. C, D: The patient’s periopera-
tive course was complicated by a symptomatic pulmonary embolus and a
deep wound infection. Nevertheless, 5 years postoperatively she is without
symptoms and has a solid fusion.

A,B C

D



As stated earlier in the chapter, determining the precise
source of pain in adult scoliosis patients can be challeng-
ing. The use of lumbar discography continues to be con-
troversial as a diagnostic tool (61,62). It is known that
concordant pain in the lumbar spine may not be relieved
by disc excision and interbody fusion at the concordant
level. Discography, when correlated with the complete
clinical picture, may provide additional information. In
general we prefer to use coronal balance rather than
discography to decide the distal extent of our fusion
including whether to fuse to the sacrum.

DEGENERATIVE SCOLIOSIS

Surgical treatment of degenerative scoliosis has several
goals, which include decompression of the neural ele-
ments, and achieving a balanced, stable spine. In patients
with stenosis and minimal curvature, decompression
alone can be performed. In these patients, great care must
be taken to preserve the pars interarticularis and the facet
joints as much as possible. In older patients a weakened
pars can later fracture and result in progressive deformity
(Fig. 67-3). The presence of any signs of instability, such
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FIG. 67-3. This 62-year-old woman had a wide laminectomy and prior
uninstrumented fusion with progressive deformity and pain (A, B). She
underwent staged anterior and posterior fusion (C, D). Although her back
pain was relieved, she has a neuropathy which, while present preopera-
tively, worsened after her recent surgery. The original surgical plan was to
fuse her proximally to T4, but excessive bleeding during the posterior stage
precluded this. She is developing progressive junctional kyphosis and has
been offered a proximal extension of her fusion.

A,B C

D



as rotatory subluxation, lateral listhesis or spondylolis-
thesis, usually requires the addition of a fusion to the
decompression. Patients with curves greater than 30°, if
the patients are of generally good health, should be con-
sidered for fusion for the entirety of the curve. 

If the patient has significant loss of lumbar lordosis
with clinically significant sagittal decompensation, ante-
rior release with an anterior fusion may be necessary in
conjunction with a posterior decompression and fusion.
By using structural graft, the disc height can be restored
allowing more room at the foraminal level for nerve
roots, and lumbar lordosis can be maintained. The mor-
bidity of combined procedures in older adults should not
be understated and careful consideration should be
placed on not only the pathology, but the patient’s overall
needs as well. The surgeon should always keep in mind
that spinal stenosis in itself causes patients to have a for-
ward lean and that most patients with spinal stenosis and
loss of lumbar lordosis do not need combined procedures. 

Salvage Procedures

Revision and salvage procedures for previous spinal
deformities provide spine specialists with some of the
most challenging and complex spine cases. Failed spinal
deformity cases can result from several conditions and
the indications for revision scoliosis surgery in the adult
include:

• painful pseudoarthrosis with instrumentation failure
• pseudoarthrosis with progressive deformity
• flatback syndrome
• symptomatic adjacent segment degeneration
• unacceptable residual deformity or deformity sec-

ondary to adjacent segment degeneration
• painful hardware.

Each of the above situations requires careful consider-
ation as each can present significant challenges. The
goals of salvage surgery are the same as in primary
surgery—to obtain a solid fusion, provide rigid internal
fixation, and to achieve spinal balance in coronal and
sagittal planes. 

Pseudoarthrosis

Management of painful pseudoarthroses depends on
several conditions, including the level of pseudoarthrosis,
the status of present fixation, associated deformity, and
the level of pain for the patient. Any hardware failure and
indeed many cases of “painful hardware” should be
assumed to have a pseudoarthrosis unless thorough
exploration demonstrates otherwise. In general, a painful
pseudoarthrosis associated with progressive deformity
and loss of fixation is a clear indication for revision
surgery through a combined approach. Single-level
pseudoarthrosis, particularly in the thoracic spine, with-

out loss of correction or fixation can often be treated with
single-stage anterior or posterior revision with significant
autogenous bone graft. As newer bone morphogenetic
proteins and osteoinductive materials are developed, dif-
ferent techniques for salvage of pseudoarthrosis without
loss of balance may emerge. In the presence of multiple
pseudoarthroses, a thorough exploration of the fusion
mass should be performed. In these cases reinstrumenta-
tion is the method of choice with augmentation anteriorly
if not already performed. In these cases, copious autoge-
nous bone graft is necessary (51,63,64). 

Progressive Deformity

Adult deformity may progress secondary to a pseudo-
arthrosis, a primary fusion that did not include the entire
curve, or degeneration of levels above or below a prior
fusion. For minor deformities, extension of the prior
fusion with instrumentation can be performed. 

Junctional kyphosis can occur above or below the level
of prior fusions. Progressive deformity often ensues and
patients can complain of pain or note difficulty walking
secondary to the imbalance. Junctional kyphosis can be
addressed with an appropriate extension of the fusion
with or without osteotomies of segments in the previously
fused spine.

For patients with fixed spinal deformities and spinal
imbalance, a combined anterior and posterior approach is
necessary. In many cases, anterior or posterior osteo-
tomies may be required. A pedicle subtraction osteotomy
can provide a significant amount of sagittal, and to lesser
degrees, coronal balance (65). For severe, rigid deformi-
ties, a spinal shortening procedure may be necessary
(66,67).

Flatback Syndrome

In general, lumbar lordosis is lost as a part of the nat-
ural aging process (68). Successful fusion with distrac-
tion instrumentation, as is typical with Harrington rod
instrumentation, can create an iatrogenic flatback, espe-
cially when the fusion is created in the lumbar spine. The
condition leads to a crouched position, with fatigue in the
thigh musculature. Often there is associated degeneration
of adjacent segments and sometimes spinal stenosis
across these levels.

If there is a solid fusion posteriorly, there are several
options. Multilevel Smith-Peterson osteotomies can pro-
vide correction if there is not evidence of an anterior
fusion. These may need to be supplemented with anterior
grafting. If osteotomies are performed across pseudo-
arthrosis levels, anterior fusion should also be performed.
A Thomasen pedicle subtraction osteotomy can provide
up to 30° to 40° of correction (Fig. 67-4) (69), and is
especially useful when there is a solid anterior fusion
(65). 
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Special Reconstruction Techniques

Anterior and Posterior Osteotomies

Reconstruction techniques include anterior osteoto-
mies, posterior osteotomies, decancellation or pedicle
subtraction osteotomies, and vertebral column resection.
Anterior osteotomies are performed through the area of a
fused disc space. Care must be taken to identify the fora-
men and the pedicles, especially in patients with a rota-

tional component to the deformity. The posterior cortex is
then removed with curettes or a Kerrison rongeur. 

Posterior osteotomies can be performed by resecting
bone in the area of the prior fusion at the fused facet
joints, removing osteophytes until mobility is achieved. If
the facets are completely fused and cannot be mobilized,
Kerrison rongeurs are used to remove bone from the mid-
line through the intertransverse foramen. It may be nec-
essary to open the midline either with a laminectomy or
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FIG. 67-4. This female patient had a prior fusion as an adolescent with later Harring-
ton rod removal who developed progressive difficulty standing from flatback syn-
drome. Preoperative anteroposterior and lateral radiographs (A, B). She underwent a
Thomasen pedicle subtraction osteotomy with excellent results and was able to return
to full-time teaching. Postoperative anteroposterior and lateral radiographs (C, D).

A,B C

D



at the edge of a prior laminectomy. Posterior osteotomies
over multiple levels can achieve a significant amount of
correction over a large area (70). 

Spinal Shortening (Spinal Column Resection)

This procedure is only used for severe and rigid defor-
mities with significant truncal decompensation. The first
stage consists of an anterior approach on the convex side

of the curve. Multiple osteotomies are performed proxi-
mally and distally to the intended resection level. An
osteoperiosteal flap is raised over the apical first to third
vertebrae after which the vertebral bodies are decancel-
lated back to the posterior longitudinal ligament. The
convex and concave pedicles are removed as far back as
possible without risking damage to the dura or the exiting
nerve roots. Gelfoam is placed over the dura and the
decancellated bone is morselized and loosely laid down
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FIG. 67-5. This patient had several prior anterior
and posterior fusions for her neurofibromatosis-
related scoliosis and presented with severe back
pain, truncal imbalance, and progression of her
deformity (A, B). She underwent a vertebral col-
umn resection with excellent correction of coronal
and sagittal imbalance (C, D).

A,B

C,D



into the defect. The osteoperiosteal flap is then sutured
over the top (66,67). Either at the same setting or typi-
cally 5 to 7 days later, the posterior procedure is per-
formed. After proximal and distal osteotomies are com-
pleted posteriorly, the remainder of the spinal elements
over the anteriorly resected segments (lamina and
remaining pedicles) are removed. Thoracoplasty is per-
formed on the convex side and the apical ribs are resected
on the concave side. The convex rod is fixed to the upper
portion of the curve above the level of the resection using
segmental fixation and is then carefully cantilevered to

the spine distally, correcting the curvature and effectively
shortening the vertebral column. Dural pulsations should
be monitored during the cantilevering process and a
wake-up test is carried out after fixation of the rod dis-
tally. If electrophysiologic monitoring is available, this
can provide continuous neurologic information. Follow-
ing a satisfactory wake-up test, the concave rod is
inserted to help secure the correction with additional
points of fixation. Additional correction is not attempted.
A second wake-up test is then performed. The implants
are then secured and bone grafting completed (Fig. 68-5).
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FIG. 67-6. This patient is status post a fusion
with Harrington rod who developed severe defor-
mity and severe spinal stenosis below her fusion.
A, B: Anteroposterior and lateral radiographs. C:
Representative computed tomography scan. The
patient underwent posterior decompression with
osteotomies and preparation of screw sites on
the first stage. About 1 week later, she underwent
anterior osteotomies, and interbody fusions, fol-
lowed that same day with posterior completion of
instrumentation. D, E: Postoperative radiographs.

A,B C

D,E



The goal is to achieve coronal and sagittal plane balance
by shortening the spine and avoiding spinal cord distrac-
tion. An alternative to this procedure is the posterior
eggshell approach, decancelling multiple vertebrae
through the pedicles. It is effective in obtaining correc-
tion, but anterior arthrodesis may be difficult to achieve.

Special Considerations and Controversies

Indications for Combined Surgery

A carefully designed operative plan includes deciding
on performing combined anterior and posterior surgery
versus posterior fusion alone. Most surgeons would favor
combined surgeries for the following conditions:

• failed posterior fusion in lumbar spine
• rigid deformity requiring anterior release
• long fusion to sacrum
• lumbar or thoracolumbar kyphosis requiring anterior

structural grafting.

While single-stage posterior fusion is attractive, com-
bined surgery allows for both better correction and per-
mits the reestablishment of lumbar lordosis with anterior
structural grafts. This has the added benefit of increasing
the probability of successful fusion. When a thoracolum-
bar fusion is extended across the lumbosacral junction,
anterior interbody fusion becomes a requirement as the
pseudoarthrosis rate can be as high as 40% to 60% with
posterior fusion alone (27,53).

On some rare occasions, posterior osteotomies should
be performed before anterior osteotomies, such as in
cases of correction of severely decompensated, fused,
rigid deformities. It is usually possible to complete the
three stages under two anesthetics. The first stage
includes posterior osteotomies and insertion of hardware
without connecting the rods. If there is any question as to
pedicle screw placement, 4.5 mm AO cortical screws can
be placed as radiographic markers so that postoperative
radiographs or CT can confirm screw placement. Most
pedicle screws for implantation are too prominent to be
placed at this time in patients with severe kyphosis. At the
second stage, 5 to 7 days later, anterior release and
osteotomies are accomplished and interbody fusion is
performed. In the same setting, the patient is instru-
mented posteriorly and final correction is carried out
(Fig. 68-6). It has been our experience that a two-stage
procedure is better tolerated with only a slightly higher
risk of infection and increased blood loss which is also
advocated in the recent literature (36,46,52).

RESULTS AND COMPLICATIONS

Even when the major goals of adult deformity surgery
are met, pain may not be completely relieved. Residual
pain after complex spinal reconstructive surgery varies
between 5% and 15%. 

The challenges in this type of surgery are great, but
improvements in anesthesia techniques, neuromonitor-
ing, internal fixation, and intensive care medicine have
improved perioperative care such that the majority of
cases can be performed with acceptable risk. Mortality
remains low, but not insignificant, at less than 1%. 

Neurologic injury is relatively uncommon and occurs
in less than 1% to 5% of cases. Significant risk factors for
major intraoperative neurologic deficits include com-
bined anterior and posterior surgery, severe rigid curves,
and hyperkyphosis (40). Direct injury of neural elements
can result from instrumentation or from indirect causes,
such as ischemic insult or neuropraxia from distraction.
Delayed postoperative paraplegia is another devastating
complication following extensive spinal reconstructive
surgery that can occur several hours after the completion
of the procedure. This phenomenon has been attributed to
ischemia of the spinal cord from postoperative hypo-
volemia, mechanical tension of spinal blood vessels on
the concavity of the curve, and preexisting atherosclero-
sis, and can often be reversed if rapid improvement of
perfusion pressure and correction of anemia is performed
(72). Delayed paresis may also occur with postoperative
hematoma. Thus, repeat neurologic exams after comple-
tion of the surgery are essential. 

Myers has reported 37 cases of visual loss as a com-
plication of spinal reconstructive surgery that occurred as
the result of ischemic optic neuropathy, retinal artery
occlusion, or cerebral ischemia (44). The visual losses
that were reported often did not fully resolve.

The incidence of pulmonary embolism varies from 1%
to 20%, depending upon the series and appears to be
increased after anterior procedures in older patients
(73–75). 

Infection is a relatively rare event, occurring between
1% and 8% of patients. Infection after anterior surgery
alone is about 1% (18). However, the sequelae of deep
postoperative infection are substantial. The use of preop-
erative broad-spectrum antibiotics, meticulous wound
handling, and providing nutritional supplementation and
augmentation for patients undergoing staged procedures
decreases infection and wound healing complications.
Redosing intravenous antibiotics with significant blood
loss has also been shown to be an effective adjunct to help
decrease infection rates (76).

Failed fusion is the most common complication of
adult deformity surgery, with the highest rates occurring
after revision surgery. Other factors that have been found
to increase pseudoarthrosis rates include the use of allo-
graft bone and the use of nonsegmental instrumentation
in a distraction mode. Weis reported a pseudoarthrosis
rate of 38% at 37-month follow-up (18). Gertzbein
reported poor clinical outcomes after circumferential
fusion to treat lumbar pseudoarthrosis. Only 52% of his
patients reduced their pain a full category and only 53%
returned to work. These poor outcomes occurred despite
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a 100% fusion rate (77). We noted that patients who
required reoperation at 6 months were more likely to be
dissatisfied with their result (78). Persistent pain was the
most commonly cited reason for dissatisfaction. 

Spinal decompensation is most often the result of
improper selection of fusion levels. Progressive decom-
pensation below a fusion is possible if the fusion is
stopped short of the stable vertebra or if there is signifi-
cant residual obliquity of the last instrumented vertebra.
As previously noted, ending a fusion at a kyphotic seg-
ment can result in junctional kyphosis and sagittal de-
compensation. Decompensation may result secondary to
a failure to fuse all structural curves. 

When dealing with the osteoporotic spine, multiple
fixation points need to be used to reduce the chance of
fixation failure at the bone/implant interface (30). Pedi-
cles provide excellent fixation but may sometimes need
to be supplemented with laminar hooks or sublaminar
wires in severely osteoporotic spines (34,50,71,79,80). 

POSTOPERATIVE MANAGEMENT

Postoperatively, patients are mobilized within 24 to 48
hours, depending on their pain level and medical condi-
tion. Many patients with long-term narcotic usage can
present a challenge in terms of pain management in the
immediate postoperative period. Patient-controlled anal-
gesia is widely used in these patients. We have also found
it helpful to arrange preoperative interviews between the
patient and our pharmacology department, who then
assist in managing postoperative pain. Postoperative pain
in fusion patients is never managed with NSAIDs, as
their use been shown to adversely affect fusion rates (81).
All patients are treated with full-length antiembolic com-
pression stockings and sequential compression devices to
lower the rate of thromboembolic events. High-risk
patients or those with known history of deep vein throm-
bosis may be considered for a vena cava filter prior to
surgery as pharmacologic anticoagulation has potential
for significant complications (72).

All staged patients are started on nutritional supple-
mentation such as hyperalimentation or tube feeding until
such a time after the second stage that they are able to
consume enough calories to forego the supplementation.
It has been shown that proper perioperative nutritional
status correlates with a lower infection rate (47,48).

Patients are fitted for a custom thoracolumbosacral
orthosis (TLSO) as soon as they are able to stand for a
long enough period to make proper measurements, typi-
cally on the second or third postoperative day. Patients are
instructed to wear the orthosis for at least 3 months when-
ever they are out of bed. Weaning off the brace depends
upon surgeon preference, clinical improvement, and radi-
ographic evidence of fusion mass. Thigh extensions for
fusions to the sacrum are not well tolerated, but consider-
ation for their use is given when distal fixation is subop-

timal. Patients average a 5- to 7-day hospital stay for sin-
gle procedures, with staged procedures requiring a longer
hospital stay. Follow-up clinic appointments are per-
formed at 6 weeks, 3 months, 6 months, 1 year, and 2
years, with full-length radiographs obtained at each visit
to ensure progression of fusion mass and to evaluate sta-
bility of the construct and overall alignment. 

CONCLUSION

Surgery for patients with adult scoliosis requires care-
ful preoperative evaluation and planning. The technical
aspects of surgical correction and restoration of coronal
and sagittal balance are challenging and complex. In
addition, the number and types of complications that can
occur during adult spinal reconstructive surgery are
greater than those in the adolescent. Combined surgery is
recommended for rigid deformities, those that involve the
lumbar spine, or long fusions to the sacrum. Rigid, seg-
mental instrumentation that will allow minimal postoper-
ative support is advantageous and a careful preoperative
workup and plan is needed.

The primary goal of surgery is the achievement of a
balanced correction and a solid arthrodesis. Patients may
take 6 to 12 months to fully recover from these proce-
dures and improvement can occur for up to 2 years.
Finally, proper patient selection with a frank discussion
between surgeon and patient as to realistic expectations is
vital to the achievement of a satisfactory outcome.

If coronal and sagittal balance is achieved and main-
tained with a solid fusion after the primary surgery, the
outcomes are generally excellent. Correction of curvature
varies from 30% to 60% and is very dependent on the
nature of the preoperative curve, its flexibility, and the
technique used for correction. Despite these relatively
modest gains, patient satisfaction is generally high and
can reach up to 90%. We retrospectively evaluated out-
comes in patients over 40 years of age who underwent
major spinal reconstructive surgery and found over 81%
patient satisfaction with significant improvements in
many areas of functional status (77). Dickson compared
the outcomes of 81 adult patients undergoing operative
treatment for idiopathic scoliosis with 30 patients who
declined operative management (82). At an average of 5
years’ follow-up, he found that treated patients reported a
significantly greater decrease in pain and fatigue with
improvement in self-image and functionality as com-
pared to the nontreated group. Albert has also shown sta-
tistically significant improvements in functional out-
come, pain, and body image in adults following spinal
reconstructive surgery (1,83). 

Outcomes tools are still being developed for evaluation
of patients undergoing surgery for adult scoliosis. Most
of the data available suggest that there is an improved
quality of life for patients who have been carefully
accepted into this type of treatment program. 
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CHAPTER 68

The Surgical Treatment of Sagittal 
Plane Deformity

Thomas J. Errico, Orin Atlas, and Juan Carlos Rodriguez Olaverri

Spinal deformity can affect the coronal, sagittal, or mul-
tiple planes, causing symptomatic imbalance (1). These
deformities present difficult management issues for spine
surgeons. Sagittal plane deformities have many etiologies
and can occur at multiple locations and levels. Etiologies
include postural deformity; ankylosing spondylitis; dif-
fuse idiopathic skeletal hyperostosis; Scheuermann dis-
ease; congenital kyphosis; postlaminectomy kyphosis;
and postradiation and posttraumatic kyphosis; as well as
osteoporosis and metabolic bone disease (through multi-
ple compression fractures) (2). 

Physiologic sagittal alignment implies that the sagittal
plumb line dropped from the center of the odontoid or the
center of the seventh cervical vertebral body falls anterior
to the thoracic spine, crosses the thoracolumbar junction,
and falls behind the lumbar spine, ending at the middle of
the sacrum. A normal thoracic kyphosis measurement
ranges from 25° to 55°, with the apex located at T6-7. The
normal lumbar lordosis is 40° to 70°, with an apex
located at the L3-4 interspace (3). Abnormalities of nor-
mal alignment may occur at specific regional anatomic
locations such as the cervical, thoracic, or lumbar spine,
as well as extraspinal locations. These alterations can
affect regional or global alignment of the spine. Surgical
correction of sagittal plane deformities shares many of
the known challenges of the correction of coronal plane
abnormalities, such as curve rigidity and spinal fixation.
However, it also presents unique obstacles to the spine
surgeon, especially in the rigidly fused spine of iatrogenic
flat back syndrome.

Patients with fixed sagittal plane deformities are often
quite disabled. They may have a primary spine deformity,
or may present with a failed back after previous surgical
procedures. A frequent cause is iatrogenic flat back syn-
drome, secondary to a previous spinal fusion, with the loss
of normal lumbar lordosis. Prior surgeries using distraction

instrumentation in the lower lumbar spine or malaligned
lumbar fusions with a pseudoarthrosis are the main causes
of disability and dysfunction in the iatrogenic group (4).
Disability also may result from the use of modern segmen-
tal instrumentation, anterior release, and fusion without the
use of structural graft for anterior column support, and
moderate loosening of distal fixation. Patients seen at this
institute, whose spinal disability condition is not related to
scoliosis correction, are typically older patients, often with
osteoporosis. Other less common causes are posttraumatic,
neuromuscular, infectious, or degenerative conditions.
Conditions not related to the spine, such as hip or knee
flexion contractures, also can present with sagittal
malalignment and must be ruled out. 

Iatrogenic flat back syndrome is a postural disorder
and a recognized complication following spine surgery,
but most often occurs in the treatment of pediatric or
adult scoliosis. For example, with distraction type
instrumentation such as the Harrington rods, the poste-
rior distraction force decreases the segmental and
regional thoracolumbar and lumbar lordosis, resulting
in sagittal imbalance (Fig. 68-1). It also may occur after
surgery in adults for nonscoliotic degenerative
processes or instability-related pathology. Loss of sagit-
tal balance may be secondary to pseudoarthrosis within
a fusion or degenerative changes below a previous
fusion level. The degree of imbalance depends on sev-
eral factors, including the alignment of the thoracic
kyphosis and thoracolumbar junction, the flexibility of
any mobile distal lumbar discs, and the flexibility of the
hip joints. The resultant loss of lordosis results in for-
ward inclination of the trunk, back pain, and the inabil-
ity to stand erect without flexing the knees. This chapter
reviews the diagnosis, pathogenesis, management, and
prevention of lumbar sagittal plane deformity or flat
back syndrome.
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CLINICAL PRESENTATION

Patients with flat back syndrome most commonly pre-
sent in their late twenties to forties and have had surgery
as a teenager for scoliosis. These patients present with a
fixed forward inclination of the trunk and an inability to

stand erect with their knees fully extended. To maintain
an erect posture, the patient will flex the hips and knees
and hyperextend the upper thoracic and cervical spine
(Fig. 68-2). Presenting complaints usually are back pain,
progressive fatigue, and, in severe cases, the classic signs
of falling forward and difficulty maintaining a comfort-
able standing posture. 

It is very important to distinguish fatigue- and align-
ment-related complaints from radicular complaints or
pain related to instrumentation. In order to fully assess
the patient, a detailed history that includes any prior diag-
noses and surgical procedures should be performed. A
detailed physical examination with a neurologic exami-
nation and balance assessment should be done.

PATHOGENESIS

The physical difficulty of maintaining an erect posture
for patients with flat back places select muscle groups
under a constant strain and results in pain and fatigue in
the otherwise unaffected areas of the spine, thighs, and
buttocks. The sagittal malalignment of the flat back
places high demands on the muscles, ligaments, and discs
of the vertebral column. Minimal disturbances in sagittal
alignment are usually compensated for by muscle action
to maintain a level gaze (horizontal visual field). How-
ever, increasing loss of normal lumbar lordosis leads to a
decreased paraspinal muscles lever arm, and thus signif-
icant forces and energy expenditures are required to
maintain an erect posture. The progressive decompensa-
tion in alignment can be theorized as a gradual process of
failure of muscle mechanics (dynamic stabilizers) to
maintain posture, followed by a gradual failure of the lig-

FIG. 68-1. A 35-year-old patient 20 years after insertion of a
Harrington rod to L4. Note the loss of lumbar lordosis of the
upper lumbar spine and the creation of actual kyphosis. The
L4-5 disc has responded with hyperlordosis and disc degen-
eration.

FIG. 68-2. A 72-year-old man with noted progressive difficulty standing
erect after a four-level lumbar laminectomy and instrumented fusion of L1-
5. The patient has subsequently developed a compression fracture of the
upper-instrumented L1 vertebral body. A: Lateral X-ray of the lumbar spine
with loss of normal lumbar lordosis.

(continued on next page)A
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aments and capsular structures (rigid stabilizers). A pro-
gression of the deformity ensues, with persistent pain and
limited function for the patient.

Scoliotic patients who otherwise have initially com-
pensated well for their iatrogenic loss of correction often

lose this ability in the third and fourth decades of life. The
largest contributing factor is disc degeneration of the
remaining disc or discs below the fusion. With loss of
disc height the normal lordotic angulation of the impor-
tant L4-5 and L5-S1 discs is lost. This angular disc space
loss plus the inability of the lower extremity muscle
groups to compensate create the clinically significant
deformity in the previously compensated patient (Fig. 68-
3) At this age, patients frequently begin to stoop forward.
When they are evaluated with plain radiographs and mag-
netic resonance imaging (MRI), disc space narrowing,
and degenerative changes are often found that can lead to
spinal stenosis and degenerative spondylolisthesis at the
first mobile level below the fusion.

Scoliosis patients are not the only patients to experi-
ence these problems. A similar syndrome of pain and a
sensation of imbalance with sagittal malalignment can
result from surgery in degenerative disease. Long lumbar
fusions for instability associated with spinal stenosis may
also create iatrogenic lumbar stenosis. These patients
have poor compensatory mechanisms if their long fused
lumbar segments are fused with loss of normal lordosis.
They have generalized weak musculature for compensa-
tion and the adjacent disc levels are frequently flat with
loss of normal disc angulation. In the osteoporotic
patient, an adjacent segment compression fracture can
push them over the edge into a pain kyphotic deformity.

RADIOGRAPHIC ASSESSMENT

Radiographic studies most useful in the evaluation of
patients with sagittal plane imbalance include standing full-
length (36-in.) antero-posterior (AP) and lateral radi-

FIG. 68-2. (Continued) B: Relaxed clini-
cal stance. C: Posture using maximal
effort to stand erect requires bending of
the knees and cervical hyperlordosis.B,C

FIG. 68-3. Magnetic resonance image of a 41-year-old
woman 26 years after fusion with a Harrington rod to L5. This
patient has significant pain and flat back syndrome that has
developed progressively over several years. Note the disc
degeneration, translation, loss of disc height, and loss of the
normal lordosis of the L5-S1 disc.
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ographs of the entire spine. Lumbar radiographs alone are
insufficient to evaluate for sagittal balance. A “reasonable”
35°- to 40°-lumbar lordosis may be totally adequate for a
patient with a normal thoracic kyphosis but woefully inad-
equate for the patient with a 65°- to 70°-thoracic kyphosis.
Full length radiographs permit calculation of the frontal and
sagittal plane offset of the plumb line. Using the Cobb tech-
nique, thoracic kyphosis, lumbar lordosis, and thoracolum-
bar junctional measurements can be obtained. Most impor-
tant is the overall sagittal balance. This is determined by
dropping a plumb line from the center of the odontoid or
seventh cervical vertebra and measuring the distance from
the anterior aspect of the sacrum to this line. Normally, this
plumb line should fall within 2 cm anterior or posterior to
the anterior aspect of the sacrum (Fig. 68-4).

If other pathology, such as a nonunion, is suspected,
additional radiographs may be needed, including
dynamic studies, to assess junctional instability. Com-
puted tomography, MRI, or myelograms may be needed if
neurologic symptoms are present (5). 

TREATMENT

Treatment options for flat back deformity evolve
around obtaining global balance in the sagittal as well as
the coronal plane. A complete physical and radiologic
evaluation as well as the development of a preoperative
plan is paramount to performing a successful correction
for deformity. The goals of treatment are to: (a) enable the
patient to resume a more erect posture that decreases the
strain of adjacent cephalad and caudal muscle groups, (b)
restore a horizontal visual field, (c) relieve compression
of abdominal viscera, (d) improve diaphragmatic respira-
tion, and (e) improve overall cosmesis (Fig. 68-5).

FIG. 68-4. Lateral 3-foot standing X-ray of a 78-year-old
patient with kyphoscoliosis. Notice the loss of sagittal bal-
ance, with the plumb line dropped from C2 falling well ante-
rior to the sacrum.

FIG. 68-5. A 42-year-old patient received posterior Harrington rods and fusion
for an L1 burst fracture with significant neurologic deficit. The patient had near
complete return of neurologic function but progressive incapacitating back
pain. An extension of the fusion to the sacrum was attempted with posterior
pedicle fixation supplemented by a single horizontal cage at L4-5 and L5-S1.
The patient presented within 1 year of that procedure with worsening back
pain and postural deformity. A: Lateral clinical view of the patient with classic
flat back syndrome.A
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NONOPERATIVE TREATMENT

Nonoperative treatment of flat back deformity is often
first-line treatment for patients with minimal sympto-
matic complaints, nonprogressive deformity, or patients
who are not operative candidates. There is no nonopera-
tive treatment that corrects for lumbar lordosis abnormal-

ity, but treatment may provide some symptomatic relief
of the symptoms. Patients with complicated medical
problems may not be candidates for further surgery. A
pharmacologic approach may include nonsteroidal anti-
inflammatory, non-narcotic pain medications, or even a
long-term narcotic program, coordinated under the direct
supervision of a pain management specialist. Rehabilita-

FIG. 68-5. (Continued) B: Antero-pos-
terior (AP) X-ray showing Harrington
rods above and pedicular fixation
below. C: Lateral X-ray showing loss of
sagittal alignment. The patient under-
went same-day posterior removal of
instrumentation with exploration of mul-
tiple pseudoarthroses: anterior wedge
structural graft insertion at L3-4, L4-5,
and L5-S1, posterior reinstrumentation,
and repeat fusion with iliac crest bone
graft. D: Lateral clinical view of the
patient with restoration of sagittal align-
ment. E: Antero-posterior X-ray of lower
lumbar segment showing instrumenta-
tion and posterolateral fusion mass at 3
years. F: Lateral X-ray showing incor-
poration of femoral ring allograft at L3-
4, L4-5, and tibial graft inserted anteri-
orly to horizontal cage, also at 3 years.B,C

D,E F
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tive measures, including abdominal strengthening,
stretching, and range of motion exercises to the hips and
trunk can often compensate for a decompensated trunk
and improve paraspinal strength. It also optimizes the
physical condition of preoperative patients. Farcy and
Schwab documented a significant improvement in pain in
20 of 48 patients who underwent aggressive rehabilitation
as an alternative to revision surgery (6). However, at 4-
year follow-up, many of these patients’ signs and symp-
toms had progressed, and surgical intervention was per-
formed in seven out of the 20 patients who initially had
been controlled with nonoperative care.

OPERATIVE TREATMENT

Surgical correction of flat back deformity involves
general principles that are used in the correction of basic
spinal deformities. The history of instrumentation for
spinal deformity began with the correction of scoliotic
curves. The original Harrington distraction rod was
designed to lengthen the concavity of a scoliotic curve.
Thus, the Harrington rod, which lengthened the “short
side” (concavity) of a spinal curve with instrumentation
was the first implant tool in the armamentarium of the
modern spinal surgeon. Surgeons quickly grasped the
concept that an additional tool to shorten the “long side”
(convexity) of a spinal curve would be an additional ben-
efit. The arrival of the Harrington compression rod sys-
tem applied to the convexity of a scoliotic curve resulted
in not only improved corrected force but also was histor-
ically closer to the more modern forms of segmental fix-
ation. In scoliosis correction, because the “norm” is no
curve, the surgeon aims for “lengthening” the short side
and “shortening” the long side until ideally they are
equivalent and the curve is eliminated. 

Kyphotic deformities of the lumbar spine are similar
but have an important difference. With a true kyphosis
(not just loss of lordosis) of the lumbar spine, the surgeon
aims to “lengthen” the short side (anterior column) and
“shorten” the long side (posterior column) not just until
they are equal but to push the correction further until the
“long” side becomes the new “short” side and vice versa.
In flat back syndrome this can be achieved in multiple
ways. “Lengthening” of the anterior lumbar spine usually
is achieved by discectomy, anterior wedging of the disc
space, and maintaining correction with structural support
(either structural allograft or vertical cages “shortening”
of the posterior column (is achieved) through one (7) or
multiple osteotomies (8). A combination procedure
involving both anterior column lengthening and posterior
column shortening allows for the greatest amount of
overall correction of a kyphotic deformity. To maintain
correction, all of these procedures must be performed
with stabilizing instrumentation and fusion. 

The surgical correction of the kyphotic deformity was
first described, in 1945, by Smith-Peterson et al. with an

osteotomy of the spine for ankylosing spondylitis (9).
They described multiple wedge posterior osteotomies and
posterior closure (shortening of the posterior column);
resulting in rupture of the “brittle” anterior longitudinal
ligament, thereby causing extension and opening through
the disc spaces (elongation of the anterior column)—the
final result producing lordosis in the lumbar spine. Sig-
nificant complications have resulted from the relatively
uncontrolled anterior column lengthening. These
included paraplegia, catastrophic rupture of the anterior
vascular structures, and gastrointestinal complications.
Various surgeons have modified this technique (10,11). 

La Chapelle, in 1946, described a two-stage osteotomy
with combined anterior and posterior approaches (12).
Briggs, in 1947, reported on a posterior wedge osteotomy
with bilateral foraminotomies (13). Thomasen, in 1985,
reported on a corrective osteotomy with removal of the
neural arch of L2 and partial removal of the bone inside
the vertebral body (14). This recreated lumbar lordosis by
shortening the posterior column without excessive intra-
abdominal distraction. This technique purportedly
allowed for 30° to 50° of correction at a single level.

Heinig popularized the eggshell decancelation procedure
(15). This procedure consists of removal of cancellous bone
of the apical vertebral body through a bipedal approach in
order to weaken the vertebral body and create a posterior
column shortening with minimal force; an advantage is that
it is performed under direct observation of the neural ele-
ments. The anterior part of the decancellized vertebra acts
as a pivot point for closure of the gap, and because the pedi-
cles have been removed, there is less of a chance of neuro-
logic injury. As well, there is no stretching of the cauda
equina and less stretching of the anterior vasculature. Bone
grafting and rigid segmental instrumentation are applied in
order to decrease the failure rate. Results published to date
report a correction of 30° to 50° at a single level using this
procedure, although most of these patients were among
those with a diagnosis of ankylosing spondylitis. A key
point to remember during the procedure is that segmental
instrumentation, decompression, and bone graft harvesting
should all be completed prior to the removal of cancellous
bone because of the potential for rapid blood loss.

Pedicle subtraction osteotomy also has the goal of
restoring sagittal balance and obtaining a fusion (16,17).
This extension osteotomy shortens the posterior column
without elongating the anterior column. The procedure is
optimally performed at the L3-4 level because the L3-4
disc space is the physiologic apex of lumbar lordosis, and
the osteotomy can be more safely performed at that level
with retraction of the cauda equina rather than the conus
medullaris. As well, the bifurcation of the vascular struc-
tures is below this level so there is a minimal risk of vas-
cular injury. A single level osteotomy results in approxi-
mately 25° of sagittal plane correction and a high fusion
rate, because it involves the vertebral body and adds bone
grafting to the anterior column (18). 
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Combined anterior and posterior surgery in flat back
treatment offers the advantage of a controlled lengthen-
ing of the anterior column in conjunction with posterior
osteotomies and shortening of the posterior column
(19). The anterior column can be lengthened and held
either with wedge-shaped structural allograft such as
femoral shafts or with wedge-shaped vertical cages. The
posterior osteotomies can be closed down and thereby
shortened with pedicular instrumentation. This tech-
nique usually demands a combined postero-anterior sur-
gical procedure rather than a single posterior approach
as with the pedicle subtraction osteotomy. In many
cases, the anterior approach is necessary to provide
anterior fusion and support to the areas adjacent to the
posterior osteotomy. Furthermore, in cases of extreme
kyphotic deformity, more correction is necessary than
can predictably be obtained at one posteriorly based
osteotomy (Fig. 68-6).

CONCLUSION

Flat back syndrome is an iatrogenic deformity in many
cases that is usually easier to prevent than to correct.
However, even in experienced hands, the deformity can
develop because of loss of fixation, progressive degener-

ation, or compression fractures at the top or bottom of a
surgical fusion. When surgical correction is warranted,
the correction of the kyphotic deformity involves major
spinal reconstructive surgery. There is no one procedure
for all deformities. Certainly, vertebral wedge
osteotomies are necessary either posteriorly based or in
conjunction with anterior wedge strut grafting and instru-
mentation. The decisions are based on the surgeon’s pref-
erence and experience, degree of correction needed, and
location of the deformity. Single osteotomies may be
used in relatively mild deformities when the principal
deformity is in the mid to lower lumbar spine. Multiple
osteotomies are preferred for more severe deformity to
assure a better correction of the deformity, with less of a
chance of neurologic injury. The decision for a combined
anterior and posterior procedure often is necessitated in
the patient with painful degenerated discs below long
multisegment fusions with loss of lumbar lordosis, in
order to not only restore sagittal balance but to relieve
back pain and disability. 
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CHAPTER 69

Spinopelvic Fixation

Joseph Y. Margulies and William O. Shaffer

Fixation to the pelvis has had limited usage, primarily in
the treatment of spine deformity. Anchoring a rod to the
pelvis has been very helpful in resisting coronal and
sagittal plane imbalance. This has been especially helpful
in neurologic-based spinal deformities such as cerebral
palsy, myelomeningocele, and the muscular dystrophies.
In these entities, the Galveston rod has become the stan-
dard and most useful technique to stabilize a neurogenic
scoliosis to the pelvis.

Degenerative scoliosis is yet another difficult problem
where an increasing use of fixation to the sacrum and the
ilium has been realized. Here the Jackson intrasacral rod
has proven useful in reinforcing the lower end of a long
degenerative construct. The use of the sacral alar screw or
the Chopin block have been attempts to further the
anchorage to the sacrum to protect the lower S2 pedicle
screw in such long constructs.

Trauma constructs have lagged behind the neuromus-
cular and degenerative constructs. Much of this has been
because the trauma to the sacrum has come under ortho-
pedic trauma surgeon purview for some fracture patterns
and that of the orthopedic spine surgeon for other fracture
patterns. Complicating this has been the lack of a com-
prehensive approach to these difficult fractures. Orthope-
dic trauma surgeons have approached sacral fractures and
sacroiliac joint dislocations as a posterior pelvic ring dis-
ruption. In many cases, percutaneous iliosacral screws
have been a good solution to this problem. Zone 1 and
nondisplaced zone 2 sacral injuries (those lateral to the
sacral foramina) are simply handled by this technique.
However, when serious root and cauda equina injury
occur there have been few durable solutions posed in the
literature. Zone 2 fractures with radicular involvement
and zone 3 fractures with either radicular or cauda equina
injury demand a more comprehensive approach to neural
decompression and skeletal stabilization.

In tumors of the sacrum and ilium, posterior pelvic
ring instability is created by the necessary resection of the

tumor and a margin of normal bone. Traditionally, allo-
graphic bone has been used to reconstruct these massive
defects. Various anchors into the pelvis or remaining
sacrum have been attempted and to a greater or lesser
extent have been successful. However, in our experience
pullout and hardware failure were all too often the result
of the historical fixation such as iliac posts (rod or
screw), iliac bars, iliac plates, or iliac threaded bars.

Dr. Marc Asher advanced the concept of spinal foun-
dation for scoliosis and deformity correction in which
two interconnected spinal anchors allow the forceful
manipulation of the spine (1,2). The objective of this
study was to develop a foundation to correct pelvic dis-
association and rotation. 

In 1996, we focused on the challenges of sacral tumor
resections and complex sacral fractures resulting in
pelvic dissociation, neurologic injuries, and severe lum-
bosacropelvic rotation. Reconstructive options were lim-
ited conceptually. A series of anchors were available to
manipulate the pelvis or ilium but they did not allow the
forceful manipulation of the pelvis in relation to the
sacrum and the rest of the spine. Two possible exceptions
are the Galveston rod technique (3) and the Jackson
intrasacral rod (4,5). The Galveston technique, when
placed in both ilia and interconnected, allows the coronal
and sagittal planes in pelvic deformities to be manipu-
lated. However, this technique suffers from a “wind-
shield-wiper” effect because of cranial caudal pistoning
of the anchor in the pelvis and the third plane was not
controlled. Further, it meets the criteria for a foundation
in scoliosis correction only. The Galveston rod technique
cannot be applied in fracture or tumor work. The limits of
all of the early pelvic anchors were related to the applica-
tion of forces to the pelvis that overcame the bone
implant interface in the ilium. The Jackson intrasacral rod
technique places the anchors in the sacrum. The Jackson
construct establishes a foundation only if the pelvis is
intact, it is not an option for a disrupted pelvic ring. 
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This current system introduces a pelvic foundation
that is applied to three distinct clinical situations. Two
of these deal with pelvic dissociation. Tumor resections
that sacrifice the sacrum and sacroiliac joint leave the
ilium disconnected from the sacrum and the opposite
ilium (6). Sacral fractures through or medial to the
sacral foramina frequently result in devastating neuro-
logic injury. The decompression of damaged neurologic
structures requires reduction of these complex fractures
and maintenance of the reduction requires a pelvic
foundation. The third clinical situation deals with
degenerative and neuromuscular scoliosis where pelvic
rotations of obliquity and lumbosacropelvic kyphosis
are difficult to control. 

Technical guidelines have been established for con-
structing a foundation in the pelvis for spinopelvic fixa-
tion or for stabilizing the pelvis when loss due to tumors
or fractures compromises pelvic stability. 

Three distinct constructs are discussed:

1. The tumor construct consists of a two-screw iliac
foundation connected either to a contralateral two-
screw iliac foundation or to a spine foundation of
pedicle screws.

2. The sacral fracture construct consists of a two-screw
iliac foundation connected to a sacral, iliac, or lum-
bar anchor depending on the fracture pattern.

3. The scoliosis construct consists of a screw anchoring
each ilium interconnected to form a pelvic founda-
tion that is connected to a proximal lumbar founda-
tion of pedicle screws.

Anatomy is the basis for modifications that have
become the sacropelvic module of the spinal instrumen-
tation system that allows the construction of the pelvic
foundation (7).

VARIOUS OPTIONS

The preliminary study focused on the anatomic char-
acteristics of the various sacropelvic anchors generally
available at the time (8). They were examined to see if a
pelvic foundation could be constructed. “Foundation” is
defined as a solid combination with two interconnected
construct elements (anchors) on each side that create a
strong purchase in the bone to allow forceful manipula-
tion of the anatomic structure. An “anchor” is a single
implant element anchored in the bone. Possible anchors
for constructing foundations in the spine are:

• Pedicle screws
• Hooks and claws
• Wires and cables.

Longitudinal members connect the installed anchors
into the actual foundation. Usually they are rods but they

can be plates as well. In the foundation scheme all the
elements are interlocked to create a closed stable quadri-
lateral frame (Fig. 69-1). The interlocking mechanism
consists of transverse connectors or any type of solid con-
nection between the longitudinal elements on the right
side and the left side. Any combination of connections
spanned over one vertebra or more can be used to manip-
ulate the spine. 

Applying this approach to the pelvis poses the need for
some adjustments. Anchors in the pelvis can be:

• S1 and S2 pedicle screws in all the possible angles sug-
gested

• Jackson-type intrasacral rods
• Iliosacral transarticular screws
• Iliac screws 
• Galveston posts
• S1-L5 transdiscal screws or dowels
• Sacral bars
• Hook claws
• Wires or cables
• Blocks (these are considered anchors because they

enter the bone so close to each other that it can be con-
sidered one point). 

In spite of the relatively large variety of anchors in the
pelvis, application of any one of them is not always pos-
sible due to either poor bone condition or loss. Concep-
tually, the ideal technical solution is to create a device
that uses all the available anchors to create a stable
quadrilateral foundation. Integral to this concept is that
the dissociated ilium in fractures and tumors can be
manipulated independently of the proximal foundation.
The technical solution is to design a family of rods with
a variety of locking mechanisms at one of their ends.
Custom rod connectors allow fixation of rod to rod. A
new type of anchor with adequately sized iliac screws
allows better purchase of the iliac wings. This system
solidly connects all the available anchors into one true
pelvic foundation (Fig. 69-2).

FIG. 69-1. The concept of the bilateral iliac foundation.
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CLINICAL INDICATION

The pelvis is instrumented in relatively rare clinical
circumstances and this is as it should be. The major indi-
cations for instrumentation to the pelvis are:

• neuromuscular scoliosis
• degenerative scoliosis with deficient sacral bone stock
• sacral fracture with neurologic deficit 
• sacral fracture where indirect reduction could lead to

neurologic injury
• sacral tumors where posterior pelvic instability will

result or pelvic dissociation is a risk.

MATERIALS AND METHODS

The basis of the module is a uniform locking mecha-
nism of rods to anchors in open and closed versions. A
sacropelvic module can be added to any existing spine/sco-
liosis system. Adapters can be introduced to combine ele-
ments from different systems. The newly developed kit
contains a set of four rods with locking mechanisms on one
end and a set of open and closed iliac screws 10 mm in

diameter. A large selection of adapters and 90°–90° wed-
ding bands are included so that connectors can be rotated
90° to each other (Fig. 69-3). Specialized instruments to
handle these specific implants are included.

Iliac Screws

Screws that are 10 mm in diameter (Fig. 69-4) were
indicated after the preliminary anatomic study and later
confirmed by the formal anatomic/computed tomography
(CT) studies. The diameter size of the screw is intended
to purchase the two iliac cortices. The screws are avail-
able in lengths ranging from 30 mm to 110 mm in 10 mm
increments with closed and open locking mechanisms. 

Rods

The rods are 1⁄4-inch in diameter. The integral rod con-
nectors are milled from 3⁄4-inch bar stock (Fig. 69-5). This
assures a strong transition from the rod to the connector.
Rods with three types of locking mechanisms are avail-
able:

• Closed Isola-Groove Hollow Ground (VHG)
• Open Isola VHG type
• Side opening locking mechanism.

Each locking mechanism is attached to the rod in two
ways:

• Directly at the axis of the rod
• Offset by about 1⁄2-inch to save the bending maneuver

passing from the ilium medially to the sacrum 

FIG. 69-2. Family of rods, anchors, and connectors.

FIG. 69-3. 90°–90° wedding bands.

FIG. 69-4. Bolt (10 mm).

FIG. 69-5. Rod connector.
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Instruments

Standard instruments are used with the addition of a
tap for the 10 mm diameter screws. 

Experimental Anatomic Study

Earlier spinopelvic instrumentation was a patchwork
of anchors that attempted to fix the spine to the pelvis.
Lebwohl et al. showed that iliac screws are the only ancil-
lary fixation shown to protect S1 pedicle screws from
cantilever stresses and pullout (9). To allow a better foun-
dation and establish anchorage in the iliac bone, this
study investigated alternative anchorage points and
defined the dimensions of the upper and lower iliac
columns (7) (Fig. 69-6). Seventeen iliac bones were sec-
tioned in 10 mm increments to assess the cross-sectional
dimensions (Fig. 69-7). The upper and lower iliac
columns were measured directly on a General Electric CT
workstation (Fig. 69-8).

The lower iliac column accommodates screws 10 mm
in diameter to a depth of 100 mm in 100% of iliac bones.
This includes even the smallest female pelvis of the
series. The upper iliac column accommodates 10 mm
screws up to 50 mm in length in 75% of the iliac bones.
It accommodates 7.5 mm screws up to 50 mm in length
in 95% of iliac bones. Preoperative CT can be used to
determine the necessary screw sizes. Berry et al. have
confirmed these dimensions in their study of the lower
iliac column in the Hamann-Todd Osteological Collec-
tion at the Cleveland Museum of Natural History (10).
Schwend et al. have recently published a confirmation of
the use of the lower iliac column in neuromuscular scol-
iosis (11).

The upper iliac column is as strong a structure for an
anchor in the iliac crest as the lower column. 

This module for reconstruction of the pelvic ring
assures control over the iliac bone and builds a pelvic
foundation that allows fusion of the spine to the pelvis. 

FIG. 69-6. The upper and lower iliac columns with an
assembled two-bolt iliac foundation.

FIG. 69-7. Each hemipelvis was sectioned in 10 mm incre-
ments and the dimensions of the upper and lower iliac
columns were directly measured.

FIG. 69-8. The reconstructed ilium could be “electronically
sliced” and the dimensions of the upper and lower iliac col-
umn were then measured on the workstation monitor.
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Method of Application

Application is based on the available anchors and
hence is subject to improvisation and creativity; however,
the sequence is always to insert the anchors first and then
to interconnect the anchors to construct a foundation. 

Insertion of Anchors

Anchors are inserted according to the availability of
insertion sites.

Iliac Approach

This is the fundamental technique for sacral fractures and
tumor resections that leave the ilium dissociated from the
sacrum on one or both sides. Insertion of superior and infe-
rior iliac screws is possible (Fig. 69-1). The first screw
placed is in the lower iliac column. The column will accept
a 10 mm screw in almost all instances. Preparation of the
starting point is important. The posterior superior iliac spine
(PSIS) is essentially excised flush to the sacrum. This pre-
pares the oval-shaped starting point for both the upper and
lower iliac column approaches. This also provides an ade-
quate graft for the fusion. The lower screw is placed in the
traditional Galveston position, which is outward and
slightly downward above the sciatic notch. The fingertip of
the opposite hand is placed in the sciatic notch and an iliac
probe is worked between the two cortical plates of the ilium
just above the sciatic notch. The feel for this is akin to prob-
ing a pedicle in preparing for a pedicle screw. The average

distance accommodated is 70 mm, though the preliminary
anatomic study suggested a 100 mm screw could be accom-
modated in most cases. The prepared channel is palpated
with the ball feeler just as in the pedicle. The depth of the
hole and any cortical broaches can thus be appreciated. The
prepared channel is then tapped with a 10 mm tap. 

The upper iliac column is approached at the superior
end of the oval cancellous window created when the PSIS
was excised. The iliac probe is directed outward between
the iliac cortices at a slight inclination. The prepared
channel is checked for depth and cortical break. The aver-
age depth is between 45 and 50 mm. The diameter of
channel is assessed by direct comparison of a 7.5 versus
10 mm tap. The appropriate diameter tap is used to pre-
pare the upper channel and a 7.5 or 10 mm screw is
placed. The openings of the screws are rotated to face
each other. An appropriate length of 1⁄4-inch rod is cut and
the rod is slightly contoured in order to place it through
the connectors of each screw. Once unobstructed passage
of the rod is confirmed the rod is withdrawn from one
screw so the connector of the rod connector can be passed
over the rod (Figs. 69-9A, B). Contouring of the rod con-
nector will depend on the proposed construct. If it is to be
connected across to the opposite ilium or sacrum slight
bends will be needed. If the rod connector is to connect
to the lumbar spine, an exaggerated lumbar lordotic curve
will need to be placed in the rod. The geometry of the
iliac fixation combined with the sacral pedicle screws
shifts the fixation anterior, caudal, and cranial to the cen-
ter of gravity of the spine, just in front of the sacrum. This
placement of the instruments creates a powerful device

FIG. 69-9. A: Disassembled components of
the two-bolt iliac foundation. B: The foundation
assembled.

B

A
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controlling the pelvic rotations in all three planes of
motion and all degrees of freedom of the pelvis in rela-
tionship to the spine.

Scoliosis Approach

The scoliosis approach is similar to the Galveston tech-
nique in that the anchors are placed into the iliac crests in
the lower iliac column and S1 pedicles bilaterally. This
distal placement allows the entire sacropelvis to be
manipulated, rotated, and fixed to a lumbar foundation
proximally. 

Variable Approaches

Depending on the deformity and pathology with which
one is dealing, two iliac screws may be fixed to both S1
or a contralateral S1 and S2 pedicle screw to complete a
proximal anchorage. Once these two sites are connected,
a transforaminal fracture is fixed. Effective fixation is
accomplished by marrying the anchors with various con-
nectors (Fig. 69-10).

Construction of Foundation

Rods, rod connectors, plates, or transverse connectors
connect anchors. The desired assembly should use, as
often as possible, straight segments of longitudinal mem-
bers with the least possible bending maneuvers. Of the
available sites to insert an anchor at least four are chosen.
After all relevant considerations, the distance between the
four should preferably be as long as possible for better
stability. The anchors are interconnected in an attempt to
close a quadrilateral shape. A spine construct may be fur-

ther connected to the pelvic “frame” by two rods at each
side. Though the ideal construct consists of one or two
pelvic quadrilateral frames and four rods to connect to the
spinal construct, a less extensive one may suffice.

The constructs based on these foundations are character-
ized by three patterns discussed in the following sections.

Tumor Construct

In the treatment of sacroiliac tumor, tumor biology and
specific tumor behavior must be clearly understood.
Imaging studies reveal the anatomy of tumor involve-
ment. Resection must be carefully planned with unin-
volved normal spinal structures serving as resection mar-
gins. Nerve roots and stable joints often must be resected
in order to achieve a curative margin. 

The tumor construct consists of a two-screw iliac foun-
dation connected either to the contralateral two-screw
iliac foundation or to the spine by pedicle screw founda-
tions (Fig. 69-10). This allows the dissociated ilium to be
reduced against the remaining sacrum, or in the situation
of a complete sacrectomy, the opposite ilium. The lumbar
spine is connected to this substantial pelvic foundation. 

Figure 69-11A shows a recurrent hemangiopericytoma
of the sacrum. It was previously excised through a micro-
scopic intralesional approach. Adequate revision required
a hemisacrectomy and excision of the ilium resulting in a
dissociation of the right hemipelvis from the sacrum. The
S1-S5 roots on that side were excised as part of the resec-
tion. After dural repair, the pelvis was reconstructed. The
distal foundation consisted of the iliac foundation
described previously. The ilium was reduced to the
remaining sacrum by a contralateral iliac foundation and
rod connectors were attached through two wedding bands
allowing the right ilium to be compressed against the
remaining sacrum. This pelvic foundation was connected
to a lumbar foundation consisting of the two L3 and L4
pedicle screws. Note the bend in the rod connector to
connect the iliac foundation to the lumbar foundations
(Figs. 69-11B, C). 

Sacral Fracture Construct

Complex sacral fractures are approached surgically
when neurologic deficit is present. Crushed roots require
decompression of neural tissue. Stretch injuries to the
neural structures require reduction of the fracture defor-
mity. 

The sacral fracture construct consists of a two-screw
iliac anchor connected to a sacral, iliac, or lumbar anchor
depending on the fracture pattern and whether the L5-S1
articulation is involved as often occurs with these shear
fractures of the sacrum (Figs. 69-10, 69-12). The result is
decompression of the damaged nerve roots and control of
the fracture in all three planes of rotation. Anatomic

FIG. 69-10. Bilateral iliac foundation as may be used in a
tumor or fracture construct.
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reduction is achieved under direct vision while protecting
the L5 nerve root anteriorly and the S1 root within the
foramina.

Figures 69-13A–E demonstrate reduction of S1-S2
spondyloptosis. These constructs are based on four iliac

screws as the distal foundations and L4-S1 screws as the
proximal foundations in order to accomplish reduction.
Reduction of S1 onto S2 can be predictably accomplished
with a two-screw iliac post distal foundation. S1 and lum-
bar pedicle screws form the proximal foundation. A rod
connector bridging these two foundations achieves reduc-
tion and controls the yaw, pitch, and vertical shear of
these complex fractures (Figs. 69-14A–D).

The clinical example in Figures 69-15A and B show the
difficulty with using standard components to treat trans-
foraminal fractures with a severe S1 neurologic deficit and
radicular pain. The S1 root was decompressed and a dis-
placed butterfly fragment was retrieved from the S1 fora-
men. A modified Galveston rod and iliac screw foundation
attached to proximal S1 screws stabilized the vertical shear
component of the fracture. The rod required no fewer than
three 90° bends to convert the distal Galveston post to
engage both S1 pedicle screws and the upper iliac screw.

Figures 69-16A–D show the simplified approach to a
similar transforaminal fracture with neurologic deficit
using bilateral two-screw iliac anchors connected by a
rod and wedding bands. This construct allows the rotation
of the pelvis during reduction while controlling the neural
structures within the foramen. Once the reduction is
obtained the wedding band set screws are tightened and
the rod connector is set to the two-bolt iliac post. 

FIG. 69-11. A: Preoperative myelogram with involvement of the left sacral roots by the tumor. B: The
antero-posterior radiograph of the reconstructed pelvis using the iliac foundation bilaterally. (WOS.)
C: The lateral view of the construct. (WOS.)

A,B C

FIG. 69-12. Unilateral iliac foundation as may be used in a
tumor or fracture construct.
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Scoliosis Construct
Reconstructive options have improved with modern

spinal fixation. Lumbopelvic fixation must control the three
planes of pelvic rotation: yaw, pitch, and vertical shear. The
two-screw rod-connector foundation meets these goals. 

The scoliosis construct consists of an iliac screw in
each ilium interconnected with the S1 pedicle screw to

form a pelvic foundation that is connected to a proximal
lumbar pedicle screw–based foundation (Fig. 69-
17A–C). This foundation allows coronal and sagittal
plane sacropelvic rotations to be manipulated in relation
to the proximal lumbar foundation. It is particularly help-
ful in controlling pelvic obliquities and lumbosacropelvic
kyphosis and flat back. 

FIG. 69-13. A–C: The com-
puted tomography scan of an
older adult male who fell down
stairs with a resultant severe
cauda equina injury with blad-
der dysfunction. D, E: The
patient’s reconstructed sacrum
based on the iliac foundation.
(WOS.)A

B C

D E



644 / SECTION V/SPECIFIC CLINICAL ENTITIES

RESULTS

Results of these techniques are preliminary. Kukio et
al. (12) showed that “bilateral iliac screws coupled with
bilateral S1 screws provide excellent distal fixation for
lumbosacral fusions with a high fusion rate (95.1%) in
high-grade spondylolisthesis and long fusions to the
sacrum.” Emami et al. have shown that there is an “unac-

ceptable high rate of pseudarthrosis and this method
[Galveston rod] is not recommended for adult deformi-
ties. . . . Emami recommend using iliac fixation, although
there is a higher rate of painful hardware requiring
removal” (13).

In our 24 patients with spinopelvic fixation most pre-
sented with neurologic deficits that were either radicular
or cauda equina. There was a small group of injuries

FIG. 69-14. A, B: The computed tomog-
raphy scan views of a young man who
fell from a silo while sitting in a boson’s
chair. Note the spondyloptosis of S1 on
S2 and H fracture pattern. C, D: The
reduced fracture using the iliac founda-
tion distally and pedicle screws proxi-
mally. (WOS.)

FIG. 69-15. A: The transforaminal fracture with the incarcerated fragment of bone in the neural foramen.
B, C: The full decompression of the S1 foramen and the two S1 pedicle screws as the proximal founda-
tion and the Galveston post and iliac bolt in the upper iliac column as the distal foundation. (WOS.)

A,B C

A,B

C,D
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where zone 2 fractures presented with comminution at
the S1 sacral foramina that increased the risk of neuro-
logic injury with indirect and percutaneous techniques. A
stable pelvis was achieved in all. This allowed the patient
to be cared for without traction and mobilized 2 to 3
weeks after injury. If the injury was unilateral, the patient
was allowed to weight bear on the uninjured hemipelvis
immediately. If bilateral injury was fixed, the patient
would be in bed then chair for 2 to 3 weeks prior to mobi-
lization. Five patients suffered postoperative infections
that were treatable with débridements, suction irrigation,
and intravenous antibiotics. Six patients required explan-
tation on an average of 2 years postoperatively. Neuro-
logic improvement was seen in all patients except the two
patients with cauda equina amputation. Bowel and blad-
der dysfunction improved or normalized in those patients
without cauda equina amputation. Sexual function nor-
malized in 70% of all patients, with better outcomes in
women.

In the tumor cases we experienced one hardware fail-
ure in a patient in whom we used historical fixation
anchors and two patients required explantation for infec-
tion. 

COMPLICATIONS

Infection was high in our early experience. Our origi-
nal incision was a midline incision where we detached the
erector spinae from the sacral and iliac insertions. We
now use a lambda incision where the major limb is
formed on a midline incision over the back, which is gen-
tly curved to the PSIS of the most involved side of the
pelvis. We then form a 90° arm to the other PSIS. The
erector spinae is left attached distally and the hardware is
tunneled underneath the erector spinae. This paralleled
the experience of our pediatric orthopedist who found
that tunneling the Galveston rod under the erector spinae
resulted in less wound problems and infection.

Blood loss is expected. It is significant for fracture
cases and can be catastrophic with tumor cases. In the
tumor population we have experienced two deaths among
nine patients. We have had one death from uncontrollable
blood loss in a complete sacrectomy for a malignant
tumor. Since that case we ligate the internal iliac during
the anterior release and colostomy approach in all sacrec-
tomies. This anterior procedure is staged 3 to 5 days
before the posterior resection. 

FIG. 69-16. A: The antero-posterior view of the sacrum showing the displaced transforaminal fracture
with severe radiculopathy due to traction injury to the lumbar plexus. B: The computed tomography axial
view of the injury. C: The reduction using the ipsilateral ilium for the distal foundation and the contralat-
eral ilium for the proximal foundation. (WOS.) D: A model of this completed construct.
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Explantation is frequent as the hardware is prominent
at the PSIS. Explantation was more frequent in our early
experience because we were not removing the PSIS. Now
that we take the entire PSIS down offering copious bone
graft, the rate of explantation has lessened. However, in
thin patients one can only plan to remove the iliac hard-
ware once healing has occurred. 

CONCLUSION

A pelvic foundation is indicated in cases where a solid
foundation in the pelvis is needed for long spinal con-
structs and for tumors and fractures of the pelvis. It is
fundamental to correcting the complexities of sacropelvic
deficiencies. An assembly of available anchors and inter-
locking connectors achieves solid constructs. The sacro-
pelvic module fixes pelvic dissociation, allows forceful
manipulation and anatomic reduction of sacral fractures,
and allows reduction of ilium to the resected sacrum. It is
powerful enough to correct pelvic obliquities and lum-
bosacropelvic kyphosis and protects S1 pedicle screws
from cantilever stresses and pullout. 
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FIG. 69-17. A: The 10 mm bolt and S1 pedicle screw as the distal foundation connected to proximal
claws and pedicle screws in this degenerative scoliosis model. B: Note the use of a thoracic slotted con-
nector to allow the passage of the rod from the 10 mm bolt closely by the S1 pedicle screw. C: The rod
bend is simply an exaggerated lordotic bend rolled out laterally.
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CHAPTER 70

Paget Disease of the Spine and Its Management

Alexander G. Hadjipavlou, Ioannis N. Gaitanis, Pavlos G. Katonis, 
Michael N. Tzermiadianos, and George M. Tsoukas

The spine is the second most common site of involvement
by Paget disease (PD) of the bone (1,2). This peculiar
metabolic disorder of bone triggers abnormal bone
remodeling and modeling processes that can predispose
the spine to stenosis and facet joint arthritic changes.

ETIOLOGY (3,4)

PD of bone is a mono-ostotic or polyostotic nonhor-
monal osteometabolic disorder. Over a century after the
original disease was described by Sir John Paget (5) in
1877, and despite recent intensive studies and widespread
interest, its etiology still remains obscure.

The proclivity to sarcomatous transformation, the vari-
ability of osteoblasts (Fig. 70-1) (size, shape, and stain-
ing), the peculiarity of osteoclasts (Fig. 70-2) (size and

number of nuclei, up to 100, seen also in giant cell
tumors), and control of the disease by antimitotic agents
such as plicamycin (also known as mithramycin) suggest
that the disease may be a benign neoplasm of the mes-
enchymal osteoprogenitor cell, as was hypothesized by
Ramussen and Bordier in 1973 (6).

It has been postulated that the disease may be caused
by a viral infection (7–10). Electron microscopy of
osteoclasts reveals viral intranuclear inclusion struc-
tures resembling those of an RNA-type virus related to
measles or subacute sclerosing panencephalitis (Fig. 70-
3). Immunologic studies show the presence of specific
viral antigens in osteoclasts and cells grown from
Pagetic bone (11). There is considerable evidence in
support of a viral etiology for PD (9). A characteristic
feature of paramyxoviruses is their ability to persist at
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FIG. 70-1. Note the variable size of osteoblasts (OB) and osteoclasts (OC).



very low levels and invade the host immune system.
Factors that can be activated by virally induced Ross
River virus (e.g., IL-6, C-fos, and Bcl-2) are all elevated
in PD, strongly suggests viral infection.

Some reports have indicated that PD is a zoonosis,
because it is associated with ownership of birds, dogs,
cats, or cattle (12,13). These studies have suggested that
canine distemper virus (a paramyxovirus closely related
to measles), can contaminate human osteoclast cells, con-
tributing to the development of PD (14,15). However,
other studies (16,17) found no risk factors associated
with animals. In addition, it should be noted that all of the
claims mentioned here are only supported by circumstan-
tial evidence garnered from electron microscopic, immu-
nologic, and epidemiologic studies.

PREVALENCE, DISTRIBUTION, AND GENETIC
FACTORS (3,4)

PD is found more commonly in populations of Anglo-
Saxon origin. PD is rarely encountered in China, Japan,
Iran, India, Scandinavia, Africa, or the Middle East (18);
however, Singer (19) mentioned that 10% of PD patients
in the Los Angeles area are of African decent. A survey
of PD in Johannesburg, South Africa, revealed a preva-
lence of 1.3% among the black population and 2.4%
among the white population (20). These findings suggest
that PD may not be as uncommon in Africans as was pre-
viously believed. Autopsy reports indicated that the over-
all prevalence of PD is 3.0% to 3.7% (21,22), with a ten-
dency to increase with age. At the age of 90, the expected
prevalence is about 10% (22). Radiographic studies
revealed a prevalence of 3.5% (23,24). A recent report on
radiographic examination of the pelvis (25) revealed an
estimated overall prevalence in the United States of 1% to
2%, with near equal distribution between whites and
blacks and between sexes.

Genetic factors play a role in the pathogenesis of PD,
which is inherited as an autosomal- dominant trait with high
penetrance (26,27). PD often occurs in more than one mem-
ber of a family (28). A positive family history in siblings of
patients was reported in 12.3% of cases as compared to
2.1% of controls. The prevalence of PD was approximately
seven times higher in relatives of cases than controls.

Studies in families with PD have shown linkage to a
region of chromosome 18q near the polymorphic locus D
18S42, most likely due to gene mutation (26,29,30).
Genetic heterogeneity is almost certainly present (26,31);
data from some families with PD suggest the presence of
at least one additional locus, which remains to be identi-
fied (26). Viral infection may also help explain the
genetic predisposition, by gene mutation, of PD (9,32).
Circumstantial evidence thus supports the plausible
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FIG. 70-2. Undecalcified bone demonstrating large osteo-
clasts (OC) with several nuclei. Black depicts old bone.

FIG. 70-3. Electron microscopic examination of portion of
osteoclastic cell showing a nucleus. Osteoclastic inclu-
sions, not containing membrane, arranged in paracrys-
talline array, 15 nm in diameter, are shown within the
nucleus. (From Hadjipavlou A, Lander P. Paget’s disease.
In: White AH, Schofferman JA, eds. Spine care. St. Louis:
Mosby, 1995:1720–1737, with permission.)



hypothesis that viral infection may trigger the onset of PD
as well as stimulating inheritable gene mutation. Future
research hopefully will cast light on these issues.

HISTOPATHOLOGY (3,4)

The histopathology of PD is characterized by two enti-
ties: osseous lesions and bone marrow fibrosis. The for-
mer is characterized by its so-called mosaic appear-
ance—the hallmark of pagetic lesion (Fig. 70-4). The
pagetic cellularity consists of variable sizes of osteoblasts
(Fig. 70-5) and large osteoclasts with multiple nuclei (up
to 100) (6). Bone marrow fibrosis is not associated with
anemia, because bone marrow hemopoietic activity can
expand to the appendicular skeleton (Fig. 70-6) (2).

Uncommonly, extramedullary hemopoiesis occurs in the
thoracic cavity (31). These phenomena compensate for
the extensive bone marrow fibrosis.

PREVALENCE OF BACK PAIN AND SPINAL
STENOSIS (3)

The spine is the second most commonly affected site in
PD (1,2,34,35), predisposing patients to low back pain
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FIG. 70-4. Mosaic appearance of bone in Paget disease
formed by cement lines of sequential reformation of new
bone without formation of typical haversian systems. (From
Hadjipavlou A, Lander P. Paget’s disease. In: White AH,
Schofferman JA, eds. Spinal care. St. Louis: Mosby, 1995:
1720–1737, with permission.)

FIG. 70-5. Dense fibrous tissue with large osteoblast con-
taining numerous nuclei eroding bone spicule. Note the vari-
able size of osteoclasts (OC).

FIG. 70-6. A: Bone marrow scan reveals displacement of
hemopoietic activity in the appendicular skeleton. B: Proven
by biopsy.
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and spinal stenosis (36–39). Hartman and Dohn (40) have
shown that 15.2% of patients with PD had involvement of
the vertebrae, and 26% of these patients had symptoms of
spinal stenosis. The reported incidence of back pain in
PD ranges from 11% (41) to 34% (1), and 43% (42). The
causal relationship between vertebral PD and back pain
has been disputed by Altman et al. (25), who attribute the
low back pain in PD to coexisting osteoarthritis of the
spine in 88% of patients and to PD alone in only 12%.
Others (43) consider PD to cause back pain even more
rarely. However, in our population (44), 33% of patients
with PD demonstrated pagetic involvement of the spine;
30% had clinical symptoms of spinal stenosis, and 54%
of these patients suffered back pain (44) (24% attributed
clearly to PD alone, 50% to degenerative changes, and
26% to a combination of PD and degenerative changes).

PATHOMECHANICS OF FACET JOINT
ARTHROPATHY, SPINAL STENOSIS, AND PAIN (3)

PD can be defined as a disturbance of bone remodeling,
which in turn leads to abnormal modeling. Frost (45) has
defined remodeling as a constant bone renewal or turnover
without changes in the size and shape of bone. Disturbance
of the bone remodeling process, as seen in PD, changes the
bone texture and gives rise to the four phases of the disease
observed radiologically: the osteolytic, mixed, and
osteoblastic phases, and the inactive osteosclerotic phase,
characterized by normal or decreased bone scan activity
(46). Bone modeling is a process that determines the shape
and geometry of the bone (47) (Fig. 70-7). In PD, disturbed

modeling contributes to bone expansion that leads to spinal
stenosis (46) (Fig. 70-8).

More specifically, pagetic spinal stenosis can be
caused by posterior expansion of the vertebral body alone
(least common) (Fig. 70-9), by the expansion of the
neural arch and the overgrowth of the facet joints, or by a
combination of these conditions (39,44,48) (Fig. 70-10).

Facet arthropathy can be produced by abnormal
pagetic remodeling and modeling changes, causing the
joint to become hypertrophic and incongruous, with
destruction of articular cartilage, as may occur in other
pagetic joints (36,49) (Fig. 70-11).
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FIG. 70-7. Diagram of cross-sections of a long bone to
demonstrate possible patterns of modeling in the periosteal
and endosteal envelopes. The arrowheads show the direc-
tion of cortical drift due to bone apposition or absorption. Pat-
terns A, B, and C all represent bone expansion. A shows
apposition within the periosteal envelope, with the endos-
teum unchanged; B shows apposition within the periosteal
envelope and absorption in the endosteal envelope resulting
in a thin cortex; C shows apposition in both periosteal and
endosteal envelopes, resulting in a thick cortex; D represents
bone contraction; periosteal absorption with endosteal appo-
sition causes a centripetal cortical drift. (From Lander P, Had-
jipavlou A. A dynamic classification in Paget’s disease. J
Bone Joint Surg Br 1986;68:431–438, with permission.)

FIG. 70-8. Bone modeling of vertebra depicted diagrammat-
ically to demonstrate tendency of bone expansion in all direc-
tions, leading to hypertrophic facet osteoarthropathy and
spinal stenosis. (From Hadjipavlou A, Lander P. Paget’s dis-
ease. In: White AH, Schofferman JA, eds. Spinal care. St.
Louis: Mosby, 1995:1720–1737, with permission.)

FIG. 70-9. T1-weighted magnetic resonance image showing
posterior expansion of the vertebral body. (From Hadjipavlou
A, Gaitanis I, Katonis P, et al. Paget’s disease of the spine
and its management. Eur Spine J 2001;10:370–384, with
permission.)
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FIG. 70-10. A: Plain radiography demonstrating pagetic involvement of L4 vertebra with typical expan-
sion in the mixed-blastic phase B: Axial computed tomography scan of the third lumbar vertebra,
demonstrating circumferential expansion of a mixed-blastic-phase lesion of Paget disease causing
severe spinal stenosis. (From Hadjipavlou A, Gaitanis I, Katonis P, et al. Paget’s disease of the spine
and its management. Eur Spine J 2001; 10:370–384, with permission.)

A B

FIG. 70-11. A. Histologic section of articular cartilage showing invasion by the pagetic process.
B: Schematic representation of (A): C, cartilage; B, subchondral bone; OB, osteoblasts; FV, fibrovascu-
lar tissue; OC, osteoclasts; X, artifact. (From Hadjipavlou AG, Lander PH, Enker P. Paget’s disease of
bone: orthopedic management. In: Uhthoff HK, ed. Current concepts of bone fragility. Arthritis pathology
and management. Berlin/Heidelberg: Springer, 1986:237–262, with permission.)
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SPINAL STENOSIS AND NEURAL
DYSFUNCTION (3)

Several distinct mechanisms have been implicated as
producing neural element dysfunction in the spines of
patients affected by PD:

• Compression of the neural elements by pagetic process: 
(a) pagetic bone overgrowth (25,44,50); 
(b) pagetic intraspinal soft tissue (44,51) (Fig. 70-

12);
(c) ossification of the epidural fat similar to anky-

losing spondylitis (52).
• Neural ischemia produced by 

(a) blood diversion, causing the so-called arterial
steal phenomenon (38,40,53,54); 

(b) interference with blood supply to the cord due to
arterial compression by the expanding pagetic
bone (55) or other factors not well defined (56).

• Vertebral fracture or atlantoaxial subluxation (55,57).
• Platybasia with impingement on the medulla (58).
• Formation of syringomyelia as a complication of PD of

the spine, especially after cranial settling (basilar
invagination) (59,60).

• Spinal cord compression by epidural hematoma from
spontaneous bleeding (33,61,62).

• Rarely, neurocompression caused by pagetic sarcoma-
tous degeneration (63,64).

About one-third of patients with spinal involvement
exhibit symptoms of clinical spinal stenosis (44). Clinical
spinal stenosis can be characterized as lateral or central
stenosis. Lateral spinal stenosis manifests itself as con-
stant or intermittent leg pain of variable intensity with

specific radicular distribution associated with paraesthe-
sias. This pain is exacerbated by walking, may improve
with rest, and may be associated with motor weakness,
reflex, and sensory changes. Central stenosis, on the
other hand, is characterized by bizarre symptomatology,
especially leg weakness and cramps with variable
amounts of pain that is provoked by walking and im-
proves with rest. Objective clinical signs are usually
absent. A combination of central and lateral stenosis may
also be present. Central stenosis with myelopathy is asso-
ciated with upper motor neuron manifestations.

Several authors have mentioned that neural involve-
ment is more commonly associated with PD of the tho-
racic spine (40,55,65) or the cervical spine (66), rather
than the lumbar spine. This is attributed to the large size
of the spinal cord in the thoracic and cervical regions rel-
ative to the capacity of the vertebral canal; therefore, the
same proliferation of bone in all vertebrae would result in
compression of the cervical and thoracic thecal sac
sooner than it would in the lumbar spine (55). Involve-
ment of the cervical and thoracic spine tends very often
to predispose to clinical spinal stenosis with myelopathy
(44).

Bone compression by the expanding pagetic vertebrae
is by far the most common cause of neural dysfunction
(44). It was first reported by Wyllie in 1923 (67). How-
ever, severe stenosis, as seen on computed tomographic
(CT) scan, may remain asymptomatic, suggesting adapt-
ability of the thecal sac and its neural elements to severe
spinal stenosis without significant loss of function
(44,55).

The mechanism of neural ischemia is, however, still
theoretical and supported only by circumstantial evi-
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FIG. 70-12. A 63-year-old male patient with pagetic soft tissue expansion originating from the dens and
compressing the medulla as seen on: (A) lateral computed tomogram of dens (bony element), and (B)
soft tissue on magnetic resonance image (arrow). The patient was treated successfully with surgical
decompression.
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dence. For example, patients with spinal cord symptoma-
tology respond to calcitonin treatment better than patients
with spinal nerve root lesions (58); some patients experi-
ence progressive deterioration of neural function without
evidence of myelographic block, which is not easily
explained by mechanical effect alone (68); neurologic
signs do not always correlate with the site of skeletal
involvement; and rapid clinical improvement occurs in
some patients with medical antipagetic treatment alone.
These observations suggest that neural dysfunction in PD
may also result from mechanisms other than simple bone
encroachment on the neural element (38,48,50,54,67,
69–71), such as deprivation of blood supply to the neural
elements by the rapidly remodeling hypervascular pagetic
bone producing “arterial steal phenomenon” (Fig. 70-13).

SPINAL PAIN (BACK AND NECK PAIN) (3)

Pagetic facet arthropathy is a major contributing factor
to both back pain and spinal stenosis, and the more
advanced the facet joint arthropathy, the greater the like-
lihood that patients will suffer clinical spinal stenosis or
back pain (44). However, this does not necessarily pre-
clude the possibility that, though present, severe facet
arthropathy may become asymptomatic (44). Back pain
in PD may also be attributed to blood engorgement of the
vertebral body caused by vascular and disorganized
hyperactive remodeling processes (72). Other factors
implicated in spinal pain may include invasion of the ver-
tebral disc space by the pagetic process (72) and spinal
stenosis (39). We hypothesize that microfractures of the
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FIG. 70-13. A 78-year-old male patient presented himself with unsteady gait and confusion. A: Tc-99m-
methylene diphosphonate bone scan revealed increased uptake in the skull, and bone-blood flow
revealed increased engorgement of the skull. B: After treatment with i.v. mithramycin, bone scan activ-
ity somehow improved, however bone-blood flow was restored to normal. This coincided with improve-
ment of the patient’s gait and mental status, suggesting that most likely the brain was deprived of its
blood supply (steal syndrome by the skull hypervascularity).
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pagetic vertebral bodies, especially in the osteolytic or
mixed phase, can also lead to back pain (44).

OTHER ASSOCIATED CONDITIONS

Malignant Transformation (3)

Malignant transformation is relatively rare, occur-
ring in about 0.7% (72) of cases. In our series of PD
patients (73,64), we have not seen any cases with sar-
comatous degeneration in the spine. In a series by
Schajowicz et al. (64) of 62 patients with sarcomatous
transformation, 5 malignancies occurred in the spine.
These observations suggest that the incidence of malig-
nant transformation in the spine is even more rare, and
represents 7% of all sarcomatous degeneration in PD
(64). The association between PD and osteosarcoma
seems to be the result of a single gene or two tightly
linked genes on chromosome 18q (29,30). A more
recent study reported that both pagetic and sporadic
osteosarcoma tumors showed loss of constitutional het-
erozygosity for all or part of the distal portion of chro-
mosome 18q. Clinical presentation of Paget sarcoma-

tous transformation is characterized by severe and per-
sistent pain with rapid deterioration and eventual neu-
rocompression and death (63). Surgical decompression
offers little, if any, true relief of pain, with the longest
survival reported at just over 5 months (63).

Less common is the appearance of “pseudosarcoma”
or “pumice bone” in the spine, which is a localized extra-
cortical periosteal bone expansion or a bulky juxtacorti-
cal soft tissue mass (usually seen in the long bones) giv-
ing the impression of sarcomatous transformation (26,75)
(Fig. 70-14).

Rheumatic and Arthritic Conditions (4)

Forestier disease, or disseminated idiopathic hyperosto-
sis (DISH), may affect patients with PD, and should not be
confused with focal pagetic bone formation (46). The inci-
dence of DISH in PD has been reported to range from
14% (44) to 30% (36). Pagetic tissue may invade the
hyperostotic lesions produced by DISH and transform
them into pagetic exostoses (44), which may then progress
to vertebral ankylosis (76) (Fig. 70-15). Other rheumatic
and arthritic conditions such as psoriatic or ankylosing
spondylitis may coexist and be responsible for the clinical
presentation (1,41). PD has also been noted to be associ-
ated with an increased incidence of gout (41) and pseudo-
gout (77). Treatment with sodium etidronate may be
responsible for the accumulation of pyrophosphate crys-
tals in the synovial joint, producing pseudogout (78).
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FIG. 70-14. Anteroposterior radiograph of the lumbar spine
showing a localized bulky juxtacortical bone expansion of the
lateral aspect of L4-L5 vertebrae and resulting in bone union.
The appearance of the lesion can be misconstrued as sar-
comatous degeneration (pseudosarcoma or pumice bone).
The cortical margins are well defined in contrast to the usual
appearance of sarcomatous transformation, which remains
poorly delineated. (From Hadjipavlou A, Gaitanis I, Katonis P,
et al. Paget’s disease of the spine and its management. Eur
Spine J 2001;10:370–384, with permission.)

FIG. 70-15. Axial computed tomography scan of thoracic
vertebra showing multidirectional expansion of Paget dis-
ease with transformation of flowing hyperostosis of Forestier
(disseminated idiopathic hyperostosis) and contiguous with
pagetic vertebral body. Note wide marrow spaces and thick
cortices. (From Hadjipavlou A, Lander P. Paget’s disease. In:
White AH, Schofferman JA, eds. Spinal care. St. Louis:
Mosby, 1995:1720–1737, with permission.)



Osteoarthritic changes in PD have been considered to
be a nonspecific arthropathy, a coincidental finding (79),
or a specific entity (80). Several distinct pathologic
processes contribute to the degeneration and destruction
of articular cartilage. Erosion of the subchondral bone
may lead to collapse of the articular cartilage (80), which
can also be eroded by accelerated endochondral ossifica-
tion of the subchondral bone (81) or by invasion of
aggressive pagetic change (82,83). Bone expansion and
bone deformity may also produce incongruity of the
articular cartilage, contributing to arthritic changes. Sim-
ilarly aggressive pagetic tissue may invade and disinte-

grate the intervertebral disc (Fig. 70-16), a process that
leads to fusion of the adjacent vertebrae and may be asso-
ciated with pain. The incidence of intradiscal transgres-
sion in PD of the spine is reported to be 10.7% (72). 

Pain originating in an arthritic Paget joint may be
attributed to the occurrence of microfractures or to
increased vascularity of the bone (80). Normalization of
blood flow in the bone with antipagetic therapy may
influence pain relief (70,84). Such treatment may also
produce improvement in the appearance of bone scan and
in the level of activity markers of bone remodeling, but if
pain persists, conservative therapy has then failed.
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FIG. 70-16. A: Lateral radiograph of the lumbosacral junction demonstrating mixed phase Paget dis-
ease of the first sacral segment with moderate narrowing of the L5-S1 disc space. B: Pagetic bone
extension across the disc space with adjacent anterior bridging with sclerotic bone noted 3 years after
the initial radiograph. C: The corresponding axial computed tomography scan of the L5-S1 disc demon-
strates pagetic bone within the disc D: Lateral computed tomogram demonstrating the intradiscal bone
extension from the adjacent S1 vertebra resulting in complete bony ankylosis 4 years after the initial
radiograph. (From Lander P, Hadjipavlou A. Intradiscal invasion of Paget’s disease of the spine. Spine
1991;16:46–51, with permission.)
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TREATMENT

Treatment of Back Pain (4)

Care must be taken before attributing back pain to PD,
otherwise the results of antipagetic treatment may be dis-
appointing (85). Suppressive therapy with EHDP (dis-
odium etidronate) is beneficial in about one-third of
cases in patients with back pain and PD of the spine (76).
This suggests that unless a well-defined focus of PD is
related to low back pain, antipagetic therapy is not
expected to be rewarding. If such therapy is ineffective
within 3 months, a concomitant nonsteroidal antiinflam-
matory drug and other methods of treatment for back
pain should be prescribed, especially when the pain is
mechanical or arthritic in nature (86,87). 

Treatment of Spinal Stenosis (3,4)

Treatment of the symptoms of spinal stenosis in PD
should begin with medical therapy (3). Calcitonin,
mithramycin, sodium etidronate, pamidronate disodium,
and clodronate have been reported to either improve or
completely reverse the clinical symptoms of spinal steno-
sis (3,57,74,88–90), but subsequent relapse is not uncom-
mon (69,74,91). Patients should be closely monitored and
cyclic therapy should be continued if necessary until bio-
chemical bone indices are normal (37,92). If symptoms
still persist, surgical intervention should be considered.

Decompression of spinal stenosis should be imple-
mented promptly after failure of antipagetic therapy.
Delay in decompression may result in irreversible
myelopathy or radiculopathy (44,74). The results of
surgery have shown variable improvement in 85% of
patients (68), with frequent relapses, which may improve
with subsequent medical treatment (53,74,88,90).
Surgery may fail to reverse the neurologic deficit com-
pletely (3,74,93) and may be associated with serious
complications such as dangerously profuse, if not mas-
sive, bleeding (94) and a mortality rate of 11% (68). Pre-
operative assessment of bone vascularity by means of
radionuclide studies of bone- blood flow in the affected
spinal region is a reliable, simple, and reproducible test
(84). In order to decrease potential bleeding during
surgery, when there is an increased vascularity in the
affected region, a course of medical treatment should be
administered until the blood flow in the bone is normal
(70). This may take 2 to 3 months with calcitonin therapy
or 2 to 3 weeks with mithramycin (70). The new genera-
tion of intravenous bisphosphonates can also be used
effectively in this situation. In emergencies, embolization
of the region may be considered. Because of the expected
torrential bleeding during laminectomy, the use of a cell
saver is also suggested (74). 

Surgery for spinal stenosis, when indicated, should
be tailored to the abnormality responsible for neural

compression. If this is caused by the posterior vertebral
elements, posterior decompression should be under-
taken (70,86). If compression is caused by the posterior
expansion of the vertebral body, especially when the
cervical or thoracic spine is involved, an anterior
approach with corpectomy and fusion should be carried
out. An acute onset of spinal compression has a graver
prognosis than the gradual development of symptoms
(95). Surgery is also indicated as a primary treatment
when neural compression is secondary to pathologic
fracture, dislocation, epidural hematoma, syringo-
myelia, platybasia, or sarcomatous transformation (92). 

PHARMACOLOGIC TREATMENT (4)

The progressive nature of PD, the severity of its asso-
ciated complications, the potential negative impact on
quality of life, and the availability of effective and rela-
tively safe new drugs have led many experts to recom-
mend treatment for asymptomatic patients who have
active disease (86,96,97). However, there is no conclusive
evidence to suggest that complications can be prevented
by controlling bone remodeling by drug therapy (97).
Patients who are clinically asymptomatic, but show
increased activity of the disease as indicated by abnormal
biochemical markers, bone-scan activity, or increased
engorgement or radionuclide investigation, should be
treated repeatedly until these indices return to normal val-
ues (92,96). Patients who are asymptomatic and inactive
when assessed by biochemical and imaging investiga-
tions do not require treatment.

Five classes of drugs are available: bisphosphonates,
calcitonin, mithramycin (plicamycin), gallium nitrate,
and ipriflavone. Some of these are still under develop-
ment and can be obtained only for use in clinical trials. 

Several bisphosphonates have been investigated, but
only those listed in Table 70-1 (39,98) have been
approved for clinical use. Oral administration of alen-
dronate has demonstrated efficacy, resulting in normal-
ization of serum alkaline phosphatase in 63% of
patients at a dose of 40 mg per day for 6 months (99).
We assessed the effects of a higher dose (60 mg per
day) of oral alendronate on PD over a shorter period (3
months) in 28 patients, 18 male and 10 female, with a
mean age of 68 years. Ten patients had never been
treated before, and 18 had previously received drug
therapy. The mean period without treatment before
alendronate was 14 months. Sites of PD were visually
scored 1 to 4 for radiologic assessment. Quantitative
uptake by region of interest (ratio of PD to normal
bone) was also determined for scintigraphic examina-
tion.

Baseline alkaline phosphatase levels fell from 266.6 to
82.2 (mean difference 183.8, p < .000) Osteocalcin levels
fell from a baseline of 5.1 to 8.7 (mean difference 3.6, p

656 / SECTION V/SPECIFIC CLINICAL ENTITIES



TA
B

L
E

 7
0-

1.
B

is
ph

os
ph

on
at

es
 a

pp
ro

ve
d 

fo
r 

cl
in

ic
al

 u
se

D
ru

g
D

os
ag

e
A

dm
in

is
tr

at
io

n
S

id
e 

ef
fe

ct
s

C
om

m
en

ts

D
is

od
iu

m
 e

tid
ro

na
te

 (
E

H
D

P
)

5 
m

g/
kg

/d
 fo

r 
6 

m
os

, 
or

 1
0 

m
g/

kg
/d

 
p.

o
O

st
eo

m
al

ac
ia

, 
M

ay
 b

ec
om

e 
in

ef
fe

ct
iv

e 
af

te
r 

6 
m

os
 o

f 
tr

ea
tm

en
t

fo
r 

3 
m

os
, 

or
 2

0 
m

g/
kg

/d
 fo

r 
i.v

.a
ls

o 
pa

th
ol

og
ic

 f
ra

ct
ur

es
1 

m
o.

R
ep

ea
t 

ev
er

y 
6 

m
os

 u
nt

il 
av

ai
la

bl
e

no
rm

al
iz

at
io

n 
of

 b
on

e 
re

m
od

el
in

g 
m

ar
ke

rs
.

C
lo

dr
on

at
e 

(C
l 2

M
B

P
)

80
0–

1,
60

0 
m

g/
d 

fo
r 

6 
m

os
, 

or
 

p.
o.

A
ss

oc
ia

tio
n 

w
ith

 
V

er
y 

po
te

nt
 b

is
ph

os
ph

on
at

e 
w

ith
ou

t 
m

in
er

al
iz

at
io

n 
30

0 
m

g 
da

ily
 fo

r 
5 

co
ns

ec
ut

iv
e 

d
i.v

.
le

uk
em

ia
 o

bs
er

ve
d

de
fe

ct
P

am
id

ro
na

te
 (

A
D

P
)

1,
20

0 
m

g/
d 

fo
r 

5 
co

ns
ec

ut
iv

e 
d,

 o
r 

p.
o.

Tr
an

si
en

t 
fe

br
ile

 r
ea

ct
io

ns
 

F
or

 s
ev

er
e 

fo
rm

s 
of

 P
ag

et
 d

is
ea

se
, 

or
 r

ef
ra

ct
or

y 
to

 .
15

–2
5 

m
g 

da
ily

 fo
r 

5–
7 

d,
 o

r 
60

 
i.v

.
w

ith
 m

ya
lg

ia
s,

 t
ra

ns
ie

nt
 

ot
he

r 
m

ed
ic

at
io

ns
.E

ffe
ct

iv
e 

in
 h

ea
lin

g 
ly

tic
 

m
g 

in
 0

.9
 s

al
in

e 
ov

er
 2

 h
, 

or
al

 
i.v

.
hy

po
ca

lc
em

ia
, 

le
si

on
s.

F
ur

th
er

 s
tu

di
es

 a
re

 n
ee

de
d 

to
 d

et
er

m
in

e 
18

0 
m

g/
co

ur
se

 o
ve

r 
3 

d
i.v

.
ne

ut
ro

pe
ni

a,
 a

nd
 

op
tim

al
 d

os
e,

 t
he

 le
ng

th
 o

f 
tr

ea
tm

en
t, 

an
d 

ly
m

ph
op

en
ia

, 
m

ild
 

w
he

th
er

 o
ra

l a
nd

 i.
v.

th
er

ap
ie

s 
w

he
n 

co
m

bi
ne

d,
 

th
ro

m
bo

ph
le

bi
tis

, 
uv

ei
tis

,
w

ou
ld

 a
llo

w
 fo

r 
pr

ol
on

ge
d 

re
m

is
si

on
sc

le
rit

is
.A

pp
en

di
cu

la
r 

bo
ne

 lo
ss

 (
se

co
nd

ar
y 

hy
pe

rp
ar

at
hy

ro
id

is
m

) 
cl

os
e 

m
on

ito
rin

g 
is

 
re

qu
ire

d.
A

le
nd

ro
na

te
 

40
–6

0 
m

g/
d 

fo
r 

3–
6 

m
os

, 
or

 
p.

o.
G

as
tr

oi
nt

es
tin

al
 (

25
%

),
 

P
ot

en
t 

am
in

o-
bi

sp
ho

sp
ho

na
te

.E
ffe

ct
iv

e 
in

 h
ea

lin
g 

(a
m

in
o-

bi
sp

ho
sp

ho
na

te
)

10
 m

g 
da

ily
 fo

r 
5 

d
i.v

.
es

op
ha

gi
tis

, 
es

op
ha

ge
al

 
ly

tic
 le

si
on

s.
D

oe
s 

no
t 

im
pa

ir 
m

in
er

al
iz

at
io

n.
ul

ce
r 

or
 e

ro
si

on
s

R
is

ed
ro

na
te

 
30

 m
g/

d 
fo

r 
2–

3 
m

os
 o

r 
le

ss
p.

o.
G

as
tr

oi
nt

es
tin

al
H

ig
hl

y 
ef

fe
ct

iv
e 

in
 o

st
eo

ly
tic

 le
si

on
 a

fte
r 

6 
m

os
 o

f 
(p

yr
id

in
yl

-b
is

ph
os

ph
on

at
e)

tr
ea

tm
en

t
N

er
id

ro
na

te
 (

am
in

oh
ex

an
e 

40
0 

m
g/

d 
fo

r 
1–

3 
m

os
, 

or
 1

5–
20

 
p.

o.
N

o 
si

gn
ifi

ca
nt

Lo
ng

-la
st

in
g 

re
m

is
si

on
, 

su
cc

es
sf

ul
 w

he
n 

ot
he

r 
bi

ph
os

ph
on

at
e,

 A
H

B
P

)
m

g 
da

ily
 fo

r 
5 

d,
 o

r 
20

0 
m

g 
in

 
i.v

.
bi

sp
ho

sp
ho

na
te

s 
fa

il
a 

si
ng

le
 d

os
e

i.v
.

Ib
an

dr
on

at
e

2 
m

g/
d

i.v
.

F
ev

er
, 

hy
po

ca
lc

em
ia

, 
Lo

ng
 s

up
pr

es
si

on
, 

ra
pi

d 
ac

tio
n,

 n
o 

si
gn

ifi
ca

nt
 s

id
e 

hy
po

ph
os

ph
at

em
ia

, 
ef

fe
ct

s
ga

st
ro

in
te

st
in

al
 

in
to

le
ra

nc
e,

 
flu

-li
ke

 s
ym

pt
om

s
T

ill
ud

ro
na

te
 (

ch
lo

ro
-4

-
20

0–
40

0 
m

g/
d 

fo
r 

6 
m

os
p.

o.
H

yp
op

ho
sp

ha
te

m
ia

, 
V

er
y 

po
te

nt
 3

rd
 g

en
er

at
io

n 
bi

sp
ho

sp
ho

na
te

 w
ith

 
ph

en
yl

th
io

m
et

hy
le

ne
 

ga
st

ro
in

te
st

in
al

 
ra

pi
d 

ac
tio

n
bi

ph
os

ph
on

at
e)

in
to

le
ra

nc
e,

 f
lu

-li
ke

 
sy

m
pt

om
s

A
m

in
oh

yd
ro

xy
bu

ty
lid

en
e 

5 
m

g/
d 

fo
r 

4–
5 

d
i.v

.
F

ev
er

, 
ne

ut
ro

pe
ni

a,
 

N
ew

 b
is

ph
os

ph
on

at
e 

w
ith

 p
ro

fo
un

d 
in

hi
bi

tio
n 

of
 

bi
ph

os
ph

on
at

e 
(A

B
D

P
)

ly
m

ph
op

en
ia

bo
ne

 r
es

or
pt

io
n

O
lp

ad
ro

na
te

 
20

0 
m

g/
d 

fo
r 

12
 d

p.
o.

O
ne

 o
f 

th
e 

la
te

st
 b

is
ph

os
ph

on
at

es
.P

ot
en

cy
 is

(3
-d

im
et

hy
la

m
in

o-
1-

si
m

ila
r 

to
 a

le
dr

on
at

e,
 b

ut
 m

or
e 

so
lu

bl
e 

in
 t

he
 

dy
dr

ox
yp

ro
py

lid
en

e 
di

ge
st

iv
e 

sy
st

em
bi

sp
ho

sp
ho

na
te

)
Z

ol
ed

ro
na

te
 (

di
m

et
hy

la
m

in
o-

40
0 

µg
 (

si
ng

le
 d

os
e)

, 
or

 
i.v

.
N

ew
, 

ve
ry

 p
ot

en
t, 

an
d 

pr
om

is
in

g 
bi

sp
ho

sp
ho

na
te

 
1-

dy
dr

ox
yp

ro
py

lid
en

e 
20

0 
m

g/
d 

fo
r 

10
 d

p.
o.

bu
t 

m
er

its
 f

ur
th

er
 s

tu
dy

 t
o 

de
te

rm
in

e 
op

tim
al

 
bi

sp
ho

sp
ho

na
te

)
do

se
 a

nd
 s

af
et

y.
Lo

ng
-la

st
in

g 
ef

fe
ct

.

Fr
om

 H
ad

jip
av

lo
u 

A
, 

G
ai

ta
ni

s 
I, 

K
on

ta
ki

s 
G

.
P

ag
et

’s
 d

is
ea

se
 o

f 
th

e 
bo

ne
 a

nd
 i

ts
 m

an
ag

em
en

t.
J 

B
on

e 
Jo

in
t 

S
ur

g 
B

r
20

02
;

84
-B

:1
60

–1
69

, 
w

ith
 p

er
m

is
si

on
.



FIG. 70-17. Radiographic effects of alendronate treatment. Patients in group I (A) had never been
treated before alendronate treatment. Group II patients (B) had previously received drug therapy. (From
Hadjipavlou A, Katonis P, Tzermiadianos M, et al. Principles of management of osteometabolic disor-
ders affecting the aging spine. Eur Spine J 2003;12(suppl);S113–S131, with permission.)

A

B

A

FIG. 70-18. Scintigraphic evaluation of group I
patients receiving alendronate treatment (A) had
not previously received drug therapy.



< .0002). All patients normalized their alkaline phos-
phatase levels. Follow-up was carried out on all 28
patients 2 years after the 3-month treatment. All but 3
were in remission, for a rate of 89.2%. No side effects
were noted in any of the patients treated. The response to
therapy was similar between patients who had previously
received antipagetic therapy and those who had not. Sim-

ilarly there was a marked radiologic (Fig. 70-17) and
scintigraphic improvement (Fig. 70-18).

A major advantage of the bisphosphonates over calci-
tonin is that biochemical and histologic suppression of
the disease activity may persist for many years after the
cessation of treatment (100). Other antipagetic drugs are
shown in Table 70-2 (39,98).

CHAPTER 70/PAGET DISEASE OF THE SPINE AND ITS MANAGEMENT / 659

FIG. 70-18. (Continued) Group II patients (B) had previously received drug therapy. (From Hadji-
pavlou A, Katonis P, Tzermiadianos M, et al. Principles of management of osteometabolic disorders
affecting the aging spine. Eur Spine J 2003;12(suppl);S113–S131, with permission.)

TABLE 70-2. Other antipagetic drugs

Drug Dosage Administration Side effect Comments

Calcitonin
Human synthetic 0.25–0.5 mg/d for 6 mos Subcutaneous
Salmon calcitonin 100 MRC U/d Subcutaneous Mild allergic reaction Clinical resistant

200–400 MRC U/d for 6 mos Nasal spray
300 U for 6 mos Rectal

Mithramycin 15 µg/kg/d for 5 d (may be Intravenous Toxic: liver, kidney, Very potent, with quick 
(plicamycin) repeated after 7 d) heart bone marrow, response, and sustained 

hypocalcemia action. Indicated in severe
cases especially 
complicated with 
myelopathy.

Ipriflavone 600 mg/d for 30 d Oral Gastrointestinal Well-tolerated
(7-isoproxy-3- intolerance
phenyl-4h-1-
benzopyran-4-1)

Gallium nitrate 2.5 µg/kg/d for 7 d Intravenous Transient Safe with lasting action
hyperparathyroidism

0.25–0.5 µg/kg/d for 14 d Subcutaneous Safety and effectiveness 
(cyclic monthly repetition) have not yet been 

established

MRC, Medical Research Council.
From Hadjipavlou A, Gaitanis I, Kontakis G. Paget’s disease of the bone and its management. J Bone

Joint Surg Br 2002;84-B:160–169, with permission.
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METHODS FOR CLINICAL ASSESSMENT AND
MONITORING ANTIPAGETIC DRUG
TREATMENT (4)

The effects of treatment are monitored by the patient’s
clinical response, imaging modalities, and bone remodel-
ing markers (74,92).

A bone scan is recommended before and 6 months
after treatment, and every 12 months thereafter depend-
ing on the behavior of the pagetic lesion. A 24-hour reten-
tion scan can be used as an adjunct to bone scan (84),
allowing early and objective assessment of PD when eval-
uating the effects of therapy (101). 

Biochemical markers of bone resorption are N-
telopeptides, C-telopeptides, hydroxyproline, and colla-
gen crosslinks pyridinoline and deoxypyridinoline. The
serum tartrated-resistant acid phosphatase is a marker for
osteoclastic activity. Markers of bone formation include
bone-specific alkaline phosphatase, procollagen type I N-
terminal polypeptide (PINP) and β-carboxyl-terminal
telopeptide of type I collagen. Osteocalcin may indicate
either formation when resorption and formation are cou-
pled or turnover when they are uncoupled; therefore it is
not a practical bone marker (102).

The serum markers of bone turnover show lower bio-
logic variability than urinary markers, and are therefore
more sensitive indices of the activity of the disease. Bone
alkaline phosphatase and PINP seem to best reflect
pagetic activity (103,104). The total alkaline phosphatase
can also be considered as a sensitive and inexpensive
marker for therapeutic monitoring of PD. However, more
specific markers may improve the usefulness of the bio-
chemical assessment in certain situations (105). 

Bone markers should be checked every 3 to 6 months
(1). Markers of bone resorption respond approximately at
1 to 3 months, whereas markers of bone formation usu-
ally respond at 6 to 9 months after treatment begins (106).

CONCLUSION

The natural history of PD affecting the spine is pro-
gressive. The altered remodeling unit in PD results in
abnormal bone remodeling, producing structural changes
precipitating or leading to facet joint osteoarthropathy
and spinal stenosis (Fig. 70-4). Clinical entities are not
always symptomatic. In the majority of cases, the clinical
picture of pagetic spinal stenosis and facet osteoarthropa-
thy is not expected to differ from that of degenerative
spondylosis. A minority of patients (13%), however,
exhibit constant spinal pain attributed to the pagetic
pathologic remodeling process.

About one-third of patients with spinal involvement
exhibit symptoms of clinical spinal stenosis. Ten distinct
mechanisms have been implicated as producing neural
element dysfunction. Bone compression by the expand-

ing pagetic vertebrae is by far the most common cause of
neural dysfunction. However, severe stenosis, as seen on
CT scan, may remain asymptomatic, suggesting adapt-
ability of the thecal sac and its neural elements to severe
spinal stenosis without significant loss of neural function.
Pagetic facet arthropathy is a major contributing factor to
both back pain and spinal stenosis, and the more
advanced the facet joint arthropathy, the greater the like-
lihood that patients will suffer clinical spinal stenosis or
back pain.

One must be careful before attributing back pain to PD,
otherwise the results of antipagetic treatment may be dis-
appointing. Treatment of pagetic spinal stenosis symp-
toms should start with medical antipagetic therapy. If the
symptoms persist in spite of normalization of bone
remodeling markers, surgery is the alternative treatment.
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CHAPTER 71

Osteopenia: Basic Science, Magnitude of
Problem, Classification, Clinical Presentation,
and Medical Therapy

Charles W. Cha and Scott D. Boden

The skeleton acts as the structural foundation for the
body. Despite its demands for stability, the skeleton is not
a static structure. Rather, it is a fluid and dynamic struc-
ture that is constantly changing and remodeling in
response to mechanical stimulus. Apart from its mechan-
ical duties, bone possesses a dual role, serving as a key
endocrine organ involved in the regulation of calcium and
phosphorus homeostasis. About 99% of the body’s stores
of calcium are harbored within the bone. The remaining
1% is in a soluble, ionized form. This free calcium has an
important role in membrane function, especially in the
cells that rely heavily on calcium metabolism for proper
physiologic functioning. Calcium homeostasis must be
strictly regulated in order to preserve and maintain proper
muscle and cardiac function. 

The regulation of calcium homeostasis depends on a
complex interplay of hormones, which ultimately control
the deposition and release of calcium from its stores
within the bone. The large number of hormonal factors
and the multiple organs involved reflect the level of com-
plexity of this process. Parathyroid hormone (PTH), vita-
min D3, estrogens, corticosteroids, calcitonin, and thyroid
hormone are all known to participate in the regulation of
calcium homeostasis. They are produced by or act on
organs such as the skin, liver, kidney, thyroid gland, para-
thyroid gland, gonads, adrenals, and the intestines. 

The result of these endocrine interactions is the stimu-
lation of either osteoblasts or osteoclasts within the bone,
thereby stimulating bone deposition or resorption respec-
tively. Bone mass is maintained when the level of bone
deposition is equal to the level of resorption. Metabolic
bone diseases occur when there is an imbalance between
bone formation and destruction. Negative balance occurs
when an excessive amount of bone is broken down or not

enough bone is being formed. This leads to a loss of bone
mass, which is simply described as osteopenia. When
bone deposition surpasses bone removal, bone mass
increases, which leads to increased density as seen in
clinical syndromes such as osteopetrosis and Paget dis-
ease. This chapter will focus on the former scenario
where bone mass is lost resulting in osteopenia. We will
review the basics of mineral metabolism, define the mag-
nitude of the problem that osteopenia poses, classify the
different types of osteopenia, outline the clinical presen-
tation, and summarize the current medical therapies. 

BASICS OF MINERAL METABOLISM

Bone has both cortical and cancellous portions (1,2).
Cortical bone accounts for about 80% of the skeleton (3).
It is strong, stiff, and possesses a high resistance to bend-
ing and torsion. It is also marked by a very slow turnover
rate. In contrast, cancellous bone is not nearly as dense as
cortical bone. It has a spongy appearance with more elas-
ticity than cortical bone and a smaller Young’s modulus.
Due to its higher turnover rate, cancellous bone is more
susceptible to the factors that regulate bone remodeling.
It is this portion of the bone that is primarily affected by
the diseases of bone metabolism (Fig. 71-1).

There are three main cells that are present within the
bone: osteocytes, osteoblasts, and osteoclasts (4). The
osteocytes reside within the mature matrix of the bone
and represent former osteoblasts that become trapped
within the matrix. They are interconnected with each
other through canaliculi and interconnecting cytoplasmic
processes (5). They are not as active as the osteoblasts
and osteoclasts in matrix production, but do have a role in
calcium and phosphorus metabolism through the action
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of calcitonin and PTH. The osteoblasts are primarily
responsible for matrix production and are key cells in the
maintenance of calcium and phosphorus homeostasis
(3,6). Their action is directed through multiple hormonal
receptors that are found on their surface. These cells
respond directly to stimulation by PTH; 1,25 vitamin D3;
steroids; prostaglandins; and estrogen (7). While the
osteoblasts are derived from mesenchymal stem cells, the
osteoclasts have hematopoietic cell precursors (8–10).
Osteoclasts are multinucleated giant cells and primarily
act to resorb bone. The osteoclasts work within cavities
known as Howship lacunae. They maintain a ruffled bor-
der underneath which an acidic environment essentially
dissolves the hydroxyapatite crystals, thereby releasing
the calcium and phosphate components. Osteoclasts pos-
sess receptors for calcitonin. In addition to the cells, the
matrix is made up of additional organic components
including collagen, proteoglycans, matrix proteins,
growth factors, and cytokines. The remaining 60% of the
dry weight of bone is the inorganic mineral component,
which is the calcium hydroxyapatite (11,12). 

For proper physiologic functioning, it is essential that
the body maintain the calcium concentration within a
strict window. The body depends on this maintained cal-
cium concentration for muscular function (striated,
smooth, and cardiac), blood coagulation, and intracellular
signal transduction. Calcium homeostasis (13) is main-
tained at three main areas: dietary intake absorbed in the
gut, renal reabsorption of excreted calcium, and release
of calcium stored within the bone reservoir. The primary
regulators of calcium metabolism—PTH; 1,25 vitamin
D3; and calcitonin—act by controlling the calcium traffic
at these three areas. 

Vitamin D is a naturally occurring steroid and, in gen-
eral, acts to increase the plasma concentration of calcium
through its actions on the kidney, gut, and bone. The
metabolism of vitamin D is relatively complicated

(14–16). It begins at the skin where ultraviolet light from
the sun converts 7-dehydrocholesterol into vitamin D3,
otherwise known as cholecalciferol. The vitamin D3 that
is produced at the skin and absorbed by the diet is then
taken to the liver where it is converted into 25OH chole-
calciferol. This is then metabolized in the kidney by 1-α-
hydroxylase into 1,25 diOH cholecalciferol. This is the
active metabolite of vitamin D that strongly stimulates
the intestinal absorption of calcium. It also acts to release
calcium from the stores within the bone by stimulating
receptors that are located on the osteoblasts. Once stimu-
lated the osteoblasts release a secondary signal that even-
tually culminates in calcium release from the bone. The
production of 1,25 vitamin D is stimulated by elevated
PTH levels, and decreased serum calcium and phospho-
rus. Conversely, low levels of PTH and elevated serum
calcium and PO4 inhibit 1,25 vitamin D3 production. 

PTH is produced within the parathyroid gland in the
chief cells. In concert with vitamin D3, PTH secretion
acts to elevate the serum calcium. PTH stimulates the
production of 1,25 OH vitamin D3 at the kidney and also
acts on the bone by signaling the osteoblasts to release a
messenger to stimulate bone resorption. It also has direct
effects on the kidney to promote calcium retention (7,17). 

Calcitonin is produced by the parafollicular cells
within the thyroid gland. It acts to decrease the serum cal-
cium levels by directly inhibiting osteoclasts, thereby pre-
venting the release of calcium from its body stores within
the bone (18,19).  

MAGNITUDE OF THE PROBLEM

The most common metabolic bone disease, osteoporo-
sis, is a major health concern. This disease affects over 20
million people in the United States (20,21). The major
medical morbidity associated with osteoporosis is the
occurrence of fractures, most notably of the spine, hips,
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FIG 71-1. Changes in bone density and trabecular architecture related to aging in the lumbar spine.
A: A 24-year-old female. B: A 63-year-old female. C: An 89-year-old female.
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and wrists. In total, about 1.2 million fractures occur as a
result of osteoporosis per annum. Five hundred thousand
of these are vertebral compression fractures, another
200,000 are hip fractures, and 170,000 of these are wrist
fractures (22,23). Each of these fractures takes a signifi-
cant toll on the individual patient in terms of medical
morbidity. There is a significant loss of function associ-
ated with these fractures and in the worst cases; these
fractures can be a harbinger of death (24). In addition to
the medical morbidities, there is a significant emotional
cost associated with this disease due to pain, loss of func-
tion, and fear of future falls and fractures. Nearly half of
all women over the age of 50 will sustain an osteoporo-
sis-related fracture, and 13% of the men over age 50 face
a similar fracture risk (25). 

In 1984 the National Institutes of Health (NIH) pro-
duced a consensus statement and estimated the health
care–related cost of osteoporosis in the U.S. to be around
3.8 billion dollars annually (26). Less than a decade later,
this figure ballooned to an overall cost of 10 billion dol-
lars annually. The current cost of fracture care is
approaching 20 billion dollars (27). The overall medical
costs will continue to increase given the current aging of
our population, the number of people affected with this
disease, and the number of fractures occurring because of
this problem. It is projected that over the next 50 years,
the number of people over the age of 65 is expected to
double to 69 million. Some 15 million of these people
will be over the age of 85. With these population figures,
the estimated fracture associated costs could double or
triple by 2050 (27–29). 

CLASSIFICATION

Osteopenia is a generic term that describes a finding of
decreased bone density on plain radiographs. This term
relates only to the presence of the bone density loss itself
and does not imply any specific cause for the bone loss.
There are a variety of diseases that can lead to osteope-
nia, the two most notable of which are osteoporosis and
osteomalacia. 

The relative balance between the mineralized and
unmineralized portions of bone distinguishes osteoporo-
sis from osteomalacia. Osteomalacia occurs when the
osteoid fails to mineralize during bone formation or
remodeling. The excessive accumulation of unmineral-
ized osteoid leads to a qualitative change in the bone
rather than a quantitative change. The causes of osteoma-
lacia are varied and result from a failure of the normal
processes of bone metabolism such as vitamin D defi-
ciency, impaired vitamin D production, metabolic acido-
sis, hypophosphatemia, kidney disfunction, and heavy
metal intoxication. 

In contrast to osteomalacia, which is a qualitative
change in bone, osteoporosis is a quantitative loss of total
bone mass. Both the mineralized and unmineralized por-

tions of the bone are lost in a proportionate fashion. This
progressive loss of bone mass leads to bony fragility and
ultimately to increased fracture risk. If an underlying
causative factor for the osteoporosis can be identified,
such as prolonged steroid use, then it is classified as sec-
ondary osteoporosis. Primary osteoporosis is a diagnosis
of exclusion that is made when all of the causes of sec-
ondary osteoporosis have been ruled out. 

Riggs and Melton (30) have further subclassified pri-
mary osteoporosis into two distinct categories. Type I, or
postmenopausal osteoporosis, most commonly affects
women between the ages of 51 to 65. The estrogen defi-
ciency that accompanies the onset of menopause precipi-
tates the bone loss. These patients lose about 2% to 3% of
bone mass per year. Because mostly trabecular bone is
affected, fractures occur in the skeletal regions with a
high ratio of trabecular to cortical bone such as the verte-
brae, distal radius, and femur. Type II, or senile osteo-
porosis, affects both men and women in a 2 to 1 ratio. It
occurs in patients over the age of 75, and both aging and
long- term calcium deficiency play a major etiologic role.
In contrast to type I osteoporosis, type II osteoporosis
affects cortical bone as well as trabecular bone. There-
fore, fractures occur at sites with more cortical bone such
as the hip, pelvis, proximal humerus, and proximal tibia. 

The World Health Organization (WHO) has used bone
mineral density as the main diagnostic criterion for osteo-
porosis (31). According to this criterion, a patient with a
bone density that is below 2.5 standard deviations (SDs)
from the mean density for a young adult reference popu-
lation is diagnosed with osteoporosis. Osteoporotic
patients who have insufficiency fractures are placed in
the severe osteoporosis category. If the bone mineral den-
sity is between 1 and 2.5 SDs from the young adult mean,
the patient is deemed to have low bone mass or osteope-
nia. These guidelines are useful for epidemiologic pur-
poses, but they do not serve as an adequate guide for
treatment. 

CLINICAL EVALUATION

In most cases the presence of a metabolic bone disease,
such as osteoporosis or osteomalacia, goes relatively
unnoticed by the patient or the physician because of the
generalized lack of associated symptoms. Suspicion for
the presence of a metabolic bone disorder is aroused
when a patient sustains a low-energy fracture of the ribs,
wrists, hips, or spine (32,33). In the absence of an acute
event, thoracic wedge compression fractures can be inad-
vertently detected on routine chest radiographs. General-
ized osteopenia may be detected on routine radiographs
when a mineralization loss of 30% to 50% has occurred
(34,35). The presence of osteopenia should alert the clin-
ician to the presence of a metabolic bone disorder and
should prompt further clinical evaluation to identify the
cause of the osteopenia. 
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Once the presence of metabolic bone disease is sus-
pected, the clinical evaluation begins with a careful his-
tory and physical examination. A patient suffering from
generalized osteoporosis is usually asymptomatic (36).
Despite the lack of clinical symptomatology, the presence
of associated risk factors can help support the diagnosis
of osteoporosis. For example, a patient may relate a pro-
gressive loss of body height, or a change in body shape
due to an increase in thoracic kyphosis (36). Caucasian
females with light skin and hair, particularly of a north-
ern European descent, are at an increased risk for the
development of osteoporosis (37). Inquiries should also
be made regarding the use of cigarettes, alcohol, and caf-
feine (38,39). These patients may be very thin, may have
been very active at one point, and may have had exercise-
induced amenorrhea or the early onset of menopause
(40). 

If the patient with osteoporosis is symptomatic at the
time of presentation, the symptoms are usually directly
attributable to an insufficiency fracture. During the eval-
uation, the clinician should localize the pain. With spinal
insufficiency fractures, pain is usually localized to the
lower thoracic or upper lumbar regions. However, the
pain may be referred to the low lumbar, lumbosacral, or
gluteal region. The onset of pain usually occurs with
some low-energy activity although there may not be an
inciting event. As the fracture heals, the pain will usually
subside over the ensuing months. Unfortunately, despite
successful fracture healing the patient rarely returns to
the baseline status. These patients often develop general-
ized chronic low-grade back pain. Increased spinal
kyphosis, prolonged inactivity, or altered muscular
mechanics that occur after the fracture may contribute to
the chronic symptoms (36). Chronic abdominal pain may
also occur because the progressive spinal collapse dimin-
ishes space within the abdominal cavity (41). If the frac-
ture fails to heal and a nonunion develops, the pain will
remain severe, especially when in an upright position.

Clinically, patients with osteomalacia will have non-
specific complaints. They have generalized muscle weak-
ness and generalized skeletal aches and pains. In contrast
to osteoporosis, which predominantly affects the axial
skeleton, osteomalacia predominates in the appendicular
skeleton. Osteomalacia can be distinguished from osteo-
porosis radiographically by the presence of looser zones.
These radiolucent areas are aligned perpendicular to the
long axis of the bone. They represent complete cortical
micro stress fractures that heal with unmineralized osteo-
malacic bone. The looser zones are usually bilateral and
symmetric. Another distinguishing feature of osteomala-
cia is the presence of symmetric, pathologic fractures.
The clinical evaluation should be targeted to finding the
underlying cause of the osteomalacia. A variety of etiolo-
gies can lead to this disease process. The most common
causes are chronic renal failure, disruption of the vitamin
D pathway (either from deficient intake or impaired

metabolism), hypophosphatemic syndromes, and heavy
metal intoxications (42). 

If a low-energy fracture or the presence of osteopenia
on radiographs alerts the physician to the possibility of a
metabolic bone disorder, the physician is obligated to
determine the cause for the bone loss. With a low energy
fracture, the first step is to rule out malignancy with mag-
netic resonance imaging (MRI), computed tomography
(CT), or bone scan. After a malignant process has been
eliminated, laboratory tests are obtained to delineate the
diagnosis. Table 71-1 outlines the various laboratory val-
ues that are useful in establishing a cause for the osteope-
nia. A complete blood count with differential serum and
urine protein electrophoresis, and an erythrocyte sedi-
mentation rate will reveal any hematologic abnormalities.
If any of these values are abnormal then a bone marrow
aspirate is indicated. If these tests are negative, then the
next step in the laboratory evaluation is to look for the
presence of an endocrinopathy. Thyroid function tests,
glucose level, cortisol level, and PTH levels help to iden-
tify the presence of Cushing disease, diabetes mellitus,
hyperparathyroidism, or hyperthyroidism. If one of these
diseases is discovered, they should be treated accordingly. 

At this point in the evaluation, the clinician must dis-
tinguish between osteoporosis and osteomalacia as the
cause of the bone loss. About 10% of these patients will
have osteomalacia as the underlying diagnosis (22).
Serum calcium, phosphorus, 24-hour urine calcium,
parathyroid hormone, alkaline phosphatase, and 25OH
vitamin D levels can help to identify about half of the
cases of osteomalacia. Osteomalacia is suspected when
the product of the serum calcium and serum phosphorus
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TABLE 71-1. Laboratory tests to evaluate osteopenia

Hematologic
Complete blood count with differential
Erythrocyte sedimentation rate
Serum protein electrophoresis
Urine protein electrophoresis

Endocrine
Thyroid function tests
Glucose
Parathyroid hormone level
Cortisol level

Calcium metabolism
Electrolytes
Creatinine
Blood urea nitrogen
Calcium
Phosphorus
Alkaline phosphatase
25(OH) vitamin D3

1,25(OH) vitamin D3

Bone turnover
Osteocalcin
Procollagen-1 propeptides
Urine pyridinoline
Urine deoxypyridinoline



is less than 25 mL/dL2, when bone-specific alkaline
phosphatase is elevated, and when the 24-hour urine cal-
cium is less than 50 mg (43). If all of the laboratory data
are unable to establish a diagnosis, then a transiliac bone
biopsy can make the final distinction between osteoporo-
sis and osteomalacia (22). If the bone mineralization is
found to be normal on biopsy, then the diagnosis of
osteoporosis is established essentially by the exclusion of
all other possibilities. Even in the setting of osteoporosis,
the transiliac bone biopsy can distinguish between high
turnover and low turnover osteoporosis. Additional labo-
ratory assays are also helpful in assessing the metabolic
activity of the bone with osteoporosis (44,45). Bone-spe-
cific alkaline phosphatase, osteocalcin, and procollagen-
1 propeptides are indicative of bone formation. Urine
pyridinoline, deoxypyridinoline, and the N-telopeptides
are collagen breakdown products indicative of bone
resorption or turnover. 

RADIOGRAPHIC EVALUATION

The main goal guiding the treatment of the patient with
osteopenia is to prevent the occurrence of fractures. How-
ever, the severity of the bone loss exists along a contin-
uum, and the key to guiding treatment and preventing
fractures is determining the threshold of bone loss below
which fractures become imminent. A variety of noninva-
sive imaging tools are available which allow for an esti-
mation of bone mineral density. These density measure-
ments have been shown to correlate directly with fracture
risk. For example, a 50-year-old woman whose bone den-
sity is 1 SD below the average for a woman has a 30%
risk of fracture over her lifetime whereas that same 50-
year-old woman with a 2 SD decrease in her bone mineral
density has a 60% fracture risk over her lifetime (33).
Before placing excessive emphasis on bone densitometry,
it is important to realize that bone density is just one risk
factor in a multitude of risk factors that can increase to
fracture risk, such as cardiovascular status, geometry of
the bone, force of the insult, risk of fall, and body habi-
tus (46–48). There are many techniques to assess bone
density and each has its relative merits and limitations.
Factors to consider when assessing bone densitometry
techniques include cost, radiation dose, and relative pre-
cision and accuracy as well as duration of the procedure. 

Given the myriad options for assessing bone density,
the question arises as to which technique to use. In a clin-
ical setting where dual-energy X-ray absorptiometry
(DEXA) or quantitative CT scan is unavailable, then radi-
ogrametry or radioabsorptiometry are crude but effective
methods for assessing bone density. DEXA is currently
the method of choice to assess bone density in the
osteopenic patient because it measures axial sites with
high precision, high accuracy, low radiation dose, and
low cost. However, in the older adult patient with
osteoarthritis, adjacent calcifications, or a compression

fracture, quantitative CT scan is still a viable option (Fig.
71-2).

TREATMENT

Simply put, the main goal of treatment for a patient
with severe osteopenia is to prevent the occurrence of
fractures by maintaining an adequate skeletal bone mass.
Though declaring this goal is simple, achieving it is a
more difficult matter. As outlined earlier in this chapter,
the causes for significant osteopenia are varied. Cur-
rently, there are no existing means to completely replace
lost bone mass, though certain medical therapies can
effect some modest changes in bone mass. In addition,
once the internal architecture is lost no clinical method to
reestablish it exists. Since the metabolic bone diseases are
clinically silent, the true denominator of the number of
patients afflicted with this problem is unknown. This
makes clinical investigations assessing therapeutic
options difficult. Treatment of osteoporotic spine frac-
tures, once they have occurred, will be discussed in Chap-
ters 72 and 73.

Currently, the foundation for treatment of these disor-
ders is to prevent skeletal bone loss. There are two ways
to maximize bone mass during aging. The first is to max-
imize the peak bone mass obtained by an individual dur-
ing growth and development. Most children do not cur-
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FIG. 71-2. Lateral lumbar radiograph of the lumbar spine in
an 85-year-old patient with new onset of back pain reveals
osteopenia and an insufficiency fracture of the second lum-
bar vertebra. Note the prevertebral calcifications, osteo-
phytes, and end-plate sclerosis that can falsely elevate den-
sity measurements by dual-energy X-ray absorptiometry
performed in the anteroposterior projection.



rently receive adequate amounts of calcium in their diet
(22), and this nutritional deficiency can lead to a lower
peak bone mass at maturity. An ideal target for calcium
supplementation during the stages of growth and devel-
opment would be premenarchal adolescent girls (49). The
second way to preserve bone mass later in life is to slow
or stop the rate of decay of bone mass once skeletal matu-
rity has been achieved. 

A variety of factors are known to alter the rate of
decline in bone mass. First, the patient needs to maximize
their nutrition to make sure that they are getting adequate
oral intake of minerals and hormones to maintain skele-
tal integrity. The diseases that are known to accelerate
bone loss need to be identified and treated. Medications
that stimulate bone loss should be avoided if possible, or
used sparingly when necessary. These medications
include steroids and the anticonvulsants (50,51). In the
otherwise healthy individual without any underlying
medical or pharmacologic cause for bone loss, cessation
of smoking and alcohol intake are two factors that are
easily addressed and can dramatically impact the rate of
decay of bone mass. Impact loading exercise has been
shown to positively effect bone mass (52,53). One hour of
impact exercise two to three times per week can increase
both the bone mineral content and the total body calcium
(41). Conversely, it is well documented that sedentary
people or people in antigravity settings such as astronauts
can sustain a significant amount of bone loss secondary
to the lack of skeletal loading (48,54). Since the ultimate
goal is to prevent the occurrence of fractures, fall preven-
tion is important in the older adult patient. Outfitting the
patient’s environment with appropriate assist devices for
ambulation, avoiding medications that can negatively
affect the mental status, and maximizing cardiovascular
status can all help to lower the fall risk. Finally, there are
a variety of pharmacologic interventions that can be insti-
tuted to slow down the rate of bone loss. These medical
therapies are discussed subsequently in further detail.

Calcium is an essential nutrient to the body. A certain
level of intake is required to maintain calcium homeosta-
sis. The average woman requires 1 to 1.2 g per day in a
premenopausal state and 1.5 g in the postmenopausal
state (55). Unfortunately, the average woman does not
meet these requirements. When the nutritional intake of
calcium is deficient, the body will begin to deplete its
store of calcium from the bone. Therefore, calcium sup-
plementation can be beneficial by preventing this process
from occurring. It has been shown to be helpful in the
premenopausal patient (41). Also in the older adult
patient with type II osteoporosis, calcium supplementa-
tion therapy, especially in combination with vitamin D,
has been shown to lower the rate of hip fractures (56). It
is interesting to note that the bone mass in these patients
was unchanged and the effect may be related to crude
bone quality or maintaining lower levels of PTH. Cal-
cium supplementation therapy in the early post-

menopausal patient does not protect against bone loss
(57,58). Here it seems that the effects of estrogen defi-
ciency significantly overshadow any effect of nutritional
deficiency. The current recommendations are for 1,200
mg of calcium supplementation in the premenopausal
patient and 1,500 mg in the postmenopausal patient with
an additional 400 to 800 units of vitamin D concurrently. 

Estrogen plays a pivotal role in the development of type
I osteoporosis. In the early postmenopausal period (i.e.,
the first 10 years) the absence of estrogen leads to a sig-
nificant, accelerated bone loss. Bone responds to estrogen
through receptors that are directly located in the bone
(59). It also has a secondary antiresorptive effect by mod-
ulating certain cytokines, which ultimately promotes a
positive calcium balance (60,61). Studies have shown that
bone mass can be increased with estrogen therapy by 2%
to 3% in the spine and that the fracture rate can be
decreased by 50% (57,62,63). Unfortunately, this protec-
tive effect on the bone is not maintained when estrogen
therapy is withdrawn. Additional benefits of estrogen ther-
apy include treatment of the symptoms of menopause. It
also imparts a cardioprotective effect by improving the
cardiolipid profile (64). It also may improve cognition and
decrease the risk of Alzheimer disease (65). However,
estrogen therapy is not without its risk. The therapy is
often poorly tolerated secondary to uterine bleeding. One
of the more worrisome risks associated with estrogen ther-
apy is the up to 30% increased risk of breast cancer that
can occur with prolonged therapy (66,67). There is also an
increased risk of developing uterine cancer. However, this
risk can be negated by the use of combination therapy
where the estrogen is given in conjunction with progestin
(65). Finally, estrogen may have untoward effects on the
liver, precipitating cholelithiasis. 

A strong family history of osteoporosis, bone density
less than 2.5 SDs below the norm, greater than 5% of
bone loss per year, symptoms of menopause, and high
cardiovascular risk are all indications for estrogen ther-
apy. Contraindications to the use of estrogen therapy
include a history of breast cancer regardless of receptor
status, history of deep venous thrombosis (DVT) or pul-
monary embolus (PE), and history of underlying liver
disease or hypertension. 

The selective estrogen receptor modulators (SERMs)
can act either as an estrogen agonist or antagonist
depending on the type of tissue that is being targeted.
Their appeal rests in the ability to selectively stimulate
estrogen receptors in bone, while simultaneously having
an antiestrogenic effect on the breast. They therefore have
the potential to retard bone loss and reduce breast cancer
risk. Tamoxifen has primarily been used as a chemother-
apeutic agent in women with receptor-positive breast can-
cer. A placebo-controlled trial in postmenopausal women
revealed that tamoxifen therapy can precipitate mild
increases in spinal bone mineral density (68). A second
trial concluded that the overall occurrence of fractures
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could be reduced by 19% with tamoxifen therapy (69).
Though the estrogenic effect of tamoxifen on bone is not
as potent as regular estrogen therapy, other more potent
SERMs are becoming available. Raloxifene increases
bone density by 2.4% in the spine and hip when com-
pared to placebo, and the reduction of new vertebral frac-
tures was 30% at the low dose and 50% at the higher dose
(70). These drugs maintain a positive effect on the cardi-
olipid profile, thereby having a beneficial effect on the
heart. However, though raloxifene therapy has been
shown to decrease spine fractures, the nonvertebral frac-
ture rate remains unchanged. Further study is warranted
with this class of drugs to better understand their physio-
logic effects and to guide development of future SERMs.

An exciting new class of drugs used in the battle against
osteoporosis are the bisphosphonates. The bisphospho-
nates block the ability of the osteoclasts to resorb bone. A
first generation bisphosphonate, etidronate, showed some
promise in the early stage of treatment. However, it was
becoming clear that with long-term treatment, etidronate
may actually have inhibited bone mineralization (71). A
second line of bisphosphonates is now available which
does not inhibit mineralization long term as with the first
generation bisphosphonates. Alendronate is taken orally in
5 to 10 mg doses. The main side effect is the development
of upper gastrointestinal symptoms. Recent gradual dosing
regimens and half-dosing regimens have limited the occur-
rence of these symptoms. Since it has poor absorption,
alendronate must be taken on an empty stomach with a
glass of water. Alendronate is equally as effective as estro-
gen in maintaining bone mass and decreasing fracture risk
(72,73). However, unlike estrogen, the second generation
of bisphosphonates maintains its efficacy after the treat-
ment is withdrawn (74). The use of these drugs is advo-
cated in situations where the use of estrogens is con-
traindicated, such as among patients with breast cancer and
thrombophlebitis. In the setting of osteoporosis, one con-
traindication to the use of bisphosphonates is the presence
of an acute fracture. Theoretically, the effect of bisphos-
phonates on remodeling may have an adverse impact on
fracture healing. 

Newer generations of bisphosphonates are rapidly
becoming available which may be more potent and better
tolerated than alendronate. Risedronate was evaluated in
a study of 2,458 women (75). Over the 3-year course of
the trial, patients taking risedronate had a 40% reduction
in the incidence of new vertebral and nonvertebral frac-
tures. Bone mineral density was increased 4.3% in the
spine and 2.8% in the proximal femur. The incidence of
adverse effects was equal to the placebo group. In a phase
II trial, a single intravenous 4 mg dose of zoledronic acid
increased bone mineral density and decreased markers of
bone turnover for 1 year (76). Whether this treatment can
significantly reduce fracture rates remains to be seen. 

Calcitonin can down-regulate osteoclast function and
has been used successfully in the treatment of Paget dis-

ease. In the osteoporotic, postmenopausal patient, calci-
tonin can increase total body calcium and lumbar bone
mineral density (77,78). It has also been shown to
decrease the spinal fracture rate by about 33% (79). The
maximal effect of calcitonin is seen within the first 6
months of therapy and the elevations in bone mineral
density persist over time (80). Calcitonin is indicated for
female osteoporotic patients who have a high bone
turnover rate on biopsy, are unable to take estrogen, are
premenopausal with osteoporosis, and have persistent
bone loss on estrogen, as well as for male patients with
osteoporosis. Calcitonin is also very effective for use in
the patient who has sustained an acute compression frac-
ture, because calcitonin has a strong, short-term analgesic
effect (81). Previously, calcitonin was administered sub-
cutaneously, but there are bothersome side effects associ-
ated with this route of administration. The intranasal form
is better tolerated. If therapy is to be initiated, 200 units
should be given daily for a 6-month period. 

The aforementioned therapies treat osteoporosis by
preventing bone resorption; fluoride differs from these
therapies because it can actually stimulate bone forma-
tion. Communities with fluorinated drinking water have a
lower incidence of insufficiency fractures (82). With flu-
oride therapy, bone mass can be increased in the spine 4%
to 5% per year (83). Initial studies evaluating treatment of
osteoporosis with fluoride revealed concerns with the use
of fluoride. These studies indicated that although fluoride
therapy may increase bone density, it may also make the
bone more fragile and more susceptible to fractures (84).
These early investigations used high doses of fluoride,
and did not give adequate calcium supplementation. Con-
tinuing work reveals that the rate of bone mass augmen-
tation is important in stimulation of bone generation with
the fluoride and should not outpace the ability of the body
to mineralize that newly formed bone (85). It now
appears that the susceptibility to bony fragility occurs
when the bone is not given adequate time to mineralize.
Pak et al. (83) have developed a cyclic, low-dose, slow-
release fluoride form that may allow the bone to regener-
ate in a controlled fashion that does not jeopardize the
mechanical stability of the bone. Their studies reveal a
significantly decreased fracture rate with the use of this
form of fluoride. This form awaits U.S. Food & Drug
Administration approval. Should fluoride therapy be
instituted, it must be done with low doses and supple-
mented with vitamin D and calcium to ensure adequate
mineralization.  

CONCLUSION

The spine surgeon may be the first clinician to detect
the osteopenic patient. The patient may present in the
office with a simple insufficiency fracture or with
decreased bone density on routine spine radiographs.
When osteopenia is discovered, the clinician should take
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the necessary steps to identify the underlying cause. Once
a diagnosis is established with a proper history, physical
examination and laboratory data; bone densitometry is
useful to assess the patient’s fracture risk, and to set a
baseline for long-term follow-up. The most effective
intervention to combat osteopenia is prevention. Patient
education on proper diet, impact exercises, and avoidance
of substances that promote bone loss is the cornerstone to
prevention. Once osteopenia is established, there are
medical therapies that can halt or retard the bone decay.
In the future, new and exciting biologic technologies like
gene therapy may allow us to rebuild the lost bone mass
and ultimately prevent the occurrence of debilitating
insufficiency fractures. 
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CHAPTER 72

Surgical Options and Indications: 
Kyphoplasty and Vertebroplasty
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Osteoporosis is an increasingly recognized cause of frac-
tures in the lumbar spine in the postmenopausal and older
adult population (1–6). Women are more commonly
affected (7), though men are also subject to the sequelae
of progressive bone loss (8,9). Histologically, osteo-
porotic bone is normal, with a decreased amount of bone
per volumetric unit caused by an imbalance between bone
production and resorption (10). In contrast to osteomala-
cia, mineralization is unaltered. Though newer pharma-
cologic agents offer a promising future for the treatment
and prevention of osteoporosis, they will have minimal
impact on vast numbers of individuals with already
advanced disease (11).

Decreased bone mineral density is related to skeletal
weakening. Although all bones are affected, some regions
are at greater fracture risk. The spine is the most commonly
affected area, followed by the distal radius and proximal
femur (7). Osteoporotic vertebral compression fractures
(VCFs) are most common in the upper lumbar and lower
thoracic spine (9,12). While injuries of the wrist and hip are
clinically apparent, osteoporotic spine fractures are fre-
quently asymptomatic. Often, however, they can be a trou-
bling source of back pain, and potentiate medical morbidity
and mortality. Multiple, consecutive VCFs are common in
untreated individuals, leading to numerous levels of verte-
bral body (VB) height loss. This can lead to progressive
anterior column shortening, resulting in thoracolumbar
kyphosis, which can lead to functional disability, pul-
monary compromise, and eating disorders, such as early
satiety, in an older adult population that is likely to have
many concomitant comorbidities (1,3–5).

VB augmentation has been developed to help treat
osteoporotic VCFs. Currently available techniques are
vertebroplasty and kyphoplasty. Vertebroplasty was first
introduced in the mid- 1980s and involves direct injection
of polymethylmethacrylate (PMMA) cement into the VB

(13). Cement fills the interstices of the cancellous bone
under high pressure and hardens during final curing. It
restores near normal stiffness and surpasses normal ver-
tebral strength (14,15). Clinical reports of long-standing
pain relief have demonstrated its effectiveness in treating
symptomatic VCFs (16–19). Despite these positive attri-
butes, vertebroplasty lacks the ability to restore VB
height to a compressed segment.

Sagittal deformity (i.e., kyphosis) related to osteoporotic
VCFs can lead to functional and respiratory impairment, as
well biomechanically predispose the spine to further frac-
tures (1,3). Thus, interest in minimally invasive methods of
fracture reduction and stabilization has arisen. Kypho-
plasty was developed in the early 1990s to fulfill these
demands. Still in its infancy, it involves percutaneous
insertion of an inflatable bone tamp into the VB to restore
height (20,21). Cement is then injected under low pressure
into the cavity created by the tamp; higher pressures are
required for vertebroplasty. Preliminary clinical data indi-
cate consistent restoration of vertebral height in addition to
durable pain relief in over 90% of cases with low compli-
cation rates (20,21).

Both kyphoplasty and vertebroplasty are effective
treatments of painful osteoporotic VCFs, with the former
giving the added benefit of fracture reduction and defor-
mity correction. Successful use of these techniques in the
lumbar spine relies on a clear understanding of their indi-
cations, applications, complications, and outcomes.

INDICATIONS

Kyphoplasty

Pain Relief

Kyphoplasty is indicated for progressive or intractable
pain associated with an osteoporotic VCF. Clinical data
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suggest more than 90% pain relief (20,21). The mode of
relief remains speculative, though most believe it is frac-
ture stabilization. Some hold that bony denervation from
the heat produced during cement curing might contribute,
though this remains conjectural.

Successful use of kyphoplasty requires that the practi-
tioner first determine if the symptoms are genuinely orig-
inating from the VCF. The reliability of subjective report-
ing alone is limited, as complaints of chronic back pain
might be related to other causes. Objective evidence that
the vertebrae in question are the cause of pain must be
sought. This is suggested by point tenderness on percus-
sion of the spine that correlates with the fractured level
on plain radiographs. If pain and tenderness are more
generalized, this determination is difficult based on plain
films alone, and other advanced imaging methods can be
helpful. Magnetic resonance imaging (MRI) and bone
scintigraphy can be used to gauge the acuteness of the
injury (22,23). A positive signal on bone scan has been
correlated with good pain relief after vertebral augmenta-
tion (22). It is likely that MRI is of similar use, though
this remains to be demonstrated in a clinical study.

Pulmonary Function

VCFs have significant negative effects on pulmonary
function (1,24). By measuring forced expiratory volume
and resting vital capacities, Schlaich et al. (1) reported a
strong correlation between the severity of kyphosis and
decreases in lung capacity. Kado et al. (24) reported
higher mortality rates secondary to pulmonary complica-
tions in patients with kyphotic VCFs versus those without
deformity. It is not presently known if the converse rela-
tionship is true (i.e., if correction of the deformity
reverses or prevents these effects). However, it is reason-
able to assume that kyphoplasty may favorably affect pul-
monary function of correctable osteoporotic kyphosis.
Further study of the specific effects of kyphoplasty on
postcorrection pulmonary function is warranted.

Deformity

Kyphoplasty is a relatively new technique. As a defor-
mity correcting procedure, its indications must adhere to
basic principles. Surgeons may be tempted to perform
kyphoplasty on any, and every, VCF. Consideration of
spinal balance and deformity progression is a more prudent
measure. Though initial reports suggest its relative safety,
further investigation is required to more clearly demonstrate
a positive balance between the potential benefits of kypho-
sis correction versus procedural complications.

For both metabolic and mechanical reasons, the risk of
subsequent VCFs increases with each additional injury.
Realignment may help reduce the incidence of further
fractures. Acute fractures (less than 3 months old) are

more easily reduced than chronic ones (21). Although
correction in VCFs one year or more after fracture have
been obtained, this is difficult to predict. Severe, rigid
deformities from multiple healed fractures that compro-
mise function or quality of life might be better addressed
by other surgical methods, if necessary. If detected radi-
ographically, progressive collapse, even if not severely
painful, is also an indication for kyphoplasty.

Vertebroplasty

The indications for vertebroplasty are limited to the
treatment of pain associated with VCFs. Numerous series
have documented high rates (90% to 95%) of pain relief in
patients after vertebroplasty (16–19). Though it has been
suggested that some vertebral height restoration can be
obtained by positioning in the prone position with early
fractures, this has not been substantiated in a clinical
series. Fracture reduction cannot be considered an indica-
tion for this procedure. It is unlikely that vertebroplasty
would have a direct impact on pulmonary function, as the
deformities will be “fixed”, although restoration of ambu-
lation and mobility have positive effects on overall health.
Kyphotic deformity related to osteoporotic VCFs cannot
be considered an indication for vertebroplasty at this time.

CONTRAINDICATIONS

The contraindications for both kyphoplasty and verte-
broplasty are similar. They are contraindicated in stable,
healed, nonpainful fractures. They are also not indicated in
the presence of infection. Associated medical problems can
make the procedures dangerous. Coagulopathy can lead to
epidural hematoma with VB cannulation, especially if the
pedicle borders or posterior VB have been breached. At this
time, a burst fracture pattern with retropulsed fragments is
a relative contraindication to kyphoplasty or vertebroplasty,
though some surgeons have used kyphoplasty in selected
cases. In some situations such as vertebral plana, these pro-
cedures may not be technically possible because of inabil-
ity to cannulate the VB due to severe vertebral compression.
At present, it is also not used for traumatic, nonosteoporotic
fractures in young individuals.

BIOMECHANICS AND BASIC SCIENCE

Osteoporotic VCFs are the result of alterations of the
bone’s mechanical or structural properties. Strength is
diminished by decreases in quantity, while bone quality
is unaffected. The proportion of mineral to bone matrix
is physiologic, as a histologic sample would appear
normal. The extent of osteoporosis can be assessed by
measuring bone mineral density. Substantially low
bone mineral density is associated with a predisposi-
tion to VCF with low-energy mechanisms.
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VBs bear the majority of the axial compressive forces
sustained by the spine. Flexion movements increase these
forces. If they exceed the bone’s capacity to resist them,
fracture results. In its first stage, fractures involve the
anterior aspect of the VB (i.e., anterior column). Flexion-
compression fractures usually do not involve the poste-
rior VB wall. With additional force, fracture lines can
propagate into the middle column, creating a burst frac-
ture. Alternatively, osteoporotic burst fractures can occur
from pure axial loading, which might occur from a fall
from height or other higher energy mechanism. These
often fracture the posterior wall, and perhaps the poste-
rior elements.

After VCF, the bone is weakened and compressed.
Treatment can be directed at one or both of these prob-
lems. Medical management of osteoporosis addresses
bone weakness by changing the metabolic balance of
bone deposition and resorption. Agents such as alen-
dronate, estrogen, and calcitonin have proven clinical
efficacy in this manner (11). Though they are systemic
treatments that affect the entire skeleton, they have lim-
ited effects on fracture risk in advanced cases.

Vertebroplasty and kyphoplasty address the bone
fragility problem, but in a much more direct way than
medical treatments. By injecting cement into the bone,
mechanical properties are restored. Stiffness is defined as
the slope of a force versus displacement curve and repre-
sents the elasticity of bone prior to permanent deforma-
tion. Strength is a reflection of the force required to per-
manently deform a specimen (25). Studies done in vitro
have demonstrated that both stiffness and strength are
affected with osteoporosis (14,15,25). As osteopenic
bone is severely compromised, the mechanical properties
of the augmented VCF are virtually entirely that of the
bone cement. Thus, choice of bone filler (cement) affects
the biomechanical effects of kyphoplasty and vertebro-
plasty.

Not all bone cements are equal. Different substances
cause different changes in strength and stiffness. Ortho-
comp (Orthovita, Malvern, PA) has demonstrated signif-
icantly stronger and stiffer vertebrae than Simplex P
(Howmedica, Rutherford, NJ) after in vitro vertebroplasty
of human cadaveric osteopenic lumbar spinal segments
(15). While Simplex P resulted in less stiffness than pre-
fractured specimens, Orthocomp restored initial stiffness
values. Similarly, other commonly used materials, such as
cranioplastic cement (CMW, Blackpool, England) have
demonstrated greater strength but lower stiffness than
intact specimens (14). Other variables, such as the
cement powder/monomer ratio and addition of media
(e.g., barium) to increase the cement radiopacity, can
alter material properties. The long-term clinical implica-
tions of these variables on augmentation durability
remain to be seen (26). Additionally, it is not known how
much strength is needed to support the osteoporotic bone
and spinal column.

The volume of cement injected can influence mechan-
ical properties after vertebral augmentation. In addition
to cement viscosity, the method of injection can be a fac-
tor. In most cases a bilateral approach is recommended
with kyphoplasty, while in some cases only unilateral
injection might be possible. Bilateral injection maximizes
cement delivery. Data from in vitro studies indicate sig-
nificantly greater strength with bipedicular injection of
10 mL (5 mL on each side) versus unipedicular injection
of 6 mL of cement in the lumbar spine (25). Interestingly,
both methods resulted in restoration of initial stiffness.

Restoration of near normal levels of strength and stiff-
ness is thought to be preferable. This procedure has lim-
ited use, however, because it is not clear what “normal” is
in the osteoporotic spine. Osteoporotic VBs are weaker
and more brittle than healthy specimens. In recent bio-
mechanical studies cement augmentation resulted in
strength greater than that of the prefractured state, while
initial stiffness values were not exceeded. This is proba-
bly optimal. If augmentation had only restored, but not
exceeded, the prefractured strength, it would have a sim-
ilar risk of fracture as other osteoporotic vertebrae. How-
ever, if stiffer, it might act like a walnut in a column of
banana slices, thereby increasing the chance of an adja-
cent segment fracture with slight compression.

Sagittal Balance

Kyphoplasty is a tool to treat pain and deformity
through fracture reduction. As such, its indications
should be subject to the same rigors as other methods of
open surgical treatment. This relies on an understanding
of the fundamental biomechanical principles of defor-
mity correction.

The vertebral column is naturally contoured in the
sagittal plane, while normally straight in the coronal
plane. Sagittal contour is achieved by a combination of
cervical and lumbar lordosis with intervening thoracic
kyphosis. These curvatures are radiographically mea-
sured statically and represent the spine in a standing
weight-bearing state. The thoracic spine normally has an
average of 30° of kyphosis, with an approximate range of
20° to 40° (27). The apex of normal thoracic curvature is
at T6 or T7. Thoracic kyphosis is produced primarily
from anterior wedging of the VBs. Anterior and posterior
disc heights are normally equal. The rib cage is an inte-
gral component in the stability of the thoracic spine pro-
viding an additional restraint to axial motion through cos-
tovertebral junctions. The lumbar spine is in lordosis,
which is primarily produced by discs that are taller ante-
riorly than posteriorly. Average lumbar lordosis is approx-
imately 50°, with values ranging from 30° to 80°.

Cervical, thoracic, and lumbar curvatures must be con-
sidered in concert. Together, they attempt to achieve ver-
tebral balance. Sagittal balance can be assessed on a full-
length lateral radiograph by dropping a vertical plumb
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line from the base of the occiput. Balance is realized if
that line intersects the seventh cervical VB cranially and
lies within 1 cm of the sacral promontory caudally.
Mechanically, this ensures that the weight borne by the
resting spine is acting to maintain its position within
space. Relatively hyperkyphotic segments can be bal-
anced by compensatory hyperlordosis in other segments.
This carries the weight-bearing line back to its balanced
position at the sacral promontory, which is centered over
the hips.

Though compensation is common in other sagittal
deformities, osteoporosis is usually characterized by
uncompensated thoracic and lumbar kyphosis secondary
to VCFs in both regions. These sagittal deformities can
progress to a point at which the weight-bearing line can
no longer return to its balanced position. This results in a
self-propagating sagittal imbalance. To illustrate this, one
can compare the hyperkyphotic spine to the Tower of
Pisa. Balance is maintained if the center of mass lies
within the boundaries of the base. Thus, the weight of the
tower (or spine) functions to maintain its current position.
However, if the tower leans over so much that the center
of mass lies outside its base, the weight of the tower will
cause it to fall. Corrective measures in deformity treat-
ment attempt to restore the weight-bearing line or center
of mass of the body to the anatomic base, which is the
sacral promontory.

By increasing VB height at one or more levels, kypho-
plasty can achieve this goal. Claims of vertebroplasty’s
ability to restore some vertebral height are unsupported
in clinical trials, though some in vitro data suggest that as
much as 28% can be regained with high-pressure injec-
tion (28). Laboratory investigations have demonstrated
an average of 96% height restoration after kyphoplasty
(28). Clinically, less height is gained if the procedure is
performed more than 3 months after the fracture occurs
(assuming the fracture correlates with pain onset). In an
ongoing multicenter study, anterior and midline vertebral
height was restored to within 99% and 92% of predicted
dimensions, respectively, if performed less than 3 months
after fracture occurrence (21).

Planning and Preoperative Assessment

History

Focus is initially on the disease course. Patients should
be asked about prior workup, including results of bone
densitometry (if performed), medications, and any
surgery for extremity fractures. Careful evaluation by a
primary care physician is helpful, as most patients have
one or more comorbidities. Differential diagnoses must
not be overlooked. Fevers and other constitutional symp-
toms can suggest infection or malignancy. A multidisci-
plinary approach is important, including internists,
endocrinologists, and a spine surgeon.

Duration and location of pain are important factors in
treatment decision making. Pain that follows an incident
of low-energy trauma, such as a twist, exuberant cough,
lifting a grocery bag, or opening a door suggests a VCF.
The pain might be sharp and localized to one level, or
dull and radiating to a number of levels. If the pain is
resolving and the fracture is healing uneventfully, verte-
bral augmentation may not be indicated. Painless, pro-
gressive collapse, however, might be considered for
reduction with kyphoplasty. A history of frequent falls
may be an indicator of decompensated sagittal balance.
This represents the patient’s inability to overcome the for-
ward shift of the center of gravity. Questions concerning
intestinal bloating and appetite suppression are impor-
tant, as this can occur with severe kyphosis from
decreased abdominal volume.

Physical Examination

If the pain has not restricted the patient to a chair, ini-
tial examination should include observing the patient
walking. Severe kyphotic deformities can lead to spinal
imbalance. Some patients begin to trip because of for-
ward shift of the center of gravity, and may eventually
require a walker to safely ambulate. Some are in wheel-
chairs because of the pain with activity. Limb-length
inequalities and scoliotic deformities can alter coronal
balance, which may influence decisions regarding correc-
tion. Assessment of the symmetry of chest wall expan-
sion with inspiration can be used as a rough estimate of
pulmonary function. Minimal chest expansion can also
broaden the differential diagnosis to include other condi-
tions causing spinal deformities, such as ankylosing
spondylitis. Complete neurologic examination, including
normal and pathologic reflexes, is requisite.

Each spinous process is then systematically percussed
for tenderness, symmetry, and step-off. Optimally, per-
cussion at a single level will be painful with nontender
adjacent segments. This strongly suggests an acute frac-
ture at that level as the major source of pain. More often,
numerous levels are painful, making determination of the
most symptomatic segments challenging. 

Plain Radiography

High-quality anteroposterior (AP) and lateral plain
radiographs are first-line imaging modalities. Taping a
radiopaque marker, such as a paper clip, to the point of
maximal tenderness prior to taking radiographs can help
identify symptomatic fractured regions. Sites of VB com-
pression are visualized and Cobb angles measured. The
anterior vertebral height is measured and compared to the
posterior vertebral height to determine the percent of
height loss. If the vertebra is uniformly compressed,
height measurements are compared to those of adjacent
vertebrae. Though a useful preoperative tool, plain films
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are limited in their ability to differentiate fracture age.
Furthermore, fractures through the middle column (i.e.,
burst types) are difficult to detect because of the washed-
out appearance of the osteopenic bone. For these reasons,
advanced imaging modalities are strongly recommended.

Advanced Imaging

Treating physicians should obtain an MRI before
deciding to perform kyphoplasty or vertebroplasty. MRI
provides coronal, sagittal, and axial views of the vertebra,
disc, spinal canal, and neural elements. Retropulsion is
easily detected, as are epidural hematomas. Neoplasms
and infections are better differentiated from VCFs with
MRI than plain films. Spinal cord pathology including
tumors and syringes can be visualized. Perhaps the great-
est use of MRI before kyphoplasty is the ability to detect
bone edema within the VB. This is an indication of the
acuteness of the fracture. It must be noted, however, that
increased signal intensity on T2-weighted images (i.e.,
edema) can remain for up to 2 years following an injury,
even in clinically healed fractures. T2 images are better
than T1 images in detecting bone edema, while STIR
(short-time inversion recovery) images are best to differ-
entiate malignant from benign osteoporotic fractures.

Computed tomography (CT) is useful to evaluate the
bone. This study is often more helpful than MRI to dif-
ferentiate tumors and infections from osteoporotic frac-
tures. It also shows bone “quality” and defects. Another
advantage of CT scan is that it is fast and readily obtain-
able. Often patients may not tolerate lying in the supine
position for the extended period necessary with an MRI.
They have decreased tolerance secondary to pain, CHF,
and kyphotic deformity. In these individuals, CT may be
necessary in place of MRI.

Bone scans can also be helpful in preoperative plan-
ning. By comparing the uptake at fractured versus adja-
cent nonfractured vertebrae, bone scans have proven
highly predictive of pain relief after vertebral augmenta-
tion (22). Drawbacks include high radiation exposure and
poor bony detail. For individuals in whom MRI is con-
traindicated, a CT combined with bone scan is a reason-
able alternative to MRI.

SURGICAL TECHNIQUE: KYPHOPLASTY

General and local anesthesia both have been used with
success. General anesthesia may be more appropriate for
patients undergoing multiple levels of kyphoplasty,
though local anesthetic with sedation is suitable for one
or two segment procedures. If general anesthesia is cho-
sen, the patient is induced and intubated in the supine
position and then logrolled prone onto a radiolucent
table. Patients should be positioned on transverse rolls
across the chest and thighs/iliac crests, to extend the
spine and help reduce the fracture.
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Adequate visualization with an image intensifier (C-
arm) should be done before the procedure is initiated. The
pedicle and VB should be seen clearly on posteroanterior
(PA), lateral, and en face views. The pedicle can be
viewed en face by angling the beam 10° toward the mid-
line. This approximates the posterolateral to anteromedial
direction of the pedicle producing an end-on appearance.
Cannulation with a spinal needle should appear as a per-
fectly centered ring in the en face view. If the surgeon is
confident in visualization of these landmarks, the proce-
dure may proceed. The patient is prepped and draped in
the usual sterile fashion.

Approaches

There are three different methods of gaining access to
the VB: transpedicular, extrapedicular, and posterolateral
approaches. The extrapedicular approach is useful only in
the thoracic spine and will not be discussed in this chap-
ter, while the posterolateral approach is useful in the lum-
bar spine. The transpedicular technique is preferred and
may be used at any level.

Transpedicular Approach

This is the preferred approach for the L1 to L5 level
(Fig. 72-1). It requires a pedicle diameter of at least 4 to
5 mm. Some lumbar vertebrae are too small to safely
accept the kyphoplasty instruments. Preoperative mea-
surements on axial MRI or CT images are helpful in mak-
ing this determination ahead of time. Both pedicles can
be instrumented using the transpedicular approach. This
approach endangers the spinal cord medially and the

FIG. 72-1. The path of the instruments using the transpedic-
ular approach.
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nerve root superiorly and inferiorly if the pedicle is
missed or its cortex violated.

The spinous processes are palpated in the midline and
the correct level of surgery is marked. This is confirmed
on orthogonal views. In the PA view, the skin is marked
just lateral to the lateral border of the pedicle. A spinal
needle (Jamshidi needle) or guide pin is then introduced
through a 1 cm longitudinal incision, angling approxi-
mately 10° toward the midline (Fig. 72-2). Needle loca-
tion is then checked on a lateral to ensure proper orienta-
tion toward the pedicle center. Optimal radiographic
appearance is the needle tip within the confines of the
pedicle at all times. The C-arm is then moved to the en
face or lateral position, and the needle is advanced under
visual and tactile guidance.

The needle is inserted until the resistance of bone is
felt. This may be difficult to discern because of the
decreased bone density. With confirmation on all radi-
ographic views, the needle is advanced to the posterior
cortex of the VB. Once the needle is within the VB on the
lateral view, it will appear slightly medial to the pedicle
on the PA view (Fig. 72-3). As a general rule, the tip

should not cross the midline on the PA view at any point
during insertion. If it does cross over to the contralateral
side, careful investigation with a high quality en face
view must confirm containment within the pedicle.
Repositioning of the instrument should be considered if
proper location cannot be ascertained.

The needle can be cranially or caudally directed through
the pedicle, targeting toward a particular region of the VB.
With compression of the superior end plate, the tool is
directed toward the inferior half. Conversely, the needle is
directed toward the superior half of the VB with compres-
sion fractures of the inferior end plate. This allows a greater
amount of cancellous bone to be compressed beneath the
fractured end plate. Cranial/caudal orientation is judged on
the lateral view. If the vertebra is uniformly compressed the
tool is advanced toward the mid-body. 

Posterolateral Approach

This technique is useful for kyphoplasty of the L2 to
L4 vertebrae. It enters the VB through its posterolateral
cortex, anterior to the transverse process (Fig. 72-4). The
pedicle is not cannulated at any time. The skin entry point
is different than the transpedicular approach. It lies 8 to
10 cm lateral to the midline, similar to that for a
discogram. The needle is directed approximately 45°
toward the midline. The en face view is not useful with
this approach. Instead, the lateral view is more critical.
The needle should lie anterior to the transverse process
and neural foramen, thus avoiding injury to the exiting
nerve root. Because this method can only be performed
unilaterally, the needle must cross the midline to ensure
adequate augmentation of the contralateral aspect of the
VB.

Bone Tamp Insertion

The center stylet is removed from the Jamshidi needle
after confirmation of the position. A flexible guide pin is
then inserted through the needle bore. The starting device
(Jamshidi) is carefully removed with a twisting motion,
maintaining the guidewire position within the vertebra. A
centering stylet is passed over the guide pin to dilate the
channel, followed by an outer cannula, which serves as
the working channel. The guide pin and centering stylet
can then be removed. A finger-held twist drill bit is intro-
duced and advanced slowly to the anterior cortex of the
VB. As the bone is soft, this must be performed under
radiographic guidance to avoid penetration of the cortex.
These steps are repeated on the opposite pedicle.

The drill bit is then removed while holding the work-
ing channel in position and the balloon tamp is inserted
through the cannula. Different balloon sizes are available.
The appropriate size can be determined on preoperative
radiographs or MRI. In general, lumbar vertebrae can
accommodate a large (20 to 25 mm) tamp.

FIG. 72-2. The tip of the guidewire can be used to localize
the point of insertion for the Jamshidi needle. In this case,
the contralateral balloon tamp has already been placed. The
guidewire tip lies directly over the center of the pedicle.

FIG. 72-3. After marking the proper insertion site, the Jamshidi
needle is then percutaneously inserted into the skin. It is
advanced through the soft tissues to lie on top of the bone. By
localizing on anteroposterior and lateral views, the needle is
inserted into the pedicle. It is angled slightly medial, to match
the orientation of the pedicle. Although the needle tip is entirely
contained within the pedicle, once it has passed the pedicle-
body junction it may appear just medial to the pedicle.
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The balloon tamp has several important features that
should be noted. Instead of being a concentrically formed
sphere, the balloon is narrowed at its midpoint. This
effectively creates anterior and posterior tamps that can
more uniformly fill the space within the compressed ver-
tebra. This enables “en masse” reduction of the fractured
end plate. In addition, radiopaque markers located on
both sides of the balloon make its ends visible on fluo-
roscopy. This facilitates positioning of the bone tamp,
which should be centered within the VB. The tamp is then
inflated under controlled pressure, using a digital
manometer, with a radiopaque dye (Fig. 72-5). Pressures
should initially be low and then gradually increase as the
balloon meets the resistance of the cancellous bone. Pres-
sures can intermittently drop and rise again, representing
“giving” of the end plates and, hopefully, reduction. Sud-
den and persistent drop in pressure suggests rupture of
the balloon and warrants inspection of the device before

proceeding further. Volumes are also monitored to esti-
mate the approximate quantity of cement needed to fill
the bone void. Fracture reduction is judged on the lateral
C-arm view. Up to 99% of predicted height can be
restored if performed within 2 to 3 months of the onset of
the fracture. However, this may vary and is not always
related to fracture acuteness.

Cement Composition

The suggested formula for bone cement used during
kyphoplasty includes PMMA, barium sulfate, and antibi-
otic powder. For consistency during each use, it is sug-
gested that the surgeon use the same formula so as to
minimize differences in curing time and consistency of
cement. The following formula has been used success-
fully in practice: PMMA powder 40 cc, liquid monomer
10 cc, barium sulfate 6 g and antibiotic powder. Antibi-
otics that are heat stabile include cefazolin (1 g), van-
comycin (1 g), and tobramycin (1.2 g).

Cement Delivery

The balloon tamp is deflated and removed while the
working cannula is held in place. Several 3 cc syringes
filled with a medium viscosity cement mixture of
PMMA, barium, and antibiotic powder are prepared.
These are used to fill several bone filler devices. In par-
ticularly unstable fractures, a contralateral tamp can
remain inflated to maintain reduction while cement is
injected ipsilaterally. Once the cement thickens to the
desired consistency, the bone filler tubes are placed
through the working cannula into the cavity in the VB. A
stylet is then used to gently push the cement until the cav-
ity created is filled (Fig. 72-6A,B). All steps at this point
are followed fluoroscopically. Cement is injected under
low pressure until one of the following occurs: cement
has filled the anterior two-thirds of the VB, cement

FIG. 72-4. The path of the instruments using
the posterolateral approach.

FIG. 72-5. The balloon tamps are inserted and inflated. On
the anteroposterior view, the surgeon must be aware of lat-
eral breakout of the tamp through the wall of the vertebral
body. This intraoperative radiograph shows excellent orienta-
tion of two tamps being inflated simultaneously.
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begins leaking through the VB, or it starts to fill the pos-
terior aspect of the body or pedicle. Cement leakage
through the vertebra may occur with mixtures that are too
fluid. In this case, injection can be temporarily stopped,
allowing the peripheral cement to begin to cure. Then,
injection is resumed into the vertebra, which has sealed
off its leaks. The process is repeated on the contralateral
side. Typically, 2 to 6 mL of cement can be injected on
each side. 

During injection, possible cement extrusion should be
monitored on image intensification. In most cases cement
extrusion has little clinical sequelae. Cement curing can
take from 5 to 10 minutes and is affected by mixture pro-
portion, room temperature, and product brand. Once the
cement is hardened, the cannula and bone filler device are
twisted to dissociate it from the surrounding PMMA and
carefully removed. Final radiographs are used to confirm
cement placement, fracture reduction, and restoration of
alignment. The patient should remain in the prone posi-
tion for 10 minutes to ensure final hardening in the
reduced position. 

SURGICAL TECHNIQUE: VERTEBROPLASTY

The setup and approach for vertebroplasty are similar
to those for kyphoplasty. General or local anesthesia may
be used. The techniques for cannulation of the VB are
also similar. Vertebrograms can be performed before
cement placement by injection of radiopaque dye through
the working cannula. This gives an estimation of the path
of least resistance, and thus, the most likely path of the
cement. If enhancement of a nearby vessel occurs, the
needle is moved to another position and retested. Mathis
et al. (29) described three approaches: transpedicular,
parapedicular (akin to extrapedicular), and posterolateral.
The authors warn, however, of higher incidence of

cement leakage using posterolateral approaches in the
lumbar spine. Leakage is probably more frequent with
vertebroplasty than kyphoplasty because of the less vis-
cous cement consistency required. In our experience, the
posterolateral approach for kyphoplasty does not appear
to be associated with a greater incidence of cement leak-
age.

Cement delivery is through a syringe filled with 2 to 3
mL of liquid PMMA cement attached to the cannulation
needle. As with kyphoplasty, VB fill is monitored radi-
ographically using the C-arm. Once cement has reached
the posterior aspect of the VB, injection is stopped. The
syringe is then removed, and the stylet is replaced into the
needle to avoid leaving a “tail” of cement. Vertebroplasty
can be performed unilaterally or bilaterally. Deramond et
al. (30) recommend performing a unilateral vertebro-
plasty first. If adequate fill of more than 50% of the VB
is achieved, this may be adequate. However, if less than
50% VB fill occurs, than contralateral augmentation is
recommended. Biomechanical studies comparing unilat-
eral versus bilateral cement injections have indicated
comparable restoration of strength and stiffness with both
methods (25). 

POSTOPERATIVE CARE

Kyphoplasty or vertebroplasty can be performed as a
same day procedure. Blood loss is minimal, and pain
relief is often apparent within 24 hours. If general anes-
thesia is used, an overnight stay might be considered in
these often older adult patients. Narcotic pain medication
is usually not necessary for more than 2 days postopera-
tively, after which pain can be managed with extra-
strength acetaminophen or nonsteroidal antiinflamma-
tory drugs (NSAIDs). Bracing is usually not
recommended. In most cases, some avoidance of heavy

FIG. 72-6. A, B: The cement is then pushed into the vertebral body under low pressure. In these lateral
radiographs, it can be seen that the body is filled anterior to posterior. This is facilitated by creation of
the bone void, which allows the surgeon essentially to “pour” the cement into the vertebra.
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lifting for a few weeks is helpful for pain control and to
avoid further fracture in patients who were forced to lead
a sedentary lifestyle because of the pain. Follow-up radi-
ographs should be obtained 1 month postprocedure, and
repeated as indicated by the clinical picture (Fig. 72-
7A–D). Radiographic follow-up may be considered for 1
year because of the propensity for subsequent fractures.

PROBLEMS AND COMPLICATIONS

The complication rate after kyphoplasty is very low. In
a recent multicenter study clinical complications
occurred in 1.2% of patients and 0.7% of fractures
(20,21). The most common technical complication is
cement leakage. This may occur in up to 8.6% of cases.
These are infrequently associated with clinical sequelae.
However, in both vertebroplasty and kyphoplasty neuro-
logic deficit has been observed secondary to cement
extrusion into the canal or neural foramina (21,31).

The most common clinical complication of vertebral
augmentation is transient pyrexia (30). This is most likely
from a mild systemic reaction to the cement. From avail-
able data, it appears to be more frequent after vertebro-
plasty than kyphoplasty. This may be related to the pres-
sure of injection. As with joint arthroplasty, cement
injection can also lead to mild intraoperative hypoten-
sion, though this has not been reported after kyphoplasty.
Anticoagulation, if used by the patient, should be delayed
for at least 4 days to avoid epidural hematoma formation.

Outcomes

Kyphoplasty

The senior author has had the opportunity to take part
in evaluating an ongoing collection of kyphoplasty cases
performed for osteoporotic VCFs. Early detailed evalua-
tion of over 375 procedures has been reported. The results

FIG. 72-7. A–D: Preoperative and postoperative radiographs after an L5 kyphoplasty. Note on the post-
operative lateral view that cement was inserted until it reached the posterior border of the vertebral
body. A small amount of cement entered the pedicle. This is a benign event and should not be consid-
ered extravasation. No extravasation into the spinal canal is seen. The small concentric holes noted on
the anteroposterior view are the voids where the working cannulae were in place. This can be avoided
by pulling the cannulae back to the pedicle-body junction during cement curing.
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are extremely encouraging. At up to 18 months’ follow-
up, over 90% of patients reported symptomatic relief and
functional improvement. Anterior and midline vertebral
height was restored to within 99% and 92% of predicted
dimensions, respectively. These results were highly con-
sistent between centers and technicians. Only four clinical
complications occurred. In one case, transient pyrexia was
associated with a brief episode of intraoperative hypoxia
after cement injection. We believe this was related to the
cement being in too liquid a state. The patient’s blood
pressure quickly rebounded with no further complica-
tions. In another case an epidural hematoma developed
after heparin anticoagulation had been initiated just 8
hours after the procedure. Anticoagulant administration
should be delayed for 4 days. Two patients sustained neu-
rologic complications. One developed an anterior cord
syndrome after a thoracic vertebra had been augmented
through an extrapedicular approach. In reexamining the
preoperative MRI, there was an unrecognized fracture at
the junction of the pedicle and VB, as the body was below
the pedicle. The other neurologic complication was a case
in which paraplegia resulted after cement extrusion into
the spinal canal. This was secondary to improper needle
placement with violation of the pedicle wall, and was not
related to the inflatable bone tamp itself. The patient had
paraparesis of the lower extremities, which responded
somewhat to emergent laminectomy and decompression
of the spinal cord. Deficits are most likely related to
mechanical compression of the neural structures as exper-
imental data has demonstrated little chance of thermal
damage with cement hardening. All three major compli-
cations occurred within the first 100 fractures treated.
These led to technique modifications. None have occurred
since then.

Vertebroplasty

Numerous clinical reports of the results of vertebro-
plasty have been published. Barr et al. (17) retrospec-
tively documented 95% marked or moderate pain relief in
38 patients treated for osteoporotic compression frac-
tures. In contrast, only 50% of cases treated for metasta-
tic lesions had substantial relief. The only neurologic
complication was a case of T3 radiculitis that resolved
with oral steroids.

In a similar retrospective analysis, Grados et al. (16)
reported pain relief in 24 of 25 patients 1 month after the
procedure. The authors used a percutaneous technique
under general or local anesthesia. Unfortunately, they did
not report immediate postprocedural pain relief, limiting
the distinction between vertebroplasty’s effects and even-
tual fracture healing. Two cases of transitory radiculitis
treated with NSAIDs resolved. Seven cases of cement
leakage into the disc space were noted on postoperative
radiographs. Asymptomatic cement embolism to the
lungs occurred in one patient. After an average of 48

months’ follow-up, 34 new vertebral fractures occurred in
13 patients. The risk of fracture adjacent to a previously
augmented level was higher than at other sites.

Heini et al. (18) performed percutaneous vertebro-
plasty under local anesthesia and sedation in 17 patients
with 45 fractures. All patients reported significant pain
relief at 1 day, 12 weeks, and 1 year after the procedure.
Two patients sustained an additional fracture. The
authors’ rate of cement extrusion was high, with five
cases of leakage into the paravertebral muscles, two cases
into the spinal canal, and one case into a segmental spinal
vein. However, no clinical complications were related to
cement extrusion.

In response to a case of permanent nerve root deficit
related to cement extrusion into the spinal canal, Wenger
and Markwalder (19) performed open vertebroplasty in
nine patients with osteoporotic compression fractures.
Posterior cement leakage was removed under direct visu-
alization in four cases. Interestingly, one fracture
extended into the posterior VB cortex, but no PMMA
leakage occurred. Internal fixation with pedicle screws
was used to reinforce correction of a patient with multi-
ple adjacent fractures. Pain relief was reported in all
patients. One patient developed subsequent fractures that
necessitated augmentation.

Other reported complications from vertebroplasty are
transitory fever, temporary worsening of fracture pain,
infection, and rib fracture (32–36). Spinal cord compres-
sion has been documented as well (31).

FUTURE DEVELOPMENTS

Kyphoplasty and vertebroplasty have been used pri-
marily for osteoporotic lumbar VCFs in older adult or
postmenopausal individuals. However, the future indica-
tions for these techniques may not be so limited. Tech-
niques of sealing off the posterior part of the VB may
facilitate augmentation of burst fractures with minimal
retropulsion. Also, it is probable that the indications can
be expanded to include compression fractures in younger
nonosteoporotic adults, particularly if other biore-
sorbable fillers are introduced. Further investigation is
warranted to study the in vitro effects of bone tamp infla-
tion on retropulsed bone fragments. Concern has been
raised about the balloon pushing the fragments posteri-
orly. However, with height reduction, ligamentotaxis
may in fact reduce these fragments. As vertebroplasty
has been successfully used in patients with destructive
neoplastic processes (37,38), kyphoplasty may find its
place in the treatment of collapsed, kyphotic metastatic
lesions in the spine (39). Clinical trials in selected
patients are an important next step to explore these
options. With the advantages of minimal invasiveness, it
is likely that kyphoplasty and vertebroplasty might have
substantial benefits over larger open surgical stabiliza-
tion procedures.
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Currently, PMMA cement has been the only material
used for vertebral augmentation. Although PMMA is bio-
compatible, it is not resorbable. Several biologic bone
cements have recently been developed and demonstrated
their usefulness in extremity fractures. It would be attrac-
tive to use such materials in the augmentation of VBs.
However, the biomechanical, biochemical, and clinical
effects of alternative bone cements in osteoporotic VCF
remains to be elucidated. An optimal material would be
both osteoinductive and osteoconductive, as well as
restore strength and stiffness to near normal values (40).
Additionally, the balloon tamp itself should be biocom-
patible and resorbable. This would further enhance safety
by allowing the balloon itself to be left in, as a barrier to
cement leakage.
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CHAPTER 73

Osteopenia: Vertebrectomy and Fusion

Manabu Ito and Kiyoshi Kaneda

Primary management aims in thoracolumbar osteo-
porotic-fragile vertebral fractures should be alleviation of
pain, early ambulation, preservation of the physiologic
spinal balance with stability, and prevention of late neu-
rologic complications. There has been a consensus that
low-energy osteoporotic compression fractures in the
thoracic and lumbar spine generally cause only localized
pain and kyphosis without significant neurologic compli-
cations; therefore, urgent surgery is rarely indicated.
Conservative treatment has been chosen for thoracolum-
bar compression fractures to relieve back pain. Usually
these fractures can be treated successfully with a corset or
hyperextension brace. Early ambulation and avoidance of
prolonged bed rest are important. Late onset of vertebral

collapse can occur in patients treated conservatively;
therefore, clinical and radiographic follow-up is manda-
tory. In this chapter, the pathology and surgical manage-
ment of osteoporotic and posttraumatic vertebral collapse
with increasing kyphosis with or without neurologic
complications are described.

LATE NEUROLOGIC COMPROMISE AFTER
OSTEOPOROTIC FRACTURES

Gradually increasing kyphosis and late complications of
the spinal cord or cauda equina can occur in some patients
with an osteoporotic-fragile fracture of the thoraco-lumbar
spine treated conservatively (Fig. 73-1). Taneichi et al.
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FIG. 73-1. A: This 88-year-old woman had a T12 compression fracture when she stumbled and fell.
B: One month later, the fractured vertebral body of T12 collapsed and its vertebral body height decreased.
C: Three months later, the T12 vertebral body completely collapsed and neurologic deficits occurred.
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reported that 36.6% of patients with osteoporotic vertebral
fractures showed progressive collapse of the fractured ver-
tebrae, 13.9% showed pseudarthrosis at the fracture, and
3.5% showed neurologic deficits (1). This devastating neu-
rologic compromise is brought about by anterior impinge-
ment of the neural tissues in the anterior spinal canal with
the retropulsed bony mass of the collapsed vertebra(e)
(2–8).

PATHOLOGIC FEATURES OF OSTEOPOROTIC
AND POSTTRAUMATIC VERTEBRAL
COLLAPSE

The cause of the delayed posttraumatic vertebral collapse
and the mechanism of the late neurologic sequela have not
been clarified completely, but it seems to be the secondary
bone ischemia associated with nonhealing fractures of the
vertebral trabeculae. Histology of the collapsed vertebral
bodies shows massive fibrous tissues or necrotic tissues
inside the collapsed vertebral bodies with minimal new
bone formation (Fig. 73-2). Massive fibrous tissue of the
fractured fragile trabeculae bring about disturbance of
blood supply in the vertebral body, resulting in bone ische-
mia or pseudarthrosis, which eventually leads to vertebral
collapse and neurologic compromise (9–11). 

RECONSTRUCTIVE SURGERY OF
OSTEOPOROTIC AND POSTTRAUMATIC
VERTEBRAL COLLAPSE

Patient Demographics

Between January 1987 and December 1996, 101
patients (23 men and 78 women) with osteoporotic or
posttraumatic vertebral collapse of the thoracic and lum-
bar spines were treated surgically in our department. The
average age at surgery was 68 years (range, 43 to 89
years).

Indications for surgery were devastating neurologic
compromise or increasingly unstable kyphosis at the frac-
ture site. Eighty-four (83%) of the 101 patients suffered
late devastating neurologic deficits, and the other 17
(17%) had severe back pain with increasing thoracolum-
bar kyphosis. The intervals between neurologic compro-
mise and fracture were 3 months in 43%, 3 to 6 months
in 22%, 6 to 12 months in 9%, and more than 1 year in
13%; the interval was unknown in 13%. The neurologic
symptoms in 84 patients were: lesion of the spinal cord in
51patients, the conus medullaris with the cauda equina in
10, the cauda equina in 22, and the nerve roots in one.
The causes of injuries were: a fall while walking in 43
patients, a fall from a chair onto the floor in 24, lifting a
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FIG. 73-2. Preoperative magnetic resonance image
and histologic findings in a 72-year-old woman. A: A
T2-weighted image shows an intravertebral cleft with
fluid collection (white arrow) inside the collapsed
body. Compression of the dural tube is not seen on
this image because the patient is lying on the table
in a supine position. Dural compression is present in
the upright sitting position. B: A histologic section of
the resected vertebral body. An arrow indicates
intravertebral cleft. A large portion of the collapsed
vertebral body is replaced by fibrous tissue. Arrow-
heads indicate the cartilaginous end plate of the col-
lapsed body. C: A synovium-like membrane covers
the surface of the fibrous tissue. This is a typical his-
tology of pseudarthrosis of the osteoporotic frac-
tured vertebral body.
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heavy weight in 11, and no history of trauma in 23. The
energy of trauma was thought to be low. Such low-energy
trauma would not have resulted in compression fracture
of the thoraco-lumbar spine in bone of normal quality
and strength. The levels of collapsed vertebra(e) were:
28% at T12, , 33% at L1, 14% at L2, 5% at L3, 5% at T12
and L1, 2% at L1-2, 2% at T11-12, and 11% at other lev-
els. Eighty of the 101 patients (79%) had osteoporotic
posttraumatic vertebral collapse at the thoracolumbar
junction of T12 and L1. The initial treatment was bracing
with or without bed rest and prescription of nonsteroidal
anti-inflammatory drugs in 75% of patients. The other
25% did not receive any treatment.

Surgical Procedures

The procedures used in the treatment of osteoporotic
and posttraumatic vertebral collapse of the thoracolum-
bar spine were anterior spinal canal decompression by
resection of the collapsed vertebra(e), correction of
kyphosis, and reconstruction of anterior column support
using a vertebral spacer and anterior instrumentation
(Kaneda-SR, Depuy Acromed Corp., Cleveland, OH)
(12–14). Surgical exposure of the thoracolumbar spine
was via the extrapleural and retroperitoneal approach
from the left side. Because osteoporotic and posttrau-
matic vertebral collapse usually occur below T11, expo-
sure of the surgical portion of the thoracolumbar spine
was achieved without thoracotomy (Fig. 73-3A). The
resection was conducted using sharp osteotomes, chisels,
curettes, and Kerrison rongeurs. The posterior longitudi-
nal ligament was left intact during anterior spinal canal
decompression to reduce bleeding from the epidural vein. 

Following anterior spinal canal decompression by
resection of the retropulsed bony mass compressing the
neural tissue, application of Kaneda-SR anterior instru-
mentation was started. At first, the vertebral staples were
placed properly and fixed with screws, as shown in figure
73-3. 

Within 3 to 5 days after surgery, patients were encour-
aged to start walking with Thoraco-Lumbar Spinal Ortho-
sis (TLSO). The brace was worn for about 6 months.

Surgical Results

Operating time was 228 minutes, blood loss was 588
mL, and postoperative follow-up period was 68 months
on the average (range, 3 to 147 months). Preoperatively,
84 (83%) of the 101 patients suffered from devastating
neurologic damage resulting from late posttraumatic ver-
tebral collapse. Eighty-two of 84 patients showed remark-
able neurologic recovery. Of 59 patients with preopera-
tive bladder-bowel disturbance, complete or incomplete
recovery occurred in 44 patients. Two patients who did
not show any neurologic recovery in motor function in
the lower extremities or the bladder-bowel function had
satisfactory pain relief with correction of increasing
kyphosis. These two patients kept their paralytic status
with increasing kyphosis for over 1 year without spinal
canal decompression. 

In terms of radiographic evaluation, stable fusion was
obtained in 77 (76%) of 101 patients treated by a single
anterior surgery. Twenty-two patients (22%) required pos-
terior reinforcement after anterior surgery because of their
low bone mineral density (BMD) and severe kyphosis
owing to vertebral collapse at multiple levels. Solid fusion
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FIG. 73-3. Surgical procedures. A: The extrapleural
retroperitoneal approach. The tenth or eleventh rib usually
is resected for the extrapleural retroperitoneal approach.
Retroperitoneal fat tissue can be seen after splitting the
costal cartilage. Abdominal muscles are divided after sep-
arating the retroperitoneal fat and peritoneal contents from
the anterior abdominal muscles.

(continued on next page)A



was not obtained in two patients who had postoperative
deep infection. Correction of kyphotic deformity was from
33.2° preoperatively to 16.6° postoperatively and 20.2° at
the survey. Overall, patients with single-level vertebral col-
lapse with more than 0.7 g/cm2 in BMD can be success-
fully treated by single anterior procedure consisting of cor-
pectomy, decompression, and reconstruction. 

Subsequent compression fractures at levels other than
the reconstructed site occurred in 37 patients during fol-
low-up. There was no fracture at the fused vertebrae
where the vertebral staple and screws were inserted. It
was not necessary to repair the subsequent compression
fractures at adjacent vertebral bodies except in two

patients with severe collagen diseases treated with long-
term steroid administration. 

Complications were pseudarthrosis in two patients
who had deep infection after surgery, dislodgement of the
hooks of posterior instrumentation in one, temporary
dementia in three, superficial infection in two, and uri-
nary tract infection in one. There were no major compli-
cations including neurologic, respiratory, and circulatory
complications. Death during follow-up occurred in 17
patients. Two died of pneumonia within 1 year postoper-
atively. Of the remaining 15 patients, four died within 1
to 2 years, six in 2 to 5 years, and five in over 5 years. The
deaths had no relation to the spinal surgery. 
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FIG. 73-3. (Continued) B: Placement of vertebral plates and screws. A vertebral plate is properly
placed at the lateral aspect of vertebral body. The spikes of a plate must be placed parallel to the inter-
vertebral space not penetrating into the disc spaces. Posterior vertebral screws must be inserted 10° to
15° anteriorly not to penetrate into the spinal canal. The screw tips must penetrate to the opposite cor-
tex to achieve bicortical screw purchase. The screw tip is blunt to avoid additional tissue damage.

FIG. 73-4. Case 1 represents a 74-year-old woman. The osteoporotic vertebral L1 collapse is shown.
A: Myelogram under forward flexion. Arrows indicate that the intravertebral cleft closes. B: Myelogram
under backward flexion. Arrows indicate that the cleft opens. C, D: X-ray films at 4 years postoperative.
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FIG. 73-3. (Continued) C: Placement of vertebral spacer. An autogenous rib graft and vertebral spacer
of proper length are inserted after correcting the regional kyphotic deformity using a spreader. An auto-
genous rib graft at both sides of the vertebral spacer and a chip bone graft taken from the rib or healthy
part of the vertebral body must be added. D: Completion of the Kaneda-SR system. Kaneda-SR instru-
mentation is completed by applying properly sized two-rod couplers.
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CASE REPORT

A 74-year-old woman suffered an L1 osteoporotic
compression fracture when she stumbled and fell. She
was treated conservatively with TLSO and nonsteroidal
anti-inflammatory drugs by her physician (Fig. 73-4). Six
months later, she suffered from a walking disturbance
caused by motor weakness in the lower extremities and
severe back pain. A functional lateral radiograph showed
an intravertebral cleft inside the L1, which opened under
backward flexion and closed under forward flexion (Fig.
73-4). Dural tube was compressed by the posterior wall of
the collapsed vertebral body. Anterior spinal decompres-
sion at L1 and stabilization from T12 to L2 using
Kaneda-SR, a titanium mesh cage, and an autogenous rib
graft were conducted. Four years after surgery, bony
fusion was complete and sagittal alignment of the thora-
columbar spine was acceptable (Fig. 73-4). 

DISCUSSION

In our series, vertebral collapse after osteoporotic com-
pression fracture of the thoracic and lumbar spine
occurred in 41% within 3 months and 63% within 6
months. Eleven percent occurred at more than 1 year after
fracture. The levels of vertebral collapse were concen-
trated at the T12 and L1 levels; therefore, osteoporotic
compression fractures, especially at T12 and L1, should
be followed-up carefully for at least 1 year after the ini-
tial fracture. Moreover, 23% of the patients in our series
could not recognize the incidence of trauma in the past. If
senile patients show neurologic deficits without cause,
doctors should consider this pathology as a possible
cause of neurologic impairment. 

Causes of late vertebral collapse after osteoporotic
compression fracture are unknown. From surgical find-
ings, the collapsed vertebra was ischemic and fragile, and
the resection of the collapsed vertebra could be con-
ducted easily because of reduced bleeding owing to avas-
cular necrosis of the collapsed body. Histologic study of
the resected collapsed vertebra revealed massive necrotic
or fibrous tissue, which might be the result of secondary
bone ischemia. The normal fracture healing process of
the osteoporotic trabeculae might be disturbed because of
the fragility of the osteoporotic bone. As a result, osteo-
porotic fractured trabeculae led to massive scar forma-
tion, which would have disturbed the blood circulation in
the vertebral body. 

There were several reports of posterior reconstruction
with instrumentation for treatment of this disease (15).
Posterior reconstruction procedures have the following
disadvantages: (a) indirect neural decompression; (b)
destruction of intact posterior elements; (c) difficulty in
reconstruction of anterior column support; and (d) pro-
longed levels of instrumentation. The pathology of the
devastating neural damage and progressively unstable

kyphosis is located in the anterior pillar of the spinal col-
umn. The neural lesion is brought about by impingement
of the neural tissue in the spinal canal by the retropulsed
bony mass. Therefore, anterior spinal canal decompres-
sion by resection of the retropulsed bony fragment and
the reconstruction of the stable anterior column support
are the most reasonable choices. This concept is sup-
ported in our series and satisfactory results have been
gained without severe complications even in very elderly
patients. 

Recently, vertebroplasty or kyphoplasty have been
used by surgeons for the treatment of osteoporotic com-
pression fractures (16). These procedures also have been
performed for patients with progressive osteoporotic ver-
tebral collapse of vertebral bodies. From the histologic
point of view, cement injection to the collapsed vertebral
bodies containing large fibrous or necrotic tissue may
interfere with the healing process of the fractured bodies.
Even though bioactive materials are injected, it is diffi-
cult to obtain biologic union by this technique because
the collapsed vertebral bodies are filled with fibrous tis-
sue and are severely ischemic. The efficacy of this new
procedure awaits conformation by long-term follow-up
studies. 

In conclusion, late devastating neurologic complica-
tions can be brought about by osteoporotic and posttrau-
matic vertebral collapse of the thoracolumbar spine. The
cause of this pathology is ischemic necrosis or pseud-
arthrosis of fractured vertebral bodies caused by sec-
ondary circulatory disturbance resulting from the forma-
tion of fibrous tissue around the fractured trabeculae. The
principle of treatment should be anterior spinal canal
decompression and reconstruction of the anterior spinal
column using anterior instrumentation and a vertebral
spacer. 
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CHAPTER 74

Inflammatory Spondyloarthropathies

Philippe Goupille and David Borenstein

The inflammatory spondyloarthropathies (IS) are a cluster
of interrelated chronic inflammatory rheumatic diseases
including ankylosing spondylitis (AS), enteropathic arthri-
tis (ulcerative colitis and Crohn disease), psoriatic arthritis
(PA), and reactive arthritis (ReA) (postenteric and post-
venereal arthritis) (Fig. 74-1). These disorders constitute a
homogeneous group of inflammatory arthritides character-
ized by axial (sacroiliac and spinal joints) and peripheral
enthesopathies, associated with peripheral arthritis and
extraarticular (ocular, mucocutaneous, and genital) abnor-
malities. These disorders share a familial aggregation and a
strong association with the HLA B27 antigen (1–4). 

These shared characteristics of IS facilitate the use of
international diagnostic validated criteria for inflamma-
tory arthropathies (Table 74-1) (5) and group the patho-
geneses of these disorders with the interaction between a
predisposing immunogenetic predisposition and various
environmental triggers (microorganisms). 

COMMON CHARACTERISTICS OF IS

IS have common epidemiologic and pathologic charac-
teristics. These are discussed in the following sections.

Age of Onset

The age of onset of IS is often at the end of the growth
period (i.e., between 16 and 30 years) (6,7). Detailed study
of chronic juvenile arthritis has recently shown that true IS
can occur in children. These forms of childhood onset occur
more frequently in certain regions: 10% to 15% of cases
occur before the age of 15 years in Europe, whereas the rate
is 30% in North African countries. Onset of certain forms
occasionally occurs much later (after 50 years).

Male Predominance

There is a predominance of IS in men but the disease
is not rare in women. The sex ratio depends on the type

of IS (Table 74-2). The forms in women, which have until
recently probably been confused with other types of
inflammatory rheumatism, have become more frequent.

Poorly Recognized Prevalence of
Spondyloarthropathies (Table 74-2)

The prevalence reports depend on several factors
such as the population studied, the diagnostic criteria
used, and the study method (7). The prevalence of IS is
in proportion to that of HLA B27 in all races. In black
and Asian populations, where the prevalence of HLA
B27 is lower than 2%, AS is much rarer than in Cau-
casian populations.

The prevalence of all types of IS is estimated at 0.5%
of the overall population, but three tendencies warrant
comment:

1. The prevalence of AS is increasing, especially be-
cause of greater awareness of childhood and female
forms and undifferentiated forms.

2. The prevalence of PA also appears to be increasing
because this condition is now better known.

3. The prevalence of true ReA is decreasing in Western
countries, probably because of changes in ecologic
bacteria and perhaps due to more frequent use of
antibiotics.

Entheses: Main Sites of Inflammatory Involvement

Entheses are formed from bony elements parallel to the
collagen of the tendon, which is anchored in the bone.
Between the bone and the tendon is a cartilaginous area,
the function of which is to absorb constraints in traction.

Onset of inflammation in IS is typically at the level of
the entheses. After an initial inflammatory phase
(osteitis), which is expressed as limited erosions of the
bone, there is a cicatricial process consisting of bone pro-
liferation and periosteal apposition forming entheso-
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phytes. In developed forms the bone proliferation results
in true bone fusion responsible for the ankylosing evolu-
tion of IS. This evolution explains the chronology of the
osteitis-periostosis-hyperostosis triad which is character-
istic of IS enthesopathies.

Explanation of the Radiographic Features Related to
Enthesopathy

All the osteoarticular structures, which are compo-
nents of entheses, may be involved.

The sacroiliac joints have only one very limited area of
synovium because they are mainly composed of fibrous
attachments. Sacroiliitis is therefore considered to be a
sacroiliac enthesopathy, thus explaining the frequently
observed ankylosis (Fig. 74-2).

The intervertebral disc consists of a fibrous annulus,
which is a true enthesis surrounding the nucleus pulpo-
sus. The annulus is inserted into the periphery of the ver-
tebral body and around the nucleus pulposus. The initial
lesions are peripheral enthesopathies expressed as ero-
sions of the anterior edge of the vertebra (Romanus sign),
with vertebral “squaring” (Fig. 74-3). Subsequent devel-
opment is then marked by the appearance of an entheso-
phyte known as a syndesmophyte. When there is enthe-
sopathy of the central fibers of the annulus the lesions

FIG. 74-1. Inflammatory spondyloarthropathies.

TABLE 74-1. European Spondyloarthropathy Study Group (ESSG) criteria

Main criteria Criteria

• Inflammatory spinal pain Inflammatory spinal pain
• History or present symptoms of spinal pain in back, dorsal or cervical region, with at 

least 4 of the following:
onset before age 45
insidious onset
improved by exercise
associated with morning stiffness
at least 3 mo duration

• Synovitis Synovitis
• Past or present asymmetric arthritis or arthritis predominantly in the lower limbs

Secondary criteria

• Family history Family history
• Presence in first-degree or second-degree relatives of any of the following: ankylosing 

spondylitis, psoriasis, acute uveitis, reactive arthritis, and inflammatory bowel disease
• Psoriasis Psoriasis

• Past or present psoriasis diagnosed by a physician
• Inflammatory bowel disease Inflammatory bowel disease

• Past or present Crohn disease or ulcerative colitis diagnosed by a physician and 
confirmed by radiographic examination or endoscopy

• Alternative buttock pain Alternative buttock pain
• Past or present pain alternating between the right and left gluteal regions

• Enthesopathy Enthesopathy
• Past or present spontaneous pain or tenderness at examination of the site of the 

insertion of the Achilles tendon or plantar fascia
• Acute diarrhea Acute diarrhea

• Episode of diarrhea occurring within 1 mo before arthritis
• Urethritis Urethritis

• Nongonococcal urethritis or cervicitis occurring within 1 mo before arthritis
• Sacroiliitis Sacroiliitis

• Bilateral grade 2–4 or unilateral grade 3–4, according to the following radiographic 
grading system: 0 = normal, 1 = possible, 2 = minimal, 3 = moderate, 4 = ankylosis

From Dougados M, van der Linden S, Juhlin R, et al. The European Spondylarthropathy Study Group
preliminary criteria for the classification of spondylarthropathy. Arthritis Rheum 1991;34:1218–1227,
with permission.
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seen radiographically can look like “pseudoptotic”
spondylodiscitis. In certain advanced forms the bone
fusion of the vertebral structures gives the typical “bam-
boo” appearance (Fig. 74-4).

All the other peripheral entheses can be involved. The
most characteristic localizations are the calcaneum, the
clavicular joints (acromiocostoclavicular and sternocos-
toclavicular), the symphysis pubis, and the distal inter-
phalangeal joints. The example of the distal interpha-
langeal joints is very particular because the last phalanx
is a complex enthesis system, characterized by a network
of conjunctive tissue linking the last phalanx to the nail
and the skin. Its characteristic involvement in PA may be
expressed as true distal osteitis (sometimes without

arthritis) associated with psoriatic onychosis and known
as psoriatic onychopachydermoperiostitis (8–10).

Polymorphonuclear Neutrophils at the Origin of
Inflammation in IS 

The inflammatory synovial infiltrate in most inflam-
matory arthropathies, as in ReA, is made up of
macrophages and lymphocytes. However, polymor-
phonuclear neutrophils (PMNs) predominate in the artic-
ular infiltrate (enthesis and synovium) in IS. This excess
of PMNs is also present at the extra-articular sites such as
cutaneous lesions in psoriasis and digestive lesions in
enteropathies. These findings do not exclude the possi-

TABLE 74-2. Prevalence, association with HLA B27 and sex ratios of the different types of spondyloarthropathies

Prevalence 
Spondyloarthropathies (Caucasian population)a Association HLA B27 Relative riskb Sex ratio men:women

Ankylosing spondylitis 0.2%–0.5% 90%–95% 90 2–3:1
Reactive arthritis 0.1% 60%–80% 35 2–6:1 for genitourinary origin

1:1 for gastrointestinal origin
Psoriatic arthritis 0.1% 40%–70% 10 1:1
Enteropathic arthritis 0.01% 30%–60% 10 1:1

aPrevalence of HLA B27 is 7%–10% in Caucasian population.
bThe relative risk estimates the probability of occurrence of spondyloarthropathy in HLA B27 carriers in

Caucasian population.

FIG. 74-2. A 45-year-old man with 10 years of inflammatory bowel disease and 5 years of low back stiff-
ness and pain. Anteroposterior roentgenographic view of the pelvis reveals bilateral erosions and joint
space widening (black arrows).
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bility that the initial lesion might be lymphocytic, as
demonstrated in the experimental models of IS (11,12). 

Effectiveness of Nonsteroidal Antiinflammatory
Drugs (NSAIDs)

The beneficial effects of NSAIDs can be dramatic, and
this is a significant diagnostic criterion, but in certain
forms of IS, NSAIDs may be only moderately or hardly
effective, without changing the diagnosis.

Pathophysiology: Example of ReA

ReA is characterized by the interaction between a
genetic predisposition and arthritogenic microorganisms
(13–15).

Animal models of IS have contributed significantly to
the existing understanding of the pathogenesis of IS. B27
transgenic rats, created by introducing copies of HLA
B27 genes and β-2 microglobulin into the murine genome,
develop a condition close to IS, with peripheral arthritis,
colitis, genital inflammation, and skin and ungual abnor-
malities (11,12). It is interesting to note that if the new-
born rats are raised in a germ-free environment they
develop only a combination of the skin and genital signs,
without arthritis or colitis. These findings confirm the
need for an interaction between genetic predisposition
and microorganisms to explain the occurrence of articu-
lar signs.

Role of Arthritogenic Microorganisms in ReA

ReA is defined as aseptic arthritis developing in the
weeks following an extra-articular infection (genitouri-
nary or gastrointestinal). This generally accepted concept
enlarges the more restrictive concept of Fiessinger-Leroy-
Reiter syndrome, of which the typical oculourethrosyn-
ovial form has become rare. The classic arthritogenic
bacteria are urogenital in 50% of cases of ReA, and gas-
trointestinal in 50%. The percentages vary according to
region. Other bacteria have been causally linked, but
without certainty (Table 74-3).

The risks of ReA evaluated by clinical experience
show that 0.5% to 3% of the general population and 10%
to 20% of HLA B27 patients develop ReA after non-
gonococcal urethritis (mainly Chlamydia trachomatis and
Ureaplasma urealyticum). Similar figures have been
recorded after gastrointestinal infections with arthrito-
genic enterobacteria.

FIG. 74-3. Same patient as shown in Figure 74-1. A lateral
roentgenographic view of the lumbar spine with squaring of
the vertebral bodies (white arrows).

FIG. 74-4. A 55-year-old patient with ankylos-
ing spondylitis with bilateral sacroiliitis (large
black arrows), bamboo spine (syndesmo-
phytes) (small black arrows), and interspinous
ligament calcification (open black arrow).
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An important step in recent years has been the discov-
ery of bacterial genomes (DNA and sometimes RNA) of
Chlamydia in synovial samples from ReA using poly-
merase chain reaction (16–19). These results reinforce
older studies that had already shown the existence of
cytoplasmic inclusions of bacterial appearance (20). 

However, for the moment questions remain unan-
swered, including:

• How do these bacteria persist in the articular cavity and
escape from the immune system of the host?

• How can these bacteria cause arthritis?

An analysis of the microbiologic and immunologic
data suggests the existence of two forms of ReA.

ReA of Chronic Infectious Arthritis Type

Certain forms of ReA could represent authentic
chronic infectious arthritis caused by slow-growing
organisms which are very difficult to cultivate and hence
impossible to identify by the usual microbiologic meth-
ods. This hypothesis would appear to hold for Chlamydia,
Mycoplasma, and Borrelia although not for enterobacte-
ria. These microbes have an attenuated virulence, unlike
those responsible for septic arthritis. Such forms of ReA
are thus related to a “slow” intrasynovial infection, a con-
dition also called “slow infectious arthritis” or “infectious
ReA” (21). 

ReA of Infection-Triggered Aseptic Arthritis Type

Some forms of ReA are probably aseptic and, if so, it
is the persistence of bacterial antigens that could explain
the appearance of an inflammatory reaction in the syn-
ovium. This hypothesis applies above all to enterobacte-
ria (Yersinia, Salmonella, etc.). This type of arthritis, trig-
gered by bacterial antigens in the absence of any viable
intra-articular microbe, may be called “infection-trig-
gered ReA.”

What is the Role of HLA B27?

HLA B27 is certainly involved in the pathogenesis of
IS because the prevalence of IS is proportional to that of
HLA B27 for all ethnic groups and all forms of IS are
associated, to varying degrees, with HLA B27.

HLA B27 is thus a genetic factor predisposing to IS,
but those are only triggered by environmental factors,
most commonly bacterial. With this hypothesis, HLA
B27 may have different roles (22–24), including:

• HLA B27 may serve as a presentation molecule for
bacterial arthritogenic peptides (traditional theory cur-
rently highly disputed).

• HLA B27 has molecular similarities to certain bacter-
ial proteins (Yersinia pseudotuberculosis and Shigella
sonnei). Because of these similarities, HLA B27 might
become a target “by homology” for the host immune
system.

• All bacteria do not have the same arthritogenic potential.
As an example, certain strains of Shigella flexneri contain
a plasmid with a gene coding for a peptide sequence
homologous to the HLA B27 molecule, which could con-
fer particular arthritogenic properties (25). 

• Moreover, in some genetically predisposed individuals,
HLA B27 would appear to lack the capacity to elimi-
nate infected macrophages normally, thus facilitating
the intra-articular persistence of the microbe.

• Arthritogenic bacteria like Yersinia or Salmonella are
capable of modulating the function and structure of
HLA B27 molecules. Affected HLA B27 molecules
expressed specifically by infected cells might then
serve as targets for the host immune system.

Despite these arguments it is possible that IS are not
directly related to HLA B27, because 10% to 50% of IS are
not HLA B27–related. The prevalence of AS is 1% to 3%
in the B27 Caucasian population, but it is 20% if B27 sub-
jects are related to a patient with AS. These figures suggest
a familial predisposition independent of HLA B27. 

TABLE 74-3. Arthritogenic bacteria implicated in reactive arthritis

Urogenitary tract Gastrointestinal tract Other

Definite role Chlamydia trachomatis Shigella flexneri
Ureaplasma urealyticum Salmonella enteritidis

Salmonella typhimurium
Yersinia enterolitica
Yersinia pseudotuberculosis
Campylobacter jejuni

Possible role Neisseria gonorrhoeae Shigella sonnei Chlamydia pneumoniae
Clostridium difficile Chlamydia psittaci
Leptospira icterohaemorrhagiae Mycobacterium bovis
Escherichia coli Borrelia burgdorferi
Giardia lamblia Streptococcus
Cryptosporidia Staphylococcus aureus
Entamoeba histolytica Propionibacterium acnes
Taenia saginata



Typical Evolution of Spondyloarthropathies

The evolution of IS has three characteristics:

1. Frequent spontaneous remissions occur in all types
of IS, even in AS. This outcome is particularly char-
acteristic of ReA, in which the first outbreak is usu-
ally followed after 1 to 6 months by complete remis-
sion. However, the condition recurs in nearly 60% of
patients in 2 years, often in the same way.

2. All cases of IS can evolve toward a pattern of chronic
AS. For example, 10% to 15% of patients develop an
axial pattern 10 years after onset, similar to AS. The
percentage reaches 25% to 40% after 15 years.

3. Transition from one form to another or the simulta-
neous occurrence of more than one IS is possible in
the same patient. For example, the course of appar-
ently primary AS may include episodes of ReA and,
a few years later, the occurrence of true PA. These
interrelationships with the different forms of IS illus-
trate the validity of this concept.

SPONDYLOARTHROPATHIES: DIAGNOSTIC
PROCESS

A three-stage diagnostic process requires competent
knowledge of the clinical characteristics and physio-
pathology of IS:

1. Evoke the diagnosis of IS by investigating a charac-
teristic sign or symptom 

2. Confirm the diagnosis of IS by eliminating other
types of inflammatory arthritides and by investigat-
ing with other diagnostic procedures (Table 74-1)

3. Characterize the type of IS (Fig. 74-1).

Aims of the Clinical Interview

Aims of the clinical interview are:

• to investigate any familial aspect of IS as far as parents
and grandparents 

• to investigate any personal history of enthesopathy or
articular involvement 

• to investigate any recent or previous extra-articular con-
dition such as psoriasis, acne, pustulosis, enteropathy,
genitourinary or gastrointestinal infection, or ocular
involvement. In some cases the presence of signs in par-
ents and grandparents may also suggest the diagnosis.

Clinical Examination

Pelvic/Spinal Syndrome

Pelvic and spinal symptoms are mainly explained by
axial enthesopathy which may involve the pelvis, spine,
and anterior chest wall. Inflammatory back pain is mainly
lumbar and dorsolumbar. The inflammatory nature is not

always easy to confirm but it is probable if at least four of
the following five characteristics are present:

• onset before the age of 40 years
• insidious onset
• evolution for over 3 months
• morning stiffness
• stiffness improved by exercise.

One feature of such back pain is that it can be easily
controlled by NSAIDs. The other symptoms (limited
mobility, deformation) occur later and do not contribute
to early diagnosis.

Pain in the buttocks is a manifestation of sacroiliitis.
This is usually bilateral but initially may be unilateral.
The inflammatory pain occurs in the upper part of the
thigh(s) and may radiate to the knees and occasionally to
the calves. Clinical examination is difficult because few
maneuvers are specific, especially when the patient has
back pain. Pain reproduced on direct palpation is one of
the best clinical signs.

Anterior (sternocostoclavicular and chondrosternal)
and posterior thoracic pain (costovertebral) are very spe-
cific. Anterior lesions can be manifested by a true inflam-
matory tumefaction of the anterior chest wall.

Peripheral Enthesopathy

Retrocalcaneal and subcalcaneal inflammatory talalgia
always suggests the diagnosis of IS in young patients. The
inflammatory nature of this condition is usually
expressed by pain on walking when arising from bed.

Other types of enthesopathy involving the anterior tibial
tuberosity, the greater trochanter, and the pubic bone are
expressed by characteristic inflammatory pain which
should not be confused with microtraumatic tendinopathy.

Peripheral Articular Syndrome

The typical pattern is of oligoarthritis of the lower
limbs, particular involving the knees and ankles. This
oligoarthritis can occur in all types of IS, but it is very
characteristic of ReA. It can occasionally be monoarticu-
lar or polyarticular. The polyarticular forms must not be
confused with rheumatoid arthritis. Attention should be
paid to two particular areas:

• Coxofemoral involvement (coxitis) is a sign of severity
of IS. It is quite frequent in IS (20% to 40% of cases),
especially in AS, and occurs approximately in the first
5 years in the course of the disease. 

• “Sausage-shaped” toes and fingers (dactylitis) are
characterized by an inflammatory erythematous, viola-
ceous tumefaction that occurs particularly in ReA and
PA. This very specific feature is generally rare, occur-
ring in only 5% to 10% of cases of ReA secondary to
Chlamydia trachomatis.
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These peripheral forms are related to synovitis, which
is often nonspecific. Sometimes the histologic features
are more characteristic, with intense vascular hyperplasia
and perivascular inflammation, but without significant
necrosis or synovial hyperplasia. In practice, synovial
histology is not of diagnostic value.

Extra-articular Manifestations

General Symptoms

Asthenia, weight loss, and fever are rare but may occur
in acute ReA, particularly in forms following dysentery. 

Uveitis

Uveitis is the most common extra-articular sign and
takes the form of anterior uveitis expressed as red and
painful eyes. The prevalence varies according to the form
of IS. In AS it occurs in 30% of cases and may be an ini-
tial symptom in 2% to 5% of patients. The condition usu-
ally recovers without sequelae.

Other Extra-articular Manifestations

Various other extra-articular manifestations can occur,
characteristic of each form of IS, sometimes successively
and sometimes simultaneously in the same patient.

Cutaneous psoriasis, which occurs in PA, is often min-
imal and typically involves the scalp and body folds.
Ungual involvement is very specific. Sometimes such
lesions are only discovered on questioning, thus making
definitive diagnosis difficult.

The gastrointestinal lesions of Crohn disease and
ulcerative colitis often precede articular involvement.
Occasionally the gastrointestinal involvement may be
preceded, or sometimes revealed, by features of IS. In
such cases the gastrointestinal signs are only detected on
questioning. In practice, in the absence of any gastroin-
testinal signs, systematic gastrointestinal investigations
(endoscopy) are not necessary, but it is interesting that
systematic colonoscopies have shown inflammatory ileal
lesions in more than 50% of cases of AS and ReA. 

There are two types of extra-articular signs in ReA:

1. Signs of genitourinary (urethritis, prostatitis, salpin-
gitis, cervicitis) or gastrointestinal infection (gas-
troenteritis) that precede onset of articular manifesta-
tions by 4 to 6 weeks. This entry route may pass
unnoticed in more than half of cases, especially when
it is an infection of the female genitalia.

2. Certain oculocutaneomucosal signs may mark the
onset of ReA. These include: (a) common conjunc-
tivitis, often bilateral; (b) mucosal lesions such as
balanitis (20% of cases), which may be accompa-
nied by macules or erosions on the scrotum, disap-
pearing without sequelae; (c) lesions of the oral

mucosa such as painless erythematous plaques; 
(d) papules or pustules, most often palmoplantar,
which form hyperkeratosis which is sometimes dif-
ficult to differentiate from psoriasis (keratodermia
blennorrhagica).

Other Visceral Complications of Spondyloarthropathies

Cardiac symptoms occur (valvular disease, myocardi-
tis, and occasionally pericarditis), especially in AS and
ReA. These conditions are rare (fewer than 5% of
patients). Pulmonary involvement (upper lobe fibrosis)
occurs almost exclusively with AS. Amyloid renal
involvement occurs in 0.5% to 1% of cases of AS.
Immunoglobulin A (IgA) nephropathy has sometimes
been reported in AS. Neurologic involvement related to
atlanto-axial subluxation occurs in 1% to 2% of cases.
Aseptic arachnoiditis has also been reported, sometimes
complicated by cauda equina syndrome characterized by
an enlargement of the dural sac. Osteoporosis has been
reported in advanced forms of AS, sometimes revealed by
vertebral fractures. 

VALUE OF DIAGNOSTIC METHODS

Value of Standard Blood Tests

Inflammatory syndrome is found in 60% to 80% of
patients but the erythrocyte sedimentation rate (ESR) is
often lower than 50 mm in the first hour, and cross-
reacting protein (CRP) lower than 60 mg/L. A more
intense inflammatory syndrome is more frequently
observed in certain peripheral forms, particular in ReA
of gastrointestinal or enteropathic origin, and in certain
types of PA. On the other hand inflammatory syndrome
may be very slight or absent in purely axial forms.
When elevated ESR and CRP are present, the biologic
signs overall indicate progression of IS.

Is Immunologic Monitoring Necessary?

Immunologic monitoring is of limited value but inves-
tigation of autoantibodies makes it possible to eliminate
certain entities included in the differential diagnosis. In
particular, it eliminates autoimmune diseases associated
with peripheral articular signs (antinuclear antibodies),
and particularly early RA (rheumatoid factors and anti-
keratin). The only antibodies found in IS are rheumatoid
factors, which are found in 5% to 10% of cases of AS and
ReA and in 10% to 20% of cases of PA.

Is It Necessary to Biopsy the Synovium?

The synovial fluid and membrane do not contribute to
the diagnosis of IS. However, the analysis of synovial fluid
may eliminate infectious or microcrystalline arthritis.
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Does an Infectious Workup Have Practical
Implications?

Such a workup is only justified in ReA and undiffer-
entiated IS. It has been demonstrated that there is
Chlamydia trachomatis or Ureaplasma urealyticum
infection in almost 30% of cases of undifferentiated
oligoarthritis. In such cases there is a pathogenic value of
identifying bacterial agents and there are therapeutic
implications.

Investigation of genitourinary infection is justified,
although extra-articular bacteria are rare once the articu-
lar symptoms have appeared. We currently recommend
investigating the DNA of Chlamydia trachomatis in the
first urine samples of the day in men and women and on
cervical smears. This technique is more specific (about
100%) and more sensitive (about 80%) than classic
methods. It also avoids the trauma of obtaining a urethral
sample.

Stool samples are usually valueless in postdysentery
forms because there are no pathogenetic bacteria in stools
when the articular signs appear.

The practical value of routine bacteriologic studies of
intra-articular samples has not been demonstrated. 

Serologic investigations only occasionally provide
diagnostic certainty because the presence of antibodies
may simply be serologic cicatrization of a previous infec-
tion. In practice, only serologic studies are of value for
Chlamydia trachomatis. 

Value of Investigating HLA B27

Investigation of HLA B27 is only justified in early or
atypical forms of IS. Discovery of HLA B27 must always
be interpreted with caution in this context because 7% to
10% of the Caucasian population has at least one HLA
B27 allele.

Value of Ophthalmologic Examination

Systematic examination for uveitis is warranted in
childhood forms of IS with HLA B27. 

Value of Radiographic Examination

Radiographic examination of typical sites can be per-
formed (sacroiliac, dorsolumbar, and calcaneal articula-
tions), even when there is no pain, because in some cases
onset of lesions can be asymptomatic (26). Certain pit-
falls can be avoided:

Enthesopathy should not be confused with growth-
related epiphysitis in childhood forms. It should be
noted that sacroiliac X-rays cannot be interpreted in
children and adolescents because of physiologic
pseudo-enlargement and irregularity. In adults,
sacroiliitis can be confused with sacroiliac osteoarthri-
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tis or osteitis condensans ilii. Axial involvement must
be distinguished from benign degenerative lesions
(osteophytes) or from diffuse idiopathic skeletal hyper-
ostosis (DISH) (Table 74-4).

Computed tomography scan is particularly valuable for
the exploration of sacroiliac joints (axial slices) and tho-
racic and spinal involvement (cervicooccipital region).
Scanning of the sacroiliac joint is warranted only if stan-
dard X-ray is not sufficiently clear or if there are doubts
about the diagnosis (27).

Bone scintigraphy with technetium 99-labeled bispho-
sphonates is of limited value for early sacroiliitis because
tracer uptake is usually bilateral and weak. Scintigraphy
might be of greater value in the detection of peripheral
enthesopathy. It can possibly be used in early atypical
forms without objective radiographic evidence, or to
investigate osteoarticular complications (fractures, fis-
sures).

Magnetic resonance imaging currently has no practical
value, but it might in the future facilitate the early diag-
nosis of axial and peripheral enthesopathies and make
possible more precise exploration of neurologic compli-
cations (28,29).

PRACTICAL MONITORING OF CASES OF
SPONDYLOARTHROPATHY

The routine aims in monitoring IS are to evaluate the
evolution of the disease subjectively and objectively and
to investigate extra-articular complications, particularly
uveitis.

Evaluation of Symptoms

Symptoms can be evaluated by overall estimation of
the pain, stiffness, and asthenia. Various indices have
been validated but one of the easiest to use is the Bath
Ankylosing Spondylitis Disease Activity Index (BAS-

TABLE 74-4. Differential diagnoses of
spondyloarthropathies according to clinical or radiographic

type of pelvic/spinal involvement

Unilateral sacroiliac Infectious sacroiliitis
involvement • pyogenic infection

• tuberculosis
• brucellosis
Paget disease
Tumor

Bilateral sacroiliac Osteitis condensans ilii
involvement Sacroiliac osteoarthritis

Variant of normal “pseudoerosion”
Spinal involvement Scheuerman disease

Diffuse idiopathic skeletal 
hyperostosis

Infectious or microcrystalline 
(chondrocalcinosis) 
spondylodiscitis
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DAI) (Table 74-5) that provides a practical and rapid esti-
mate of a patient’s functional abilities (30).

Objective Evaluation of Osteoarticular Involvement

This is based on study of mobility by various simple
measurements that assess spinal damage (Schober test,
fingertips-floor and occiput-wall distances) and thoracic
involvement (chest expansion). Loss of height (due to
kyphosis) and number of enthesopathies and sites of
arthritis may also be included.

Blood Tests

Blood tests are of lesser value in the surveillance of IS
because there is no absolute correlation between clinical
evolution and increased levels of inflammatory proteins.

Investigation of Extra-articular Complications

The only extra-articular complication that must be sys-
tematically sought is uveitis. It is also necessary to be
aware of the risk of valvular disorders.

SPECIFIC CLINICAL FEATURES

ReA

ReA is mainly manifested by peripheral articular signs
(oligoarthritis of the lower limbs), sometimes associated

with extra-articular signs. “Sausage-shaped” fingers or
toes are characteristic signs but do not always occur. In
10% to 30% of cases, the evolution of the disease occurs
in an axial form on average 6 years after onset. Axial
involvement is comparable to that of other forms of IS,
although it is often less severe, more diffuse (cervical),
and of asymmetric onset (unilateral sacroiliitis).

Psoriatic Arthritis (See Chapter 75)

Articular Manifestations of Inflammatory
Enteropathy (Crohn Disease, Ulcerative Colitis)

In 10% to 30% of patients, the complications of these
forms of enteropathy are peripheral arthritis usually
involving the lower limbs (enteropathic rheumatism).
These forms of arthritis usually develop in parallel with
the gastrointestinal condition. The chronic forms, which
are occasionally destructive (coxitis), sometimes occur
with Crohn disease. In 5% to 15% of cases, such entero-
pathy is associated with axial involvement, which in more
than one-third of cases may precede the onset of gas-
trointestinal symptoms, sometimes by several years. This
form of IS, which evolves independently of the gastroin-
testinal disorder, often appears to be less severe and more
often asymmetric (unilateral sacroiliitis). 

Undifferentiated Spondyloarthropathies

Certain forms are characterized by oligoarthritis and
enthesopathy of the lower limbs and are difficult to clas-
sify in the absence of axial symptoms and specific extra-
articular manifestations. It is the clinical and immuno-
genetic characteristics (HLA B27 and history of familial
IS) that place them in the nosologic group of IS.

OTHER FORMS OF
SPONDYLOARTHROPATHIES

SAPHO Concept

The acronym SAPHO stands for synovitis, acne, pustu-
losis, hyperostosis, and osteitis. Certain dermatologic con-
ditions (acne conglobata and fulminans, Verneuil disease,
palmoplantar pustulosis) may have osteoarticular compli-
cations in the form of oligoarthritis or hyperostosis (usu-
ally sternocostoclavicular) or osteitis (31). Recurrent iso-
lated multifocal osteitis and primary hyperostosis (Köhler
disease) probably also belong to the SAPHO syndrome.
Study of this group of conditions has shown that in 30% of
cases there is sacroiliitis (unilateral in 50% of cases) and an
association with HLA B27 in 20% to 35% of cases. It has
been reported that inflammatory enteropathy occurs during
the course of the disease. All of the characteristics indicate
that SAPHO is a form of IS.

TABLE 74-5. The Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI)

Please place a markera on each line below to indicate your
answer to each question, relating to the past week.
1. How would you describe the overall level of

fatigue/tiredness you have experienced?
2. How would you describe the overall level of ankylosing

spondylitis neck, back, or hip pain you have had?
3. How would you describe the overall level of pain/swelling

in joints other than neck, back, or hip you have had?
4. How would you describe the overall level of discomfort

you have had from any areas tender to touch or
pressure?

5. How would you describe the overall level of morning
stiffness you have had from the time you wake up?

6. How long does your morning stiffness last from the time
you wake up?

aThe patient places a marker on a 10 cm horizontal visual
analog scale (VAS) for each question. Each VAS is scored
from 0 to 10. The mean of the two scores relating to morning
stiffness is taken, providing an aggregate score. The result-
ing 0–50 score for the overall index is converted to a 0–10
scale. The final BASDAI score has a range of 0–10.

From Garrett S, Jenkinson T, Kennedy G, et al. A new
approach to defining disease status in ankylosing spondyli-
tis: The Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI). J Rheumatol 1994;21:2286–2291, with permis-
sion.



THERAPEUTIC PRINCIPLES

The treatment of IS is based mainly on drugs, particu-
larly NSAIDs, and rehabilitation.

NSAIDs

NSAIDs are the basic treatment of IS. Several NSAIDs
have been reported to be similarly effective for pain and
joint mobility. It is impossible in practice to predict the
most effective and best tolerated NSAID for an individ-
ual patient. It is necessary therefore to try a succession of
NSAIDs, while explaining this to the patient. The initial
dose prescribed is often the maximum, which will then be
adapted to the course of the disease. NSAID treatment
must be long term, as long as pain and stiffness persist.
The prolonged treatment is of symptomatic value but it
can also prevent bony ankylosis.

Analgesics

Analgesics are of value when NSAIDs are ineffective
or not tolerated. All class I and II analgesics (World
Health Organization classification) can be used effec-
tively in combination with NSAIDs.

Disease Modifying Anti-Rheumatic Drugs
(DMARDs)

Many of the DMARDs used in RA have also been used
in IS. Among these are antipaladin drugs, gold salts, D-
penicillamine, levamisole, sulfasalazine, methotrexate,
and azathioprine. However, the efficacy is only demon-
strated for peripheral IS.

Antitumor Necrosis α-Therapy (See Chapter 76)

Rehabilitation, Physiotherapy, and Rules Regarding
Healthy Lifestyle

Functional rehabilitation is essential in the treatment of
IS, although few studies have evaluated the real value of
such measures. However, the success of rehabilitation
depends largely on the motivation of the patient and the
physiotherapist.

During painful phases it is necessary to use analgesics
and to avoid deformation by rest and passive techniques
such as positioning, analgesic physiotherapy, muscle-
relaxing massage. Enthesopathy can be improved by
cryotherapy and ionization. Wearing heel cushions is par-
ticularly valuable for talalgia. Corsets are prescribed in
severe forms for posture and stabilization. Molded plas-
tic antikyphosis corsets are sometimes used but they are
often poorly tolerated. 
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During pain-free phases it is necessary to reestablish
mobility and good axial and peripheral musculature using
medical gymnastics and appropriate activities. Sports that
encourage appropriate postures and balanced stretching
of the spine are beneficial. Swimming, water games, and
cross-country skiing are recommended. Running on soft
ground, with appropriate shoes, can be recommended
because maintained effort improves breathing capacity by
developing mobility of the rib cage, and is beneficial for
reducing the risk of osteoporosis.

Rehabilitation must be combined with healthy
lifestyle, thus necessitating education and motivation of
the patient (Table 74-6).

Local Treatment

Local treatment is particularly valuable in localized
and resistant forms of arthritis.

Local Corticosteroids

The main indication for local treatment with cortico-
steroids is in peripheral arthritis, particularly the large
joints (hips, knees, ankles). Intraarticular injection of the
sacroiliac joints performed with radiographic visualiza-
tion can be very beneficial (32). Enthesopathies some-
times benefit from topical corticosteroids, but injection
of corticosteroids in contact with the tendon must be
avoided because of the risk of secondary rupture (espe-
cially of patellar and Achilles tendons).

Synoviorthosis

Isotopic and osmic acid synoviorthosis are particularly
valuable in involvement of large joints. They are much

TABLE 74-6. Healthy lifestyle advice for patients with
spondyloarthropathies

Recommended Not recommended

Firm mattress, low pillow Carrying heavy loads
Alternating prone and Lying on side

supine lying positions
Sports activities Martial sports

(i.e., swimming)
Low-pain movement Prolonged sitting or standing

of affected joints
Positions and exercises Excess body weight

several times a day
Smoking

Exercises at home

The following exercises should be performed several times 
a day:

stretching of all muscles of lower limbs
spine stretching
improvement of lordosis and spine mobility
stretching of anterior chest wall and pectoral muscles
breathing exercises.



longer acting than corticosteroids and such treatment,
which may be repeated, often makes it possible to delay
prosthetic surgery.

Surgery

Early surgical synovectomy has not been shown to be
particularly valuable, as in RA. It involves mainly surgi-
cal replacement (prosthesis) of the hip and knee. Correc-
tive spinal surgery is the exception. It can only be envis-
aged where there is disabling kyphosis to improve
walking or vision (inability to raise head).

Treatment and Prevention of Extra-articular
Complications

The main complication is uveitis, which requires
urgent treatment with topical corticosteroids that are
readily absorbed by the cornea. This is combined with
collyrium to dilate the pupil and avoid the development of
synechiae. When the uveitis is generalized and resistant
to topical treatment, subconjunctival injections and some-
times short courses of systemic corticosteroids can be
used. 

Other complications (neurologic, cardiac, etc.) occa-
sionally warrant surgical treatment. 

SPECIFIC THERAPEUTIC PRINCIPLES

ReA

Should Antibiotics Be Prescribed?

Altogether, clinical and experimental data exist to indi-
cate that if antibacterial treatment of ReA can be started
very early during the pathogenetic process, the disease
can be prevented or the prognosis improved. In fully
developed ReA, the value of antibacterial agents is less
certain. All available evidence indicates that short-term
conventional antibacterial treatment has no effect on the
prognosis and final outcome of ReA, whereas prolonged
(3-month) treatment with tetracycline shortens the dura-
tion of arthritis when triggered by Chlamydia trachoma-
tis. Such treatment however has not proved effective in
enteroarthritis (33,34). Several studies have in fact shown
that cyclins, macrolides, and possibly quinolones can
reduce the period of evolution of postvenereal ReA and
the frequency of recurrence. 

There is no ideal mode of therapy (type of antibiotic,
dose, duration of treatment) and there is no consensus to
date, but the principle of 3 months’ antibiotic treatment
with a cyclin or macrolide is accepted, especially during
the first attack of postvenereal ReA. On the other hand,
no study has yet to demonstrate the value of antibiotic
treatment in postdysentery ReA. 

Psoriatic Arthritis (See Chapter 75)

Inflammatory Enteropathies

How Should Peripheral Involvement of Crohn Disease
and Ulcerative Colitis Be Treated?

Treatment of gastrointestinal diseases (corticosteroids,
azathioprine, methotrexate) is often effective in periph-
eral arthritis. Topical or systemic corticosteroids can be
used.

Can NSAIDs Be Used for Axial Forms?

Axial forms often pose complex treatment problems.
NSAIDs sometimes exacerbate inflammatory episodes of
enterocolitis. In practice, NSAIDs should be avoided dur-
ing the active phase of enterocolitis. If the gastrointesti-
nal disease is not actively progressing, courses of
NSAIDs can be given, particularly to treat axial inflam-
matory signs that do not usually respond to other treat-
ments (sulfasalazine, corticosteroids).

Which DMARDs Should Be Used?

Sulfasalazine can be beneficial in peripheral articular
involvement, whereas mesalamine, which is the salicylic
part of sulfasalazine and widely used today in gastroin-
testinal diseases, does not appear to be effective. Low
doses of methotrexate can be valuable in peripheral
forms.

CONCLUSION

Clinical and epidemiologic studies have shown that the
seronegative types of IS can be classified as a distinct
group of diseases. 

However, many questions remain unresolved concern-
ing the exact nature of the genetic haplotypes, the host’s
response, and the interaction between genetic factors and
the suspected infectious agents.
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CHAPTER 75

Psoriatic Arthritis

Philippe Goupille and David Borenstein

Psoriatic arthritis (PA) has common features with
rheumatoid arthritis (RA) and ankylosing spondylitis
(AS) and belongs in the spondyloarthropathy group. The
variety of its clinical and radiologic manifestations war-
rants special emphasis. 

HISTORICAL REVIEW

The first case of PA was reported by Alibert in 1818;
the first report on its clinical and radiologic features was
performed by Bourdillon in 1888. Subsequently, numer-
ous clinical and epidemiologic studies have proved the
validity of this disorder as a separate entity (1–5).

EPIDEMIOLOGY

The prevalence of inflammatory arthritis in patients
with cutaneous psoriasis is about 5% to 7% and increases
to 32% to 42% for the axial involvement (6,7); radiologic
abnormalities of the sacroiliac joint have been reported in
43% of patients with cutaneous psoriasis (6,8). On the
other hand, the prevalence of cutaneous psoriasis in
patients with inflammatory arthritis is about 4% (9). 

Epidemiology of Psoriasis

The prevalence of cutaneous psoriasis in the white
population is about 1% to 3% (9), and lower in black
Africans, black Americans, and Asians. The sex ratio is
1:1 (9) and the mean age of occurrence is 27 years. 

Epidemiology of Psoriatic Arthritis

Prevalence

Commonly cited prevalence figures for the general
population are 1 to 2 per 1,000 (10), but the lack of diag-
nostic criteria leads to an underestimation.

Role of Age and Sex

The age of occurrence is 30 to 50 years (11,12). The
sex ratio is 1:1 (13,14), but varies according to clinical
presentation. There is a predominance of men in axial
(13,15) and distal interphalangeal joint involvement (12)
and of women in the polyarticular forms (11).

Links with Cutaneous Psoriasis

Psoriasis precedes the arthritis in 64% to 87% of
patients; the skin disease appears after the joint manifes-
tations in about 6% to 18%; and skin and articular disease
occur simultaneously in 8% to 30%.

GENETICS AND HLA

Psoriasis

Psoriasis is associated with HLA-B13, B17, CW6, and
DR7 in the white population (16).

Psoriatic Arthritis

Family and epidemiologic studies have confirmed the
genetic characteristic of PA. Moll and Wright have shown
the presence of PA in 8.3% of first-degree parents of
patients with PA (3). The link with HLA-B13, B17, CW6,
and DR7 is present but weaker than in psoriasis (17).
HLA-B27 is present in 18% to 30% of patients, espe-
cially in axial involvement (35% to 64%) (18,19). The
association between HLA-B27 and radiologic sacroiliac
involvement has been confirmed (18,20), especially in
case of bilateral involvement (HLA-B27 in 22% of uni-
lateral sacroiliitis and 85% of bilateral sacroiliitis). On
the contrary, axial involvement without sacroiliitis is not
associated with HLA-B27 (19). The association HLA-
B38 and HLA-B39 is debated. HLA-B38 is present in
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17% to 35% of cases compared with 4% to 6% of psori-
asis in the white population (21).

PATHOGENESIS

Psoriasis is a multifactorial condition of hereditary and
environmental pathogenesis. It is characterized by wide
polymorphism of the cutaneous lesions and the presence
of extracutaneous lesions, particularly articular.

The relationship between cutaneous psoriasis and
articular lesions depends on the following factors.

• An epidemiologic link
• The existence of common trigger factors, particularly

environmental and psychological factors
• The existence of common genetic factors
• The existence of similar elementary cutaneous and syn-

ovial membrane lesions characterized by a lymphocyte
T infiltrate and excessive angiogenesis

Despite these shared factors, the following arguments
suggest that the pathogenesis of skin lesions might be dif-
ferent from those of the articular lesions.

• The cutaneous and articular lesions begin simultane-
ously in only 15% of cases.

• There is no correlation between the severity and activ-
ity of the skin lesions and the severity of articular
involvement.

• The articular involvement, which is particularly poly-
morphic, appears to be related to a particular genetic
predisposition.

• Although the inflammatory cutaneous and synovial
infiltrates are similar, it has been demonstrated that
cutaneous and synovial lymphoid populations are dif-
ferent.

Genetic Factors

As in cutaneous psoriasis, the familial forms and
genomic associations suggest the role of genetic factors.

Environmental Factors

Several environmental, microbial, mechanical, physi-
cal, drug, and psychosocial factors can cause cutaneous
psoriasis. The same is the case for articular involvement,
for which various trigger factors have been studied (22).

Infectious Factors

Streptococci

Vasey et al. demonstrated the more frequent existence
of antiexotoxin streptococcal antibodies in PA than in
cutaneous psoriasis (23). Ribosomal RNA of group A

streptococci has been detected in the peripheral blood and
synovium in patients with PA (24). 

Viruses

Viruses (e.g., Epstein-Barr virus and cytomegalovirus)
may act as trigger or maintaining factors, particularly in
psoriatic synovitis. Human immunodeficiency virus and
hepatitis C virus also may have triggering roles. 

Toxic Factors

In contrast to skin lesions, it appears that toxins and
drugs are not trigger or exacerbating factors in PA.

Mechanical Factors

Several reports have demonstrated the occurrence of
posttraumatic PA defined by precise criteria (25,26). In a
study of 700 patients, Punzi et al. reported posttraumatic
arthritis in 8% of patients with PA compared to only 1.6%
and 2% in RA and AS, respectively, in almost all cases
involving peripheral forms of PA (26). The causal mech-
anisms might have been psychological or physical, by
analogy with the reports on cutaneous lesions. 

Immunopathology

Psoriatic lesions are characterized by lymphoid infil-
trates, cutaneous and articular deposits of immunoglobu-
lins, and neoangiogenesis, thus suggesting immunologic
mechanisms.

Cutaneously, three hypotheses make it possible to
establish a schematic relationship between specific
abnormalities of keratinocytes in psoriasis and the lym-
phoid infiltrates (27).

1. Lymphocyte theory: The abnormalities of lympho-
cytes may cause abnormal proliferation and differen-
tiation of keratinocytes.

2. Keratinocyte theory: The psoriatic keratinocytes may
be abnormal and produce cytokines able to activate T
lymphocytes.

3. Fibroblast theory: The dermal fibroblasts may be
abnormal and trigger keratinocyte proliferation.

Psoriatic Synovitis

Psoriatic synovitis is not specific. Nevertheless, certain
features appear to distinguish it from that of RA (i.e., less
marked proliferation of synoviocytes and lymphoplasma-
cytic infiltrate, and presence of neoangiogenesis charac-
terized by numerous vessels with thickened walls infil-
trated by inflammatory cells). 
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This type of synovitis also is characterized by the early
expression of various synovial membrane enzymes, met-
alloproteinase, cysteine proteases, and cathepsins, which
must have a significant role in the occurrence of osteoar-
ticular destruction.

Although predominantly lymphocytic, this type of syn-
ovitis can be distinguished from inflammatory cutaneous
infiltrate for the following reasons.

• Injection of T lymphocytes from psoriasis plaques into
severe combined immunodeficiency disease (SCID)
mice does not cause arthritis.

• The infiltrate is mainly composed of CD4 T lympho-
cytes, which appear to be in greater quantities than in
cutaneous lesions.

• Synovial T lymphocytes express fewer cutaneous lym-
phocyte antigen than lymphocytes of cutaneous tro-
pism.

Psoriatic Enthesitis

The initial feature in most cases of PA is enthesitis; an
experimental model in HLA B27 transgenic rats supports
this (28). In fact, such rats developed spondyloarthropa-
thy associated with skin and ungual lesions resembling
psoriasis. Nevertheless, it has been difficult to establish
the relationship between skin and enthesitis lesions,
except for distal involvement, which sometimes is
expressed as psoriatic onycho-pachydermo-periostitis. In
this case there appears to be a direct relationship between
cutaneo-ungual lesions and enthesitis.

Immunohistochemical analysis of psoriatic enthesitis
appears to be characterized by the accumulation of mono-
cytes and macrophages but few lymphocytes. These find-
ings are not compatible with the widely developed lym-
phoid theory on the pathogenesis of cutaneous and
synovial membrane lesions. In forms that mainly involve
enthesitis, synovial membrane involvement might be
“contiguous” synovitis related to release of various proin-
flammatory cytokines by enthesitis.

CLINICAL PRESENTATION AND DIAGNOSIS

Are there specific clinical features of PA that make it
possible to differentiate it from other forms of inflamma-
tory arthropathies? Compared to RA, PA has been
reported to be equally distributed in both sexes, articular
involvement is asymmetrical, there is an absence of sub-
cutaneous nodules, frequent axial and distal interpha-
langeal involvement, a better prognosis, specific radi-
ographic abnormalities, and absence of rheumatoid
factor. It also has been demonstrated that among the
group of patients with seronegative polyarthritis, those
with psoriasis mostly have distal interphalangeal involve-
ment, which is mainly erosive. Psoriatic arthritis includes
more peripheral involvement, asymmetric sacroiliitis,
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and absence of masculine predominance than AS.
Although spinal involvement in AS appears to progress
from the lumbar spine to the cervical spine radiologically,
the distribution appears more random in PA (29).

However, there are no criteria such as have been
defined for lupus or RA. The usually accepted and used
classification is that of Moll and Wright, which was
established in 1973 (29) (Table 75-1). These clinical
forms frequently overlap; reports of their respective pro-
portions vary widely in the literature.

Clinical Forms

Symmetric or asymmetric involvement of one or more
distal interphalangeal joints, with concomitant ungual
psoriasis, occurs in 25% to 60% of patients with PA, in
isolation or with other manifestations (2,6,12). Its course
is benign generally.

Arthritis mutilans contributes fewer than 10% of cases.
Onset is often abrupt, with constitutional symptoms and
severely inflammatory arthritis in multiple joints. Severely
deformed flail hand can result from this form of PA.

Symmetric polyarthritis similar to RA occurs in about
25% of cases. This form is slightly more common among
women. Tests for rheumatoid factor are negative 85% to
90% of the time (11). 

Asymmetric oligoarthritis or monoarthritis occurs in
about 70% of cases. Exacerbations lasting several months
occur, often separated by prolonged remissions. The
asymmetric oligoarticular nature of this arthritis can
result in involvement of all three joints of a single digit.
Sausage digits (dactylitis) can develop as a result of con-
comitant arthritis of the distal and proximal interpha-
langeal joints and flexor tenosynovitis.

Psoriatic axial involvement often is accompanied with
other forms of PA. The symptoms are similar to those of
AS but may be less severe. The sacroiliac joints are
involved in 30% to 50% of cases (1,12,20,30). Extraar-
ticular involvement (lungs, heart, and eyes) seems less
common than in RA. In addition, other patterns occur.

Enthesopathy (inflammatory disorder of the
tendon–bone junction) can affect the sacroiliac joints,
pubic symphyses, intervertebral joints, anterior chest
wall, calcaneus, and ends of the digits. Peripheral enthe-
sopathy manifesting as heel pain and Achilles tendinitis
can be the first manifestations; and coexistence of psori-
atic skin lesions should prompt a search for further evi-
dence of PA. 

TABLE 75-1. Clinical forms of psoriatic arthritis

Involvement predominantly of distal interphalangeal joints
Mutilating arthritis
Symmetric seronegative polyarthritis
Asymmetric oligoarthritis or monoarthritis
Axial involvement (spondylitis and sacroiliitis)
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Distinctive clinical patterns result from involvement of
the foot in PA. The disease can affect the calcaneus and
forefoot, particularly the great toe. Bauer toe is charac-
terized by distal interphalangeal arthritis with psoriasis of
the same toe or toenail. In psoriatic onychopachyder-
moperiostitis of the great toe, there is ungual psoriasis,
thickening of the distal soft tissues, and osteoperiostitis
of the distal phalanx without involvement of the inter-
phalangeal joint (31,32).

Extraarticular involvement is less frequent than in AS.
Ocular and cardiac involvement are the most frequently
reported. 

Positive and Differential Diagnosis

The coexistence of skin lesions is a feature of PA. The
rheumatologist must be aware of the specificity of artic-
ular conditions, but he must also systematically investi-
gate the presence or history of psoriasis in all patients
with osteoarticular disorders (axial or peripheral) and
check the typical areas affected (e.g., elbows, knees,
scalp, nails, and buttocks). The diagnostic criteria pro-
posed by Wright and Moll in 1976 (10), and modified by
Bennet in 1979 (Table 75-2) may be used, although the
experience of the clinician is fundamental for this very
unusual condition.

From the dermatologic point of view, the conditions
likely to cause confusion are seborrheic dermatitis and
mucosal infections. From the rheumatologic point of
view, the main conditions to be eliminated are AS and RA
(Tables 75-3 and 75-4). Microcrystalline disorders, par-
ticularly gout, sometimes are evoked in the setting of
dactylitis, and erosive osteoarthritis of interphalangeal
joints can cause diagnostic difficulty.

DIAGNOSTIC METHODS AND OUTCOME
MEASURES

Imaging

Incidence

The incidence of radiographic evidence is difficult to
define because of the variations in the populations stud-
ied and the methods used. 

Typical Features

Certain typical features indicate the diagnosis (Table
75-5).

The overall asymmetric nature of the radiographic
lesions has been demonstrated mainly in the fingers and
toes. The following lesions appear to be indicative of PA.

TABLE 75-2. Diagnostic criteria for psoriatic arthritis

Primary criterion
Psoriasis (cutaneous or ungueal) associated with pain 

and articular swelling limited mobility of at least one
joint for more than 6 weeks

Secondary criteria
Pain and swelling limited movement of at least one joint 

for more than 6 weeks identified by physician
Inflammatory symptoms of distal interphalangeal joints, 

with the exclusion of Heberden nodules
“Sausage-shaped” fingers or toes
Asymmetric arthritis of hands and feet
Absence of subcutaneous nodules
Absence of rheumatoid factor
Inflammatory synovial fluid. Absence of infection and 

sodium urate or calcium pyrophosphate crystals.
Synovial biopsy revealing synovial hypertrophy, with 

infiltration predominantly of mononuclear cells and no
granuloma or tumor

Erosive damage to small joints revealed on radiography 
of peripheral joints, without obvious osteoporosis or
erosive osteoarthritis.

Axial radiography of skeleton revealing one or more of 
the following: sacroiliitis, syndesmophytes, or
paravertebral ossification

Definite: Primary criterion and six secondary criteria.
Probable: Primary criterion and four secondary criteria.
Possible: Primary criterion and two secondary criteria.

TABLE 75-4. Differential diagnosis of psoriatic arthritis and
rheumatoid arthritis

Psoriatic Rheumatoid 
arthritis arthritis

Gender Men = women Women > men
Distribution Asymmetric Symmetric
DIP involvement Usual Rare
Syndesmophytes Usual Absent
Sacroiliitis Usual Rare
Rheumatoid factor Rare Usually present

DIP, distal interphalangeal.

TABLE 75-3. Differential diagnosis of psoriatic arthritis and
ankylosing spondylitis

Psoriatic Ankylosing 
arthritis spondylitis

Gender Men = women Men > women
Distribution Axial and Axial

peripheral
DIP involvement 5% Of patients Absent
Syndesmophytes Asymmetric, Symmetric, 

random usually with 
distribution caudocranial 

progression
Sacroiliitis Often Usually symmetric

asymmetric
HLA B27 40%–50% 80%–90%

DIP, distal interphalangeal; HLA, human leukocyte antigen.



706 / SECTION V/SPECIFIC CLINICAL ENTITIES

• Pseudoenlargement of the articular space in fingers and
toes, owing to erosion affecting the ends of the bones
and progressively extending to the centre of the joint

• The classic “pencil-in-cup” deformity, associated with
progressive thinning of the heads of metacarpal or
metatarsal bones or the phalanges, and cupula-shaped
hollowing of the bases of phalanges

• Bony ankylosis of the interphalangeal joints of the fin-
gers and toes. The diagnosis is more obvious when
osteolysis is followed by bony ankylosis or the coexis-
tence of osteolysis of one joint and ankylosis of
another.

• Resorption of phalangeal tufts, often associated with
damage to the distal interphalangeal joint

• Periostosis of the calcaneum; tibial and peroneal, and
femoral and trochanteric diaphyses; and lateral faces of
the phalanges of the fingers

Sites of Involvement

Peripheral Skeleton

Hands

Predominance of PA in distal interphalangeal joints
has been confirmed. Both erosive arthritis without osteo-
phytes and pseudoenlargement features have been
reported. Metacarpal-phalangeal, radiocarpal, and carpal
joint involvement are less frequent than in RA.

Feet

The forefoot is a frequent site of PA and involvement
of the big toe is very characteristic. This can take the
form of simple osteoperiostitis of the phalanx (bone pro-
liferation of the base, often associated with resorption of
the tuft) without changes to the articular space, a very
indicative and often early sign (32,33).

Calcaneum

Involvement of the calcaneum is more frequent in case
of sacroiliitis. There may also be vague irregular posterior
or plantar enthesopathy or postero-superior erosion.

Axial Skeleton

Involvement of the sacroiliac joint is the most common
sign (Fig. 75-1). It is sometimes isolated, without spine
involvement, or there is damage to the cervical spine
while sparing the dorsolumbar spine. It is most often
bilateral, but unilateral forms are more frequent than in
AS (34). The joint may have a vague appearance in the
early stages because of erosion and sclerosis usually pre-
dominating on the iliac side; later there is development
into pseudoenlargement, pinching, and finally true fusion
of the joint.

Spine involvement frequently is associated with sacroil-
iac involvement. This is characterized by the occurrence of
syndesmophytes, two types of which have been described:
(a) the classical features of vertical pointed ends, situated
in contact with the disk perimeter, as seen in AS; and (b)
more crude, irregular ossification further from the disk
perimeter (and able to be confused with diffuse idiopathic
skeletal hyperostosis [DISH]). Such syndesmophytes are
more often asymmetrical and unilateral than in AS (29,34)
and may appear at any level, and even affect only the cer-
vical spine in contrast to AS in which progression is cau-
docranial (29). Involvement of the posterior dorsolumbar
interapophyseal joints is rare, as are the features of osteitis,
erosive Romanus spondylitis (squaring), “bamboo”-
shaped spine, and symphysis pubis (29,34).

Involvement of the cervical spine, which is frequent
and sometimes isolated, involves ossification of the ante-
rior longitudinal ligament, arthritis of the posterior inter-
apophyseal joints (particularly C3-C4, C4-C5, and C5-
C6), syndesmophytes, and atlanto-axial subluxation
(34,35). Finally, anterior chest wall involvement can
occur, particularly of the manubriosternal and sternoclav-
icular joints.

TABLE 75-5. Radiologic features of psoriatic arthritis

Synovial, cartilaginous involvement and entheses
Most commonly asymmetric distribution
Interphalangeal joint involvement of fingers and toes
Sacroiliitis and spondylitis with paravertebral ossifications
Coexistence of erosions and bone proliferation
Bony ankylosis
Resorption of phalangeal tufts

FIG. 75-1. A 38-year-old woman who had psoriasis for 8
years and back pain for 4 years. Antero-posterior roentgeno-
graph of the sacroiliac joints revealing bilateral erosions and
reactive sclerosis (black arrows).
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Differential Diagnosis

These characteristic features of PA lesions visualized
by radiography make it possible to differentiate RA (a
frequent problem in polyarticular forms), AS (in axial
forms), and DISH (axial forms with crude, irregular, and
asymmetric paravertebral ossifications) (Tables 75-6, 75-
7, and 75-8).

Laboratory Tests

Erythrocyte sedimentation rate (ESR), C reactive pro-
tein (CRP), and fibrinogen levels usually are raised (36),
but can be normal, particularly in axial forms. Rheuma-
toid factor is present in about 10% of cases. Low levels of
antinuclear antibodies may be detected, but the preva-
lence is not greater than 6% to 7%. Hyperuricemia,
which is caused by increased cutaneous cell turnover, is
present in less than 10% of patients with PA. The synovial
fluid usually is inflammatory, but without any specific
characteristics.

OUTCOME AND NATURAL HISTORY

Psoriatic arthritis is classically considered relatively
benign, or at least compared to RA (7,11,14,37,38). How-
ever, this is debatable and the different clinical forms of
the condition must be taken into account.

Severity of Psoriatic Arthritis

In view of the favorable outcome of oligoarticular forms,
the rarity of deformations, and the lesser degree of severity
of lesions seen radiologically (7,11,37), PA is considered a
condition that is never fatal and rarely affects functional
outcome. In fact, polyarticular, symmetric, and progres-
sively destructive and deforming forms that are responsible
for significant dysfunction are not rare.

Kammer et al. confirmed the preponderance of
oligoarticular forms of favorable outcome, but reported
many cases of symmetric, progressively destructive, and
deforming polyarticular forms (14). In a series of 220
patients, the majority of whom had polyarticular forms,
Gladman et al. were much more guarded in their progno-
sis (13): 50% had an asymmetric condition, 16% had
deformations, and 11% had marked dysfunction. 

Outcome of Psoriatic Arthritis

More than 50% of patients had oligoarticular forms of
unpredictable outcome (exacerbations lasting from a few
weeks to a few months, interspersed with prolonged
remissions) with no sequelae (11). However, there have
been few longitudinal studies (11,38–40). Of these, the
series reported by Gladman et al. on a majority of poly-
articular forms demonstrated that, deformations and
articular damage increased even when the inflammatory
condition improved (40).

Prognostic Factors

Although poorly understood, these include gender, age
at onset, sites of involvement, and genetic factors. The
extent of the cutaneous involvement does not influence
the articular prognosis (13). As in RA, recognizing these
factors is essential for the most effective therapy, and cer-

TABLE 75-6. Radiologic features differentiating psoriatic
arthritis (PA) from ankylosing spondylitis (AS)

Psoriatic Ankylosing 
arthritis spondylitis

Asymmetric ++ +
involvement of
sacroiliac joint

Crude, asymmetric ++ +
syndesmophytes

Resorption of ++ �
phalangeal tufts

Osteitis Rare ++
Vertebral “squaring” Rare ++
Predominantly Distal (hands, Proximal (shoulders, 

peripheral feet) hips)
involvement

TABLE 75-7. Radiologic features differentiating psoriatic
arthritis from rheumatoid arthritis

Psoriatic Rheumatoid 
arthritis arthritis

Areas involved Synovial joints Synovial joints
Symphyses �
Entheses �

Distal interphalangeal ++ �
joints

Anterior chest wall + Rare
Asymmetric involvement ++ Rare
Bone proliferation ++ �
Resorption of ++ �

phalangeal tufts
Articular ankylosis Fingers, toes Carpus
Spine and sacroiliac ++ Rare

involvement

TABLE 75-8. Radiologic features differentiating psoriatic
arthritis from DISH

Psoriatic arthritis DISH

Posterior Erosion, Degeneration
interapophyseal sclerosis 
joints ankylosis

Sacroiliac joint Erosion, Osteophytes
sclerosis 
ankylosis

Peripheral involvement Erosion Nonerosion

DISH, diffuse idiopathic skeletal hyperostosis.



tain forms of PA probably have been underestimated and
insufficiently treated.

NOSOLOGY

Place within the Spondyloarthropathy Group

There is no doubt that PA belongs in the spondy-
loarthropathy group in view of its clinical signs (peripheral
and axial involvement, enthesopathy, and extraarticular
signs), radiographic evidence (sacroiliitis), and genetic
background. However, it is an individual entity within this
group, with variable manifestations and the current criteria
used for the diagnosis of spondyloarthropathies are some-
times inadequate. For example, in a series of 205 patients
with psoriasis, 75 (36%) patients with PA were diagnosed
by clinicians (41). Only 49 patients (24%) met the criteria
of spondyloarthropathy according to the European Spondy-
loarthropathy Study Group (42), with sensitivity of criteria
at 65% and specificity 99% to 100%.

TREATMENT

The therapeutic principles are the same as for other
inflammatory spondyloarthropathies, apart from certain
points. Treatments for PA are influenced by: (a) its usu-
ally benign nature; (b) the variable course of the disease
and uncertain prognosis making uncontrolled trials unre-
liable; and (c) the existence of associated dermatosis
influences the choice and modalities of treatment
(requires specific treatment). Few disease modifying
anti-rheumatic drugs (DMARDs) have been evaluated;
they are used based on their effectiveness in RA. 

Why Is There a Dearth of Data on Disease Modifying
Anti-rheumatic Drugs for Psoriatic Arthritis?

Several factors may be involved. Psoriatic arthritis is
widely believed to be uncommon; therefore, the market
represented by this disease holds little appeal. In addition,
PA was long considered a benign disease that required
only nonspecific symptomatic treatments.

Because PA shares clinical and radiologic features with
RA and AS, DMARDs used in these two disorders are
commonly used in PA, and no pressing need for formal
validation of this practice is perceived.

What Specific Methodologic Obstacles Are Raised by
Psoriatic Arthritis Evaluations?

There is no consensus about the diagnostic criteria.
Thus, the criteria used for patient inclusion vary across
therapeutic trials, making comparisons difficult.

Psoriatic arthritis covers a broad clinical spectrum.
Most patients have a combination of these clinical pat-
terns (e.g., oligoarthritis or axial involvement + enthe-
sopathy, polyarthritis + distal interphalangeal arthritis, or

oligoarthritis + axial involvement). Yet, reports of thera-
peutic trials, particularly the earliest ones, often provide
little detail on the clinical features.

The therapeutic trials published to date included
patients with various forms of PA. In the overwhelming
majority of cases, different treatments are used for
peripheral and axial forms, and few drugs have been
found effective in axial forms. Yet many of the patents
included in therapeutic trials had both peripheral and
axial manifestations. This decreases the likelihood of
finding clear evidence of efficacy. A more rational
approach is to conduct separate studies of axial disease
(which is similar to AS) and polyarthritis. 

There are no specific criteria for evaluating disease
activity. A number of tools that evaluate disease activity
and functional impairment are available for investigating
the efficacy of treatments for RA (disease activity score:
American College of Rheumatology [ACR], 20, 50, and
70; health assessment questionnaire [HAQ]). In contrast,
no specific tools have been developed for PA. The indices
developed by Calin et al. for evaluating spondy-
loarthropathies (Bath Ankylosing Spondylitis Disease
Activity Index and Bath Ankylosing Spondylitis Func-
tional Index) are often used for axial forms of PA (43,44)
and tools for evaluating RA in peripheral forms. 

The course of PA usually is erratic. A fluctuating course
with unpredictable but sometimes prolonged remissions is
widely believed to be the rule. Thus, open-label studies of
DMARDs can provide useful information on safety but are
clearly inadequate for establishing efficacy. 

The concomitant skin disease influences the choice of
treatment. For instance, antimalarials and, to a lesser
extent, gold, can cause exacerbations in the skin lesions
or other severe adverse events. Extensive skin involve-
ment may prompt treatment with methotrexate or cyclo-
sporine, which improves the rheumatic manifestations.

Which Disease Modifying Anti-rheumatic Drugs Are
Appropriate?

Six of the DMARDs used in RA and evaluated in poly-
articular forms of PA deserve discussion: sulfasalazine,
methotrexate, gold, antimalarials, cyclosporine, and aza-
thioprine. 

Sulfasalazine

Five randomized placebo-controlled studies have been
published (45—49). The daily dosage was 2 to 3 g. Over-
all, sulfasalazine was significantly more effective than
the placebo. Efficacy seemed greater with the 3 g per day
dosage. Safety was satisfactory.

Methotrexate

The earliest studies used high dosages (30 to 50 mg/wk)
and found incontrovertible evidence of efficacy at the
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expense of major side effects. When low-dose methotrex-
ate was found effective in RA, open-label studies of low
doses (15 mg/wk) were conducted in PA. The effects were
favorable. The results were inconclusive in a prospective,
randomized, placebo-controlled, double-blind trial of
methotrexate, 7.5 to 15 mg per week, given to 37 patients
for 12 weeks (50). However, this may be ascribable to the
short treatment duration or small sample size.

Gold

Most studies used oral gold and found no evidence of
efficacy. In contrast, efficacy has been reported in studies of
intramuscular gold, including one conducted comparatively
with oral gold and a placebo (51). Although controversial,
the risk of skin lesion exacerbation deserves consideration. 

Antimalarials

No controlled studies are available, and open-label
studies provide little evidence of efficacy. However, they
do show that the risk of skin lesion exacerbation is small
(52,53). This adverse event has been reported mainly
with chloroquine. Nevertheless, careful monitoring of the
skin lesions is in order even with hydroxychloroquine. 

Cyclosporine

Open-label studies and controlled but methodologi-
cally flawed studies suggest efficacy. Treatment-limiting
side effects (e.g., arterial hypertension and serum creati-
nine elevation) can occur as with RA.

Azathioprine

Open-label studies in small numbers of patients sug-
gest efficacy. In sum, only sulfasalazine has been evalu-
ated in well-designed controlled studies; strong evidence
of efficacy was found. However, available data strongly
suggest that methotrexate and other drugs may be effec-
tive as well. No studies specifically designed to evaluate
structural effects have been published. Combinations of
DMARDs have not been evaluated.

What Can Be Expected of Anti-Tumor Necrosis
Factor-α Agents?

Anti-tumor necrosis factor -α agents (i.e., infliximab
and etanercept) were introduced recently for the treat-
ment of RA. Several open-label studies and few con-
trolled studies have been conducted in PA. 

Etanercept

The results suggest dramatic improvements in the skin
and joint abnormalities (54–56). An open-label study in

10 patients showed dramatic efficacy on the joint and
skin involvement (57). 

A randomized, placebo-controlled, double-blind trial
of etanercept (25 mg twice a week) was conducted in 60
patients with PA. Efficacy was remarkable: The response
rate (Psoriatic Arthritis Response Criteria, PSARC) was
87% with etanercept and 23% with the placebo. Corre-
sponding figures were 73% versus 13% for the ACR 20,
50% versus 3% for the ACR 50, 75% versus 5% for the
painful joint score, 72% versus 19% for the swollen joint
score, and 83% versus 3% for the HAQ score. All of these
differences were statistically significant (58). In each
group, 19 patients with psoriasis were evaluable; a 75%
or greater improvement in the psoriasis area and severity
index (PASI) occurred in 26% of the etanercept patients
versus 0% of the placebo patients. The mean PASI
improvements in these two groups were 46.2% and 8.7%,
respectively. No serious adverse events were recorded. 

An open-label extension of the treatment period to 24
weeks confirmed these findings: Response rates were
82% for the PSARC, 74% for the ACR 20, 56% for the
ACR 50, and 30% for the ACR 70, and the mean
improvement in the PASI was 62% (59). Nine months
into etanercept therapy, 28% of patients had no painful
joints and 42% had no swollen joints. No serious adverse
events occurred. 

A large multicenter, randomized study has compared
etanercept (n = 101; 25 mg ¥ 2/week subcutaneously) with
placebo (n = 104) during 24 weeks (60). A statistically sig-
nificant improvement of ACR 20, 50, and 70 scores (p <
.001 in favor of etanercept), HAQ (p < .0001) and PASI
(47% versus 0% in favor of etanercept) was observed. 

Infliximab

A single-center, open-label pilot study evaluated 21
patients with spondylarthropathies, including nine with
PA. The dosage was 5 mg/kg as an infusion at baseline
and after 2 and 6 weeks. Rapid and dramatic improve-
ments occurred in the axial and peripheral manifestations
after the first infusion; these effects persisted throughout
the 12-week study period. Similar improvements
occurred in the skin lesions (61). 

The same group has conducted a 12-week, random-
ized, placebo-controlled, double-blind trial (62). Forty
patients with active spondyloarthropathies, including 18
with PA, were randomly assigned to receive an intra-
venous loading dose (weeks 0, 2, and 6) of 5 mg/kg
infliximab or placebo. The primary end points were the
improvements in patient and physician global assess-
ments of disease activity on a 100-mm visual analog
scale. Both primary end points improved significantly in
the infliximab group compared with the baseline value,
with no improvement in the placebo group. As early as
week 2 and sustained up to week 12, there was a highly
statistically significant difference between the values for
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these two end points in the infliximab versus the placebo
group. In most of the other assessments of disease activ-
ity (laboratory measures and assessments of specific
peripheral or axial disease), significant improvements
were observed in the infliximab group compared with the
baseline value and placebo. Moreover, preliminary stud-
ies indicate that infliximab is effective and safe in cuta-
neous psoriasis (63).

In the future, anti—TNF-α agents probably will have a
place of choice in the therapeutic armamentarium for severe
PA. However, several issues remain unsettled. We do not yet
know whether anti—TNF-α agents are more likely to be
effective in axial or peripheral forms of PA or whether they
should be reserved for severe erosive polyarticular disease
unresponsive to other DMARDs. Studies are needed to
determine whether anti—TNF-α agents should be started
immediately in patients with severe disease or only after
failure of other DMARDs. Additional work will have to
evaluate whether the dosage and frequency of infusions
used in RA are appropriate for PA and whether the treat-
ment should be stopped after a few infusions.

Local Treatment

Local treatment (e.g., intra-articular injection of corti-
costeroids, synoviorthosis, ergotherapy, physiotherapy,
splints, and surgery) is as important as in RA. 

Topical Treatment of Dermatosis

Topical treatment of dermatosis should be combined
systematically, especially in preparation for surgery.

Indications

Nonsteroidal antiinflammatory drugs (NSAIDs) and
local treatments should be used in monoarticular and
oligoarticular forms. Patients who fail to improve with
these treatments can receive the drugs used in polyartic-
ular forms (sulfasalazine, 2 to 3 g/d; methotrexate, 7.5 to
15 mg/d, and gold). Evaluation of the need for DMARDs
in polyarticular disease relies heavily on the clinician’s
experience. The risk-benefit ratio of anti—TNF-α agents
remains to be determined. Immunosuppressant therapy
(e.g., azathioprine and anti—TNF-α agents) is in order in
arthritis mutilans. In axial forms, NSAIDs and probably
sulfasalazine should be used. Axial disease may be an
indication for anti—TNF-α therapy.

Methotrexate or cyclosporine may be the best choice in
patients with extensive skin disease. Extreme caution is
in order regarding the use of systemic glucocorticoids,
antimalarials, and gold.
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Historically, ankylosing spondylitis (AS) was first explic-
itly described at the end of the 19th century by Bechterew,
von Strümpel, and Pierre Marie (1). In the early 1950s,
Forestier, Rotes-Querol, and Scandinavian authors made
further major contributions to its description (2). Nowa-
days, AS is considered the prototype of a group of differ-
ent but closely interrelated disorders called seronegative
spondyloarthropathies (3,4). Originally considered vari-
ants of rheumatoid arthritis, their characterized inflamma-
tory involvement of axial skeleton, entheses, and their
strong genetic association with the presence of the histo-
compatibility human leukocyte antigen (HLA)-B27 has
clearly separated them as a different entity (3,4). The other
diseases of this group have been described in detail in the
previous chapters by Goupille and Borenstein, and this
chapter concentrates uniquely on AS. 

Epidemiologic figures vary widely in the literature (5).
Ankylosing spondylitis is the second most common
inflammatory arthritis, after rheumatoid arthritis, and
commonly cited prevalence figures for the general popu-
lation are 1 to 3 per 1,000 (5), with values increasing to
1% when considering the white adult population (6–8).
Contrary to rheumatoid arthritis, where a fairly constant
worldwide prevalence is recognized (9), AS shows strong
racial differences, with extreme values ranging from
almost nonexistent in African-Americans to 63 per 1,000
in specific American-Indian tribes (5). These data are
consistent with the strong association of HLA-B27 and
AS on one hand (8,10,11), and the observed racial varia-
tions in the prevalence of B27 on the other (10,11). Preva-
lence figures as low as .01%, and even .0065% (11), have
been reported in Japan for AS where only 1% of the pop-
ulation is HLA-B27+ (6). On the opposite, in the Haida
First Nation people and Bella Indians where over 50% of
the population harbor the HLA-B27 antigen, the preva-
lence of AS is as high as 6% (5).

In Europe, Finland shows one of the highest prevalence
of HLA-B27 with 14% (12), as compared to the usually
reported 4% to 8% for the white population (5). In that

country, the reported prevalence between 1980 and 1990
was .15% (95% confidence interval [CI]: .08% to .27%)
and the annual incidence of AS requiring medication 6.9
(95% CI: 6.0 to 7.8) per 100,000 adults (13). A compara-
ble study was repeated in 1995 with a similar incidence for
AS of 6.3 (4.9 to 7.9) per 100,000 (12). Finally, a familial
aggregation has been reported in different countries (14).

ETIOLOGY AND PATHOGENESIS

Ankylosing spondylitis is inflammatory rheumatism of
unknown origin, generally thought to have an autoimmune
pathogenesis. It now appears that AS represents a complex
polygenetic disease influenced by various environmental
factors. A complete review of this extensive field of
research is not within the scope of this chapter, and the
reader should refer to recent reviews for further reading.

Role of HLA-B27 and Other Genetic Factors

Despite considerable efforts since the initial descrip-
tion in 1973 of the strong association between HLA-B27
and AS (15,16), the links between this susceptibility gene
and the observed clinical manifestations remain enig-
matic (17,18). 

Up to date, as much as 23 subtypes of HLA-B27 have
been recognized and this number continues to increase
(17,19). Some subtypes (e.g., B2706 and B2709) are not
associated with AS (6), whereas variations in the respec-
tive distribution of subtypes across the world complicates
epidemiologic studies, comparison among populations,
and determination of their role in disease susceptibility
(6,19,20). Furthermore, it appears that the risk associated
with a high susceptibility subtype could be strongly influ-
enced by the genetic background; that is, B2705 does not
appear as a significant risk factor in West Africans (21). 

The dominant paradigm that HLA-B27 favors a cross-
reactive immune response because its antigenic structure
mimics bacterial epitopes has been challenged (17,18).



There is also no compelling evidence for an arthritogenic
peptide that could be uniquely presented by HLA-B27
molecules (17,18). There is growing evidence to suggest
that the role of HLA-B27 is not explained by its physio-
logic function as an antigen-presenting protein, but rather
by peculiarities of this molecule (17,18). HLA-B27 has
been shown to increase the intracellular survival rate of
bacteria and enhance the proinflammatory response to
gram-negative infection (22,23). It also demonstrates an
unusual tendency to misfold, with potential effects on the
intracellular signaling (24–26). Finally, an apparently
unique property to form homodimer could link HLA-B27
to autoimmunity (18,25,27,28). 

Transgenic animal models have underlined the role of
HLA-B27 in AS pathogenesis (29,30). However, they
have not completely unraveled the mechanisms. Trans-
genic rats harboring multiple copies of the human HLA-
B27 antigen develop a spontaneous inflammatory disease
mimicking several features of human spondy-
loarthropathies (29,30). This observation could be inter-
preted as strong evidence for a role of HLA-B27 as a pre-
senting-antigen molecule in the pathogenesis of AS, but
it could also work through the nonphysiologic role of
HLA-B27 on proinflammatory response, intracellular
signaling, or bacterial survival. Furthermore, transgenic
mice expressing functional HLA-B27 on their cell sur-
face usually remain healthy, whereas they develop disease
in the absence of mouse β2-microglobulin, which pre-
vents surface expression of mature HLA-B27 molecules.
This argues for a nonphysiologic role of HLA-B27 in the
pathogenesis of AS (17,31).

Even if HLA-B27 is the strongest susceptibility factor,
AS is a polygenetic disease (HLA-B27, B60, and HLA-
A9); the exact number of genes involved is unknown
(32). It appears that HLA-B27 contributes only 16% to
50% of the total genetic risk (19). This concept helps us
to understand the known familial aggregation unex-
plained solely by HLA-B27 status. Models have been
developed that suggest that a five-locus model best fits
the observed data (33). Interestingly, this is in accordance
to a genome-wide scan that identified four regions of
interest on chromosomes 2, 10, 16, and 19 in addition to
chromosome 6, which carries the HLA complex (34).
However, the details of this polygenetic disease probably
are more complex. Additional regions of interest have
demonstrated a potential role in conferring disease sus-
ceptibility, such as cytochrome P-450, latent membrane
protein 2 (LMP2), tumor necrosis factor (TNF) promoter
region, or interleukin-1 receptor antagonist (17). To com-
plicate the matter even further, possible non-B27 protec-
tive factors have been postulated (21). 

Role of Infection and Other Environmental Factors

The importance of infection as a causative factor in
reactive arthritis is well established, but the role of spe-

cific infections in the pathogenesis of AS is not as clear
(35). A high fecal carriage of Klebsiella pneumoniae in
patients with active disease, the presence of raised anti-
Klebsiella antibodies, and possible molecular mimicry
between HLA-B27 and bacterial antigens have led to the
hypothesis that AS is a reactive arthritis to this specific
bacteria (35). Despite numerous studies, such a role has
not been demonstrated conclusively (35). However, ani-
mal models have underlined the importance of infection,
because both transgenic rats and mice housed under spe-
cific pathogen- or germ-free conditions did not develop
the disease (29,30).

Other strong arguments for the importance of environ-
mental factor are twin studies, where the concordance
rate for AS was 50% in monozygotic twins and 20% in
dizygotic twins (36).

There is also a strong epidemiologic relationship
between gut inflammation and the spondyloarthropathies,
particularly Crohn disease, ulcerative colitis, and reactive
arthritis (37). Ankylosing spondylitis patients without
any known bowel disease also present with endoscopic
lesions and histologic signs of gut inflammation at ileo-
colonoscopy (38). Finally, transgenic rats present with
gut lesions reminiscent of inflammatory bowel disease
(IBD) (29). However, the pathogenic relationship
between gut and arthritis remains enigmatic (39), perhaps
related to some increase small bowel permeability, as
demonstrated in AS patients and their first-degree rela-
tives (38). This could favor invasion, persistence, or trans-
port of bacterial antigens as causative factors (39). 

Others Factors

Others factors have been implicated as pathogenic or
as risk factors for AS. Trauma (40), androgens (41), and
even low birth order (42) have been reported, but no path-
ogenic mechanisms have been demonstrated.

CLINICAL PRESENTATION AND DIAGNOSIS

Ankylosing spondylitis classically presents as inflam-
matory rheumatism of the young male with characteristic
axial involvement of the sacroiliac and spine joints and a
unique propensity to affect entheses and adjacent soft tis-
sue in the spine and peripheral skeleton. Hips and shoul-
ders are involved more often than other peripheral joints,
and various extraskeletal manifestations have been
reported that underline the systemic nature of the disease
(7,8,10,43).

Ankylosing spondylitis is usually a chronic, progres-
sive disease with fluctuating activity (44), but it has been
estimated that 1.5% to 10% of cases are totally asympto-
matic and are diagnosed incidentally when a radiograph
is taken for another reason (45,46).

Typically, AS begins in young adults. Age at time of
diagnosis ranges from 6 to 61, with a mean age usually in

CHAPTER 76/ANKYLOSING SPONDYLITIS / 713



the third decade (8,47–52). In two studies—one from Fin-
land (12) and the other from Belgium (53)—AS was
diagnosed at a mean age of 39.6 (10.3) and 32 years,
respectively. Onset is uncommon after age 50, with only
6% of patients in a German study experiencing onset
after age 40 (54). However, late-onset AS is a now well-
recognized entity; the diagnosis of AS should not be dis-
carded solely because of age (54). 

Ankylosing spondylitis is regarded historically as a
male disease. A male to female ratio up to 10:1 was
reported in a recent review paper (7), whereas more con-
servative figures ranging from 2:1 to 3:1 (55) appear
closer to reality (pooled data from the reviewed literature
including more than 4,500 patients where males repre-
sented roughly three fourths of the cases). This discrep-
ancy could result in part from ethnic variations: Male to
female ratios as high as 16:1 have been reported in Asian
countries (49).

Diagnosis and Classification Criteria

In a majority of cases, AS is diagnosed or at least sus-
pected on clinical elements, particularly patient symp-
toms, family history, and physical findings (55). For a
diagnosis of AS, a history of getting out of bed at night
was shown to have a sensitivity of 65% and a specificity
of 79%. The most sensitive items were morning stiffness
(95%) and age less than 35 years (92%), whereas the
most specific was relief by exercise (88%) (56). However,
it has been reported in juveniles that pain usually is not
relieved and sometimes is even aggravated by exercise
(57). It is also important to keep in mind that the repro-
ducibility of history-taking is not perfect, even for symp-
toms such as having to get out of bed at night (56).

The most commonly used set of criteria for classifica-
tion is the Modified New York Criteria of 1984, where
definite AS is defined by a unilateral sacroiliitis of grade
3 or 4 or bilateral grade 2 to 4, and any clinical criterion
comprising low back pain of at least 3 months’ duration
improved by exercise and not relieved by rest, limitation
of lumbar spine in sagittal and frontal planes, and chest
expansion decreased relative to normal values for age and
sex (55). Two more sets of criteria—the Amor criteria and
those developed by the European Spondyloarthropathy
Study Group (ESSG)—were published for spondy-
loarthropathies but actually used for AS (58). There are
no validated diagnostic criteria for AS (55); the reader
should keep in mind the difference between diagnostic
and classification criteria (55,59). If the classification
criteria of the ESSG sometimes have been used to aid
diagnosis (59), their sensitivity in early cases is 66%
compared to 94% in clinically definite AS, and they
should not be used to establish a diagnosis of AS in indi-
vidual patients (55).

The diagnosis of late-stage AS is not difficult but it can
be challenging in the early stage. The delay between the

first symptoms and the actual diagnosis ranges from 0 to
29 years, with a mean from 5 to 10 years (50,60). In a
cohort, only two thirds of AS cases (50% of men and 85%
of women) had been initially diagnosed when the medical
records were reexamined within a research project (61).
On the other hand, five pain characteristics considered
typical of inflammatory disorders (back pain ≥ 3 months,
morning stiffness, age of onset < 40 years, insidious onset
of pain, and back pain improved by exercise) identify
10% to 15% of patients in primary care or other settings
(55,62). This is much more than the prevalence of AS and
represents a very high false-positive rate (55,62). 

Finally, diagnosis is complicated by atypical presenta-
tions such as inflammatory back pain without radiographic
sacroiliitis, inflammatory chest wall pain without sacroili-
itis, juvenile onset (including tarsal enthesitis), late onset
AS, acute anterior uveitis (with or without arthritis), and
aortic regurgitation or complete heart block (with or with-
out arthritis), which should be recognized as AS (55).

Axial Involvement

Axial involvement is the hallmark of AS and affects
virtually 100% of patients at some time. It is the first
manifestation in about three fourths of the cases and it is
the cornerstone of diagnosis (see the preceding section on
diagnosis and a later section on radiology). It encom-
passes not only the sacroiliac joints and spine itself, but
also the thoracic cage and pelvis. This section focuses on
little known or unrecognized aspects of this type of man-
ifestation.

Among the uncommon localizations, AS has been
reported to involve a transitional lumbosacral joint (63) and
symphysis pubis (64). Pascual et al. (cited by Le) reported
that up to 82% of AS patients with thoracic pain have an
involvement of costovertebral joints with erosive lesions
(65). Finally, a study including 50 patients with AS reported
the following figures for the involvement of the anterior
thoracic wall: interclavicular ligament and sterno-costo-
clavicular joint (20%), manubriosternal symphysis (32%),
and chondrocostal and costoxyphoidal ligaments (4%) (66).

Erosive spondylodiscitis (i.e., destructive changes at
the discovertebral junction excluding lesions that may
relate to cartilaginous nodes) were found in 8% of cases
in a study including 147 patients with AS. The same num-
ber of cases had single-level as multilevel involvement,
with a maximum number of six levels. Only 17% of the
cases were symptomatic, and it seems that patients with
this type of lesion have an earlier onset of AS (67). In 50
AS patients, 22% of the cervical and lumbar zygapophy-
seal joints were ankylosed on standard radiographs when
evaluated by means of a new score. The authors conclude
that ankylosis of the posterior joints may precede the syn-
desmophytes (53).

Geusens et al., in a cross-sectional study to decipher
the etiology of hyperkyphosis, compared 38 AS patients
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with hyperkyphosis with 12 patients without such defor-
mity. The lumbar spine did not contribute to the defor-
mity, but thoracic disc wedging did. The sum of deformi-
ties of the thoracic vertebrae and discs explained 43% of
the variance of the age-adjusted occiput-to-wall distance.
There was no significant difference between genders and
between patients aged more or less than 45 years (68). 

An occult vertebral fracture, which may occur even
with minor traumatic events, is one of the feared com-
plications of AS. Mitra et al. compared 66 men with
mild AS with 39 healthy controls. Despite the fact that
the latter were roughly 15 years older, the AS patients
had significantly more vertebral fractures (16.7% ver-
sus 2.6%) and significantly lower bone mineral density
(BMD), both in the lumbar spine and femoral neck.
However, there was no correlation between BMD and
vertebral fractures in these patients (69). Kauppi et al.
reported on one case and highlighted the fact that pain,
neurologic symptoms, modification of the kyphosis,
and increased mobility appearing after an accident
should raise the suspicion of a fracture (70). Because
the majority of such fractures occur at the cervico-tho-
racic junction, it is extremely difficult to obtain good-
quality images (70). In a review of 21 cases, vertebral
fractures were identified on a delayed basis and sec-
ondary neurologic deficits were described in three
patients. Multiple non-contiguous fractures were found
in several patients, and the diagnostic value of a specific
MRI protocol was highlighted (71). 

Other extensive studies with bone biopsy—like the one
by Lee et al. comparing seven early patients with AS
(mean duration 2 years and normal mobility) to seven late
patients with AS (mean duration 27 years and limited
spinal mobility) at baseline and at 15 months follow-up—
confirmed the low BMD in AS but failed to demonstrate
consistent change in bone turnover to explain it. It
appeared that men with AS have both trabecular and cor-
tical bone deficit that may result from genetic factors,
inflammation, medication, or decreased mobility (72),
whereas alteration in vitamin D metabolism and
increased bone resorption–related high disease activity
was suggested in another study by Lange et al. (73).

Peripheral Joint Involvement

Hips and shoulders are involved at some stage of the
disease in about one third of patients (more commonly in
patients with juvenile-onset AS); this should be regarded
ultimately as a type of axial involvement (43). Hip dis-
ease usually is symmetric and insidious, and can result in
severe disability (74). Shoulder symptoms and loss of
mobility also are common in patients with AS and, in a
survey including 1,515 subjects, the prevalence of severe
or very severe pain and severe or very severe stiffness
were 15.2% and 13.8%, respectively. Despite the high
frequency and correlation with higher pain and arthritis

impact measurement scales (AIMS) scores, shoulder
symptoms were rarely disabling (75).

True peripheral joint involvement is infrequent in AS;
when present, it is usually regarded as asymmetric, tran-
sient, and rarely erosive and with a tendency to resolve
without deformity (43).

A special case should be made for the temporo-
mandibular joint. In one study, involvement of the tem-
poromandibular joint was found in almost 50% of 65
patients aged 33 (±11). Condylar erosions and flatten-
ing, and sclerosis, as well as temporal flattening were
significantly increased compared with controls (76), as
were condylar erosions associated with longer duration
of AS, neck complaints, and atlantoaxial subluxation
(76). Magnetic resonance imaging (MRI) has been
reported to show a high prevalence of temporomandibu-
lar degenerative changes or disc displacement which
were, however, not specific for a diagnosis of AS (77).
Temporomandibular joint involvement does not seem to
be correlated with AS severity or peripheral joint
involvement (77). 

Entheses

Inflammation at the sites of attachment of a tendon or
enthesitis can be a major disabling problem in some
patients and is a hallmark of AS and the spondy-
loarthropathies (78,79). The entheses of the lower limbs
are more frequently involved; heel enthesitis is the most
common (79). Traditional methods of imaging, including
plain film radiography and xeroradiography, have been
supplanted by ultrasound and MRI, which demonstrated
soft-tissue and bone edema and inflammation much
before the classical erosions and bone proliferation seen
in more advanced cases (79). 

Extra-articular Manifestations

Various extra-articular manifestations have been
associated with AS. Some can be considered as plain
complications, often in late-stage disease, whereas oth-
ers are more strongly disease-associated with shared
pathogenesis.

Neurologic

Cauda equina syndrome (CES) is described as a rare
complication of AS that manifests late in the course of the
disease (46,80,81). Ahn et al. recently reviewed 52 papers
on CES that included 86 patients (82). These patients had
a mean age of 58.5 ± 2 years, with an average of 32 years
of AS history. A slow onset of neurologic deficit was
reported by 98% of patients. Motor deficit was found in
62%, whereas sensory deficit, reflex deficit, and bladder
dysfunction were much more common (96%, 93%, and
95%, respectively). Of note, the clinical picture was ini-
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tially misdiagnosed as prostatic hyperplasia and prosta-
tectomy was performed in almost one third of males. Sci-
atica was the initial symptom in 22% of cases (82).
Finally, only 40% of the patients treated surgically had
some form of neurologic improvement, whereas steroids
had no effect at all (82).

The hallmark of CES in AS is the presence of dorsal
dura diverticula associated with a widened thecal sac and
scalloped erosions of the posterior vertebral arch. This
syndrome has been attributed to arachnoiditis and
chronic inflammation (46,80–82), even though other
hypotheses (arteritis, demyelination, fibrosis, etc.) have
been raised (46). A published case report describes the
coexistence of AS and spinal arteriovenous malformation
with vasculitic changes (83).

Other neurologic manifestations of AS include isolated
nerve root, cervical myelopathy, and possible combina-
tions of nerve root and spinal cord compression in case of
fractures (80). They have been attributed to instability
(owing to subluxation or fracture), inflammation (arach-
noiditis or single root lesions), or compression (ossified
intraspinal ligaments, granulation tissue, or foraminal
stenosis) (46).

One case of bilateral optic neuritis in a woman suffer-
ing from AS has been published, suggesting the possible
connection between AS and multiple sclerosis (84).
Dolan and Gibson published two cases of AS with spas-
tic paraparesis because of undetermined intrinsic spinal
cord lesions where the neurologic symptoms had been
attributed to associated multiple sclerosis but were indeed
a complication of AS (85).

Gastrointestinal

There is a clear association between IBD and the
spondyloarthropathies (37). Cohorts of IBD develop
inflammatory rheumatism that can be labeled as AS or
enteropathic arthritis. The reader is referred to Chapter 74
by Goupille and Borenstein.

However, it is important to realize that AS patients
without any known bowel disease present endoscopic
lesions in 29.2% of cases and histologic signs of gut
inflammation in 58.3% (acute inflammation in 8.3%
acute and chronic inflammation in 50%) at ileo-
colonoscopy (38). This confirms previous studies where
prevalence of inflammatory gut lesions observed by ileo-
colonoscopy ranged from 29% to 67% when looking only
at the subgroup of AS patients (37).

Finally, a possible association may exist with celiac
disease. Kallikorm et al. screened 18 patients with AS by
means of different serologic tests (antigliadin and anti-
reticulin antibodies—both IgA and IgG—and antien-
domysium IgA) and discovered one case of celiac dis-
ease, corresponding to a prevalence of 5.5% as compared
with an incidence of .37:1,000 live births in the same
country (86).

Renal

In a cross-sectional study including 40 AS patients,
35% presented one or more renal abnormalities. The most
common sign was microscopic hematuria followed by
microalbuminuria, and reduced creatinine clearance. No
case of proximal tubular impairment was found by means
of the urinary excretion of retinol-binding protein (87). 

In an extensive review of the literature, the overall
prevalence of clinically relevant renal involvement in AS
has been estimated to be around 10% with the following
distribution: 62% of amyloidosis; 30% of IgA nephropa-
thy; 5% of mesangioproliferative glomerulonephritis; and
1% each of membranous nephropathy, focal segmental
glomerulonephritis, and focal proliferative glomeru-
lonephritis (88). The figure for amyloidosis is in agree-
ment with other studies. Histologic evidence of sec-
ondary amyloidosis was found in one of 15 (6.2%)
specimens obtained during joint replacement procedures
in AS patients without any clinical evidence of amyloido-
sis (aged 30, average disease duration 8.2 years) (89),
whereas a systematic search for amyloidosis by subcuta-
neous abdominal fat aspiration in 137 patients yielded a
positive test in 7% of the cases. These patients were sig-
nificantly older, had longer duration of AS, and more
peripheral erosive arthritis than the rest of AS patients
(90). A more conservative estimate is around 3% for the
prevalence of clinically recognizable secondary amyloi-
dosis in live AS patients (89).

Pulmonary

Figures for pulmonary involvement range from 0% to
30% (91). In two papers from the same group, including
26 patients (women 23%; mean age 44.8 years; mean
duration of AS 18.5 years, and 12% never smokers), six
were symptomatic (23%) with mainly cough or dyspnea,
whereas only two (8%) had basal crepitations on chest
examination. However, pulmonary functions were abnor-
mal in 11 patients (42%) with a restrictive pattern in eight
and obstructive in three. Plain chest radiographs showed
abnormalities in only 15%, whereas high-resolution CT
was abnormal in 69%. The most common abnormalities
on CT were interstitial lung disease, bronchial wall thick-
ening and bronchiectasias, paraseptal emphysema, medi-
astinal lymphadenopathy, tracheal dilatation, and apical
fibrosis unexplained by a history of smoking alone and
suggesting a possible association between AS and inter-
stitial lung disease (91,92). Others have reported similar
findings. In a highly selected group of patients, where
patients with histories of smoking or exposure to inhaled
gases as well as patients with abnormal chest radiographs
were excluded, prevalence of abnormalities was 71% for
thin-section CT and 57% for pulmonary function tests, all
with a restrictive pattern. The main types of lesions were
interlobular septal thickening, linear septal thickening,
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thickening of bronchial walls and pleural thickening (21
patients, mean age 43 ± 12, mean duration of AS 13 ± 7.5
years) (93). 

Finally, a small study showed that smoking was associ-
ated with a poor outcome in terms of mobility and func-
tional index in AS patients (60).

Cardiac

Several types of valve disease, arrhythmias, myocar-
dial diseases, and pericarditis have been found in associ-
ation with HLA-B27, most of them in patients with AS
(94). A longitudinal study with a mean follow-up of 39
months found abnormalities of the aortic root and valves
on transesophageal echocardiography in 82% of AS
patients and 27% of controls (p < .001). These findings
were unrelated to clinical features of AS. Twenty-four
percent of patients developed new or other aortic root or
valve abnormalities during follow-up, whereas another
12% demonstrated progression to a more severe regurgi-
tation. However, the abnormalities detected at baseline
also resolved in 20% (95).

Jimenez-Balderas et al. performed a two-dimensional
echo Doppler study in cardiopulmonary asymptomatic
patients with AS. They compared 20 cases with juvenile-
onset AS, 31 with adult-onset AS, and 20 healthy males.
Several abnormalities were found significantly more
often among AS patients and some differences between
juvenile- and adult-onset reported. Cardiomyopathy,
increased aortic root diameter, and abnormal aortic ring
reflectance were more frequent among patients with
adult-onset despite a higher frequency of HLA-B27
among juveniles (90% versus 51%) but no difference in
terms of increased mitral valve gradient was found
between both subgroups of AS (96). 

Ocular

Uveitis is the main type of eye involvement and the
most common extra-articular manifestation (97). Accord-
ing to an extensive review, the likelihood of anterior
uveitis in AS patients ranges from 20% to 30%. Con-
versely, the likelihood of AS in patients with uveitis is
15% for any uveitis, 30% to 50% for acute anterior
uveitis with figures raising up to 84% to 90% for HLA-
B27+ patients with acute anterior uveitis. The clinical
patterns of uveitis most frequently associated with AS are
the unilateral acute anterior recurrent uveitis and the uni-
lateral acute anterior nonrecurrent uveitis (97).

Psychological

Different psychological aspects have been studied in
AS patients. Günther et al. assessed 76 AS male patients
and 16 healthy controls for their stress coping mecha-
nisms. Patients were divided into four groups according

to the duration of AS and overall patients differed from
controls only in a few aspects. They used more cognitive
coping and actionable strategies and less resignation and
self-accusation, which led the authors to conclude that
AS patients probably use the best coping mechanisms
and that they conform with the notion of “healthy ill peo-
ple” (98). Psychological well-being, as assessed by SCL-
90-R, was found to be correlated with pain but neither
with function nor spinal mobility measures (99).

Other studies have focused on sleep disturbances,
which appear to be a significant problem for AS patients.
A cross-sectional comparison of 70 AS patients and
3,558 controls demonstrated several differences between
groups at all stages (i.e., pre-sleep, sleep, and wakeful-
ness) (100). A previous study, including 11 patients and
11 controls, had already shown that sleep was different in
AS patients and controls. Moreover, quality of sleep was
correlated with lumbar flexibility, pain, and psychomotor
performance (101). However, the same authors also
stated in another study that the precise nature of the rela-
tionship among fatigue, disease activity, function, and
sleep disturbance remained unclear (102). 

In a study by Ward evaluating 175 patients with the
Medical Outcomes Study Short Form 36 Health Survey
(SF-36) among other tools, it appeared that mental health
role limitations caused by emotional problems and social
functioning were less affected than the rest of the sub-
scales of the questionnaire (52). Nevertheless, it is also
important to recognize that self-reported health status
appeared more strongly related to personality traits than
the degree of disability in a study that included 144
patients (103).

Finally, in a survey including 175 patients self-evalu-
ated for the presence and importance of problems in 23
aspects of quality of life, the main concerns of patients
were pain, stiffness, fatigue, and sleep problems. Less
educated patients had lower quality of life. Moreover,
women reported significantly more problems with
fatigue, coping with illness, job performance, and self-
care tasks. Pain and role limitations owing to physical
problems are also more likely in women (52).

Various

Ankylosing spondylitis patients could be predisposed
to lymphoid malignancies. In a subgroup of 1,137 HLA-
typed patients selected from a Chinese marrow donor
registry of 18,774 volunteer, ankylosing spondylitis was
found in four of the 16 HLA-B27+ patients with lym-
phoid malignancies (three cases of acute lymphoblastic
leukemia and one of Hodgkin lymphoma) (104).

In a study of 22 female patients with AS and 22
matched controls, enlarged thyroid volume, lower basal
free T3, T4 and total T3, normal levels of TSH and total
T4, and increased reverse-T3 were significantly more fre-
quent in the AS group. This “low-T3 syndrome” was cor-
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related to parameters of acute inflammatory activity
(105).

Focal sialadenitis was found in 58% of AS patients and
secondary Sjögren syndrome in 26%, figures quite simi-
lar to that concerning rheumatoid arthritis and other
inflammatory diseases (106).

The prevalence of type A vitiligo was found to be 4.6%
in a cohort of patients with AS (n = 43) versus 1.06% in a
group of 468 control patients suffering from different
rheumatic disorders excepted spondyloarthropathies (107). 

Finally, AS patients could present with severe muscle
wasting. There is no compelling evidence for an associa-
tion of AS with inflammatory muscle disease, even if
modest raised blood levels of muscle enzymes occasion-
ally have been observed. Until proved otherwise, one
should first exclude a neurologic complication, severe
disuse, or malabsorption when a patient presents with
such a clinical picture (43).

Of interest, despite AS being an inflammatory disease,
it has been shown that some meteorologic variables have
significant influence on the patient’s quality of life as
evaluated by the questionnaire (108).

Functional Capacity and Outcome

Different studies on this topic have been published;
however, they are mainly cross-sectional (48,50,99,
109–111). A systematic review was published that sum-
marized the information available up to 2001 (112).
Despite the generalized opinion that most AS patients
retain full work ability, it appears overall that AS has a
substantial impact in terms of work disability (3% to
50%) and sick leave (12 to 46 days per patient per year)
(112), but with large differences among countries (113).

Of course, life cannot be reduced to work capacity.
According to Ward, mortality, quality of life, and physio-
logic or anatomic impairment are the major components
of health outcomes (114). To evaluate health-related qual-
ity of life in AS, one should take into account several
components: symptoms, physical functioning, role func-
tioning, social interactions, psychological functioning,
adverse effects of treatment, and both direct and indirect
financial costs (114).

Juvenile Ankylosing Spondylitis

Juvenile ankylosing spondylitis (JAS) deserves a few
comments. The definition is that of an ankylosing
spondylitis occurring in individuals less than 16 years of
age (57,115). However, no specific diagnostic criteria
are available (116). The main characteristics of JAS are
a male to female ratio of 7:1, mean onset age greater
than 10 years, common enthesitis, HLA-B27+ in 90%,
and no ANA or rheumatoid factor (115). The female to
male ratio seems to increase as the age of onset
decreases (117). 

We have not found precise epidemiologic data, but
rather indirect estimates. Lee et al. reported figures of
prevalence of 10% to 15% for AS that start during child-
hood, with 29.2% of their patients originally diagnosed
with juvenile chronic arthritis (late-onset pauciarticular
type) (38). Much higher figures have been cited in
selected referred rheumatic pediatric populations (57,
115,118).

Onset of JAS may be so acute that it mimics a septic
disorder, or it may be much more subtle (115). Arthritis
is often very episodic with long remission. The usual pic-
ture is that of an older boy with asymmetric oligoarthritis
predominant in the lower limbs, often with enthesitis.
Night pain and morning stiffness are characteristic. Hip
joint arthritis at onset is common, and early onset is rec-
ognized as a risk factor for hip involvement (43). Multi-
factorial (e.g., synovitis, enthesitis, tenosynovitis, and
bursitis) midfoot pain and tenderness also are frequent
(115). One caveat is that evidence of arthritis of the
sacroiliac joints and spine does not develop until 5 to 10
years after onset (57). 

Constitutional symptoms such as high-grade fever,
weight loss, muscle weakness and atrophy, fatigue, lymph
node enlargement, leukocytosis, and anemia are present
in 5% to 10% of patients (57). The usefulness of different
imaging methods seems rather limited and they are not
indicated routinely in this age group (115,116). Of note,
in one study, not a single case presented with solely axial
symptoms, and clinical signs in the absence of symptoms
were extraordinarily rare (119).

INVESTIGATIONS AND OUTCOME MEASURES

Imaging

The main radiologic features of AS are: sacroiliitis,
vertebral squaring, vertebral osteopenia, spondylitis ante-
rior (Romanus lesion), shiny corner (marginal vertebral
sclerosis), spondylodiscitis (Anderson lesion), joint cap-
sule and ligament ossification, syndesmophytes, bamboo
spine, and vertebral fractures (7,120). 

Ankylosis of the sacroiliac joints can take years, but can
also occur rapidly in approximately 20% of patients with
very severe early disease (120). Sacroiliitis is central to
diagnosis, and an agreement between pelvic antero-poste-
rior (AP) views and sacroiliac joint incidences was found
in 94% of cases. Therefore, the former should be preferred
because they are cheaper, less irradiating, and also bring
some information about the hip joints (121). A comparison
of radiography, computed tomography (CT) scan, and MRI
was performed in nine healthy volunteers and 24 patients
with AS (mean age, 21.7 years). Magnetic resonance imag-
ing showed the cartilage of all the sacroiliac joints of the
volunteers to be normal, and both imaging techniques per-
formed better than radiographs. Although only one patient
was normal in each imaging technique, 11 sacroiliac joints
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were graded 0 in AP radiographs and 16 in oblique views
(122). Moreover, CT was superior to MRI to identify scle-
rosis; on the other hand, MRI was able to reveal early car-
tilage changes and bone marrow edema (122). Two other
recent studies have highlighted the usefulness of MRI,
with or without enhancement, to detect early sacroiliitis
(123,124) or Romanus lesions (125). Interestingly, a lim-
ited MRI examination used by McNally et al. to screen
1,042 cases suffering from LBP without radiculopathy and
unresponsive to conservative treatment for more than 6
weeks demonstrated seven cases of AS, among other
pathologies, even though the diagnostic criteria used were
not reported (126).

The contribution of pathologic radiographs of the
spine, irrespective of sacroiliac changes, to the diagnosis
of AS is not clear (120). Early lesions of the spine in AS
occur where the disc, anterior ligament, and edge of the
vertebral body meet (120), and bone formation seems to
parallel ongoing inflammation (120). As stated, it had
been advocated that zygapophyseal joint ankylosis pre-
cede the syndesmophytes (53). The problem of occult
fractures has been highlighted before and one should be
aware that anterior atlantoaxial subluxation can occur in
later stages of AS (120). Bone single photon emission
computed tomography, evaluated in 28 patients, demon-
strated abnormalities in the vertebral body and facet
joints of 15 and 16 patients, respectively. Of note, multi-
ple sites of uptake were common, but only three patients
had elevated sacroiliac scores (127). Another technique,
the 99mTc human IgG scintigraphy did not demonstrate
usefulness (128).

The clinico-radiologic correlation appears poor in a
study including 19 patients with AS. Actually, the fre-
quency of symptoms at different specific localizations
was only 20% to 25% of the prevalence of radiologic
signs. Moreover, radiologic manifestations of enthesitis
at the ischiatic tuberosity were present in 95% of patients,
whereas none reported clinical symptoms (129). 

The main validated scoring methods for reading stan-
dard radiographs in AS has been the object of multiple
studies (44,130–133) and was highlighted in reviews
(134). Spoorenberg et al. compared the existing methods
of scoring; that is, the New York method and the Stoke
Ankylosing Spondylitis Spine Score (SASSS) for the
sacroiliac joints, the Larsen method for the hip joints, the
Bath Ankylosing Spondylitis Radiology Index (BASRI)
for AP and lateral views of the cervical and lumbar spine,
and the SASSS for the lateral anterior and posterior
aspects of the cervical and lumbar spine. Reliability and
sensitivity to change over 1 year using the same radi-
ograph techniques were evaluated for all methods. Only
the SASSS (spine) and BASRI index reached good relia-
bility. Moreover, observers agreed that no change
occurred over 1 year in up to 89% of cases (133). Actu-
ally, only half of patients develop severe disease after 45
years, and 25% never develop cervical involvement.

There was a lack of correlation between the individual
radiologic score and duration of disease. It appears that
patients with hip involvement had more severe axial dis-
ease (130). It also appears from data obtained on the
BASRI score that the AP view supplies more information
than the lateral view (44).

A comparison of radiologic changes and mobility mea-
sures showed significant correlations among several vari-
ables, sometimes concerning different sections of the
spine (e.g., cervical mobility was correlated with sacroil-
iac radiography) (135). An important drawback of radi-
ographs is that, in contrast to the clinical status, radi-
ographs cannot improve and sequential films are
considered almost useless (10).

Laboratory Tests

Most laboratory tests are of limited value in AS. Lev-
els of erythrocyte sedimentation rate (ESR) and C-reac-
tive protein (CRP) are normal or only slighted increased
in many patients with “active” AS, not allowing for fur-
ther improvement (134). Neither is superior to the other
in assessing disease activity (136). In their review, van
den Hoogen et al. reported that raised ESR had sensitiv-
ity of .69 and specificity of .68 for diagnostic accuracy
(56). Nevertheless, the latest recommendation promotes
the use of ESR. Even if its predictive value and discrimi-
native power remain to be defined by longitudinal studies
(134). In a 6-week study including 443 patients, CRP was
found to be increased at baseline in 39% of cases. More-
over, a reduction of CRP at follow-up occurred in 28% of
cases in the placebo arm of the study (137).

Other tests, such as plasma viscosity and interleukin-6,
have been used; however, laboratory tests are not very
useful overall, and their correlation with the degree of
impairment is minimal (10).

The strong association between HLA-B27 and AS has
been discussed. A positive HL-B27 status has no real
value in diagnosis. It will not make the diagnosis in a
patient who failed clinical criteria. At best, AS is very
unlikely with a negative result; an alternate diagnosis
should be considered.

Outcome Measures

Traditionally, clinicians have relied heavily on physical
measurement as measures of the efficacy of management.
Viitanen et al. compared nine measurements of the cervi-
cal spine mobility either by means of a tape or an incli-
nometer; the results were correlated with radiologic
changes of the whole spine. The authors concluded that
cervical extension and lateral flexion as well as cervical
rotation and occiput- or tragus-wall distance could be rec-
ommended as long-term outcomes measures (138). A
method of assessment of the thoracolumbar rotation by
means of a tape (the Pavelka method) has been shown to
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be a valid and reliable method in AS patients (139). The
same group compared 17 repeated tests and correlated
them with radiologic findings. They concluded that a
modified Schober test, thoracolumbar flexion, lateral flex-
ion, and rotation, chest expansion (after careful standard-
ization), cervical rotation, and extension or lateral flexion
could be used to assess disease progression (140). The
sensitivity to change of different spinal, shoulder, and hip
measurements also was tested in a 3-week inpatient course
of intensive physiotherapy. Finger to floor distance, thora-
columbar rotation (Pavelka method), and thoracolumbar
lateral flexion were the most sensitive, with effect sizes
ranging between .32 and .43 (141). Finally, clinical and
radiologic measures including dynamic radiographs were
compared in 22 cases of AS with predominant involve-
ment of the spine. The reproducibility of the clinical mea-
sures was reported to be excellent, whereas the correlation
coefficients between radiologic and clinical measures
ranged from .81 to .17 (142).

However, physical measurements represent only one of
the different aspects or domains of the clinical evaluation.
It includes taking a clinical history, physical examination,
perception of the functional capacity and reported quality
of life, as well as radiologic and laboratory data. Several
tools have been developed specifically for AS, and core
sets have been proposed for various tasks: daily clinical
record keeping, evaluation of disease-modifying drugs,
and evaluation of symptomatic treatments (134). This is
an intense field of research still in progress (143,144).
For example, a recent paper pooling five randomized
controlled trials (RCTs), including more than 1,000
patients overall, proposed the use of “patient global
assessment, pain, function, and inflammation” to define
response to treatment or partial remission (145). 

These instruments also can be used in sets defined to per-
form patient evaluation following the World Health Organi-
zation’s recommendations (146). The group from the Royal
National Hospital for Rheumatic Diseases (Bath, UK) has
defined several sets of measurements that constitute differ-
ent indexes: Bath Ankylosing Spondylitis Functional Index
(BASFI), Bath Ankylosing Spondylitis Metrology Index
(BASMI), Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI), Bath Ankylosing Spondylitis Psycholog-
ical Index (BAS-PSYCH), and Bath Ankylosing Spondyli-
tis Global status (BAS-G) (10,147–149). If these indexes
are used widely in drug studies, they also may be used to
evaluate impairment (BASDAI, BASMI, BAS-PSYCH,
and radiographs), disability (BASFI and BAS-G), and
handicap (cost, employment, and quality of life) according
to Calin (10).

Numerous instruments to evaluate function are avail-
able and widely used in clinical research. They all have
strengths and limitations, which should be kept in mind
when evaluating an article. A recent study using data
from a placebo-controlled RCT compared the most com-
monly used questionnaires for self-assessment of

patients’ functional capacity: the BASFI, the Dougados
Functional Index (DFI), and the specific version for AS
of the Health Assessment Questionnaire (HAQ-S), and
concluded that the BASFI performed better to identify
either improvement or deterioration (51). In another
study, the DFI and HAQ-S were compared with two more
generic instruments—the Health Assessment Question-
naire (HAQ) and the Arthritis Impact Measurement
Scales-2 (AIMS2)—with regard to construct validity and
sensitivity to change. This was a longitudinal study with
a 2-year follow-up of 216 patients. The authors concluded
that HAQ-S performed similarly to the HAQ but better
than the AIMS-2 and the functional index (150). AIMS2
has been described as a multidimensional but not AS-spe-
cific tool. On the other hand, BASFI, DFI, and HAQ-S
are AS-specific; however, several important dimensions
are missing (151). For this reason, the AS Arthritis
Impact Measurement Scales 2 (AS-AIMS2), a new ques-
tionnaire based on AIMS2 and HAQ-S, has been devel-
oped and validated (151). In another study the scores of
BASFI and DFI showed a Spearman correlation coeffi-
cient of .89 (152). With these indexes, 12% to 30% of
patients were misclassified for disease activity. Finally,
the authors could not make a definite choice even though
the BASFI showed a slightly higher specificity (152).

Detailed review of all the available instruments is
beyond the purpose of this chapter. Some information on
the instruments used for radiologic and laboratory
domains have been discussed in previous sections.

TREATMENT

Major short-term objectives of AS treatment are pri-
marily pain relief and decrease stiffness. This should
allow for long-term prevention of ankylosis, hyperkypho-
sis, and late-stage complications such as chest wall
involvement with restrictive pulmonary failure (78,153).
Finally, one could add control of inflammation, which
should prevent complications such as secondary amyloi-
dosis. It is not known if these measures prevent other
long-term manifestations or complications, such as aortic
insufficiency or pulmonary fibrosis.

Probably more than in most diseases, patient education
and active participation in the treatment are crucial. Drug
therapy is important and efficient, and the availability of
biologic agents will probably radically change our
approach to AS during the coming decades; however,
self-management and physiotherapy remain a corner-
stone in the management of AS at this time.

Monitoring the evolution of an AS patient and evaluat-
ing the efficacy of treatment is a laborious but important
task. As stated, multiple domains should be considered
for a thorough clinical evaluation. Core sets have been
proposed to help us (143,144), but their validity in daily
clinical practice for treatment guidance is unknown. Fur-
thermore, a working knowledge of the clinically relevant
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differences among instruments is still missing (78,134,
154).

Physiotherapy

Even if controlled studies are rare, physiotherapy has
demonstrated its importance through the years and is
widely prescribed. Probably it should be used in a classi-
cal form, administered by a physical therapist, or more
importantly as a self-exercise, alone or within a group of
AS patients (153,155).

Significant benefits have been demonstrated in an
RCT for home physiotherapy on a short-term basis of 4
months (156); manipulative therapy also can be helpful
(153). Hydrotherapy appears also particularly valuable
and is widely prescribed, even if no rigorous demonstra-
tion of its efficacy is available (153,155). Before pre-
scription, one also should be aware that if aquatic therapy
has great advantages, it also has contraindications and
specific requirements (157).

Even if classically it has been associated with drug
therapy, physiotherapy per se has some efficacy for
symptomatic relief and could be sufficient alone (153).
Finally, it is essential to insist on the importance of the
lifelong regular practice of exercise (153). Sports also can
be advocated, but the choice should be adapted to the type
of involvement, cardiovascular status, and intrinsic risk of
traumatism (158).

Drugs

Analgesic

Pure analgesics often are considered of limited value
by doctors in the management of AS; however, they are
widely used by patients. In one study, almost one third of
patients take analgesics; this percentage increases with
severity of disease (159). The use of narcotic analgesics
is not uncommon because the patients’ main concern is
symptom relief (160). To our knowledge, there is no RCT
on their efficacy in AS, but we are unaware of any
demonstration that an antiinflammatory effect is neces-
sary in AS.

Nonsteroidal Antiinflammatory Drugs

Nonsteroidal antiinflammatory drugs (NSAIDs) have
been and are still extensively used in AS to provide symp-
tomatic relief; more than 80% of the patients use them
(160). The overall objective is to provide sufficient relief
to allow the patient to realize free movements and regular
exercise programs essential for the prevention of ankylo-
sis (78,153,155). There is no convincing evidence to sup-
port the traditional assertion that phenylbutazone and
indomethacin are the best NSAIDs for AS (even having
possible effects on the calcification of syndesmophytes).

It seems that all NSAIDs are equally efficient at equiva-
lent dosis (78,153,155). It is more local preferences and
conventions, rather than prospective RCT studies, that
appear to dictate the use of various NSAIDs. 

It is important to stress that the efficacy of an NSAID
usually can be assessed within 48 hours; one should
change to another drug in case of inefficacy (78). New
COX-2 specific NSAIDs appear equally effective as reg-
ular NSAIDs. Celecoxib has proved to be as efficient at
relieving pain in AS as ketoprofen in a 6-week RCT
(161). There is no reason to believe that the benefits from
COX-2 specific inhibition with reduction in serious gas-
trointestinal adverse events observed in large osteoarthri-
tis studies should not apply to AS patients (162,163). 

Finally, it is important to remember that there is no evi-
dence in the literature that prolonged antiinflammatory
treatment improves radiologic or functional outcomes.
Usage of NSAIDs should be restricted to painful periods
of disease activity, because they do not have any disease-
modifying properties per se (155).

Systemic Corticosteroids

Systemic oral corticosteroids have little use in AS
(78,155). Some rare patients do benefit from intravenously
pulsed methylprednisolone for severe flare; however, the
improvement usually is limited in time (78). Dosage of 1 g
did not appear more effective than 375 mg (78).

Disease-modifying Antirheumatic Drugs and Biologic
Agents

Disease-modifying antirheumatic drugs (DMARDs)
are classically prescribed for severe disease resisting or
insufficiently controlled by NSAIDs; however, they have
no disease-modifying effect in AS. Most of the classical
DMARDs used for rheumatoid arthritis have been tried
in AS and proved to be either totally inefficient or effi-
cient only in a few cases (78,153,155). They can be pre-
scribed in severe cases resistant to other treatment, so
long as one recognizes the limitations and risks of this
treatment, has a clear definition of the potential benefit,
and is ready to interrupt the treatment if it does not
achieve the goal. 

Sulfasalazine is the DMARD most used by patients
and recommended by rheumatologists for AS (159). Var-
ious studies have evaluated sulfasalazine in AS, both in
patients with axial and peripheral joint involvement
(164,165). A meta-analysis confirmed safety and some
effectiveness in the short-term treatment of AS (166).
However, efficacy is mainly limited to peripheral disease
(164,165). These trials indicated that there is no clinically
relevant beneficial effect, except for concomitant arthri-
tis, which represents less than 25% of patients with AS
(167). Of interest, sulfasalazine has demonstrated a
potential for prevention of anterior uveitis (168).
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Methotrexate (mtx) is the second most recommended
DMARD for AS (159), although no RCT has proved its
efficacy in AS. Efficacy was evaluated in two open-label
studies (169,170). An Italian study treated 17 sul-
fasalazine-resistant or -intolerant AS patients with 7.5 to
10 mg oral mtx per week in association with indo-
methacin over 3 years. Unexpectedly, they showed signif-
icant improvement in axial disease as evaluated by the
visual analog scale (VAS) for night pain, well-being and
physical measurements, and absence of spine or sacroil-
iac joint disease progression on radiographs; however,
they failed to demonstrate any decrease in the number of
swollen or tender joints (170). On the other hand, the
axial measures were not significantly different in 34
long-standing active AS patients who failed to improve
on NSAIDs and were treated with intramuscular mtx 12.5
mg per week for 1 year in a prospective study, despite the
fact that 53% were considered responders with clinical
improvement, reduction of more than 50% in the dosage
of NSAIDs, and 25% in ESR. Also, 16 out of 26 patients
with peripheral involvement had significant improvement
(169). Finally, a recent 1-year RCT with 51 AS patients
compared treatment with oral mtx 7.5 mg per week and
naproxen with naproxen alone. This study failed to
demonstrate any superiority of the association, but
dosage of mtx was very low for the actual standard; pos-
sibly, a higher dosage would show some efficacy (171). 

Anti–tumor necrosis-a (anti–TNF-α) therapy has raised
enormous hope in the treatment of AS and other spondy-
loarthropathies (172,173). In a 3-month open study, Brandt
et al. demonstrated a more than 50% improvement in nine
out of 11 AS patients for disease activity, as measured with
the BASDAI, function, and pain scores. Disease was con-
sidered severe, with a mean duration of 5 years, and the
patients received three perfusions of infliximab, an
anti–TNF-α chimeric antibody at a dose of 5 mg/kg of
weight at weeks 0, 2, and 6, a protocol similar to the one
used for Crohn disease (174). These data have been con-
firmed in a multicenter German RCT of 70 patients with
AS where 53% had significant (50%) short-term improve-
ment in BASDAI and spinal pain on a VAS scale (175).
Two randomized, double-blind studies comparing anti-
TNF therapy to placebo have been published recently
(176,177). In the first study, infliximab brought significant
short-term (12-week) benefits in spondyloarthropathies as
assessed on patient and physician global activity scales.
Nineteen patients out of 40 had AS, and it should be noted
that six out of 10 only had axial involvement in the placebo
group, whereas six out of nine had axial and peripheral
involvement in the treatment group. Treatment signifi-
cantly improved primary end points and decreased CRP
and ESR, but it failed to demonstrate improvement in axial
involvement (176). The second study used twice-weekly
subcutaneous injection of etanercept, a soluble Ig fusion
receptor, in 40 AS patients. Again, there was a significant

improvement in the global assessment, BASFI, ESR, and
CRP, but not in measures assessing spinal involvement
with the exception of chest expansion (177). At this time,
it seems that anti–TNF-α therapy is efficient in the short
term, particularly when assessing functional capacity or
quality of life. This type of treatment appears less efficient
using clinical and radiologic measures, but this could be a
problem of study design, in particular with short-term
studies, or sensitivity of the methods. Recent studies have
hinted that MRI could be a good surrogate outcome param-
eter in this regard (174,178,179). Moreover, it should be
remembered that if biologic agents bring us to the next
dimension in the treatment of AS, they also can have severe
adverse effects (e.g., tuberculosis) (175,176,180), regard-
less of price. 

Finally, and as stated, most DMARDs have been used
with little success, but one can always find an anecdotal
dramatic response in a severe case of refractory AS. This
hold true for thalidomide (181), anti-CD4, anti-inter-
leukin-6 (182), azathioprine (183), and others (155). The
authors do not recommend the utilization of such treat-
ments.

Others

Pamidronate, an antiresorptive bisphosphonate, has
demonstrated good efficiency in NSAID-refractory AS in
two small open studies (184,185) and one 6-month RCT
(186). At a dose of 60 mg intravenously monthly,
pamidronate induced significant decrease in activity
index (BASDAI) and improvement in function (BASFI).
Interestingly, there was no significant amelioration of
inflammatory parameters; the mechanisms of this benefi-
cial effect remain enigmatic. Reduced bone marrow
edema in affected joints after pamidronate has been
described by the same group, which could explain some
of the observed effects (185).

Finally, despite the sad experiment with induced
leukemia after external spine radiotherapy (153), sys-
temic treatment with radioisotopes has regained interest
in Germany (187), but awaits the strict demonstration of
its efficacy and lack of long-term adverse effects.

Local Treatment

The limited therapeutic response to systemic therapy
and the restricted involvement of enthesis and peripheral
arthritis make them good candidates for local treatment.
Physical therapy and orthoses such as shoe insoles can be
helpful, even if rigorous demonstration of their efficacy
is still lacking. The same holds true for local injection of
corticosteroids; one should be aware of the risk of rupture
when the injection is done near the Achilles tendon. Local
intra-articular corticosteroids certainly are helpful in the
management of peripheral arthritis and refractory sacroil-
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iac joint pain (188–190). Radioactive synovectomy has
been advocated in chronic synovitis (153) despite the
absence of evidence for its efficiency (191). Finally,
external local radiotherapy remains indicated in rare,
refractory cases of enthesitis (192). 

Surgery

The surgical treatment of AS is the subject of Chapter
77 by Simmons, Simmons, and Zhengo.
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CHAPTER 77

Ankylosing Spondylitis: Operative Treatment 

Edward H. Simmons, Edward D. Simmons, and Yinggang Zheng

It is well recognized that severe flexion deformities of the
spine may occur in patients with ankylosing spondylitis.
Despite emphasis on early recognition and current
advances in medical treatment, patients are still seen with
advanced kyphotic deformities of the trunk who are very
severely disabled and who present a major challenge for
definitive surgical correction of their deformity (1–4).

Lumbar osteotomy is the first type of surgical correction
for kyphotic deformity of spine in ankylosing spondylitis,
reported by Smith-Petersen et al. in 1945 (5). The initial
procedure as reported by Smith-Petersen et al. was done
under general anesthesia with the patient lying prone. This
was further reported by LaChapelle, Herbert, Nunziata,
Wilson and Turkell, Law, and others (6–13). To avoid diffi-
culties with the use of the prone position for patients with
kyphotic deformity, Adams recommended that surgery be
done with patients on their sides. He used a three-point rack
to manipulate the spine for correction (14).

Some have recommended a two-stage or double-expo-
sure procedure with division of the longitudinal ligament
anteriorly. In our experience this is not required, and cor-
rection can be consistently done from the posterior
approach alone. It should be appreciated that gastric dilata-
tion and abdominal ileus is a major and consistent compli-
cation of lumbar osteotomy. When the spine is extended
with the costal margin moving away from the pelvis, the
superior mesenteric artery is stretched over the third part of
the duodenum, producing a functional block to the outlet
of the stomach and predisposing to gastric dilatation. If this
hazard is not anticipated, patients may vomit a large
amount. With a stiff rigid neck in the supine position, there
is a major risk of aspiration, which could prove fatal. It is
necessary to have a nasogastric tube in position postopera-
tively with suction drainage until intestinal motility is
established and the patient is passing gas. 

Early workers recognized the risk of general anesthesia
in the performance of lumbar osteotomy (15,16). A review
of the results of all reported cases of lumbar osteotomy
under general anesthesia prior to 1969 indicated that the

mortality was 8% to 10% and that neurologic deficit of
some degree, including paraplegia, had an incidence of
30%. In analyzing the causes of death, two thirds appeared
related to the use of general anesthesia. As a result, we rou-
tinely carried out correction on the lumbar spine under local
anesthesia beginning in 1969, which was found to be a safe,
reliable, and practical procedure (1,17–21).

With improvement in anesthesia (particularly the abil-
ity to carry out fiberoptic intubation with the patient
awake) and the development of spinal cord monitoring,
the risks of surgery under general anesthesia have
markedly decreased. General anesthesia is a reasonably
safe option if the patient’s general health is good, if he or
she has had previous surgery under general anesthesia
without complication, and if reasonable neck mobility
remains. Our current technique is for the patient to be
intubated while awake. With the endotracheal tube in
position the patient is able to stand and place himself or
herself on an adjusted Tower table with the hips and knees
flexed and supports adjusted for the pelvis, chest, and
head. These are adjusted until the patient is comfortable,
avoiding any strain on the neck or elsewhere. When com-
fortable, the patient gives an OK signal with the hand, and
general anesthesia is commenced. Spinal cord monitoring
is done throughout the procedure. It is important to have
valid preoperative tracings for comparison with the find-
ings during surgery. The use of general anesthesia makes
the resection easier to perform and allows easier under-
cutting of the pedicles above and below, with a more thor-
ough decompression of the nerve roots. When the hips
are extended to produce anterior osteoclasis with exten-
sion of the lumbar spine, the knees should be kept flexed
to avoid any sciatic nerve tension that would alter the
evoked spinal responses if posterior tibial nerve stimula-
tion is used at the ankles (Fig. 77-1).

The initial recommendation of Smith-Petersen et al. (5)
was to carry out a posterior wedge resection of the mid-
lumbar spine in a V-fashion, with fracturing of the ante-
rior longitudinal ligament. A midline resection was car-
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ried upward and outward through the superior facet of the
vertebrae above and the inferior facet of the vertebrae
below in an oblique fashion. The obliquity of the
osteotomy was to allow locking of the vertebrae follow-
ing correction in an effort to prevent displacement. This
technique is the basis for our current procedure.

INDICATIONS FOR LUMBAR OSTEOTOMY

Lumbar osteotomy is commonly done for surgical cor-
rection of lumbar hypolordosis or kyphosis giving rise to
a fixed flexion deformity. The indications are variable
and depend on the extent of the deformity, the degree of
functional embarrassment, the age and general condition

of the patient, the feasibility of correction, and above all
else, the earnest desire of the patient to accept the risks
and rehabilitation measures required for correction.

The contraindications include patients who are not
suitable candidates for medical reasons and where the
severity of the deformity does not warrant the procedure.
Severe osteopenia is also a relative contraindication.

ASSESSMENT OF SPINAL FLEXION
DEFORMITY

In assessing patients for possible surgical correction, it
is important to recognize the primary site of the defor-
mity and accurately measure the angle of deformity. 
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FIG. 77-1. A: Side view of a Tower table prepared for lumbar osteotomy under general anesthesia. The
patient is intubated while awake and positioned on the table awake. Adjustments are made so that head
is supported in a comfortable position with the eyeballs free of pressure. The chest and pelvis are sup-
ported with the abdomen free. The knees bear part of the patient’s weight, with the hips and knees
flexed. When the patient is comfortable, general anesthesia is begun. B: Lateral view of a patient with
lumbar flexion deformity in position on a Tower table with knees flexed at 90 degrees. C: Operative view
showing correction of the flexion deformity after lumbar resection-extension osteotomy. The hips are
extended with the spine fracturing anteriorly and the resected defect closing posteriorly. The knees are
kept flexed to avoid stretching of the sciatic nerves and interference with spinal cord monitoring. The
resected defect closes, allowing Luque instrumentation with Wisconsin buttons, and grafting. D: Post-
operative view with application of posterior shell to support the patient when turned supine. (From Sim-
mons EH. Ankylosing spondylitis: surgical considerations. In: Herkowitz HN, Garfin SR, Balderston RA,
et al, eds. Rothman-Simeone: the spine, 4th ed. Philadelphia: WB Saunders, 1999:1303–1356, with per-
mission.)
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FIG. 77-2. A: Lateral view of a 57-year-old woman referred for cor-
rection of “spinal” deformity. She had been deformed in this position
for 16 years. The distance between the floor and her nose was 32
inches. B: Lateral view showing the effect of the fused hip joint, cre-
ating trunk deformity and “teeter totter” movement. C: Antero-pos-
terior radiograph showing ankylosing of the spine and sacroiliac
joints. D: Radiograph demonstrating complete ankylosis of both hip
joints. E: Early postoperative standing view after bilateral total
replacement arthroplasties with correction of the main clinical defor-
mity. (From Simmons EH. Ankylosing spondylitis: surgical consider-
ations. In: Herkowitz HN, Garfin SR, Balderston RA, et al, eds. Roth-
man-Simeone: the spine, 4th ed. Philadelphia: WB Saunders,
1999:1303–1356, with permission.)



The surgeon may attempt to improve spinal alignment
and patient function by operating at a level somewhat dis-
tant from the area of primary deformity; however, if any
major correction is to be attempted, the correction must
be done at the site of the main deformity. If this is not
done, disturbance of balance could occur and the ability
to walk and stand upright could be impaired. Patients
who present with apparent spinal deformity may have the
main deformity in their hip joints rather than their spine.
The main deformity may be in the lumbar, thoracic, or
even cervical spine (4).

Figure 77-2A shows a 57-year-old woman who was
referred for correction of her “spinal” deformity. Once a
woman of normal height, she was flexed so much that the
distance from her nose to the floor was only 32 inches.
She had been held rigidly in this position for 16 years.
Her knees were held inflexibly together in adduction, and
she wore a protective pad on her right knee as a result of
impingement of one knee against the other. The spine and
hip joints were both solidly ankylosed so that she could
be moved up and down in a “teeter totter” fashion by lift-
ing up on her extremities or pushing down on her head
(Fig. 77-2, B—D). It was evident also that her main flex-
ion deformity was at the fused hip joints, and if her lower
limbs were placed below her, in line with her trunk, the
main deformity would be corrected. She was not treated
by spinal osteotomy, but by bilateral total hip replacement
arthroplasties mobilizing the hips and correcting the hip

flexion deformities, placing the lower limbs in more nor-
mal alignment below the trunk. After this she was able to
stand and look ahead (Fig. 77-2E). As far as she was con-
cerned, her main problem had been relieved. She contin-
ued to progress well, walking with aids, and was able to
look after her own home.

Accurate assessment and measurement of lumbar flex-
ion deformity are required in planning surgical treatment
and evaluating its results. The most effective and consis-
tent measure of trunk flexion deformity is the chin-brow
to vertical angle. This is a measure of the angle from a
line extending from the chin to the brow measured to the
vertical, when the patient stands with the hips and knees
extended and the neck in its neutral or fixed position.
Based on this, the size of the wedge in lumbar spine to be
removed posteriorly is determined (Fig. 77-3).

The patient is admitted prior to the proposed surgery
for careful medical assessment, including pulmonary
function tests and electrocardiography. A physiotherapy
program of deep breathing and extremity exercises is
given, to be used postoperatively. Psychological prepara-
tion includes preoperative visits by the anesthetist as well
as the surgeon, to explain the whole procedure to the
patient and gain his or her confidence (21).

TECHNIQUES

Patients who have primarily a lumbar kyphotic deformity
with loss of lumbar lordosis are selected. The deformity is
determined by clinical and radiologic assessment. The
angle of lumbar spine correction that is required is indicated
by measurement of the chin-brow to vertical angle. This
angle is transposed to a lateral radiograph of the lumbar
spine, with the apex of the angle at the posterior longitudi-
nal ligament of the L3-4 disc space (Fig. 77-4).

The osteotomy is done at the L3-4 level, which is the
normal center of lumbar lordosis. This is also below the
conus medullaris and the spinal canal volume is fairly
reasonable at this level. It is at or below the bifurcation of
the aorta. A preoperative computed tomography scan
should be done to evaluate the spinal canal preopera-
tively. A midline exposure is made and the proposed
osteotomy site is confirmed radiographically, because
operative localization is difficult owing to the fused con-
fluent nature of the posterior elements of the spine. The
posterior elements are removed in a V-fashion to accom-
plish the realignment of the spine. Following resection of
the angle and closure posteriorly, an opening wedge of
the same amount is created anteriorly, which results in
correction of the patient’s deformity. It is essential that
full correction be obtained and that the weight-bearing
line of gravity be shifted posterior to the osteotomy site,
so that gravity will tend to maintain and even increase
correction as well as stimulate bone formation across the
osteotomy site at the resected fused posterior masses of
the spine (Fig. 77-5).
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FIG. 77-3. Technique for measuring the degree of flexion
deformity of the spine in ankylosing spondylitis. The chin-
brow to vertical angle is measured from the brow to the chin
to the vertical, with the patient standing with the hips and
knees extended and the neck in its fixed or neutral position.
(From Simmons EH. Surgery of the spine in ankylosing
spondylitis and rheumatoid arthritis. In: Chapman MW, ed.
Operative orthopaedics, vol. 3. Philadelphia: JB Lippincott,
1988:2077–2114, with permission.)
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FIG. 77-4. A: Lateral view of a patient standing
with hips and knees extended. This patient still
had mobility of his cervical spine and was com-
pensating with the neck hyperextended. When the
neck was in the neutral or comfortable position,
he had a chin-brow to vertical angle of 45
degrees. B: Lateral radiograph of lumbar spine
showing the chin-brow to vertical angle superim-
posed with the apex at the L3-4 disc space. The
amount of bone to be resected is indicated at
each depth posteriorly. C: Postoperative lateral
radiograph showing the angle of correction
obtained after closure of the resected defect pos-
teriorly with an opening osteoclasis at L3-4 of 48
degrees.The weight-bearing line has been shifted
posterior to the osteotomy site. D: Postoperative
standing lateral radiograph showing complete
correction of the deformity following removal of a
calculated wedge of bone based on preoperative
assessment. (From Simmons EH. Surgery of the
spine in ankylosing spondylitis and rheumatoid
arthritis. In: Chapman MW, ed. Operative
orthopaedics, vol. 3. Philadelphia: JB Lippincott,
1988:2077–2114, with permission.)
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The reasons for greater vascular safety of osteotomies
done at L3-4 or L4-5 are the increased mobility of the
aortic bifurcation and iliac arteries related to lower limb
motion, the segmental vessels of L5 arise from the inter-
nal iliac arteries, and that the segmental vessels of L5 and
L4 are smaller vessels than higher-segmental arteries.
The reasons for greater vascular risk of osteotomies at
higher levels are that the aorta becomes less mobile prox-
imally; the renal arteries arise at L2-3, adding to fixation
of the aorta; and the segmental vessels increase in size
proximally.

EARLIER TECHNIQUE

Initially the operation was done under local anesthesia.
This avoided pulmonary complications and mortality
related to it. It provided the best intraoperative monitor-
ing of neurologic, vascular, and other vital functions
(4,17,20,22). The results of the first 64 cases done under
local anesthesia were reported by Wills in 1985 (21). Sta-
bilization of the osteotomy when performed under local
anesthesia initially was based on a V-shaped locking
osteotomy with plaster shells and a turning frame for 6 to
8 weeks. Later, wire-loop fixation was applied (Fig. 77-
5). A Luque rectangle was then used with Drummond
buttons and wires; Cotrel–Dubousset instrumentation
also was used, all possible under local anesthesia.
Regardless of whether or not internal fixation and the
type of fixation used, the most important factor in the
successful maintenance of correction is to correct the
deformity completely, shifting the weight-bearing line
posterior to the osteotomy site so that gravity will main-
tain and tend to increase correction with stimulation of
bone formation through the weight-bearing lines of the
fusion masses posterolaterally. Postoperative manage-
ment used well-molded posterior and anterior plaster
body shells extending from head to knee in which the
patient could be firmly strapped for turning onto a Cir-
cOlectric bed, later a Stryker turning frame, and finally a
Roto-Rest bed (23–25).

CURRENT TECHNIQUE

Our current technique of fiberoptic intubation with the
patient awake is described in the preceding. The patient is
placed in the prone position on an adjusted Andrews table
while awake. The patient must be carefully positioned on
the operating table in a flexed knee-chest position. Care-
ful positioning is also necessary because these patients
have fixed ankylosed spines and undue pressure in any
one particular area must be avoided. The thoracic chest
support often must be elevated considerably to accom-
modate the patient on the operating table. Anesthesia is
commenced when the patient is comfortable. Routine
monitoring of vital signs and spinal cord monitoring are
carried out throughout the procedure. A wake-up test also
can be used if necessary. Pulse oximetry, CO2 analyzer,
and systemic blood gases are used to monitor the patient.
A Doppler apparatus is fixed to the patient’s chest to
detect any possible air embolisms. 

Be certain of the L3-4 level at which you are preparing
to perform the osteotomy because the landmarks are
obscured. Radiographic confirmation is necessary. 

At this point pedicle screws are inserted in L1, L2,
(L3), L5, and S1. The pedicle screws are inserted in a
standard fashion, using anatomic and image-guided tech-
niques as required. It is not usually possible to have
screws in L4 because they will impinge on the L3 screws
following extension correction of the spine. 

I then carry out the resection. The interspinous liga-
ments usually are ossified and at the beginning, the
osteotomy can be started with large bone cutters to trim
away the intervening bone and spinous processes in a V-
shaped fashion. The laminae can be thinned out with Lek-
sell rongeurs and the bony fragments maintained for
autogenous bone graft. A high-powered burr also can be
used; however, if this is used exclusively, there will be
less bone available for the bone grafting.

When the spinal canal is opened, the dura is carefully
stripped from the bone with a seeker and protected with
cottonoid patties. In many long-standing cases, the dura
is quite atrophic, similar to that of long-standing spinal
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FIG. 77-5. A: Standing lateral view of a female patient with gross kyphosis confined to the lumbar spine.
She has no flexion deformity of the neck or thoracic spine. B: Lateral view of the lumbar spine showing
complete loss of lumbar lordosis with kyphosis beyond the neutral. The sacrum is in a straight line with
the lumbar spine. Resection-extension osteotomy of the mid-lumbar spine is ideal for this type of defor-
mity. The amount to be resected has been indicated on the lateral radiograph with the apex at the L3-4
disc space. C: Postoperative lateral radiograph showing an anterior opening wedge correction of 50
degrees (following closing wedge osteotomy posteriorly). A normal lordosis has been established. D:
Standing lateral 3-foot radiograph of the spine 6 months after surgery showing normal lordosis. The
weight-bearing line is posterior to the osteotomy site. E: Lateral radiograph of the lumbar spine 3<fr1/2>
years after surgery showing solid fusion posteriorly in the weight-bearing line. Bone is slow to form ante-
riorly away from the area of weight bearing. F: Postoperative lateral view of the patient showing com-
plete correction of deformity with the establishment of a normal lordosis and normal chin-brow to verti-
cal angle. (From Simmons EH. Surgery of the spine in ankylosing spondylitis and rheumatoid arthritis.
In: Chapman MW, ed. Operative orthopaedics, vol. 3. Philadelphia: JB Lippincott, 1988:2077–2114, with
permission.)



stenosis. In rare instances, it may be adherent to the lam-
inae, making its separation difficult. The entire L4 lamina
is removed along with a portion of the L3 and L5 laminae
with undercutting of the laminae to bevel them so that
there is no impingement on closure of the osteotomy site.
The cauda equina must be decompressed well laterally
out to the level of the pedicles. The entire superior L4
facet is removed and the L3-4 neuroforamina widely
exposed laterally and undercut with a medium-angle Ker-
rison rongeur, again so as to prevent any impingement on
closure of the osteotomy site.

The precise amount of bone removed posteriorly is cal-
culated to arrive at the amount of correction desired. On
closure of the osteotomy with osteoclasis of the spine
anteriorly, the lateral masses should meet with good bone
surface contact. The pedicles also must be undercut,
removing the superior edge of the L4 pedicle and inferior
edge of the L3 pedicle again to allow adequate room for
the nerve root during the extension correction of the
spine. 

The osteoclasis is carried out by extending the foot-end
of the table, bringing the hips and thighs up into an
extended position. On doing so, pressure also can be
applied manually by pushing downward at the L3-4 site,
causing a fulcrum for the osteoclasis to occur. An audible
and palpable osteoclasis of the spinal column often is pre-
sent and the lateral masses then come together in apposi-
tion. The lower extremities and hips are now kept in an
extended position, preferably with the knees flexed, to
avoid any tension on the sciatic nerve roots. Rods are then
cut and contoured to the appropriate length and shape for
each side of the spine and then fitted into the pedicle
screws and secured. Posterolateral and posterior bone
grafting is done using the removed morselized bone,
which is usually quite generous. 

A well-molded posterior plaster shell is applied
extending from head to knee. The patient is strapped into
the shell and transferred in the shell to a Roto-Rest bed.
It is important to recognize that this is an essential part of
the procedure. A modification of this technique has been
provided by Simmons. Good orthotists can make a rigid
plastic shell (Crystaplex) rather than plaster. It should be
emphasized that this must be rigid and not flexible so that
it will give the patient rigid support. Two shells allow
approximation to take up any slack caused by weight loss
of the patient and provide rigid mobilization for turning
activities. This has worked very effectively. However, rec-
ognize that the principle is the same. 

The rigid thoracic kyphosis is more prominent than the
pelvis after extension osteotomy, and if the patient is
lying on a flat surface, gravity tends to push to the thorax
forward and allow the pelvis and lower lumbar spine to
come posteriorly. If the trap door of the bed is removed
for a bowel movement, the spine is unsupported. A well-
contoured padded rigid posterior plaster shell provides a
contoured well-fitted surface on which the rigid trunk can

lie, protecting the osteotomy site (Fig. 77-6). A nasogas-
tric suction tube is placed before the patient leaves the
operating room. It is maintained until the patient is pass-
ing gas, with normal gastric function.

The advantages of the current technique are that it
allows easier and more liberal decompression. It provides
more rigid internal fixation with less risk of displace-
ment, easier and more rapid mobilization, and probably
greater comfort for the patient. Its disadvantages are
increased operative time, the altered anatomy for screw
insertion into the pedicles, and the potential risks of bone
screws. At this time it appears that the advantages out-
weigh the disadvantages; to date it has provided excellent
results (Fig. 77-7).

RESULTS AND COMPLICATIONS

One of the concerns that have been raised about exten-
sion osteotomy of the lumbar spine is the possibility of
injury to the major vessels, particularly the abdominal
aorta (14,26,27). All the reported cases of major vascular
injury associated with resection-extension osteotomy of
the lumbar spine for ankylosing spondylitis have been
reviewed, and we documented the level at which the
osteotomy was performed in each case. It is noted that in
all cases with injury to the abdominal aorta the osteotomy
was done at T12-L1, L1-2, or L2-3. There is no reported
case of aortic injury with osteotomy performed at L3-4 or
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FIG. 77-6. A: Lateral diagrammatic view showing the con-
tour of the corrected spine when lying supine unsupported.
The posteriorly projecting thoracic hump bears most of the
weight, with less support on the lumbar spine and the spine
below the osteotomy. As a result the rigid thoracic hump
tends to be displaced forward and the lumbar spine posteri-
orly. B: With the patient supine in a well-molded, rigid shell
equal support is created throughout the spine, with elimina-
tion of any uneven contact forces that would tend toward dis-
placement. (From Simmons EH. Surgery of the spine in
ankylosing spondylitis and rheumatoid arthritis. In: Chapman
MW, ed. Operative orthopaedics, vol. 3. Philadelphia: JB Lip-
pincott, 1988:2077–2114, with permission.)
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FIG. 77-7. A: Lateral view of a 41-year-old man with a 21-year history of ankylosing spondylitis. He had
suffered with a major kyphotic deformity for 10 years, which prevented him from working for 5 to 6 years.
His chin-brow to vertical angle measured 55 degrees. B: Lateral standing 3-foot film of the spine showing
increased thoracic kyphosis measuring 75 degrees but decreased lumbar lordosis measuring 18 degrees.
His weight-bearing line is well anterior to the mid-lumbar spine. C: Lateral standing radiograph of the cer-
vical spine showing a compensatory increase in cervical lordosis with ossification from C2 distally. D: Pre-
operative lateral radiograph of the lumbar spine showing planned resection-osteotomy at L3-4 of 50 to 55
degrees. E: Lateral standing 3-foot radiograph 16 months postoperatively showing healed osteotomy with
lumbar lordosis measuring 74 degrees. Thoracic kyphosis was corrected slightly to 70 degrees. The spine
is in balance.The main weight-bearing line is posterior to the osteotomy site. F: Standing lateral view of the
patient 16 months postoperatively. He has returned to a normal lifestyle. His correction prompted an unin-
formed observer to state that his wife was living with “different man.” (From Simmons EH. Ankylosing
spondylitis: surgical considerations. In: Herkowitz HN, Garfin SR, Balderston RA, et al, eds. Rothman-Sime-
one: the spine, 4th ed. Philadelphia: WB Saunders, 1999:1303–1356, with permission.)



736 / SECTION V/SPECIFIC CLINICAL ENTITIES

FIG. 77-8. A: Standing anteroposterior radiograph of spine of a patient with severe combined
deformity. The anteroposterior film of the chest resembles a computed tomography axial view. B:
Posterior standing view of patient. The patient could only see and moved about by walking back-
ward. C: Standing lateral view showing chin-brow to vertical angle of 134 degrees. Assessment
reveals combined deformities of thoracic kyphosis, gross lumbar flexion deformity, and hip flexion
deformity. D: Standing lateral radiograph showing thoracic kyphosis of 68 degrees, complete loss
of normal lordosis and 47 degrees of lumbar kyphosis, with hip flexion deformities. E: Antero-pos-
terior radiograph showing fused hip joints. F: Postoperative view following bilateral total hip replace-
ment arthroplasties. G: Standing lateral view of patient following bilateral hip arthroplasties. The
deformity is improved but the patient can now see neither backward nor forward for walking.



L4-5. One hundred sixteen consecutive lumbar
osteotomies performed by us also were reviewed. Of these,
113 were done at L3-4, two at L4-5, and only one at L2-3.
There was no incidence of major arterial injury. The pres-
ence of previous radiation or atheromatous change did not
result in major vessel injury. The extent of correction also
was not a factor. Correction ranged from 40 to 140
degrees, with an overall average of 58 degrees (Fig. 77-8).

The only vascular injury we encountered was an infe-
rior vena cava thrombosis extending above the renal
veins. This occurred in a markedly obese male who had
undergone previous extension osteotomy at L2-3 but still
had major deformity. The thrombosis was likely related to
the weight of his corpulent abdomen resting on his
stretched vena cava after extension correction. The
patient did well in the early postoperative interval, but 4
to 5 days postoperatively gradually increasing edema
developed, which became massive and extended up to the
mid-chest, with his scrotum “the size of a football.” There
was no change in arterial pulses or evidence of arterial
insufficiency. Routine Doppler studies of his lower
extremities did not reveal the diagnosis initially, which
was established by nuclear venography. With the
increased intraspinal venous pressure, neurologic deficit

developed based on venous stasis of the conus, as
described by Aboulker et al. (28). The neurologic deficit
was maximal when the edema was greatest. Most patients
with this disease are relatively thin, which is likely the
reason that this has not been encountered in other cases.
There was no change in arterial pulses or evidence of
arterial insufficiency.

Regular potential complications can occur with any
spinal procedure. Major neurologic problems are relatively
infrequent; however, obviously it can be a major problem
when they occur. Potential complications specific to this
procedure include intestinal obstruction, problems related
to instrumentation owing to osteopenia, and difficulty with
surface landmarks in terms of inserting the instrumenta-
tion. Removal of too little or too much bone posteriorly can
result in too little or too great a correction. Careful preop-
erative planning is necessary to determine the amount of
correction desired and the appropriate amount of bone
removed in accordance with this. Other possible complica-
tions, such as intraspinal hematoma, loss of fixation and
correction, and other difficulties inherent to spinal surgery
may occur. However, when the procedure is carefully
planned and executed, the results are most gratifying both
to the patient and the surgeon.
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FIG. 77-8. (Continued) H: Standing lateral radiograph of spine following resection-extension
osteotomy of 104 degrees done under local anesthesia. The weight-bearing line has been shifted
posterior to the osteotomy site. I: Lateral radiograph of the lumbar spine showing osteotomy with
weight-bearing line posteriorly. Patient had associated spondylodiscitis (arrow), which has gone on
to healing. J: Postoperative standing lateral view of patient showing correction of major deformities.
He still has some flexion deformity of the knees and neck, but is able to stand, look ahead, and
walk ahead in a normal fashion. (From Simmons EH. Surgery of the spine in ankylosing spondyli-
tis and rheumatoid arthritis. In: Chapman MW, ed. Operative orthopaedics, vol. 3. Philadelphia: JB
Lippincott, 1988:2077–2114, with permission.)
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CHAPTER 78

Pyogenic and Fungal Lumbar Spine Infections

Matthew J. Geck and Frank J. Eismont

Vertebral osteomyelitis is an infection of the spine that
can include the disc, bony elements, the epidural space,
as well as adjacent structures. In the preantibiotic era,
spine infections had uniformly high morbidity and mor-
tality (1). Even today, paralysis and death can still be
sequelae, especially in the immunocompromised patient.
Diagnosis is often delayed even with current clinical vig-
ilance and diagnostic testing. With adequate clinical sus-
picion, radiographic work-up, and biopsy and cultures to
establish the offending organism, the vast majority of
spine infections can be successfully treated with 6 or
more weeks of the appropriate antibiotic. However, even
with appropriate conservative therapy, there are patients
who may need surgical treatment for a clinically signifi-
cant abscess, open biopsy, severe deformity, neurologic
deficit, and failure of conservative treatment with contin-
ued chronic infection.

PYOGENIC INFECTIONS

Incidence

Originally thought to be a rare entity, Kulowski (1) in
1936 described 102 cases, of which 60 were from his own
institution, comprising approximately 4% of all the
patients with musculoskeletal osteomyelitis at his home
institution in the reviewed time. Nagel et al. (2) found the
incidence at Yale Medical Center to be 8% of all
osteomyelitis. In a review of 178 cases in the literature
(3), 52% of the patients were older than age 50 (52%).
Younger patients often had a history of intravenous (IV)
drug use (4). 

Pathogenesis

Spine infections most often are caused by hematoge-
nous spread from another source. Risk factors include
urinary tract infections or instrumentation, soft-tissue

infections, respiratory tract infections, IV catheter infec-
tions, and IV drug abuse (3,4). Direct inoculation from
surgical intervention also has been reported (3). However,
it is notable that a source cannot be identified in 37% of
cases. Other less common sources are salmonellosis (5),
infectious endocarditis (6), otitis media (7), dental infec-
tions (8), surgery (9), and discograms (10,11).

Diabetes mellitus also has been thought to be a risk
factor for vertebral osteomyelitis. In one review of
patients with infections, patients with diabetes had twice
the incidence versus historical controls (3). This may
result from immunocompromise or diabetic-related vas-
cular disease and peripheral neuropathy with associated
soft-tissue ulcers and bladder dysfunction, both of which
can lead to systemic bacteremia.

Human immunodeficiency virus (HIV) also has been
associated with spine infections. In a review of patients
with HIV from 1994 to 2000, Weinstein et al. (12) found
that the incidence of spine infections in patients with HIV
was 0.095% (17/17,717). This is higher than the inci-
dence in the general population, but much less than orig-
inally suspected. The CD4 count in patients with pyo-
genic infections averaged 339.6, and the organism
identified was Staphylococcus aureus. These patients
responded to conservative treatment with IV antibiotics
for 6 to 12 weeks. Six patients with spinal tuberculosis
had a mean CD4 count of 57. One patient died and the
others were treated with antituberculous medications.
Three patients with epidural abscesses had a mean CD4
count of 21. Two of the patients had Nocardia as the
organism and both died; the third patient had Group A
streptococcus. Thus, patients with HIV have a higher
incidence of spinal infection than the general population,
and the organism and type of infection vary with the
degree of immunocompromise. Identification of the
organism is essential for the success of treatment of this
complex patient population.
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Bacteriology

Hematogenous vertebral osteomyelitis is usually a sin-
gle-organism infection (13). Staphylococcus aureus is the
most common isolate and accounts for more than 50% of
isolates in most series. Gram-negative infections can be
seen in elderly men who have a history of urinary tract
infection, as well as in IV drug abusers. Intravenous drug
users on the West Coast of the United States have a sig-
nificant incidence of Pseudomonas, as well as the more
common Staphylococcus aureus (4). In patients with
chronic low-grade infections, thought must be given to
coagulase negative Staphylococcus, Diphtheroids, Propi-
onibacter, or unusual gram-negative organisms (14).
Owing to their slow growing time, suspect cultures
should be held for 10 days before they are discarded as
negative. If a low grade pathogen grows in culture, it
should not be regarded as a contaminant. 

Pathophysiology

Infection by hematogenous routes typically begins in
the vertebral metaphysis (15). There is a significant par-
avertebral venous plexus (16) as well as a rich arterial
anastomosis of end arterioles within the metaphyseal
region of the vertebral body (17). Both routes may play a
role. Once established in the metaphysis, the infection
may spread through the vasculature at the intervertebral
disc periphery or more commonly rupture through the
end plate into the disc and then infect the adjacent verte-
bral end plate and body. The disc is avascular, and once
infected is rapidly broken down by bacterial enzymes and
proteolytic enzymes from inflammatory cells. Untreated
pyogenic infections often progress to abscess formation,
into either the spinal canal as epidural abscesses (18) or
the adjacent soft-tissue structures. Very often this devel-
ops into a psoas abscess in the lumbar spine. 

Clinical Presentation

The clinical presentation of vertebral osteomyelitis is
dependent on the virulence of the organism involved, as
well as various patient factors such as immunocompro-
mise, age, general health, and nutrition. Fulminant pre-
sentation with subsequent high mortality is relatively
uncommon today with antibiotics, diagnostic imaging,
biopsy, and surgical care. However, this presentation is
still often seen in the severely immunocompromised
patient with a virulent organism. Very often these patients
present with some degree of paralysis.

The most common complaint is localized spine pain,
which occurs in about 90% of patients (3). This can be
associated with tenderness and muscle spasm. Fever,
defined as a temperature of greater than 100°, was pres-
ent only 50% of the time. Symptom duration varied
widely, with 20% less than 3 weeks, 30% 3 weeks to 3

months, and 50% with symptoms of more than 3 months’
duration on presentation. The lumbar spine is the most
common location of the infection (48%), followed by the
thoracic spine (35%), cervical spine (6.5%), and thora-
columbar and lumbosacral junctions account for the rest.
Noncontiguous infection occurs in 4% to 5% of patients
(11).

Occult infections with low virulence organisms are
even more difficult to properly diagnose (14). In one
series of nine patients with chronic low-grade back pain
(14), fever was present in only four patients, the sedi-
mentation rate was normal in seven, and the white blood
cell count (WBC) was normal in six. The average dura-
tion of symptoms was 9.5 months in this group before a
diagnosis was made. The diagnosis was made by biopsy.
Theses cases demonstrate that a normal erythrocyte sedi-
mentation rate (ESR) and a normal WBC do not rule out
infection. Only by combining clinical suspicion with his-
tory, evaluation of risk factors, and radiographic findings,
as well as laboratory work-up and biopsy, can the proper
diagnosis be made.

Eismont and colleagues (11) evaluated patients with
vertebral osteomyelitis with paralysis, and compared
them with a group of patients who were evaluated and
treated in the same period in the same city, but who did
not have paralysis. Factors predisposing to paralysis were
older age, more cephalad level of infection, diabetes mel-
litus, rheumatoid arthritis, and steroid use. Youth seemed
protective; the younger IV drug abusers were spared
paralysis. Microbiologically, Staphylococcus aureus was
the causative organism in the vast majority of the patients
with severe paralysis.

Vertebral osteomyelitis in infants is different from
pediatric discitis. In a report of four patients (19), infants
2 to 13 weeks old were treated for vertebral osteomyelitis.
All four had severe dissolution of the vertebral bodies,
with end plates of the adjacent vertebrae being normal or
near normal, suggesting that the origin of the infection
was in the vertebrae rather than the discs. The patients
were uniformly systemically ill and had no neurologic
deficits, and three of the four patients had septicemia
from Staphylococcus aureus. Three patients who had
short courses of antibiotics (2 weeks or less) relapsed,
necessitating longer courses. The late radiographic
appearance of these patients was similar to congenital
kyphosis, and we recommended early bracing with poste-
rior fusion if progression occurred.

The presence of a tumor does not eliminate the possi-
bility of infection. Eismont and colleagues (20) reported
three cases of metastatic tumors to the spine with an
infection existing concurrently, with no clinical evidence
to suggest infection. This was attributed to vascularity of
the tumor, seeding of the necrotic portion of the tumor,
and immunosuppression. Biopsy and culture should be
performed in known metastatic disease if there is any-
thing atypical on presentation (e.g., leukocytosis, fever,

740 / SECTION V/SPECIFIC CLINICAL ENTITIES



sepsis, or atypical radiographic appearance). All biopsies
should be sent for both culture and pathology.

Intravenous drug abusers are a subset of patients who
often develop vertebral osteomyelitis. In a case report and
review of the literature, Sapico and Montgomerie (4)
reviewed 67 IV drug users who had vertebral osteo-
myelitis and noted that these patients tended to be
younger (89% were 20 to 49 years old) than pyogenic
infections from other sources (52% > 50) (3). One other
major difference is that gram-negative rods comprised
82.5% of isolates, with Pseudomonas species most com-
mon followed by Serratia, Klebsiella, and Enterobacter.
No patient had a permanent paralysis.

Diagnosis

Laboratory Studies

The initial work-up of vertebral osteomyelitis includes
a complete blood count, differential, and other general
laboratory studies. However, ESR is the only laboratory
test of diagnostic value other than biopsy and culture. In
two reviews of the literature (3,4) the ESR was elevated
about 90% of the time in patients with biopsy-confirmed
vertebral osteomyelitis on initial presentation. However,
the ESR is not sensitive and only moderately specific;
low-grade infections can have normal values (14).

The ESR is useful in assessing the response to treat-
ment (4,21). In one series, the sedimentation rate was
down to two thirds the presentation value at the time of
successful completion of the parenteral therapy, and in
most of these patients it fell to half (3). In another series,
it fell to normal after the disease was fully treated (21).

For the biopsy and culture, it is important to hold the
specimen a full 10 days, to allow low-grade infections to
grow out in the culture media (14).

Imaging Evaluation

Plain radiographs are negative early in the disease
process, with characteristic changes not evident for 2 to 4
weeks (11,22). Narrowing of the disc space is evident in
74% of patient at presentation (3), and as the disease pro-
gresses, there are additional destructive changes evident
on both sides of the disc space with erosion of the end
plates (Fig. 78-1). In late stages, there is destruction of
the vertebral bodies on either side of the infected disc.
Gas in the disc space may be indicative of a gas-forming
organism (23). In a blinded study, plain radiographs were
found to have a sensitivity of 82%, specificity of 57%,
and accuracy of 73% (24).

Even with treatment, radiographic findings continue to
lag up to 3 months behind the clinical picture (15).
Patients often develop reactive bone formation, sclerosis,
and progressive disc space narrowing. Spontaneous
fusion may occur in up to 50% of patients, usually in

those with the most severe degrees of destruction. This
fusion may take up to 5 years to consolidate (25,26).

Computed tomography (CT) scans are the best for
demonstrating bony detail and erosion. Lytic areas,
paraspinous soft-tissue masses, local tissue swelling, and
gas formation all can be evident. Significant prevertebral
soft-tissue swelling can help differentiate an infection
from a tumor, because tumors usually demonstrate little
or no prevertebral soft-tissue swelling (27). Computed
tomography can be a valuable adjunct for biopsy local-
ization, and myelography combined with post-myelogra-
phy CT can be useful to evaluate neural compression in
indicated cases.

Radionuclide studies are a useful adjunct in patients in
whom magnetic resonance imaging (MRI) is contraindi-
cated or a multifocal process is in the differential. These
changes are thought to be present earlier than radi-
ographic presentation with an animal model study of
technetium scanning showing 71% positive results in 15
days and a near absolute true-positive rate over time (28).
In a blinded study of 23 patients suspected of having ver-
tebral osteomyelitis, 99mtechnetium HDP bone scanning
was found to have 90% sensitivity and 78% specificity
(24). Combined with gallium-67 scanning, there was a
sensitivity of 90%, specificity of 100%, and accuracy of
94%. The accuracy was not superior to MRI (24). False-
negative rates have been reported for technetium scan-
ning in infants and elderly people because of regional
ischemia to the area (29). There can be a very high false-
negative rate of radionuclide scanning in low-grade infec-
tions (14). Single photon emission computed tomography
scanning and 111indium leukocyte imaging are other
radionuclide modalities that can be helpful.

Magnetic resonance imaging is considered the ideal
imaging study for infections. It has multiplanar imaging
capability, visualization of all compartments in and
around the spine, and provides direct imaging of the disc,
spinal cord, and nerve roots. Its exquisite sensitivity to
changes in water content in structures makes it ideal for
evaluating the vascular and edema characteristics in and
around a spine infection (30). Increased water is demon-
strated on MR images by areas of low signal on T1-
weighted images and high signal on T2-weighted images.
The addition of gadolinium-diethylenetriamine penta-
acetic acid (Gd-DTPA) IV contrast enables MR imaging
to detect active viable inflammatory tissue such as
infected discs (31). Currently we recommend gadolinium
contrast when MRI is being done for any patient for
whom infection is in the differential diagnosis. In a
blinded study of 37 patients, MRI was found to have a
sensitivity of 96%, a specificity of 92%, and an accuracy
of 94%, making it at least as accurate as combined tech-
netium and gallium scanning.

The characteristic findings on MRI of a disc space
infection are decreased signal of the vertebral bodies and
the intervertebral disc on T1-weighted imaging, and sig-
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nal intensity of the same bodies and disc on T2-weighted
imaging with loss of the intranuclear disc cleft. Gadolin-
ium contrast results in enhancement of both the adjacent
vertebral bodies and the involved disc on T1-weighted
imaging, with any sequestered abscesses spared from the
enhancement (30,31).

Disadvantages of MRI include access, artifact from
spinal instrumentation, poor resolution in patients who
move during the scan, and contraindications such as
pacemakers, aneurysm clips, metallic fragments in the
eye or spinal cord, and severe claustrophobia.

Biopsy Techniques

Despite the excellent characteristics of the current
imaging studies, especially MRI, definitive diagnosis
and treatment require either microscopic or bacterio-
logic confirmation by biopsy. The only case in which
biopsy can be avoided is in the patient with clear radi-
ographic and clinical signs of spondylitis and positive
blood cultures (15). However, blood cultures are posi-
tive in only 25% of patients with vertebral osteo-
myelitis (3).
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FIG. 78-1. This 55-year-old woman with chronic liver disease
from alcohol abuse presented with complaints of 8 weeks of
low back pain. A: Plain radiographs showed narrowing of the
disc space with erosion of the end plates on both sides of the
L1-2 disc space. B: Computed tomography scan showed end
plate erosion, sclerosis, and some prevertebral soft-tissue
swelling. C: T1-weighted magnetic resonance imaging shows
decreased signal of the vertebral bodies and the intervertebral
disc. D: T2-weighted imaging shows loss of the internuclear
cleft.A
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Percutaneous closed biopsy techniques are safe (32)
and their use is widespread. Fluoroscopic or CT guidance
is routine. Craig needle biopsy instrumentation is pre-
ferred because of the larger sample size and bone coring
capacity (15). Diagnostic yield varies but was 70% in a
review of the literature (3). Needle biopsy is possible in
all areas of the spine, but open biopsy may be preferable
in the cervical spine and occasionally in the thoracic
spine for reasons of safety, access, and risk of paralysis.
Even after a negative first closed biopsy, it is recom-
mended that a second closed biopsy be obtained. This
second biopsy often is positive when the first was nega-
tive. This is advisable only if it is medically safe to con-
tinue to withhold antibiotics.

Indications for open biopsy include failed or nondiag-
nostic initial closed biopsy, unsafe closed biopsy, or need
for concurrent surgical treatment and débridement. Simi-
larly, an open biopsy is recommended if the first closed
biopsy is negative and antibiotics can no longer be with-
held. The advantage of an open biopsy is primarily that
this allows a larger sample and has a lower false-negative
rate. In one compilation of the literature, open biopsy had
a false-negative rate of 14% compared with 30% for
closed biopsies (3). Failure of closed biopsy often results
from empiric treatment with antibiotics without a full or
proper work-up. 

Nonoperative Management

Historically, mortality has ranged from 25% to 70% for
pyogenic infections of the spine (1,33). In one early series

of 102 cases, mortality was 25%, with an increase in mor-
tality to 50% with the additional onset of central nervous
system involvement such as neural compression, menin-
gitis, subdural purulence, or infarction of the cord (1).
However, morbidity and mortality can be controlled, mor-
tality of the disease reduced to less than 5%, and residual
neurologic deficits reduced to less than7% with modern
management, including full medical work-up, modern
antibiotics, reversal of metabolic defects and hypoxia,
improved control of systemic illnesses such as diabetes
mellitus, and source and alternate foci control (3). One
key issue is the withholding of antibiotics until an organ-
ism is identified. If the patient has severe sepsis, maximal
broad-spectrum antibiotic therapy should be instituted
once an adequate biopsy has been performed. If there is
vertebral osteomyelitis but a negative open biopsy, then a
full course of this broad-spectrum therapy must be given
for 6 to 8 weeks.

Antibiotic choice for spine infections is paramount.
The antibiotic must be specific for the organism diag-
nosed, and the least toxic agent should be used. Some
studies show that bone penetration for normal and
osteomyelitic bone is equal to serum concentration for
such large molecules as cephalosporins. However, for
disc tissue and abscesses, penetration may be more class
dependent (34–39). Vancomycin, teicoplanin, gentam-
icin, tobramycin, and clindamycin penetrate the nucleus
pulposus with adequate concentrations (34,35,39). Ceph-
alosporins and penicillins are less reliable with regard to
penetration (35,37,39) and are even lower with increased
serum binding (38). In general, antibiotics with a positive
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FIG. 78-1. (Continued). D: T2-weighted imaging shows loss of the internuclear cleft. E: Addition of
gadolinium contrast to a fat/saturation image again showed the increased uptake in the adjoining ver-
tebral bodies. Computed tomography–guided biopsy grew a pan-sensitive Staphylococcus aureus that
was treated conservatively with a 6-week course of antibiotics. The sedimentation rate dropped to half.
Clinical follow-up showed no recurrence of infection.
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charge and smaller size have a better chance of penetrat-
ing the intervertebral disc (40).

At least 6 weeks of IV antibiotic therapy has been the
mainstay of conservative treatment of spine infections
(11). Four weeks of IV therapy followed by 2 weeks of an
appropriate oral antibiotic may be sufficient as well
(25,41). However, with regimens of less than 4 weeks, the
relapse rate goes up to 25% (3).

Progress of therapy should be monitored with clinical
signs, physical examination, and laboratory data. Patients
with signs of sepsis, continued unrelenting pain, or labo-
ratory values that remain elevated warrant further evalu-
ation of the progress of treatment. The sedimentation rate
should be a useful guide; in one review of the literature it
decreased to two thirds of the presentation value in all
patients and to less than one half the presentation value in
over one half of the patients at the completion of 6 weeks
of therapy (3). At final follow-up, patients with success-
ful therapy should have a normalized sedimentation rate
(21). Appropriate antibiotic therapy was noted to relieve
severe pain within a few days. Bracing is recommended
to control pain and prevent progression of deformity,
which may otherwise be a sequela of infection (25).

Operative Management

Most pyogenic spine infections can be managed nonop-
eratively with an adequate trial of specific IV antibiotics
that target the causative organism. Indications for operative
management include multiple negative closed biopsies;
location of infection that precludes a safe closed biopsy;
clinically significant abscess with spiking temperatures
and a septic clinical picture; severe deformity (Fig. 78-2),
body destruction, or failure of conservative management
with elevated sedimentation rate; radiographic progres-

sion; and continued severe pain. The final indication is
neurologic deficit with neural compression.

Historically, the decompressive operation of choice
was laminectomy; however, early on it was thought to be
deleterious to neural recovery in infection, prompting
Seddon to state, “The operation may be of some value in
certain rare forms of paraplegia, but as a routine proce-
dure it is to be condemned.” This was chiefly because 
of approaching an anterior disease from a posterior
approach and removing the one part of the spine that is
usually still intact in case of spine infection. Seddon
noted a transient improvement of the clinical picture,
probably because of posterior cord displacement. How-
ever, residual pressure of the anterior infection compress-
ing the spinal cord combined with increasing instability
often leads to later neurologic deterioration (42). Prob-
lems with postoperative instability and deformity have
plagued the modern series of this approach to a pyogenic
spine infection (11,43), especially in the cervical and tho-
racic spine.

Posterior laminectomy with in situ fusion following 
a thorough débridement of the disc infection, however, 
is a reasonable option below the level of the conus
medullaris. This is with the prerequisite that there is min-
imal anterior body destruction and collapse and that ade-
quate decompression can be obtained using this ap-
proach. This is effective in the lordotic lumbar spine so
long as the facets are preserved. The in situ transverse
process fusion is added to prevent unstable spondylolis-
thesis and foraminal narrowing that may occur with col-
lapse. This approach is often best in patents who are med-
ically ill and in those high-risk patients in whom a small
procedure is ideal.

The majority of the time infections should be
approached anteriorly. The anterior approach provides
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FIG. 78-2. This 29-year-old intravenous (IV) drug user presented with complaints of axial low back pain.
A: Initial plain radiographs showed disc space height loss with mild end plate erosion. B: Magnetic res-
onance imaging confirmed the diagnosis with gadolinium uptake in the adjoining vertebral bodies and
an obvious L2-3 disc space infection. Computed tomography–guided biopsy confirmed infection of the
disc space with Staphylococcus aureus sensitive to fluoroquinolones. The patient was discharged with
a 30-day supply of medication despite leaving against medical advice. She lost the medications and
never followed up in the clinic. She presented 2 months later, again complaining of severe low back pain
with no neurologic symptoms, a normal examination, and normal urologic function. C: Plain films taken
at that time show severe osteomyelitis of the L2 and L3 vertebral bodies with erosion and marked
kyphosis. D: Magnetic resonance imaging confirmed compression of the neural elements and spread
of the infection. She was brought to the operating room for urgent initial anterior débridement with subto-
tal carpectomies of L2 and L3, decompression of the infection out of the spinal canal, and placement
of a structural autogenous iliac crest bone graft. Intraoperative cultures grew out Staphylococcus aureus
yet again. Postoperatively she was placed on IV vancomycin. E,F: She was brought back a few days
later for pedicle screw instrumentation and osteotomy to correct the kyphosis and stabilize the anterior
graft. G: Computed tomography scan confirmed that the graft was in a good position. The patient was
kept in the hospital for a full course of IV vancomycin, her sedimentation rate normalized, and she was
discharged on Bactrim.
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direct access to the infection without neural retraction;
the disc space can be grafted acutely with a very high
fusion rate (96%) in order to prevent collapse (44). The
anterior graft heals rapidly, which facilitates rehabilita-
tion (3,11,45,46).

In terms of technique for the anterior approach, great
care must be taken with the anterior vascular structures,
especially in the lower lumbar spine because these may
be adherent and friable from the adjoining infection. The
surgeon can check for abscess extension on the contralat-
eral aspect of the affected vertebral bodies and explore
the psoas muscle. Reconstruction with autograft iliac
bone is the gold standard (44,46); however, a rib is suit-
able if there is no kyphosis and minimal body destruc-
tion, although it lacks the structural integrity of tricortical
iliac grafts.

The use of autograft has been established as the gold
standard in the literature for spine infections (44,47,48)
treated with a single-stage procedure. Posterior instru-
mentation has been noted to be an adjunct that can be
safely used (49). Single-stage anterior instrumentation
has been associated with persistent infection as well as
instrumentation failure from poor fixation (49). The use
of cages has been advocated as well as an anterior graft
in conjunction with posterior instrumentation (49) de-
spite evidence in their series of a high rate of persistent
infection in patients with anterior instrumentation or
cages. In addition, cages have been associated with per-
sistent infection requiring explantation and revision two
body carpectomies with a long antero-posterior recon-
struction in at least one instance (50). In the cervical
spine, anterior instrumentation combined with autoge-
nous iliac bone grafting has been very successful in treat-
ing infection.

Surgery for Paralysis

Eismont and colleagues (11) evaluated patients with
vertebral osteomyelitis with paralysis and compared them
with a group of patients who did not have paralysis but
who were evaluated and treated in the same period in the
same city. Factors predisposing to paralysis were older
age, more cephalad level, diabetes mellitus, and rheuma-
toid arthritis with concurrent steroid use. Youth seemed
protective, with the younger IV drug abusers being
spared paralysis. Microbiologically, Staphylococcus au-
reus was the causative organism in the vast majority of
the patients with severe paralysis.

Patients with cervical or thoracic infections had bet-
ter neurologic recovery with surgery than patients
treated nonoperatively. Patients treated with a laminec-
tomy either worsened or failed to improve neurologi-
cally. Patients treated with anterior decompressions and
fusions tended to improve neurologically. However, at
the root level in the lumbar spine, patients had similar

rates of recovery with operative and nonoperative treat-
ment. Similarly, there was no difference in neurologic
recovery in the lumbar spine between patients treated
with anterior and posterior operations, except for one
patient in whom paralysis failed to improve following a
wide laminectomy and subsequent spondylolisthesis
(11).

Prognosis

The prognosis is good in the era of modern anti-
biotics, with mortality less than 5% (15). There is
increased morbidity and mortality in patients with sys-
temic diseases such as diabetes and rheumatoid arthri-
tis (15,22). In terms of deformity, there is a risk of pro-
gression (25), especially in patients with significant
kyphosis on presentation (51). Paralysis is a significant
source of morbidity (11), but with proper treatment,
less than 7% of patients have a permanent neurologic
deficit (3).

EPIDURAL ABSCESS

Spinal epidural abscess is a clinical entity that requires
rapid diagnosis and treatment with appropriate antibiotics
and usually surgery to minimize the significant morbid-
ity and especially the paralysis that often occurs because
of this type of infection. The incidence of epidural
abscess is .2 to 1.2 cases per 10,000 hospital admissions
(18). It generally is a disease of adults (52), with an equal
male to female ratio, and may a higher incidence associ-
ated with invasive procedures, IV drug abuse, and elderly
patients (52). Other risk factors are diabetes mellitus,
trauma, and alcoholism (53).

The source of infection can be identified in 70% to
80% of cases (18,52). The route of infection can be
hematogenous (Fig. 78-3), contiguous, or by inoculation
(as in a procedure or surgery). Hematogenous infection
can come from skin and soft-tissue infections, respiratory
tract infections, and urinary tract infections (52). Most
commonly, a bacteremia seeds the epidural space, which
contains fatty tissue and a rich venous plexus (18). The
most common location for a spinal epidural abscess is in
the posterior spinal canal (79%). The majority of the
anterior epidural abscesses are from direct spread from an
anterior osteomyelitis. Fourteen percent of these epidural
abscesses occur in the cervical spine, 51% in the thoracic
spine, and 35% in the lumbar spine. The epidural infec-
tion leads to a mass effect from the granulation tissue or
pus, which produces neural element compression and
paralysis. In severe paralysis owing to infection, there can
be secondary subarachnoid vascular injury and thrombo-
sis (18).

The range of organisms mirrors vertebral osteo-
myelitis, with Staphylococcus aureus responsible for
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62% of the infections. Aerobic gram-negative rods are
isolated in 18%, aerobic streptococci in 8%, coagulase-
negative staphylococcus in 2%, anaerobes in 2%, and no
organism isolated in 6% (52). A large proportion can
have positive blood culture (69%) (52).

The clinical course can be acute or chronic. For an
acute epidural abscess the clinical picture has been
described in four phases (54): spinal ache, root pain,
weakness including bowel and bladder dysfunction, and
paralysis. The spinal ache usually is localized to the level
of the affected spine and can bring the patient to the
physician quickly. In the next few days, the patient can
then get root pains radiating from the localized painful
area. Fever and leukocytosis usually are present, as is an
elevated sedimentation rate (18). Signs and symptoms of
neurologic involvement are consistent with the level of
the spine infection. Chronic infection differs in that these
events occur over weeks or months, and the signs and
symptoms of concurrent sepsis usually are absent. How-
ever, rapid neurologic deterioration can still be a hallmark
of a chronic epidural abscess despite the initially slow
course and can be the presenting feature in chronic
epidural abscess (18). The differential diagnosis includes
meningitis, spinal subdural abscess, acute transverse
myelitis, disc herniation, vascular lesion, and tumors in
the spinal canal. 

Diagnosis begins with a detailed clinical history and
physical examination. The majority of acute epidural
abscess patients present with septicemia, with a mean
peripheral WBC of about 16,000 (18,53). Chronic infec-
tions can have a normal peripheral WBC (18). The sedi-
mentation rate is almost always elevated above 25 mm
(89%), whether the infection is acute or chronic (52).
Radiographs are usually normal unless there is evidence
of a contributing or concurrent disc space infection.
Myelography, now combined with CT, was once the diag-
nostic imaging modality of choice to document the neural
compression. If pus was aspirated in the epidural space
before the intradural space was entered, a diagnosis was
established with gram stain and culture. However, this
test carried the risk of converting the epidural abscess
into an intradural infection, and is no longer recom-
mended (53). Radionuclide studies are not appropriate
because they are nonspecific with a false-negative rate
for epidural abscess, and are time-consuming (54). Mag-
netic resonance imaging is the study of choice with
gadolinium contrast, allowing the differentiation of the
epidural abscess from adjacent compressed thecal sac
that previously was not possible with noncontrast MRI
(30,31). 

The presence of an epidural abscess is generally
regarded as a surgical emergency, especially in the pres-
ence of any neurologic deficit. Even if the patient initially
has intact motor strength, the presence of root symptoms
or early urine retention is a sign of possible impending

neurologic collapse (Fig. 78-3). The goals of treatment
are to preserve neurologic function, eliminate infection,
relieve pain, diagnose the pathogen, and stabilize the
spine if necessary.

The surgical approach is dictated by abscess location
and extent. Because epidural abscesses are generally pos-
terior and can range over many levels, surgical drainage
generally is performed with a laminectomy. Care is taken
to preserve the facet joints for postoperative stability
(18,54). In cases with an anterior abscess with concurrent
vertebral osteomyelitis, anterior decompression and
grafting usually are indicated for complete débridement
and may require supplemental posterior laminectomy to
decompress proximal and distal abscess extensions. The
wounds may be closed over drains or be packed open in
instances of severe tissue necrosis (52).

Antibiotic therapy should be started once an adequate
spine culture has been performed and gram stain
obtained. Broad-spectrum antibiotics should be adminis-
tered until identification and sensitivities are available.
Most authors recommend 3 to 4 weeks of parenteral ther-
apy (18), with therapy extending to 6 to 8 weeks in the
presence of a concurrent vertebral osteomyelitis.

There are small series documenting the treatment of
epidural abscesses with antibiotics alone (52,55,56).
The majority of these patients were neurologically
intact with no signs of sepsis. However, numerous other
references report neurologic progression and even cord
infarction under these same circumstances (18,
52–54,57). Combined surgical decompression with
appropriate antibiotic treatment remains the standard of
care. Indications for initial nonoperative management
include poor surgical candidates, diffuse involvement
of the spinal canal, no neurologic deficit, and complete
neurologic deficit for more than 3 days (55,56).
Patients deteriorating neurologically should undergo
surgical decompression.

With the advent of the modern antibiotic era and the
facility in diagnosing spinal epidural abscess with MRI,
the mortality of spinal epidural abscess has dropped
from nearly universal at the turn of the 20th century, to
34% from 1954 to 1960, to 15% from 1991 to 1997 in
one review of the literature (53). In regard to paralysis,
Currier (58) noted in another review of the literature that
38% had full recovery, 29% had some weakness, 21%
had paralysis, and 12% died. Neurologic recovery is
directly related to the time and severity of the paralysis
(52–54). Recovery is observed in most patients present-
ing with minimal paralysis or significant paresis of less
than 36 hours (54). No recovery has been observed with
complete paralysis of more than 36 to 48 hours (54,59).
Acute onset with paralysis within 12 hours carries a poor
prognosis because cord infarction may be the mecha-
nism of paralysis as opposed to simply mechanical com-
pression (57).
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FUNGAL INFECTIONS

Fungal infections of the spine are relatively uncommon
and are typically seen in immunocompromised patients.
However, these infections must be considered in the dif-
ferential diagnosis of infectious spondylitis. A delay in
diagnosis occurs frequently because the infectious course
often is indolent. The principles of diagnosis and treat-
ment remain the same as for pyogenic infections (Fig. 78-
4). Diagnosis rests primarily on obtaining a good biopsy
and a positive tissue specimen culture. Biopsies must be
evaluated with fungal stains as well as cultures, because
the latter may be negative or take weeks to months to
become positive. The differential diagnosis should in-
clude pyogenic and tuberculous infections, metastatic
disease, axial neuroarthropathy, and spinal sarcoidosis
(15). Spinal infections caused by aspergillosis, candidia-
sis, cryptococcus, blastomycosis, and coccidioidomyco-
sis have been reported in both immunocompetent and
immunocompromised patients (Table 78-1) (15,58,60).

In one series of 11 patients with fungal spine infections
with long-term follow-up (61), the source of the fungal
spondylitis was hematogenous seeding from sepsis in
four, postoperative spondylitis in three, local extension
from an adjacent fungal infection in two, direct traumatic
implantation in one, and unknown in one. All of the
patients except two had risk factors consistent with
immunosuppression or chronic medical illness.

At the time of clinical presentation (61), 10 of the 11
patients had severe unremitting pain localized to the level

of the infection and nine patients had some degree of
paralysis. The clinical presentation was characterized by
a long delay between the onset of symptoms and admin-
istration of an antifungal agent (Table 78-2), the delay
ranging from 7 to 365 days (average 99 days) in 10
patients; the outlying eleventh patient had a draining
sinus for 9 years. Only one patient had a fever of more
than 101°F. The sedimentation rate was elevated in 10
patients, and the WBC was elevated in only three
patients, and greater than 20,000 cells/mm2 in only one.
Radiographic presentation showed peridiscal erosions
and decreased disc space height in 10 patients. In the
eleventh, the most chronic patient, there was diffuse ver-
tebral involvement.

Tissue obtained by closed or open biopsy revealed the
diagnosis in all 11 patients (61). Half of the closed biop-
sies were negative, whereas all of the open biopsies were
positive. The organism was identified with a positive fun-
gal culture, KOH (potassium hydroxide) slide prepara-
tion, or Gomori methenamine silver stain. Seven of the 11
patients had Candida alone, and one patient had
Aspergillus alone. Two of the patients had mixed infec-
tions with a fungus plus other fungi or bacteria. Ten of the
11 patients were treated with amphotericin B, and the
remaining patient had a resistant organism treated with
IV miconazole and oral ketoconazole.

Ten of the 11 patients were treated with surgical
débridement of the spine to obtain the biopsy, débride
the spine and drain abscesses, decompress the neural
elements, and treat a failure of conservative treatment.
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FIG. 78-3. A 34-year-old African-American woman was transferred to the medical service with the pri-
mary complaint of worsening axial low back pain. She had a long history of type 2 diabetes, and a recent
history significant for a right large toe osteomyelitis that had been treated with débridement 2 weeks
earlier. A Hickman catheter had been placed for long-term intravenous antibiotics, but was removed
after spiking fevers and a line culture positive for methicillin-resistant Staphylococcus aureus (MRSA)
confirmed a diagnosis of line sepsis. On initial consult, her plain films were negative for any obvious disc
space erosions. She was neurologically normal, with no long tract signs, and normal perirectal sensa-
tion, rectal tone, and volition. A–D: Urgent magnetic resonance imaging revealed a massive epidural
abscess with large psoas and paraspinous muscle abscesses. Reexamination revealed a stable, intact
motor examination, with normal strength, mildly decreased distal vibratory sensation, a stocking glove
distribution in both feet, and a normal sensory and volitional rectal examination. Postvoid residual, how-
ever, was 300 cc of urine. E: She had evidence of abscess tracking up to the mid thoracic spine but no
clinical symptoms or signs of myelopathy She was taken to the operating room for decompressive
laminectomies of L2-4, and decompression and drainage of the psoas abscess through an intertrans-
verse approach, and the paraspinous abscesses as well. Gross pus in the canal was encountered
largely centered at L3-4, the level of the psoas and paraspinous abscesses. Gram stain showed gram-
positive cocci in clusters, and intraoperative cultures grew methicillin-resistant Staphylococcus aureus.
Above L2 there was no residual mass effect and instead of purulence, just some granulation tissue. She
was treated with vancomycin and rifampin for 8 weeks, and afterward with Bactrim. F,G: Postoperative
radiographs showed no instability. She had no postoperative neurologic deficit and recovered normal
urodynamics.
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FIG. 78-4. A 68-year-old woman presented to the
emergency room complaining of mid-thoracic back
pain for 8 months with slow worsening. She was
neurologically normal, had a negative travel history
of any significance, and had lived in the same city
for 20 years. A,B: The work-up revealed a sedi-
mentation rate of 80, and plain films with some end
plate erosions at T5-6. Computed tomography (CT)
scan confirmed significant prevertebral soft tissue
mass at T5-6 (C) as well as at T8 (D). E: Magnetic
resonance imaging (MRI) confirmed the pattern of
disc space infection at T5-6 on T1-weighted images
with some intrusion into the canal. F: Gadolinium-
enhanced images showed the extent of the anterior
infection and vertebral body edema. G: T2-
weighted images showed the infection with a large
thoracic spinal canal and no cord compression.A,B
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Two patients died, one of disseminated aspergillus
infection, and one of a massive upper gastrointestinal
hemorrhage. The authors concluded that even when
neural decompression was not needed, the results were
better with an anterior surgical approach. Once treat-
ment was completed, only four of the nine survivors

were neurologically normal. Four of these nine patients
had persistent mechanical spine pain, and two were
functionally disabled from the pain. However, once full
medical and surgical treatment was completed, no
patient had a recurrence of the infection with an aver-
age of 6.3 years of follow-up.
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FIG. 78-4. (Continued). H: Other images confirmed the
large soft-tissue abscess. Computed tomography–guided
biopsy was negative on conventional cultures twice at the
10-day mark, and she was monitored with frequent neuro-
logic examinations while in the hospital. Because she felt
well, she left against medical advice, upon which her fun-
gal cultures grew out Blastomyces dermatitidis. She was
readmitted, and was adamantly against any surgery on
discussion of alternatives and their risks and benefits. She
was started on amphotericin B, to which she had signifi-
cant renal toxicity. A trial of AmBisome resulted in neu-
tropenia. Itraconazole was started and well tolerated. Her
sedimentation rate normalized over the course of 1 month,
and after 4 months of conservative treatment, itraconazole
was discontinued. At 6 months, MRI scans confirmed res-
olution of the infection as well as the prevertebral
abscesses (I,J), and plain films showed spontaneous
fusion of T5-6 (K, arrow; L, top) with no deformity.
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TABLE 78-1. Fungal pathogens with a propensity for spine and musculoskeletal involvement and their characteristics

Fungal pathogen Endemic area/ecosystem Host Mode of infection Non-MSK sites Dissemination

Coccidiomycosis Soil, desert ecosystem Travel, endemic Airborne spore Pulmonary Hematogenous
Arid southwestern exposure Skin abrasions Cutaneous

United States Osseous
San Juaquin Valley Prostatic

fever Central 
nervous 
system

Blastomycosis Warm moist soil rich Endemic Spore inhalation Lung, skin Hematogenous
in organic debris exposure

Mississippi and Ohio 
river valleys

Great Lakes, St.
Lawrence River

Cryptococcus Throughout the world AIDS Inhalation of Lung/central Hematogenous
Pigeon feces and soil fungal form nervous 

system
Candidiasis Normal skin commensals Immuno- Endogenous Blood Hematogenous

Gastrointestinal tract, compromised Endocarditis
sputum, skin Vascular access Meningitis

Urine of catheterized IVDA Fungemia
patients Burns

Aspergillus Dead plant and Immuno- Inhalation of Pulmonary Direct extension
animal matter compromised conidia

Threshing areas and mills Farm workers

IVDA, intravenous drug abuse; MSK, musculoskeletal.

TABLE 78-2. Antifungal agents and their characteristics

Agent Mechanism Route Side effects Indication Pathogens

Amphotericin B Plasma membrane IV Bone marrow Life-threatening Blastomycosis
permeability, dysfunction disease Coccidiomycosis
cell death Liver and renal Central nervous 

toxicity system 
involvement

Medically ill
Flucytosine Inhibits DNA synthesis IV With Aspergillosis

amphotericin B Candida
Cryptococcus
Blastomycosis
Coccidiomycosis

Ketoconazole Block the biosynthesis PO HIV
Fluconazole of fungal lipids in Good central 
Itraconazole the cell membranes nervous system 

penetration
Ambisome Liposomal formulation IV Similar Fail amphotericin B Aspergillosis

of amphotericin B amphotericin B Not tolerating Candidiasis
amphotericin B Cryptococcal



CONCLUSION

Diagnosis and treatment of spine infections begins with
clinical suspicion, meticulous history and physical, as well
as appropriate laboratory work-up. Imaging, especially
MRI, can enhance clinical suspicion and guide treatment
decisions. However, biopsy and culture are the key ele-
ments needed to guide antibiotic choice and the success of
conservative treatment. Even with appropriate conserva-
tive therapy, there are patients who may need surgical treat-
ment for a clinically significant abscess, open biopsy,
severe deformity, neurologic deficit, or failure of conserv-
ative treatment with continued chronic infection.
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CHAPTER 79

Tuberculosis

S. Rajasekaran

Tuberculosis is rampant in many parts of the world: In the
year 1993 alone, more than 3 million tuberculosis-related
deaths were reported (1). Roughly 3% to 4% of all tuber-
culous infections involve the skeletal system and more
than 50% of those involve the spine. Even by a conserv-
ative estimate, there are about 3 million patients with
active spinal tuberculosis in the world today (2). The
eradication of the disease appears remote because of the
poor economic and social standards of the developing
world, increasing global travel, the emergence of
multi–drug-resistant strains, and the increasing incidence
of patients coinfected with tuberculosis and acquired
immunodeficiency syndrome (AIDS). 

PATHOLOGY

Mycobacterium tuberculosis, characterized by its
acid-fast staining properties, is the organism commonly
responsible for human infections. The spinal infection
is always a secondary lesion by hematogenous spread
from a pulmonary (Gans focus), gastrointestinal, or
genitourinary lesion, but an active primary source is
detected in less than 10% of patients. Apart from arter-
ial channels, the spread also can occur through the Bat-
son plexus of veins; this accounts for the increased
involvement of the lumbar spine (Fig. 79-1). Skip
lesions with multilevel involvement are possible and
are detected in about 5% of patients with plain radiog-
raphy and in 15% of patients when magnetic resonance
imaging (MRI) is used. 

Anterior lesions affecting the vertebral body account
for 85% to 90% of the lesions (2). Many types of body
involvement are seen—paradiscal, central, complete,
and anterior lesions. The paradiscal variety is the most
common, especially in adolescents and young adults
(Fig. 79-2). Here the infection spreads through the epi-

physeal arteries, which branch to supply the paradiscal
region of adjacent vertebrae. The initial picture is loss
of definition of the paradiscal margins of consecutive
vertebrae with narrowing of disc space; there is further
destruction of the vertebral bodies with progress of the
disease. Complete destruction of one or more vertebrae
is commonly found in children below the age of 10
years and is predisposed by poor nutritional status (3).
Here the anterior column deficit is extensive; such chil-
dren are prone to buckling collapse of the spine, lead-
ing to late progress in deformity and late paraplegia.
The central type of lesion is more common in children.
There can be collapse of the body without any change
in the disc spaces, which simulates a radiologic picture
of Calves disease. Anterior lesions are frequent in the
thoracic region and the infection can quickly spread
beneath the anterior longitudinal ligament to many
consecutive levels. 

Posterior lesions affecting the pedicle, laminae, and
spinous process constitute 10% to 15% of lesions; how-
ever, they are important because they are associated
with late diagnosis and a higher incidence of neuro-
logic deficit (4). Computed tomography (CT) and MRI
studies must be used for an early diagnosis whenever
there is a suspicion. Rarely the disease starts at the pos-
terior margin of the body with profuse granulation tis-
sue. The patient presents with neurologic deficit with-
out any radiologic abnormality and the clinical picture
mimics a spinal cord tumor (spinal tumor syndrome).
Irregular destruction of the vertebral bodies can lead to
scoliosis and may cause confusion with hemivertebrae
in healed cases. Destruction of more than two vertebral
bodies leads to facetal dislocation during the period of
collapse in children and can precipitate complete
translocation of the spine, resulting in a complex defor-
mity (Fig. 79-3).
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FIG. 79-1. The thoracolumbar and lumbar regions are most commonly affected in spinal tuberculosis.
The larger mass of bone, increased range of movements in the region, spread by Batson plexus of veins
and the proximity to cisterna chyli are quoted as reasons.

FIG. 79-2. The various types of lesions seen commonly in spinal tuberculosis. A: Paradiscal lesions
with destruction of the discs and involvement of the adjacent vertebral bodies is the most common
lesion. B: With progression of the disease and especially in children, entire vertebral bodies are
destroyed with the formation of caseous material and abscess. C: Body lesions without the involvement
of discs are relatively rare. D: Posterior lesions without involvement of the anterior column are also rare
and are more easily identified in computed tomography and magnetic resonance imaging scans.

A–D



THE NATURAL HISTORY OF THE DISEASE

Untreated spinal tuberculosis has a vicious clinical
course of progressive destruction of vertebral bodies with
potential for persistent sinuses, abscess, and early- or
late-onset neurologic deficit (Pott paraplegia). Effective
chemotherapy can arrest the progress at any stage with
healing and consolidation of the focus. In minimal dis-
ease, the disc is destroyed early and the cancellous bone
of the adjacent vertebrae consolidates with bony fusion,
which is the hallmark of healing in spinal tuberculosis. In
severe disease with extensive destruction of the anterior
column, facet joints frequently give way and destabilize
the spine. The superior healthy vertebra then rotates and
descends so that its anterior surface comes into contact
with the superior surface of the inferior healthy vertebra.
The deformity often increases to more than 60° and in
children can progress during the period of growth even
after cure of the disease.

The progress of deformity depends on the age at the
time of involvement, the level of lesion, and the severity
of disease. The deformity progresses in two distinct
phases: phase I, or the active phase, which includes
changes in the first 18 months during the period of active
disease. Changes that occur after the disease is cured are
termed phase II, or healed phase, changes (5).

Adults have a lesser deformity at presentation, a lesser
increase during phase I, and virtually no change after
cure of the disease. The progression of deformity usually
is less than 30° and is restricted to the first 12 to 18
months when consolidation of the focus is complete (3).
In contrast, children have a higher deformity at presenta-
tion, a greater tendency for collapse during the active
phase, and continued progression until growth is com-
plete. Children are more susceptible to deformity because

of the increased severity of destruction at presentation
(3,6,7), increased flexibility of the spine (8), a relative
destruction of the growth plates anteriorly interfering
with future growth (9,10), and the suppressive effect of
the mechanical forces of kyphosis on the growth of the
anterior half of the fusion mass and adjacent normal ver-
tebrae (11).

Distinct types of progress are seen in children during
the growth phase that determine the extent of the final
deformity (5). Unlike other spinal deformities, which
usually deteriorate with growth, there is both a beneficial
or worsening effect during the period of growth spurt
(Figs. 79-4 and 79-5).

Type 1 Progression

There is continued progress through the entire period
of growth; this is noticed in 44% of children (Fig. 79-6).
The increase could occur continuously after phase I (type
1A) or a lag period of 3 to 6 years after the disease is
cured (type 1B). Type IB progression is important
because the lag period may result in the progression
being missed. It is common practice to follow-up children
only for 2 to 3 years after the disease is cured; therefore,
the late increase in deformity can be missed. 

Type II Progression

Type II progression shows beneficial effects during
growth with a decrease in deformity after healing (Fig.
79-7). This can occur immediately after phase 1 (type II
a) or a period of 3 to 6 years (type IIb). Children with
type II progression have the best outcome because they
have lesser increase during phase I and greater improve-
ment during phase II. 
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FIG. 79-3. In patients with destruction of
two or more vertebral bodies, the facetal
joints dislocate to allow the normal vertebral
bodies to come into contact and consoli-
date anteriorly. The disruption of the poste-
rior arch in the presence of anterior column
deficit leads to global instability and the
spine often heals with varying degrees of
scoliosis, kyphosis, and rotation.A,B
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FIG. 79-4. Lateral radiographs of the lumbar spine of a 4-year-old child with severe destruction of L2
and L3 at the start of treatment. Follow-up shows excellent improvement with growth at 60, 120, and
180 months. The fusion mass of L2 and L3 begins to show increased anterior growth. By 15 years the
fusion mass almost resembles a normal vertebra except for the attachments of the pedicles of two lev-
els. (Reproduced with permission from Rajasekaran S. The natural history of post tubercular kyphosis
in children. J Bone Joint Surg (Br) 2001;83.B:954–962.)

FIG. 79-5. Radiographs showing extensive thoracic lesions in a 3-year-old girl with a deformity of 40°
at 3-year follow-up.The disease was completely cured, but the deformity progressed to 115° at 15 years
follow-up. (From Rajasekaran S. The natural history of post tubercular kyphosis in children. J Bone Joint
Surg (Br) 2001;83.B:954–962, with permission.)

FIG. 79-6. Graph showing that type 1 pro-
gression showed deterioration in the defor-
mity even after healing of the disease. In
type 1a progression, this deterioration con-
tinued throughout growth, whereas in type
1b progression there was a lag period of a
few years before the deterioration started.
The progression was more severe in type
1b. (From Rajasekaran S. The natural his-
tory of post tubercular kyphosis in children.
J Bone Joint Surg (Br) 2001;83.B:954–962,
with permission.)



Type III Progression

Children who have minimal disease or lower lumbar
lesions without loss of lordosis do not have any major
change in deformity during phases I and II (Fig. 79-8).

Facetal dislocation leading to spinal instability deter-
mines the course of the disease. The failure of the poste-
rior arch and the instability that follows is identifiable by
the following instability signs, termed “spine at risk”
radiologic signs (Fig. 79-9)(5).

Separation of the Facet Joints

With progressive kyphosis, the facet joint at the apex
of the curve is subluxed followed by frank dislocation. In
patients with severe involvement, there is separation at
more than one level, with wide distraction of the spinous
processes at the corresponding levels. 

Retropulsion of the Diseased Vertebral Segments

With progressive destruction, the remnants of the
destroyed vertebral bodies are retropulsed. This is
assessed by drawing two lines along the posterior surface
of the normal vertebrae above and below the level of the

lesion. Retropulsion is confirmed when the diseased seg-
ments are seen to lie posterior to the drawn lines.

Lateral Translation of the Vertebral Column

Translation is confirmed when the line drawn form the
center of a pedicle of the lower vertebrae does not inter-
sect the pedicle of the upper vertebrae in an antero-poste-
rior (AP) radiograph. 

Toppling Sign

The separation of the facet joint allows the superior
normal vertebral segment to tilt or topple, so that the
anterior surface of the vertebra comes into contact with
the superior surface of the vertebra below the level of the
lesion. A line drawn along the anterior surface of the infe-
rior vertebra intersects the superior first normal vertebra
above the middle of its anterior surface. 

Each of these signs is given a score of 1, with a maxi-
mum possible instability score of 4. Of all the variables,
an instability score of more than 2 is the most significant
factor in determining an increase of more than 30° or a
final deformity of more than 60° (5). The radiologic signs
of instability are found to be particularly useful because
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FIG. 79-7. Graph showing that in children with
type 2 progression a decrease in deformity
occurred during the healed phase. In type 2a
the improvement started soon after healing of
the disease and in type 2b after a lag period of
a few years. (From Rajasekaran S. The natural
history of post tubercular kyphosis in children. J
Bone Joint Surg (Br) 2001;83.B:954–962, with
permission.)

FIG. 79-8. Graph showing type 3 progression had only a minimal increase during the active phase and
little change during the healed phase.This was found in children with only minimal destruction or lesions
of the lower lumbar region. (From Rajasekaran S. The natural history of post tubercular kyphosis in chil-
dren. J Bone Joint Surg (Br) 2001;83.B:954–962, with permission.)



they appear early during the active stage of the disease
itself when surgical intervention is easier and can be per-
formed with fewer complications. 

CLINICAL FEATURES

Pain in the region of involvement with paraspinal
muscle spasm and restriction of movements is the usual
mode of presentation. Weight loss, loss of appetite,
malaise, and evening temperature elevation are present
in most patients, but may be absent in patients with

good nutrition and health (2). Patients with extensive
involvement and instability have a guarded gait and fre-
quently exhibit reluctance to alter the position or ambu-
late. Deformities are present in most patients; the spin-
ous process becomes prominent, producing a knuckle
deformity when one vertebra is destroyed. A gibbus
deformity of varying degree develops when many ver-
tebrae are destroyed (Fig. 79-10). In lower lumbar
lesions, lordosis protects the spine from an external
kyphotic deformity and the severe collapse is mani-
fested as foreshortening of the trunk (6).
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FIG. 79-9. Spine at risk radiologic signs in children. A: Separation of the facet joint. The facet joint dis-
locates at the level of the apex of the curve, causing instability and loss of alignment. In severe case the
separation can occur at two levels. B: Posterior retropulsion.This is identified by drawing two lines along
the posterior surface of the first upper and lower normal vertebrae. The diseased segments are found
to be posterior to the intersection of the lines. C: Lateral translation. This is confirmed when a vertical
line drawn through the middle of the pedicle of the first lower normal vertebra does not touch the pedi-
cle of the first upper normal vertebra. D: Toppling sign. In the initial stages of collapse, a line drawn
along the anterior surface of the first lower normal vertebra intersects the inferior surface of the first
upper normal vertebra.Tilt or toppling occurs when the line intersects higher than the middle of the ante-
rior surface of the first normal upper vertebra. (From Rajasekaran S. The natural history of post tuber-
cular kyphosis in children. J Bone Joint Surg (Br) 2001;83.B:954–962, with permission.)

FIG. 79-10. A 4-year-old child with a healed tuberculosis
and a prominent kyphotic deformity of the dorsolumbar
region (A). These lesions require early intervention; other-
wise, they progress to severe deformities with risk for late-
onset neurologic deficit, as seen in (B).

A–D

A,B



COLD ABSCESS

Abscess is a common feature of spinal tuberculosis. Its
clinical or radiologic identification greatly helps in the
diagnosis of spinal tuberculosis. The abscess, composed
of caseous material, serous exudates, and bone debris,
spreads in various directions along the lines of least resis-
tance and often presents subcutaneously. Absence of
signs of inflammation at the site of presentation has led to
the term cold abscess. In lumbar lesions, the abscess
enters the psoas sheath and gravitates to form a psoas
mass. It may then track down to the Petit triangle or may
appear below the inguinal ligament or medial aspect of
the thigh. It also can follow the great vessels into the
pelvis, gluteal region, or posterior aspect of the thigh.
Lesions of the sacrum and coccyx form abscess that track
along the sciatic nerve to present in the posterior aspect
of the thigh or popliteal region. 

NEUROLOGIC INVOLVEMENT

The incidence of a significant neurologic deficit in
spinal tuberculosis is less than 3%, although some form
of mild involvement can be present in up to 30% of
patients (2,12). Compromise of the spinal canal with
compression of the spinal cord by abscess, granulation
tissue, and sequestrated bone or disc material is the usual
cause of paraplegia (Fig. 79-11A). The neurologic
involvement caused by such compression usually pro-
gresses insidiously, but precipitous paraplegia can occur

because of infective vasculitis compromising the blood
supply to the cord or a pathologic dislocation of severely
destroyed vertebrae (Table 79-1). Other rare causes are
spinal tumor syndrome and progressive fibrosis around
the cord at the region of deformity apex. 

The incidence of neurologic deficit is more common in
thoracic and thoracolumbar lesions and is rare in lesions
below the second lumbar vertebrae. The capacious spinal
canal in the lower lumbar level and the fact that the spinal
cord ends at the lower border of the first lumbar vertebra
account for the lower incidence of neurologic deficit in
lumbosacral lesions. When the involvement is at the cord
level the disease passes through characteristic stages
(Table 79-2). Lumbar lesions mainly produces radicu-
lopathy and a full-blown cauda equina syndrome only
rarely results. Magnetic resonance imaging has replaced
myelography and is superior in accurately demonstrating
the extent and cause of cord compression. It also shows
the presence or absence of primary change in the cord
and helps to prognosticate the outcome of treatment and
recovery. 

Paraplegia was initially divided into early and late
onset, depending on its occurrence within or after 2 years
of onset of the disease. This differentiation is less useful
than the classification paraplegia of active disease
(occurring however late) and paraplegia of healed dis-
ease. The prognosis is more favorable in paraplegia in
active disease because the pathology is inflammation, and
conservative treatment with adequate chemotherapy may
be sufficient. Good recovery with chemotherapy is seen
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FIG. 79-11. A: An active lumbar lesion with neurologic deficit owing to compression of the dural sac by
abscess, granulation tissue, retropulsed bone debris, and disc material. B: In contrast, the cause for
neurologic deficit in healed disease is caused by stretching the cord over the apex of the bony defor-
mity (internal gibbus).



in the presence of active disease with an inflammatory
cause of compression, incomplete involvement, short
duration of deficit, minimal kyphotic deformity, younger
age, and good nutritional status. When surgical decom-
pression is indicated, surgery must be done at the earliest
possible moment. Decompression done after 1 year rarely
produces good results.

In paraplegia of healed disease, the pathology is
mechanical compression; surgical decompression is
mandatory (Fig. 79-11B). The prognosis is less favorable
and surgery is fraught with complications (13). 

RADIOLOGY FINDINGS

Plain Radiography

Radiographic appearance changes depend on the type
of body lesion, severity of involvement, and stage of the
disease. Osteoporosis of the vertebral body with haziness
of margins of the adjacent vertebrae and narrowing of
disc space are the initial findings in paradiscal lesions
(Fig. 79-12A). Progressive destruction of the vertebral
bodies are noted in advanced lesions, leading to gross
kyphosis (Fig. 79-12B). Posterior spinal disease can be
missed easily and AP radiographs are more useful in early

diagnosis than lateral radiographs (Fig. 79-13, A–C).
Cold abscesses are seen as fusiform paravertebral shad-
ows in the dorsal lesion and a bulge of the lateral margins
of the psoas shadow in the lumbar lesions. After the start
of chemotherapy, radiologic changes of healing usually
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TABLE 79-1. Causes of neurologic deficit in active and
healed disease

Paraplegia of active disease (occurring however late)
Compressive pathology caused by

Inflammatory edema
Granulation tissue
Caseous tissue and abscess
Sequestrated bone and disc material

Infective vasculitis
Spinal tumor syndrome
Pathologic dislocation of the spine
Direct infiltration of the cord

Paraplegia of healed disease
Stretching of the cord over the apex during progressive 

deformity (internal gibbous)
Progressive extradural fibrosis

TABLE 79-2. Stages of Potts paraplegia

Patient has no symptoms; physician detects plantar 
extensor response or ankle clonus

↓
Patient has incoordination but can walk with support

↓
Paraparesis severe enough to confine the patient to bed

↓
Paraplegia in extension with variable level of sensory 

blunting
↓

Paraplegia in flexion with sphincter involvement
↓

Flaccid paraplegia

FIG. 79-12. A: Reduction of disc space with irregularity of
the vertebral margins is the earliest radiologic sign. B: With
progression of the disease, complete destruction of the ver-
tebral bodies occur leading to a kyphotic deformity.

BA

FIG. 79-13. A: In the antero-posterior radiographs, a normal
vertebra has two pedicles and a spinous process resembling
the eyes and the beak of an owl. A lesion of the spinous
process gives rise to a loss of the beak, and a destructive
lesion of the pedicle gives the appearance of a “winking” owl
sign. B: Destruction of a pedicle as shown in the figure leads
to loss of a pedicle, resulting in the “winking owl” sign. C: A
lesion of the spinous process leads to the loss of the beak,
resulting in a “beakless” owl sign.

A
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FIG. 79-13. (Continued). B: Destruction of a pedicle as shown in the figure leads to loss of a pedicle,
resulting in the “winking owl” sign. C: A lesion of the spinous process leads to the loss of the beak,
resulting in a “beakless” owl sign.

B

C



lag by 6 to 8 weeks after clinical improvement is noticed.
Decrease in osteoporosis and sclerosis of the margins of
the destroyed vertebra are the first signs of good response
to treatment.

Computed tomography scans are useful in assessing
the extent of bony destruction and the early diagnosis of
lesions not easily visualized by plain radiography, such as
those involving the craniovertebral and cervicodorsal
junction, sacroiliac joint, sacrum, and posterior spinal
disease. 

Magnetic resonance imaging is superior in defining
the extent of soft-tissue mass in both the sagittal and
coronal planes and clearly differentiates the nature and
extent of compression of the spinal cord (Fig. 79-11 A,B).
Magnetic resonance imaging is of special use in the eval-
uation of the cause of compression in patients with neu-
rologic deficit and in pure intramedullary and isolated
extradural disease. Although MRI can strongly suggest
tuberculosis, it is important to remember that there are no
specific findings that can conclusively differentiate
tuberculosis from other spinal infections or neoplasm.
Gadolinium enhancement helps to accurately delineate
the abscess wall from the compressed dura and localize
portions of paraspinal masses most likely to yield a posi-
tive percutaneous biopsy. It is also well to remember that
MRI often shows an exaggerated picture of the involve-
ment because of signal intensity changes related to mar-
row edema and assessment of the extent of vertebral
destruction is more accurately done by assessment from
plain radiographs. 

Radioisotope scans that are useful in pyogenic
osteomyelitis are negative in one third of patients with
tuberculosis. Gallium scans also are negative in the
majority of patients, and their diagnostic value in tuber-
culosis is limited.

DIAGNOSIS

A typical clinical picture of insidious onset of pain in
the region of involvement, paraspinal muscle spasm with
restriction of spinal movements, low-grade constitutional
symptoms, and a typical radiologic picture of paradiscal
type of involvement of adjacent vertebrae is considered
sufficient evidence clinically to start specific antituber-
culous therapy in most endemic areas. Relative lympho-
cytosis with elevated erythrocyte sedimentation rate and
a positive enzyme-linked immunosorbent assay (ELISA)
test may contribute to the diagnosis, but is normal in
many patients with good nutrition. The work-up must
include a thorough clinical examination and tests to rule
out extraskeletal involvement, which may be present in
15% of patients. In parts of the world where the incidence
of tuberculosis is rare and whenever the diagnosis is in
doubt, histologic confirmation by a CT-guided biopsy
should be the procedure of choice. The material obtained
by a thin needle routinely used for fine-needle aspiration

cytology (FNAC) is usually insufficient and the use of a
thicker needle (e.g., the Jamshidi needle) is recom-
mended. Aspiration of a paravertebral abscess also helps
to establish a diagnosis, but the yield for culture from the
pus is low.

Tuberculous infections have to be differentiated from
pyogenic discitis and brucellosis. Pyogenic discitis has a
more precipitous presentation with severe pain, high
fever, and profound clinical symptoms. The organism can
be isolated either by a blood culture or from needle aspi-
ration material. Brucellosis also is common in geographic
regions where tuberculosis is endemic. Undulating fever,
less vertebral destruction, new bone formation (even in
the active stage of the disease), marked sclerosis, and a
positive serologic test for brucella antigen help to clinch
the diagnosis.

Central types of lesions and pedicle involvement have
to be differentiated from secondaries and myeloma in
elderly patients and lymphoma and eosinophilic granu-
loma in young patients. The presence of paravertebral
mass in MRI and a rim enhancement sign in CT scan
point toward a tuberculous infection. 

TREATMENT

Modern antituberculosis drugs have made disease cure
highly possible because of their ability to achieve ade-
quate therapeutic concentration in caseous tissues and
abscesses, and excellent results have been reported by
conservative therapy alone (2,7,14–16). On the other
hand, surgery has become safer, and has better outcomes
when performed under chemotherapeutic cover, which has
prompted new surgical approaches and procedures
(17,18). The reasons advocated for surgery were earlier
recovery owing to débridement of the disease focus, fea-
sibility for correction of deformity, fusion with bone
grafts, and the possibility of obtaining tissues for histo-
logic confirmation. The conflicting claims prompted the
international multicenter trials at the Medical Research
Council, Great Britain. Their conclusions now form the
basis of treatment in patients without neurologic deficit
(Table 79-3) (7,14–18). Favorable status, defined as no
residual neurologic impairment, sinuses, clinically evident
abscess, or impairment of physical activities owing to the
spinal lesion, and with radiologic quiescent disease was
achieved equally by radical surgery and chemotherapy at
3 years; this was maintained at 10 years. The major advan-
tage was that equal results could be achieved by
chemotherapy in places were there was a dearth of surgi-
cal expertise, adequate anesthetic facilities, and a high
postoperative standard. Also, perioperative mortality of
about 4%, reported even in the hands of the originators of
the surgery, could be avoided. The study in Madras, India,
further proved that these results could be achieved even
with short-course (9-month) chemotherapy (7,16).
Ninety-eight percent of patients with chemotherapy
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achieved a favorable status, compared with only 88% with
radical surgery. The rate of occurrence of bony union and
the extent of deformity was identical in both groups.
Achievement of solid bony fusion was considered as a
desirable end of treatment because it was firm evidence
for cure of the disease. Also, the chance for the further
progress of the deformity was minimal. However, the
increased risk for disease recurrence in the absence of
bony union has not been borne out in long-term follow-up.
The absence of bony union has been found to be a risk fac-
tor for increased deformity in children but not adults (7).

The main shortcoming of the Medical Research Council
(MRC) trials has been the exclusion of deformity severity
as an assessment criterion for favorable status. Fifteen per-
cent of patients treated by chemotherapy alone may end up
with an unacceptable degree of deformity, and about 3%
may have a deformity in excess of 60° (2,5,7,9,10). These
patients would benefit from surgery, where the deformity
can be corrected and solid anterior bony fusion can be
achieved. It is appropriate to advocate surgery selectively
to this group, because the expertise and infrastructure
required for it are not freely available where tuberculosis is
endemic. In patients without neurologic deficit, Tuli has
proposed the “middle path” regimen, which takes advan-
tage of the efficacy of modern antituberculous drugs and
offers surgery only to the most needy (Table 79-4) (21).
Here ambulant chemotherapy is advocated in all patients
and surgery is advocated selectively when there is recur-
rence of disease, possibility of severe deformity, or onset of
neurologic deficit (Table 79-5). This protocol not only
helps to prevent unnecessary surgery in most patients with
spinal tuberculosis, but also offers the benefits of the
surgery when needed. We have followed this principle as a
routine in our clinical practice; in patients without neuro-
logic deficit, fewer than 15% require surgery. 

ANTITUBERCULOUS CHEMOTHERAPY

It is imperative that the chemotherapy regimen consists
of combination chemotherapy and lasts an adequate dura-
tion of time, so that cure is established and emergence of
resistant strains is prevented. Two phases of chemother-
apy are ideal in skeletal tuberculosis to increase the suc-
cess rate and prevent the emergence of drug-resistant
strains: an intensive phase, consisting of chemotherapy
with three or four drugs, followed by a continuation phase
consisting two drugs.

The current recommendation for the treatment of
adults, with or without HIV infection, is 300 mg of isoni-
azid (INH) per day, 600 mg of rifampicin per day, and 20
to 30 mg/kg of body weight per day of pyrazinamide. In
this intensive phase, which is carried on for 2 months,
ethambutol (or streptomycin for children, who are too
young to be monitored for visual acuity) should be
included when: (a) the severity of the lesion is extensive
and there are complicating factors such as neurologic
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TABLE 79-3. Conclusions of Medical Research 
Council trials

Ambulant outpatient chemotherapy treatment is highly 
successful.

Daily addition of streptomycin is not necessary.
No extra benefit from rest in hospital.
No benefit from plaster jacket for first few months.
Débridement alone offers no advantage over ambulant 

chemotherapy.
Ambulant chemotherapy equals radical surgery in 

achieving of favorable status.
Radical surgery achieves favorable status quickly and has 

decreased tendency for progress in deformity.
Short-course chemotherapy with daily isoniazid and 

rifampicin for 9 months achieved higher rate (98%) of 
favorable status than radical surgery (88%) at 5 years.

Favorable status: No residual neurologic impairment, 
sinuses, clinically evident abscess, or impairment of 
physical activities owing to the spinal lesion and with 
radiologically quiscent disease.

Inclusion criteria: Patients with clinical and radiologic 
evidence of tuberculosis involving any vertebra from the
first dorsal to the first sacrum and without neurologic
involvement.

Exclusion criteria: Presence of severe extraspinal disease, 
tuberculous or nontuberculous or with a previous history
of antituberculous chemotherapy or surgical intervention.

Bony fusion and the severity of deformity were not consid-
ered in the criteria for favorable status.

TABLE 79-4. Indications for surgery in patients without
neurologic deficit (middle path regimen)

Failure of clinical improvement after 6 to 10 weeks of 
treatment

Recurrence of disease
Primary drug resistance or history of irregular 

chemotherapy
To prevent deformity (Table 79-5)

Rare indications

To establish diagnosis (needed only when computed 
tomography-guided biopsy is inconclusive)

Patients with persistent sinuses and abscess
Tuberculosis of cervical spine with paravertebral abscess 

causing difficulty in deglutition and respiration

Source: Adapted from Tuli SM. Results of treatment of
spinal tuberculosis by “Middle Path” regimen. J Bone Joint
Surg 1975;57-B(1):13–23, with permission.

TABLE 79-5. Risk factors for severe increase in deformity

Patients less than 10 years of age and with “spine at risk”
radiologic signs

An initial kyphotic angle of >30 degrees
Vertebral body loss of >1.5
Involvement of more than three vertebral bodies
Computed tomography scan showing involvement of both 

anterior and posterior structures
Children who have partial or no fusion during adolescent 

growth spurt



involvement; (b) the patient population has a high pri-
mary resistance to INH; and (c) there is a suspicion of
drug resistance. After the 2-month intensive phase with
either the three- or four-drug regimen, a continuation
phase with INH and rifampicin can be continued for 9 to
12 months.

SURGERY FOR SPINAL TUBERCULOSIS

Although chemotherapy forms the mainstay of treat-
ment, a surgical procedure may be indicated in the fol-
lowing situations:

1. To obtain material for establishing diagnosis in
doubtful situations

2. To drain an abscess cavity around the spine or pelvis
3. To radically débride the entire focus and perform an

anterior arthrodesis with bone grafts. 
4. In addition to anterior arthrodesis, to also perform a

posterior fusion with or without instrumentation,
either primarily or as a second stage to obtain global
fusion

Computed tomography–guided biopsy and percuta-
neous transpedicular biopsy procedures have made indi-
cations for open biopsy rare. Similarly, abscesses (how-
ever large) clear adequately with chemotherapy; surgical
intervention is required only in rare circumstances. Other
than retropharyngeal abscesses, which can present as
clinical emergencies with dysphagia and dyspnea, even
large abscesses in other regions usually are asymptomatic
and rarely require intervention. When indicated, drainage

must be performed under the cover of antituberculous
drugs and the wound must be carefully closed in layers. 

Surgical procedures for obtaining disease clearance
must involve complete débridement of focus and recon-
struction of anterior defect with suitable bone grafts, with
protection of the grafts by instrumentation whenever nec-
essary. Débridement of the disease focus alone without
addition of bone grafts gives poor results and does not
add an advantage to the chemotherapy regimen. In per-
forming a radical surgery procedure, it is important not to
remove the entire bones that have been affected and to
limit the débridement when the margins of the healthy
bones are reached. Plain radiographs allow a better judg-
ment of the extent of involvement than MRI. Magnetic
resonance imaging studies show an exaggerated picture
of bone involvement because of signal intensity changes
in the marrow and may unnecessarily lead to a overly
extensive débridement. Excessive removal of bone
increases the deficit of the anterior column, and this leads
to a high incidence of graft failure (7,20). Four types of
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TABLE 79-6. Factors leading to poor outcome after
surgery

Poor nutritional status
Surgery performed without chemotherapeutic cover
Vertebral body loss of >2
Junctional lesions (cervicothoracic and thoracolumbar)
Marked preoperative kyphosis
Use of grafts spanning more than two disc spaces
Spinal instability with radiological “spine at risk” signs

FIG. 79-14. Lumbar lesion in
an adult with complete destruc-
tion of the fourth lumbar and
partial involvement of the ad-
jacent vertebrae. Fusion has
been achieved with good incor-
poration of the tricortical iliac
graft with posterior instrumen-
tation performed in a single
stage.



graft failures have been observed when the graft length
exceeds two disc spaces: dislodgement, fracture, absorp-
tion, and subsidence, of which graft dislodgement is the
most common (Table 79-6). Complications related to
grafts are more common in the dorsal and dorsolumbar
regions, and patients with one or more unfavorable fac-
tors benefit from additional posterior instrumentation and
fusion, either as a single or second stage following ante-
rior fusion (Fig. 79-14).

Spinal implants can be used safely in the presence of
active tuberculous infections (21,22). Persistence of bio-
material-centered infections is caused by preferential
bacterial colonization of the inert surfaces and production
of a biofilm (glycocalyx), which protects them from the
host defenses and chemotherapeutic agents. Mycobac-
terium tuberculosis is less adhesive and produces less
biofilm than other bacteria; implants and titanium cages
can be used safely to achieve good results (23).

TREATMENT IN PRESENCE OF NEUROLOGIC
DEFICIT

All patients with neurologic complications warrant a
thorough clinical and radiologic evaluation; the presence
or absence of active infection influences patient manage-
ment.

Paraplegia of active disease is caused by compression
by inflammatory material and most patients respond to
conservative therapy with rest and antituberculous drugs.
Conservative regimen can be used confidently, especially
in less privileged countries where adequate facilities for
radical surgical treatment may not be available (24,25).
Surgical decompression has been advocated because it
may provide an earlier and higher rate of recovery, quick
improvement in general condition, the reduction of defor-
mity, and anterior spine fusion (26). Tuli has advocated a
policy of selective surgical management where patients
are treated with chemotherapy, bed rest, and surgery per-
formed only for specific indications (2). Only less than
20% require surgical intervention; the remaining show
good improvement with chemotherapy alone.

Surgical technique in the presence of active disease
must involve complete decompression of the dura in the
entire region of apex of the kyphosis and include bone-
grafting procedures to prevent a collapse. Laminectomy
as an isolated procedure has no role except in a rare
patient in whom the lesion is confined to posterior struc-
tures and in patients with spinal tumor syndrome. The
posterior approach is not an ideal route to decompress a
lesion that lies anteriorly; laminectomy can completely
destabilize the spine, resulting in rapid deterioration.
Costotransversectomy is useful and safer in patients with
very severe kyphosis and in centers where there is a lack
of expertise to perform radical surgery. Paraplegia in
healed disease is a much more difficult therapeutic prob-
lem and requires decompression of the spinal cord that is

stretched over the internal gibbus. Anterior decompres-
sion with removal of the internal gibbus is the treatment
of choice, but it is a technically difficult surgery and the
outcome is less satisfactory in comparison to those
obtained in paraplegia with active disease (13).
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CHAPTER 80

Postoperative Lumbar Spine Infections

Eric C. Chamberlin and Edward N. Hanley Jr.

Despite continuing advances in medicine and surgery,
there remains a quantifiable risk of infection in lumbar
spine surgery. Since the advent of antibiotics and the
use of aseptic technique, there have been continuing
improvements in the prevention of perioperative infec-
tion. However, coincident with improvement in prophy-
laxis came increases in surgical complexity and opera-
tive times, which may have served to mitigate the
positive effects of these improvements. Postsurgical
infection, although relatively infrequent, can be a major
cause of morbidity in the patient undergoing lumbar
spine surgery. 

INCIDENCE

Multiple studies have addressed the incidence of infec-
tion after spine surgery, with reported values between 0%
and 11.3% depending on the study and procedure per-
formed (1–16). Reported infection rates are approxi-
mately 2% in uninstrumented fusions and 7% for instru-
mented spinal fusions. As might be expected, the lowest
incidence of infection has been reported in isolated disc
excision surgery at less than 1%. Weinstein et al. pub-
lished a .86% incidence of infection in simple discectomy
procedures in their 9-year experience with 2,391 spinal
operations (2). 

The incidence of infection tends to increase as the
complexity of the procedure and operative time
increase. Massie et al. found a 1.3% incidence of infec-
tion in 376 noninstrumented spine fusions and 6.6% in
258 instrumented fusions (3). Multiple other studies
have supported their conclusions. Spinal fusion without
instrumentation has a reported risk of .4% to 5% (2,3).
Instrumented fusions increase the incidence to .06 to
11.9%, depending on the study (1–10,12–16). Many
risk factors have been identified that increase the inci-
dence of infection. 

ETIOLOGY: PATIENT AND SURGICAL
FACTORS

Patient

Multiple risk factors have been established that tend to
increase the potential for infection in spine surgery
patients. Factors such as diabetes mellitus, obesity, mal-
nutrition, smoking, previous or ongoing metachronous
infection, rheumatoid arthritis, and iatrogenic or other
states of immunodeficiency all have been implicated as
predisposing to infection (2,4,11,12,17–22). 

Diabetes is associated with an increased incidence of
infective complications with many types of surgery.
Wimmer et al. reported an increased incidence of infec-
tion in patients with diabetes in a retrospective review of
850 spine surgery cases (11). This may result from the
cardiovascular, peripheral vascular, renal, and immune
effects of the disease as well as the altered glucose metab-
olism. 

Obesity has been shown to increase the incidence of
postoperative complications including infection (11).
Karduan found that the complication rate correlated with
obesity in a study of patients undergoing discectomy
(23). However, other articles call obesity into doubt as an
independent risk factor. Andreshak found in a prospective
study of 159 patients, 55 of whom were obese, no differ-
ence in infection rates between groups. The discrepancy
in the literature in part may result from differing defini-
tions of obesity. In general, the preponderance of the lit-
erature suggests a connection between infection and obe-
sity in those patients with morbid obesity (23,24). 

The nutritional state of the patient has been shown to
be crucial to the ability to heal wounds and resist infec-
tion (19,21). Klein found a strong correlation between
nutrition and postoperative infection with 10 of 13 mal-
nourished patients in a group of 114 becoming infected.
Nutrition is important in both the presurgical and post-
surgical period because of the catabolic state caused by
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the surgery and the usual poor caloric intake associated
with the perioperative period. Several markers of nutri-
tional fitness have been suggested for use in patient eval-
uation. Total lymphocyte count of less than 1,500, albu-
min of less than 3.4, and weight loss of more than 10
pounds are all useful markers of malnutrition and can be
used both preoperatively and postoperatively to monitor
and optimize patient caloric intake (25). 

Smoking has been shown to increase the incidence of
infection as well as decrease fusion rates (26,27). Thal-
gott found 90% of patients with wound infection follow-
ing spine fusion to be smokers. These patients also
showed an increases incidence of myonecrosis within the
infected wound (27).

Surgery

Efforts to control the surgical factors that contribute to
the incidence of infection have been continuously studied
and implemented since the time of Lister. Although
clouds of carbolic acid have given way to monitored air
exchange, the operative environment, operative team, and
patients themselves are common sources of the offending
organisms. The incidence of infection increases with
longer duration operations and increased operating room
traffic (2,11). Both of these factors provide opportunities
for wound contamination. They also allow a greater like-
lihood of shedding of organisms both from the patient
and staff (28). 

Increasing the number of operative personnel and traf-
fic in the room significantly increases the bacterial
colony counts in the operating room (29,30). Efforts
should be made to eliminate excess traffic in the room, as
often is done in arthroplasty procedures. Laminar flow
with an air exchange rate of at least 25 times an hour has
been shown to reduce colony counts in the operating
room (31). 

Studies have shown that over time, the skin recolonizes
after surgical preparation. The source of the recoloniza-
tion appears to be the hair follicles. Some have advocated
re-prepping patients periodically during long cases. Zde-
blick et al. reported povidone-iodine scrub and paint infe-
rior to paint alone in decreasing bacterial counts. There
were no infections in either group in their study. Night
before surgery showers with hexachlorophene also
decreased bacterial colony counts (32). Others have
stressed the importance of shaving the patient in the
immediate preoperative period. Shaving the night before
surgery has been implicated in an increased incidence of
infection (29).

As stated, there is an increased incidence of infection
in instrumented fusions versus noninstrumented fusions.
The reason for this association is most likely multifacto-
rial. Length of procedure has been shown to be an inde-
pendent influence on infection, and in general is
increased with instrumentation placement. The other

important consideration is the implant itself. Instrumen-
tation is a good medium for bacterial adherence, decreas-
ing the host’s ability to clear colonized bacteria and pre-
vent infection. Chang stated that instrumentation acts as
a nidus for bacteria, which secrete a glycocalyx. The gly-
cocalyx serves to allow more effective colonization and
protects the bacteria from the effects of antibiotics (33).

Another key advance in the decreased incidence of
infection is the use of preoperative antibiotics. Although
there is no universal standard regimen, studies suggest
that antibiotics dosed one half to 2 hours before skin inci-
sion decrease the incidence of infection (34). The most
common antibiotic used is a first-generation cephalospo-
rin such as cephalexin. Cephalexin is excellent against
gram-positive organisms and has good activity against
Escherichia coli and Proteus species. Cephalexin also
has the longest half-life of the first-generation cephalo-
sporins in serum and bone. The one area that may have
decreased concentrations of cephalexin is the nucleus
pulposus, whose high concentration of positively charged
glycosaminoglycans repels the positively charged cefa-
zolin (35). 

Boscardin tested the efficacy of cefazolin for prophy-
laxis of postoperative discitis. In 40 patients, serum and
intradiscal samples were taken at intervals. They found
that cefazolin does enter the disc and is at optimum level
15 to 80 minutes following a 2-gram dose (36). 

Because of the relative frequency of gram-negative
infections reported with lumbar spine surgery, some
authors recommend adding gentamicin or another gram-
negative effective antibiotic. Gentamicin also is negatively
charged and may have better penetration of the nucleus
pulposus for reasons stated previously (35). Dimick, in a
review of antimicrobial prophylaxis, concluded that cefa-
zolin should be dosed within 30 minutes of incision,
redosed for blood loss greater than 1,500 cc or for dura-
tion of greater than 4 hours, and not given for more than
24 hours postoperatively. Dimick suggested the need for
randomized controlled trials before adding other agents
such as gentamicin to the standard prophylaxis (35). 

Microbiology

Most studies show a preponderance of gram-positive
(primarily staphylococcus skin flora) organisms in spine
surgery perioperative infections (2,9,35). However,
Massie et al. found a significant number of gram-nega-
tive and -positive organisms in their study population.
Enterobacter, serratia, pseudomonas, Acinetobacter, bac-
teroides, and clostridium represented the gram-negative
organisms. Other gram-positive organisms were entero-
coccus faecalis, strep viridans and epidermidis, diph-
theroids, propionibacter, Peptococcus, and Peptostrepto-
coccus. A large number of the infections were
polymicrobial, which may have been due to the postoper-
ative regimen of body casts and long hospital stays (3). 
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Rechtine reported in a study of 12 infections associ-
ated with instrumented fusions for spine fractures, nine
deep, and three superficial infections. Two were gram-
positive only infections. Both of these were superficial
infections. Three were gram-negative only infections and
seven were multiple organisms. All of the deep infections
were either gram-negative or multiple organisms (4). 

Brook and Frazier found a large number of different
organisms on aspiration of spine wound infections. They
found 36% aerobic, 16% anaerobic, and 48% mixed
flora. Predominant aerobes included E. coli and proteus
species; anaerobes included Bacteroides, and Peptostrep-
tococcus. They found increased bacteroides and E. coli
infections in incontinent patients (37).

The reason for the relatively high incidence of polymi-
crobial and gram-negative infections reported in lumbar
spine surgery is not known. Perry found a high incidence
of gram-negative aerobic bacilli in patients undergoing
procedures to the sacrum and in those with urinary incon-
tinence (12). Some possible explanations include the com-
mon use of only a first-generation cephalosporin for pro-
phylaxis, and the proximity of the incision to the perineum.

Diagnostic Work-up

Presentation

Superficial infections (located beneath the dermis and
subcutaneous tissues and above the fascia) present most
often with tenderness and local erythema, drainage, and
fluctuance. Deep infections (deep to the fascia) often are
more difficult to diagnose because of a lack of findings
typical of infection. Patients may experience a deep back
or radicular-type pain and malaise, and usually are febrile
(3). Weinstein noted only 14 of 46 patients had pyrexia at
presentation for infection (2). A high index of suspicion
must be maintained, especially in patients with unex-
plained fevers. Because of the effects of pus under pres-
sure and often a delay in diagnosis, these infections are
characterized by a greater degree of tissue necrosis, and
patients are more likely to be systemically affected.

Blood laboratory studies are the first step in the work-
up of patient suspected of having a postoperative infec-
tion. The white blood cell count may or may not be ele-
vated early in the infection. A left shift in the differential
is often present. The primary markers of infection are the
erythrocyte sedimentation rate (ESR) and C-reactive pro-
tein (CRP). Studies have clearly delineated the timing of
rise and fall of these blood markers (38–40). Thelander
found that the CRP peaks at 2- to days following spine
surgery and returns to normal at 5 to 14 days. The ESR
peaks at 5 to 7 days and returns to normal at around 21 to
42 days (39). A peak outside of these parameters is sug-
gestive of infection. Meyer found that with serial testing
to day 5 following disc surgery, CRP was the most sensi-
tive and specific marker (Table 80-1).

Sterile aspiration is advocated in patients with sus-
pected deep infection (febrile, increased WBC with shift
and a benign-appearing wound). Vigilant and aggressive
monitoring of the postoperative spine patient can prevent
unnecessary delay in diagnosis of infection. 

The principal imaging diagnostic tool for postoperative
infection of the lumbar spine is MRI. Magnetic resonance
imaging finds fluid collections and bone and tissue
edema as increased signal intensity on T2-weighted
images. Because of the ability of MRI to precisely local-
ize an abscess, it may be superior to aspiration for the
evaluation of the patient suspected of having a postoper-
ative abscess (41). 

Treatment

The primary treatment for a postoperative wound
infection in the lumbar spine is surgical drainage of puru-
lent material and complete débridement of all necrotic
and grossly infected tissues (42). The débridement should
progress systematically from superficial to deep by lay-
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TABLE 80-1. Comparison of c-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), and complete blood

count (CBC) as markers of infection

Sensitivity Specificity

CRP 100% 95.8%
ESR 78.1% 38.1%
CBC 21.4% 76.8%

Adapted from Meyer B, Schaller K, Rohde V, et al. The C-
reactive protein for detection of early infections after lumbar
microdiscectomy. Acta Neurochirurgica 1995;136(3–4):
145–150, with permission.

FIG. 80-1. Antero-posterior radiographs of a 54-year-old
woman with back pain and neurogenic claudication. She had
previously undergone decompressive surgery at L4-5 and
L5-S1 and suffered from chronic renal failure caused by
glomerulosclerosis.



ers. A sequential progression of the débridement helps to
avoid infecting potentially unaffected lower levels (3,31). 

The literature is inconclusive as to the optimal treat-
ment of infected implants. Bone graft may be left in place
if not grossly contaminated and, in general, removal of
implants that would lead to an unstable spine may be
delayed until fusion has occurred (2). Often more than
one operation may be necessary to eradicate the infec-
tion. The instrumentation should be removed in a late
infection in which fusion has occurred. 

Broad-spectrum antibiotics should be started once
intraoperative cultures have been obtained. The antibiotic
coverage is then narrowed according to the culture and
sensitivity results. 

In general, wounds can be closed over closed suction
drainage (31). Dernbach treated 10 patients with postop-
erative deep infections with I&D, antibiotics, and closure
over large suction drains; all healed (43). However, in
some cases the loss of soft tissue or the severity of infec-
tion may dictate leaving the wound open and either pack-
ing it open or placing a wound vacuum (Figs. 80-1
through 80-4). Weinstein obtained primary closure in
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FIG. 80-2. Lateral radiographs of a 54-year-old woman with
back pain and neurogenic claudication. She had previously
undergone decompressive surgery at L4-5 and L5-S1 and suf-
fered from chronic renal failure caused by glomerulosclerosis.

FIG. 80-3. Antero-posterior lumbar spine following repeat
decompression and instrumented fusion surgery.

FIG. 80-4. A: Deep wound infection after débridement at
beginning of subatmospheric wound vacuum dressing treat-
ment. B: After 4 days. C: After 22 days.

A

B
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only seven of 22 infections; all others underwent delayed
closure (2). 

Multiple studies have shown the efficacy of vacuum
wound coverage (44–46). Argenta noted that subatmos-
pheric pressure treatment removes chronic edema, lead-
ing to increased localized blood flow and resulting in an
increased rate of granulation tissue formation (44). For-
tunately, the muscle and soft-tissue envelope is substan-
tial around back wounds, allowing many options for local
flap coverage of defects (47–49).

OUTCOMES AND SEQUELAE OF LUMBAR
SPINE INFECTIONS

Postoperative lumbar spine infections are an infre-
quent, but important, source of morbidity and mortality.
These infections also have further ramifications for the
health care system. Capen et al. estimate that an infection
increases the cost of treatment more than four times. The
average cost of a postoperative infection of the lumbar
spine in their study was over $100,000. Five of 11
patients with infections went on to pseudarthrosis, and
only 20% returned to work (50). 

Weiss et al. studied the incidence of pseudarthrosis
after postoperative wound infection in the lumbar spine.
After successful débridement, 62.1% had successful
arthrodesis. They found that female sex, allograft use,
and extension of the fusion to the sacrum increase the rate
of pseudarthrosis following postoperative infection of the
lumbar spine (51).

In a direct comparison of 11 patients with low back
fusion complicated by infection versus 15 patients with
fusion and without infection, Calderone found a clear dif-
ference in fusion rates, but uniformly poor return rates
and poor ratings of quality of life. These results are tem-
pered by the fact that these were workers’ compensation
cases, but still suggest poor outcomes with infection and
reinforce the finding of decreased fusion rates found in
other studies (52). 

CONCLUSION

Postoperative lumbar spine infections are detrimental
to the patient as well as the medical system as a whole. A
quantifiable incidence of infection remains despite
advances in technique and prophylaxis. In order to
decrease the morbidity associated with these complica-
tions, a high degree of suspicion must be maintained by
the spine surgeon during the postoperative period.
Prompt diagnosis followed by meticulous and aggressive
débridement as well as appropriate antibiotics are essen-
tial to eradicate the infection and prevent further damage.
The infection and soft-tissue wound can in most cases be
controlled; despite this, there remains an increase in the
rate of pseudarthrosis and functional impairment. 

REFERENCES

1. Sponseller PD, LaPorte DM, Hungerford MW, et al. Deep wound infec-
tions after neuromuscular scoliosis surgery: a multicenter study of risk
factors and treatment outcomes. Spine 2000;25(19):2461–2466.

2. Weinstein MA, McCabe JP, Cammissa FP Jr. Postoperative spinal
wound infection: a review of 2,391 consecutive index procedures. J
Spinal Disord 2000;13(5):422–426.

3. Massie JB, Heller JG, Abitbol JJ, et al. Postoperative posterior spinal
wound infections. Clin Orthop Rel Res 1992;284:99–108.

4. Rechtine GR, Bono PL, Cahill D, et al. Postoperative wound infection
after instrumentation of thoracic and lumbar fractures. J Orthop
Trauma 2001;15(8):566–569.

5. Eck KR, Bridwell KH, Ungacta FF, et al. Complications and results of
long adult deformity fusions down to L4, L5 and the sacrum. Spine
2001;26(9):E182–E191.

6. Capen DA, Calderone RR, Green A. Perioperative risk factors for
wound infections after lower back fusions. Orthop Clin North Am
1996;27(1):83–86.

7. Hee HT, Castro FP Jr, Mafd ME, et al. Anterior/posterior lumbar fusion
versus transforaminal lumbar interbody fusion: analysis of complica-
tions and predictive factors. J Spinal Disord 2001;14(6):533–540.

8. Aydinli U, Karaeminogullari O, Tiskaya K. Postoperative deep wound
infections in instrumented spinal surgery. Acta Orthop Belg 1999;65
(2):182–187.

9. Wimmer C, Nogler M, Frischhut B. Influence of antibiotics on infec-
tion in spinal surgery: a prospective study of 110 patients. J Spinal Dis-
ord 1998;11(6):498–500.

10. Hodges SD, Humphrey SC, Eck JC, et al. Low postoperative infection
rates with instrumented fusions. South Med J 1998;91(12):1132–1136.

11. Wimmer C, Gluch H, Franzreb M, et al. Predisposing factors for infec-
tion in spine surgery. J Spinal Disord 1998;11(2):124–128.

12. Perry JW, Montgomery JZ, Swank S, et al. Wound infections following
spinal fusion with posterior segmental spinal instrumentation. Clin
Infect Dis 1997;24(4):558–561.

13. Abbey DM, Turner DM, Warson JS, et al. Treatment of postoperative
wound infections following spinal fusion with instrumentation. J
Spinal Disord 1995;8(4):278–283.

14. West JL III, Ogilvie JW, Bradford DS. Complications of the variable
screw plate pedicle screw fixation. Spine 1991;16(5):576–579.

15. Esses SI, Sachs BL, Dreyzin V. Complications associated with the tech-
nique of pedicle screw fixation. A selected survey of ABS members.
Spine 1993;18(15):2238–2239.

16. Dave SH, Meyers DL. Complications of lumbar spinal fusion with
transpedicular instrumentation. Spine 17(6 Suppl):S184–189.

17. Andreshak TG, An HS, Hall J, et al. Lumbar spine surgery in the obese
patient. J Spinal Disord 1997;10(5):376–379.

18. Viola RW, King HA, Adler SM, et al. Delayed infection after elective
spinal instrumentation and fusion. A retrospective review of eight
cases. Spine 1997;22(20):2450–2451.

19. Klein JD, Hey LA, Klein BB, et al. Perioperative nutrition and postop-
erative complications in patients undergoing spinal surgery. Spine
1996;22(21):2676–2682.

20. Swank SM, Lonstein JE, Moe JH, et al. Surgical treatment of adult sco-
liosis. J Bone Joint Surg 1981;63AS:268.

21. Klein JD, Garfin SR. Nutritional status in the patient with spinal infec-
tions. Orthop Clin North Am 1996;27(1):33–36.

22. Heary RF, Hunt CD, Krieger AJ, et al. HIV status does not affect micro-
biologic spectrum or neurologic outcome in spinal infections. Surg
Neurol 1994;42(5):417–423.

23. Karduan JW, White LR, Shaffer WO. Acute complications in patients
with surgical treatment of lumbar herniated disc. J Spinal Disord
1990;3(1):30–38.

24. Cronquist AB, Jakob K, Lai L, et al. Relationship between skin
microbacterial counts and surgical site infection after neurosurgery.
Clin Infect Dis 2001;33(8):1302–1308.

25. Jensen JE, Jensen TG, Jensen JE. Nutrition in orthopedic surgery. J
Bone Joint Surg 1982;84(A):1263–1272.

26. Porter SE, Hanley EN. The musculoskeletal effects of smoking. J
AAOS 2001;9(1):9–17.

27. Thalgott JS, Colter HB, Sasso RC, et al. Postoperative infections in
spinal implants. Classification and analysis—a multicenter study.
Spine 1991;16(8):981–984.

CHAPTER 80/POSTOPERATIVE LUMBAR SPINE INFECTIONS / 773



28. Ritter MA. Surgical wound environment. Clin Orthop 1984;190:
11–13.

29. Cruse PJ, Foord R. A five year prospective study of 23,649 surgical
wounds. Arch Surg 1973;107:206–209.

30. Bethune DW, Blowers R, Parker M, et al. Dispersal of staphylococcus
aureus by patients and operating room staff. Lancet 1976;40:480–483.

31. Heller JG, Levine MJ. Postoperative infections of the spine. Semin
Spine Surg 1996;8(2):105–114.

32. Zdeblick TA, Lederman MM, Jacobs MR, et al. Preoperative use of
povidone-iodine. A prospective, randomized study. Clin Orthop Rel
Res 1986;(213):211–215.

33. Chang CC, Merritt K. Infection at the site of implanted materials with
and without preadhered bacteria. J Orthop Res 1994;12:526–531.

34. Classen DC, Evans RS, Pestotnik SL, et al. The timing of prophylactic
antibiotics and the risk of surgical-wound infection. N Engl J Med
1992;326:281–286.

35. Dimick JB, Lipsett PA, Kostuik JP. Spine update: antimicrobial pro-
phylaxis in spine surgery: basic principles and recent advances. Spine
2000;25(19):2544–2548.

36. Boscardin JB, Ringus JC, Feingold DJ, et al. Human intradiscal levels
with cefazolin. Spine 1992;17(6 Suppl):S145–148.

37. Brook I, Frazier EH. Aerobic and anaerobic microbiology of surgical-
site infection following spinal fusion. J Clin Microbiol 1999;37(3):
841–843.

38. Meyer B, Schaller K, Rohde V, et al. The C-reactive protein for detec-
tion of early infections after lumbar microdiscectomy. Acta Neuro-
chirurg 1995;136(3–4):145–150.

39. Thelander U, Larrson S. Quantitation of C-reactive protein levels and
erythrocyte sedimentation rate after spinal surgery. Spine 1992;17(4):
400–404.

40. Jonsson B, Soderholm R, Stromqvist B. Erythrocyte sedimentation rate
after lumbar spine surgery. Spine 1991;16(9):1049–1050.

41. Rothman SL. The diagnosis of infections of the spine by modern imag-
ing techniques. Orthop Clin North Am 1996;27(1):15–31.

42. Rubayi S. Wound management in spinal infection. Orthop Clin North
Am 1996;27(1):137–153.

43. Dernbach PD, Gomez H, Hahn J. Primary closure of infected spinal
wounds. Neurosurgery 1990;26(4):707–709.

44. Argenta LC, Morykwas MJ. Vacuum-assisted closure: a new method
for wound control and treatment: clinical experience. Ann Plastic Surg
1997;38(6):563–576.

45. Morykwas MJ, Argenta LC, Shelton-Brown EI, et al. Vacuum-assisted
closure: a new method for wound control and treatment: animal stud-
ies and basic foundation. Ann Plastic Surg 1997;38(6):553–562.

46. Philbeck TE, Whittington KT, Millsap MH, et al. The clinical and cost
effectiveness of externally applied negative pressure wound therapy in
the treatment of wounds in home healthcare medicare patients.
Ostomy/Wound Manage 1999;45(11):41–50.

47. Hochberg J, Ardenghy M, Yuen J, et al. Muscle and musculocutaneous
flap coverage of exposed spinal fusion devices. Plastic Reconstruct
Surg 1998;102(2):385–389.

48. Wendt JR, Gardner VO, White JI. Treatment of complex postoperative
lumbosacral wounds in nonparalyzed patients. Plastic Reconstruct
Surg 1997;10(6):482–487.

49. Ramasastry SS. Muscle and musculocutaneous flap coverage of exposed
spinal fusion devices. Plastic Reconstruct Surg 1998;102(2):390–392.

50. Calderone RR, Garfin DE, Capen DA, et al. Cost of medical care for
postoperative spinal infections. Orthop Clin North Am 1996;27(1):
171–182.

51. Weiss LE, Vaccaro AR, Scuderi G, et al. Pseudarthrosis after postoper-
ative wound infection in the lumbar spine. J Spinal Disord 1997;10(6):
482–487.

52. Calderone RR, Thomas JC Jr, Haye W, et al. Outcome assessment in
spinal infections. Orthop Clin North Am 1996;27(1):201–205.

774 / SECTION V/SPECIFIC CLINICAL ENTITIES



CHAPTER 81

Primary Spine Tumors

Edward D. Simmons and Yinggang Zheng

Spine tumors are clinically classified into three cate-
gories: primary benign tumor, primary malignant tumor,
and metastatic tumor. The treatment of spine neoplasm
represents a challenge to spine care professionals.
Surgery plays a major role in the selected patients with
spinal tumors. To avoid disastrous complications, the
existing and potential neurologic involvement must be
considered. Besides the histologic nature of tumors, the
anatomic complexity of spinal structure and failure to
obtain en block resection of the involved spinal segment
make the surgical treatment much more difficult. Fortu-
nately, the incidence of new cases of primary malignant
bone tumor is low compared with other tumors. In the
United States, approximately 2,000 malignant bone
tumors out of 7,000 new sarcomas are diagnosed each
year. Four percent to 20% of bone tumors are spinal
tumors, constituting 80 to 400 tumors (1–3).

Metastatic tumors are both the most frequent tumor of
bone and the spinal column, regardless of origin of pri-
mary tumor. Cancer is the second leading cause of death
in the United States, accounting for 21% of all deaths in
1981 and 25% in 1985 (4,5). Breast cancer alone strikes
approximately one in nine women worldwide. There are
more than one million women in the United States
presently living with metastases of breast cancer (4).
Each year 494,000 patients die of cancer. It is estimated
that 24,700 new cases of metastatic spinal cord diseases
will be diagnosed per year (3,6). It has been demonstrated
that 30% to 70% of patients who die from cancer have
evidence of vertebral metastases that are visible on care-
ful postmortem examination (7,8). This number could
reach 85% in women with breast cancer (9–11); however,
only less than 10% of patients with spinal instability
require surgical treatment, accounting for approximately
18,000 new cases yearly (12–15). Patient survival after
diagnosis of malignant neoplasm has improved dramati-
cally over the past decade concomitant with advances in
chemotherapy, immunotherapy, hormonal manipulation,

radiotherapy, surgical intervention, or a combination of
these modalities (4,5,14,16).

SPINE TUMORS CLASSIFICATION

In addition to metastatic diseases to the spine, primary
spine tumors are from different tissues of origin. There is
no universally accepted classification of primary spine
tumors. Schimidek and Schiller proposed the classifica-
tion summarized in Table 81-1 (17). 

AGE

Age is an important factor when considering a differ-
ential diagnosis of bone tumors. A specific tumor has a
peak incidence in a range of age (18,19). Dahlin, in a
series of 8,542 bone tumors, reported 60% of benign
spinal tumors occurred in the second or third decades of
life (20). Tumors of the sacrum in children are more
likely to be malignant (21). Benign (e.g., osteoid
osteoma, osteoblastoma, and eosinophilic granuloma)
and malignant tumors (e.g., osteosarcoma and Ewing sar-
coma) are commonly seen in the 10- to 30-year-old age
group; whereas multiple myeloma, chordoma, and chon-
drosarcoma are common in the 40- to 60-year-old age
group. For patients aged between these two periods, other
neoplasms are commonly diagnosed. They include giant
cell tumor, enchondroma, lymphoma, and fibrosarcoma.
There are more metastatic diseases in patients more than
60 years old. However, suspicion of metastatic tumors for
spinal lesion following malignant tumor should be
aroused for patients of any age (18,19,22,23). 

LOCATION

The location of neoplasm lesion within the vertebra is
significantly correlated with the type of tumor, symptoms,
neurologic deficit, and the choice of surgical regimens. 
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Spine tumors occur more commonly in the thoracic,
lumbar, and sacral areas than in the cervical area, and are
more prevalent in the vertebral body than in posterior ele-
ments. Giant cell tumors, aneurysmal bone cysts, and
eosinophilic granulomas occur more frequently in the
thoracic spine than the lumbar vertebral bodies (24). 

Among benign tumors, eosinophilic granuloma and
hemangioma have a tendency to occur in the anterior ver-
tebral body rather than the posterior elements, whereas
osteoid osteomas and osteoblastomas almost always
involve the posterior elements of the vertebra. However,
aneurysmal bone cysts and giant cell tumors may affect
either the vertebral body or posterior elements. Of malig-
nant neoplasms, multiple myeloma, solitary plasmacy-
toma, lymphoma, chondrosarcoma, chordoma, Ewing
sarcoma, and metastases are more commonly seen in the
anterior column, but osteosarcomas occur either anteri-
orly or posteriorly (25,26). 

The majority of metastases affect the vertebral body,
compared with only 14% of metastases involved in pos-
terior elements. The common portion of vertebra initially
affected is the pedicle (18,27). Seventy-five percent of
vertebral metastases originate from carcinoma of the
breast, prostate, kidney, thyroid, or lymphoma and
myeloma. Carcinomas originating from different organs
spread to different spine areas because of the anatomic
character of the venous system. Carcinomas of the breast
or lung most commonly metastasize to the thoracic spine,

whereas prostatic carcinomas usually affect the lumbar
spine, sacrum, and pelvis (28,29). 

Location of a neoplasm within the vertebra is also
related to symptoms and neurologic deficits. Neoplasm
in the cervical and lumbar levels often causes radicular
pain, whereas in the thoracic area it causes more cord
compression because of the smaller vertebral canal.
Lesions within vertebral bodies grow posteriorly and
encroach on the anterior column of the spinal cord, caus-
ing motor function loss first. Conversely, lesions from
posterior elements encroach on the spinal cord, causing
sensory function loss as the initial neurologic deficit. 

PRIMARY AND METASTATIC TUMORS

Clinical Presentation

Patients with spinal tumors commonly present with
pain, spinal deformity, and neurologic deficit; and
uncommonly with a palpable local mass as well. Sys-
temic symptoms may be present in malignant lesions. 

Back pain is the most common symptom (24). It may
result from neurologic or mechanical compression, or the
tumor itself. Pain caused by tumor is sometimes confused
with pain from minimal trauma or degenerative low back
pain. Pain with stiffness is often persistent, gradually
worsening, and unrelieved by rest. Night pain is another
symptom of certain skeletal neoplasms (e.g., osteoid
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TABLE 81-1. Classification of primary tumors of the osseous spine

Tissue of origin Benign tumors Malignant tumors

Fibrous tissue Fibroma Fibrosarcoma
Fibrous dysplasia Malignant fibrous histiocytoma

Cartilage Chondroblastoma Chondrosarcoma
Osteochondroma
Enchondroma
Chondromyxoid fibroma

Bone Osteoid osteoma Osteosarcoma
Osteoblastoma Osteosarcoma associated with Paget 

disease and previous radiation
Hematopoietic elements Multiple myeloma,

Solitary plasmacytoma
Lymphoma

Fate cell Lipoma Liposarcoma
Vascular system Hemangioma Angiosarcoma

Blood vessels Hemangiopericytoma
Lymphatics Lymphangioma Lymphangiosarcoma

Nerve Schwannoma (neurilemmoma) Malignant nerve sheath tumor
Neurofibromatosis
Pigmented nerve sheath tumors
Ganglioneuroma

Notochord Chordoma
Unknown Eosinophilic granuloma Giant cell tumor

Aneurysmal bone cyst Ewing sarcoma

Source: Adapted from Schimidek HH, Schiller AL. Premalignant lesions of the osseous spine and clas-
sification of primary tumors. In: Sundaresan N, Schmidek HH, Schiller AL, et al., eds. Tumors of the spine:
diagnosis and clinical management. Philadelphia: WB Saunders, 1990:3–5, with permission.



osteoma and osteoblastoma) in that pain can be relieved
by aspirin. If the tumor is involved in neural structures,
there is radicular pain with or without numbness, mim-
icking the radiculopathy of lumbar intervertebral disc
herniation (30). If this happens in teenagers, suspicion of
neoplasm should be aroused. 

Pain with metastatic disease usually is more severe.
Most metastatic tumors to the thoracic or lumbar spine
involve the anterior and middle columns. Following
expansion of the tumor, pathologic fracture of vertebral
body can occur and cause severe acute pain similar to that
seen in traumatic vertebral compression fractures. How-
ever, the former usually results from minimal or no obvi-
ous trauma. Approximately 85% of metastases causing
spinal instability and neurologic compromise arise ante-
riorly from the vertebral body (31–33). Spinal nerve and
cord compression owing to pathologic fracture or inva-
sion of neoplasm results in local pain, radicular pain
along the affected nerve roots, and myelopathy (34). In
addition, it should be kept in mind that metastases fre-
quently are asymptomatic initially. Tumors themselves
often are discovered incidentally (35). 

Spinal deformity such as scoliosis is also commonly
seen in certain spinal tumor patients (36,37), and may be
caused by primary benign tumor, malignant tumor, or
metastatic disease. Benign tumors such as osteoid
osteoma or osteoblastoma are often associated with sco-
liosis, typically presenting with paraspinal muscle spasm
and stiffness. Different from adolescent idiopathic scolio-
sis, this type of scoliosis presents with pain, rapid pro-
gression of curve, and rigidity. Structurally, there is
absence of both vertebral rotation and wedging, which
usually are present in adolescent idiopathic scoliosis (25).
Deformity in patients with a malignant tumor, such as
spinal neuroblastoma, may result from the involvement of
the spine or spinal cord (38). The etiology of spinal defor-
mity in patients with neuroblastoma may have intrinsic
causes such as involvement of the axial skeleton with the
tumor or neurologic deficits from spinal nerve or cord
compression (38,39). The extrinsic causes may be the
treatment itself and the sequelae of asymmetric irradia-
tion of the spine, especially in children; soft-tissue fibro-
sis and contracture; laminectomy; and paraplegia sec-
ondary to epidural spread of tumor. Destruction of
vertebral body in metastatic tumor results in compression
fracture, associated with deformity and paraspinal mus-
cular spasm, but the kyphosis is seldom dramatic enough
to warrant much notice or be the presenting complaint
(24). 

Benign or malignant lesions or the neurologic compro-
mise of the spinal cord or nerve root may occur after the
progression of a spinal tumor. Malignant tumors present
more neurologic deficits than benign tumors because of
their invasive nature. Major causes of neurologic deficits
are the direct encroachment of a tumor on spinal nerve
roots or the spinal cord, or pathologic fracture secondary

to destruction of vertebral body. When the nerve root is
compressed, the patient presents with local back pain,
radicular pain, and paresthesias that are commonly seen
in lesions involving the cervical and lumbar spine. When
such symptoms are persistent, thorough investigation for
spinal neoplasm should be considered. Furthermore,
spinal cord compromise results in more severe clinical
symptoms and signs. Depending on the level of the
lesion, patients may present with increasing extremity
weakness, sensory disturbance, and sphincter dysfunc-
tion of bowel and bladder. Compression of the neoplasm
may occur on the cervical or thoracic spinal cord, conus,
and cauda equina causing varied neurologic deficits. A
mixed neurologic picture may occur, particularly when
metastatic lesions are present at multiple levels (40).
Compression on the cervical spinal cord can cause quad-
riplegia, whereas neoplasm of the thoracolumbar spine
can result in leg weakness, spasticity, difficult ambula-
tion, sensory loss along the affected dermatomes, or para-
plegia below the level of the lesion (41). 

Although spinal tumor seldom presents with a mass as
the initial finding, a local palpable mass or systemic
symptoms for patients with spine tumor may be present.
Tumor mass in the cranial or caudal regions of the spine
is more likely to be found than in the thoracic or lumbar
areas. Sacral tumors, such as chondrosarcoma or chor-
doma, following the growth of an anterior mass, may
cause bowel or bladder symptoms and be palpable on rec-
tal examination (24,25). Systemic symptoms usually are
present in malignant lesions, especially with round cell
tumors such as lymphoma and myeloma, Ewing sarcoma,
and metastatic diseases. With the progression of lesions,
patients present with weight loss, fever, fatigue, and gen-
eral deterioration.

Imaging Studies

A correct diagnosis of spinal tumor depends on the
teamwork of clinician, radiologist, and pathologist. Diag-
nosis of spinal tumor includes plain radiograph, bone
scan, computed tomography (CT), magnetic resonance
imaging (MRI), angiography, and biopsy. Other modali-
ties may include single photon emission computed
tomography (SPECT) bone scanning (42), positron emis-
sion tomography (PET) scan, or laboratory work-up.

Plain Radiograph

Roentgenology is the primary investigation for patients
with suspicious spinal neoplasms. Antero-posterior (AP)
and lateral radiographs are most commonly used. An
open mouth AP view is necessary to evaluate the odon-
toid. The upper thoracic levels are difficult to see on the
lateral view; therefore, an augmented tomography is
helpful in highly suspicious cases. Specific radiographic
appearance is often suggestive of different neoplasms.
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Benign and malignant tumors have different radiographic
characteristics. The major radiographic appearance of
neoplasm in the vertebra is osteoblastic or sclerotic, oste-
olytic, or mixed. The location of lesion within the verte-
bra, presence of calcification, and extent of mass are the
important clues for diagnosis (41). According to the pro-
gression of tumor showing on radiograph, slow-growing
and expanding tumors are often benign and have a better
prognosis, whereas aggressive lesions usually are malig-
nant with deterioration of general condition in a short
time. As commonly seen, benign tumors, osteoid osteo-
mas, and osteoblastomas are frequently seen as sclerotic
lesions in the posterior elements of the spine, with a cen-
tral lytic area surrounded by reactive bone (26,43). These
sclerotic lesions in the pedicles differ from the osteolytic
changes of metastases (43). Certain metastases, such as
prostate and breast cancer, can also show osteoblastic
changes within vertebral bodies.

Lytic destruction of pedicle, contour changes of the
vertebral body, sparing of the intervertebral disc, and
soft-tissue invasion are the characteristics of primary
malignant tumors and metastatic disease. The “winkle
owl” sign seen on an AP radiograph for a destroyed pedi-
cle is the most classic early sign of vertebral involvement,
usually by malignant lesions, although the vertebral body
typically is affected first. Thirty percent to 50% of the

vertebral body must be destroyed before osteolytic
changes can be recognized radiographically. In contrast,
minimum lysis of pedicular bone can be involved early;
the pedicle can be seen well in cross section on an AP
radiograph (29,44–46). Destruction of cortex and bone
trabeculae by tumor results in contour change of the ver-
tebral body, with localized kyphosis (Fig. 81-1). A patho-
logic compression fracture, which could happen in multi-
ple levels, needs to be differentiated from an osteoporotic
compression fracture. Bowing or “fish mouthing” at mul-
tiple end plates is suggestive of diffuse osteopenia, which
may be secondary to multiple myeloma (40). Usually
there is no lytic change of pedicle in osteoporotic verte-
bra. The intervertebral disc is usually preserved in
patients with neoplasms, which is different from pyo-
genic infection in that the disc is frequently destroyed
along with the adjacent vertebral body (13). Furthermore,
the soft-tissue shadow on a radiograph from extension of
a vertebral body lesion is also an important sign of malig-
nancy. 

Bone Scan

Bone scans, using technetium-99m (99mTc) labeled
phosphate compounds, are widely used in the initial diag-
nosis and follow-up of bone tumors. Technetium scans
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FIG. 81-1. J.L., a 75-year-old man, presented with metastatic esopha-
geal carcinoma, with increasing pain at the T6-8 region radiating
around the chest wall. Sequential lateral radiographs showing pro-
gressive collapse at the T6, T7 levels, from (A) 6/93 to (B) 11/93.
Sagittal (C) and axial (D) magnetic resonance images of thoracic
spine showing area of involvements. (From Simmons ED. Anterior
reconstruction for metastatic thoracic and lumbar spine disease. In:
Bridwell KB, DeWald RL, eds. The textbook of spinal surgery, 2nd ed.
Philadelphia: Lippincott-Raven, 1997;2057–2070, with permission.)
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are extremely sensitive to any area of increased osteoid
reaction of the host to destructive processes within bone,
and can detect lesions as small as 2 mm (19). They can
detect as little as a 5% to 15% alteration in local bone
turnover; whereas a minimum size of 1 cm and a 50%
decrease in bone density are required for plain radi-
ographs to detect a lytic lesion, and a 30% increase in
bone density is required to detect sclerotic lesions.
Radionuclide bone imaging is thus 50% to 80% more
sensitive in detecting early skeletal metastases (47,48),
and may predate radiographic changes of osteolytic or
osteoblastic disease by 2 to 18 months (40–51). Total
body scans can demonstrate all of the skeletal lesions,
thus they are usually used: (a) as screening tests, (b) to
determine whether a lesion is solitary or multifocal in
expression, and (c) the local extent (47,48,52). 

A high-quality radiograph should be obtained of any
region where there is increased radionuclide uptake.
Patients with a single or few areas of increased uptake
and normal radiographs should have CT scans of these
areas (10,53). Using this technique, the false-positive
incidence is extremely small. Processes of new bone for-
mation (e.g., fracture healing, infection, inflammation,
and degenerative arthritis) may produce “hot spots”—
focal areas of increased isotope uptake—whereas neo-
plastic processes that produce intense bone destruction
without concomitant new bone deposition (e.g., solitary
plasmacytoma, multiple myeloma, or lung carcinoma)
may produce “cold spots,” or negative bone scans (47).
Because the uptake of a bone-seeking radionuclide is
nonspecific, a bone scan cannot be used to differentiate
between benign and malignant lesions. However, when a
scan is strongly positive in multiple skeletal sites,
metastatic disease should be suspected, even if the pri-
mary lesion is unknown (41). 

Computed Tomography and Myelography

Once the area of disease is identified by plain radi-
ographs or bone scan, further imaging with either CT or
MRI should be undertaken to fully define the extent and
nature of the lesion (25,54). Computed tomography, with
its excellent resolution of bone anatomy, has been used to
delineate small areas of bone destruction and the nature
of fragments within the canal in pathologic fracture (55).
Tumor margins in bone can be clearly seen with CT,
because MRI gives relatively poor images on cortical
bone. Computed tomography also can help to identify
soft-tissue features of lesions that are not apparent on
plain radiographs (56). The emergence of spiral CT
allows quick performance of thin axial sections (1 to 1.5
mm), and improved computer software allows rapid
reformatting into the appropriate plane (57). 

Myelography is frequently applied in the past to find
out spinal canal compression. Magnetic resonance imag-
ing is now more widely used for this purpose because it

is noninvasive. The combination of CT and myelography
(myelo-CT) delineates the intrathecal structure on axial
view; therefore, any encroachment on the spinal cord can
be demonstrated. Myelography or myelo-CT now is used
for the imaging study of patients with recurrent disease,
especially those with stainless steel implants, because
MRI cannot be applied owing to the artifact from this
implant. 

Magnetic Resonance Imaging

Magnetic resonance imaging has the advantage of pro-
ducing excellent imaging in soft tissues and the axial
skeleton. With its superior soft-tissue and tumor contrast,
MRI can delineate the local extent of the tumor and
involvement of surrounding soft tissues. Axial, sagittal,
and coronal planes can be obtained without exposure to
ionizing radiation (47,58). Magnetic resonance imaging
is also recommended for determining the level and extent
of suspected single or multiple neoplasm lesions, without
the risk or invasiveness of myelography (40). It also helps
in accurate local staging of tumor and obtaining adequate
safety margins for surgery. For spinal canal encroach-
ment, MRI clearly demonstrates ventral versus posterior
compression. Intramedullary lesions also can be demon-
strated clearly.

Unlike plain radiograph or CT, MRI provides valuable
information in detecting vertebral bone marrow infiltra-
tion by tumors. Variations in MRI signal intensity depend
on cellularity. Neoplasm lesions replace the normal mar-
row elements with higher cellularity, which results in 
a decreased signal on the T1-weighted images and a
slightly higher signal on T2-weighted images. The benign
cavernous hemangioma is the only lesion that shows
increased signal relative to normal marrow on T1-
weighted sequences and variable signal relative to normal
marrow on T2-weighted or gradient echo sequences (58).
Magnetic resonance imaging is more sensitive than a
radionuclide bone scan in the detection of spinal metas-
tases (59), and can detect metastatic lesions larger than 3
mm in size (60). The sensitivity of MRI in the detection
of bone metastases is 90%, compared with the 49% sen-
sitivity of CT (Fig. 81-1) (61).

Gadolinium-enhanced MRI provides additional infor-
mation for detection of metastases. A study suggests that
subarachnoid metastatic tumors enhance prominently and
can be detected relatively easily against the background
of nonenhanced normal nerve tissue and spinal fluid.
Contrast scan also helps to distinguish disc disease from
epidural tumor and select biopsy sites (62). 

Magnetic resonance imaging also has used for moni-
toring response to chemotherapy, and for detecting post-
operative tumor recurrence. Postcontrast MRI studies are
helpful for evaluating the presence or absence of tumor
necrosis during chemotherapy. Dynamic MRI after intra-
venous bolus administration of gadolinium-diethylenetri-
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amine pentaacetic acid or other paramagnetic contrast
media is particularly useful for assessing response to
chemotherapy. Diffusion-weighted MRI is a new tech-
nique that is potentially capable of detecting and quanti-
tating the amount of tumor necrosis after chemotherapy
or radiation therapy (63). 

Magnetic resonance imaging is also applied for the dif-
ferential diagnosis among tumor, infection, and fracture.
For a malignant lesion, MRI shows homogeneous and
diffuse vertebral signal abnormality, a convex vertebral
border, pedicle involvement, and sparing of the interver-
tebral disc (64). For pyogenic osteomyelitis, there is
decreased signal on T1-weighted images and increased
signal on T2-weighted images in the vertebra, with the
erosion of end plates, intervertebral disc, and adjacent
vertebra. Because of the marrow changes from fracture
hematoma and edema, it is sometimes difficult to differ-
entiate osteoporotic fracture from malignant compression
fracture by MRI. 

Compared with CT, MRI has less signal artifact of tita-
nium implant; however, MRI does have disadvantages. In
certain tumors (e.g., osteoid osteoma, osteoblastoma, or
eosinophilic granuloma), the MRI signal of the inflam-
matory response in the soft tissue surrounding the tumor
simulates soft-tissue involvement, giving the impression
of a more aggressive tumor than actually exists (25,55,
65,66). 

Angiography

Spinal angiography can be applied for some tumors
with rich vascular structure, such as aneurysmal bone
cyst, hemangiosarcoma, and metastatic renal cell.
Angiography can identify the exact location and
anatomic configuration of the lesion, and the vascularity
of all feeding and draining vessels. Angiography with
selective embolization can also be used for such lesions
to reduce intraoperative blood loss (23). 

Biopsy

The establishment of a definite diagnosis for spinal
neoplasm lesion is of the utmost importance for the treat-
ment, either surgical or nonoperative, and the prediction
of prognosis. Because surgery is still the major treatment
for excisable tumors, a pathologic diagnosis is essential
for surgical planning. There are two major forms of
biopsy for obtaining a sample of a suspected tumor
lesion: percutaneous needle biopsy and open biopsy. The
open biopsy consists of excisional and incisional biopsy. 

Percutaneous needle biopsy has advantages compared
with open biopsy. Needle biopsy, including bone marrow
biopsy, is a simple, safe, and fast technique. Needle
biopsy may save the patient from an open surgical proce-
dure, especially when the final treatment is not surgical.
It has fewer complications and morbidity, with a reported

successful diagnosis in 75% to 95% of cases (67,68). The
indications for needle biopsy include the following con-
ditions: (1) confirmation of suspected round cell tumors
(e.g., myeloma and lymphoma); (2) primary tumors that
require reconstructive surgery; (3) eosinophilic granu-
loma for which aggressive surgery usually is not war-
ranted; (4) known or suspected metastatic diseases before
initiating radiotherapy or chemotherapy (69). 

Fluoroscopic or CT guidance is necessary to localize
the lesion and avoid neurologic and vascular complica-
tions. Computed tomographic guidance provides a great
margin of safety for surrounding structures (24,69). 

Obviously the limitation of needle biopsy is the small
tissue sample, which sometimes makes it difficult to for-
mulate a definite pathologic diagnosis. Large needles are
recommended when performing a biopsy on osteoblastic
lesions. Several specimens should be obtained because
the success in obtaining positive results has been shown
to be as low as 20% to 25% (70). Hemorrhage is always
a concern for this procedure, especially when obtaining a
sample from a suspected vascular lesion, for instance,
hemangioma or aneurysmal bone cyst (67,69). When
high risk for hemorrhage exists, needle biopsy should not
be applied; switch to another diagnostic regimen. 

A careful consideration is needed in selecting an
approach for biopsy. When approaching an open biopsy,
the potential need for a definitive surgical procedure must
be considered. To avoid spreading tumor by contamination,
the biopsy tract or incision should be placed so that it may
be excised with the tumor during the definitive procedure
(19). Using the most direct route to the lesion, biopsies of
lesions affecting the posterior elements can be easily done
with a straight posterior approach. Biopsies of lesions
involving the vertebral body can be performed either from
a transpedicular approach or after a costotransversectomy.
Transpedicular biopsy is used for intraosseous lesions of
the thoracic and especially the lumbar spine. A costotrans-
versectomy approach is preferred in the presence of
involvement of a vertebral body with an extended soft-tis-
sue mass (41). Because of the potential morbidity involved
with thoracotomies and retroperitoneal approaches, they
should be reserved for definitive surgical intervention (40).
An incisional biopsy should be the last step in the staging
of the patient, performed just before the definitive surgical
resection. Both procedures may be performed under the
same anesthetic if the frozen section provides a clear diag-
nosis (19).

Intraoperatively, a frozen section should be obtained to
confirm adequate material sampling. Adequate speci-
mens should be obtained from the soft-tissue component
accompanying lytic areas and blastic lesions, with an ade-
quate amount of specimen allowing for pathologic diag-
nosis, including special stains and immunohistochemical
studies. Whenever a bone biopsy is performed, blood is
aspirated for cytologic analysis, and a sample is cultured
to rule out infection (40). 
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BENIGN PRIMARY SPINE TUMORS

Osteoid Osteoma and Osteoblastoma

Osteoid osteoma and osteoblastoma of the spine are
rare. Histologically, the two lesions are from the same
osteoblastic origin, characterized by a rich fibrovascular
stroma and abundant osteoblasts. The difference between
these two lesions is their respective sizes and differing
biologic behavior (71–74). An osteoblastic lesion less
than 1.5 cm in size is arbitrarily defined as osteoid
osteoma; one larger than that is named an osteoblastoma
(75,76). Osteoid osteoma represents about 3% of primary
bone tumors and 20% of reported cases in the vertebral
column (20,72), whereas osteoblastoma is 1% and 41%,
respectively (72,77,78). 

Patients usually present in the second or third decade,
with osteoid osteoma in a younger age group. The male
to female ratio is 2:1 (79). These two benign lesions show
a distinct propensity for spinal involvement, usually in
the posterior elements. Besides being larger in size in
comparison with osteoid osteoma, osteoblastoma grows
more extensively and often forms extraskeletal soft tis-
sue. The clinical manifestations include back pain and
spinal scoliosis. The pain is typically persistent and pre-
sents at night in half of the patients. In the majority,
weight-bearing activities aggravate the pain. Aspirin clas-
sically provides dramatic relief of pain in 30% to 73% of
the patients with osteoid osteoma, but lack of a response
to aspirin does not rule out the diagnosis (19,80). Scolio-
sis can occur in 60% to 77% of patients, with the tumor
situated in the concave side of the apex (73,81,82). The
neurologic deficit is seen more often in patients with
osteoblastoma than in patients with osteoid osteoma (83). 

Radiographically, osteotic osteoma presents as an iso-
lated radiolucent area, surrounded by a zone of reactive
sclerosis. Because of its small size, osteoid osteoma is
easily obscured by the overlapping shadows of the verte-
bral column, whereas osteoblastoma is more apparent by
its larger size in expansion of the cortical bone.
Osteoblastoma has a thin rim of reactive bone between
the lesion and the surrounding soft tissue; this rim sepa-
rates the lesion from the rest of medullary bone. The
involvement of the vertebral body is usually from the
extension of tumor in the pedicle and has a limited extent
(Fig. 81-2).

The radionuclide bone scan is the most sensitive and
reliable screening technique of finding these two types of
neoplasms (19,74). It is useful in the detection of small
vertebral lesions and can usually localize the lesion to a
specific level. The appearance of an osteoblastoma is a
typical hot spot (84). Computed tomography scan is the
best imaging procedure for defining the location of the
lesion and the exact extent of the osseous involvement,
and is helpful for surgical planning. For patients with
neurologic deficits, MRI help in the evaluation of spinal
cord and nerve compression (Fig. 81-2).

The treatment for either of these lesions is wide surgi-
cal excision of the entire lesion, with radical curettage of
the surrounding normal vertebral bone (36). 

Osteochondroma

Osteochondromas are the most common primary benign
bone tumors, representing approximately 12% of all bone
tumors. Most of these tumors occur in the long bones and
in teenagers, and only 3% of these lesions are in the spine
(20,85,86). Posterior elements, especially the spinous
processes, are the common sites for these lesions (85). 

Osteochondromas usually are asymptomatic. When
lesions grow large, they cause impingement of nearby
structures and precipitate symptoms. The symptoms vary
greatly, from a painful bursa over the lesion to different
neurologic deficits. Some authors report neurologic com-
promise .5% to 1% of the time (87), whereas others show
myelopathy occurring in up to 47% of cases (88–92). A
growing osteochondroma with pain after puberty should
always raise the suspicion of sarcomatous transformation. 

The distinguishing feature of an osteochondroma on
plain radiograph is the continuity of the cortex and mar-
row between the normal bone and tumor, with trabeculae
coursing from the tumor into the normal bone (93).
Unfortunately, this characteristic does not always show
on plain radiographs (88). Differential diagnosis needs
further investigation by bone scan, CT, and MRI. Wide
surgical excision is the choice when surgery is indicated.

Aneurysmal Bone Cyst

Aneurysmal bone cysts (ABCs) are rare lesions, con-
stituting only 1% of biopsied primary bone tumors.
Eleven percent to 20% of these lesions are located in the
spine (94,95). The etiology of aneurysmal bone cysts
remains unclear, but may result from the alternation of
bone hemodynamics by vascular anomaly (96). 

Aneurysmal bone cysts are primarily seen in patients
younger than 20 years of age (94,97). When involving the
spine, these lesions are more commonly in the lumbar
spine, and are seen more in the posterior elements of ver-
tebrae than in the vertebral body. In a reported series,
60% of lesions were located in the posterior elements and
40% in the vertebral body (95). Not limited to one single
level, many aneurysmal bone cysts affect adjacent verte-
bra. Back pain is the most common symptom. Neurologic
deficits may also occur with variable presentations.

On plain films the lesion shows an expansile, osteolytic
cavity with periosteal new bone formation. The cortex of
the cavity is eggshell-thin, making the lesion bubbly in
appearance. Computed tomography and MRI can further
detail the features of these lesions. Magnetic resonance
imaging with gadolinium can demonstrate the multiple
septations within these lesions and is used for differentia-
tion with other cystic or fluid-filled lesions (98). A bone
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scan usually shows increased uptake in the area of the
tumor (99). Angiography provides useful information for
the suspected lesions, because it can demonstrate the vas-
cular blood-filled spaces caused by the arteriovenous
shunting (96). 

Management of these lesions includes embolization,
surgical curettage or excision, and low-dose radiation. 

Giant Cell Tumor

Giant cell tumors (GCTs) appear as lytic lesions and
are eccentrically located in the epiphysis. These lesions
are histologically benign, but their clinical behavior is

sometimes unpredictable and capricious (100). Most
patients are young adults with a large age range. Turcotte
and coauthors reported a group of 186 Canadian patients
with a mean age of 36 years (range, 14 to 72 years) (101).
Giant cell tumors are slow growing and locally aggres-
sive and have a tendency to recur locally (102,103). 

Giant cell tumors are characterized by their typical
location in the epiphysis of long bone (101). In the spine,
they are more commonly seen in the vertebral body than
the posterior elements. They are also most common in the
sacrum (104,105). Patients present with local pain or a
painless, slowly enlarging mass in the sacrum. Most giant
cell tumors are benign but occasionally have malignant
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FIG. 81-2. J.D., a 57-year-old
woman, with an osteoblastoma of L1-
2, presented with low back pain for
the past 9 years. A,B: Antero-poste-
rior and lateral radiographs show an
osteosclerotic lesion involving the left
pedicles and partly the body and
posterior elements of L1, extending
down into L2. C,D: Sagittal and axial
magnetic resonance views demon-
strate marked hypertrophy of the left
pedicle area with a bony sclerotic
lesion encroaching into the spinal
canal significantly.D
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behavior with pulmonary metastases in 3% of patients
(106–108). Mononuclear round cells and randomly scat-
tered osteoclast-type giant cells are the pathologic fea-
tures of these lesions. The histologic grading system
(grades I, II, and III), however, has not proved useful for
prognosis (109). 

The lesions are radiographically expansile, lytic, sep-
tate, and lack calcification. The lesions are somewhat
soap bubble in appearance. Usually the lesions are lim-
ited by a rim that appears faint on plain radiograph but
is well defined on CT. There is no periosteal reaction.
The radiographic hallmark of these lesions is that they
abut the subchondral bone plate of the adjacent joint. In
the sacrum, these tumors have a tendency to occur
proximally and eccentrically. This is in contradistinc-
tion to chordoma, which is more likely to be central and
distal in the sacrum (103). In the vertebra, large areas
of tumor are solid, accompanying blood-filled cystlike
spaces that should be distinguished from aneurysmal
bone cyst (109). Positive isotope scan helps with the
diagnosis.

Giant cell tumor has potential to recur after treatment
such as curettage or incomplete resection. The great
majority of recurrences appear within 2 to 3 years
(110–112), with a range of 25% to 50% (76,109,
113,114). Wide marginal resection is necessary for these
lesions. To enhance surgical procedures, adjuvant mea-
sures such as liquid nitrogen, acrylic cement, and local
delivered chemotherapy are applied. Reconstruction is
usually done following the aggressive surgery. 

Eosinophilic Granuloma

Eosinophilic granuloma is a benign tumor-like condi-
tion that produces focal bone destruction (115). The his-
tologic features of these lesions are sheets of histiocytes
and inflammatory cells, particularly eosinophils. A defect
of the immune system is considered as the major cause of
this condition. Eosinophilic granulomas represent less
than 1% of all tumor-like conditions of bone (116); 7% to
20% of these lesions are located in the spine (117,118).
Eosinophilic granulomas are seen commonly in the first
or second decades of life, with a peak incidence under the
age of 10 years. Males are more like to have this lesion
than females, with a ratio of more than two to one (86). 

Lesions may occur in solitary or multiple bone forms,
with or without system involvement (93). Lesions of the
skull are most commonly seen. Tumors are more often in
the thoracic spine followed by the lumbar and then the
cervical spine (119). 

Back pain and stiffness are the major complaints of
this lesion. Neurologic deficit is rare. System involve-
ment termed as histocytosis X manifests as triad of syn-
dromes: eosinophilic granuloma, acute form of Letterer-
Siwe disease, and chronic form of Hand-Schüller-
Christian disease (119,120).

Vertebra plana is the typical characteristic of this
lesion on plain radiograph. A lesion appears as a solitary
central lytic lesion on the vertebra. The adjacent discs are
usually preserved and soft-tissue mass is rare. When the
vertebral body collapses and settles, radiographs demon-
strate the “coin-on-end” appearance: flattened discs of
dense cortical bone retained between the two intact inter-
vertebral discs (121,122). Bone scans usually show cold
images (118). Magnetic resonance imaging may show a
“flare” reaction with extensive high signal areas on T2-
weighted images in the surrounding bone marrow and
soft tissue. Biopsy is necessary to differentiate among
other malignant lesions (123–125). 

Because many lesions are self-limiting and can heal
spontaneously without treatment, the prognosis for recov-
ery is excellent. Vertebral height can reconstitute sponta-
neously with time, even though sometime it is partial or
with residual deformity (119). Aggressive surgery is only
reserved for those with significant instability and neuro-
logic compromise (123–125).

Hemangioma

Hemangiomas are the most common benign lesions
with a vascular origin. Tumors consist of thin-walled cap-
illaries that are engorged with red blood cells. There are
cavernous, capillary, or mixed types. The majority of
these tumors in the spine are of the cavernous or mixed
types. They can occur at any age but most commonly are
found after the age of 40 (83). These tumors show no sig-
nificant gender predominance (86). The vertebra of tho-
racolumbar or lumbar spine is most commonly involved.

Most spinal hemangiomas are asymptomatic and are
found as incidental findings; therefore, they are of less
clinical importance. Patients may present with pain and
kyphosis or scoliosis following compression fracture.
Neurologic symptoms are rare but can occur following
spinal cord compression or nerve root encroachment. 

The typical appearance of these lesions on plain radi-
ograph is prominent vertical striations of thickened tra-
beculae within vertebral body, which can be best seen on
the lateral view. The number of bone trabeculae is
decreased owing to replacement by the sinusoid. This
appearance is called “celery stalk” or “honeycomb” (93).
At least one third of the vertebral body must be involved
for the classic findings to be recognizable on plain radi-
ograph. A significant characteristic is that compression
fracture due to vertebral hemangioma is rare and can
often heal with time if it happens. The cortex and disc
space are usually intact on plain film, but the affected
cortex, if any, can be demonstrated on the axial view of
CT scan. The thickened trabeculae showed on CT are in
a “polka dot” pattern (126). 

Most hemangiomas do not warrant special treatment.
Clinical observation is adequate. For symptomatic
lesions, radiotherapy is usually the first choice because
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this tumor is radiosensitive and frequently responds well.
Surgery is rare indicated with these lesions and may be
necessary for some cases with spinal cord compression.
Caution about severe hemorrhage should be taken when
operating on these lesions. Preoperative angiography
with selective embolization helps control bleeding from
these vascular lesions during surgery (127–130). 

MALIGNANT PRIMARY SPINE TUMORS

Multiple Myeloma

Multiple myeloma is the most common primary malig-
nant tumor either in all of the skeleton or the spinal col-
umn (25). It originates from plasm cells of marrow. This
lesion is usually seen in the older age group, from 50 to
75 years, with a mean of 62 years (131,132). The
hematopoietic marrow in the vertebral bodies, ribs,
pelvic bone, and skull is usually affected, representing the
systemic nature of this lesion. Because of the widespread

bone marrow involvement, patients usually present with
normocytic and normochromic anemia. Such patients are
susceptible to infection of any kind (33). The expansion
of the spinal lesion can cause pain and fracture of the ver-
tebral body. 

The typical characteristics of this lesion on radiograph
are punched-out lytic lesions within the bones without
bone reaction. Radiographs of vertebral bodies may
demonstrate osteopenia, wedging, and compression frac-
ture. Bone scan has proved to be of little value in assess-
ing patients with myeloma. The lack of bone reaction to
the tumor lysis accounts for this poor result (133). Serum
protein electrophoresis shows reversal of the albumin to
globulin ratio. Bone marrow biopsy is the definitive
means for making diagnosis (Fig. 81-3) (41).

Surgery is rarely indicated for multiple myeloma. The
primary treatment for multiple myeloma is chemother-
apy. Radiation therapy can be used for localized painful
lesions. Surgical intervention is reserved for the treat-
ment of disease complications, such as neurologic
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FIG. 81-3. J.G., a 49-year-old
man, presented with low back pain
and lower extremity weakness,
with episodes of his leg giving
away. Surgical specimens con-
firmed a diagnosis of myeloma of
L4. (A) Antero-posterior (AP) and
(B) lateral radiographs showed
subtle changes of L4 (seen on AP
view). C: Bone scan of lumbar
spine showing increased uptake at
L4 level.
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deficits owing to spinal cord compression by pathologic
fracture. The prognosis for survival of multiple myeloma
patients involving spine, despite all recent advances, still
remains poor. Median survival ranges from 11.5 to 32
months (131,134). 

Solitary Plasmacytoma

Solitary plasmacytoma, like multiple myeloma, is also
a plasm cell neoplasm. However, these lesions are rare
with only 3% of all plasma cell neoplasms (135). Because
of the significant different natural history of multiple
myeloma and solitary plasmacytoma, these two lesions
are considered as two manifestations in a continuum of
B-cell lymphoproliferative diseases (19). Spinal lesions,

most in the thoracic spine, constitute 25% to 50% cases
(136,137). Overall, men have a higher incidence than
women (138). 

Clinical manifestations of solitary plasmacytoma may
present with back pain and neurologic deficit. Initial radi-
ographs of spine demonstrate a lytic lesion within verte-
bra, usually first seen in the pedicle then extended to the
anterior vertebral body. Vertebral plana and collapse can
occur following the progression of lesion. Fifty percent of
these lesions may develop to systemic disease and multi-
ple myeloma (139). Like multiple myeloma, bone scan
has little value for the diagnosis because of lack of scle-
rotic bone reaction, whereas bone marrow aspiration and
serum and urine protein electrophoresis are necessary.
Computed tomography can identify the lesion that can be
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FIG. 81-3. (Continued). D: Myelograph showing involvement of spinal canal with thecal sac compres-
sion and permeative involvement of vertebral body. E: Computed tomography scan studies showing
involvement of spinal canal with thecal sac compression and permeative involvement of vertebral body.
F: Sagittal and (G) axial magnetic resonance images of lumbar spine showing involvement of L4 ver-
tebral body and spinal canal. (From Simmons ED. Anterior reconstruction for metastatic thoracic and
lumbar spine disease. In: Bridwell KB, DeWald RL, eds. The textbook of spinal surgery. Philadelphia:
Lippincott-Raven, 2nd ed. 1997:2057–2070, with permission.)
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not seen on plain radiograph. Magnetic resonance imag-
ing provides useful information for evaluating the loca-
tion and extent of the lesion.

Radiotherapy is the major treatment for this tumor
because of its radiosensitivity (41). Patients with solitary
plasmacytoma may have prolonged survival compared
with multiple myeloma. It was reported that 5-year sur-
vival rates range from 35% to 70% (136,140). Mclain and
Weinstein reported that the 5-year disease-free survival in
84 cases of spinal lesions was approximately 60%, with a
median survival of 92 months (141). 

Lymphoma

Primary bone lymphoma is an uncommon malignancy.
It accounts for less than 5% of the primary bone tumors
and 5% of the extranodal non-Hodgkin lymphoma
(142,143). It has the same histologic features of other
lymphomas arising from the lymphoid and soft tissue.
Hodgkin disease rarely presents with bony lesions. Non-
Hodgkin lymphoma may occur as a solitary lesion of
bone or, more commonly, as systemic disease with asso-
ciated bony lesions in 20% of patients (143–145). In
spine, vertebral body is more commonly involved than
posterior elements. Patients are usually in the middle age
of life, with a range of 18 to 69 years (146). 

Lymphoma has a destructive nature and can cause col-
lapse of the vertebral body with extraosseous extension
of the lesion to the paravertebral area and into the spinal
canal. The symptoms and signs vary from localized back
pain to a partial or complete neurologic deficit (147). The
tumor on radiographs is a lytic lesion with an ill-defined
margin that gradually expands and breaks through the
cortex (147); however, these radiographic features are
inclusive and variable. Percutaneous or open biopsy is
desirable to clarify the diagnosis (146). 

The treatment of choice traditionally is a combination
of chemotherapy and radiation therapy. Radiation therapy
may be unnecessary for children. Surgery usually is
appropriate for patients with neurologic deficits by spinal
cord compression owing to pathologic fractures. 

Osteosarcoma

Osteosarcoma is the second most common malignant
primary bone tumor after myeloma, constituting 20% of
all primary malignant tumors of bone (143,148,149). It
usually occurs in the metaphyses of extremity long bones.
The peak age of onset is in the second decade. The esti-
mated incidence of this tumor in the United States is
approximately 1.7 cases per million per year, represent-
ing about 500 to 600 new cases annually (150,151). Pri-
mary osteosarcomas of the spine are extremely rare, con-
stituting only 3% of all primary osteosarcomas and 5%
primary malignant tumors of the spine (1,152,153). Pri-
mary osteosarcomas in the spine tend to occur in patients

in an older age group than does the same tumor in the
extremities (152). 

Osteosarcoma of spine commonly occurs at the verte-
bral body. Back pain from the affected vertebra area is the
main symptom. Most patients also have variable sensory
or motor deficits (152,154). Malignant features on radi-
ographs include osteoblastic and osteolytic changes,
cortical destruction, and soft-tissue calcification. The
radiographic hallmarks of osteosarcoma in the extremi-
ties—Codman triangle of reactive bone and “sunburst”
appearance—are not present in spinal lesions. The level
of serum alkaline phosphatase is usually elevated in these
patients and can be used for differentiation. Computed
tomography, MRI, and bone scan are helpful for identify-
ing the extent of tumor and diagnosis. For case with sus-
pected osteosarcoma, biopsy is necessary before initiat-
ing chemotherapy (152). 

Prognosis for patients with osteosarcoma has tradition-
ally been poor. Before early 1970s, amputation was the
primary treatment of osteosarcoma of long bones, with a
poor 5-year survival rate of 20% (143,148,150,155–157).
During the last 15 to 20 years, since the use of adjuvant
and neoadjuvant chemotherapy by eradicating micro-
metastasis, the survival rate has been improved dramati-
cally, to 50% to 70% (158–161). Like the lesions in the
long bones, the survival of patients with osteosarcoma of
the spine is also poor, with a median survival of 6 to 10
months (152,162). To improve the prognosis, chemother-
apy followed by aggressive surgical excision of lesion is
proposed. Anterior and posterior wide excision or com-
plete spondylectomy has been applied in addition to
chemotherapy. Postoperative radiotherapy to the primary
site in conjunction with postoperative chemotherapy is
used to improve the survival rate.

Chondrosarcoma

Chondrosarcoma is the third most common primary
malignant tumor of the bone next to multiple myeloma
and osteogenic sarcoma (147). About 4% to 8% of chon-
drosarcomas occur in the spine (20,163). The basic neo-
plastic tissue is cartilage without osteoid, formed directly
by sarcomatous stroma (143,164). It may occur as a pri-
mary lesion or secondary to a preexisting benign tumor.
The average of age for chondrosarcomas is 40 years, with
a broad range (163,165–168).

Clinically, chondrosarcomas is most common in long
bones and pelvis, but it is not unusual for the spine col-
umn to be affected, especially the lumbar and sacral
region (147). Local discomfort or pain and a slow-grow-
ing mass are common manifestations. Lumbar or sacral
lesions may result in a large pelvic or intraabdominal
mass. Chondrosarcomas are histologically divided into
low, intermediate, and high grades. Low-grade tumors
seldom metastasize, whereas high-grade lesions have
early metastases to the lungs and other areas of the body.
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Bony destruction and a growing lobulated mass with cal-
cific mottling are the common signs of chondrosarcomas
on radiographs. Computed tomography can clearly
demonstrate the location, cortical destruction, and extent
of the tumor. Bone scans are positive in most chon-
drosarcomas (169). Biopsy is usually necessary for final
diagnosis.

Radiotherapy and chemotherapy have little value for
the treatment of chondrosarcoma. Wide surgical resection
is the treatment of choice (164), but this is frequently
restrained by spinal structures. The most important fac-
tors for patient survival are augmented chromosomal
content and tumor size. Kreicbergs et al. found that chon-
drosarcoma with normal DNA content were associated
with a significantly higher 10-year survival rate than
those with abnormal chromosome content, 81% versus
21% (170,171). 

Chordoma

Chordomas are rare primary malignant tumors of the
axial skeleton, arising from the remnants of embryonic
notochord (172,173). These lesions constitute 1% to 4% of
primary malignant bone tumors (20,143), yielding an
annual incidence of approximately 25 afflicted persons in
the United States (173,174). A little more than half of the
tumors occur in the sacrum, 35% at the base of skull, and
15% in the spine vertebrae and other areas (20,173,175,
176–179). Although chordomas have been reported in all
age groups, they are commonly seen in the fifth through
seventh decades of life (104,180–182). Males are more
affected than females, with a ratio of 2:1 (20). 

Chordomas are slow-growing masses. The symptoms
vary from months to several years before patients see the
physician. The symptoms and signs of the tumor are
related to the location and are usually nonspecific. Pain is
the frequent symptom of tumor in the sacral coccygeal
region. Most of these tumors extend anterior to the
sacrum; therefore, the tumor can grow to a large size
before being diagnosed because of the relatively large
space available for expansion within the posterior pelvis.
Rectal and bladder dysfunction can occur in 20% to 40%
of patients and are late features (41,173). A careful rectal
examination either with finger or proctoscope is neces-
sary for diagnosis. A firm and fixed presacral mass can
be palpated on rectal examination. Neurologic deficits of
these tumors at the base of skull, cervical, thoracic, and
lumbar regions of spine column are relevant to their loca-
tion. Although this tumor is aggressive locally, it also can
metastasize to other distant sites of the body, such as
lymph nodes, lung, liver, and other intraabdominal vis-
cera. Metastases can be discovered as early as 1 year and
as late as 10 years after diagnosis of primary tumor, with
variable incidence from 5% to 40% (177,179,183). 

The characterized radiographic finding in sacral chor-
domas is a lytic lesion involving several segments of the

sacrum associated with an expansile ballooning soft-tis-
sue mass anterior to it (180,181). Peripheral calcification
can be seen in 40% to 80% of tumors (184–186). Tumors
involving the true vertebrae usually originate in a single
vertebral body and are lytic with surrounding reactive
sclerosis (181). Computed tomography can disclose the
extent of tumor mass and calcification. Heterogeneous
signals and internal septations on T2-weighted MRI are
predominant features (186). Bone scans are rarely posi-
tive for these lesions. Biopsy can be done for diagnosis.

Although chordomas are considered low-grade malig-
nant lesions and are slow to metastasize, their proximity
to the spinal cord and cauda equina and the extent of
tumor at time of initial presentation make them extremely
difficult to treat effectively (187). Wide surgical resection
with adjuvant radiotherapy has been recommended for
the treatment of chordoma. Chemotherapy has not proved
even modestly effective (104,188). In sacrococcygeal
chordomas, the level of lesion significantly affects the
mode of treatment. The removal of the S1 vertebra
impairs the stability of the pelvic girdle. There is a sig-
nificant difference in surgical treatment between lesions
involving the third sacral segment distally and those
involving the more proximal portion of the sacrum. Dis-
tal chordoma can be excised posteriorly (104,188).
Sphincter control of bowel and bladder is directly related
to the number of preserved nerve roots. If the most cau-
dad nerve root preserved is the first sacral nerve, no con-
trol can be expected, and the patient may be unable to
walk without orthotic assistance. If both second sacral
nerve roots are spared, 50% of patients regain at least par-
tial bowel and bladder control. If one third of the sacral
nerve root is preserved, most patients regain sphincter
control. Stener and Gunterberg have described surgical
techniques for high radical sacrectomy, either above or
through the anterior foramina of the S1 nerve root. They
believe that it is possible to sacrifice all sacral nerve roots
unilaterally without significant disturbance of bowel or
bladder function (189). 

Because the tumor in the vertebral column is usually
located at the vertebral body, an anterior approach or a
combination of anterior and posterior procedures is car-
ried out to excise the lesion and reconstruct the stability
of spine column. Because the recurrence rate and ulti-
mate failure rate are much higher for these tumors, adju-
vant proton-beam therapy has been used both for pallia-
tion of recurrent tumors and for otherwise inoperable
lesions (173,190).

The reported survival rates have been poor in the past.
The surgical treatment of spine chordoma is less satisfac-
tory than that of sacrococcygeal lesion. Sundaresan
reported the disease-free survival rate is less than 10%
(173). However, aggressive excision with adjuvant radio-
therapy achieves the best results with a disease-free sur-
vival of more than 5 years for 50% to 77% of patients
(104,186,191). 
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Ewing Sarcoma

Ewing sarcoma of bone was first described in 1921 by
James Ewing (192). It accounts for approximately 6% of
all malignant primary bone tumors (20). Ewing sarcomas
are the second most common primary malignant tumors
of bone in childhood and adolescence, with an annual
incidence rate in whites of 3 per 1 million children less
than 15 years of age. The average age of patients is 15
years, with a range from the first to the fourth decade of
life (193,194). 

Ewing sarcoma of the spine is rare, representing only
about .5% of all primary malignant tumors of bone, and
8% to 10% of all Ewing sarcoma (20,195,196). Primary
sites are sacral and vertebra. Pain and neurologic deficits
are the most common presenting features. Metastases
may occur in patients at the time of diagnosis, commonly
involving the lungs or other locations in the spinal col-
umn. Many patients have low-grade fever, anemia, leuko-
cytosis, and elevated erythrocyte sedimentation rate. 

Plain radiographs reveal a lytic destruction lesion,
often with peripheral sclerosis and a soft-tissue mass.
Computed tomography and MRI are needed to further
identify the location and extent of tumor. Bone scan is
used to rule out other metastases. An accurate diagnosis
is made by pathology. Showing histopathologically as
small blue round cell tumors, Ewing sarcomas show a
typical chromosomal rearrangement in more than 95% of
cases (197). 

Because of the obvious limitations in excising the
tumor and achieving adequate margins, standard treat-
ment for local control of the primary lesion, historically,
has been chemotherapy and radiation. The overall 5-year
survival rate in the past is low, approximately 20%
(195,198). Great strides have been made in the diagnosis
and treatment of patients with Ewing sarcoma. Currently,
surgical resection has become a more effective option in
the multidisciplinary treatment of patients with this dis-
ease. The response to induction chemotherapy is a strong
prognostic factor (199,200). Cotterill and coauthors, by
analyzing 975 patients, also found that metastases at
diagnosis, primary site, and age are the prognostic factors
(201). With the advent of modern chemotherapy, the
long-term survival has improved to approximately 50%
to 70% (194,197,202). 
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One million new cases of cancer are diagnosed every year
in this country (1). Metastases occur in approximately
two thirds of patients, with the skeleton being the most
common site for metastatic tumors, after the lung and
liver (2). A metastasis of the spine is defined as a malig-
nancy whose cells have been transferred from the pri-
mary site of the tumor to the spinal column with contin-
ued unchecked growth. The spine is the most common
site of spread (3), one third of which are symptomatic (4).
Up to 5% of patients are diagnosed with symptomatic
spinal cord lesions (2,5).

The highest incidence of metastases in the spine is in
the lumbar region, followed by the thoracic and cervical
levels (6). Most associated spinal cord lesions, however,
are located in the thoracic spine, related to the smaller
spinal canal size, vascular supply (7), and predisposition
of the thoracic spine to kyphotic deformity (8).

ETIOLOGY, SPREAD, AND GROWTH

Secondary spread of metastatic disease to the skeleton
occurs from the following organs in order of frequency:
breast, prostate, lung, and kidney. These organs make up
approximately 80% of all secondary spread to the spine
(4). Of the epidural metastases, the order of frequency is
breast, lung, prostate, and kidney (6).

Metastatic lesions are commonly spread by the arterial
side of the circulation, particularly from the lung and
prostate (9). However, the venous route through Batson
plexus may be a source of contamination by tumor cells
in the pelvis and abdomen from retrograde spread. The
lack of venous valves allows backflow into the vessels of
the vertebrae with increased pressure in the abdomen
(10). A combination of both of these routes may also be
operative (11). Tumors may also spread to the spinal col-
umn directly, such as in the mediastinum from lung and
from retroperitoneal structures, including the pancreas.

Metastatic lesions enlarge through biochemical and
mechanical factors. Osteoclast activating factor (12), col-

lagenase (13), and prostaglandin (14,15) release result in
the breakdown of ground substance and collagen, allow-
ing tumor cells to grow and expand. As the mass of the
tumor increases, there may be direct pressure on the bony
trabeculae, resulting in ischemia and subsequent resorp-
tion of bone.

INSTABILITY

Spinal stability relies on the intact spine. As proposed
by Denis (16), there are three structural components of
the spine, the anterior, middle, and posterior columns.
With tumor spread throughout these columns, there is an

FIG. 82-1. Spinal instability. This lateral radiograph demon-
strates collapse of a metastatic lesion resulting in a patho-
logic fracture (white arrow) with moderate angulation (dotted
lines).



increase in the degree of instability. The middle column
accounts for approximately 60% of the axial strength (17)
so that when this component is compromised, the spine is
at risk for collapse with the potential to create a patho-
logic fracture. Along with flexion forces, a kyphotic
deformity may result with further loss of vertebral height.
The fulcrum of the spine in each motion segment, located
in the middle column, may migrate posteriorly toward the
posterior elements as the forces act on the weakened
structures with the result that deformity occurs (Fig. 82-
1). In some cases, however, there can be an even collapse
of the spine, which does not result in kyphosis, although
the expansion of tumor and bone into the spinal canal
may result in compromise to the spinal canal and neuro-
logic impairment. 

CLINICAL FEATURES

History

Most patients complain of fatigue, malaise, and weight
loss because of their underlying disease. Although many
metastatic lesions to the spine are asymptomatic, a signifi-
cant proportion of patients complain of pain because of
involvement of the bony elements by tumor tissue. As the
tumor replaces bone, the trabeculae weaken, resulting in
microfractures or full pathologic fractures, deformity, and
instability. Posterior element involvement leading to insta-
bility may be a source of pain as well. Pain is the most com-
mon presentation in up to 96% of patients, resulting from
these sequelae (18). The deposition of peridural tumor in
the spinal canal causes compression of the neural elements,
and this may also result in pain (Fig. 82-2) (6,19).

Neurologic symptoms include weakness, numbness,
and paresthesias of the limbs and, with spinal cord
involvement, spasms, and bowel and bladder complaints.
Neurologic compromise is most common in the thoracic
spine, with approximately 70% of all neurologic deficits
found in this region, and 15% each in the cervical and
lumbar spine (6).

Physical Examination

Although there may be no deformity, the most com-
mon observation of malalignment on inspection is that of
kyphosis, where there has been collapse from a patho-
logic fracture. Local tenderness is often present. Neuro-
logic examination may be normal early but with neural
compromise the physical examination elicits features
associated with upper motor or lower motor neuron find-
ings, depending on the involvement of the spinal cord, the
cauda equina, or the nerve roots. A rectal examination is
essential in all neurologically compromised patients to
identify bowel or bladder dysfunction. 

INVESTIGATION OF SPINAL METASTASES

Laboratory Evaluation

Blood work includes a complete blood count, includ-
ing a sedimentation rate, electrolytes, blood urea nitro-
gen, calcium, phosphorus, alkaline phosphatase, serum
proteins, and protein electrophoresis. This blood profile
may be helpful in determining the extent of systemic
involvement but does not identify the primary tumor. The
immunologic status can be determined from some of
these studies as well. Prostatic-specific antigen is useful
for identifying prostatic tumor, and carcinoembryonic
antigen may be useful in monitoring the progress of
tumor therapy (20).

Plain Radiographs

It has been estimated that up to 70% of bone mass loss
must be present to visualize an osteolytic lesion on nor-
mal X-rays (21). Often, a missing pedicle is the first radi-
ographic finding (Fig. 82-3) (22). Destruction of the ver-
tebral body with or without collapse and the presence of
prevertebral soft-tissue findings are late signs of involve-
ment. Although most lesions are osteolytic, several are
known to be osteosclerotic. The prostate is the most fre-
quently identified osteosclerotic lesion, but a small pro-
portion of the following lesions are also associated with
osteoblastic findings on plain radiographs: breast, blad-
der, thyroid, and gastrointestinal tumors.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) is very useful in
not only determining the extent of the lesion within the
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FIG. 82-2. Mechanisms of pain with spinal metastasis.



spinal canal and its relationship to the spinal cord and
cauda equina, but also in helping to differentiate osteo-
porotic fractures from pathologic fractures caused by
tumors of the spine. The distinction is best evaluated on
T2-weighted images, where high intensity is seen with

tumors as opposed to normal intensity with osteoporotic
fractures (Fig. 82-4). Lesions as small as 3 mm can be
detected (23). The use of contrast agents when studying
T1-weighted images also assists in interpreting metas-
tases, especially when suppressing the fatty component in
the marrow (24). Contrast material injected at the time of
MRI scanning also may be helpful in following the effec-
tiveness of chemotherapy or radiation over time (25). 

Computed Tomography Myelogram

Although a computed tomography myelogram (myelo-
CT) is useful in some cases to define the extent of a block
when tumor tissue is present within the spinal canal, the
MRI, for the most part, has superseded the use of this
study. The CT scan alone, however, provides excellent
detail by defining the extent of osseous involvement of
the metastasis (Fig. 82-5). This can be helpful in planning
the type of surgery.

Bone Scan

Bone scans usually are not helpful in assessing the spe-
cific lesion because most secondary tumors demonstrate
increased uptake. However, rapid proliferation of some
tumors, such as lung, kidney, and myeloproliferative dis-
orders, may not be positive (26). The bone scan, however,
is useful in identifying the extent of spread within the
spine and other parts of the skeleton and may detect a
more accessible lesion to perform a biopsy. 
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FIG. 82-3. Antero-posterior (AP) and lateral radiograph of the thoracic spine. The lateral projection
demonstrates a pathologic fracture of T12 (white arrow). On the AP projection the pedicle is absent
because of destruction by the tumor, which is often an early sign of involvement.

FIG. 82-4. Magnetic resonance image. T2-weighted image
of a secondary metastasis to the lumbar spine with hyper-
intensity of the tumor (white arrow) clearly identifying the sig-
nificant encroachment of the lesion into the spinal canal.



Biopsy

Prior to initiating treatment, a biopsy should be per-
formed in all lesions where possible when the diagnosis
is deemed necessary. Biopsy can be performed under CT-
guided assistance. The entry point of the needle in the
skin is 6 to 7 mm lateral to the midline at an angle of
about 35°. The success rate in obtaining a tumor speci-
men is as high as 75% to 95% (27), with an accuracy rate
as high as 95% (28,29). The complication rate is low (5),
but includes neurologic complications, hemopneumotho-
rax, and excessive bleeding (30,31).

MANAGEMENT OF METASTATIC TUMORS OF
THE SPINE

A team approach is essential in treating patients with
metastatic disease. This includes the orthopedic surgeon,
neurosurgeon, oncologist or radiotherapist, radiologist,
and pathologist. 

Variables in determining the type of treatment include
the type of tumor and the response of the tumor to non-
operative measures. If the tumor is sensitive to chemo-
therapy or radiotherapy, nonsurgical treatment may be the
treatment of choice, especially if the lesions are stable
biomechanically and neurologically (32). In cases where
there are multiple tumors and widespread involvement of
the vertebrae, palliative measures are more appropriate
(33). Finally, with patients whose medical status is poor
and cannot undergo the trauma of surgery, a less aggres-
sive approach is indicated. 

NONOPERATIVE TREATMENT

Chemotherapy

The use of chemotherapeutic drugs will likely have
been initiated according to the protocol of the particular

primary tumor before the discovery of the spinal lesion.
The various regimens are supervised by the oncologist
and are beyond the scope of this chapter.

Steroids have been used to reduce edema and inflam-
mation associated with spinal cord compression. This
should be considered as an adjunct to management
because significant cord compression requires surgical
intervention (20), although some protocols have shown a
positive effect in combination with radiotherapy (34).

Radiotherapy

Radiation therapy is an effective modality in the treat-
ment of spinal metastases, especially where a painful
radiosensitive tumor such as prostate and breast (35) can
be treated before there is a major neurologic deficit and
before the bony architecture has been significantly
destroyed. Although it usually does not return a patient to
ambulatory status (33), it is effective in pain control in
many instances, especially with multiple site involve-
ment. The dose of radiotherapy to the spinal cord should
not exceed 5,000 cGy in 25 fractions over a 5-week
period to avoid radiation myelopathy (33,33a). If surgery
is performed, adjunctive radiotherapy should be given
well before the date of surgery or at least 21 days after the
surgery to avoid problems with healing of the soft tissues
(36) as well as fusion (37).

External Orthoses

Braces in the thoracolumbar spine are useful during
and after treatment for healing and pain control. The
halo-vest is similarly effective for patients with cervical
lesions (38), but care must be taken in its use because of
the concern for skin breakdown in a neurologically or
nutritionally compromised patient.

SURGERY

Before performing surgery, several factors require
evaluation, including life expectancy. Life expectancy
should be evaluated in terms of the prognosis of the pri-
mary tumor. It is clear that some tumors have a short sur-
vival time irrespective of spread to the spine, such as gas-
tric carcinoma. Other primary lesions have a longer
prognosis, including prostate and breast (39). Surgery,
therefore, for the most part, should be directed at preven-
tion of local progression and complications such as neu-
rologic sequelae, deformity, and pain. The exception is a
solitary metastasis where total spondylectomy is consid-
ered for possible cure (40).

The nutritional (41) and immunologic status (42) of the
patient as well as the pulmonary status, especially for
anterior surgery (20) must be assessed. If these factors
are favorable, or if they can be improved, then surgery
can be considered. The goals of surgery include: (a)
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FIG. 82-5. Computed tomography scan accurately identifies
the extent of bony involvement at T7, indicating lateral infil-
tration of the vertebral body. This lesion could readily be
addressed surgically from a postero-lateral approach.



decompression of the neural tissues, (b) prevention of
neural injury by stabilization of the unstable spinal col-
umn, or (c) pain control. Those patients with no or mild
neural deficit and minimal erosion of bone without col-
lapse of the spine and demonstrate good alignment who
are chemosensitive or radiosensitive can be treated with
these therapies along with a brace and analgesics, as
mentioned in the preceding (Fig. 82-6). The remaining
patients require surgery. The principles of surgery include
tumor reduction, decompression of the neurologic tis-
sues, and stabilization of the spine. There is some contro-
versy as to whether prophylactic surgery is indicated in
patients with less than 50% involvement of the vertebral
body (43–45). Patients who progress to greater than 50%
often collapse (43,44). It is also known that a significant
number of patients with spinal metastases go on to neu-
rologic compromise (2,5). For these reasons, cases with
greater than 50% vertebral body collapse, especially
where there is imminent involvement of the spinal cord,
should be stabilized after clearing of the tumor. When
pain is the primary indication for surgery, a good
response can be expected from the surgery but the life
expectancy remains unaltered (46).

STAGING AND CLASSIFICATION OF
METASTATIC LESIONS

Recent interest in more aggressive surgery for metastatic
disease has been spurred on, in part, by improvements in
surgical technology. It is now feasible to perform a total

excision of a vertebra and stabilize the segment (40,47–50),
depending on the extent of bony involvement (Fig. 82-7).

Scoring systems have been devised that address the
important aspects of tumor surgery and include classifica-
tions that describe the extent of instability (51), the neuro-
logic involvement along with instability (52), prognostic
factors to determine if surgery should be performed (53),
and factors that determine the type of surgery to be per-
formed (54,55), specifically whether en bloc surgery is
feasible over major excision, palliative surgery, or no
surgery. Caution must be exercised in attempting to pre-
cisely determine tumor containment because spread can
extend beyond tissues commonly held to be natural barri-
ers, such as the posterior longitudinal ligament (46). 

In a recent paper on surgical strategy for spinal metas-
tasis (55), an attempt was made to determine the type of
surgery necessary based on three prognostic factors:
grade of malignancy, visceral metastases, and bony
metastases (Fig. 82-8). Points are awarded according to
the aggressiveness of the primary tumor and the extent of
visceral and bony spread. A low score leads to total exci-
sion surgery, whereas a high score does not merit surgery. 

The results indicated that the en bloc patients had a
survival of 38 months, whereas the intralesional excision
patients survived 22 months. The palliative surgery
patients lived 10 months and those without surgical treat-
ment died at 5 months. Satisfactory pain control occurred
in 80% of patients and neurologic improvement in 74%.
These results suggest that an ordered approach to surgi-
cal intervention has merit, although the outcomes are not
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FIG. 82-6. Nonoperative treatment, antero-posterior and lateral radiographs. This breast metastasis at
T7 was associated with a major block to the spinal canal, but with only a minor neurologic deficit. The
patient was treated with radiation therapy and bracing with relief of the neurologic deficit. One and a half
years later the vertebrae maintained its integrity and no neurologic sequelae were seen.



that much different than earlier surgical series (56–58).
Long-term survival is obviously related to the aggres-
siveness of the primary tumor, but if local extirpation is
effective, then local recurrence should not be an issue in
the long-term survivors.

As an adjunct to surgery, the use of preoperative
embolization of metastatic spinal tumors has been shown to
be effective not only in allowing for more extensive removal
of the tumor, but also in reducing the intraoperative bleed-
ing significantly with less intraoperative complications (59).
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FIG. 82-7. Vertebrectomy. A: Lateral magnetic resonance image of the thoracic spine demonstrating
increased intensity of metastasis in T8 with spread into the inferior aspect of T7 and the T8-9 disc.
B: Computed tomography scan of T8 demonstrating containment of the tumor within the bone without
involvement of the spinal canal. C,D: Antero-posterior and lateral radiograph postoperatively following
complete vertebrectomy of T7and T8, anterior fixation with methyl methacrylate and rod fixation, and
posterior pedicle screw and rod instrumentation. (From Dr. Rex Marco, with permission.)
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THE ANTERIOR APPROACH TO THE SPINE

When there is a need to reduce the tumor size and
decompress the neurologic tissues, the most direct approach
is anteriorly because the most common site is in the verte-

bral body, although a posterolateral approach may be per-
formed in some instances (Fig. 82-5) (60,61). Stabilization
of the spine also can be performed anteriorly when decom-
pression anteriorly is required (62,63). Methyl methacrylate
is a useful material as an anterior spacer (51,58,64,65),
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FIG. 82-8. Classification of the
involvement of metastatic tumors
grouped into intracompartmen-
tal, extracompartmental, and
multiple lesions. (From Tomita K,
Kowahara N, Kobayashi T, et al.
Surgical strategy for spinal
metastases. Spine 2001;26(3):
298–306, with permission.)

FIG. 82-9. Anterior approach. A: Lateral radiograph of the thoracic spine demonstrating a pathologic
fracture of T10 secondary to lung carcinoma. B: Antero-posterior projection following anterior corpec-
tomy and decompression of the tumor with methyl methacrylate and rib strut grafting along with ante-
rior instrumentation T9 to T11.
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especially in patients with a shorter estimated time of sur-
vival. The use of mesh cages is also effective when filled
with cement or allograft. Anterior iliac strut grafts com-
bined with internal fixation is an option in patients with a
longer survival time (Fig. 82-9). Prosthetic devices also
have been described but are not widely used (66–69).

THE POSTERIOR APPROACH TO THE SPINE

Laminectomy alone is not effective in improving neu-
rologic function (70–72). Furthermore, attempting to
remove tumor tissue from the anterior spinal canal from
the posterior approach, especially at the thoracic and cer-
vical levels, has a high risk of neurologic deterioration
(73) and often destabilizes the level, leading to deformity
with the potential for additional neurologic impairment.
Nevertheless, the posterior approach is more accessible,
less hazardous, and effective in the correction of defor-
mity if combined with instrumentation (Fig. 82-10). Seg-
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FIG. 82-9. (Continued). C: Computed tomography scan out-
lining the presence of methyl methacrylate and rib strut
grafts. There is a complete decompression of the spinal
canal (white arrow).

FIG. 82-10. Posterior surgery. A: Lateral
radiographs of a breast carcinoma at T9.
The patient had quite significant pain
from this pathologic fracture and tumor.
B: Computed tomography scan demon-
strating significant involvement of the
vertebral body and encroachment on the
spinal canal although the she was neu-
rologically intact. C: Lateral postopera-
tive radiographs demonstrating fixation
of the lesion and bone grafting followed
by radiation therapy with good pain relief
and no neurologic deterioration.
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mental fixation using pedicle screws is often the treat-
ment of choice, although sublaminar wiring may be used
as well, particularly if there is multiple segment involve-
ment in an osteoporotic spine (74). For posterior or lateral
pathology, particularly at the lower lumbar region, a pos-
terolateral approach often is sufficient.

COMBINED APPROACH

The combined approach is required for those cases
where there is major involvement of the spinal columns
both anteriorly and posteriorly. Anterior grafting or spac-
ers along with posterior instrumentation, with either
pedicle screw fixation or segmental fixation, is often
required to be performed in two stages under one anes-
thetic or a few days apart. Alternatively, the anterior and
posterior procedures can be effectively accomplished
through a posterior approach (65,75). If complete verte-
brectomy is feasible in an isolated lesion of the vertebra,
then stabilization using an anterior bone strut combined
with anterior and posterior stabilization is necessary fol-
lowing the vertebrectomy (Fig. 82-7) (40,57,61,76).

RESULTS OF SURGERY

In most studies, pain relief is significant, as high as
92% (77,51,61). Neurologic deficits following surgery
improve by about 80%, especially with anterior surgery
(Table 82-1) (56–58,72,76,78–85). Ambulation has been
reported to be as high as 93% (86), particularly with ante-
rior surgery.

COMPLICATIONS

Surgical complications tend to be higher than in other
conditions in the spine but with improving surgical and
anesthesia techniques, the incidence of major problems
should decrease as was observed in a recent review where
75% of patients had no complications (87). 

Mortality for the anterior approach or the posterior
approach with instrumentation is as high as 8% (88–90).
Worsening of neurologic function may occur in up to 5%
of patients undergoing an anterior approach and up to
25% for patients treated by laminectomy alone (20).
Wound healing can also be a significant problem because
of malnutrition and concurrent radiotherapy (91), as high
as 32% in one series. Failure of fixation with resulting
deformity or recurrence of deformity is less common
with the use of pedicle screw fixation and anterior recon-
struction techniques, dropping from as high as 79%, to
0% to 4% (60,61,68,92).

INNOVATIVE AND NEWER TECHNIQUES

Investigative tools are becoming more sophisticated
and include performing MRIs with contrast measuring
blood perfusion time-intensity curves to distinguish
osteoporotic fractures from pathologic fractures sec-
ondary to metastases (93). Another imaging study, single
photon emission computed tomography has been found
useful in distinguishing benign disease from metastases
(94). Percutaneous ablation of certain metastatic tumors
of the spine is currently performed for unresectable
lesions for pain control (95) and endoscopic surgery for
removal of metastases at the cervico-thoracic junction
(96). These innovative techniques are examples of some
of the future directions that will be pursued as technolog-
ical breakthroughs continue.

SUMMARY

Although many metastatic lesions can be treated
nonoperatively with bracing, analgesics, chemotherapy,
or radiotherapy, those cases with instability and loss of
vertebral height as well as deformity; those cases in
which there is significant neurologic deficit will
require operative intervention. The approach should be
tailored to fit the lesion employing the anterior
approach for decompression surgery and anterior stabi-
lization, whereas the posterior approach with instru-
mentation should be reserved for patients with minimal
neurologic involvement but in whom instability and
deformity are of concern. With newer procedures such
as bone conductive spacers, combined anterior and pos-
terior surgery techniques and vertebrectomy surgical
outcomes will continue to improve with less risk and
complications.
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TABLE 82-1. Maintenance and recovery of neurologic
function after spinal decompression

Investigator n Percent improvement

Anterior decompression
Sundaresan (59) 110 82
Siegal (67) 75 80
Fidler (60) 17 73
Harrington (35) 77 84
Kostuik (62) 70 73
Manabe (61) 28 82

Total 427 79
Posterior decompression

Wright (63) 86 35
White (64) 226 38
Hall (65) 123 39
Gilbert (45) 65 45
Nather (66) 42 13
Siegal (50) 25 39
Sherman (68) 149 27
Kostuik (47) 30 33

Total 746 33

Source: Adapted from Weinstein JN, Spine Tumors. In:
Wiesel SW, Weinstein JN, Herkowitz H, et al., eds. The lum-
bar spine, 2nd ed. New York: Lippincott Williams & Wilkins,
1996, p. 932.
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CHAPTER 83

Lumbar Spine Tumors: Posterior Approach

K. Anthony Kim, Babak Kateb, Peter Dyck, Srinath Samudrala

Spinal cord tumors account for approximately 15% of
central nervous system tumors (1). Metastatic tumors
aside, common tumors of the spine can be divided by
location into extramedullary (two-thirds of cases) and
intramedullary types. Intramedullary tumors include
astrocytoma, ependymoma, hemangioblastoma, lym-
phoma, and primitive neuroectodermal tumors, among
others. Aside from drop metastasis, hemangioblastoma of
the conus and nerve roots, and ependymomas of the
filum terminale, the surgeon is rarely faced with
intramedullary tumors in the lumbar spine.
Extramedullary tumors of the lumbar region include
nerve sheath tumors such as neurofibromas and schwan-
nomas (40%), meningiomas (40%), filum ependymoma
(15%), and dermoid and epidermoid tumors, among oth-
ers (2–7). Tumors in the lumbar spine are discussed in
detail in Chapters 81 and 82. In this chapter, we will
focus on posterior approaches to these intradural and
extradural tumors of the lumbar spine. 

INDICATIONS

As in any spine surgery, decompression of neural ele-
ments, correction of orthopedic deformity, and stabiliza-
tion of acute or glacial instability are the main goals of
the posterior approach (8). Posterior surgery is simple,
does not require specialized approach surgeons, and
allows for three-column stabilization with transpedicular
instrumentation in most cases. However, historically, the
posterior approach has been limited in terms of total
tumor resection simply due to the proclivity of tumors in
the anterior column.

Tumor surgery challenges the spine surgeon to develop
minimally invasive methods of neural decompression
without worsening the existing deformity and instability
brought on by the pathologic process. In the past, limita-
tions of three-column stabilization from anterior surgery
alone have necessitated two-stage operations. The 360°
operations are particularly significant in tumor surgery in

that excision of tumor naturally worsens a pathologic
deformity and contributes to the instability of the spine.
The anterior column is supported with graft or caging,
and supplementation with posterior instrumentation is
considered. To compound the issue, extensive tumor
involvement of multiple posterior spinal levels may be an
impediment for posterior fusion and instrumentation. The
least invasive and least destructive operation is often
ideal. The patient is often weakened from chemotherapy
and may have had radiosurgery, thus being a suboptimal
candidate for bony fusion. Anterior transperitoneal or
retroperitoneal approaches are not tolerated in some
patients, and the surgeon may consider transpedicular
approaches to the vertebral column instead. To summa-
rize, in the era of improved instrumentation, innovative
fusion material with minimally invasive interventional
drug and cement delivery systems and image-guidance,
the posterior approach may well afford simple circumfer-
ential decompression and stabilization in patients who are
unable to undergo long or multiple spine surgeries or can-
not tolerate anterior decompression. Although tumor
localization in the spine is predominantly in the anterior
column, more posterior-directed tumor surgeries go
beyond the simple palliative decompression and stabi-
lization in preference for aggressive decompression and
en bloc spondylectomy (9–11). 

The posterior approach is a well-established method
for decompression of neural elements involved by
intradural tumors, neural foraminal, and spinal bony
tumors that mainly involve the posterior column. A
translaminar approach with preservation of the facets is
sufficient for exposure to ependymomas, hemangioblas-
tomas, and dermoid or epidermoid tumors involving the
cauda equina and conus medullaris. 

A simple laminectomy can be extended with facetec-
tomy and a transpedicular approach to access the poste-
rior vertebral column with decompression of the ipsilat-
eral anterior extradural space and associated nerve root.
En bloc tumor resections or limited posterior debulking
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can be accomplished by experienced surgeons from the
posterior approach alone for metastatic tumor. Hemi-
laminectomy with facetectomy allows visualization of the
neural foramen and the exiting nerve root in the case of a
nerve sheath tumor. Posterior fusion and instrumentation
follows in the standard manner. Fluoroscopic-, endo-
scopic-, or navigation-guided delivery of cement, methyl-
methacrylate, or fusion protein substances (e.g., bone
morphogenic protein) may replace the need for some
anterior instrumentation surgeries in the future (12–23).

PREOPERATIVE ASSESSMENT

Minimizing Blood Loss—Erythropoietin and
Preoperative Embolization

Patients with malignant tumors frequently present with
malnutrition, anorexia, and anemia. Certain patients have
already undergone radiation to the tumor bed or
chemotherapy. They are in a state of iatrogenic immuno-
compromise, leukopenia, coagulopathy, and anemia. Pre-
operative autologous blood donation of 3 units of whole
blood may not be possible in these patients. Cell-saver is
not optimal in patients with tumor. Lee et al. studied the
minimal effective dosage of recombinant human erythro-
poietin for posterior decompression and instrumentation
of the lumbar spine. In a prospective randomized clinical
trial of n = 45, 50 units per kilogram of recombinant
human erythropoietin facilitated the build-up of a patient
preoperative hematocrit and enabled preoperative autolo-
gous blood donation (24).

The goal of preoperative embolization is for reduction
of blood loss in patients undergoing surgery for hyper-
vascular spinal tumors (25,26). Prabhu et al. evaluated 51
patients with magnetic resonance (MR) imaging and
angiography. MR imaging had a supportive role in pre-
dicting the vascularity of a majority of the tumors stud-
ied, and arterial embolization was precluded in patients
who shared a vascular pedicle between a radiculo-
medullary artery and the tumor (p = .02) (27). 

The main predictor of successful preoperative
embolization to minimize operative blood loss is not
imaging but the tumor pathology itself. Tumors fre-
quently benefiting from preoperative embolization
include renal cell carcinoma (11,27,28), aneurysmal bone
cyst (29), chordoma (30), hemangiopericytomas (31),
multiple myeloma (11), bony sarcoma (11), neuroecto-
dermal tumors, pheochromocytomas, and hepatocellular
carcinoma (11). 

Computer-Assisted Navigation

A disadvantage of traditional tumor surgery is that the
extension of the tumor is not accurately determinable
intraoperatively. The surgeon is often limited in the extent
of neural decompression and hemilaminectomy due to

concern for overall spinal stability and unknown exten-
sion of tumor into the canal, conus medullaris, and soft
tissue structures. Additionally, tumor involvement of the
posterior column may impede intraoperative identifica-
tion of essential anatomy. Tumor margins are often diffi-
cult to appreciate intraoperatively and the extent of resec-
tion becomes clear only in a delayed fashion with
postoperative imaging (32). Posterior instrumentation for
stabilization is complicated when landmarks become
unclear secondary to tumor erosion, iatrogenic debulking
or prior surgery (33–36). Prior application of bone
cement, in particular, renders the re-do open surgery
extremely difficult (34). Addressing the frustrations of
the aforementioned points, navigation with computer-
assistance versus intraoperative real-time imaging may
allow for improved resection of tumor and safer applica-
tion of instrumentation (10). 

Computer-assisted tomography or MR navigation has
received mixed reviews, namely for its cumbersome pre-
operative planning and intraoperative real-time inaccura-
cies compared to preoperative imaging. Accuracy of
computer-assisted navigation depends on (a) how mobile
the spine segments are in relation to the other, (b) the
number of registration points available, and (c) size of the
target desired, be it pedicle or tumor (37,38). The pres-
ence of a fusion mass impedes conventional intraopera-
tive assessment but can aid computer-assisted navigation
by limiting local motion (33,34). Austin et al. studied
seven embalmed cadaveric spines. The posterior elements
of four spines were covered with bone cement. Pedicle
screw placement by standard laminoforaminotomy alone
resulted in an overall pedicle breach rate of 21.43% in the
spines with fusion mass compared to pedicle breach rates
of 6% to 10% using standard fluoroscopy. No pedicle
breaches were noted in the navigation-guided pedicle
insertions in the spines with fusion masses (34). The mul-
tifaceted morphology of the posterior column renders
itself to increased navigational accuracy compared to the
anterior column. 

Buchowski et al. studied 26 pedicle and 8 lateral mass
screws in human cadavers using two registration tech-
niques. The trajectory accuracy was 2.5 1.0 mm and 2
degrees from T12 to L5. In this study, only the posterior
column could be accurately registered, and there was a
discrepancy of accuracy at the cervicothoracic and thora-
columbar junction (39). The use of virtual fluoroscopy
offers several advantages over conventional fluoroscopy
as well. While maintaining a mean trajectory difference
of 2.7° ± 0.6° and a mean probe tip error of less than 1
mm, virtual fluoroscopic navigation marries the benefits
of real-time fluoroscopy with those of computer-assis-
tance (35,40).

Clearly, there are limitations that override the benefits
with the current computer-assisted navigation systems.
Still in its infancy, the future navigation systems will
facilitate midlumbar posterior tumor resection and fusion
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surgeries. Caution with computer-assistance is advocated
in the highly unstable spine and at junctions of the spine. 

Real-Time Navigation

Intraoperative computed tomography (CT) holds great
promise for tumor resection and instrumentation with
greater accuracy than current intraoperative fluoroscopy
alone (35,41). Holly and Foley evaluated the use of
isocentric, three-dimensional, C-arm fluoroscopic-
guided percutaneous placement of thoracic and lumbar
pedicle screws in three cadaveric specimens. They had no
pedicle breaches in the lumbar spine and an 8% breach
rate of the thoracic spine confirmed by CT (42). Experi-
ence at our institution comparing thin-slice CT with the
same device confirms that the isocentric three-dimen-
sional C-arm has more of an increased sensitivity to pedi-
cle breaches than conventional CT (in submission).

Real-time intraoperative CT and MR imaging facilitate
complete tumor resection, particularly if the tumor is
contrast-enhancing. Whereas a low Tesla intraoperative
magnet may be suboptimal for low-enhancing tumors
such as low-grade gliomas, gadolinium-enhanced MR
imaging is the study for choice during resection of a
dumbbell schwannoma at the neural foramen. Though
still experimental, phosphorus MR spectroscopic analysis
of spinal tumors may replace gadolinium dependence in
the future (43). Intraoperative imaging eliminates the
anterior dural space blind spot when the transpedicular
approach is used for extradural circumferential tumor
resection such as in anterior meningiomas and metas-
tases. Intraoperative navigation facilitates the delivery of
chemotherapy or bone substitution agents to the anterior
column in the case of pathologic fracture from a posterior
approach, be it transpedicular or percutaneous (12–23).

An example of the fusion properties of osteogenic pro-
tein 1 (OP-1) is seen in the work of Grauer et al. These
researchers performed single-level, intertransverse process
lumbar fusion in rabbits and assessed for fusion by biome-
chanics and palpation at 5 weeks postoperatively. Experi-
mental arms were divided into those who underwent car-
rier-alone fusion and carrier-plus–OP-1 fusion. Whereas
only five of eight rabbits in the carrier-alone arm evidenced
fusion, all eight rabbits in the carrier-plus–OP-1 group
demonstrated stable fusion. There was statistically signifi-
cant loss of multidirectional movement, including flexion,
in the carrier-plus–OP-1 group compared to the carrier-
alone group. Although fusion rates of OP-1 determined by
manual palpation were not significant from autograft fusion
rates, biomechanical testing demonstrated OP-1 fusion to
be more stable than the time-matched autograft fusion (17).
Quicker and stronger fusion through a minimally invasive
corridor is precisely the goal in tumor debulking and recon-
structive surgery.

Disadvantages of the intraoperative MR imaging for
the spine includes a severe limitation in instrumentation

and tools that are MR-compatible, the current lack of
availability of high Tesla systems, the price of open MR
imaging and its continued need for maintenance, and the
restriction of the open MR imaging space (44).

In an ever-growing market of navigational and intraop-
erative imaging techniques, the patient with difficult
anatomy, especially re-do spine cases, will benefit from
image guidance.

Neurophysiologic Monitoring

The goal of intraoperative nerve root monitoring on the
lumbosacral spine is to minimize risk to the cauda equina
during intradural tumor resection (e.g., ependymoma)
and to reduce risk of misplaced pedicle screws. Nerve
root injury has been reported to occur in as many as 11%
to 15% of operations (45). The goal of intraoperative so-
matosensory evoked potentials (SEPs), spontaneous elec-
tromyographic (EMG) activity, and compound muscle
action potential monitoring are to allow for early warning
of injury to the cauda equina, spinal cord, and individual
nerve roots so that the surgeon is able to correct the issue
immediately. Balzer et al. studied 44 patients who under-
went lumbosacral spinal decompression and instrumenta-
tion for degeneration, trauma, and tumor. Baseline per-
oneal and tibial SEPs were taken. Quadriceps and biceps
femoris, gastrocnemius, and anterior tibialis muscle
groups were recorded for spontaneous EMG. Intraopera-
tive pedicle, pedicle screw, and nerve root stimulation
were recorded during instrumentation. Most helpful was
EMG recording that became aberrant in cases and
required decompression of nerve root or redirection of
instrumentation. Simultaneous SEP recordings were
“falsely negative” as expected (45). In a separate study,
Heyde et al. used intraoperative EMG stimulation of 334
implanted pedicle screws which led to corrected redirec-
tion of 3.9% of screws (46). 

In the setting of lumbosacral tumor resection, EMG
monitoring coupled with nerve root stimulation provides
ideal monitoring during surgery. Nerve root monitoring
and bladder sphincter monitoring is frequently helpful
when débriding a conus myxopapillary ependymoma or
tethered cord with dermoid tumor. Nerve root monitoring
can provide an early warning of pedicle breach during
instrumentation, although its sensitivity and specificity
are yet to be clarified (47).

THE POSTERIOR APPROACH

Standard Laminectomy Approach to Intradural
Lesion

The patient is brought to the operating room and intu-
bated in the supine position. EMG and SEP monitoring,
including placement of a bladder sphincter monitor
around the Foley catheter, occurs during this period. Arte-
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rial line access and central access, if needed, are estab-
lished. The patient is then placed on a radiolucent table in
the prone position with adequate gel protection of the
head and gel-rolls on the chest and iliac pressure points.
The arms are placed at right angles to arrest retraction of
the brachial plexus. The knees are padded and the leg and
feet elevated with appropriate pillows. Leg squeezers are
placed for deep venous thrombosis prophylaxis. The
abdomen is noted to be free of pressure as increased
intra-abdominal pressure will aggravate intraoperative
bleeding. Navigation equipment is placed in the appro-
priate positions, including real-time fluoroscopy as
needed. A preoperative pelvic X-ray may be taken to
ascertain the absence of tumor involvement of the pelvis
in case autograft from the iliac crest is required (Fig. 83-
1).

The sterile field is draped to include the medial 10 cm
of bilateral iliac crest and extended superiorly as needed
for the surgical approach. Frequently, an X-ray is taken
with a spinal needle to mark the correct levels of surgery
prior to complete field preparation and drape. In the case
of sacral chordomas, extensive field draping may be
needed in case of muscle flap or plastic reconstructive
surgery to follow the tumor debulking. 

A standard midline incision is placed and extended
down to the supraspinous ligament. The erector spinae
muscle is dissected away from the spinous process and
laminae. Care is taken not to disrupt the interspinous and
intraspinous ligaments during the subperiosteal dissec-
tion that is performed with Cobb retractors and monopo-
lar electrocautery. Care is also taken to expose only the
levels and structures needed, as additional ligamen-
tous/muscle disruption may add to future glacial instabil-
ity of the spine. 

The spinous process and interspinous ligaments of the
involved levels are removed with a double-action rongeur
or spinous process cutter (Fig. 83-2). The inferior portion
of the superior lamina is drilled down to a thin “eggshell”
using a high-speed drill. The remaining lamina is
removed with Kerrison rongeurs keeping above the liga-
mentum flavum as the ligamentum flavum at this level

will reduce the risk of inadvertent tearing of the dura.
Laminectomy is carried out superiorly and inferiorly
once the dura is visualized using the combination of high-
speed drilling and Kerrison rongeur technique. Ligamen-
tum flavum is removed with the rongeur to expose the
extradural space and dura. Laminectomy is carried out to
the laminar-facet border laterally and care is taken not to
disrupt the facet joints.

Alternatively, laminectomy may be performed using a
3- to 5-mm burr high-speed drill to drill out troughs or
gutters on both sides of the facet-laminar border (Fig. 83-
3). At this laminofacet junction, the outer cortical lamina
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FIG. 83-1. Illustration of the prone position for the
posterior approach to the spine. The patient is on
a radiolucent table. Ideally, the patient is intubated
with gel-foam protection of the face, gel-rolls on
the chest and the iliac crest pressure points, gel-
pads on the knees, and pillows around the ankles.
The arms are placed at right angles to minimize
retraction of the brachial plexus. The abdomen is
freed of pressure to minimize intraoperative bleed-
ing. Electromyographic and somatosensory
evoked potential recording devices are placed. A
fluoroscopic C-arm is placed under or over the
abdomen and included in the sterile field for real-
time navigation as needed.

Vertebra

Pickup

Spinous
processes

Rongeur

Muscle

Retractor

FIG. 83-2. Illustration of a standard approach to lumbar
laminectomy. The spinous processes of the involved levels
are removed with a spinous process cutter or double-action
rongeurs. Care is taken not to remove supraspinous, inter-
spinous ligaments of uninvolved levels to minimize injury to
the posterior tension band.



is drilled down, leaving a thin rim of bone to the point
where Kerrison rongeurs may be used to remove the inner
cortex, thereby separating the lamina from the facet com-
plex. The spinous process along with the associated inter-
spinous ligament is removed with a spinous process cut-
ter or double-action rongeur. Essentially, the lamina is
de-roofed from the epidural space (Fig. 83-4). In chil-
dren, the laminectomy may be performed en bloc along
with the intact spinous process and replaced after surgery
with small, absorbable bio-implant material. This lamino-
plasty method with bone cement, however, is most com-
mon in approaches to cervical intramedullary tumors
with concern for progressive kyphosis secondary to den-
ervation muscle atrophy in the posterior neck. 

Epidural bleeding is arrested with bipolar technique
and the use of gel-foam powder. Any remaining ligamen-
tum flavum and epidural fat is removed carefully with
Kerrison rongeurs. 

The microscope is introduced at this time and the dura
is sharply divided at the midline. In the case of a myx-
opapillary ependymoma, great care is taken to visualize
from the conus to the end of the dural sac. Each sleeve of
the dura is then gently retracted with several 4-0 stitches
to provide optimal visualization of the intradural con-

tents. Dural tears are repaired with 5-0 and 6-0 nonab-
sorbable stitches and fibrin glue. Short long cottonoids
provide for protection of nerve root elements during the
debulking of the tumor in question. Standard microneu-
rosurgical technique is followed at this time for tumor
debulking. In the case of ependymoma, gentle suction
may be sufficient to debulk the tumor from around the
nerve roots (Fig. 83-5). The filum terminale can be dif-
ferentiated from the rest of the nerve roots by intraopera-
tive nerve root stimulation and by the presence of the
artery of the filum terminale. 

In the case of meningioma, the dura may need to be
resected, in which case, bovine pericardium or other dura
substitutes are used to perform a duraplasty with a 4-0
nylon stitch. Fibrin glue is placed over the duraplasty
edges. 
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FIG. 83-3. Illustration of laminectomy of the lumbar spine.
The spinous processes have been removed along with the
associated interspinous ligaments. A high-speed drill is used
to decorticate the facet-laminar junction while taking great
care not to violate the facets. Once the troughs are drilled
down to a thin 9eggshell,9 they may be removed with Kerri-
son rongeurs.
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FIG. 83-4. Illustration of the spine postlaminectomy. The lig-
amentum flavum is removed and the borders of the lamina
are smoothed out with the Kerrison rongeur. Once again, the
facets are preserved. The dura is exposed.



The dura is closed in running non-interlocking fashion
with 4-0 nonabsorbable nylon. An intradural lumbar drain
is usually not necessary. Valsalva maneuver will detect
any unnoticed dural tears. The wound is irrigated and
closed in standard fashion.  

Approach to Nerve Sheath Tumors

Prior to approaching a nerve sheath tumor, exact
knowledge of the tumor’s pathology is helpful. Discus-
sion is held as to what the patient may want done if the
tumor is not a benign one or cannot be eggshelled out. In
malignant nerve sheath tumors or extensive neurofibro-
mas, the nerve root may need to be excised. Grafting of
the nerve root with sural nerve is an option as well. 

The combination of hemilaminectomy with limited
facet resection may be sufficient for exposure to the lat-
eral recess and neural foramen. A similar approach is
used for paramedian microdiscectomy. However, the
facet may need to be excised to afford better visualization
of the nerve root’s path. Discussing with the patient the
possibility of unilateral transpedicular screw insertion
with rod placement is recommended prior to surgery in
the case of a large neural foraminal tumor. 

The dissection is carried out with exposure of the trans-
verse process superiorly and, if needed, inferiorly. The sur-
gical window is centered with the neural foramen medially

and the pedicles and transverse processes as the superior
and inferior margins. In the case of a schwannoma, the
tumor can be debulked from the core outward with a com-
bination of bipolar and suction technique, or “shelled out”
with sharp dissectors. Retraction of the nerve root is best
minimized and we prefer the debulking from the core out-
ward. Depending on the degree of injury to the bony ele-
ments by approach and by the tumor, the surgeon decides
on the extent of stabilization instrumentation.

The Posterolateral Transpedicular Approach

The transpedicular approach is a powerful tool for the
treatment of lumbar spine tumors. Aggressive tumor
debulking versus limited decompressive laminectomy is
often debated and depends to an extent on the patient’s
life expectancy and comorbid condition. The posterolat-
eral transpedicular approach addresses the controversy of
aggressive debulking versus limited laminectomy in that
the added debulking can be accomplished in the same
procedure without excessively prolonged surgical time or
morbidity. 

Posterior approach vertebrectomy was first demon-
strated as early as 1922 by MacLennan, who performed
an apical resection from a posterior-only approach with
postoperative casting for severe scoliosis. Since then,
posterior approaches to the vertebral column have
become increasingly more popular (48,49). Posterior
approaches with aggressive decompression and stabiliza-
tion are now feasible with spondylectomy en bloc tumor
resection (9,50) or with the transpedicular posterolateral
approach (11,51–53). Some variations of the en bloc and
transpedicular techniques are addressed subsequently.

Through a bi-transpedicular approach with fine thread-
wire saws, en bloc vertebrectomy was achieved in 14
patients with malignant or benign vertebral tumors by
Abe et al. In this study, nerve roots had to be sacrificed in
7 cases with marginal surgical margin achieved in 10
cases. All 14 cases experienced pain relief and ambula-
tion in the immediate postoperative period, with recur-
rence of tumor in 3 cases at mean 3-year follow-up (9).
Bilsky et al. reported a promising 15-month follow-up in
25 patients who underwent a single-stage posterolateral
transpedicular approach for spondylectomy, epidural
decompression, and circumferential fusion for spinal
metastasis. Twelve of these patients had either circumfer-
ential or 270° epidural spinal cord compression. Fifteen
patients had cerebrospinal fluid (CSF) space obliteration
with cord compression. All patients underwent prone
position laminofacetectomy with transpedicular excision
of tumor. Spine reconstruction is initiated through fluo-
roscopy-guided placement of methylmethacrylate mixed
with tobramycin followed by segmental instrumentation
using pedicle screws or hooks as needed. Two patients
had progression of neurologic deterioration. Disadvan-
tages of these approaches include the possible need to
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nance imaging findings. Note the dura has been divided and
tacked up with 4-0 nylon. Nerve root monitoring and micro-
scope-guided dissection is recommended for this portion of
the surgery.



sacrifice the nerve root, the need for dura and nerve root
retraction (similar to microdiscectomy), the increased
risk to nerve root and dura injury through the use of the
osteotome or high-speed drill close to the dura, the need
for posterior stabilization instrumentation, and the need
for some sort of anterior stabilization from the posterior
approach (e.g., the methylmethacrylate injection dis-
cussed previously) (11). The transpedicular approach has
a blind spot roughly at the junction of the lateral recess
and anterior dural space. Navigation promises to elimi-
nate this blind spot in the future.

Posterolateral approach to decompression of nerve root
and neural elements of the symptomatic side can be sta-
bilized using a single diagonal fusion cage at the surgical
bed and supplemented with transpedicular screw and rod
instrumentation. A prospective 2-year analysis of 27
patients with degenerative spine disorders who under-
went unilateral posterolateral interbody fusion (PLIF)
using one diagonal fusion cage PLIF demonstrated radi-
ographic fusion in 25 patients at 1 year (54). Fusion rates
will likely be less in patients with malignant tumors,
especially those patients undergoing radiation therapy.
Novel alternatives, such as the titanium alloy screws con-
nected by elastic synthetic compounds, remain to be bet-
ter tested prior to standard use (55).

Technique

Depending on the location of the tumor, either a bilat-
eral transpedicular or a unilateral transpedicular approach
is considered. In the thoracic spine, a bilateral approach
is frequently necessary for posterior vertebral column
resection (56) but a unilateral approach may be sufficient
in the lumbar spine (11). The transpedicular approach for
removal of a unilateral versus bilateral pedicle and poste-
rior vertebral column mass is a destabilizing procedure.
Above and below segment instrumentation is recom-
mended with anterior column grafting. 

A standard laminectomy is performed over the area of
tumor involvement and over the segmental areas that are
to be instrumented. The facets of all areas to be fused are
removed with double-action rongeurs, and, with the high-
speed drill, insertion sites for pedicle screws are prepared
with decortication. Decortication is continued at the
transverse process and surrounding laminar areas. Dis-
cectomy may be performed using sharp dissection of the
disc followed by pituitary rongeurs to remove the disc
and to prepare the end plate with curettage in the standard
fashion for interbody fusion. Pedicle screws are then
inserted in all pedicles except for the pedicles that are to
be subtracted for the approach. The pedicle that is to be
drilled down is identified and the nerve roots beneath it
and above it are visualized clearly. For visualization pur-
poses, hemostasis is meticulous with gel-foam powder
and microscope- or loupe-resolution is recommended.
Using a 3-mm high-speed drill, the center of the pedicle

is drilled down at the angle similar to pedicle screw
placement, and the pedicle is eggshelled to the level of
the posterior vertebral body (Fig. 83-6). The outer edges
(“shells”) of the pedicle are removed with small rongeurs.
A trough is then created in the posterior vertebral body
using the high-speed drill followed by thin osteotomes. At
this point, the pedicle will have been removed, exposing
a one-inch gap between the two nerve roots. With small
osteotomes, the end plate is prepared along with further
resection of the posterior body. Real-time fluoroscopy is
used to delineate the depth of resection and the nerve
roots are carefully spared. The corridor is limited by the
dura medially, the nerve roots superiorly and inferiorly,
and the anterior longitudinal ligament ventrally. The lat-
eral borders are protected by the fasciae of the psoas and
quadratus lumborum muscles. This fascia continues as
the transversalis fascia of the abdomen. It is worthwhile
to remember that the lumbar plexus resides within the
psoas muscle and the psoas muscle and fascia are pre-
served as much as possible as they hug the vertebral
body. 

The removal of the pedicle and facet joint enable a 30°
corridor of visualization compared to a simple laminec-
tomy (Fig. 83-7A,B). With bilateral pedicle take down,
the visualization of the posterior body is almost com-
plete, except for a small piece directly anterior to the
dural sac. Down-going Epstein curettes are used to stomp
down any small bony or tumor elements compressing the
anterior dura. Depending on the extent of the posterior
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the pedicle finder is roughly the bone subtraction desired for
access to the posterior vertebral column.



column resection, methylmethacrylate may be used or
stackable cages may be placed one on top of the other to
complete the anterior column stabilization. Rods are
placed in the pedicle screws and placed in compression.
The remaining areas are prepared for fusion with decor-
tication. Bone graft is placed in the standard manner, fol-
lowed by closure. 

COMPLICATIONS

The most common complications following posterior
lumbar surgery are wound infections, CSF leak, nerve
root injury, and destabilization of the spine. Infections
and failed surgery are discussed elsewhere (Chapters 80
and 91, respectively). Wound infections are exceptionally
high in patients who are on steroids postirradiation for
malignant tumors. Patients should be weaned off steroids
as soon as possible. Optimal glucose control and nutrition
are important. A patient with spinal headaches in the
postoperative period may benefit from 48 hours of flat
bed rest. Should there be a CSF leak from the wound,
organism-directed antibiotics and placement of a lumbar
drain for 3 to 4 days while the leak heals is recommended.
The drain is set to remove 10 cc an hour and is clamped
on the last day while the patient is mobilized and assessed
for CSF leak. Blood or fibrin patch are alternatives to
treatment of CSF leak. 

REFERENCES

1. Sloof JL, Kernohan JW, MacCarthy CS. Primary intramedullary
tumors of the spinal cord and filum terminale. Philadelphia: WB Saun-
ders, 1964.

2. McCormick PC. The lateral extracavitary approach to the thoracic and
lumbar spine. In: Holtman RRN, McCormick PC, Farcy JPC, eds.
Spinal instability. New York: Springer-Verlag, 1993:335–348.

3. McCormick PC. Anatomic principles of intradural surgery. Clin Neu-
rosurg 1994;41:204–223.

4. McCormick PC, Post KD, Stein BM. Intradural extramedullary tumors
in adults. Neurosurg Clin North Am 1990;1:591–608.

5. McCormick PC, Torres R, Post KD, et al. Intramedullary ependymoma
of the spinal cord. J Neurosurg 1990;72:523–533.

6. McCormick PC, Stein BM. Intramedullary tumors in adults. Neurosurg
Clin North Am 1990;1:609–630.

7. McCormick PC, Stein BM. Miscellaneous intradural pathology. Neu-
rosurg Clin North Am 1990;1:687–700.

8. White AA, Panjabi MM. Clinical biomechanics of the spine, 2nd ed.
Philadelphia: Lippincott, 1990:30–342.

9. Abe E, Kobayashi T, Murai H, et al. Total spondylectomy for primary
malignant, aggressive benign, and solitary metastatic bone tumors of
the thoracolumbar spine. J Spinal Disord 2001;14 (3):237–146.

10. Arand M, Hartwig E, Kinzl L, et al. Spinal navigation in tumor surgery
of the thoracic spine: first clinical results. Clin Orthop Rel Res 2002;1
(399):211–218.

11. Bilsky MH, Boland P, Lis E, et al. Single-stage posterolateral
transpedicle approach for spondylectomy, epidural decompression, and
circumferential fusion of spinal metastases. Spine 2000;25(17):
2240–2250.

12. Blattert TR, Delling G, Dalal PS, et al. Successful transpedicular lum-
bar interbody fusion by means of a composite of osteogenic protein-1
(rhBMP 7) and hydroxyapatite carrier: a comparison with autograft
and hydroxyapatite in the sheep spine. Spine 2002 27(23):2697–2705.

13. Boden SD, Martin GJ, Horton WC, et al. Laparoscopic anterior spinal
arthrodesis with rhBMP-2 in a titanium interbody threaded cage. J
Spinal Disord 1998;11:95–101.

14. Boden SD, Martin GJ, Morone M, et al. The use of coralline hydroxy-
apatite with bone marrow, autogenous bone graft, or osteoinductive
bone protein extract for posterolateral lumbar spine fusion. Spine 1999;
24:320—327.

15. Cook SD, Dalton JE, Tan EH, et al. In vivo evaluation of recombinant
human osteogenic protein (rhOP-1) implants as a bone graft substitute
for spinal fusions. Spine 1994;19:1655–1663.

16. Cunningham BW, Kanayama M, Parker LM, et al. Osteogenic protein
versus autologous interbody arthrodesis in the sheep thoracic spine: a
comparative endoscopic study using the Bagby and Kuslich interbody
fusion device. Spine 1999;24:509–518.

17. Grauer JN, Patel TC, Erulkar JS, et al. Evaluation of OP-1 as a graft
substitute for intertransverse process lumbar fusion. Spine 26;2001(2):
237–133.

18. Hect BP, Fishgrund JS, Herkowitz HN, et al. The use of recombinant
human bone morphogenic protein 2 (rh BMP-2) to promote spinal
fusion in a nonhuman primate anterior interbody fusion model. Spine
1999;24:629–636.

810 / SECTION V/SPECIFIC CLINICAL ENTITIES

Tumor

Electric
cautery

Pickups

FIG. 83-7. Illustration of tumor involved in the lumbar
spine. A: The tumor involves mostly the posterior vertebral
column and pedicle of a thoracic vertebra. By taking down
the transverse process, the rib head, and pedicle, an addi-
tional 30° of visualization of the anterior column is
achieved compared to laminectomy alone. B: The tumor
involves mainly the lamina and part of the facet at one
side. A limited laminectomy with possible facetectomy
may be sufficient for debulking of this tumor.

Sharp
spoon
curette

Spinous
process

A

B



19. Helm GA, Sheehan JM, Sheehan JP, et al. Utilization of type I collagen
gel, demineralized bone matrix, and bone morphogenic protein-2 to
enhance autologous bone lumbar spinal fusion. J Neurosurg 1997;86:
93–100.

20. Magin MN, Delling G. Improved lumbar vertebral interbody fusion
using rhOP-1: a comparison of autogenous bone graft, bovine hydroxy-
apatite (Bio-Oss), and bMP-7 (RhOP-1) in sheep. Spine 2001;26:
469–478.

21. Minamide A, Kawakami M, Hashizume H, et al. Evaluation of carriers
of bone morphogenic protein for spinal fusion. Spine 2001;26:
933–939.

22. Minamide A, Tamaki T, Kawakami M, et al. Experimental spinal fusion
using sintered bovine bone coated with type I collagen and recombi-
nant human bone morphogenetic protein-2. Spine 1999;24:1863–1872.

23. Sandhu HS, Kanim LEA, Toth JM, et al. Experimental spinal fusion
with recombinant human bone morphogenetic protein-2 without decor-
tication of osseous elements. Spine 1997;22:1171–1180.

24. Lee JH, Lee SH, Oh JH. Minimal effective dosage of recombinant
human erythropoietin in spinal surgery. Clin Orthop Rel Res 2003;412:
71–76.

25. Chiras J, Cognard C, Rose M, et al. Percutaneous injection of an alco-
holic embolizing emulsion as an alternative preoperative embolization
for spine tumor. AJNR 1993;14(5):1113–1117.

26. Shi H, Jin Z, Suh DC, et al. Preoperative transarterial embolization of
hypervascular vertebral tumor with permanent particles. Chinese Med
J 2002;115(11):1683–1686.

27. Prabhu VC, Bilsky MH, Jambhekar K, et al. Results of preoperative
embolization for metastatic spinal neoplasms. J Neurosurg 2003;98[2
Suppl]:156–164.

28. Jackson RJ, Loh SC, Gokaslan ZL. Metastatic renal cell carcinoma of
the spine: surgical treatment and results. J Neurosurg 2001;94[1
Suppl]:18–24.

29. Dekeuwer P, Odent T, Cadillac C, et al. Aneurysmal bone cyst of the
spine in children: a 9 year follow-up of 7 cases and review of the liter-
ature. Revue de Chirurgie Orthopedique et Reparatrice de 1 Appareil
Moteur 2003;89 (2):97–106.

30. Winant D, Bertal A, Hennequin L, et al. Imaging of cervical and tho-
racic chordoma. J Radiologie 1992;73(3):169–174.

31. Muraszko KM, Antunes JL, Hilal SK, et al. Hemangiopericytoma of
the spine. Neurosurgery 1982;10(4):473–479.

32. Bauer HC. Posterior decompression and stabilization for spinal metas-
tasis. Analysis of sixty-seven consecutive patients. J Bone Joint Surg
1997;79A:514–522.

33. Amiot L, Lang K, Putzier M, et al. Comparative results between con-
ventional and computer-assisted pedicle screw installation in the tho-
racic, lumbar, sacral spine. Spine 2000;25:606–614.

34. Austin MS, Vaccaro AR, Brislin B, et al. Image-guided spine surgery: a
cadaveric study comparing conventional open laminoforaminotomy and
two image-guided techniques for pedicle screw placement in postero-lat-
eral fusion and nonfusion models. Spine 2002;27(22):2503–2508.

35. Foley KT, Simon DA, Rampersaud YR. Virtual fluoroscopy: computer-
assisted fluoroscopic navigation. Spine 2001;26:347–351.

36. Glossop ND, Hu RW, Randle JA. Computer-aided pedicle screw place-
ment using frameless stereotaxis. Spine 1996;21:2026–2034.

37. Laine T, Schlenzka D, Makitalo K, et al. Improved accuracy of pedicle
screw insertion with computer-assisted surgery. Spine 1997;22:
1254–1258.

38. Rampersaud YR, Simon DA, Foley KT. Accuracy requirements for
image-guided spinal pedicle screw placement. Spine 2001;26:
352–359.

39. Buchowski JM, Helm PA, Huckell CB, et al. Evaluation of registration
methods used in frameless stereotactic surgery for the lumbar and cer-
vical regions of the spine. Am J Orthop 2003;32(2):90 –97, discussion
97.

40. Foley KT, Smith MM. Image-guided spine surgery. Neurosurg Clin
North Am 1996;7:171–186.

41. Ebmeier K, Giest K, Kalff R. Intraoperative computerized tomography
for improved accuracy of spinal navigation in pedicle screw placement
of the thoracic spine. Acta Neurochir [Suppl] 2003;85:105–113.

42. Holly LT, Foley KT. Three dimensional fluoroscopy-guided percuta-
neous thoracolumbar pedicle screw placement. Technical note. J Neu-
rosurg 2003;99[3 Suppl]:324–329.

43. Sijens PE, Van Den Bent MJ, Ouderk M. Phosphorus-31 chemical shift
imaging of metastatic tumors located in the spinal region. Invest Radiol
1997;32(6):344–350.

44. Verheyden P, Katscher S, Schulz T, et al. Open MR imaging in spine
surgery: experimental investigations and first clinical experience. Eur
Spine J 1999;8(5):346–353.

45. Balzer JR, Rose R, Welch WC, et al. Simultaneous somatosensory
evoked potential and electromyographic recordings during lumbosacral
decompression and instrumentation. Neurosurgery 1998;42(6):
1318–1324.

46. Heyde CE, Bohm H, el-Saghir H, et al. First experience of intraopera-
tive nerve root monitoring with the INS-1 device on the lumbosacral
spine. Zeitschrift fur Orthopadie und Ihre Grenzgebiete 2003;141(1):
79–85.

47. Weiss DS. Spinal cord and nerve root monitoring during surgical treat-
ment of lumbar stenosis. Clin Orthop Rel Res 2001;1(384):82–100.

48. Heinig CF, Boyd BM. One stage vertebrectomy or egg-shell procedure.
Orthop Trans 1985;9:130.

49. Murray DB, Brigham CD, Kiebzak GM, et al. Transpedicular decom-
pression and pedicle subtraction osteotomy (eggshell procedure): a ret-
rospective review of 59 patients. Spine 2002;27(21):2338–2345.

50. Boriani S, Biagini R, DeFure F, et al. Resection surgery in the treat-
ment of vertebral tumors. Chir Organi Mov 1998;1–2:53–64.

51. Bridwell K, Jenny A, Sault T, et al. Posterior segmental spinal instru-
mentation with posterolateral decompression and debulking for
metastatic thoracic and lumbar spine disease: limitation and technique.
Spine 1998;13:1383–1394.

52. Cahill DW, Kumar R. Palliative subtotal vertebrectomy with anterior
and posterior reconstruction via single posterior approach. J Neurosurg
(Spine 1) 1999;90:42–47.

53. Gambardella G, Gervasio O, Zaccone C. Approaches and surgical
results in the treatment of ventral thoracic meningiomas. Review of our
experience with a postero-lateral combined transpedicular-transarticu-
lar approach. Acta Neurochir 2003;145(5):385–392.

54. Zhao J, Hou T, Wang X, et al. Posterior lumbar interbody fusion using
one diagonal fusion cage with transpedicular screw/rod fixation. Eur
Spine J 12 2003;(2):173–177.

55. Stoll TM, Dubois G, Schwarzenbach O. The dynamic neutralization
system for the spine: a multi-center study of a novel fusion system. Eur
Spine J 2002;11[Suppl 2]:S170–178.

56. Suk SI, Kim JH, Kim WJ, et al. Posterior vertebral column resection for
severe spinal deformities. Spine 2002;27(21):2374–2382.

CHAPTER 83/LUMBAR SPINE TUMORS: POSTERIOR APPROACH / 811



CHAPTER 84

Anterior Procedures

Mark A. Knaub, Douglas S. Won, and Harry N. Herkowitz

812

Neoplastic lesions of the spine may arise from local
lesions arising from within the spinal column or sur-
rounding structures or from spread of distant malignan-
cies through hematogenous or lymphatic routes. Local
involvement of the spine may result from primary tumors
of bone, lesions originating from the neural elements or
their coverings, or by direct extension of tumors arising in
the paraspinal soft tissues. Metastatic disease to the spine
may occur with nearly any solid tumor of the body, with
osseous malignancies of the appendicular skeleton, and
with lymphoreticular malignancies such as lymphoma
and multiple myeloma. The likely diagnosis for any given
lesion depends greatly on patient characteristics as well
as the location and radiographic appearance of the lesion
on imaging studies. Given this information, a physician
should be able to generate a reasonable differential diag-
nosis which will assist in the formulation of a plan for
further evaluation and for eventual treatment.

Advances in systemic treatment modalities have
increased the life expectancy of patients with malignan-
cies. As a result, the surgical treatment of spinal tumors
in these patients has become more common in an attempt
to improve their quality of life. The goals of such surgical
procedures are to improve the patient’s quality of life and
to minimize the morbidity and mortality associated with
the surgery. Indications for surgical intervention vary
depending upon the general health of the patient, the
tumor type, and previous treatment rendered. General
surgical indications include: (a) an isolated primary or
solitary metastatic lesion or a solitary relapse in which
the goal of treatment is to cure the patient; (b) pathologic
fracture producing neurologic deficit or pain; (c) neuro-
logic deficit arising from direct expansion of the tumor;
(d) a tumor that is resistant to the radiation therapy; and
(e) segmental instability secondary to bony destruction
(1–6). These recommendations assume that the patient is
medically stable enough to tolerate an invasive, lengthy
surgical procedure and that the expected survival is mea-
sured in months or years, not weeks.

Specific goals of surgical intervention in a patient with
a spinal tumor are to decompress the neural elements, to
provide stability in the setting of preexisting instability or
impending pathologic or iatrogenic instability, to decrease
or alleviate pain, and in some circumstances to completely
excise the tumor. Surgical approaches can be divided into
those that provide access to the thecal sac anteriorly (ver-
tebrectomy), posteriorly (laminectomy), laterally (costo-
transversectomy or posterolateral approach), and com-
bined anterior and posterior access. The choice of surgical
approach depends upon the location and extent of neural
element compromise, the number of vertebral levels
involved, the exact region of the spine affected, the pres-
ence of or potential development of spinal instability, and
the patient’s general medical condition. 

The focus of this chapter will be on the anterior
approach to tumors in the lumbar spine. Posterior proce-
dures and combined anterior and posterior procedures are
covered in detail in other chapters in this book. A brief
discussion on the specific surgical indications for an
anterior approach will be followed by a description of
surgical techniques. A section dealing with the use of
anterior instrumentation and various graft options is
included to highlight these controversial topics. Finally,
complications and results of anterior approaches for lum-
bar spine tumors are discussed.

PATIENT EVALUATION

Both primary and malignant tumors can be found in all
age groups and at all levels throughout the spine.
Metastatic lesions account for a vast majority of all spinal
neoplasms and are found more frequently in the thoracic
and thoracolumbar spine. These metastatic foci are found
most frequently in the vertebral body (7). The etiology of
this phenomenon is believed to be related to the vascular
supply of the spine, namely the vertebral venous system
or the Batson plexus (8). Primary spinal tumors are most
commonly found in the thoracic and sacral regions (9).



Primary lesions arising from the posterior elements of the
vertebral body are more likely to be benign while those
originating in the vertebral body are likely malignant.

The most common presenting complaint of patients
with spinal cord neoplasms is pain. More than 75% of all
patients diagnosed with a spinal tumor present with back
pain, radicular pain, or a combination of both. Fewer than
10% of patients present with isolated motor weakness. Of
those who present with back pain, about 50% are also
found to have weakness on exam. Pain at night is a com-
mon presenting symptom. It is frequently continuous and
unrelenting in character. There tends not to be an associ-
ation with activity as there is with mechanical back pain.
When radicular symptoms are present they too tend to be
progressive and unrelenting in nature. They are typically
not relieved by recumbency or rest as is typical with a
disc herniation. Structural deformities may also be asso-
ciated with spinal neoplasms. Osteoid osteoma and
osteoblastoma have been associated with painful scolio-
sis. The onset and progression of the deformity may be
rapid in this situation (10). Deformities associated with
neoplasms are usually flexible and easily correctible if
treated early but may become rigid and structural if
neglected (11). 

An algorithmic approach should be used when evaluat-
ing a patient with a spinal tumor. A sample algorithm is
presented in Figure 84-1. The urgency of this evaluation
depends largely on the neurologic status of the patient.
After a thorough history and physical examination, initial

imaging should consist of high-quality plain radiographs.
Lateral and anteroposterior images of the symptomatic
segment are many times sufficient to identify the charac-
teristics of the lesion such as tumor growth and bony
destruction. Computed tomography (CT) may be used
when suspicion is high and initial radiographs are nega-
tive or equivocal. Assessing the amount of actual bony
destruction is also best accomplished with CT scans and
may be enhanced with the addition of sagittal, coronal, or
three-dimensional reconstructions. Bone scans may also
be used to evaluate the patient in whom suspicion is high
and initial radiographs are normal. Nuclear imaging is
also helpful in identifying any skip lesions within the
spine and sites of distant metastasis. Magnetic resonance
imaging (MRI) has replaced myelography as the “gold
standard” for evaluation of epidural metastasis and neural
compromise. MRI is noninvasive, safe, and readily avail-
able at nearly all centers. It provides greater contrast for
soft-tissue evaluation and allows for direct evaluation of
the neural structures. Direct tumor extension into the
spinal canal and the paravertebral soft tissues can be visu-
alized. Multiplanar images produced by MRI are of supe-
rior quality when compared to reconstructions obtained
with CT scanning. Identification of multilevel involve-
ment is also possible secondary to the ease of imaging the
entire spinal column as well as the sensitivity of MRI at
detection of spinal tumors.

Additional evaluation of these patients should include
laboratory analysis of blood and urine. Further imaging
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FIG. 84-1. An algorithm for the evaluation and management of a patient with a suspected spinal col-
umn neoplasm.



of the chest, abdomen, pelvis, and skeletal system should
be performed to assess for other foci of disease or for a
primary lesion when one is suspected. The exact nature of
the neoplasm must be determined prior to the formulation
of a treatment plan. A vertebral body lesion in an older
patient with a history of malignancy is likely to be
metastatic disease. Tumors in younger patients or those
with no known history of malignancy may require a tis-
sue specimen for diagnosis and subsequent treatment. A
discussion pertaining to the method of obtaining a tissue
sample for pathologic diagnosis is beyond the scope of
this chapter. If an incisional biopsy is performed, strict
adherence to the principles of oncologic surgery is a
necessity.

SURGICAL INDICATIONS FOR THE ANTERIOR
APPROACH

A multidisciplinary effort during the evaluation
process will allow for a more global understanding of the
ramifications of the patient’s disease. The decision to pro-
ceed with surgical intervention in these patients should be
made only after thorough evaluation of the patient’s life
expectancy, medical condition, and quality of life before
and after any proposed surgical treatment.

When the diagnosis of a primary neoplasm of bone has
been made or is suspected from the evaluation, the verte-
bral body can be divided into four anatomic zones for
surgical planning. Tumor extension is designated as
intraosseous, extraosseous, and distant tumor spread (12).
A graph illustration of this anatomic staging system can
be seen in Figure 84-2. Surgical planning not only
requires attention to the bony involvement of the verte-
bral body but also the involvement or extension of the
tumor into the surrounding vital structures. Involvement
of the spinal cord, aorta, or vena cava likely renders the
tumor unresectable. 

Obtaining the widest surgical margin possible is essen-
tial in malignant and most aggressive benign tumors. The
location of the lesion within the vertebral body as well as
the extent of soft tissue extension determines the feasibil-
ity of wide surgical excision. Wide excision of B-type
lesions in the lumbosacral regions may render the patient
with a significant neurologic deficit. Lesions in zone I
are best approached posteriorly. Lesions in zone II must
be approached posterolaterally (13). Lesions in zone IV
often require combined anterior and posterior surgical
approaches. These scenarios are discussed in detail in
other chapters in this text.

Lesions in zone III should be approached anteriorly.
Tumors confined to a single vertebral body (type A) can
be adequately resected throughout the lumbar spine.
Careful scrutiny of type B lesions must be performed pre-
operatively to assess for invasion into vital surrounding
soft-tissue structures. Segmental instability created by
removal of large portions of a vertebral body should be
addressed with structural bone grafting. The addition of
anterior instrumentation may afford sufficient stability to
avoid a posterior instrumented fusion. Lesions that
require the resection of the fifth lumbar vertebral body
are not amenable to an anterior approach alone. While
difficult, resection of the vertebral body is feasible, but
the addition of instrumentation is nearly impossible sec-
ondary to the fact that caudal fixation must be obtained
in the anterior portion of the sacrum. Fixation methods
available currently are not suited for placement into the
anterior sacrum and any instrumentation in this region is
dangerous secondary to the proximity to the great ves-
sels. A more thorough discussion on the use of structural
grafts and anterior instrumentation in the lumbar spine is
included later in this chapter.

Metastatic lesions occurring in the spine are most often
found within the vertebral body. As a result, most
epidural compression stemming from metastatic tumors
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FIG. 84-2. An anatomic staging system for spinal tumors. The location of the tumor within the body is
described relative to zones I through IV. Extension of the tumor is described as intraosseous (A),
extraosseous (B), or distant metastatic disease (C). (From McClain R. Spinal neoplasms. In: An HS,
ed. Principles and techniques of spine surgery. Philadelphia: Lippincott Williams & Wilkins, 1998, with
permission.)



develops ventral to the thecal sac. Early studies failed to
take this fact into consideration when they reported the
poor neurologic results when posterior decompression
alone was used to treat neurologic deterioration. These
studies reported no advantage of laminectomy over radi-
ation therapy alone. As a result, many physicians have
been taught that surgical intervention should be used only
as a last resort. With recent advances in the understand-
ing of the metastatic disease process and in surgical tech-
niques for canal decompression and the stabilization of
spinal instability, surgical intervention has become an
accepted treatment modality in the care of patients with
metastatic spinal disease.

The overall goals of treatment of patients with sympto-
matic spinal metastasis are to provide pain relief, to sta-
bilize or prevent neurologic deterioration, to maintain a
maximal quality of life, and to prevent the complications
of the metastatic disease process. Various treatment
modalities are available to treat symptomatic spinal
metastasis including hormonal manipulation, chemother-
apy, radiation therapy, steroids, and surgical intervention.
In patients with acute neurologic deterioration only
steroids and surgical decompression have been shown to
be effective in stabilizing or reversing neurologic deteri-
oration. An in-depth discussion on the nonoperative treat-
ment of symptomatic spinal metastasis is beyond the
scope of this chapter.

Prior to recommending surgical intervention, one must
thoroughly evaluate the entire patient. The nutritional,
immunologic, and pulmonary status must be considered
as should the life expectancy. Patients with bone marrow
suppression from systemic chemotherapy or radiation are
susceptible to wound sepsis and the profound conse-
quences that accompany it (14,15). No consensus exists
as to the required life expectancy to warrant surgical
intervention. Some investigators suggest that a predicted
survival of 6 months be required to justify surgical inter-
vention while others use a predicted survival of 3 months
(16–21). Because of the difficulty in accurate prediction
of survivability, the decision to operate on a patient
should include consideration of the patient’s quality of
life, which can be greatly enhanced by timely surgical
intervention.

At present, the indications for operative intervention in
the treatment of metastatic spinal disease include pro-
gressive neurologic deficit before, during, or after radia-
tion therapy (17,18,20,22–31); intractable pain unrespon-
sive to conservative treatment (18,29,31,32); need for
histologic diagnosis (25, 33); radioresistant tumors
(23–27); and spinal instability or vertebral collapse, with
or without neurologic deficit (14,23,34,35). Entering into
surgery with well thought out goals will provide an envi-
ronment for surgical success. Preservation or improve-
ment in neurologic function, alleviation or lessening of
the patient’s pain, and stabilization of the patient’s spine
so that the patient can be mobilized are the main objec-

tives of all surgical intervention for symptomatic
metastatic spinal disease. Attainment of these goals will
require decompression of the neural elements in conjunc-
tion with debulking or removal of the tumor mass, cor-
rection of any preexisting spinal deformity, and stabiliza-
tion of the spine.

ANTERIOR SURGICAL APPROACH TO THE
LUMBAR SPINE

Standard surgical approaches to the lumbar spine are
used in the treatment of tumors of the lumbar spine. The
assistance of a general or vascular surgeon is usually rec-
ommended for the actual surgical approach. Exposure to
the midportion of the lumbar spine is accomplished
through a standard retroperitoneal approach. The
retroperitoneal space may be accessed either through a
standard oblique flank incision or a longitudinal incision
made at the lateral border of the rectus sheath. The tradi-
tional oblique flank incision allows for a wider exposure
and should be used in most situations. In lesions confined
to the vertebral body, the left side is used by most sur-
geons because of the location of the abdominal aorta.
Tumors with extension into the paraspinal soft tissues
should be approached from the side of the soft-tissue
involvement. Approaching the lumbar spine from the
right side places the inferior vena cava at greater risk for
injury from excessive retraction and misdirected surgical
instruments. 

An anterior-only approach for lesions arising from the
upper lumbar spine (particularly L1) necessitates the
exposure of the T12 vertebral body for placement of
instrumentation. Detachment of at least the crus of the
diaphragm or possibly the entire hemi-diaphragm will be
necessary to work at the level of the body of T12. There-
fore, a combined thoracoabdominal approach may be
used. The 10th or 11th rib is exposed and removed and
can be used for bone graft purposes. A transpleural expo-
sure of the lower thoracic spine is then combined with a
retroperitoneal approach to the upper lumbar spine after
the diaphragm has been released approximately 1 cm
from its insertion on the body wall. Some surgeons pre-
fer to avoid violation of the thoracic cavity during the sur-
gical approach to the upper lumbar spine. To accomplish
this, the 12th rib is exposed and removed from its bed,
taking care to stay extrapleural. The retroperitoneal space
is entered in a standard fashion. Because of the small size
of the 12th rib it cannot be used for structural grafting. 

Access to the anterior portion of the lower lumbar
spine is more difficult because of the bifurcation of the
great vessels. Exposure down to the midportion of the L5
vertebral body can be accomplished with a standard
retroperitoneal approach in which the anterior portion of
the flank incision is curved parallel to the lateral border
of the rectus sheath. Mobilization of the great vessels
adjacent to the lower lumbar spine is difficult because of
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the tethering effect of the iliolumbar veins. These vessels
are especially prone to injury and will bleed profusely if
injured. Ligation of the iliolumbar veins is often required
for adequate mobilization of the great vessels.

Lesions arising in the L5 vertebral body are best
approached directly anterior. A skin incision oriented lon-
gitudinally in the midline or just off the midline is used to
gain access to the peritoneal cavity for a transperitoneal
approach or the retroperitoneum for a retroperitoneal
approach. The bifurcation of the aorta anterior to the L4
vertebral body allows for direct anterior access to the
lumbosacral junction in the window between the common
iliac vessels. Because of the variability in vascular
anatomy, preoperative imaging studies such as a CT scan
or MRI should be used to determine the exact level of
bifurcation prior to proceeding with surgical incision.

Once the anterior portion of the lumbar spine has been
exposed and the great vessels retracted, the segmental
vessels adjacent to the involved vertebral body as well as
the bodies cranial and caudal to it should be ligated. Iden-
tification of the involved body is straightforward if a
large soft-tissue mass is present or if extensive bony
destruction has occurred. In situations where identifica-
tion of the level of involvement is difficult or impossible,
a localizing radiograph should be obtained. The removal
of the diseased vertebral body is begun by performing
complete discectomies at the adjacent levels. This allows
for preparation of the adjacent vertebral end plates and
identification of the exact location of the posterior longi-
tudinal ligament and the spinal canal. The diseased verte-
bral body is removed with a combination of large
osteotomes, Leksell rongeurs, and pituitary rongeurs. The
anterior portion of the vertebral body is removed first.
This creates a cavity into which the material close to the
canal can be pulled anteriorly. The addition of distraction
will assist in visualization of the posterior vertebral cor-
tex and is especially useful if vertebral collapse and
kyphosis are present. This can be accomplished with a
large vertebral spreader or distractor. If the posterior cor-
tex is intact, a high-speed burr may be used to thin the
bone. Small curettes can then be used to pull the posterior
cortex anteriorly, thereby avoiding any posteriorly di-
rected force toward the canal. In situations in which the
posterior cortex of the body has been compromised, great
care must be exercised to avoid pushing tumor or bone
fragments posteriorly into the canal. Penfield dissectors
and small curettes may be used to free tumor found in the
epidural space from the thecal sac. Care must be taken to
avoid injury to the dura. Epidural venous bleeding can be
controlled with the use of Gelfoam soaked in thrombin.

After complete decompression of the neural elements
and removal of the diseased vertebral body, stabilization
must be performed. There are many different choices for
both grafting material as well as instrumentation. The
details of these are discussed in the next section of this
chapter.

RECONSTRUCTION OF THE ANTERIOR
LUMBAR SPINE: GRAFTING AND
INSTRUMENTATION OPTIONS

Decompression of the neural elements and removal of
the pathologic tissue fulfill only two of the goals of the
surgical treatment of spinal tumors. Correction of preex-
isting deformity and preventing future deformity by sta-
bilization of the spine are also paramount to the success
of surgical intervention. Tumor removal and decompres-
sion of the neural elements results in further destabiliza-
tion of the already compromised anterior column. Many
choices for anterior reconstruction of the lumbar spine
exist. The method chosen must be able to withstand the
physiologic loads imparted on it and must be able to
remain functional for the remainder of the patient’s life
expectancy.

The defect created by decompression and tumor
removal can be reconstructed by both biologic and non-
biologic struts. Examples of biologic struts include vas-
cularized and nonvascularized autogenous rib grafts and
various allograft struts including fibula, tibia, femur, and
humerus. Autogenous nonvascularized rib grafts have
been used in anterior reconstruction following resection
of metastatic disease in the thoracic spine (36). Concerns
about the lack of strength and small cross-sectional area
limit their use in anterior lumbar reconstruction. Vascu-
larized rib grafts have been used with success in recon-
struction of kyphotic deformities but the limited life
expectancy of patients with metastatic disease precludes
their use in this situation. The use of fibular strut allo-
grafts for anterior column reconstruction has been
described (37,38), although late collapse and recurrent
deformity have been reported when they were used in
metastatic disease (39). Structural rigidity combined with
a small cross-sectional diameter predisposes fibular
grafts to subsidence into the adjacent vertebral bodies.
Concerns over subsidence into the adjacent end plates
really preclude their use in this situation although some
surgeons have placed two fibula grafts, “double stacking”
them side-by-side in the defect. Fibular autografts may
also be considered, but the relatively high complication
rates from the donor site likely outweigh the benefits of
using autograft in this patient population.

Allografts such as tibia, humerus, and femur have
larger surface contact area and are composed of cortical
bone. Therefore, they are less prone to subside into the
adjacent end plates and result in kyphosis. The cortical
bone that comprises these grafts allows for sufficient
strength for these grafts to withstand the normal physio-
logic loads they will encounter. An example of anterior
reconstruction with an allograft femoral strut combined
with anterior instrumentation is shown in Figure 84-3. In
patients with long life expectancies, the cylindric geome-
try of these allografts allows for placement of additional
bone graft material in the center of the graft. Filling the
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center of an allograft with cancellous autograft from the
iliac crest many increase fusion rates and decrease time to
solid arthrodesis. The use of both bone graft substitutes,
including bone morphogenetic proteins may also have
beneficial effects on time to arthrodesis and pseudo-
arthrosis rates.

Various nonbiological struts may also be used for
reconstruction of anterior defects created by decompres-
sion and tumor removal. Titanium mesh cages (40–42),
carbon fiber implants (43), ceramic vertebral body
replacements (44,45), and methylmethacrylate (46–48)
have been described for anterior column reconstruction
following corpectomy. When methylmethacrylate is used
alone, it merely functions as an internal splint and will
fail in time. Therefore, the role of methylmethacrylate
without bone grafting is limited to patients with short life
expectancy (48). If polymethylmethacrylate (PMMA) is
used, reinforcing it with wires or wire mesh will improve
its strength and decrease its bending flexibility. The addi-
tion of Steinmann pins to the construct will also increase
the bending resistance and can be used to anchor the
cement spacer to the adjacent vertebrae. These Steinmann
pins are placed though the intact vertebral bodies, span-
ning the defect, prior to placing liquid cement into the
defect (27). Great care must be exercised to avoid thermal

injury to the nearby dural sac and adjacent great vessels.
Placement of a sheet of Gelfoam adjacent to the dura and
the use of more “doughy” cement, in addition to constant
cool saline irrigation, can be helpful in avoiding this com-
plication (6).

Metallic and carbon fiber cage devices initially func-
tion as internal splints as well. The long-term function of
these implants relies on the development of a solid
arthrodesis. Like the long bone allografts mentioned pre-
viously, these devices are typically filled with bone graft.
The choice of grafting material depends somewhat on the
life expectancy of the patient and the preference of the
surgeon. Choices for packing of these grafts include auto-
graft cancellous iliac crest, rib autograft, allograft cancel-
lous bone, and various bone graft substitutes/expanders.
In the future, the use of bone morphogenetic proteins may
eliminate the need for autograft harvest, decrease the
time to union, and decrease the rate of pseudoarthrosis
and hardware failure.

Anterior strut grafts function to maintain correction of
any preexisting deformity by distributing load across the
end plates of the adjacent vertebral bodies. Release of
distractive forces used for graft insertion results in com-
pression across the strut graft. Despite these compressive
forces and the interference fit between the graft and the
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FIG. 84-3. Preoperative lateral radiograph, axial com-
puted tomography scan, and sagittal T2-weighted mag-
netic resonance image of a patient with a pathologic L3
burst fracture from metastatic adenocarcinoma. The
patient presented with an acute increase in low back
pain and progressive neurologic deterioration. Anterior
decompression through an oblique flank incision,
retroperitoneal approach was performed. Anterior col-
umn reconstruction was accomplished with an allograft
femoral strut and a Kaneda dual rod/screw construct.
(Images courtesy of Eeric Truumees, MD, William
Beaumont Hospital, Royal Oak, MI.)



adjacent end plate, these struts alone do not provide
enough stability to allow for mobilization of the patient
and are frequently used in combination with anterior
instrumentation. Grafts placed anteriorly without addi-
tional support are likely to displace and may do so into
the spinal canal with devastating consequences. The addi-
tion of anterior instrumentation alone or in combination
with posterior instrumentation and fusion will provide
adequate stability to protect against graft displacement
when the patient is mobilized. Concerns about excessive
torque and lateral bending moments in the lumbar spine
have resulted in some surgeons advocating the addition of
posterior instrumentation and fusion when anterior lum-
bar vertebrectomy and fusion are performed after tumor
resection (49). Combined anterior and posterior proce-
dures are covered elsewhere in this text.

Anterior instrumentation for the thoracic and lumbar
spine comes in many forms. Many screw/plate devices
and screw/rod devices are available for anterior column
reconstruction and stabilization. The use of many of these
devices in the lower lumbar spine is difficult because they
are not “low profile.” Any hardware placed outside of the
confines of the bony spinal column will be adjacent to the
great vessels as they descend in the retroperitoneum. Ero-
sion of the implant into the vessel could result in
pseudoaneurysm formation or catastrophic bleeding.
Screw and rod constructs such as the Kaneda device or
the Xia anterior system, are high-profile devices that pro-
trude laterally from the bony spinal column. Their inser-
tion in the lower lumbar spine is challenging secondary to
the difficulty in mobilization of the psoas muscle in this
area. The close proximity of the vessels to these implants
in the lower lumbar spine typically precludes their use.
These screw/rod constructs can be used safely in the tho-
racolumbar and upper lumbar spine. The details of the
precise surgical technique for these devices are beyond
the scope of this chapter.

Plate/screw devices are also available for anterior
reconstruction of the lumbar spine. These devices are
lower profile than the screw/rod constructs but they still
extend beyond the confines of the vertebral body, there-
fore, the potential exists for damage to the surrounding
soft-tissue structures. Loosening and back-out of the
screws can also result in damage to the adjacent struc-
tures. These devices are available in many different sizes
and may be precontoured to fit the spine (contoured ante-
rior spinal plates, or CASP plates). Multiple-hole designs
allow for variable placement of the screws in the intact,
adjacent vertebral bodies and the intervening allograft
strut. Slots have been added to some systems to allow for
the transmission of dynamic compressive forces across
the allograft. Locking screws have also been designed to
allow these plates to function as fixed angle devices.
Hook and distraction rod devices, such as the Knodt dis-
traction rod/hook system and the Rezaian distraction
device, do not extend beyond the confines of the verte-

bral bodies, therefore the risk of vascular injury is low.
Unfortunately, the stability provided by these devices,
even when they are combined with cement augmentation,
is insufficient without posterior stabilization.

The existing clinical literature does not support the
superiority of one specific structural graft or instrumen-
tation system for reconstruction of the anterior lumbar
spine following corpectomy for neoplastic disease. Clin-
ical studies evaluating the use of various anterior instru-
mentation systems for the treatment of burst fractures
have documented varied rates of implant failure and
pseudoarthrosis (50–53). Biomechanical studies have
been performed in an attempt to determine the optimum
construct for anterior spinal reconstruction. Lee et al.
used a calf lumbar spine corpectomy model to study the
effect of different anterior grafts on the stability of differ-
ent anterior reconstruction constructs (54). They found
that the use of a titanium mesh cage (Harms cage)
increased the torsional rigidity when combined with
either anterior or posterior instrumentation. They com-
pared the mesh cage to a block of PMMA or a calf tri-
cortical iliac crest graft also combined with anterior or
posterior instrumentation. No differences in stability
were found in flexion/extension or in lateral bending. The
authors hypothesized that improved friction at the
graft/bone interface from the serrated edges of the cage
resulted in a more rigid construct in torsion. 

Biomechanical studies aimed at evaluating anterior
instrumentation systems have also been published. Zde-
blick et al. reported that the Kaneda anterior rod/screw con-
struct provided greater stability than earlier systems such as
the CASP and the Kostuik-Harrington devices (55). In a
study by An et al., the Kaneda device, anterior TSRH sys-
tem, the Z-plate, and the University anterior plating system
were all found to restore stability in all loading modes when
combined with an interbody graft (56). Lim et al. also eval-
uated the Kaneda device and the University anterior plating
system in an unstable calf spine model. These devices,
when combined with an anterior graft, restored the stability
of the spine to at least that of the intact state (57). Kotani
(57a) used a synthetic spine testing model to evaluate the
static and fatigue properties of 12 anterior thoracolumbar
instrumentation systems. The instrumentation systems were
applied according to manufacturer’s recommendations to
two synthetic cylinders that were standardized to represent
vertebral bodies. Compressive loading was applied which
resulted in lateral bending forces on the implants. The bend-
ing strength and fatigue properties are illustrated in Figures
84-4A and 84-4B, respectively. 

The authors also included a description of the failure
modes for each device. This “worst-case scenario” testing
did not include the addition of a strut between the simu-
lated vertebral elements. However, the addition of a bio-
mechanical strut would improve both the bending strength
and the fatigue properties of these devices. This study
clearly demonstrates the in vitro superiority of some of the
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anterior instrumentation systems. Despite this, the authors
are careful to point out that most of these devices have
been used with reasonable success in clinical situations.
This suggests that perhaps strict attention to surgical tech-
nique and careful patient selection are the keys to success
when performing anterior-only reconstruction after resec-
tion of a tumor in the thoracolumbar or lumbar spine.

RESULTS

The anterior approach to the thoracolumbar and lum-
bar spine has been used successfully to address spinal

cord compression and instability caused by lesions such
as neoplasm, fracture, infection, and deformity. Many
studies have documented significant neurologic improve-
ment in patients who underwent anterior decompression.
The results of these studies must be carefully evaluated
secondary to the variability among studies including sur-
gical indications, timing of operations, methods of defin-
ing patient function, definition of surgical complications,
and length of follow-up. In addition, extrapolation of
these data to the lumbar spine is also difficult because
these studies combined surgical treatment of the tumors
involving the cervical, thoracic, and lumbar spines.
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FIG. 84-4. A: Bending strength (N) and (B) failure cycles (at 500 N) of 12 different anterior instrumen-
tation systems. SYN, Synthes thoracolumbar locking plate; KSRT, Kaneda SR titanium; UNI, University
plate titanium system, ISO, anterior ISOLA; DEW, Dewald-LDI; OLE, Olerud plate; CMS, Cross Medical
Synergy; KSRS, Kaneda SR stainless steel; TSR, TSRH system; KAN, Kaneda device; SLO, Slot-Zielke
device; ZPL, Z-plate. [From Kotani Y, Cunningham B, Parker L, Kanayama M, et al. Static and fatigue
biomechanical properties of anterior thoracolumbar instrumentation systems: a synthetic testing model.
Spine 1999;24(14):1406, with permission.]
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The vast majority of malignant primary spine tumors
and metastatic lesions of the spine occur in the vertebral
body. When neurologic compromise does occur it is most
likely related to compression of the neural elements from
ventral pathology. Retropulsed fragments of bone from a
pathologic fracture, direct extension of tumor, epidural
metastasis ventral to the thecal sac, and draping of the
neural elements over a kyphotic segment created by a
fracture can account for compression of the neural struc-
tures. Initial studies that documented the results of the
surgical treatment of neurologic deterioration in the set-
ting of spinal tumors found that surgical decompression,
in the form of a posterior decompression, had no benefit
when compared to radiation therapy alone. These studies
failed to take into account the fact that neural compres-
sion occurs ventrally and therefore, is not directly
addressed by posterior decompression. 

Several studies have been published that compare ante-
rior and posterior approaches for the treatment of
metastatic or primary lesions of the anterior column.
Kostuik et al. reviewed 100 consecutive patients with
tumors involving the anterior column (2). Metastatic
lesions comprised 71% of the patients in this study. The
stated indications for the surgical intervention included
spinal instability, impending pathologic fracture, and
rapid progression of neurologic deficits. Decompression
and reconstruction of the thoracic and lumbar spine were
performed through anterior, posterior, or combined ante-
rior and posterior approaches. In the group of patients
with metastatic disease, 30 of the 41 (73%) patients who
underwent an anterior decompression achieved signifi-
cant neurologic recovery, compared with only 16 (40%)
patients who were decompressed with a posterior
approach. Siegal compared the neurologic status of
patients with primary and metastatic tumors of the spine
that underwent anterior decompression versus posterior
decompression (24). Eighty percent of patients treated
with anterior decompression retained or regained the
ability to walk postoperatively, compared to only 40% of
those treated with a laminectomy. In addition, 5 of 25
patients who underwent laminectomy experienced neuro-
logic deterioration. In comparison, 12 of 13 patients
treated with anterior decompression regained at least one
grade in neurological function. McLain performed a
review of the literature and reported on 427 cases of ante-
rior decompression. He found that 78% of patients that
were decompressed anteriorly had a significant improve-
ment in neurologic function and that a satisfactory out-
come was obtained in 80% of the patients. Weinstein
reviewed 746 cases of posterior decompression found in
the published literature (58). He compared the neurologic
and functional outcomes of these patients to those
reported by McLain (59). Only 33% of patients that
underwent posterior decompression showed neurologic
improvement postoperatively. Weinstein also found that
only 37% of these patients had satisfactory clinical out-

comes. While these two literature reviews combine stud-
ies with great variability, they highlight the fact that
patients with neurologic decline secondary to metastatic
spinal lesions benefit from anterior decompression of
their spinal canal. 

A strong correlation has been repeatedly reported
between preoperative neurologic status and postoperative
outcome, regardless of the surgical approach for decom-
pression. Most studies have found that 60% to 95% of the
patients who had the ability to ambulate at the time of
diagnosis retained the ability to ambulate postoperatively.
Conversely, only 35% to 65% of the patients with para-
paresis regained the ability to ambulate after decompres-
sion. Those patients with complete paraplegia have less
than 30% likelihood of regaining the ability to ambulate
(1,2,30,60–64). The rate of progression of neurologic
deficit is also an important prognostic factor. Harrington
reported that if the neurologic deficit progresses rapidly,
in less than 24 hours, the prognosis for neurologic recov-
ery is poor, irrespective of the treatment rendered (3).
Slow onset and progression of the neurologic deficit
tended to have a much more favorable prognosis. 

A review of 36 patients with metastatic disease of tho-
racic and lumbar spine treated with anterior corpectomy
and stabilization was published by Kaneda (65). A major-
ity of these patients presented with pain as their main com-
plaint. Following surgery, only 1 of 36 patients required
occasional narcotic pain medication. Nearly 60% of the
patients were pain-free while 20% reported only minimal
pain. Of the 27 patients with preoperative neurologic
deficit, 19 (70.4%) patients improved at least one Frankel
grade postoperatively. Of the 14 patients who were bedrid-
den before surgery, 11 became ambulatory and 2 were able
to transfer from a bed to a chair. Local recurrence occurred
in 5 patients who underwent subtotal corpectomy and 3
patients who underwent total corpectomy. Recurrence
occurred at an average of 16 months (7 to 28 months), and
all 8 patients had radioresistant tumors. 

Harrington also reported on 52 patients with spinal
instability secondary to metastatic lesions of the spine
(20). These patients underwent anterior decompression
and stabilization with methylmethacrylate in situ. Of 52
patients, 26 had a metastasis to the cervical spine, 18 to
the thoracic spine, 4 to the thoracolumbar spine, and 4 to
the lumbar spine. Preoperatively, 40 of the 52 patients
had a major neurologic deficit that required spinal cord or
nerve root decompression. Of these, 40% had complete
neurologic recovery following anterior decompression
and stabilization. Twenty-five percent showed significant
improvement while five patients remained unchanged.
Only one patient deteriorated neurologically after an
anterior decompression and stabilization. 

Despite the variability in patient characteristics found
in published reports on the surgical treatment of primary
spine tumors and metastatic lesions of the spine, three
major themes have emerged: 
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1. The presence of a preoperative neurologic deficit
correlates with poorer outcomes regardless of the
treatment rendered. 

2. Rapidly progressive neurologic deterioration is pre-
dictive of less likely return of neurologic function
after decompression. 

3. Because of the anatomic location of most malignant
primary and metastatic tumors in the spine, compres-
sion of the neural elements occurs ventrally in the
vertebral body.

Accordingly, decompression through an anterior
approach results in a greater chance of neurologic recov-
ery, greater pain relief, and better clinical outcomes. 

COMPLICATIONS

Complications related to the surgical treatment of
spinal tumors are common. Adverse events such as infec-
tion, recurrent instability, recurrence of disease, vascular
injury, pseudoarthrosis, and medically related complica-
tions have been reported in approximately 25% of cases.
The occurrence of a new neurologic deficit following
anterior decompression for spinal tumors is approxi-
mately 2% to 4% (20,24,66). The development of com-
plications in this patient population can be devastating.
They may result in multiple return trips to the operating
room and prolonged hospitalizations, which negatively
affect the quality of life of these patients. As with any
procedure, prevention of the complication is the best
treatment.

McAfee et al. retrospectively analyzed 24 patients who
had major complications after undergoing stabilization
with methylmethacrylate. Initial instability was related to
metastatic tumor in 9 patients and to a traumatic condi-
tion in 15 patients (67). Postoperative neurologic deficit
occurred in 11 patients. The authors thought that the
recovery of the neurologic function was hindered by
cement in 6 of these patients. The most common compli-
cation in this group of patients was loosening and loss of
fixation. Hardware failure occurred in 12 of 15 of the
trauma patients and in 8 of 9 patients with neoplasm. A
deep wound infection developed in 6 patients. Based on
the findings of this review, the authors recommended
combined anterior and posterior procedures for the
reconstruction of instability in the setting of tumor. The
use of methylmethacrylate alone, without bone grafting,
will fail because a solid, bony fusion will not occur. This
technique should be reserved for patients with a limited
life expectancy. In patients whose long-term prognosis is
good, biologic (autograft or allograft) struts should be
used to allow for eventual union across the fused seg-
ments. 

The use of radiation therapy for the treatment of spinal
tumors has also been shown to affect complication rates.
McLain et al. reported that patients undergoing preoper-

ative radiation therapy accounted for 42% of all compli-
cations (68). This group also suffered 70% of the major
complications in this study. Wise et al. also reported
higher complication rates (40%) in those patients treated
with radiation therapy preoperatively (15). In McLain’s
study, 36% of patients developed transient neurologic
deficits in the postoperative period (68). Wound infection
and vascular injuries also occurred in 18% of patients.
Clinically significant pseudoarthrosis developed in two
patients while progression of renal cell carcinoma led to
late instability in another two patients. Failure of fixation
occurred in four patients and was attributed to inadequate
reconstruction of the anterior column that was compro-
mised from tumor involvement. 

Wise et al. (15) retrospectively reviewed 80 patients
who underwent surgical treatment for metastatic disease
of the spine. Mean survival time after the diagnosis of
spinal metastasis was 26 months, while mean survival
time after surgery was 15.9 months. Twenty (25%) of 80
patients had 35 complications. The authors found a rela-
tionship between the Harrington classification and com-
plication rates. Increased rates of complications occurred
in those patients with greater neurologic deficits, lower
Frankel grades before and after surgery, and those who
were treated with radiation preoperatively. 

Patients with spine tumors are more likely to be
immunosuppressed secondary to their primary disease as
well as the treatment of that disease. These patients may
also be malnourished because of the systemic effects of
their malignancy and its treatment. Both immunosup-
pression and poor nutritional status have been associated
with higher rates of postoperative complications (69–73).
The urgency with which many of these patients present
many times precludes the optimization of nutritional
parameters prior to operative intervention. If elective
decompression and stabilization is planned, laboratory
studies such as albumin, serum transferrin, and total lym-
phocyte count may be used to guide preoperative nutri-
tional supplementation. Optimization of the nutritional
status of the patient may help to prevent postoperative
complications that could negatively affect the patient’s
quality of life.
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The survival time of patients with malignant tumors has
been increasing, not only because of the advances of
adjunctive treatments such as chemotherapy and radio-
therapy, but also because of advances in surgical treat-
ments. Thus, raising the quality of life (QOL), as well as
lengthening life expectancy, has become another impor-
tant concern for clinicians who treat patients with malig-
nant tumors.

The surgical treatment of primary malignant and
metastatic spine tumors has progressed with the develop-
ment of surgical techniques and spinal instrumentations.
Laminectomy proved to have no advantage over conven-
tional radiation therapy in 1970s (1). Following this evi-
dence, simultaneous laminectomy and stabilization with
spinal instrumentation provided better results than
laminectomy alone (2). The technique of posterolateral
decompression or costotransversectomy (3) in thoracic
lesions has also provided much better surgical results for
metastatic spinal disease (4). However, the main goals of
those surgical procedures were to relieve and prevent
deteriorating paralysis, thus those procedures were pallia-
tive treatments. As a result, local recurrences inevitably
arose if the patients survived for a long enough time after
surgery (4,5).

In the modern era, when patients with cancer may
experience medium- or long-term survival, we now see
patients with spinal metastases who will require more
radical and aggressive surgery to decrease the rate of
local recurrence. Accordingly, total spondylectomy
through combined anterior-posterior procedure or poste-
rior procedure alone is needed and indicated for patients
with primary malignant or metastatic spinal tumors who
are expected to have a long-term survival (6–9). 

Total spondylectomy can be performed using two
approaches: the anterior-posterior combined approach
(6,7,10) or the posterior approach alone (8,9,11). Our
preferred and recommended method is the combined
approach. On the other hand, one of the most popular
posterior approaches is known as total en bloc spondylec-

tomy, or TES (8,9). From the oncologic standpoint, either
approach results in intralesional resection if the tumor has
invaded both pedicles. No matter how en bloc resection
of the involved vertebra with tumors is performed, it is
impossible to curatively resect the tumor with a wide
margin in such cases. Contamination by the remaining
tumor cells is almost inevitable when dissecting the pos-
terior and anterior elements of the vertebra at the pedicle
during surgery. However, this procedure is currently rec-
ommended as the most aggressive treatment and is likely
to have the most successful outcome in patients with pri-
mary malignant or metastatic spinal tumors. In this chap-
ter, the surgical indications and techniques for the com-
bined anterior-posterior procedure for resecting spine
tumors are described. 

INDICATIONS FOR THE COMBINED ANTERIOR-
POSTERIOR PROCEDURE (TABLE 85-1)

A number of different surgical approaches are avail-
able to spine surgeons. The surgical approaches for spinal
tumors, however, can be divided into three main proce-
dures: anterior, posterior, and the combined anterior-pos-
terior approach. Spine surgeons must consider several
factors before determining the most appropriate approach
for each case. The most suitable choice of approach for
patients with spinal tumors depends upon (a) the patient’s
life expectancy, (b) the number of vertebrae involved, (c)
the location and extent of neural impingement, (d) the
presence and degree of spinal instability, and (e) the
patient’s general medical condition (12). The most appro-
priate surgical approach is determined only after consid-
ering the following factors: the efficacy of adjunctive
therapy such as radiotherapy, tumor biology including the
grade of malignancy, the extent of tumor, the degree of
spinal instability, vertebral involvement, and life
expectancy. More basic factors should be taken into
account as well such as the patient’s immunologic, nutri-
tional, and psychosocial condition. 



After considering all of the above, indications for com-
bined anterior and posterior procedures in primary malig-
nant and metastatic spinal tumors are as follows (6,7,10):
(a) three-column tumor involvement of the spine, (b)
high-grade instability such as the three-column instabil-
ity, (c) involvement of contiguous vertebral bodies, (d)
the presence of solitary metastases, (e) anticipated life
expectancy longer than 6 months, and (f) destructive
benign tumor such as a giant cell tumor. Solitary metas-
tasis limited to the vertebral body may also be an indica-
tion for this combined procedure, as TES can be per-
formed more safely using this approach. 

From the prognostic point of view, it is very important
to predict the patient’s life expectancy as exactly as pos-
sible. Some prognostic scoring systems are advocated to
evaluate the life expectancy in patients with spine tumors,
especially metastatic tumors. Tokuhashi et al. (13) pro-
posed an assessment system for the prognosis of metasta-
tic spine tumors. They employed six parameters: (a) the
patient’s general condition, (b) the number of extraspinal
bone metastases, (c) the number of metastases in the ver-
tebral body, (d) the presence of metastases to major inter-
nal organs, (e) the primary site of the cancer, and (f) the
severity of spinal cord palsy. Each parameter ranged from
0 to 2 points, for a possible total score of 12 points. The
more the points the patient receives the better the prog-
nosis. The authors pointed out that the total score is likely
to be well correlated with the prognosis in each patient.
An excisional operation should be performed on those
cases scoring 9 points or above. Tomita et al. (9) proposed
a prognostic score using three prognostic factors: grade
of malignancy, the presence of both visceral metastases,
and bone metastases. Based on the scoring system, they
suggested a surgical strategy for spinal metastases. As a
result, they recommended that all patients with solitary
tumors have the potential for long-term survival, thus jus-
tifying a more aggressive strategy.

SHORT REVIEW OF THE LITERATURE ON THE
SURGICAL APPROACHES FOR SPINAL
TUMORS

Kaneda and Takeda (6) recommended the anterior pro-
cedures for corpectomy when (a) the metastasis is con-
fined to one, or two to three contiguous vertebrae, (b) a
metastatic lesion is confined to the vertebral body of a

radioresistant tumor, (c) there is anterior instability (i.e.,
a vertebral collapse is more than 50% likely), (d) there is
epidural expansion in the anterior spinal canal and the
main mass is confined to the vertebral body, or (e) the
anticipated life expectancy is longer than 6 months.

Simultaneous corpectomy with posterior-element
resection of the vertebra (i.e., total spondylectomy) is
indicated in solitary metastases to the spine in radioresis-
tant tumors such as those encountered in renal, thyroid,
and breast cancers (9,10). There are two types of surgical
approaches for total spondylectomy: posterior approach
alone and a combined anterior and posterior approach. In
1971, Stener (14,15) removed three vertebrae in a patient
with a chondrosarcoma of the spine using the posterior
approach alone. He recommended complete spondylec-
tomy of the thoracic and lumbar vertebrae down to the
third lumbar vertebra using the posterior approach alone.
For complete removal of the fourth lumbar vertebra, how-
ever, he advised using both an anterior and posterior
approach. There were two reasons for this recommenda-
tion: one was the close relationship between the lower
lumbar spine and several large vessels; the other was the
hindrance caused by the iliac wings when exposing the
L5 vertebral body from behind.

Roy-Camille (11) performed a thoracic one-stage total
vertebrectomy through a simple posterior approach.
However, he pointed out that the psoas and iliac muscle
insertions on the vertebral body, as well as the vascular
lumbar pedicles, make the posterior-only approach to the
lumbar vertebra impossible. A two-stage operation
should be recommended in such a case. Magerl and Cos-
cia (16) reported a posterior vertebrectomy of the tho-
racic and lumbar spine. However, it would be contraindi-
cated to attempt a total vertebrectomy using the posterior
procedure alone in a situation of extension of the tumor
into the soft tissues surrounding the vertebral body. More
recently, Tomita et al. (8) reported a TES that resected the
involved vertebra in two major blocs using the posterior
approach alone. This technique is the most appropriate
surgical procedure for primary vertebral malignancy.

Conversely, Sundaresan et al. (17) recommended that
spondylectomy should be carried out as a two-stage oper-
ation with stage 1 the posterior phase and stage 2 the
anterior phase. They recommended a staged operation in
order to minimize the possibility of neurologic deficits
resulting from ischemic damage to the nerve tissues.
Fidler (18) reported a radical resection of the spine from
a posterior approach (the first stage), and then an anterior
and posterior combination (the second stage). He con-
cluded that a purely posterior approach was not feasible
in some cases, because of lung involvement, extensive
adhesions after a previous operation, paravertebral
hematoma, and the difficulty of mobilizing and deliver-
ing a large tumor through the posterior approach alone. A
combined approach enabled radical resection of all the
involved tissues allowing direct visualization, and also
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TABLE 85.1. Indications for the combined anterior and
posterior procedure for spinal tumors

Anticipated life expectancy longer than 6 months
Three-column involvement of the tumor
High-grade instability such as the three-column instability
Involvement of contiguous vertebral bodies
Solitary metastases
Destructive benign tumor such as giant cell tumor



permitted the unhindered access to, and control of, the
blood supply to the tumor. 

PREOPERATIVE MANAGEMENT

Adjunctive treatment such as radiotherapy and
chemotherapy is carefully considered and planned during
the preoperative period. Preoperative radiotherapy is
often very effective for some radiosensitive malignant
tumors such as prostatic and lymphoreticular tumors. In
such tumors excellent clinical results can sometimes be
obtained by irradiation alone in many patients. 

The effectiveness of spine surgery in treating tumor
cases is sometimes compromised by excessive bleeding.
Metastatic renal cell and thyroid carcinomas can be
highly vascular, increasing patients’ morbidity and mor-
tality. Angiography with selective embolization of the
segmental vessels in the involved vertebra, including the
vertebrae above and below, can be an effective way to
manage such lesions, and may be safely carried out up to
24 hours prior to surgery. The use of this technique can
decrease intraoperative blood loss and perioperative mor-
bidity and mortality. It may also be helpful to identify the
origin of the Adamkiewicz artery. We recommend this
procedure one day before surgery. Thoracolumbosacral
orthosis (TLSO) for postoperative external support
should be manufactured preoperatively. 

SURGICAL TECHNIQUES IN THE COMBINED
ANTERIOR-POSTERIOR PROCEDURE

The posterior procedure precedes the anterior one. The
combined procedure is usually performed under the same
anesthesia.  

Step 1: Posterior Procedure

Resection of the posterior elements (including the
spinous process, laminae, articular processes, transverse
processes, and the pedicles) is performed first. Patients
are positioned prone on the Hall frame in a comfortable
fashion without pressure on the thorax or abdomen. The
skin is suitably prepared, and is infiltrated only into sub-
cutaneous tissues with a 1:500,000 epinephrine solution.
A midline skin incision is made over at least two spinal
segments, above and below the involved segment, fol-
lowed by subperiosteal exposure. Dissection should be
extended laterally along the ribs with the thoracic spine
and the transverse processes in the lumbar spine. Wide
resection is needed to make the total spondylectomy fea-
sible. The ribs of the involved vertebra should then be dis-
sected 3 to 4 cm from the midline. The periosteum should
be carefully removed from the ribs to avoid opening the
pleura. This posterior procedure should be performed
extrapleurally and retroperitoneally. 

Both costotransverse ligaments are divided, and both
rib heads should be carefully removed. Both superior
articular facets of the involved vertebra are then exposed
by removing the proximal lower laminae and inferior
articular processes of the adjacent cranial vertebra. A
threadwire saw, or T-saw (a flexible, multifilament
device, 0.54 mm in diameter, designed and developed by
Tomita), is used to perform en bloc resection of the pos-
terior element (8,9). The T-saw is inserted into the
epidural space beneath the lamina through a T-saw guide,
and is pulled out of the neural foramen (Fig. 85-1A). The
T-saw guide should be introduced along the medial cortex
of the pedicle so that the spinal cord and the nerve root
are not damaged. Both ends of the T-saw are pulled
around the pedicle of the involved vertebra with a sawing
motion. This maneuver is performed in a lateral direction
with the help of a T-saw manipulator and guide (Fig. 85-
1B, C).

Thus, both pedicles of the involved vertebra are cut off
using the T-saw. Finally, after incising the interspinous
ligament, the facet capsules, and ligament flavum, poste-
rior elements of the involved vertebra can be removed en
bloc (Fig. 85-1D). To maintain spinal stability after resec-
tion of the vertebral body for the next step, a temporary
spine fixation is performed with a unilateral posterior
instrument such as the pedicle screw system (Fig. 85-1E,
F). Otherwise, the spine could be completely temporarily
destabilized and at even greater risk of neurologic com-
promise.

The segmental arteries, which lie inferior-lateral to the
pedicle, should be identified and tightly, bilaterally lig-
ated. The pleura are pushed aside from the lateral aspect
of the body. The segmental arteries and the aorta are care-
fully dissected from the vertebral body using the fingers.
A curved spatula or malleable retractor is inserted to pro-
tect and displace the anterior structures. The discs above
and below the pathology are carefully identified, and
resected posterolaterally from both sides. Great effort
should especially be paid to resecting the contralateral
sides of the disc from which the anterior approach is per-
formed. With the dura visible, the posterior longitudinal
ligament can then be carefully cut with a knife. Following
these procedures, the final posterior instrumentation is
adjusted, and the spinal deformity or lesion should be
corrected appropriately. 

Step 2: Anterior Procedure

The involved spine can be approached from either the
right or left side, depending upon the location of the
pathology. If there is no special consideration regarding
the pathology, then our preferred approach to the thora-
columbar and lumbar spine is from the left side. The aorta
is located on the left and anterior to the spinal column at
this level, and is much easier and safer to manipulate than
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FIG. 85-1. A: After widely exposing the posterior element and resecting the proximal ribs of the involved
vertebra, the threadwire saw (T-saw) is introduced into the epidural space under the lamina through a
T-saw guide, and is pulled out of the neural foramen. B,C: Both ends of the T-saw are pulled around the
pedicle of the involved vertebra in a sawing motion. This procedure is carried out in a lateral direction
with the T-saw manipulator. D: After the resection of the whole posterior element of the involved verte-
bra, the dural tube, costal nerve, and posterolateral aspect of the anterior element can be directly visu-
alized. E,F: To preserve the stability after resection of the vertebral body, the spine is temporally fixed
with posterior instrumentation.
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FIG. 85-2. A,B: After widely exposing the
lateral aspect of the vertebral bodies, the
discs above and below the involved verte-
bra are completely excised. En bloc
resection of the vertebral body is per-
formed using a chisel. C: Final placement
of the screws is demonstrated. The
screws should have the bilateral purchase
of the cortex of the vertebral body. D: The
titanium mesh cylinder cage is placed into
the gap created by the corpectomy, while
applying a distraction force to the anterior
screw heads with the spreader. E: Com-
pletion of the placement of the Kaneda
SR, vertebral prosthesis, and autogenous
ribs. In the axial view, the cylinder cage 
is placed between two autogenous rib
grafts.
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the vena cava. The left-sided approach can usually be per-
formed up to the level of T9 or T10. The thoracic verte-
brae above T9 or T10 are approached from the right side,
because the aorta at this level is located on the left side of
the thoracic spines (6,7). 

The thoracolumbar spines (T10-L2) are usually
exposed using an extrapleural and retroperitoneal ap-
proach by the resection of the 10th or 11th rib. Even for
the thoracic spines above the 10th vertebra, surgeons
should make every effort to expose the spines extrapleu-
rally. However, thoracotomy is usually needed for the
exposure at this level. At the lumbar spine below L2, a
retroperitoneal exposure is usually performed. 

After exposure of the anterior spine, the involved ver-
tebral body can be carefully dissected from the surround-
ing organs and soft tissues. The segmental vessels on the
three vertebrae, including those above and below the
involved vertebrae, are then tightly ligated and cut. The
lateral aspect of the vertebral bodies must be adequately
exposed for total or subtotal corpectomy, and appropriate
application of the anterior spinal instrumentation, such as
the Kaneda SR, should be performed. For lesions involv-
ing the lumbar spine, the psoas major muscle must be
sufficiently retracted posteriorly. After exposing the lat-
eral aspect of the vertebral bodies, the discs above and
below the involved vertebra should be completely
excised, including the anterior longitudinal ligament. En
bloc resection of the vertebral body is then easily carried
out because the pedicles, posterior longitudinal ligament,
and contralateral side of the disc have already been
resected in step 1 (Fig. 85-2A, B).

After the resection of the involved vertebra, the ante-
rior spinal instrumentation was applied to secure the
unstable vertebra created by the total spondylectomy.
The Kaneda SR is our preferred anterior instrumenta-
tion, and has proved to be safe and biomechanically
rigid enough to reconstruct unstable spines produced
by a variety of pathologies such as tumor, trauma,
spinal deformity, and degenerative spondylosis (19).
First, the spinal plates marked with the letters A (ante-
rior), P (posterior), and C/R (caudal and rostral) are
placed on the lateral aspect of the vertebral body. Sec-
ond, the appropriate screw size is measured with the
specially designed vertebral-width gauge. Then, the
spinal screws are inserted into the vertebral bodies
through the plate holes. The screw tips must penetrate
the opposite vertebral cortex by approximately 2 to 3
mm. Screws with blunt tips can alternatively be used if
the risk to the major vessels is anticipated due to the
presence of these sharp screw tips (Fig. 85-2C).

Third, kyphotic deformity can be corrected by apply-
ing a distraction force to the anterior screw heads with
the distractive spreader. A vertebral prosthesis such as
an allograft and titanium mesh cylinder cage can be

tapped into the gap created by the corpectomy (Fig. 85-
2D). The resected autogenous rib taken earlier may be
added as a strut-graft material if a secure and rigid
bony fusion is required. Fourth, the vertebral prosthesis
is securely fixed by applying an appropriate compres-
sive force using the compressor or other compressing
device. Then, two rods may be inserted into the screw
head holes, and the vertebral prosthesis firmly kept in
place by applying the compressive force. Finally, the
set screws can be used to fix the rods into the screw
head holes that are then firmly tightened, and two rod
couplers can then be added between the rods (Fig. 85-
2E) (6,7).  

POSTOPERATIVE MANAGEMENT

If the patient is in a stable medical condition after the
surgery, he or she can be ambulatory with the TLSO
within a week after the operation. The TLSO is usually
worn for 12 to 16 weeks. However, it depends upon sev-
eral factors such as life expectancy, spinal stability, and
QOL. Postoperative adjuvant radiotherapy can be at-
tempted when a subtotal spondylectomy instead of a total
spondylectomy is performed. 

CONCLUSIONS

As patients with a primary malignant or metastatic
tumor may now be expected to live longer, the chance of
local recurrence increases. Thus, the life span of cancer
patients depends upon how the local recurrence can be
controlled. Missenard et al. (5) investigated local tumor
recurrence in 58 patients who survived 1 year or more.
They highlighted the following results. First, the sensitiv-
ity of the primary cancer to adjuvant treatment and cor-
rect timing of the critical postoperative radiation therapy
seemed to significantly reduce local tumor recurrence.
Second, complete excision of the tumor should be indi-
cated when the patient has a tumor that is insensitive to
the adjuvant treatment (either radiotherapy or chemother-
apy), and when the patient’s life expectancy reaches 1
year or more. 

Investigators pointed out that the local recurrence rate
after corpectomy or total vertebrectomy was 22% (6) and
32% (20), respectively. This rate seems to diminish if en
bloc total vertebrectomy is performed. As a result, en bloc
total vertebrectomy should be recommended if the patient
has a solitary spinal metastasis from a radioresistant
tumor such as that from a renal, thyroid, or breast cancer
(Figs. 85-3, 85-4). Combined anterior and posterior pro-
cedures described in this chapter are a powerful tool for
surgeons who are willing to manage patients in need of a
total spondylectomy. 
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FIG. 85-3. Case 1: Metastatic thyroid carcinoma at L1 with intractable low back pain and paraparesis in a
68-year-old woman. After tumor embolization, total en bloc vertebrectomy was performed with the anterior
and posterior combined procedure. A: A T2-weighted sagittal magnetic resonance (MR) image demon-
strated marked collapse of L1 vertebral body and spinal cord compression at L1. B,C: A computed tomog-
raphy-myelograph and a gadolinium-enhanced axial MR image showed the tumor involving the vertebral
body and the right pedicle. D,E: Plain X-rays 4 years after the operation. En bloc total spondylectomy of L1
was performed through the combined approach. First, the posterior element of L1 was resected, followed
by reconstruction with a pedicle screw system from T11 to L3. Second, the vertebral body was resected en
bloc, followed by reconstruction with an A-W glass ceramic vertebral prosthesis and the Kaneda SR sys-
tem. The patient is still ambulatory with no evidence of disease, and solid biologic bony fusion has been
obtained. The A-W glass ceramic spacer has now been taken off the market due to the manufacturer’s cir-
cumstances. F,G: Plain radiographs demonstrated the L1 vertebra resected in the en bloc fashion.The ver-
tebra was dissected only at the pedicles with no destruction of the other part.
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FIG. 85-4. Case 2: Metastatic renal cell carcinoma at
T11 and T12 with severe back pain and paraparesis in
a 52-year-old man. After tumor embolization, total ver-
tebrectomy was performed with the combined proce-
dure. A–C: A sagittal T1- and T2-weighted magnetic
resonance (MR) image (A) demonstrated collapse of
T11 vertebral body and spinal cord compression at
T11. The tumor extended into the spinal canal as well
as into the paravertebral area. The MRI and computed
tomography films also showed that the tumor invaded
to the superoposterior portion of T12 vertebral body.
D,E: The plain X-P films after the surgery. The spine
was firmly stabilized, both anteriorly and posteriorly,
and the neurologic deficits completely recovered.
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CHAPTER 86

Prognosis and Results of Surgery for Primary
and Metastatic Tumors

Jonathan N. Grauer and Alan S. Hilibrand

Previous chapters have described the incidence and work-
up of primary and metastatic tumors of the spine. Surgi-
cal indications and techniques also have been presented.
This chapter reviews the prognosis and results of opera-
tive treatment for spinal tumors. In general, surgical
intervention has been shown to improve outcomes with
regard to longevity and quality of life for most benign
(1–3) and all malignant (4–8) primary spinal tumors. On
the other hand, the role of surgery for metastatic spinal
disease is more controversial (9–11). 

For most spinal tumors, the extent of resection has been
correlated with lower rates of recurrence and improved
survivorship (7,8,12). However, the unique anatomy and
function of the spine often limit the ability to perform even
a wide excision of some tumors. The surgeon must find a
balance between attaining adequate surgical margins and
preserving vital neurovascular structures. 

The potential for postsurgical instability is also an
important issue. For example, decompressive laminec-
tomy can be complicated by progressive kyphosis (13).
Although the most rigid stabilization can be achieved
through a posterior approach, posterior instrumentation
can only stabilize the posterior column. Because many
surgeons now approach lesions from the column of pri-
mary involvement, which is often anterior (9,14,15),
there has been a greater emphasis on anterior resections
and anterior or circumferential reconstructions. This is
discussed in later sections. 

Adjuvant therapies have been evolving in parallel with
surgical techniques for the treatment of spinal tumors.
Radiation can provide local cytotoxicity and reduce
neural compression by shrinking tumor mass. However,
this effect is limited in field, raises concern for inducing
sarcomatous changes, and can compromise future surgi-
cal approaches within the radiation field. Chemotherapy
affords more systemic cytotoxicity, which can be both

beneficial and limiting. Finally, as reviewed in this chap-
ter, evolution in surgical techniques has led to improve-
ments in prognosis and results of surgery for tumors of
the spine. Because it is difficult to generalize about prog-
nosis of spinal tumor surgery, primary benign, primary
malignant, and metastatic tumors are discussed sepa-
rately, and the results of surgery for individual tumor
types are reviewed. 

PRIMARY TUMORS

Primary tumors of the spine are relatively uncommon,
especially in comparison with metastatic disease. As
such, most studies are small and retrospective, with larger
series including patients from multiple medical centers or
over prolonged periods of time. As a result, there is great
variability in surgical techniques and adjuvant therapies
within and between study populations. Furthermore, pub-
lished studies often report outcomes in different forms
and with varying lengths of follow up. In this chapter, an
emphasis is placed on larger series. Comparable data and
outcome measures are presented where available. 

Benign

The six most common benign tumors of the spine that
present for treatment are: osteoblastomas, osteoid osteo-
mas, osteochondromas, giant cell tumors, aneurysmal
bone cysts, and hemangiomas in order of decreasing fre-
quency. This is as noted in a retrospective review of 31
such tumors by Weinstein and McLain (7). Outcomes
were usually good with relatively low long-term morbid-
ity and mortality. The overall recurrence rate was 21%,
and the overall 5-year survival rate was 86%. 

Osteoblastomas and osteoid osteomas are both benign
osteoblastic lesions, of which 36% and 10% occur in the
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Spine respectively (16). Surgical excision can afford
immediate pain relief and facilitate early patient mobi-
lization (3). Recurrence rates for osteoblastomas and
osteoid osteomas have been found to be 0% to 10% and
9%, respectively (17,18). Such recurrences have been
related to incomplete excisions. In cases of osteoblas-
toma with poorly defined margins, adjuvant radiation can
improve results (17). Alternative treatments, such as
high-frequency radiowave ablation, have been tried
recently for osteoid osteomas with minimal morbidity
and good initial success (19). 

Osteochondromas are osteocartilaginous exostoses, of
which 1% to 4% occur in the spine as solitary lesions or
as manifestations of familial osteochondromatosis (1). In
most cases, surgery is indicated only if there is neurologic
compromise or secondary scoliosis (2,20). Approxi-
mately 90% of patients have been reported to have relief
of symptoms (1,2). Recurrences are rare but have been
reported (21,22). 

Giant cell tumors are locally aggressive lesions of large
multinucleated cells, of which 1.8% to 9.3% occur in the
spine (23). Because of the locally aggressive nature of
giant cell tumors, they do not share the same favorable
prognosis as other benign lesions (7). For this reason, rad-
ical resection is recommended, if possible (24). Radiation
has been found to improve results for patients with
incomplete excisions or local recurrences (23). Neverthe-
less, recurrence rates of 22% to 42% have been reported
(23,25), and half of the recurrences reported in the series
by Weinstein and McLain were giant cell tumors (7). 

Aneurysmal bone cysts are highly vascular lesions of
unknown origin, of which 10% to 30% occur in the spine
(26,27). With early excision with or without bone graft-
ing or embolization, recurrences have been reported in
the 2% to 19% range (12,26,27). Selective arterial
embolization has been associated with superior clinical
results because of decreased operative bleeding. In fact,
some studies have suggested that embolization alone may
be sufficient treatment (26); however, others additionally
recommend routine curettage and bone grafting (12,27).
Radiation has not been found to decrease the rate of
recurrence (28). 

Hemangiomas often are noted incidentally or never
detected. Surgical decompression or excision is consid-
ered for those with neurologic symptoms, or when the

structural integrity of a vertebra is compromised. Similar
to aneurysmal bone cysts, embolization offers a means to
minimize surgical bleeding (29,30). Recurrence was
noted in 27% of patients in one surgical series (29). Post-
operative radiation thus was recommended to minimize
recurrence if subtotal tumor resection is performed. Ver-
tebroplasty (31) or ethanol injections (32) may provide an
alternative means of treatment for these tumors, although
long-term results of these treatments have not yet been
reported. 

Malignant

The six most common primary malignant tumors of
the spine are: solitary plasmacytomas, chordomas, chon-
drosarcomas, lymphomas, Ewing sarcomas, and osteo-
sarcomas, in order of decreasing frequency. This is as
noted in a retrospective review of 51 such tumors by
Weinstein and McLain (7). Overall 5-year survival rates
correlated with tumor type and extent of initial surgical
excision (Table 86-1). Survival was greatest for patients
with chondrosarcomas and solitary plasmacytomas and
was shortest for those with osteosarcomas and primary
lymphomas. The overall local recurrence rate was 21%,
and metastatic disease developed in 27% of these pa-
tients. 

Solitary plasmacytomas are treated to prevent local
progression and dissemination to multiple myeloma.
Although initial treatment often consists of radiation, par-
tial resection or curettage is recommended for progres-
sive neurologic symptoms or cord compression. The role
of chemotherapy is controversial (33). The prognosis for
plasmacytoma is much better than of multiple myeloma.
Five- and 10-year survival rates have been found to be
86% to 100% and 85%, respectively (34,35). Disease-
free survival at 5 and 10 years has been found to be 40-%
to 60% and 0%, respectively (33,35). Recurrence is cor-
related with the appearance or increase of the M light-
chain component (35). 

Chordomas are low-grade, locally invasive tumors that
are slow to metastasize. The 5-year survival rate for these
tumors has been reported to be 58% to 86% (5,36).
Achieving tumor-free margins has been shown to be
important for preventing local recurrence and improving
survival (5,36). Additionally, more proximal lumbosacral
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TABLE 86.1. 5-Year survival rates for primary malignant tumors of the spine

Primary bone malignancy 5-Year survival rate References

Solitary plasmacytoma 86%–100% Meis et al. (34), Delauche-Cavallier et al. (35)
Chordoma 58%–86% Cheng et al. (36), Ozaki et al. (5)
Chondrosarcoma 55%–72% Bergh et al. (4), Shives et al. (38), York et al. (8)
Ewing sarcoma 33% Grubb et al. (13)
Lymphoma 22%–24% DiMarco et al. (41), Salvati et al. (40)
Osteosarcoma 4%–10% Barwick et al. (48), Shives et al. (6)



location and initial radiation have been correlated with
longer survival (36). Metastases develop in 5% to 40% of
patients studied (5), and preservation of the mid-sacral
roots has been found to be important for maintaining
bowel and bladder function. 

Chondrosarcomas are malignant cartilage producing
tumors. Approximately 9% of these lesions are in the
axial skeleton (Fig. 86-1) (37). Five- and 10-year surgical
survival rates have ranged from 40% to 72% (4,8,38).
Lower histologic grade (4), wider tumor resection
(4,8,37), and younger age (4) have been associated with
improved survival. Neither radiation nor chemotherapy
has been found to be beneficial (8). 

Although some consider an epidural lymphoma pri-
mary to the spine only if the original foci are in the spine
(38,40), others report all lymphomas presenting with
spinal cord compression within this group, irrespective of
the presence of other previously undetected neoplastic
foci (41,42). Traditionally, these tumors have been treated
with decompressive laminectomy and radiation with poor
clinical outcomes; one such study reported six of 12 dead
within 6 months and the remaining six dead within 4
years (39). With adjuvant chemotherapy and improved
surgical techniques, outcomes have improved; 5-year sur-
vivals of 22% to 40% are now reported (40–42). Neuro-
logic status was found to be an independent prognostic
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FIG. 86-1. Case example of a 54-year-old man with a chondrosarcoma arising from the right T11 cos-
tovertebral junction. Preoperative plain film (A), computed tomography (B), and magnetic resonance
imaging (C) demonstrate the lesion. Postoperative plain films (D,E) show the anterior and posterior
reconstruction after resection was performed.
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factor for this group of patients (40,42), but tumor histol-
ogy was not (42). 

Ewing sarcomas are malignant tumors of unknown cell
origin, of which only 4% to 7% are found in the spinal
column (43,44). Early work suggested that spinal in-
volvement was a poor prognostic feature, with 6% sur-
vival compared with overall 16% survival (43). With
newer regimens of chemotherapy and radiation tailored to
this disease process, survival rates of primary spinal
Ewing have improved (45). A recent review of 36 cases
found the 5-year survival rate to be 33% (13). It has been
suggested that sacrococcygeal tumors may have a worse
prognosis that those elsewhere in the axial skeleton (46). 

Osteosarcomas are malignant osteoid producing
tumors, of which 1.5% to 3% occur in the spine (6,47).
Reported outcomes have been poor. With or without
decompressive laminectomy, attempted excision, radia-
tion, or chemotherapy, all but one patient died of the dis-
ease in two series (5-year survival rates of 4% to 10%)
(6,48). Furthermore, the mean length of survival was only
6 to 10 months for those who did not survive 5 years. 

In summary, primary malignant tumors of the spine
pose a significant surgical challenge. Aggressive surgical
excision with appropriate adjuvant therapy provides the
best chance of preventing local recurrences and distant
metastases. However, regardless of the treatment regi-
men, long-term outcomes are not good for most subtypes.

METASTATIC TUMORS

The surgical indications for metastatic disease of the
spine are less well defined than those for primary tumors.

The risks of significant morbidity in chronically ill
patients with limited life spans must be weighed against
the potential for pain relief, restoration of quality of life,
and prolongation of survival. A clear understanding
between surgeons and patients of the variables affecting
prognosis and results of surgery aids in the decision-mak-
ing process. 

General indications for surgical management include
progressive neurologic deficit, intractable pain, spinal
instability, radio-resistant tumors, and the need for histo-
logic diagnosis (Fig. 86-2) (11,49). Radiation with or
without chemotherapy is the mainstay of treatment for
metastatic disease. Surgery is an adjunct to these primary
modalities. Goals of surgery include decompression of
neural structures, with debulking the tumor mass, correc-
tion of deformity, and stabilization for the relief of pain. 

Historically, most resections were done from posterior
approaches, despite the fact that the majority of metasta-
tic lesions occur anteriorly, in the vertebral body. Conse-
quently, the results of such procedures were disappoint-
ing (50,51), and some authors found no significant
difference in outcome between those undergoing decom-
pressive laminectomy and radiation and those receiving
radiation alone (52). However, adjuvant stabilization did
improve results (53). 

Anterior decompression and stabilization has been
found to provide significantly better results for patients
with anterior disease isolated to one or two continuous
segments (Fig. 86-1) (9,14,15,49). In a review of the lit-
erature, Weinstein found the average percentage of
patients with satisfactory outcome to be 37% after poste-
rior decompression and 80% after anterior decompres-

836 / SECTION V/SPECIFIC CLINICAL ENTITIES

FIG. 86-2. Case example of a 61-year-old woman with metastatic disease of L3. Preoperative plain film
(A), preoperative magnetic resonance imaging (B), and postoperative laterals (C) show anterior column
reconstruction with femoral allograft and an anterior plate.
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sion (15). Patients with more than two segments of con-
tinuous disease pose a much greater challenge. If anterior
collapse or neural element compression exists, an ante-
rior decompression and posterior stabilization is indi-
cated. A posterior approach may be considered if there is
extensive disease over many levels (54), although such
extensive disease suggests a poor prognosis and may mil-
itate against any significant benefit from operative treat-
ment. 

Pretreatment neurologic status, duration of neurologic
compromise, and rate of neurologic decline have been
identified as prognostic factors in treatment (55,56). For
this reason, some have recommended early surgical inter-
vention for spinal metastases once neurologic manifesta-
tions are recognized. Significant neurologic improve-
ments have been described after anterior decompression
and reconstruction of metastatic tumors. Among patients
with neurologic deficits undergoing operative treatment,
Harrington described complete recovery in 42% and sig-
nificant improvement in an additional 26% (9). Kostuik
et al. found a significant neurologic return in 40% of pos-
terior decompressions and 71% in anterior decompres-
sions (14). Siegal and Siegal found a 31% increase in
patients’ ability to walk from pre-decompressive to post-
decompressive laminectomy and a 52% increase with
anterior decompression (49). 

Tumor type also has been found to affect outcome
(11,55,56). The most common primary tumors metastatic
to bone are tumors of breast and prostate (84%), thyroid
(50%), lung (44%), and kidney (37%) (15). As expected,
the more aggressive the primary tumor, the worse the
long-term prognosis. Wise et al. found postoperative sur-
vival rates were the longest for myeloma and soft-tissue
sarcomas and the shortest for adenocarcinoma of un-
known primary origin and prostate cancer (11). 

The decompression site can be reconstructed with
autograft, allograft, or methyl methacrylate. The advan-
tage of autograft or allograft is the potential for incorpo-
ration and biologic fusion, which can provide long-term
stability. However, fusion is often compromised in the
tumor patient by local factors such as abnormal tumor
biology, local radiation effects, and chemotherapeutics.
Some authors have recommended the use of methyl-
methacrylate if expected survival is limited (generally
less than 1 year) (9,14). However, care must be exercised
in placing methyl methacrylate in proximity to the neural
elements to avoid injury from the exothermic curing
process.

Perioperative complications can significantly limit the
potential benefits of surgical treatment in this patient
population and dramatically alter the postoperative
course. The most common complication is postoperative
wound infection (11). This can result from impaired
wound healing, which is seen in the setting of prior radi-
ation treatment (11), and chronic malnutrition (57,58),
both of which are common in this population. These vari-

ables also lead to relative states of immunosuppression by
limiting vascular ingrowth and thus further predisposing
to local infections. 

In summary, surgery for metastatic disease of the spine
is indicated for correction of deformity, preservation of
neurologic function, and control of intractable pain.
Mean survival time after surgery for metastatic disease is
only about 11 to 16 months (10,11,14), although this is
primarily related to the natural history of the underlying
primary tumor. Nevertheless, as surgical techniques and
adjuvant therapy regimens are refined, surgical goals are
becoming more attainable and outcomes are improving. 

CONCLUSIONS

Neoplastic lesions of the spine pose a significant clin-
ical problem. Most are found in older patients and are the
result of metastatic disease. Although the follow-up of
such patients treated surgically is limited, the results
reviewed in this chapter provide some indication of the
relative benefits of surgery for the different tumor sub-
types. Adequate tumor resection, appropriate stabiliza-
tion, and targeted adjuvant therapy are important consid-
erations in all such patients. The past 20 years have seen
tremendous strides in the surgical management of all
types of spinal tumors—primary and metastatic. In par-
ticular, an increased appreciation of the need for direct
decompression of the tumor via an anterior approach, fol-
lowed by anterior column reconstruction and (often) pos-
terior stabilization has extended the benefits of surgery to
many more cancer patients. However, more large multi-
center studies are needed to prove the efficacy of these
more extensive surgical procedures in improving patient
quality of the life and survivorship. 
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CHAPTER 87

Determining Reasons for Failed Surgery

Christopher S. Raffo and Sam W. Wiesel

Surgery on the lumbar spine is not always successful. An
estimated 300,000 new laminectomies are performed
yearly in the United States and 45,000 of these patients
will continue to be disabled (1). The patient who has
undergone multiple surgeries with continued or worsen-
ing pain and disability is of increasing concern. As lum-
bar surgeries continue to grow, the problem will continue
to expand. With this expansion comes an ever-growing
cost of treating these patients, an obvious concern in the
era of rigid cost containment. The complexity of a multi-
ply operated patient necessitates a methodical, precise,
and cost-efficient evaluation. 

It seems obvious, but is worth restating, that the best
chance for an excellent outcome from spine surgery is
appropriate indications for that surgery. Conversely,
surgery with inaccurate or inappropriate indications must
be avoided due to its dismal chance for good outcome
(2,3). Precise correlation of physical symptoms and find-
ings with the diagnostic imaging studies is essential,
owing to the high incidence of clinically false-positive
myelograms, discograms, computed tomograms (CT),
and magnetic resonance imaging (MRI) (4–6). Explo-
ration of the spine is unacceptable, without well-defined
and correctable pathology that matches the data gathered
from advanced imaging. Also, due to increasing com-
plexity with each revision operation, the first surgical
procedure has the greatest chance for success.

The first decision point in the evaluation of failed back
surgery syndrome (FBSS), the term describing the com-
plex problem of the multiply operated and failed spine, is
to separate mechanical from nonmechanical pathology.
Mechanical pathology includes herniated discs, segmen-
tal instability, and spinal stenosis. These conditions often
respond favorably to surgical treatment, because they
cause direct compression of the neural elements. Nonme-
chanical causes of lumbar spine pain include scar, disci-
tis, psychosocial conditions, and general medical prob-
lems. Nonmechanical conditions will not improve with
surgery and, in fact, will probably further deteriorate.

Differentiating between the two is the critical first step in
selecting surgical candidates.

The keystone in establishing a good outcome when
treating lumbar spine pathology is obtaining an accurate
diagnosis. While this seems intuitive, failure to accom-
plish this primary goal will lead to a treatment course
fraught with difficulty.

EVALUATION

An organized approach to the evaluation of a patient
who has undergone multiple low back operations is
required to simplify the evaluation and to prevent missing
significant details. The history can be quite detailed and
complex. Many patients have a desire to relate their entire
history of back problems, and it is best to let them do so.
After deciphering these often complex stories, three his-
torical points must be gathered. 

1. The number of previous spine surgeries correlates
with the outcome for future surgeries. The chance for a
successful result is dramatically reduced with additional
operations. Historically, a second procedure for a given
problem has only a 50% success rate and further proce-
dures often worsen the patient’s condition (7–9) 

2. The length of the pain-free interval must be clearly
understood. If the patient awoke from a previous opera-
tion with the exact pain that brought him or her to
surgery, it is likely that the nerve root was not decom-
pressed completely or the improper nerve root was
decompressed. However, if the interval from surgery to
the present complaint is 6 months or more, the new pain
may be the result of a recurrent disc herniation at the
same or different level. If the pain-free interval is only 1
to 6 months, and the new symptoms gradually pro-
gressed, scar tissue is suspected (7,10). Both epidural
fibrosis and arachnoiditis can cause this pain pattern.

3. The patient’s pain pattern must be recorded. If leg
pain predominates, a herniated disc or spinal stenosis is
likely the diagnosis. Scar tissue may also result predomi-
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nantly in leg pain. Back pain, however, is suggestive of
infection, instability, tumor, or possibly scar tissue. Hav-
ing both back and leg pain is suggestive of spinal steno-
sis or scar tissue.

After a thorough and detailed history, the physical
exam is the next most important aspect of evaluation.
Objective neurologic findings and the presence of a ten-
sion sign, such as the sitting straight-leg raise, must be
sought. A dependable presurgical exam is very helpful, as
it allows comparison with the current postoperative
exam. If the neurologic exam is unchanged from before
the surgery, and no tension sign is present, then mechan-
ical compression is unlikely. If a new neurologic deficit is
present and a tension sign also is present, then compres-
sion on the neural elements is possible. The tension sign
is not pathognomonic for neural compression; however, it
can also be caused by epidural or perineural fibrosis. 

Special attention should be paid to inorganic physical
findings. Red flags include nonanatomic pain distribu-
tions or distraction signs. Waddell et al. showed that pres-
ence of three or more nonorganic signs predicts a poor
outcome from repeat lumbar surgery (8). Also, it is essen-
tial to identify litigation or secondary gain issues that
may influence treatment and outcomes. Multiple authors
have shown that unresolved litigation or compensation is
a significant risk for poor outcome. While formal testing,
such as the Minnesota Multiphasic Personality Inventory,
can be useful, it should not replace the surgeon’s attempt
to identify well-motivated and adjusted patients (11).
These patients are most likely to benefit from surgery.

DIAGNOSIS

Arriving at the correct diagnosis is the primary goal
in the evaluation of the patient with the multiply oper-
ated back. The lesions most commonly responsible for
FBSS include persistent or recurrent disc herniation
(12% to 16%), lateral (58%) or central (7% to 14%)
stenosis, arachnoiditis (6% to 16%), epidural fibrosis
(6% to 8%), and instability (less than 5%) (10,12). To
standardize and simplify the approach to treatment of
this complex problem, an algorithm has been devel-
oped. The aim of the algorithm is to assist by organiz-
ing diagnostic criteria, helping identify the correct
diagnostic category, and directing treatment principles
(Fig. 87-1; Table 87-1).

An important step in the algorithm is identifying
nonorthopedic causes for back pain. Important diagnoses
to consider are pancreatitis, diabetes, and abdominal
aneurysm. All can mimic FBSS and will potentially
respond to disease-specific therapy. A general medical
evaluation, by an internist or equivalent physician, should
be routinely obtained and appropriate treatment initiated.
In addition, any psychosocial abnormality should be
identified. These include alcoholism, drug dependency,

anxiety, or depression. A psychiatric evaluation is neces-
sary in these cases. Again, it is worth restating that
patients with unresolved litigation or compensation
issues do not respond to further surgery (13).

Of course, patients with psychiatric disorders may
have legitimate orthopedic pathology. It is wise to address
the psychiatric diagnoses before proceeding with any fur-
ther surgery. Hopefully, treatment of the psychiatric con-
dition will eliminate or significantly reduce the somatic
back symptoms and disability.

The remaining patients, after eliminating those with
medical or psychiatric diagnoses and those motivated by
secondary gain, will have either back or leg pain. The
goal is to identify which patients have specific mechani-
cal problems that may respond to further surgery from
those with symptoms resulting from scar tissue or inflam-
mation. 

Mechanical Lesions

Herniated Intervertebral Disc

If the pain of FBSS is from a herniated disc, three pos-
sibilities exist. The prior decompression may have been
inadequate. This may occur when the correct level was
insufficiently decompressed, an incorrect level is decom-
pressed, or disc material is left behind. Typically leg pain
predominates and mimics the original symptoms. The
pain pattern is identical because the nerve root remains
mechanically compressed. The neurologic findings, ten-
sion signs, and radiographic pattern will be unchanged
from the preoperative findings. The key historical point is
the absence of a pain-free interval: the patient awoke in
the recovery room with the same pain he or she had pre-
operatively. Patients in this category will benefit from a
proper and complete decompression.

A recurrent herniation may also occur at the previous
level, despite an adequate decompression at the index
procedure. Typically, the patient awoke in the recovery
room pain-free and remained so for at least 6 months. The
recurrent disc then irritates and compresses the original
nerve root, causing the identical symptoms. If contrast-
enhanced CT or gadolinium-enhanced MRI demonstrates
herniated disc material, then further decompression is
warranted. 

Lastly, a different disc may herniate at a new level,
causing a different constellation of symptoms. The pain-
free interval is typically greater than 6 months, but can be
shorter. Leg pain usually predominates, in an anatomic
pattern consistent with mechanical compression of a dif-
ferent nerve root. The tension sign should be positive.
Again, if contrast-enhanced CT or gadolinium- enhanced
MRI demonstrates a disc at a level consistent with the
symptoms then the patient will benefit from another
decompression.
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Lumbar Instability

Segmental instability is a poorly understood cause of
persistent back pain in the FBSS patient. Instability, the
abnormal motion between two vertebrae, results from the
inability of the spinal motion segments to bear normal
physiologic loads. While deformity or neurologic deficits
are potential complications of instability, pain is the most
frequent finding (14). The cause in the FBSS patient may
be related to the underlying disease, or it may be iatro-
genic. The common iatrogenic causes are excessive facet
resection during surgery or pseudoarthrosis (15). 

The pain felt from segmental instability may be
episodic. Particular activities, such as rising from a chair
or straightening after forward bending, may provoke
symptoms. Less commonly, instability can produce
dynamic stenosis creating leg pain. The physical exam is
often normal, although a characteristic reversal of normal
spinal rhythm may be noted on return from forward bend-
ing (16).

The key to diagnosis may be the weight-bearing, lateral
flexion, and extension radiographs. Relative sagittal
translation of 12% or angulation of 11° is considered pos-
itive. At L5-S1, a more modest 25% translation or 19°
angulation is considered a positive test (17). Progressive
scoliosis or listhesis on subsequent radiographs is also
indicative of instability. 

Radiographic evidence of motion should be interpreted
cautiously since not all patients with abnormal motion
will be symptomatic. In the absence of another identifi-
able mechanical cause for pain, patients with both pain
and abnormal motion may benefit from fusion of the
affected levels (18). Additionally, exploration of a

pseudoarthrosis may be indicated if abnormal motion can
be documented. However, without documented motion or
a thorough exclusion of other potential causes for the
symptoms, surgery for pseudoarthrosis has a low proba-
bility of success (19). 

Spinal Stenosis

In all patients, including patient who has experienced
multiple back surgeries, lumbar spinal stenosis may pro-
duce back and leg pain. The pain may result from pro-
gression of an inherent degenerative spinal disorder, a
previous incomplete decompression, or by overgrowth of
a fusion mass. 

The pain-free interval will vary depending on the cir-
cumstances. If the previous surgery failed to completely
decompress a stenotic canal, there may be no pain-free
interval. Alternatively, the patient may be free of symp-
toms for months to years before the canal becomes suffi-
ciently stenotic to produce symptoms. 

In general, the history and physical should be similar
to any patient with lumbar spinal stenosis. Back and leg
pain are typically present, and leg pain often is exacer-
bated by exercise, although this is not essential to the
diagnosis. The neurologic exam is typically normal,
unless neurogenic claudication can be produced during
an exercise stress test. Tension signs are generally absent
(20,21). It is crucial to differentiate true neurogenic clau-
dication from pain produced by vascular insufficiency. 

Plain radiographic findings suggestive of stenosis are
facet hypertrophy and degeneration, decreased inter-
pedicular distance, decreased sagittal canal diameter, and
degenerated disc spaces. Spondylolisthesis is commonly
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TABLE 87.1. Table format of algorithm for treatment of failed back surgery syndrome: differential diagnosis of the multiply
operated back

History and Original Recurrent Recurrent disc Spinal Spinal Arachnoiditis Epidural 
physical disc not disc at at different Instability Stenosis Scar 
radiographs removed same level level Tissue

No. of previous >1
operations

Pain-free None >6 months >6 months >1 month but >1 month 
interval <6 months gradual onset

Predominant Leg pain Leg pain Leg pain Back pain Back and Back and Back and/or 
pain (leg leg pain leg pain leg pain
vs. back)

Tension sign + + + May be May be 
positive positive

Neurologic + same + same + different + after 
exam pattern pattern level stress

Plain X-rays + if wrong +
level

Lateral motion +
X-rays

Metrizamide + but + same level + different level + + +
myelogram unchanged

CT scan + + + + +
MRI + + + + +



associated with central and lateral stenosis. While it
occurs most commonly at the L4-L5 level, it can occur at
the previous operative level. MRI clearly shows thecal
sac narrowing and, following gadolinium injection, can
differentiate between compression caused by epidural
scar and by hypertrophied normal soft-tissue structures.
Postmyelographic CT provides excellent visualization of
bony encroachment on the neural elements centrally, as
well as in the lateral recesses and foramina. However, CT
cannot reliably differentiate scar from hypertrophied soft
tissue (22). 

If direct evidence of bony encroachment or mechanical
pressure from hypertrophied soft tissue can be found on
advanced imaging, then the patient will potentially respond
well to decompression of the neural elements. Good results
can be expected from surgery in at least 70% of properly
selected patients. However, if gadolinium-enhanced MRI
shows substantial scar tissue is present, the degree of pain
relief that may be anticipated is less certain. Perhaps
related to this fact, patients who have undergone previous
laminectomy and fusion respond less well to repeated sur-
gical decompression (23).

Nonmechanical Spinal Lesions

Scar tissue and discitis are nonmechanical sources of
recurrent pain in the FBSS patient. Although the location
and pathology of these entities differ, they are discussed
in common because neither improves with further
surgery. Postoperative scar formation in the spine is
divided into two main types based on anatomic location.
Scar tissue that forms within the dura is referred to as
arachnoiditis. Scar tissue that forms outside the dura is
appropriately termed epidural fibrosis. 

Arachnoiditis

Arachnoiditis is strictly defined as inflammation of the
pia-arachnoid membrane surrounding the spinal cord or
cauda equina (12). The extent of scarring may vary from
person to person. At its most severe, the subarachnoid
space may be obliterated and the flow of cerebrospinal
fluid or contrast agents obstructed. While the precise
cause is uncertain, previous lumbar spine surgery, intra-
operative dural tears, and the injection of oil-based con-
trast agents are precipitating factors (24). Postoperative
infection may also play a role in the pathogenesis of
arachnoiditis (25,26).

There is no consistent clinical presentation for arach-
noiditis. A typical patient complains of back and leg pain
that developed after a brief pain-free interval, between 1
and 6 months. A history of multiple back surgeries is also
common. The physical exam is generally not helpful,
with any neurologic deficits being attributed to previous
pathology or surgery. CT myelography and MRI may
confirm the diagnosis. 

At present there is no effective treatment for arach-
noiditis. Surgery has proved ineffective at relieving pain
or reducing scar formation. Combined with much
needed encouragement, various nonoperative therapies
can be employed (3,12,26,27). The administration of
epidural steroids, transcutaneous electrical nerve stimu-
lation, spinal cord stimulation, operant conditioning,
bracing and patient education have all been tried, with
varying success. None of these therapies cures the con-
dition, but all may provide some relief to some patients
for varying periods. Patients should be detoxified of 
all narcotics, started on amitriptyline hydrochloride
(Elavil; Zeneca Pharmaceuticals, Wilmington, DE), and
encouraged to be as active as possible. Treating these
patients remains a significant challenge, requiring devo-
tion and patience by both the physician and patient, to
achieve optimal results. 

Epidural Fibrosis

Formation of scar outside the dura, on the cauda equina
or directly on the nerve roots, is unfortunately relatively
common (28). The epidural scar tissue acts as a constric-
tive force on the neural elements and may cause postop-
erative pain. However, while most postsurgical patients
have epidural scar formation to some extent, only an
unpredictable few are symptomatic. 

Patients with epidural scarring may present with symp-
toms at any time, from several months to more than a year
after surgery. The onset is insidious and patients often
report back or leg pain. New neurologic deficits are unex-
pected but a tension sign may be present due to constric-
tion and scarring around the nerve root. The condition is
best differentiated from a recurrent herniated disc with a
gadolinium-enhanced MRI. 

As with arachnoiditis, there is no definitive treatment for
epidural scar formation. Prevention may be the best strat-
egy. In the past, a free fat interpositional graft was used after
laminectomy (29). A study comparing the use of Gelfoam
(Upjohn; Kalamazoo, MI), interposed free fat, and placebo
showed no statistical difference in relieving or exacerbating
epidural fibrosis (30). Adcon-L (Gliatech, Inc.; Cleveland,
OH), a recently introduced biodegradable gel matrix that
was approved by the U.S. Food and Drug Administration for
use after single-level laminectomy or laminotomy, reduces
epidural scar formation in experimental studies. While its
use is attractive in preventing scarring, its clinical efficacy
is not entirely proven. Although Adcon-L is now available
for patients thought to be high risk for scarring, its routine
use should be avoided until further studies show a distinct
benefit in outcomes (31). 

Once epidural fibrosis has formed, surgical treatment
is not beneficial. More scar, in fact, would form from
repeated surgical exploration. The treatment program
described for arachnoiditis should also be employed for
epidural fibrosis. 
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Discitis

Discitis is an uncommon but debilitating complication
of lumbar spine surgery. The pathogenesis, although not
completely understood, is thought to be direct inoculation
of the avascular disc space (32). Severe back pain, usually
about one month after surgery, is the usual presentation.
Signs on physical exam that may corroborate the diagno-
sis are fever, presence of a tension sign, and possibly a
superficial abscess. 

If discitis is suspected, plain radiographs, blood cul-
tures, an erythrocyte sedimentation rate (ESR), and a C-
reactive protein (CRP) should be obtained. CRP is more
specific than ESR, especially in the early phases of infec-
tion. Also, it normalizes more quickly than the ESR, and
in other orthopedic infections is commonly used as a
marker of response to treatment. The classic plain radi-
ographic findings of disc space narrowing and end-plate
erosion may not be present early in the disease. Contrast-
enhanced MRI confirms the diagnosis.

The treatment of discitis is controversial (32). Most
commonly, the patient is restricted to short-term bed rest
and immobilization with a brace or corset. If the patient
has progressive pain despite immobilization or has con-
stitutional symptoms, a needle aspiration is recom-
mended. If an organism can be isolated by aspiration,
appropriate intravenous antibiotics are administered, usu-
ally for 6 weeks. Open disc space biopsy is unnecessary
if the patient improves with treatment outlined above.
With improvement of symptoms, and normalization of
the ESR and CRP, the patient may ambulate as tolerated.

Instrumentation

The use of instrumentation as an adjunct to lumbar
spinal fusion has become enormously popular in the last
10 years, almost exclusively in the form of pedicle-
screw–based implants. This complicates the approach to
the FBSS patient. It is our anecdotal experience that more
patients are undergoing lumbar spine fusion without
objective indications, resulting in a high failure rate. The
presence of the implant itself raises several technical con-
siderations relating to possible revision surgery, including
the significance of screw breakage, implant loosening,
infection, and aberrant screw placement. Finally, because
of adverse publicity surrounding the use of these devices,
their presence raises legal implications that at times fur-
ther cloud a complicated clinical picture.

Pedicle screw instrumentation systems are inert ortho-
pedic implants with an exceedingly low incidence of true
allergy. Mechanical failure of the implant does not always
represent an indication for removal or revision. The most
dramatic mode of failure is breakage of the screw, typi-
cally at the shank-thread junction, which has been
reported at a rate of 0.5% to 2.5% (33,34). Screw failure

was historically quite common, even early in the postop-
erative period. With advancements in material science
and manufacturing, implant failure is now far less com-
mon. Furthermore, a broken screw has questionable clin-
ical significance and does not eliminate the possibility of
a successful fusion. However, a study by Lonstein et al.
reported a correlation between screw breakage and
pseudoarthrosis. In this study, 12 of 19 patients who had
a fractured screw had a pseudoarthrosis (33). The authors
recommended that all symptomatic patients with broken
pedicle screws have the implants removed.

Other mechanisms of failure of these systems include
screw loosening in the pedicle and vertebral body. This is
a more common long-term finding, typically noted as a
small zone of lucency above the screw on routine radi-
ographs. Again, no correlation between loosening and
symptoms has been reported. Therefore, asymptomatic
loosening, in the absence of pseudoarthrosis with insta-
bility, warrants observation.

Finally, the risk of infection appears to be increased
with the use of these bulky implants and has been
reported as high as 5% (35). Although infection in the
perioperative period is more readily diagnosed, late
developing infection has been reported and may represent
a source of recurrent back pain after a pain-free interval.
The patient with worsening pain several months or even
years after an otherwise successful fusion may be mani-
festing late infection and should be evaluated accord-
ingly. CT scanning, looking for a fluid collection around
the implant, and aspiration of the wound may aid in this
diagnosis.

SURGICAL TECHNIQUES IN THE MULTIPLY
OPERATED SPINE

Operating on the previously operated lumbar spine can
be a considerable technical challenge. The actual technique
of a repeated laminectomy is different than the initial pro-
cedure. There is certainly increased morbidity, with
increased risk of damage to the dura and neural elements.
The specific technique for repeated laminectomy and repair
of a dural tear are presented in the following sections.

Repeated Decompression

The goal of decompression in the multiply operated
back patient is identical to the goal for any spinal decom-
pression: to safely and completely free the neural ele-
ments, without causing excessive hemorrhage. Unfortu-
nately, after prior decompression, the anatomic features
are no longer normal, and the presence of scar tissue may
complicate exposure and ease of decompression. Thus,
several technical aspects of performing a repeated
laminectomy are different from those for a primary pro-
cedure.
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The first difference involves the operative approach.
Stripping the paraspinal muscles away with impunity is
not possible, because no lamina or ligamentum flavum is
present to protect the neural elements at the previously
operated sites. This means that the approach begins at a
new anatomic level, which is normal and protected. This
allows the surgeon to find the correct depth of the cauda
equina (neural elements).

The surgeon may also be tempted, after the depth of the
neural elements is determined, to remove the extradural
scar tissue directly from the dura. Technically, this is dif-
ficult, and there is a great deal of hemorrhage and a high
possibility of injury to the dura. Even if the scar tissue is
successfully removed, there is no good way to prevent its
reformation. Therefore, it is recommended that, in most
cases, that extradural scar tissue should be left intact.
Only tissue that is covering the area of pathologic change
should be removed. Otherwise, the operative plane
should be developed by elevating the scar (and dura)
away from the bone at the lateral margin of the old
laminectomy.

Finally, the nerve roots must be visualized laterally and
any mechanical pressure on them removed. This is
accomplished by extension of the laminectomy from the
new level down to the lateral gutters, leaving the central
scar tissue intact. Each nerve root is then identified and
any bony encroachment or herniated disc material at that
level can be easily removed. It is essential not only to
visualize the nerve root to the dorsal root ganglion and to
enlarge the foramen, but also to ensure that the root is
mobile.

Routine fusion in a multiply operated back patient is
not necessary. If there are preoperative signs of instabil-
ity on the lateral, weight-bearing flexion and extension
radiographs, a fusion is indicated. Also, widening the
laminectomy so that bilaterally 50% of the facet joints are
destroyed at any one level, or the pars interarticularis is
thinned, potentially destabilizes the spine. A bilateral, lat-
eral fusion is recommended in these circumstances. The
preoperative patient counseling and the surgical planning
should reflect this possibility.

The integrity of a previous fusion mass should be
checked during all revision surgeries, for the possibility
of a pseudoarthrosis. A pseudoarthrosis can be
extremely difficult to detect, even by direct visualiza-
tion during revision surgical procedures. Unless there
are objective signs on flexion-extension radiographs of
instability with horizontal translation, a nonunited
fusion mass can be easily missed. After identifying the
fusion mass laterally, use an osteotome to shave off the
outer surface. In a solid fusion, the bone is contiguous
throughout. If a defect were identified, the area should
be decorticated and new bone graft added. However,
even determining if a known pseudoarthrosis is respon-
sible for a patient’s symptoms can be particularly chal-

lenging. As stated previously, many pseudoarthroses are
not symptomatic. Thus, caution should be used when
deciding to treat an apparently painful pseudoarthrosis
with revision surgery and fusion.

Repair of Dural Tears

The rate of dural injury or tear is definitely increased
in the patient who has undergone multiple back opera-
tions. The surgeon must be skilled in handling this com-
plication. Although each dural tear is unique, certain
basic principles always should be applied. 

A dural tear usually occurs as the surgeon is gaining
visualization of the spinal canal. This can result when a
bone-biting instrument inadvertently pinches a small fold
of the dura. Alternatively, removal of the adherent dura
from the undersurface of bone can initiate a tear. When a
tear does occur, the wound usually fills quickly with cere-
brospinal fluid (CSF), obscuring the extent of the damage.
The surgeon’s first impulse is to try to see the tear by using
suction in the approximate area of the problem. This is a
mistake because individual nerve roots may be drawn into
the suction tip, causing extensive neurologic damage. Suc-
tion should only be applied through a Cottonoid patty
(Codman & Shurtleff, Inc.; Raynham, MA) so that no
damage is done to the neural elements. After the tear is
visualized, the surgeon places a piece of absorbable
gelatin sponge (Gelfoam) over the injury site—with a
large Cottonoid covering the entire area—and obtains ade-
quate exposure of the tear. The patient’s head should be
tilted down to decrease the flow of CSF in the wound.

After adequate exposure is obtained, the surgeon’s
attention can be focused on repairing the tear. The goal is
a watertight closure. If this cannot be accomplished, a
CSF fistula potentially may form, raising the risk of
meningitis or of forming a subarachnoid cyst. A sub-
arachnoid cyst can exert mechanical pressure on the
neural elements.

The operative field should be dry, with meticulous
hemostasis. Magnification loupes and adequate lighting
facilitate the repair. The technique used to close the dura
depends on the size and location of the tear. For simple
lacerations, 4-0 silk sutures on a tapered, one-half circle
needle are used. A running locking suture (Fig. 87-2A) or
simple sutures incorporating a free fat graft (Fig. 87-2B)
give a watertight closure. If a large tear is present, a graft
from the lumbar fascia is obtained and sutured in place
with interrupted dural silk sutures (Fig. 87-2C). If the
defect is in an inaccessible area, a small tissue plug of
muscle or fat is introduced through a second midline
durotomy and pulled against a tear from the inside of the
dura.

To test the repair, place the patient in the reverse Tren-
delenburg position and perform the Valsalva maneuver.
This maneuver increases intrathecal pressure and stresses
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the watertight closure. The fascia is then closed with a
heavy nonabsorbable suture to create another watertight
barrier to the egress of CSF. Drains should not be used, as
drains promote fistula formation. Postoperatively, the
patient should be kept flat, on strict bed rest, for at least
3 days. The repair should heal by this time.

Diagnosing a CSF leak in the postoperative period can
be challenging. Clear drainage emanating from either the
drain site or the wound should raise suspicion for a dural
leak. No helpful, noninvasive diagnostic techniques exist
at present. The best diagnostic test is a myelogram per-
formed with water-soluble contrast medium; this is rec-
ommended if a dural leak is seriously suspected. After the
postoperative CSF leak is identified, the patient should be
returned quickly to the operating room for dural repair to
prevent infection in the CSF.

Closed subarachnoid drainage is a nonoperative alter-
native treatment for dural leaks (36).  A subarachnoid
shunt can be placed percutaneously into the lumbar canal,
which results in the resolution of some CSF leaks. If a
shunt is not quickly successful, the patient should be
returned to the operating room for an open dural repair.

Prevention of dural tears is best achieved by excellent
visualization and meticulous technique during exposure.
Complete hemostasis should always be maintained. If
there is any question about the presence of dura in the
jaws of a bone-biting instrument, a Cottonoid patty

should be placed between the dura and the bony struc-
tures to prevent dural injury. This is an easy and safe pre-
ventive measure.

CONCLUSION

The incidence of FBSS will likely continue to rise with
the high rate of lumbar spine surgery in our society. Pre-
vention of FBSS is unquestionably more beneficial to the
patient, as out treatment of this condition is limited. Prop-
erly selecting candidates for lumbar spine surgery will
lead to a high rate of success. Unfortunately, many
patients with FBSS were inappropriately selected for
their original surgery and further surgery only worsens
the patient’s condition. When considering revision
surgery in these patients, a clear-cut diagnosis of nerve
root compression or instability should be present. Con-
sider exhausting nonoperative measures before operating. 

The evaluation of patients with FBSS is a critical step
in their treatment. The cause of the patient’s symptoms
must be accurately localized and identified, and a thor-
ough investigation of the patient’s psychosocial and gen-
eral medical status is needed. Critical historical points are
the number of previous operations, predominance of back
or leg pain, and the duration of the pain-free interval.
Neurologic deficits and tension signs are sought on phys-
ical exam. All imaging studies available should be thor-
oughly reviewed to corroborate the history and physical
findings. When all the information is integrated, the
physician can usually identify patients with correctable
mechanical problems from those with epidural fibrosis,
arachnoiditis, and discitis.

Physicians involved in the treatment of FBSS should
realize there is little likelihood the patient will return to a
pain-free state. Some level of permanent pain or disabil-
ity generally remains. These patients should be counseled
and encouraged to resume as functional a role as possible
in society.
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Failed back surgery syndrome (FBSS) is not a diagnosis
but a label describing the patient who continues to expe-
rience chronic pain following one or more spinal sur-
geries. Unfortunately, FBSS often connotes psychologi-
cal pain exaggeration and a centralized self-sustaining
pain process in which further diagnostic tests are inap-
propriate and treatment options directed at a specific
structural cause are useless. Although some patients with
chronic pain do develop psychological and behavioral
problems, in its extreme this condition should be labeled
chronic pain syndrome, not FBSS. Here FBSS is consid-
ered an outmoded phrase for describing patients with per-
sistent intermittent or constant spinal pain following one
or more spinal surgeries. Although these patients have an
increased likelihood of problematic pain sources such as
fibrosis, neuropathic nerve roots, and segmental instabil-
ity, the diagnostic work-up and treatment options are sim-
ilar to those of patients without prior surgery.

With more physicians and societies devoted to pain
management and musculoskeletal spine and sport med-
icine, diagnosis and nonoperative treatment algorithms
are evolving to include not only pastoral care modalities
(e.g., functional restoration, behavioral modification,
and psychological counseling), but also algorithms
including aggressive pharmacologic pain management
and interventional procedures for identifying and treat-
ing specific sources of pain. The proliferation of inter-
ventional procedures characterizing many nonoperative
spine practices has been controversial. Although detrac-
tors argue that many of these procedures are dubious,
risky, scientifically unproved, and do not lead to long-
term functional improvement, they are ubiquitous. Even
more procedures are being investigated in both pilot and
randomized studies. Some, such as epidural injections
have stood the test of time, but others, such as pulsed

radiofrequency treatments are recent concepts that may
or may not be in common use in 3 to 5 years. In this
chapter, we survey the most common procedures cur-
rently in use (1–3).

Most of these interventional procedures are directed at
specific peripheral sources of pain originating within the
posterior, middle, or anterior columns. However, there is
continued doubt that one can identify specific pain
sources in chronic low back pain. It has been estimated
that using clinical and radiologic data, the source of low
back pain can be accurately determined in only 15% to
20% of patients (4) with the exception of imaging (5).
Contrary to this view, many spine specialists believe pain
sources can be identified using pain reproduction and
relief following precise localized and spinal injection
techniques (International Spinal Injection Society [ISIS]
standards) (6). Based on Schwarzer’s studies using preci-
sion diagnostic injection as the criterion standard for
diagnosis, Bogduk postulated that a definite diagnosis
could be made in 70% to 80% of patients (7). Although
arriving at a different percentage prevalence of specific
pain sources, Manchikanti (3) was able to identify the z-
joint, sacroiliac (SI) joint, or disc as the primary source of
pain in 68% of patients.

POSTERIOR COLUMN

The prevalence of specific posterior column pain gen-
erators in postsurgical patients is unknown. However, the
effects of spinal surgery could increase the likelihood of
chronic pain originating from z-joints, SI joints, and mus-
cles or ligaments. Such effects may include increased
segmental motion above or below a spinal fusion or
increased or abnormal segmental motion owing to partial
removal the intervertebral disc. 



Facet Blocks

Attempts to identify a clinical “facet syndrome” have
largely been fruitless. Revel (8) has suggested that
patients with facet pathology can be reliably identified by
clinical criteria. Pain relief following placebo-controlled
medial branch blocks is the current standard for diagnos-
ing z-joint pain (9). Using this standard, the prevalence of
z-joint pain in younger injured workers with chronic low
back pain is approximately 15% and approximately 40%
in older rheumatologic patients (10,11). A more recent
study found a 40% incidence of facet-related pain in a
series of 120 consecutive patients (12).

Relief following local anesthetic denervation does not,
however, determine the cause. If pain is caused by inflam-
mation, then injection of corticosteroid into the joint
might be expected to give short-term pain relief; if the
cause of inflammation is an acute episode, then relief
might last until another event causes s pain to return.
However, in the postsurgical patient persistent z-joint
pain is probably more often caused by mechanical strain
of facet capsules secondary to abnormal segmental
motion, rather than inflammation. Randomized placebo-
controlled z-joint treatment trials with chronic low back
pain have not shown a significant difference in pain relief
between corticosteroid injection and placebo (13,14).

Medial Branch Neurotomy

Because of the poor long-term results following corti-
costeroid z-joint injections (15), medial branch blocks
have become the standard for diagnosis and treatment of
z-joint–related pain. Blocking the medial branches at two
consecutive levels temporarily denervates the joints. If
pain is caused by the z-joints, pain relief should follow.
Studies (16) have shown that lumbar medial branch
blocks were target-specific and a valid test of z-joint pain.
Carefully diagnosed with controlled diagnostic medial
branch blocks, Dreyfuss et al. also showed that 60% of
patients obtained at least 90% pain relief at 12 months,
and 87% obtained at least 60% relief following radiofre-
quency medial branch neurotomy (17). In a randomized
placebo-controlled study, van Kleef et al. showed that
lumbar medical branch neurotomy was not a placebo
(18).

However, medial branches do regenerate. In clinical
practice the average patient may expect an average of
50% decrease in pain between 6 and 12 months, but the
procedure can be repeated with a success rate of approx-
imately 75% (19). In the case of a specific z-joint injury,
the purpose of repeat neurotomies is to provide partial
pain relief while the injury heals. However, lasting reso-
lution of pain may depend on gradual stabilization of the
spinal segment, which may take many years. Over time
some patients develop different sources of pain and
become unresponsive to further denervation.

Restorative Injection Therapy of Failed Back
Surgery

The medial branches innervate both facet capsules and
interspinous ligaments. If pain is caused by chronic liga-
mentous strain arising from increased or abnormal
motion, medial branch neurotomies do not treat the
underlying problem. Although there is no evidence to
show that multifidus muscle denervation following
medial branch neurotomy increases instability, nonsurgi-
cal treatments directed at increasing the strength of the
ligamentous structures are more appealing.

For many years practitioners of orthopedic medicine
have advocated injecting injured connective tissues with
of proliferative agents (20–22). Theoretically, tissue pro-
liferation could afford increased motion, segment stability,
and reduced pain. Although remaining a contentious form
of treatment, data showing connective tissue proliferation
in animal models has provided some support for this
approach (23). In addition, some clinical data have sug-
gested that injection treatments may be of benefit to some
FBSS patients. For example, Gedney treated patients with
massive degeneration of intervertebral discs by injecting
ligaments in the lumbar area and sacroiliac ligament with
sclerosing solution (20,21), and Klein et al. (24) success-
fully treated a group of patients with low back pain,
including patients with unsuccessful lumbar fusion.

Despite the continued widespread use of proliferative
injections, controlled perspective outcome studies of pro-
lotherapy are few and have not permitted a definitive
evaluation. Although Klein et al. (25) showed signifi-
cantly better results in patients treated by proliferative
solution than patients injected with placebo, Dechow (26)
failed to show significant differences between patients
treated with proliferative solutions and those treated with
lidocaine. However, it is significant to note that success-
ful case studies required a period of treatment longer than
6 months and repetition of injections. In the Klein study,
treatment included six injections with 1-week intervals
between treatments and an exercise program, whereas in
the Dechow study patients received only three injections
and neither exercise treatment nor manipulations. Follow-
up in both studies was 6 months. It is significant that suc-
cessful case studies required a period of treatment longer
than 6 months and injections were repeated. Manipula-
tion and special exercises also were important.

Intramuscular Botulinum Toxin Injections

Muscle overreactivity resulting in spasms is frequently
observed in various pathologic conditions associated with
pain (27). It is not clear whether spasm itself causes pain,
or is simply a component of a more complex pathologic
process. Electromyographic studies have shown that elec-
trical activity of paraspinal muscle is higher in patients
with low back pain (28). Although the role of chronic
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muscle spasm in chronic back pain is unclear, many
physicians believe that overactive paraspinal muscles
contribute to chronic spinal pain; this belief has led to the
investigation and use of botulinum toxin.

Botulinum toxin’s therapeutic efficacy has been estab-
lished in randomized controlled studies for the treatment
of spasticity and dystonia, and there has been an increas-
ing empiric use of botulinum toxin for the diagnosis and
treatment of chronic spinal pain. 

Intramuscular injection of botulinum toxin causes
localized muscle paralysis by inhibiting acetylcholine
release from neuromuscular junctions. In a randomized
double-blind study pain relief following intramuscular
injection of 40 units of botulinum toxin A at each of the
five lumbar paravertebral levels was measured relative to
placebo (29). At 8 weeks, nine of 15 patients (60%) in the
botulinum toxin group and two of 16 (12.5%) of the nor-
mal saline group had pain relief exceeding 50% as mea-
sured by Visual Analogue Scale (VAS) score. Several
possible mechanisms of pain relief using this method
were proposed, and include spasm relief mediated via
nocioreceptors, and neuronal innervation of nociceptors
or spinal cord neurons. 

Middle Column

Although not the most common sources of spinal pain,
recurrent disc herniation, stenosis, instability, and fibrosis
are commonly sited structural sources of early or late
recurrence of nociceptive pain following lumbar spinal
surgery (30). However, even with direct surgical inspection
it may be impossible to determine the primary source of
axial pain. Many patients may have an undetermined
degree of neuropathic symptoms unlikely to resolve fol-
lowing repeated surgical intervention. Many physicians
continue to view FBSS as a syndrome characterized by
neuropathic pain exacerbated by psychosocial factors (31).

Epidural Injections

Nociceptive pain unresponsive to oral antiinflammato-
ries and aggravated by inflammatory dural sensitization
caused by disc herniations and stenosis is often treated
with epidural injections of anesthetic and corticosteroids.

The effectiveness of epidural injections has been eval-
uated in numerous studies with mixed results (32–34).
Performed by nonspecialists without the use of fluoro-
scopic imaging on patients with an unclear diagnosis cur-
rent data does not support the application of blind
translaminar injections (13). However, the efficacy of
transforaminal epidural injections using fluoroscopic ver-
ification of targeting is more convincing.

Because of attenuation of the epidural space, post-
laminectomy transforaminal injection offers a more
selective and reliable method of targeting injectant to the
anterior epidural space (35,36). In a randomized study in

patients presenting with lumbosacral radicular pain sec-
ondary to herniated disc, Lutze et al. compared the trans-
foraminal injection of local anesthetic and corticosteroid
versus trigger point injection (37) and showed an 84%
success rate for transforaminal injections versus a 48%
success rate for trigger point injections at an average fol-
low-up time of 1.4 years. Subsequent work showed a 50%
or greater reduction in pain at an average of 80 weeks fol-
lowing injections (38). In a randomized controlled study
of 55 patients requesting surgery for radicular pain, Reiw
found that 20 of 28 patients randomized to undergo fluo-
roscopically guided transforaminal injections with bupi-
vacaine and betamethasone decided not to have an oper-
ation at follow-up (13 to 29 months). Among patients
receiving betamethasone alone, only nine of 27 decided
against surgery. In a prospective evaluation of 30 patients
with pain secondary to a foraminal or extraforaminal her-
niation, Weiner (39) found that 22 of the 28 patients avail-
able for long-term follow-up showed sustained relief
from their symptoms following transforaminal injection
of local anesthetic and corticosteroids.

In a recent randomized controlled trial comparing the
effectiveness of transforaminal local anesthetic and corti-
costeroid injections against a placebo injection of normal
saline, Karppinen (40) showed both cost and short-term
pain effectiveness for contained lumbar disc protrusions.
These benefits were not obtained with disc extrusions. 

The efficacy of treating spinal stenosis with trans-
foraminal injections remains understudied. Using com-
puted tomography (CT)–guided transforaminal injections
in patients with spinal stenosis showed 72% short- and
28% long-term success rates compared with patients with
disc herniations of the lumbar spine, who showed 95%
short-term and 69% extended-term success rates.

Although epidural steroid injections are frequently
effective for treating middle column inflammation at
unoperated levels, the results when treating recurrent her-
niations and spinal stenosis at operated levels are less
predictable. Because the nerve root obtains as much as
50% of its nutrition through cerebral spinal fluid within
the dural cuff (41), postsurgical fibrosis may cause nerve
root ischemia and neuropathic pain. If this process were
responsible for a substantial portion of postoperative
pain, epidural steroid injections would not be of signifi-
cant benefit. However, treatment failure could be of prog-
nostic value by suggesting the presence of irreversible
processes unlikely to benefit from further surgery.

Derby et al. retrospectively studied a group of patients
undergoing primary and repeat lumbar spinal surgery for
extremity pain and determined that greater than 50%
relief of extremity pain for more than 1 week following
selective epidural block with local anesthetic and cortico-
steroids correlated with 50% or greater relief of leg pain
at 1 year postsurgery. All patients had temporary relief of
leg pain for the duration of the local anesthetic. When
duration of leg pain was less than 1 year, both steroid
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responders and nonresponders had good outcomes. How-
ever, when the duration of leg pain exceeded 1 year,
patients unresponsive to corticosteroids (two of 13
patients, or 15%) showed a favorable outcome compared
with 11 of 13 patients (85%) who responded to cortico-
steroids. Derby concluded that in patients with leg pain
greater than 1 year in duration, not responding to cortico-
steroids injection, the probability of resolution following
surgery was low. The chance of resolution in patients with
previous surgery and no significant structural abnormali-
ties was even less likely (42).

Although not specifically addressing the number of
injections to perform in situations where the pathology is
at an operated level, ISIS guidelines suggest that a series
of injections should be limited to no more than four injec-
tions at intervals of 7 to 14 days within a 6-month period.
Failure to obtain at least 40% relief of pain after any
injection is sufficient reason to stop the series unless
there is a strong desire to avoid surgery, absence of a sur-
gical lesion, or the patient experienced relief followed by
an acute exacerbation of symptoms. The American Acad-
emy of Pain Medicine (AAPM) has similar guidelines. 

Lysis of Adhesions

Whether fibrosis is a source of pain remains contro-
versial (43–45). Because fibrosis is often seen in patients
with and without continued spinal pain following surgery,
some have concluded that continued pain is more psy-
chological than physiologic (46,47–50). Traction on
neural structures via fibrous adhesions could theoreti-
cally lead to pain; however, coexisting processes (e.g.,
sensitization because of inflammation, nerve damage, or
segmental instability) must be present for pain to be
symptomatic. 

Surgical neurolysis of adhesions has generally shown
poor long-term results (51), although some studies have
shown pain relief for 3 to 6 months (52). This apparent
short-term surgical relief has prompted the study and use
of various percutaneous neurolysis methods.

Although perhaps the simplest method of treating
epidural adhesions is the epidural injection of
hyaluronidase, local anesthetic and corticosteroid, when
Devulder (53) compared the results of transforaminal
injection of hyaluronidase, and local anesthetic and a
combination of hyaluronidase, local anesthetic, and
Depo-Medrol in a randomized study of 60 patients with
FBSS owing to fibrosis there was no difference in out-
come between the groups at 6 months, although all
groups did show a decrease in pain at 1 month. Interest-
ingly only the two groups without corticosteroid showed
a statistically significant decreased efficacy at 3 and 6
months. 

Another common neurolysis method is the forceful
injection of fluid into the caudal epidural space. Using
this approach, several randomized comparative studies

have investigated the efficacy of providing pain relief in
postoperative patients with back and leg pains without an
obvious structural source other than epidural fibrosis.
Using fluoroscopic and contrast-verified injections, both
Revel (54) and Meadeb (55) compared the efficacy of
forced saline injection with or without added corticoster-
oids versus low-volume corticosteroid alone. Revel
showed a 6-month success rate of 45% and 29% for leg
pain and back pain, respectively. At 18 months postinjec-
tion, there was a statistically significant improvement in
patients in back (31%) and leg (39%) compared with the
group treated with steroids alone. Meadeb did not follow
enough cases to reach statistical significance. However, a
modest 15% decrease was seen in 47% of the forceful
injection group patients at 1 month following three injec-
tions administered at 1-month intervals. No complica-
tions were reported.

A more aggressive approach involves fluoroscopically
guiding an epidural catheter to the site of fibrosis and
using both injected fluid pressure and mechanical disrup-
tion by the catheter to lyse adhesions. Racz and Holubec
(56) reported the first use of epidural hypertonic saline to
facilitate lysis. Originally, Racz followed a 3-day in-hos-
pital protocol using repeat treatments and included, in
addition to normal saline and corticosteroids the injection
of a hypertonic (10%) saline solution, which presumably
decreased edema and attenuated small pain fiber activity.
In a randomized comparative study to determine if
hyaluronidase or hypertonic saline increased outcome,
the Racz group found a 25% or more reduction in VAS
scores in 83% of the patients at 1 month, and approxi-
mately 50% of the patients at 3, 6, 9, and 12 months.
However, there was no difference in the groups, although
the groups receiving hypertonic saline with or without
hyaluronidase required slightly fewer treatments. More
recently, Manchikanti found that a single day protocol
using reduced volumes of both normal saline and 10%
NaCl achieved similar 50% number of patients who
achieved “significant” relief of pain at a 1-year follow-up
(57). The use of a catheter directed through the interver-
tebral foramen also has been advocated as an alternative
or perhaps more reliable method of catheter placement
when one wants to lysis adhesions within the neural fora-
men (58). 

One recent neurolysis method combines use of fluo-
roscopy with direct visualization via a fiberoptic endo-
scope directed through the caudal canal. This approach
may facilitate disruption of neural adhesions using
injected fluid or the endoscope itself (59). Manchikanti
recommends endoscopic neurolysis if neurolysis by
catheter technique is ineffective (60).

In addition to pain presumed to be secondary to
epidural fibrosis, in a small retrospective study
Manchikanti reviewed the charts of 18/239 patients with
moderate to severe spinal stenosis who underwent a lysis
protocol of 1 to 10 sessions. A 50% or greater reduction
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in pain for an average of 10.7 weeks was found (61). Sev-
enteen percent and 11% of patients maintained relief at 1
and 2 years, respectively. 

Epidural injection of corticosteroids and hyaluronidase
is relatively safe (62–64). However, use of hypertonic
saline may significantly increase the risk of complica-
tions if the solution inadvertently enters the subarachnoid
space. Most reported complications, however, have
resulted from pressure following injections of relatively
large volumes of fluid. 

Thermal Treatment

In theory, treatment of nociceptive pain by reducing or
modifying small fiber input through dorsal root gan-
glions or dorsal horns is attractive. Surgical interruptions
(dorsal root entry zone [DREZ] lesions), however, have
not shown an acceptable long term success rate (65).

Since the early 1980s Sluijter has pioneered percuta-
neous treatment procedures directed at the dorsal root gan-
glion (DRG) (66). One approach involves a 67°C “cool
burn” applied by a radiofrequency (RF) needle positioned
close to the DRG after the pain source has been identified
via local anesthetic relief. Data suggest that RF heating of
the dorsal root ganglion is more effective than placebo in
chronic cervicobrachialgia (67,68). Use of this technique
for lumbosacral pain, however, is limited. In a retrospective
analysis of 279 patients undergoing RF treatment of the
DRG, 59% of patients reported satisfactory pain relief at 2
months postprocedure, with a mean duration of 3.7 years
(69). Wright reported successful treatment of low back
pain via RF directed at the L2 DRG (70). The concept that
cooler temperatures permit selective destruction of small
fibers has recently been questioned (71).

Although this technique continues to be practiced, it is
worth noting that procedures that reduce input into the
dorsal horns in neuropathies afford abnormal synaptic
connections. In many cases in which chronic extremity
pain following surgical intervention, central, neuropathic,
and nociceptive pain are present in variable degrees. As
Sluijter points out, “when for reasons we do not fully
understand the dorsal horn may become permanently
altered in its capacity to respond to normal peripheral
input, pain centralization and therefore neuroablative pro-
cedures are doomed to failure and have the potential of
creating additional neuropathic pain.” (72). 

Pulsed Radiofrequency Treatment

When radiofrequency treatment does not depend on
neuroablation, but derives its effect from exposure of the
DRG to electrical fields created by the RF probe, some
problems associated with thermal injury may be elimi-
nated. One approach involves use of a pulsed field. Slap-
pendel et al. (73) found that pulsed RF treatment of the
cervical DRG at 40°C and 67°C showed an equal 3

month significant reduction in pain in approximately
50% of both groups. This approaches again the idea of
Sluijter, who in his own preliminary studies feels that he
can achieve a similar favorable outcome. His preliminary
results, theory, experimental data, treatment guidelines,
and techniques are presented in his latest book (72).

Because of its low potential for adverse outcome and
promotion by medical device manufactures, use of this
technique is widespread. However, published outcome
studies are lacking. Anecdotally, pain management physi-
cians appear divided on the benefits of this technique. 

Spinal Cord Stimulation

As discussed elsewhere in this volume, neuropathic
extremity pain refractory to oral medication is commonly
treated with a spinal cord stimulator. In the United States,
FBSS is the most common reason for application of
spinal cord stimulation therapy (74). The analgesic effi-
cacy ranges from 52% to 72%. A recent analysis of the
national Italian register of implantable systems found that
81% of the patients reported a positive assessment for
pain control, with a reduction in drug needs reported by
71% of positive responders (75). Some consider spinal
cord stimulation a first-choice treatment in FBSS caused
by lumbosacral fibrosis (76).

ANTERIOR COLUMN

The primary structure in the anterior column responsible
for continued or recurrent pain after lumbar surgery is the
intervertebral disc. In the unoperated spine, the prevalence
of pain owing to an internally disrupted disc is at least 39%
(77). The prevalence of failed surgery because of contin-
ued pain from an intervertebral disc is unknown. Never-
theless, it is known that the surgical failure rate (unrelated
to recurrent herniations) is significantly higher when dis-
cectomies alone are performed for smaller disc protrusions
(78) and significantly higher when posterior reconstructive
surgeries without anterior fusions are performed in patients
with a low-pressure positive discography (79).

Because of nerve ingrowth in the degenerative, injured,
or postoperative disc, continued pain from remaining disc
tissue may be responsible for ongoing symptoms (80,81).
Although the existence of discogenic pain is now well
accepted, use of discography for identifying a painful disc
remains controversial because of recent studies showing
pain provocation during disc injection in asymptomatic
subjects. If one excludes patients with somatization, apply-
ing more precise criteria for determining a positive level
and use of a manometric grading scale (described by
Derby et al. and recently adapted by the International Asso-
ciation for the Study of Pain and International Spinal Injec-
tion Society), the specificity of lumbar discography
becomes 80% to 100% (82). In previously operated discs,
however, the false-positive rate may be higher (83).
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A more rational stepwise approach to patients with
axial and referred extremity pain owing to an internally
disrupted disc is evolving. Of particular interest are
patients with lesser degrees of internal disruption, main-
tained disc heights, and pain provocation during discog-
raphy at pressures less than 15 psi above opening pres-
sure. Consistent with our current understanding of
peripheral sensitization, there may be significant chemi-
cal sensitization causing increased pain response relative
to the degree of structural pathology (79). Identifying
these patients before surgical intervention and offering
less invasive treatment options is a focus of current clin-
ical investigations. Whether newer microinvasive tech-
niques will be successful in previously operated discs or
discs above or below spinal fusions is uncertain.

Intradiscal Injections

A logical first step might be use of intradiscal cortico-
steroid injections either during discography or as a series.
Although many discographers inject corticosteroid into
painful discs at the time of discography, and others con-
sider intradiscal steroid injection a treatment option, the
outcome is often unrewarding (84). Outcome studies on
the use of intradiscal corticosteroids have, however,
included a heterogeneous mixture of disc pathologies.
Injected agents may benefit patients with chemically sen-
sitized discs (85). 

There is a growing interest in intradiscal solutions that
could promote healing of an injured annulus. Animal
studies suggest growth factors may modulate repair of the
nucleus and transition zone. A single injection of tumor
growth factor-β has been shown to induce 3 weeks of pro-
teoglycan synthesis and healing of full-thickness carti-
lage lesions, indicating that continuous exposure to
growth factors may not be necessary for healing to occur.
Intradiscal injection of a solution of glucosamine, chon-
droitin sulfate, and hypertonic dextrose is currently being
studied. When injected into a disrupted intervertebral
disc, these agents could upregulate the biosynthesis of
proteoglycans directly and indirectly through the release
of endogenous growth factors. In a recent study, a group
of 30 patients with chronic low back pain, including five
patients with previous lumbar surgery and positive mano-
metric controlled discograms, underwent a series of one
to three injections at 2-month intervals. The investigators
found 25 of the 30 patients achieved a 50% average
decrease in pain and disability scores (24,86). Pain reduc-
tion has been postulated to occur because of improvement
in the intradiscal chemical environment. 

Thermal Treatment

If pain following disc injury arises in part from
ingrowth and the subsequent sensitization of nociceptive
fibers within annular fissures, pain reduction may occur

by reducing or eliminating nociceptive input by destroy-
ing pain sensitive fibers with heat. Percutaneous intradis-
cal heating treatment was first introduced in 1993 by
Sluijter (87) using a standard radiofrequency needle
inserted into the center of the disc and heated 90 seconds
at 70°. Although this original did not survive a random-
ized controlled study, better methods have been devel-
oped. Currently available methods involve either a resis-
tive thermal coil threaded circumferentially around the
annulus (Oratec SpineCath) or an ionic heating catheter
threaded across the posterior annulus (Tyco-Radionics
Disc Trode). Outcome data on the former method has
shown an approximate 60% success rate in selected
patients (88–91). Patients best suited are those with main-
tained disc heights and more limited degrees of disrup-
tion with a chemically sensitized outer annulus. Although
animal and human data suggest annular temperatures
above 45°C are required to destroy nociceptive fibers, the
mechanism of pain relief is unclear. A combination of
processes including thermal fiber destruction, collagen
modification, and perhaps even biochemical modifica-
tion of the inflammatory process may be involved

Coblation

Other alternative microinvasive intradiscal treatment
techniques are emerging. One technique is the use of a
microinvasive decompressive procedure using coblation
technology. In this approach energy capable of breaking
chemical bonds in tissue is generated via a highly focused
plasma field. Using this technique an approximate 10%
volumetric reduction in nuclear tissue is observed. The
resulting decrease in intradiscal pressure is thought to be
responsible for pain reduction. Because this is a new
method, relatively few outcome studies have been com-
pleted. In one study using this method, nucleoplasty gave
an overall 79% success rate with a 67% success rate in a
group of patients with previous surgery (92). Similar to
other decompressive techniques, the procedure is
designed to treat patients with extremity pain owing to
smaller disc protrusions. There is a growing trend to per-
form both nuclear decompression and a heating treatment
in the same session (Fig. 88-1) (3).

Central Pain

Neuropathic pain is caused by the hyperexcitability of
neurons in the peripheral and central nervous system
(93). The experience of chronic constant pain may have a
primary or secondary component of sympathetic neuro-
pathic pain. That is why even when the primary source of
the pain is exterminated, particularly after spine surgery,
patients can continue to perceive pain owing to the con-
tinued excitation of neurons that are responsible for pain
sensation. The mechanism by which this occurs is not
fully understood. The normal neurologic pathway in
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response to and injury travels along the A-δ and C fibers
through peripheral nerves to enter the spinal cord through
the dorsal root and synapse on the dorsal horn with
interneurons carrying the impulses to ascending tracts,
the anterior horn, and intermediolateral cell column,
where the painful message is relayed to the sympathetic
nerve cell bodies. A sympathetic reflex is activated by
efferent sympathetic impulses sent out of the spinal cord
through the ventral roots to a ramus communicans albus
and then into the sympathetic chain to synapse in a sym-
pathetic ganglion. The postganglionic sympathetic fiber
leaves the ganglia, where it travels with the peripheral
nerve producing vasoconstriction. If this sympathetic
reflex arc does not shut down but continues to function
and accelerate, a sympathetic hyperdynamic state ensues.
This results in increased vasoconstriction and tissue
ischemia, causing more pain and thus increasing the bar-
rage of afferent pain impulses traveling in the spinal cord
and reactivating the sympathetic reflex. Hypothetically,
repeated sympathetic blocks could be used to treat pain
perpetuated or enhanced by this overactive sympathetic
state (94). Prospective controlled study has not, however,
confirmed effectiveness of this treatment in patients with
failed back surgery syndrome (95).

Another cause of neuropathic pain after spine surgery
may be direct injury during the procedure, scar tissue,
damage to small peripheral nerves of the soft tissues and
skin with retraction instruments, insertion of venous
catheters, or superficial skin irritants.

Several classes of medications have been shown to be
effective in the treatment of neuropathic pain by dampen-

ing the threshold to excitation in the postganglionic sym-
pathetic neurons. Tricyclic antidepressants act as bal-
anced inhibitors of reuptake of both cartooning and nor-
adrenaline at the sympathetic junction that act to suppress
pain transmission, resulting in the prolongation of sero-
tonin activity at the receptor (96). It was shown (97) that
tricyclic antidepressants via L-tryptophan were effective
in the treatment of postoperative pain.

Calcium channel blockers reduce nerve conductibility
and excitability (98). Neurolytics such as Gabapentin
(Neurontin) act by blocking Ca+ voltage-dependent chan-
nels in the neuron membrane, and thus reducing
excitability (99). It is effective in the treatment of
intractable neuropathic pain (100) or is used as an adju-
vant treatment (101,102). Case studies have demon-
strated gabapentin to be effective in the treatment of
failed back surgery syndrome caused by epidural fibrosis
(103).

Other classes of medications currently being used 
as adjuvant therapies include N-methyl-D-aspartate
(NMDA) inhibitors, α-blockers, and topical anesthetics.

Large groups of medications act as opioid receptor
agonists. Analgesic opioids have been used for pain alle-
viation for ages, and remain to this day the most contro-
versial solution. Cases of iatrogenic addiction owing to
the use of opioid analgesics date back the 19th century.
Physicians hesitate to prescribe them for fear of their
potential addictive qualities. The use of opioids for
patients suffering from malignant terminal cancer pain
has found wide-ranging acceptance in medical practice.
However, in patients suffering with profound pain from
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FIG. 88-1. Nucleoplasty intradiscal electrothermal therapy (IDET) combined procedure. Patient with
painful internally disrupted disc successfully treated with combined nucleoplasty/IDET. Figure shows
nucleoplasty needle and electrode in L5-S disc. Following nucleoplasty, IDET catheter is passed
through introducer needle and heated using 85° protocol.



nonmalignant sources such as failed back surgery syn-
drome where long-term survival is expected, physicians
hesitate, assuming the potential for addition is high.
However, the rate of addiction is 0.8% with the use of
long-acting medication formulations now on the market
(104). The medical literature is fraught with contradic-
tory reports showing the abuse rate in this same popula-
tion as high as 24% (105). Schofferman (106) found no
psychological, psychophysiologic, or clinical characteris-
tics predicting the probability of addiction. This same
study demonstrated that opioid analgesics could provide
significant improvement in quality of life for patients suf-
fering with chronic low back pain following failed back
surgery who had no other treatment alternatives. 

Although most patients exposed to opioid analgesics
for an extended period develop some degree of physical
dependence (107), psychologically their dependence dif-
fers from that in drug-addicted individuals seeking
euphoria (108). Drug addicts use drugs purely for the
euphoric effects despite it destroying their normal life,
causing them to withdraw from family and society as well
as endangering their health. In contrast, patients suffering
from chronic pain take opioid medications in order to
restore normal life, relations, and participation with fam-
ily, and to return to work (109). Another problem that is
mostly associated with short-acting analgesics is the
development of tolerance to opioids. This occurs because
of the upregulation of opioid receptors on the cell mem-
brane, requiring higher doses of the drug to create the
same perceived analgesic effect (110). It has been shown
in patients without chronic pain who received methadone
for opioid dependence that the analgesic effect for both
methadone and morphine was diminished. Higher doses
were necessary to reach the same analgesic effect
(111,112). Studies have shown that chronic pain patients
who are being managed on long-acting opioid prepara-
tions are able to maintain stable analgesic doses for years
(106). It was suggested that chronic pain itself could acti-
vate analgesic tolerance (110). Some adjuvant medica-
tions can inhibit cellular mechanisms responsible for
analgesic tolerance. Namely is has been shown that
NMDA blocks opioid receptors, restoring opioid anal-
gesic capacity to both reduce not only tolerance but also
allows for dose reduction (113). 

Common adverse side effects of oral opioid adminis-
tration include constipation, sedation, cognitive impair-
ment, pruritus, nausea, and vomiting (114). Usually these
complications take place at the beginning of treatment
and resolve in a few weeks. 

However, in a selected group of patients these adverse
reactions do not diminish in time even in the face of ade-
quate pain control. They find that the adverse side effects
from the opioids cause even greater levels of disability
and diminished functional status. For these select patients
alternative methods of administration of the medications
via indwelling epidural catheters are now possible. By

delivering the opioid medication directly into the epidural
space a fraction of the per oral dose can be used to obtain
the same degree of pain control without the medication’s
systemic adverse side effects. 

Implantable self-infusion pump systems are being used
in selected cases for the treatment of severe chronic pain
in patients with failed back surgery (115). It has been
shown that intrathecal morphine pumps are effective in
the management of failed back syndrome in more than
60% of patients who had been unresponsive to oral ther-
apy who had been suffering for 5 years or longer (116).
Despite the high cost of surgical pump implantation, in
long-term prospective studies (11 months and longer)
intrathecal morphine therapy is more cost effective than
traditional oral opiate therapy (117). Even though this
system of opioid delivery solves many of the problems
associated with oral administration, some of the same
adverse side effects are still possible and do occur with
the implantable systems, such as nausea, pruritus, consti-
pation, and urinary retention. These symptoms usually
can be controlled with antiemetics, antihistamines, and
stool softeners with stimulants (116). In patients where
these adverse effects become intolerable and resistant to
medical management or in the case of drug tolerance or
pump failure, these systems eventually are removed
(117).

Physicians should consider long-term opioids as the
last option in the treatment of failed back surgery
(109,116,118). Psychological evaluation of a patient’s
potential for addiction is highly recommended before
considering the use long term opioid management of
chronic failed back syndrome (106). In the case of
intrathecal pump placement a 3-day trial in an inpatient
setting of intermittent intrathecal opioid administration
through a temporary catheter allows for the adjustment of
individual dosing with proper analgesic response and
diminished adverse side effects (116). 

SUMMARY

This chapter discusses interventional procedures com-
monly used for the treatment of chronic spinal pain.
Many of these procedures are controversial and lack
definitive evidence-based medical support. On the other
hand, there is a growing use of these procedures both as
supplementary optional methods of pain control and as
methods to help confirm that a specific structure is a
source of pain.

Although the treatment ideally should be directed at the
source of pain, in many cases of FBSS either the source of
pain is elusive or there are multiple pain sources. In these
cases, the more “benign” and least invasive procedures
should be tried first. Several different procedures can be
performed in the same session (Fig. 88-2).

Interventional procedures used to treat painful poste-
rior column structures include percutaneous medial
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branch neurotomies to denervate the z-joints and intra-
muscular botulinum toxin injections to temporarily para-
lyze the paravertebral muscles. Both procedures are rela-
tively benign, have an approximate duration of action of
6 and 3 months, respectively, and can be repeated. In
those patients thought to have increased or abnormal seg-
mental movement, a series of three to six injections of
hypertonic solutions into the posterior compartment liga-
ments at 1- to 4-week intervals might be of benefit in
increasing stability by promoting a proliferation of con-
nective tissue.

In the middle column, transforaminal epidural blocks
may help reduce inflammation and edema secondary to
recurrent disc protrusions and spinal stenosis and thereby
provide short-term pain reduction. Repeat sessions to
mechanically lysis epidural adhesions using a fluoro-
scopically directed epidural catheter with or without
direct visualization may help reduce pain in selected
patients but is only weakly validated by a few authors.
Pulsed radiofrequency treatments of the dorsal root gan-
glion is newly proposed and relatively benign method
that theoretically reduces pain by exposing the dorsal root
ganglion to an electrical field rather than radiofrequency-
generated heat, but outcome studies are yet to be pub-
lished. In contrast, “cool burns” of the dorsal root gan-
glion, although effective for some patients, carry a
significant potential to amplify neuropathic pain and
should be undertaken with caution.

Continued discogenic pain at the same or adjacent lev-
els of surgery is a common source of early or late recur-
rence of anterior column pain. Surgical removal of the

entire disc with interbody fusion is the definitive treat-
ment option. Newer less invasive treatment options,
including intradiscal heating, nucleoplasty, or both, may
be considered when either the patient does not want
another surgery or the number of adjacent painful levels
would require excessive surgery. However, these proce-
dures are more likely to be successful before surgical
intervention and when the painful disc has limited annu-
lar disruption and a preserved disc height. 

Pharmacologic management is the first step in treating
central neuropathic pain. When medications are either
ineffective or cause unacceptable side effects, im-
plantable systems are available. Spinal cord stimulation is
commonly performed to reduce neuropathic extremity
pain, but reduction in axial pain is more difficult to
achieve. Intrathecal implantable drug delivery systems
are a last resort.
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CHAPTER 89

Psychological Approaches to the Management
of Failed Surgery and Revision Surgery

Robert J. Gatchel and Chris J. Main

^Today, low back pain (LBP) is a pervasive medical prob-
lem in industrialized countries. In addition to the pain and
emotional suffering that LBP patients experience, LBP
presents enormous costs to society. Such costs include
lost earnings, decreased productivity, and increased
health care utilization expenses in disability benefits. For
example, studies have calculated the annual cost of
chronic LBP in the United States alone to be between $20
and $60 billion when measures such as lost productivity
and social disability insurance benefits were calculated,
along with treatment costs (1). Gevirtz et al. (2) have
indicated that 80% of Americans suffer back pain at some
point in their lives, and about 18% develop chronic LBP
disability. Indeed, chronic LBP is the chief cause of dis-
ability in people under age 45. Moreover, following an
initial episode of LBP, relapses are reported to be 30% to
70% of patients sampled (3).

Thus, as is apparent, the costs of LBP can be viewed in
terms of costs to the individual and society. As far as the
individual is concerned, costs include both pain-associ-
ated suffering and limitations. Suffering can range from
mild discomfort to associated distress triggering suicidal
ideation, and (rarely) suicide. Pain-associated limitations
can include impact on activities of daily living, personal
relationships, and work. Most LBP resolves sponta-
neously or with early focused interventions such as
manipulation. Most such treatment, or indeed the passage
of time, is successful, although recurrences are to be
expected. In the presence of red flags (4), early surgery
should be considered; but unless there are clear and
equivocal surgical indications, surgery is usually consid-
ered only after failed conservative treatment. The prob-
lem then may become chronic, and carry with it the psy-
chosocial “baggage” characteristic of the chronic pain
patient. Of course, sometimes surgery is successful, but
sometimes it is not so, and the costs of failed low back

surgery is considerable to both the individual patient and
society as a whole. 

Spine surgery is the next line of medical care when
conservative treatment for LBP fails. Of course, when-
ever surgery is performed, there is always the possibility
of complications or failure. Fortunately, necessary spine
surgery is often successful when performed by an experi-
enced spine surgeon. However, spine surgery has become
a controversial area because of the high cost, frequent
use, and some research suggesting limited effectiveness.
For example, earlier studies focused attention on the
complications and perceived poor outcomes of spine
fusion surgery, particularly in the lumbar region (5,6).
Discectomy, which is usually performed earlier than
fusion after symptom onset, is often viewed to be less
invasive or controversial. However, although short-term
pain relief and improvement in vocational status appear
to be supported, reoperations are often common, with
rates as high as 17% to 20% reported in early studies
(7,8). Nevertheless, more recent studies have suggested
that spine surgery is cost effective, and it can lead to sig-
nificant improvement in lifestyle. For example, Atlas et
al. (9) conducted a 4-year follow-up study of patients
with lumbar spinal stenosis and found that those treated
surgically (primarily with a decompression laminectomy)
had significantly less back and leg pain and greater satis-
faction than those treated nonsurgically. Moreover, Mal-
ter et al. (10) reported that quality of life for patients with
herniated lumbar discs, operated on with discectomy,
were significantly greater than that of patients treated
conservatively for up to 5 years. In addition, the cost
effectiveness of the discectomy was found in this study to
be significantly greater than that for such procedures as
coronary artery bypass grafting for single-artery disease,
and greater than medical therapy for moderate hyperten-
sion. 
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PREVALENCE OF LOW BACK SURGERY

There are wide differences in surgery rates for LBP
among countries. It has been estimated by Waddell (11),
derived from data by Cherkin et al. (12), that surgical
rates in Europe and Australia (in comparison with the
United States) are between one third and two thirds
(although there is a fivefold difference between the
United Kingdom and the United States). This is seen
most clearly in a direct comparison of rates of spinal
fusion (13). The reasons for this are not entirely clear,
because presumably there are not major differences in
surgically remediable pathology. The fact that there are
even greater differences in back surgery rates within the
United States suggests that differences are probably influ-
enced also by a range of factors such as access to surgery
(in terms of third-party coverage), differences in selection
for surgery, and willingness to undergo surgery. A clear
majority of patients appear to be satisfied with surgery
(14). Early studies (15,16) estimated a success rate for
surgery of 65% to 75%; even though later studies have
been somewhat optimistic, they estimated an average fail-
ure rate of only 15% (17) and 10% (18). Given that
approximately 192,000 patients with chronic intractable
back pain undergo spinal fusion each year (19), there are
still a significant number of surgical failures, with a reop-
eration rate of 10% for discectomy (15), and 23% for
spinal fusion (16). Surgical enthusiasts argue that
improvements in surgical technique (including instru-
mentation) permit a wider range of surgical options and,
indeed, surgical rates are increasing; but this increase in
surgical intervention does not appear to have been
matched by a corresponding improvement in surgical out-
come (20). 

Poor surgical outcome is costly not only to the individ-
ual and his or her family, but also to society. In all stud-
ies of LBP, 10% to 15% of patients account for 80% to
90% of the total health care consumption and costs for
spinal disorders, and the 1% to 2% who undergo surgery
are the most expensive group (21). Furthermore, a recent
comparison of societal costs of LBP in various countries
has shown that indirect costs, in terms of sickness bene-
fits and lost productivity, were considerably greater than
direct health care costs (22). Clearly it is important,
therefore, to consider the determinants of poor surgical
outcome. In attempting to address this problem, it is nec-
essary to appraise the evidence concerning the predictors
of surgical outcome in general and of poor surgical out-
come in particular.

CONSEQUENCES OF FAILED SURGERY

Of course, spine surgery is certainly not a panacea for
all patients. In a comprehensive review of all lumbar dis-
cectomies conducted up to the time of their publication,
Hoffman et al. (15) reported that the mean success rate

was 67%. Likewise, in reviewing all research on spinal
fusion, Turner et al. (16) reported a successful clinical
outcome obtained in 65% to 75% of patients, with suc-
cess rates lower the more levels fused, and generally the
more invasive the procedure. Subsequently, Franklin et al.
(23) reported that 68% of workers compensation patients
who underwent lumbar fusion, were work disabled and
23% required additional lumbar spine surgery 2 years
postfusion. These results, therefore, highlight the fact that
spine surgical success is not guaranteed. It should also be
kept in mind that the way one determines surgical success
or failure can be quite variable. We discuss this issue later
in this chapter. Nevertheless, spinal surgeons are quite
aware of the consequences of FBSS.

Oaklander and North (24) define FBSS as persistent or
recurrent chronic pain after one or more surgical proce-
dures on the lumbosacral spine. Unfortunately, as noted,
this syndrome is much more common than desired. The
surgeon many times becomes “wedded” to these failed
back surgery patients. Some of the frustrations and
demands subsequently encountered by the surgeon
include the following: 

• The patient may make increasing demands on the sur-
geon for pain relief. The surgeon, in turn, feels a strong
sense of responsibility to provide relief when the
surgery has been ineffective.

• The patient may become increasingly angry with the
surgeon because of the failed surgery and, perhaps, liti-
gious.

• Pain medication use by the patient often escalates, thus
increasing chances of dependence or addiction. Pa-
tients often overuse medication and demand refills
before the designated time.

• In an attempt to provide relief, the surgeon may order
additional conservative treatments that have little
chance of success, thereby increasing length and cost
of the case. Moreover, patients may decide to addition-
ally undergo increasingly invasive surgery, with subse-
quent opportunities for infection, instrumentation fail-
ure, or other iatrogenic complications. Unfortunately,
the probability of successful outcome significantly
decreases with each spine surgery.

• The probability of reducing pain and returning the
patient back to work decreases as length of disability
increases. Because failed back surgery lengthens the
period of disability, these patients are less likely to ever
recover. Thus, the total cost of the initial injury dramat-
ically increases because of direct treatment and surg-
eries plus resultant disability income benefits. 

• Finally, there may be financial incentives to remain dis-
abled that far outweigh incentives for recovery.

Thus, the spine surgeon is often faced with a conun-
drum. The surgeon feels obligated to the patient but, at
the same time, becomes frustrated and the target of the
patient’s distress. The intervention subsequently proposed
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often becomes more invasive, but the outcomes are less
satisfactory. For example, a failed simple laminectomy or
discectomy is frequently followed by a much more exten-
sive fusion (perhaps with instrumentation), leading to
greater opportunity for failure. Indeed, many studies con-
cur with the conclusion made by Waddell (25) that the
probability of a successful spine surgery outcome leading
to pain relief decreases significantly with each successive
procedure. For example, in an early study, Pheasant et al.
(26) reported that patients who had multiple surgeries had
a lower probability of obtaining a good outcome than did
patients who only had a single surgery. North et al. (27)
also suggest that the long-term success rate in reoperated
patients is approximately one third. The only solution to
this conundrum is better methods to prescreen patients
before surgery in order to eliminate those who have a
poor probability of success.

HOW DOES ONE DETERMINE SURGICAL
SUCCESS OR FAILURE?

It should be kept in mind that when one talks about
surgical outcome, its assessment is not a straightforward
matter. Of course, the most straightforward fashion to
determine surgical success is the determination of
whether the identified pathology was corrected. Unfortu-
nately, however, patients frequently fail to experience or
report any symptomatic improvement despite excellent
surgical correction because of the biopsychosocial nature
of pain. Therefore, a determination of surgical success
requires the evaluation of major areas in which the back
pain patient’s life is affected, such as activities of daily
living and socioeconomic outcomes such as return to
work and decrease in health care use. In the past, the
great majority of studies on spine surgery have used some
variation of the criteria proposed by Stauffer and Coven-
try (28) to assess outcome. These criteria evaluate out-
come in terms of reduced pain sensation, job impairment,
use of narcotic medications, and improvement in func-
tional activity. For example, Trief et al. (29) evaluated the
percent of patients reporting improvement in back and
leg pain, the percent working, and functional disability
status using the Dallas Back Pain Questionnaire. More
recently, Klekamp et al. (30) have suggested a modifica-
tion of the original Stauffer and Coventry (28) outcome
criteria, which is somewhat more comprehensive in
nature. These criteria are listed in Table 89-1.

As can be seen, these criteria appear to capture the
major life areas affected by chronic pain. However, there
are many gray areas in terms of ratings. For example,
what is the precise definition of “infrequent” use of anal-
gesics? Moreover, under the good outcome category,
what if a patient meets three of the four criteria? Thus, as
can be seen, there may not be any definitive and totally
objective criteria that are generic enough to capture suc-
cess or failure in all patients. In appreciation of the diffi-
culties involved in defining success or failure, it should
be kept in mind that, whenever evaluating spine surgical
outcome results, no totally accepted criteria are consis-
tently used across all studies.

Problems in Evaluation of Outcome

The nature of pain, chronic pain in particular, is com-
plex. Surgery is directed primarily at the correction or
remediation of some sort of surgical lesion. According to
Waddell (11), much current orthopedic practice derives
from the discovery of the “ruptured disc” as a cause for
sciatica by Mixter and Barr (31), and apparently the first
surgeons made the diagnosis on hard neurologic signs;
although, their successors came to rely much more on
symptoms, and the diagnosis of discogenic back pain
became established. It was argued further that, if sciatica
was caused by disc prolapse, then LBP might be caused
by disc degeneration. Surgery such as lumbar fusion was
offered for LBP, and outcome was evaluated in terms of
the technical success of the procedure, such as stabilizing
the spine and avoidance of complications. It was assumed
that surgical intervention would improve (if not abolish)
pain, restore function, and facilitate return to work. It
became clear that, in a number of patients, not only did
surgical success not guarantee improvement in pain,
function, and work compromise, but also that evaluation
of success simply in terms of surgical parameters was
inadequate as a single outcome measure.

Evaluation of success or failure is made difficult also
because there are various stake holders. Prior to the
advent of managed care and outcome-related funding,
outcome was evaluated primarily by the success of the
surgery in correction (or amelioration) of structural
abnormality, and the avoidance of complications there-
after. Outcome was determined primarily, therefore, by
the surgeon’s appraisal of the technical success of the
operation. However, the move to patient-centered out-
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TABLE 89.1. Criteria for spine surgery outcome

Pain relief Employment Activities Analgesics

Good Most (76%–100%) No limits No limits Infrequently
Fair Partial (26%–75%) Lighter work Limited Occasionally
Poor Little to none Disabled Greatly limited Frequently

Source: Adapted from Klekamp J, McCarty E, Spengler D. Results of elective lumbar discectomy for
patients involved in the workers’ compensation system. J Spin Disord 1998;11:277–282, with permission.



come in terms of pain and function complicated the pic-
ture, because technical success was not always accompa-
nied by commensurate improvement in pain and function.
The advent of managed care and outcome-related health
care funding has led to the incorporation of economic and
occupational outcomes (e.g., change in benefit status or
rate of return to work), thus complicating the picture still
further. The issue is of more than academic importance.
Rates of success or failure of surgery can only be accu-
rately compared where there are a clear assessment of
indication of surgery, a clear description of the surgical
intervention, and comparable outcome measures.

Types of Outcome Assessment

There are two principal types of outcome appraisal:
clinical appraisal of the individual and aggregated data on
efficacy of treatment (usually for audit or research pur-
poses). The principal domains are shown in Table 89-2.

Implicit in the surgical view of intervention is the
assumption that correction of the physical abnormality
will produce a commensurate improvement in pain and
function. There are undoubtedly many patients in whom
global improvement is achieved; however, in a significant
minority of patients there is a residual degree of pain or
pain-associated incapacity despite surgical “success.”
The lack of a direct correspondence between physical
impairment and pain severity requires a broadening of the
discogenic model of pain. Indeed, there is a similar dis-

cordance among pain, functional disability, and work loss
(11). Explaining outcome necessitates an understanding
of its determinants and, as far as functional disability and
work are concerned, a broader model of illness is required
than the narrow pathology-based model. The biopsy-
chosocial model of LBP disability (32), drawing inspira-
tion from Loeser’s earlier pain model (33), and its several
later derivatives (25,34), offers a different way of under-
standing pain-associated disability. If indeed pain-associ-
ated disability is multifactorial, then so perhaps are the
determinants of disability and (conversely) the obstacles
to successful recovery. A wider perspective on outcome is
needed. 

Outcome Assessment

The need for a variety of outcome measures has been
increasingly recognized. According to Bombardier (35):
“Clinical success in the treatment of spinal disorders has
traditionally been measured in terms of morbidity, physi-
ologic changes (e.g., nerve conduction) or improvement
in physical findings (e.g. weakness). More recently, out-
come measures have been introduced that take into
account the patients’ self-report of their physical function
and health” (p. 3,097). She points out that the use of out-
come measures is relatively new, and that “several areas
still remain controversial such as the need for and choice
of utility measures, which concept of satisfaction should
be used, or how to measure reduced work-productivity”
(p. 3,098). She offers a set of key questions to ask about
an outcome measure, as presented in Table 89-3.
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TABLE 89.2. Outcome evaluation:
examples of important domains

Posttreatment clinical domains
Surgical: technical success
Surgical: absence of complications
Pain
Self-rated interference

Self-reported disability
Clinical appraisal
Behavioral observation

Psychological
Beliefs and fears
Emotional responses
Coping strategies

Patient satisfaction
Maintenance and follow-up

Relapse
Length of follow-up

Occupational domains
Time to return to work
Work performance
Further sick leave

Cost-effectiveness
Costs of treatment

Further health care use
Disability/benefit saving

Reduction in presenteeism
Reduction in absenteeism

TABLE 89.3. Key questions to ask about an outcome
measure

Content, population/setting, purpose
Which outcomes do you want to measure?
Which population will you be studying and in what 

setting?
What is the purpose of your study: to describe, or 

predict or to measure change?
Content validity

What domains and items are included? Are there 
important omissions or inappropriate conclusions?

Face validity
Is each question phrased in a suitable way?
Are the response categories appropriate?
Is there an overall score summarizing across questions?
How is it calculated?

Feasibility
Is it easy to understand?
Is it easy to use (i.e., clear instruction manual)?
Is it acceptable?
What format is available (self-administered, telephone, 

interviewer-administered)?
How long does it take to administer?

Source: Adapted from Bombardier C. Spine Focus Issue
Introduction. Outcome assessments in the evaluation and
treatment of spinal disorders. Spine 2000;25:3097–3099,
with permission.



Implications of the Need for Broad-Based Outcomes

Consideration of outcomes from a wide range of per-
spectives has a number of implications for clinical prac-
tice in general, and the evaluation of surgery in particu-
lar. There are important implications for clinical decision
making. As has been stated, a majority of patients appear
to be satisfied with surgery. Nonetheless, there is a sig-
nificant minority dissatisfied to a greater or lesser extent,
and outcome of surgery is coming under increasing
scrutiny (36). It used to be argued that surgical interven-
tion is designed to correct a physical abnormality, and
that all that can reasonably be asked from a surgical inter-
vention is correction of that abnormality. Outcome
assessment was confined to evaluation of technical suc-
cess (e.g., in stability of fusion or whether or not compli-
cations such as instability or infection resulted). Outcome
evaluation in terms of physical signs seems to be rela-
tively straightforward, at least from the conceptual point
of view. However, most patients seek treatment as a con-
sequence of painful symptoms or pain-associated limita-
tions in function and, unfortunately, technical surgical
success guarantees neither cure of pain, complete restora-
tion of function, work retention, nor return to work, even
in the treatment of sciatica, which usually is considered to
be a better bet for surgery for low back pain (37). Such
considerations have important implications for clinical
decision making, and require reconsideration of the
nature of pain-associated disability and outcome of treat-
ment. Of the many factors that have been examined, psy-
chological factors appear to be particularly important.

Influence of Psychosocial Factors on Outcome

A number of studies have demonstrated a relationship
between psychosocial factors and outcome of surgery. The
influence of preexisting or coexisting psychological vul-
nerability was investigated in a number of early studies
(38–40). More recently, in a series of related Scandinavian
papers, Graver et al. demonstrated a positive relationship
between preoperative psychological distress after lumbar
disc surgery, both at 1- and 7-year follow-up (41,42). The
precise psychological mechanisms, however, are not
entirely clear. Psychological variables influence postoper-
ative anxiety and physical complaints (43). The results
concerning postoperative functional disability are incon-
sistent. Some studies (29,44) have found a positive asso-
ciation between psychological factors and functional dis-
ability at outcome, whereas others (18) have failed to
demonstrate an association. This may be a consequence of
differences in patient selection, whether in terms of
screening out patients with positive psychological fea-
tures, or in terms of better physical indications for surgery
(45). A clear association has been found between psycho-
logical factors and return to work (29,46). In one of the
few predictive studies attempting to disentangle the vari-

ous sorts of psychological factors on return to work after
surgery, Schade et al. (46) found that return to work 2
years after surgery was influenced not by clinical find-
ings, such as magnetic resonance imaging (MRI)–identi-
fied abnormalities, but by depression and psychosocial
aspects of work. This finding is consistent with recent pri-
mary care perspectives on secondary prevention of back
pain disability, in which early attention to the psychosocial
aspects of pain-associated disability is recommended (47).
More recent consideration of obstacles to recovery, with
differentiation of these yellow flags, focuses on patients’
beliefs about pain, disability and treatment, and occupa-
tionally focused blue and black flags (48). The blue flags
have their origin in the stress literature. They are perceived
features of work that generally are associated with higher
rates of symptoms, ill health, and work loss (49), which,
in the context of injury, may delay recovery or constitute a
major obstacle to it. They are characterized by features
such as high demand or low control, unhelpful manage-
ment style, poor social support from colleagues, perceived
time pressure, and lack of job satisfaction. Individual
workers may differ in their perception of the same work-
ing environment. According to Bigos et al. (50), percep-
tion may be more important than the objective character-
istics because, “Once an individual is off work, perception
about symptoms, about the safety of return to work, and
about impact of return to work on one’s personal life can
affect recovery even in the most well-meaning worker”
(50). It should be emphasized that blue flags incorporate
not only issues related to the perception of job character-
istics such as job demand, but also perception of social
interactions (whether with management or fellow work-
ers). Black flags are not a matter of perception, and affect
all workers equally. They include both nationally estab-
lished policy concerning conditions of employment and
sickness policy, and working conditions specific to a par-
ticular organization. 

Because psychosocial factors seem to have such a
powerful influence on outcome, appraisal of such fea-
tures needs to become an integral aspect of patient evalu-
ation. Many clinics now undertake some sort of presurgi-
cal screening or psychological evaluation prior to surgery.

PRESURGICAL SCREENING

Presurgical psychological evaluation is carried out for
a number of reasons, illustrated in Table 89-4.

CHAPTER 89/THE MANAGEMENT OF FAILED SURGERY AND REVISION SURGERY / 863

TABLE 89.4. Purposes of presurgical psychological
evaluation

Identifying contraindications; consider legitimacy and ethics 
of this

For prior psychological intervention
For conjoint psychological therapy
To flag for postsurgical psychological management



Identification of Contraindications to Surgery

The costs of surgical failure are considerable, both in
terms of financial cost and human suffering. Factors such
as distress, unrealistic expectations of outcome, and mal-
adaptive coping strategies are all associated with poor
outcome, and a case could be made for simply denying
surgery to any patients demonstrating such features. Cer-
tainly, such a strategy would improve overall surgical suc-
cess rates. However, there are two major ethical concerns.
First, although adverse psychological factors have been
demonstrated among groups of patients, the strength of
the relationships with outcome is not sufficiently strong
to enable accurate prediction in the individual case. Sec-
ond, denial of surgery in the presence of good surgical
indications is regarded by some as an abrogation of clin-
ical responsibility. It might reasonably be argued that
surgery is a necessary but not sufficient intervention to
produce satisfactory outcome in such patients.

Prior Psychological Intervention

Coping with surgery requires a certain degree of
resilience and, in some patients, a degree of prior psy-
chological preparation may be necessary, with therapy
focused on emotional support, the establishment of
appropriate and realistic expectations, and the develop-
ment of effective coping strategies both before and after
surgery. Block et al. (44) have presented methods for pro-
viding the following.

Conjoint Psychological Therapy

The opportunity for conjoint psychological therapy
clearly is limited, but additional emotional support imme-
diately before surgery or at the time of postsurgical
recovery in patients who demonstrate high levels of anx-
iety about surgery itself or the anticipated sequelae is
important.

Flag for Postsurgical Psychological Management

Patients with a nervous disposition, or poor pain cop-
ing skills and low pain tolerance prior to surgery, may not
be psychologically oriented for postsurgical management
and rehabilitation. Furthermore, it could be argued that
all failed surgery patients should be considered for psy-
chologically oriented pain management, if not individual-
ized psychological therapy.

Nature of Screening Tools

Psychological screening, for whatever purpose, usually
has involved administration of a self-report question-
naire, ranging from full-scale personality inventories (51)

to fairly simple measures of distress (52). Recently, how-
ever, Block et al. (44) developed a specific screening
tool, the Psychological Screening Scorecard (PPS), incor-
porating interview-based assessment of medical and psy-
chological risk factors derived from the Minnesota Mul-
tiphasic Personality Inventory (MMPI) and the Coping
Strategies Questionnaire (53). The instrument is imagina-
tive and potentially useful, but requires further method-
ologic development, because the cutoffs for decision
making are still not completely quantitative, and the
actual sensitivity and specificity in terms of different
sorts of outcomes (for whatever purpose) needs to be
demonstrated. However, screening does not constitute a
comprehensive clinical assessment, and should not be
confused with such. 

RISK FACTORS AND OBSTACLES TO
RECOVERY

Main (48) has recommended a conceptual shift from
risks to obstacles to recovery. It is possible to take a nar-
row or a broad view of obstacles to recovery. It may be
helpful to base prevention not on risk as such, but to refo-
cus attention on obstacles to recovery, which can be con-
sidered either in terms of contraindications to surgery,
potential targets for adjunctive psychologically oriented
pain management (54), or a functional rehabilitation
approach (55). Because surgery is directed first and fore-
most at correction of physical abnormality, it is perhaps
not surprising that good surgical outcome is associated
with better surgical indications (45). However, according
to Mayer et al. (55): “poor surgical outcomes may result
from outmoded postoperative methods, rather than fail-
ures of patient selection or surgical technique”; and,
according to Polatin et al. (56), “surgery may correct the
anatomic dysfunction, but subsequent recovery and
return to productivity will be governed by non-surgical
factors.” Again, Block et al. (44) reviewed the importance
of postsurgical rehabilitation in producing good clinical
outcomes. 

SOME PRELIMINARY CONCLUSIONS

In designing a successful clinical intervention in the
context of failed surgery, we need to be mindful of
lessons learned about the nature of pain-associated dis-
ability in terms of its development and prevention. The
advent of third-party professional practice audits requires
a broader perspective on outcomes. In the case of the
failed surgery patient, consideration of further treatment
needs to incorporate a biopsychosocial rather than a bio-
medical perspective. The need for a systems approach,
involving all key stake holders, is now recognized, partic-
ularly in connection with intended occupational out-
comes. However, even good clinical outcome does not
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guarantee return to work. Comprehensive pain manage-
ment programs and functional restoration programs
include an occupational component. However, certain
aspects of work can only be tackled in the actual work
place. Successful occupation outcomes may require spe-
cific work place interventions, such as phased return to
work or transient work adaptations.

In patients who have already failed surgery, iatrogenic
misunderstanding and distress may be particularly impor-
tant features in their overall clinical presentation. There-
fore, if the patient is considered to require both surgery
and pain management, it is necessary to establish a clini-
cally led systems approach involving all key stake hold-
ers in planning the scheduling of different treatment com-
ponents, and in enlisting the patient’s full understanding
and cooperation.

CONCLUDING REFLECTIONS (KEY POINTS)

1. Outcome of surgery is dependent both on the nature
of the physical indications for surgery and the
patient’s psychological reaction to pain and pain-
associated limitation in function. This is true for
first-time surgery and probably even more so for
repeat surgery.

2. Outcome can be considered from a number of per-
spectives.

3. There may be a lack of concordance between differ-
ent sorts of outcomes and among different stake
holders.

4. Patients with poor outcome of surgery are likely to
require psychologically oriented pain management.
Consideration may have to be given to presurgical
preparatory pain management as well as psychologi-
cally oriented postsurgical rehabilitation.

5. Arguably, surgery represents the most powerful
example of the “bio“ part of biopsychosocial inter-
vention. Achieving optimal outcome requires not
only clear surgical indications, but also addressing
the psychosocial aspects of the patient’s pain and
pain-associated disability, both at the time of initial
assessment and in the entire treatment that may be
necessary to achieve satisfactory outcome.

6. Although such methodologic considerations are a
critical component in research design, often a more
pragmatic approach to outcome has been adopted,
and the issue of choosing outcomes becomes the
prime focus of concern. A focus group of spinal
researchers (57) recommended five key domains for
outcome assessment in spinal disorders:
• Back-specific function
• Generic health status
• Pain
• Work disability
• Satisfaction (back-specific)
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CHAPTER 90

Surgical Treatment of Symptomatic Recurrent
Disc Herniation

Ragnar Johnsson

The crucial watershed for surgical treatment of recurrent
disc herniation (DH) is the extent of clinical symptoms,
as it is for first-time disc herniation. The combination of
the relatively high frequency of asymptomatic lumbar
disc herniations of various degree in adults (1), and the
potentially confounding effect of a prior disc herniation
episode with surgical treatment warrant increased atten-
tion to the interpretation of clinical symptoms and signs
and spine morphology on imagery. The risk for sympto-
matic recurrent DH has been estimated to be 5% to 10%
after first time discectomy in the lower lumbar spine
(2–4), the majority on the same side of the disc (ipsilat-
eral recurrent DH) and the minority on the opposite side
(contralateral recurrent DH). In ipsilateral recurrent DH
epidural or periradicular fibrosis after the primary dis-
cectomy can confound the clinical and imaging evalua-
tion, which normally is not the case for recurrent DH on
the nonoperated contralateral side. However, the primary
discectomy might have weakened the annulus in general,
which could be a predisposing factor for recurrent DH on
both sides of the disc. 

This chapter proposes guidelines for surgical treatment
of symptomatic ipsilateral or contralateral recurrent DH
at a previously operated disc level based on basic clinical
evaluation, preoperative imaging studies, surgical princi-
ples, known surgical results, and functional outcome. 

DIAGNOSTIC PROCEDURES

Clinical Evaluation

Ipsilateral Radiating Leg Pain

The clinical symptoms and signs can indicate to a cer-
tain degree whether radiating leg pain is caused by an
ipsilateral recurrent DH or another cause as epidural or

periradicular fibrosis after the primary discectomy, disc
herniation at another disc level, spinal stenosis, or any
other cause. A pain-free period of at least several months
after the prior discectomy, severely reduced walking
capacity, present radicular pain distribution consistent
with the previously operated disc level, radiating leg pain
on cough, and straight leg raising test positive at less than
30° increase the likelihood for true symptomatic ipsilat-
eral recurrent DH (5). If there has been no substantial
pain-free period of at least some months, the case should
be regarded as a failure of the prior discectomy rather
than a possible recurrent DH (6).

Contralateral Radiating Leg Pain

Because normally no surgery has been performed on
the contralateral side of the disc, the clinical picture of a
contralateral recurrent DH resembles symptomatic first-
time disc herniation. 

Imaging Studies

Magnetic resonance imaging (MRI) is the imaging
method of choice to study recurrent DH (7). By compar-
ing T1-weighted images of the previously operated disc
level before and after intravenous injection of the contrast
medium gadolinium, which enhances vascularized soft-
tissue structures, including postoperative scar formations,
a recurrent DH with or without sequester and neural
structures often can be distinguished from postoperative
epidural or periradicular fibrosis (Figs. 90-1 to 90-4).
Further, conventional T1- and T2-weighted images yield
good information on disc herniation at another disc level,
spinal stenosis, or any other lumbar cause that might
explain the radiating leg pain. 
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FIG. 90-1. T1-weighted axial magnetic resonance images without (A) and with (B) contrast. With con-
trast, minimal epidural or periradicular fibrosis (f) is distinguished between dura (d) and recurrent disc
herniation or sequester (D).

FIG. 90-2. T1-weighted axial magnetic resonance images without (A) and with (B) contrast. With contrast,
epidural or periradicular fibrosis (f) is distinguished from dura (d) but no recurrent disc herniation is present.
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FIG. 90-3. T1-weighted axial magnetic resonance images without (A) and with (B) contrast. With contrast,
epidural or periradicular fibrosis (f) is distinguished from dura (d), S1 nerve root (r), and disc sequester (D).
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RATIONALES FOR SURGERY

Our knowledge of the natural history and effectiveness
of nonoperative treatment of symptomatic recurrent DH
is limited (6). Because the intraspinal morphology has
been altered with various degrees of epidural or peri-
radicular fibrosis on the side of the primary discectomy
and postoperative alteration of the disc tissue has
occurred, it is rational to assume a somewhat worse or at
best the same course of events as for primary disc herni-
ation. It is also rational to assume that ipsilateral recur-
rent DH with epidural or periradicular fibrosis, which
might trigger radicular pain by itself and limit the mobil-
ity of the affected nerve root, behaves less like primary
disc herniation than does contralateral recurrent DH
without fibrosis. Thus, the rationale for surgery of both
types of recurrent DH are similar to primary disc hernia-
tion; that is, absolute indication for early discectomy in
the rare cases with cauda equina syndrome and relative
indication for discectomy in declining order in cases with
progressive and severe pain and neurologic deterioration,
intractable radicular pain, and long-standing disturbing
radicular pain not responding to a trial of adequate non-
operative treatment. Epidural or periradicular fibrosis by
itself, however, is not an indication for surgery, because
excision of fibrosis and neurolysis without concomitant
recurrent DH or any other nerve root compromise does
not yield substantial long-lasting pain relief (8).

It has been argued that the occurrence of a sympto-
matic recurrent DH is a sign of a more severe disc pathol-
ogy, which should be addressed with combined discec-
tomy and fusion to treat and prevent both radicular leg
pain and discogenic back pain. To date, no data support
this addition of a fusion to the surgical strategy as a solu-
tion for the vast majority of patients with symptomatic

recurrent DH (2,3,8,9). In the few cases with sympto-
matic recurrent DH and pronounced disc degeneration
with intractable presumably discogenic back pain; how-
ever, combined discectomy and fusion ought to be con-
sidered. This surgical combination also might be contem-
plated in the rare case of multiple symptomatic recurrent
DH at the same disc level, preferably as combined exten-
sive discectomy and interbody fusion. 

SURGICAL TECHNIQUE

A somewhat wider surgical exposure in ipsilateral
recurrent DH than at the primary discectomy is usually
needed to clear postoperative extraspinal fibrosis. The
prior laminotomy or partial laminectomy is increased as
much as needed in a facet joint–saving fashion to get a
proper exposure of the transition zones between postop-
erative epidural or periradicular fibrosis, dura, nerve root,
and herniated disc material. Magnification of the visual
field should be used to optimize this soft-tissue distinc-
tion and thereby decrease the risk for damage of the dura
or nerve root. The choice of operating microscope or
magnification glasses is up to the surgeon, but the micro-
scope improves the educational facility and illumination
of the deep surgical field. Enough epidural or periradicu-
lar fibrosis is cleared to facilitate the identification and
excision of the herniated disc material without compro-
mising the dura or the nerve root. Concomitant lateral
stenosis of the nerve root is removed. To decrease the risk
for new postoperative fibrosis, the neural structures can
be covered with an anti-adhesion barrier gel (10) or a free
fat autograft (11), although the effect of both methods on
future radicular symptoms is questioned (11,12). The sur-
gical technique for contralateral recurrent DH is similar
to primary discectomy.
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FIG. 90-4. T1-weighted axial magnetic resonance images without (A) and with (B) contrast. With con-
trast, epidural or periradicular fibrosis (f) is distinguished from dura (d) and S1 nerve root (r), but no
recurrent disc herniation is present.
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SURGICAL COMPLICATIONS

Intraoperative undue handling of the intraspinal soft-
tissue structures can easily cause a dural tear and associ-
ated leakage of cerebrospinal fluid (CSF). The standard
treatment of a dural tear is to suture the defect and then
cover the suture line with a fibrin sealant. To ensure
proper early healing of the dural defect preventing leak-
age of CSF with associated postural cerebral symptoms,
pseudocyst or fistula, postoperative bed rest in a strict
horizontal position minimizing the intradural pressure for
2 days is advised. A systemic prophylactic antibiotic is
given to prevent postoperative meningitis. A superficial
nerve root lesion is left unattended and superficial
epineural sutures are used to approach the nerve root end-
ings in the rare case of complete nerve root lesion. The
use of an anti-adhesion barrier gel might induce late
symptomatic dural defects according to recent reports
(13,14). A too-large free fat autograft can be pressed into
the spinal canal and cause a cauda equina syndrome.
These risks of an anti-adhesion barrier gel and a free fat
autograft, and the questioned effect of both methods on
future radicular symptoms (11,12) should be kept in mind
when reflecting on covering the neural structures with
either gel or fat. 

POSTOPERATIVE MANAGEMENT

The aim of the patient is to attain the normal level of
physical and functional activities as quickly as possible.
It has been shown that immediately after primary discec-
tomy all activity restrictions can be lifted as soon as the
specific domestic, recreational, and occupational activi-
ties can be tolerated by the patient without increasing the
risk for complications (15). This also probably can be the
guiding principle after discectomy of recurrent DH. The
rehabilitation process can be further enhanced by adding
specific physical exercises 1 month postoperatively to
strengthen back and abdominal muscles (16–18). 

RESULTS AND FUNCTIONAL OUTCOME

There is a general expectation of worse results after
repeat surgery at a previously operated level in the lum-
bar spine. The chance for a satisfactory result after dis-
cectomy of a recurrent DH is good, however, providing
that high-quality pain relief also has been obtained after
surgery of the primary disc herniation. The scientific
documentation on the results of discectomy in recurrent
DH, both ipsilateral and contralateral, implies similar

improvement of radicular leg pain, back pain, and func-
tional outcome during the first years postoperatively as
after primary discectomy (2,3,8,9). Documentation on
long-term results is still lacking. The risk for another
recurrent DH at the same level is unknown and there are
no specific preventive measures except combined exten-
sive discectomy and interbody fusion. However, this is
not a fruitful surgical option for the vast majority of
patients with symptomatic recurrent DH (2,3,8,9).
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CHAPTER 91

Management of Failed Lumbar Surgery:
Recurrent Stenosis

Jayesh Trivedi and Stephen Eisenstein

Lumbar spinal stenosis is a disabling syndrome affecting
older patients. Surgical decompression forms the mainstay
of operative treatment. However, the beneficial results of
surgical decompression may deteriorate with time, result-
ing in recurrence of symptoms or development of new
symptoms. The purpose of this chapter is to discuss the
causes of poor results after surgical decompression for
lumbar stenosis and offer management options. 

Lumbar stenosis is caused by constriction in the dimen-
sions of the spinal canal or intervertebral foramen. Degen-
erative stenosis, the most common form, is characterized
pathologically by degenerative hypertrophy of the facet
joints and vertebral body margins, thickening of the liga-
mentum flavum, and narrowing of the intervertebral discs
(1). The combined effect of these changes is a narrowing
of the spinal canal and reduction in the space available to
the cauda and exiting nerve roots. Clinically it is charac-
terized by lower limb pain and paraesthesias, varying
degree of back pain, and a limitation of walking distance in
the presence of good peripheral circulation. The lower limb
pain is relieved by stooping or sitting, which increases the
spinal canal capacity. This constellation of symptoms con-
stitutes neurogenic claudication (Table 91-1).

Anatomically, the stenosis is classified as “central”
when the compression affects mainly the thecal sac, or
“lateral” when it affects the nerve roots in the nerve root
canals (Figs. 91-1, 91-2) (2). Etiologically, Arnoldi et al.
classified stenosis into congenital or developmental,
acquired (including degenerative, iatrogenic, and post-
traumatic), or combined varieties (3).

The incidence of degenerative lumbar stenosis is 1.7%
to 8% (4,5). Symptoms usually develop after the fifth
decade of life. The initial management is symptomatic,
consisting of analgesics including nonsteroidal antiin-
flammatory drugs (NSAIDs), epidural injections, physi-
cal therapy, and lifestyle modification. Johnsson et al.
studied the natural history of 32 patients with lumbar
stenosis who did not undergo surgical decompression (6).
Seventy percent of the patients were symptomatically
unchanged at follow-up. In the remainder, half were bet-
ter and the other half were worse. At 1 year, the Maine
Lumbar Spine Study reported that the patients treated
nonoperatively were symptomatically stable, although
there was no clinical improvement (7). Other authors
have reported a similar success rate with aggressive non-
operative treatment (8,9,10)
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TABLE 91.1. Comparison between vascular and spinal claudication

Signs and symptoms Vascular Neurogenic

Claudication distance Fixed Variable
Relief on cessation of walking Immediate Lingering symptoms
Effect of posture on pain relief Standing relieves pain Flexion of spine and sitting relieves pain
Back pain Infrequent Frequent
Walking up hill Painful Not painful
Bicycle riding Painful Not painful
Peripheral pulses Absent Present



SURGERY AND ITS OUTCOME

Surgery for patients with lumbar stenosis is that of
decompression with or without concomitant fusion. A
variety of techniques to decompress the spine have been
reported in literature. These include laminectomy,
laminotomies (11,12), and distraction laminoplasty (13).
Successful outcomes from surgical decompression have
varied from 57% to 95% (14–18), depending on the dura-
tion of the follow-up. In most studies the outcome deteri-
orated with the length of follow-up. Jonsson et al.
prospectively studied 140 patients treated surgically, and
reported an average improvement of 82% in leg pain and
71% in back pain at 3 years (19). Herron et al. reported
satisfactory results in 67% patients at 2 years after
surgery that deteriorated to 52% at 5-year follow-up (20).
Katz et al., reporting on 88 consecutive patients undergo-
ing laminectomy, found that the initial 89% relief of pain
deteriorated to 57% at 4 years after surgery (15). At 7 to

10 years follow-up after surgery, they found that 23% of
patients had received repeat surgery, with 33% complain-
ing of severe back or buttock pain. Postacchini reported a
67% satisfactory result in 64 patients followed up to 8.2
years after surgery (21). Meta-analysis has shown a sim-
ilar outcome in patients with a long-term follow-up (22).
Thus, the initial good results after surgery may deterio-
rate with time but this does not necessarily mean a failure
of the initial index procedure.

FAILED SURGERY FOR STENOSIS

The incidence of unsatisfactory results after surgery
for lumbar stenosis is not known. The incidence of failed
lumbar surgery syndrome is reported to be 15% to 40%
(22–24). The rate of repeat operation in lumbar stenosis
has been reported to be 5% to 13% in some studies
(13,25). Failed lumbar stenosis surgery may pose a prob-
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FIG. 91-1. Magnetic resonance imaging scan axial cuts showing central and lateral stenosis. A: Lateral
recess. B: Central canal.

FIG. 91-2. Magnetic resonance imaging scan axial cuts demonstrating facet hypertrophy and lateral
stenosis.
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lem in diagnostic evaluation and management for the
spinal surgeon. Furthermore, the likelihood of obtaining
a successful outcome after repeat surgery in this situation
may be limited. Unsatisfactory results after surgery for
lumbar stenosis may result from: (a) wrong diagnosis, (b)
presence of comorbidity, (c) inadequate decompression,
(d) recurrent stenosis either at the same level or previ-
ously noninvolved levels, or (e) new or increased back
pain resulting from iatrogenic mechanical instability
owing to surgery or spondylosis, and spondylolisthesis
present before surgery and not addressed at surgery.

WRONG DIAGNOSIS

Distinguishing spinal claudication from vascular clau-
dication is important (Table 91-1). The age for spinal
claudication is also an age when peripheral arterial dis-
ease is common.

Clinical examination in these patients should include pal-
pation for the presence of pulses in the dorsalis pedis and
posterior tibial arteries. A Doppler study in a clinic setting
is indicated if the latter are not felt. Absent pulses represent
an indication for referral to the vascular surgeon for further
investigations to rule out peripheral vessel pathology. 

Confirmation of diagnosis with appropriate imaging is
essential in patients presenting with symptoms typical of
spinal claudication. The authors’ preference is for all
patients to undergo a magnetic resonance imaging (MRI)
scan. Magnetic resonance imaging is reported to have
75% to 85% accuracy in diagnosing stenosis (26). A
myelography-computed tomography (myelo-CT) is the
investigation of choice if the MRI scan is inconclusive or
for patients who can not undergo an MRI. 

The use of nerve root sheath injections may be diag-
nostic and even therapeutic in patients with symptoms
predominantly suggestive of a lateral stenosis. These may
be combined with electrophysiologic studies of nerve
conduction. In patients who have had previous surgery in
the lumbar area, the use of contrast-enhanced MRI is
essential to estimate the extent of postoperative fibrosis.
This involves the intravenous administration of gadolin-
ium (Gd-DPTA). T1-weighted images obtained immedi-
ately after the administration of Gd-DPTA demonstrate
increased signal intensity in perithecal fibrosis. 

COMORBID FACTORS

Katz et al., reporting on the long-term results of
patients undergoing decompression for lumbar stenosis,
found that an unsatisfactory long-term outcome is associ-
ated with the presence of comorbid medical conditions
and laminectomy confined to a single level (15). Preex-
isting cardiovascular disease, rheumatoid or osteoarthri-
tis, and chronic pulmonary disease were found to influ-
ence the long-term results following decompression. The
effect of these factors was found to be additive. 

Oldridge et al. reported on 34,148 patients with aver-
age age of 71 years and undergoing lumbar surgery; they
found the mortality rate to be 0.5% (27). They reported
that patients older than 80 years had increased mortality.
Smith and Hanigan reported that patients with three or
more comorbidities had a higher rate of complications
when undergoing lumbar surgery (28). Benz et al., in a
retrospective review of 68 patients older than 70 years
and undergoing decompression, found that serious com-
plications occurred in 12% with an early mortality of
1.4% (29). They were unable to show a significant rela-
tionship between comorbidities and postoperative com-
plications.

It is likely that the presence of comorbidities may
affect the patient’s perception or tolerance to pain and
thus influence outcome after decompression.

Recurrent Stenosis

Postacchini reviewed 40 patients treated surgically for
lumbar stenosis and found varying degrees of bony
regrowth of the resected posterior arches in 35 of the 40
patients (30). These patients were evaluated at an average
of 8.6 years after operation. Two types of bony regrowth
were identified. There was either a gradual regrowth of
the laminae and the articular surfaces resected at surgery
or a coalescence of islets of bone tissue within a fibrous
sheet filling the laminectomy defect. Complete resection
of the inferior articular processes was found to be pre-
ventive against this regrowth. Furthermore, the wider the
initial decompression, the less likelihood there was of this
regrowth. Patients with degenerative spondylolisthesis
were more likely to have regrowth if they had not been
fused at the time of the index operation. The clinical out-
come was found to be satisfactory in patients with little
or no bony regrowth. In patients with moderate or marked
bony regrowth, the proportion of satisfactory results was
55% and 40%, respectively. There are other reports of
bony regrowth after surgery (31,32). We have not encoun-
tered bony regrowth so far in our practice.

Stenosis at previously uninvolved levels may also con-
tribute to recurrence of symptoms. Katz et al., in a long-
term review of surgically treated patients with stenosis,
found that a single level laminectomy was associated
with poor results (15). Degenerative changes and stenosis
can occur throughout the lumbar spine so that previously
uninvolved levels may become stenotic with time. 

Inadequate Decompression

Inadequate decompression is probably the most com-
mon cause of failed surgery in spinal stenosis and per-
sisting symptoms after surgery. Scrutiny of preoperative
imaging to ascertain where the compression is, and
knowledge of spinal anatomy at decompression is impor-
tant. Degenerative lumbar stenosis is usually circumfer-
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ential and multifactorial in terms of structures that
intrude into the space intended for neural anatomy. There-
fore, decompression should deal with bone, joint (facet),
ligamentum flavum, and disc at all relevant levels if sub-
sequent failure is to be avoided. The surgical technique
should address the central canal and lateral recesses.
Decompression of the latter should as a rule involve
undercutting of the medial aspects of the hypertrophic
superior facets of the caudad vertebra. The adequacy of
decompression may be assessed by the free passage of a
probe along the path of the nerve. 

Stenosis and Low Back Pain

Mechanical low back pain may coexist with stenosis in
some patients. It may also be iatrogenic after surgery for
spinal stenosis. 

Degenerative spondylolisthesis is a radiographic finding
often associated with stenosis. It is commonly seen at the
L4-5 level and tends to be more common in women.
Satomi et al. reported on 41 patients treated surgically with
decompression (33). Twenty-seven patients had anterior
interbody fusion, whereas 14 patients had decompression
alone. The fusion group had 93% good to excellent results
as opposed to 72% in the nonfused group. Nasca also
reported a better outcome in patients who had concomitant
fusion and decompression compared to decompression
alone (34). Herkowitz and Kurz published a controlled
prospective study of patients with stenosis and degenera-
tive spondylolisthesis who were randomized to either
decompression alone or decompression with in situ inter-
transverse fusion (35). A better outcome was reported in
the group that underwent concomitant fusion. Other
authors have reported similar findings (36,37). 

Iatrogenic radiographic instability may result from a
radical decompression in which more than 50% of each
facet joint has been sacrificed. In this situation flexion-
extension lateral radiographs of the patient may detect
segmental instability. If these radiographs demonstrate
either a 4-mm translational movement or greater than 10°
angulation between vertebrae, “instability” is present and
fusion may be indicated (38).

We (39) recommend concomitant fusion in the pres-
ence of the following: significant low back pain, spondy-
lolisthesis, and radical decompression. Relative con-
traindications to fusion include age more than 75 years
and the presence of comorbidities, including diabetes or
cardiopulmonary disease. Our preference is for inter-
transverse fusion with pedicular screw fixation, the latter
depending on adequate bone quality.

MANAGEMENT

Nonoperative Treatment

Not all patients with recurrence of symptoms after sur-
gical decompression for stenosis require a repeat opera-

tion. In a retrospective review of 317 patients, Herno et
al. found that patients undergoing repeat surgery were
less likely to have a successful outcome following
surgery (40). In their study excellent to good results were
obtained in 67% of the singly operated patients as
opposed to 46% in the repeat surgery group. Coexisting
disease and surgery within 18 months after the index pro-
cedure was associated with poor outcome after repeat
surgery. Echeverria and Lockwood in a comparative
study of 17 patients undergoing surgery with 10 patients
who had undergone previous spinal surgery found excel-
lent to good outcomes in 76% in the former and 50% in
the latter group (41). Although other studies have dis-
puted a poorer outcome in revision spinal surgery, it is
clear that the outcome in revision surgery is still contro-
versial. Furthermore, there may be no correlation
between postoperative radiological findings and the
patients’ symptoms. This has been shown to be the case
by Herno, Finnegan and other authors (40,42,43). Nons-
teroidal antiinflammatory drugs, activity modification,
use of mobility aids such as trolleys or wheelchairs and
epidural steroids are all reasonable options for patients
who have failed to have a satisfactory result from previ-
ous surgery.

Surgery: Indications and Technique

Failure to respond to nonoperative treatment, inade-
quate decompression demonstrable on radiologic imag-
ing, spinal “instability” with intractable back pain not
addressed at initial surgery are all indications for further
surgery. The patient should be fit to undergo further
spinal surgery. The presence of advanced cardiopul-
monary disease forms a contraindication for revision
surgery. Previously listed causes for recurrence of symp-
toms should be diligently addressed at repeat surgery to
ensure a satisfactory outcome. The technique of surgery
is tailored to the patient but concomitant fusion is con-
sidered for those demonstrating instability or where radi-
cal decompression is deemed necessary. 

Repeat decompression surgery presents a daunting
prospect, with every expectation of dural injury, neural
injury, and unsatisfactory symptom response. Many
patients present an anesthetic challenge at the first
surgery, by virtue of the intercurrent afflictions of
advanced years on all systems. Apart from the difficulties
of revision surgery, patients may be disqualified from
revision surgery because it presents too great a risk to
life.

The fact remains that careful technique can produce
a gratifying result in those rare instances where revi-
sion decompression is deemed appropriate and possible
(44). The surgery can be much simplified by the routine
application of one of the commercial polysaccharide
pastes to all exposed dural surfaces at the completion of
the original operation. These products are expensive
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but useful in leaving a plane of cleavage between dura
and surrounding bone, annulus, and ligament. The
authors have a small but gratifying experience of revi-
sion surgery in these circumstances, and use such a
product routinely in decompression surgery in the lum-
bar spine.

Once the dorsal aspects of the relevant segments have
been exposed, careful further dissection reveals the junc-
tion between the residual lateral or laminar bone margin,
and the scar of previous dissection. A sharp elevator sep-
arates the scar from bone and usually allows re-entry into
the spinal canal without mishap. Careful probing in direc-
tions away from the scar ensures a plane between bone
and unscarred dura.

A margin of the bony surround is then removed, allow-
ing a leisurely approach from fresh anatomy back toward
the previous battleground. Postoperative scar densely
adherent to dura is left in place: Too much striving for its
removal is unnecessary and dangerous. The elements
most likely responsible for persistent or recurrent neural
symptoms are new facet joint osteophytes, stenosis of
entry to the nerve root foramen, or a new disc prolapse.
With patience, care, and persistence, these areas can be
reached eventually without major injury, and the intrud-
ing tissue excised. All levels demonstrated to be stenotic
on imaging should be addressed.

Where recurrence of stenosis is found to be the devel-
opment of spondylolisthesis since the original surgery,
the options are distinctly unattractive. Ideally, revision
decompression should be accompanied by fusion, in
order to halt further vertebral shift. The difficulty then is
that most patients have bone too soft and weak to hold
fixation implants. Bone grafting has to be protected by
old-fashioned external bracing of some kind for an
extended period, probably beyond the tolerance and capa-
bility of many elderly patients.

The ancient recommendation that the need for revision
surgery is better prevented than that revision surgery is
skillfully executed sounds insufferably sanctimonious. It
remains true, however, that stenosis surgery over several
segments is tedious, tiring, and somewhat frightening, if
performed with thoroughness and attending to all ele-
ments circumferentially, centrally, and laterally.

SUMMARY

Management of failed surgery involves a thorough
attempt to establish the cause for failure in the index pro-
cedure and addressing this at repeat surgery. Develop-
ment of stenosis at previously unaffected levels may also
account for a recurrence of symptoms. The presence of
comorbid factors plays an important role in influencing
surgical outcome. The technique of revision surgery is
tailored to the individual patient, but a satisfactory out-
come can be obtained with proper preoperative evalua-
tion and meticulous surgical technique.
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CHAPTER 92

Failed Surgery and Revision Surgery: 
Failed Instrumentation

Frank M. Phillips

The role of spinal instrumentation is to obtain and main-
tain spinal alignment and stabilize the spine until fusion
occurs. Failure of instrumentation is typically the result
of a surgeon applying the instrumentation in a situation
where the deforming forces exceed the ability of the
instrumentation to stabilize the spine. To reduce the like-
lihood of failure, the surgeon must understand the capa-
bilities of the instrumentation as well as the biomechani-
cal environment across which the instrumentation is
applied. 

Posterior instrumentation comprising pedicle screws
attached to a longitudinal plate or rod is frequently
applied in the lumbar spine. Hooks, wires, or cables are
alternate posterior techniques for achieving spinal fixa-
tion that are less frequently used in the lumbar spine.
Anterior instrumentation includes threaded intradiscal
devices, vertical cages, or struts and rod or plate-screw
constructs. Failure of instrumentation most frequently
involves loosening or less commonly breakage of the
implant, implying failure of fusion and often associated
with a loss of correction of spinal deformity. 

When instrumentation fails by implant breakage or
screw pullout, plain radiographs usually confirm the
diagnosis. In some instances, subtle instrumentation fail-
ure, such as screw loosening, may be less obvious on
radiographs. Lucencies visualized around the screws
should raise concern for ongoing spinal motion, implying
failure of fusion. Failure of fusion is difficult to identify
radiographically and additional studies such as computed
tomography (CT) scans or bone scans may be helpful in
the work-up of these patients (1,2). Computed tomogra-
phy scans are also helpful for assessing the architecture
of the pedicle if revision fixation is being considered. The
quality of bone, as well as the pedicle diameter and screw
length within the vertebral body, can be determined from
CT scans. 

Instrumentation failure in and of itself may not cause
symptoms, and identifying failed instrumentation should
prompt a diligent search for the source of the patient’s
symptoms. Instrumentation failure may alert the physi-
cian to a pseudarthrosis that may be the source of the
patient’s symptoms. Failure of instrumentation may also
lead to the development of spinal deformity that requires
further surgery. Even in the presence of failed instrumen-
tation, unless a well-defined source of the patient’s symp-
toms is identified, surgery directed toward revising or
removing the instrumentation is unlikely to provide relief
of symptoms (3).

POSTERIOR INSTRUMENTATION FAILURE

Posterior constructs secured to the spine via screws
placed through the pedicle and into the vertebral body
have been popularized over the last decade. Pedicle screw
instrumentation allows for segmental control of all three
columns of the spine from a posterior approach. The
rigidity achieved with these implants may reduce the
number of fixation points necessary for stability, thereby
reducing the number of levels that are fused. Early pedi-
cle screw fixation systems used an unconstrained linkage
of the screws to the rod or plate spanning the involved
levels. These systems had high failure rates in terms of
implant loosening, breakage, and pseudarthrosis (4) and
have been superseded by systems with rigid, constrained
connections between the screws and the longitudinal rod
or plate. Pedicle screw systems have been shown to pro-
vide significant stabilization to the treated motion seg-
ment and improve lumbar fusion rates (5–7). 

It is uncommon for contemporary pedicle screw sys-
tems to fail by breakage or screw-connector disengage-
ment (8,9). These implants are extremely strong and rigid
and are more likely to fail by loss of fixation of the
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screws to the spine. Posterior instrumentation failures
typically occur when the implant is placed in an environ-
ment in which the bending loads produced by forces act-
ing eccentrically to the implant’s neutral axis exceed the
load-bearing capabilities of the implant. 

Posterior instrumentation failure may occur:

1. When pseudarthrosis develops, subjecting the instru-
mentation to continuing bending moments until
fatigue failure of the device occurs

2. With anterior column deficiencies, such as might
occur with vertebral body tumors or unstable verte-
bral fractures

3. With spinal deformities, such as advanced spondy-
lolisthesis or kyphosis

4. When the bony anchorage of the screw to the spine is
insufficient often because of osteoporosis, and screw
loosening or pullout occurs (10)

Pseudarthrosis

Instrumentation failure often heralds the presence of a
pseudarthrosis (3,4,11). If the pseudarthrosis is thought to
be symptomatic, revision arthrodesis may be considered.
In general, repeat arthrodesis should be performed in the
anatomic location where the most favorable environment
for fusion exists. If an initial postero-lateral instrumented
fusion was attempted, success of repeat postero-lateral
arthrodesis may be compromised by the devascularized
and scarred “fusion bed.” This should prompt the surgeon
to consider performing an interbody arthrodesis. Advan-
tages of the interbody technique for arthrodesis include the
large surface area available for achieving fusion and the
favorable biomechanical environment for fusion (12–14).
Autograft bone remains the gold standard for achieving
lumbar fusion. The detailed treatment of pseudarthrosis is
discussed elsewhere in this volume.

Anterior Column Deficiencies

Anterior spinal column deficiencies may occur with
vertebral body destruction caused by tumor, infection, or
trauma (Figs. 92-1 to 92-5). Approximately 80% of the
spinal load is transmitted through the anterior column so
that deficiencies of this column place large bending
stresses on posterior instrumentation constructs (15).
McLain et al. (16) reported a 60% rate of instrumentation
failure when comminuted vertebral body thoracolumbar
fractures were treated with posterior pedicle-based instru-
mentation extended to the level above and below the frac-
tured level. Furthermore, in situ contouring of the rods
predisposed to failure. Similarly, Kramer et al. (17)
reported that four of 11 patients with thoracolumbar frac-
tures treated with short-segment transpedicular instru-
mentation had breakage or disengagement of the caudal
screw. The kyphosis across the operated levels increased
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FIG. 92-1. A 60 year-old man with metastatic renal carci-
noma to L3 that was treated by anterior decompression and
instrumented L2-4 antero-posterior fusion. Radiograph 5
years after initial surgery, when the patient presented with
destruction of the L2 vertebral body by tumor, resulting in
loss of fixation of the posterior instrumentation and anterior
Kaneda device breakage with cage migration, leading to
gross spinal instability.

FIG. 92-2. The patient was treated with initial posterior sta-
bilization to restore stability and spinal alignment. The
antero-posterior radiograph is shown.



by 12.9° postoperatively. Posterior instrumentation may
be inadequate in situations in which the anterior column
is deficient, and supplemental anterior column support is
advisable.

When posterior instrumentation fails in the face of
anterior column deficiency, reconstructive strategies
should include restoring anterior structural support. This
is typically accomplished with placement of a strut or
cage to reinforce the anterior column. If interbody sup-
port is required, this can be accomplished through either
an anterior or posterior approach to the disc space. If ver-
tebral body re-enforcement or replacement is required, a
separate anterior approach to the lumbar spine usually is
required. In addition to the anterior column reconstruc-
tion, revision of the failed posterior instrumentation to
enhance stability typically is required. This may be
accomplished by using wider-diameter or longer pedicle
screws or obtaining additional points of fixation to the
spine by incorporating additional levels in the instrumen-
tation construct. The choice to extend the instrumented
fusion to improve stability of the construct must be bal-
anced against the increased morbidity associated with the
additional level surgery.

Deformity

Angular and translational deformities of the lumbar
spine are frequently addressed with posterior instru-
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FIG. 92-3. The patient was treated with initial posterior sta-
bilization to restore stability and spinal alignment. The lateral
radiograph is shown.

FIG. 92-4. The patient then underwent anterior instrumenta-
tion removal and placement of a fibular strut graft spanning
L1 to L4. (Extensive scarring and resulting inability to safely
mobilize vessels prevented a more extensive anterior recon-
struction.)

FIG. 92-5. One year later, the patient presented with further
anterior column destruction as a result of tumor growth,
resulting in fibular dislodgement and posterior instrumenta-
tion failure with rod breakage.



mented arthrodesis. With advanced degrees of spondy-
lolisthesis or kyphosis, posterior instrumentation may be
inadequate to immobilize the involved motion segment
and fusion may be less likely. Furthermore, if reduction
of the deformity is attempted, large forces are placed on
posterior instrumentation that can lead to instrumentation
failure or recurrence of the deformity. 

With advanced degrees of spondylolisthesis, posterior
instrumentation may fail by implant breakage or pullout of
the screws. In these situations, revision surgery usually
includes the addition of anterior column support as well as
posterior implant revision that may require including addi-
tional levels in the construct. When lumbosacral arthrodesis
is performed, the sacrum is typically the least secure point
of fixation of the construct (18). If instrumentation placed
into the sacrum has failed, the surgeon might consider
improving distal fixation by placing multiple sacral screws
such as medial and laterally directed screws at S1, supple-
mental S2 pedicle screws, placing screws or rods into the
ileum, or adding interbody structural support (19,20).

Osteoporosis

As larger reconstructive spine surgeries are performed
on older patients, the ability of the osteoporotic spine to
support spinal implants must be considered. Posterior
instrumentation failure has been shown to correlate with
bone mineral density (BMD) (21–23). In the osteoporotic
spine the weak link in the instrumentation construct is the
implant–bone interface, and the majority of instrumenta-
tion failures involve screw loosening and pullout that may
lead to failure of fusion or the development of recurrent
or de novo deformity 

At the time of pedicle screw insertion, the surgeon may
recognize the poor screw purchase in osteoporotic bone.
This is usually a result of the surgeon noticing the low
insertion torque required to advance the screw. Insertion
torque has been correlated with BMD and screw pullout,
and may predict early screw failure (18,24,25). If poor
screw purchase is recognized intraoperatively, the sur-
geon should attempt to salvage the situation rather than
relying on inadequate fixation to achieve the goals of
instrumentation. 

The surgeon may consider increasing the length or
diameter of the pedicle screw placed in an attempt to
improve the screw purchase in bone. Increasing screw
length does increase screw pullout strength, although this
effect may be less pronounced in osteoporotic bone
(26,27). The inability to accurately gage the anterior ver-
tebral body cortex intraoperatively may affect the sur-
geon’s ability to safely place longer screws, because
screws extending beyond the anterior vertebral body may
predispose to vascular injury. At the sacrum, bicortical
purchase may be safely accomplished with medially
directed pedicle screws with a low risk of vascular injury.
Increasing screw diameter also increases pullout strength

(27–30); however, the dimensions of the pedicle being
cannulated limit the screw diameter. 

Another strategy to improve reliability of the pedicle
screw construct in osteoporotic bone is to increase the num-
ber of points of fixation to the spine by including additional
levels in the construct. This approach must be weighed
against the added immediate morbidity of the additional
level surgery as well as the potential long-term conse-
quences of a fusion spanning additional levels. The
bone–screw interface also may be improved by injecting
bone cement (polymethylmethacrylate) into the pedicle. A
twofold to threefold increase in screw pullout has been
demonstrated with the use of bone cement injected into the
vertebral body through a cannulated pedicle (22,26). Other
cements, such as hydroxyapatite cement, calcium phos-
phate, and carbonated apatite, also have been shown to
enhance the screw–bone interface and increase pedicle
screw pullout strength (30–32). Possible risks of these tech-
niques include cement extravasation outside of the vertebra,
with potential for leakage into the spinal canal or neural
foramina. The surgeon also may augment the pedicle screw
construct with offset sublaminar hooks that are well suited
for use in the osteoporotic spine by relying on the relatively
sparred cortical laminar bone for fixation (21,33).

Revision surgery after instrumentation failure in
elderly osteoporotic patients is often a large undertaking
with significant risks. Nonsurgical treatment may be
attempted, and bracing may be helpful if early instrumen-
tation failure is suspected. Failure of posterior instrumen-
tation in the osteoporotic spine usually occurs as the
result of loss of fixation of the screws, with screw tog-
gling, loosening, and eventual pullout. In osteoporotic
bone, this often results in a relatively large void around
the screw that precludes reusing the same pedicle for
revision screw fixation. If revision surgery is considered,
the previously mentioned strategies for enhancing poste-
rior fixation should be considered. In addition, strong
consideration should be given to anterior column struc-
tural support and fusion as part of the revision strategy.
The anterior vertebral end plates provide a wide surface
area that is advantageous for promoting fusion and also
for load bearing of structural struts (13,14). Anterior col-
umn support also helps to reduce flexion-bending
moments on the posteriorly placed instrumentation
reducing risks of instrumentation failure.

ANTERIOR INSTRUMENTATION FAILURE

Anterior approaches to the lumbar spine may be pre-
ferred in patients with neurologic deficit resulting from
anterior pathologies, for anterior release with deformity,
and to allow for short segment fixation. Anterior
arthrodesis allows for reconstruction of both the anterior
and middle spinal columns as well as for placement of
bone graft under compression, which provides a favor-
able mechanical environment for fusion (13,14).
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Anterior plate and rod-screw fixation is frequently
used for anterior column reconstruction at the thoraco-
lumbar junction and in the upper lumbar spine. These
implants are customarily applied to the lateral aspect of
the vertebral body and may be less suited for use in the
lower lumbar spine because of the vascular anatomy (iliac
artery and vein) and because the pelvis may prevent
achieving an appropriate trajectory for screw placement.
Anterior instrumentation is designed to be load sharing
and is typically used in combination with a longitudinally
orientated bone graft, strut, or cage to re-enforce the defi-
cient anterior column. The use of anterior instrumenta-
tion may allow for fusion of fewer mobile segments than
might be required with posterior fixation. 

Anterior construct failure typically occurs with implant
loosening or with subsidence of the strut or cage into the
cancellous bone of the adjacent vertebral body, both of
which may lead to failure of fusion and recurrence of defor-
mity. Intravertebral screws may loosen if fixation is poor, as
is common in osteoporotic bone. Fixation can be improved
by obtaining bicortical purchase of the vertebral body with
wide diameter screws (34). Care also must be taken not to
penetrate an unfused disc space with the screws. The risk of
construct failure as a result of settling of the longitudinal
strut or cage into the adjacent vertebral bodies may be
reduced by maintaining the integrity of the vertebral end
plates during their preparation (35). In addition, small-
diameter struts or cages should be avoided, because these
tend to cut into the vertebral end plates and piston into the
vertebral body. If the surgeon is concerned about the stabil-
ity of the anterior reconstruction, the construct should be
supplemented with posterior instrumentation. 

If anterior instrumentation fails with implant loosening
or settling of the construct, salvage with posterior instru-
mentation and fusion to stabilize the involved motion
segments may be adequate. However, if the anterior
device has lost its structural integrity or has migrated
toward adjacent vascular or visceral structures, anterior
device removal or revision will be required in addition to
the posterior surgery. If the anterior strut has telescoped
into the adjacent vertebral body or screw failure has cre-
ated voids in the vertebral body, additional levels often
need to be incorporated in any revision construct so as 
to obtain fixation to healthy bone. A repeat anterior
approach to the previously operated spine may be
extremely difficult because of the adherent vessels in
close proximity to the spine. If the vascular anatomy pre-
cludes safely revising the anterior instrumentation, the
surgeon might consider removing the failed anterior con-
struct and then placing a strut only anteriorly, and sup-
plementing this with posterior instrumentation. 

INTERBODY DEVICE FAILURE

Interbody devices may be placed by anterior, posterior,
or lateral approaches to the disc (36–40) and include both

impacted implants that rest on the vertebral end plates,
and threaded implants whose threads engage the vertebral
end plates. Biomechanical studies have shown that inter-
body devices significantly stabilize the motion segment
in all directions except for extension (13,41). Annular
tension achieved by disc space distraction is thought to be
important for the stability of these devices. 

Although early studies reported high clinical and radi-
ographic success with interbody devices used without
posterior fixation, it became apparent that with wide-
spread use these results were not necessarily reproduced
(14,37,38). Many cases of so-called “failed interbody
devices” actually represent failures of patient selection by
the surgeon rather than any failure of the device. In addi-
tion, poor surgical technique in applying these devices is
a common reason for failure (38). Undersized devices
may lead to inadequate motion segment stability and ulti-
mately failure of fusion. To achieve successful results
with an interbody device, the surgeon must understand
both the biomechanics of the device and of the treated
motion segment. Situations in which a “stand-alone”
interbody device may not be ideal and supplemental pos-
terior fixation should be considered include: (a) inter-
body device insertion through a posterior approach that
necessitates significant bony resection, (b) multilevel
constructs, (c) significant instability (e.g., advanced de-
grees of spondylolisthesis), (d) loss of posterior stabiliz-
ers such as may occur with wide laminectomy, (e) poor
fixation of the interbody device in osteoporotic bone, and
(f) tall disc without a stabilization response.

The more common “implant failures” with the use of
an interbody device include failure of fusion, device loos-
ening and migration, and malpositioned devices. Imme-
diate radiographic imaging and work-up is prudent if a
patient presents with neurologic symptoms after inter-
body arthrodesis surgery. If the interbody device is iden-
tified as causing neural compression, it should be
removed and, where possible, revised. If the revised inter-
body construct does not restore stability, posterior instru-
mentation should be added. Alternatively, if a patient pre-
sents with back pain after interbody surgery, a prolonged
period of observation and conservative treatment is in
order before considering further surgical solutions. 

Removal or revision of an interbody device is techni-
cally challenging with risks of neural or vascular injury
with a posterior or anterior approach to the disc space,
respectively. If the goal of revision surgery is to address a
pseudarthrosis after a previously placed stand-alone
interbody implant, often this can be accomplished by per-
forming a postero-lateral instrumented arthrodesis with-
out the need for interbody implant revision. Unless the
interbody device is malpositioned and causing symptoms
or is posing a risk to neurovascular or visceral structures,
the risks of device removal likely outweigh the potential
advantages of device revision. When interbody implant
revision surgery is necessary, the decision as to the opti-
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mal surgical approach must take into account the added
morbidity of a new approach to the spine and weigh this
against the difficulties of repeat surgery through the pre-
vious surgical field. In general, if interbody device revi-
sion is performed in the early postoperative period, this
usually can be accomplished through the same surgical
approach to the disc as was used for device insertion. 

If late interbody device removal is required, the
approach to the disc space depends on the location of the
implant within the disc space, the extent of access
required for device extraction, and local vascular and
neural anatomy. After late interbody device removal, it is
unlikely that adequate stabilization will be achieved with
placement of another (larger) interbody device alone, and
adding posterior instrumentation is advisable. If inter-
body device removal requires extensive bony resection or
if peri-implant bone deficiency has developed as a result
of settling of a nonintegrated implant, a more extensive
anterior column reconstruction is required. In this situa-
tion, the reconstruction usually includes an anterior strut
with supplemental posterior stabilization to ensure stabil-
ity and prevent settling and subsidence. 

CONCLUSION

When confronted with a patient with failed instrumen-
tation the surgeon should determine the likely reason for
failure of the instrumentation. The surgeon must also elu-
cidate the source of the patient’s symptoms and any rela-
tionship of these to the finding of failed instrumentation.
If revision surgery is contemplated, the surgery should be
primarily directed to the likely symptom generator. If
revision reconstruction of the spine is undertaken, any
implants applied must be able to withstand the forces act-
ing across the instrumented spinal segments. Revision
surgery often involves posterior instrumentation as well
as establishing anterior column support.
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Adjacent segment degeneration describes disc degenera-
tion above or below previously fused spinal segments,
also called transitional syndrome. The reported incidence
of transition zone degeneration by radiographic criteria is
approximately 25% to 40%. Not all such patients are
symptomatic. Some may benefit from further surgery if
nonoperative management has failed (1–4).

The pathophysiology of transitional syndrome merits
discussion. One generally accepted hypothesis is that
fusion of a spinal segment causes hypermobility, and
therefore increased stress, at adjacent mobile segments.
However, is transitional syndrome simply a natural pro-
gression of disc deterioration? In other words, would the
observed radiographic changes and symptoms have
occurred if no surgery had been performed? Several in
vitro biomechanical studies have been published that
indicate increased stress and alteration of motion segment
biomechanics (5–12).

Panjabi, using an in vitro sheep model, showed alter-
ation in spinal segment function above and below a disc
injury. The injury was to the annulus either with or with-
out nuclear removal. These asymmetric injuries altered
the kinematics of the functional spinal units above and
below the traumatized disc segment. Similar changes
could lead to a degenerative cascade in an in vivo situa-
tion (13). 

Is adjacent segment degeneration accelerated by spinal
fusion? In another in vitro study, the effects of instru-
mentation on adjacent segment intradiscal pressures were
reported by Weinhoffer et al. Transducers placed into the
disc above a stabilized motion segment showed a greater
than normal increase in pressure with flexion. This
change in pressure increased with increasing motion (12).

Does the type of fusion (antero-posterior, instru-
mented, or circumferential) accelerate this disease
process? Lee compared stability and adjacent segment

effects of posterior, posterolateral, and anterior lum-
bosacral fusions in a cadaver model. All types of fusion
produced increased stress on the adjacent spinal segment,
with the facet joints above the stabilized segment demon-
strating the highest amount of stress (9).

Several other publications indicate that stabilizing a
motion segment does adversely affect the biomechanics
of the segment above (5–12). These in vitro studies indi-
cate there are mechanical changes above a simulated
fusion. They cannot account for functioning muscle
mass, bone density, and so on, or take into account load
transfers to other adjacent segments of the spine (7).

The patient with transitional syndrome experiences
low back pain. In most instances, a cascade of events has
already occurred, initiated by disc deterioration, followed
by any combination of facet arthrosis, degenerative
spondylolisthesis, retrolisthesis, acquired spondylolisthe-
sis, or associated osteoporosis (Fig. 93-1) (2,7,14–17).
Several clinical studies discuss the incidence of this prob-
lem (1–4). Few address optimum surgical treatment
(1,14,16–18).

Lehmann et al. (2) evaluated 62 patients who had
undergone lumbar fusion at L3 or lower. The median fol-
low-up was 33 years. Thirty-three of these patients had
follow-up roentgenographic studies. The incidence of
segmental instability above the previous fusions was
45%. Although approximately 50% of the patients had
lower back symptoms, none were considered surgical
candidates.

Forty-two patients, each having undergone a postero-
lateral fusion of the lumbar spine approximately 20 years
earlier, were evaluated thoroughly by Hambly et al. (14)
A variety of degenerative changes in the transitional zone
above the fused segments were found. The intervertebral
disc space two levels above the fusion developed abnor-
malities as frequently as the disc space immediately



above the fusion. This finding was also noted by Penta
(3). Despite the abnormalities noted in roentgenographic
evaluation, 76% of the patients studied reported good to
excellent results. No surgery was recommended.

Possible accelerated degeneration of adjacent segments
in vivo was reported by Rahm (4). Forty-nine patients
who had undergone an instrumented lumbar fusion were
evaluated. Twenty-five of these patients also had received
a posterior lumbar interbody fusion. The time of follow-
up varied, but minimally was 2 years. The average was
5.1 years. Thirty-five percent of the patients showed

degenerative changes above the fused segment per X-ray
evaluation. A logistic regression model demonstrated that
older patients who underwent circumferential fusion with
instrumentation were more likely to have deterioration
with time. Eight of these patients underwent further
surgery. Four of these had poor results, two had insuffi-
cient follow-up to be reported, and two were classified as
good. A trend to have a pseudoarthrosis in the segments
below was noted in the patients who did not show transi-
tional zone changes. I did not feel, because of the vari-
ables involved, that there was an increased incidence of
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FIG. 93-1. A: Adjacent segment degenera-
tion shown at the level above a previous
instrumented fusion in a 78-year-old
woman. Surgery had been performed only
11 months previously. Retrolisthesis has
occurred. Antero-posterior and lateral of the
myelogram in this patient. B,C: Treatment
consisted of revision of hardware, anterior
column reconstruction with extension of
hardware three levels above the deterio-
rated segment.
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adjacent segment degeneration when compared to post-
operative fusion alone.

Aota suggested in 1995 that age is the most significant
predictor for developing adjacent segment deterioration
in instrumented fusion. Patients over the age of 55 had an
incidence of 37%, whereas the incidence of patients
under this age was 12%. Posterior translation was the
most common finding. The average follow-up time was
39 months. The number of patients evaluated was 65.
Overall, the incidence of postfusion instability was
24.6%. Older patients appear to be more susceptible, and
failure to correct sagittal and coronal balance accelerates
the process (1).

Hypolordosis across the instrumented segments may
accelerate adjacent segment degeneration by causing
compensatory hyperlordosis in the adjacent mobile seg-
ments. Biomechanically, a significant load increase in the
adjacent hyperlordotic segments has been described (11).

Spinal surgeons recognize adjacent segment degenera-
tion as a cause of failed back syndrome. However, surgi-
cal management of patients with adjacent segment degen-
eration, if unresponsive to nonoperative management, has
not been precisely defined. The literature provides few
guidelines as to optimal operative intervention for this
diagnosis. Generally, surgical treatment when required is
usually decompression, decompression with fusion with
or without instrumentation, or additionally with anterior
column reconstruction.

In 1994, I presented a small series of patients undergo-
ing surgery for adjacent segment degeneration (17).
There were 14 patients in this series, and 12 had under-
gone more than one previous lumbar procedure. Average
time from the first fusion to the adjacent segment degen-
eration requiring surgery was 11.5 years. All these
patients were stenotic with instability either primarily or
secondarily following decompression. All had extension
of their fusion, five without instrumentation, and nine
with pedicle fixation. Without instrumentation, only one
patient obtained arthrodesis, resulting in an unacceptable
80% pseudoarthrosis rate for the patient series. Because
of this, pedicle instrumentation was used primarily in the
next nine patients. Three of the five patients who had not
been instrumented, subsequently were revised with pedi-
cle fixation. With instrumentation use, primarily or for
revision, the pseudoarthrosis rate was 17%. The authors
concluded that pedicle instrumentation is generally
needed for stabilization of adjacent segment degenera-
tion. However, the clinical results in this series were not
outstanding. The authors felt that this reflected chronicity
of patients’ symptoms and the salvage nature of the pro-
cedure. Because there continued to be a greater than 15%
pseudoarthrosis rate using instrumentation, I have been
adding anterior column reconstruction with titanium sur-
gical mesh for this condition since 1994. 

Other authors subsequently recommended that pedicle
fixation be used for adjacent segment degeneration. Chen

et al. reported on 39 patients who had undergone decom-
pression and instrumented fusion for degenerative
spondylolisthesis with stenosis, who then developed lum-
bar instability with stenosis (18). All underwent a decom-
pression and instrumented fusion at the adjacent segment.
The average interval from the index procedure to the sec-
ond operation was 5.2 years. Follow-up after the second
procedure was 62 months. The rate of arthrodesis was 37
of 39 patients, or 95%. Clinical results were satisfactory
in 77% of the patients. Five patients subsequently devel-
oped a segmental breakdown above the second fused
area. These patients had poor results. Pedicle fixation
provided immediate segmental stability, and we felt its
use contributed to the exceptional rate of fusion and
patient satisfaction.

Schlegal (16) reported on 58 patients who had under-
gone a fusion procedure for a variety of conditions. Their
symptom-free period averaged 13 years from the time of
their first surgery. A return of symptoms led to operative
intervention at adjacent segments. Thirty-seven patients
were then followed for at least 2 years. It was noted that
segmental deterioration was as likely to occur in the seg-
ment two levels above the fusion as at the one at the level
adjacent to the fusion. Diagnosis leading to further
surgery was spinal stenosis, disc prolapse, or instability
with olisthesis. Of the 37 patients with 2-year follow-up,
23 were decompressed without fusion, and 14 decom-
pressed and fused. Three of those patients decompressed
without fusion were subsequently stabilized, two of them
underwent fusion revision, and two had hardware
removal. At 2 years, nine patients were rated as excellent,
17 as good, eight as fair, and two as poor. We concluded
that adjacent segment deterioration may simply represent
a natural progression of a disease process, and fusion is
often necessary if an adjacent segment requires decom-
pression. 

The series with the longest patient follow-up following
adjacent segment surgery was reported on in 2000 (15).
Bohlman performed decompression for spinal stenosis at
symptomatic adjacent segments in 39 patients who had
undergone lumbar fusion. The patients had been asymp-
tomatic for approximately 7 years following their first
procedure. Twenty-six were followed for an average of 5
years. Of the 26 patients, 22 then underwent extension of
their posterolateral fusion following decompression. The
four patients who were not fused appeared early in the
series when we did not appreciate that decompression
could destabilize the adjacent segment. Fifteen patients
reported satisfactory results, six were neutral about the
operative procedure, and five were dissatisfied. Overall,
the surgery performed was most effective in relieving leg
discomfort in most patients; most patients continued to
have some back discomfort. Of the 26 patients studied,
six had further lumbar surgery during the follow-up
period. Two fusions were revised with instrumentation.
One patient had a herniated disc above the fused segment
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and three required further decompression for stenosis
above the adjacent segment surgery. Five of these six
requiring further surgery had poor results. Again, this
may reflect the salvage nature of the subsequent proce-
dures in patients with failed back syndrome.

We feel that both surgeon and patient should have real-
istic expectations about surgery for adjacent segment
degeneration. Older individuals are more prone to the
condition, possibly because of osteoporosis. Certainly,
coronal or sagittal malalignment in the older person
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FIG. 93-2. A,B: Antero-posterior and lateral of circumferential fusion performed in a 42-year-old man.
Symptoms were relieved for approximately 5 years until the patient began developing back pain and
symptoms of spinal stenosis. C: Further deterioration of the segment immediately above the spinal
arthrodesis. D: Lateral X-ray following circumferential reconstruction by a unilateral transforaminal
approach. Autogenous bone was placed in the anterior disc space followed by two titanium surgical mesh
cages packed with bone. The patient’s symptoms have been improved by the operative intervention.
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FIG. 93-3. A,B: Antero-posterior and lateral X-ray of a 67-year-old woman who had previously under-
gone a decompression and stabilization for spinal stenosis. C,D: Within 2 years, the segment above the
adjacent segment had deteriorated with retrolisthesis with return of symptoms. Antero-posterior and lat-
eral X-ray of reconstruction performed in this patient. At the time of surgery, it was found that the lower
fusion was not solid. The patient was osteoporotic and she was revised with expandable screws in the
previous fusion mass. A transforaminal approach was made to insert titanium surgical mesh at the col-
lapsed L1-2 inner space. Because of the osteoporosis, the segmental instrumentation was carried three
levels above the area of concern. L1-2 was also decompressed. The patient’s symptoms have been
relieved by the procedure.

A B

DC



rapidly leads to adjacent segment degeneration. Surgery
for back pain only, without instability, should be avoided. 

The pathology that often leads to surgical intervention
is segmental instability and spinal stenosis. This condi-
tion requires decompression of neural elements followed
by stabilization. Decompression alone simply destabi-
lizes the motion segment to a greater degree than it was
before operative intervention. Stabilization without
instrumentation results in an unacceptable pseudoarthro-
sis rate. With instrumentation, the anterior column is
often deficient and reconstruction should be considered.
Reduction also should be attempted if possible.

In the patient younger than 55 who presents with adja-
cent segment degeneration and a previous fusion of one
or two levels, decompression and extension of the fusion
over the involved segment generally is sufficient. With a
degenerative slip at the involved segment, a circumferen-
tial fusion should be considered (Fig. 93-2).

The most challenging patients are often older with a
longer original construct, associated sagittal or coronal
imbalance, and osteoporosis. These patients require cor-
rection of their spinal imbalance, decompression of the
involved segments, with selective anterior column recon-
struction. A longer pedicle screw construct should extend
above the area of pathology (Fig. 93-3).

Adjacent segment degeneration is a common cause of
failed back syndrome. Nonoperative management should
be used whenever possible. If both the patient and surgeon
recognize that operative intervention will likely not be as
successful as the index procedure, surgery can be consid-
ered. Careful preoperative planning is required. It must be
realized that continued progression at the next adjacent seg-
ment is possible after further extension of a previous fusion.
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Lumbar arthrodesis has been well established for the
treatment of infections, deformity, and trauma (1–8). The
introduction of spinal instrumentation, advances in imag-
ing and refinement of surgical techniques have led to the
expansion of surgical indications for lumbar spine fusion
in patients with instability, back pain owing to mechani-
cal degeneration of the intervertebral disc, and neurologic
deficit (9–20). Stauffer and Coventry defined radio-
graphic fusion as “a pattern of continuous trabeculae tra-
versing the grafted region and the adjacent vertebral bod-
ies with no evidence of motion when the patient was
bending” (21). The diagnosis of pseudarthrosis cannot be
confirmed with certainty until a year after surgery,
although it may be suspected within 6 months of the pri-
mary procedure (22). A pseudarthrosis rate of more than
30% has been reported when lumbar spine fusion of three
or more levels was undertaken (23–28). Patients with
documented asymptomatic pseudarthrosis have been
observed to develop symptoms when followed for longer
periods of time (29,30).

INCIDENCE OF LUMBAR PSEUDOARTHROSIS

Steinman and Herkowitz reported that the incidence of
lumbar pseudarthrosis ranged from 0% to 68% and
depended on the technique of fusion, indications for
fusion, and the methods used to detect pseudarthrosis
(31). A pseudarthrosis of 20% after posterior spinal
fusion and 10% following posterolateral fusion was
reported by Cleveland et al. (26). In their series failure of
fusion was identified on plain radiographs in 11% of the
patients; this increased to 21% when flexion-extension
radiographs were used to detect pseudarthrosis. McNabb
and Dall found that following two-segment intertrans-
verse fusions (L4-S1), the pseudarthrosis was lower (7%)
when compared with anterior interbody (30%) and poste-
rior (17%) fusions (32). The reasons for the low incidence
of pseudarthrosis following intertransverse fusions were

attributed to an extensive uninterrupted vascular graft
bed extending from the zygo-apophysial joints, the lateral
aspects of the superior articular facets to the transverse
process. 

Brodsky et al. found that posterolateral fusions without
instrumentation led to 31.5% rate of pseudarthrosis and
only 13% pseudarthrosis with instrumentation (33). Sim-
ilar results were reported by Zdeblick, who reported
pseudarthrosis in 5% of patients with instrumentation
compared with 35% without instrumentation (20). Fol-
lowing posterolateral fusion for degenerative spondy-
lolisthesis Fischgrund et al. reported 18% pseudarthrosis
in instrumented fusions and 55% for uninstrumented
fusions (10). 

CAUSES OF LUMBAR PSEUDOARTHROSIS

De Palma and Rothman stated that lumbar pseud-
arthrosis was iatrogenic after inadequate surgical tech-
nique and failure to immobilize the spine with appropri-
ate instrumentation or external immobilization (27).
Fusion masses that are subjected to increased shear or
tensile stresses and abnormal motion following inade-
quate immobilization develop a higher incidence of
pseudarthrosis. Thorough decortication of the transverse
processes and end plate preparation are essential in pro-
moting vascular ingrowth (26,34–36). A pseudarthrosis
will develop if these local factors are inadequate.

Pseudarthrosis also has been reported in patients who
have undergone multiple operations, in those who are
nutritionally depleted as a result of chronic granuloma-
tous disease, steroid use, diabetes, osteoporosis, drug
abuse, smoking, peripheral vascular disease, following
postoperative wound infection, workers’ compensation
cases, and pending litigation (8,37–48). Corticosteroids
decrease the synthesis of major components of bone
matrix necessary for bone healing (37,47,49). Non-
steroidal antiinflammatory drugs (NSAIDs) suppress the



inflammatory response and may inhibit bone repair.
Deguchi et al. reported lower fusion rates in patients who
were on NSAIDS for the first 3 months after surgery and
have concluded that NSAIDs inhibited osteoclastic bone
resorption in the trabecular area (50). Multiple spinal
operations result in increased scar tissue, which in turn
result in poor functional outcomes. It has been suggested
that individuals undergoing multiple operations are in
poor physical condition at surgery, thus impeding reha-
bilitation efforts and early return to work (51,52). Failure
to restore sagittal plane balance and inadequate bone
graft surface area after multiple operations predisposes to
recurrent deformity and pseudarthrosis (43). 

Pseudarthrosis in smokers after spinal fusion has been
noted to be three to four times higher than in nonsmokers
(37,39,46,47,49). Studies also have shown the influence
of smoking on bone mineral loss, especially in post-
menopausal women who smoke (38,47). Tobacco smoke
extracts have been reported to induce calcitonin resis-
tance and interfere with osteoblastic formation. Deguchi
et al. showed a significantly higher rate of pseudarthrosis
in patients who continued to smoke after surgery (50).
Brown et al. noted significantly lower blood gas levels in
smokers as a result of increased carbon monoxide levels
and reported a pseudarthrosis of 40% in smokers and 8%
in nonsmokers following posterolateral lumbar fusion
(39). In smokers, Carpenter et al. found a negative linear
association between the outcome scores and the number
of pack years (25). Cessation of smoking prior to the
operation positively affected the outcome including
return to full-time work. 

Lower fusion rates have been reported in patients with
a postoperative hematocrit of less than 30%, shoulder
pain, headaches, educational level of less than 12 years,
sciatica, and a family member who had back surgery
(47). Narcotic use and neurologic deficit increased the
incidence of pseudarthrosis. Between 75% and 100% of
the patients with failure outcomes reported severe pain,
were out of work, used narcotics on a regular or addictive
basis, and could not walk several blocks (53).

Pseudarthrosis may occur following postoperative
wound infections (8,37,48). Keller and Pappas postulated
that the lack of spinal stability following early removal of
instrumentation in the management of sepsis, in addition
to septic involvement of the graft, played a major role in
the development of a pseudarthrosis (44). The modifica-
tion of the inflammatory response resulting from the
degradation of the bacteria as well as the host enzymatic
lysosomal activity are thought to play a role in the
diminution of differentiation and activity of osteoprogen-
itor cells (44). They recommended that it was essential
not to remove spinal instrumentation after postoperative
infection because it provides the necessary stability to
allow for the eradication of infection and improve the
potential for fusion.

CLASSIFICATION OF LUMBAR
PSEUDOARTHROSIS

Heggeness and Esses classified pseudarthrosis of the
lumbar spine following surgical exploration (54). The
most common form of pseudarthrosis in their series was
a horizontal or transverse defect within the remodeled
bone fusion. The shingle type is a defect in the fusion
mass that passes obliquely through the sagittal plane and
may create an onion skin impression of the fusion mass.
A complex pseudarthrosis results from defects in the
fusion mass at multiple levels; a different type of
pseudarthrosis may be noted on each side. The atrophic
variety reveals resorption of the graft and is associated
with an intact facet joint in 89.5% of cases. They postu-
lated that in atrophic pseudarthrosis an intact facet joint
may provide stress shielding to bone graft placed in the
intertransverse area. Sixty-one percent of patients fused
with metal ware developed atrophic pseudarthrosis,
whereas only 38% without instrumentation developed an
atrophic pseudarthrosis. Transverse, shingle, and com-
plex pseudarthrosis are caused by excessive movement of
the affected levels despite adequate stress stimulation.
Asymptomatic pseudarthrosis (shingle, transverse, and
complex) may provide sufficient stability to a previously
painful lumbar spine despite the absence of a solid
fusion.

CORRELATION BETWEEN LUMBAR
PSEUDOARTHROSIS AND FUNCTIONAL
OUTCOME

The correlation between bony fusion and clinical out-
come is controversial. Achieving a successful fusion does
not necessarily lead to improvement of preoperative pain
or disability (22,25,53,55). De Palma and Rothman stud-
ied 448 patients who had lumbar intertransverse spinal
fusions (27). Thirty-nine (9%) patients developed
pseudarthrosis, which was demonstrated on flexion and
extension views. They compared these patients to 39
patients who had a solid fusion and found no difference
in the ability to return to work or activity levels. The
authors noted that the back pain and sciatica improved in
patients with a solid fusion, but the difference was not
marked when compared to the pseudarthrosis group.
Similar results were reported by Bragg and Watkins and
Bosworth, who reported 43% of lumbar pseudarthrosis
being asymptomatic (23,24). O’Beirne et al. reviewed 81
patients following posterior spinal fusion for low back
pain and 74% were satisfied with the outcome, although
34% had a pseudarthrosis (56). There was no clear rela-
tionship between the integrity of the fusion and clinical
success. 

Greenough et al. and Flynn and Hoque found no cor-
relation between anterior interbody lumbar fusion and
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clinical outcome (11,13). The association between fusion
and clinical outcome in compensation and litigation
patients was intriguing. Greenough et al. found that the
noncompensation patients mobilized more actively
inducing axial stresses that promoted union (13). Penta
and Fraser reported that the clinical outcome using the
low back outcome score was not affected by the presence
of radiologic fusion at a minimum 10-year follow-up
(57). Greenough et al. reviewed the results of posterolat-
eral lumbar arthrodesis with instrumentation in 135
patients and compared these outcomes with outcomes
reported by Penta and Fraser, who performed anterior
interbody arthrodesis in 108 patients (13,57). Overall
there was a twofold difference in the low back outcome
scores, with anterior interbody arthrodesis yielding better
results regardless of the patient’s workers’ compensation
status. 

Lauerman et al. noted a significantly improved func-
tional outcome in patients in whom a solid fusion was
obtained and in those who had undergone only one prior
surgery on the lumbar spine (55). Deguchi et al. found a
strong positive correlation between radiologic fusion and
clinical success following posterolateral fusion for isthmic
spondylolisthesis in adults (50). In multiple-operated
symptomatic back patients several studies have reported an
increased number of poor results in patients who under-
went repair of pseudarthrosis and good results in those who
had mechanical decompression, although the differences
were not statistically significant (7,22,31,52,55,58).

When comparing these series, one should take into
account that patient demographic variables and the clini-
cal and radiographic assessment may have been different
with regard to known risk factors. The clinical outcomes
should be evaluated with a reproducible method of scor-
ing the outcome to facilitate elucidation of the role of
confounding factors, such as compensation status and
preoperative psychological disturbance. 

DIAGNOSIS

The physical findings generally are nonspecific and
include tenderness and restriction of motion. Objective
neurologic deficit may be present depending on the initial
diagnosis. The development of new neurologic symptoms
and objective signs more likely are indicative new patho-
logic changes on a surgical complication (22,59).

The ability to diagnose pseudarthrosis is important if
one accepts the premise that the presence of a
pseudarthrosis is potentially the cause of pain, deformity,
and instability. No highly specific or sensitive noninva-
sive method has been developed to detect pseudarthrosis.
Plain radiography is certainly the most widely used in
many centers and reported in scientific articles, although
they judge the structural integrity and not the functional
integrity (9,33,60). Rigid internal fixation is unlikely to

be of benefit in judging the functional integrity of the
fusion mass unless there is obvious loosening, displace-
ment, or breakage of the metal ware (61). The associated
findings with late symptomatic pseudarthrosis (i.e., pain,
loss of correction, and failure of instrumentation) do not
pose a diagnostic challenge. Surgical exploration is the
most accurate means of detecting pseudarthrosis in a
symptomatic patient but this is not always practical and
cost effective (9,14,33,54,60,62). Therefore, the detection
of pseudarthrosis rests to a great extent on the surgeon’s
ability to interpret the antero-posterior, lateral, and
oblique radiographs to assess fusion. A continuous tra-
becular pattern transversing the grafted segments denotes
a solid fusion. Flexion-extension radiographs that
demonstrate gross motion may be insensitive when subtle
motion, muscle guarding, or both are present, and fol-
lowing transpedicular fixation (14,61,63). Blumenthal
and Gill found that the overall agreement between radi-
ographic assessment of fusion and actual surgical results
was 69% in patients stabilized with rigid internal fixation
(60). Preoperatively the assessment of fusion from
anteroposterior and lateral radiographs was undertaken
by two spinal surgeons and two musculoskeletal radiolo-
gists. Intraoperatively the fusion was explored bilaterally
to determine the presence or absence of fusion. In addi-
tion a mechanical stress test of the motion segment was
performed with a Kocher clamp and observations were
recorded. The authors concluded that plain radiographs
can predict the presence or absence of pseudarthrosis in
approximately two thirds of patients.

Rothman and Glenn found reformatted computed
tomography (CT) scan very useful in the evaluation of
patients with pseudarthrosis although CT scan does not
provide a measure of motion but only the integrity of the
fusion (64). Lang et al. reported that three-dimensional
(3D) sagittal planar and coronal reformations were more
reliable than any other imaging method to detect instabil-
ity following spinal fusion (62). The understanding and
interpretation of 3D-reformatted image is essential in the
diagnosis of pseudarthrosis. In the assessment of fusion
integrity with 3D the cleft in the fusion may be obscured
from view by overlying unattached shards of bone that
blend with the underlying bone into one solid-appearing
fusion mass. Clefts less than 1 mm were generally not
detected in 3D surface cuts. Undulations in the fusion
mass may produce fictitious clefts in the 3D image of a
solid fusion. However, the amount and position of previ-
ously grafted bone can be determined. Larsen et al. per-
formed a prospective study comparing plain radiographs,
flexion-extension views, CT scanning and bone scintigra-
phy with operative findings in the assessment of
pseudarthrosis in pedicle screw fusion (61). The combina-
tion of the results of plain radiography, CT, and bone
scintigraphy did not predict pseudarthrosis or fusion at a
statistically significant level. Similarly, Brodsky et al.
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noted a poor correlation of the preoperative radiologic
assessment (plain X-rays, bending films, tomography, and
CT scan) of pseudarthrosis with surgical exploration (33).
Albert et al. analyzed the efficacy of single photon emis-
sion computed tomography (SPECT) in pseudarthrosis
and found that it was sensitive in only 50% and specific in
58% when comparing the results of the blind readings
with surgical exploration (53). In the instrumented fusions
the sensitivity (.42) and specificity (.56) was lower, which
may result from the SPECT scan interpretation. Single
photon emission computed tomography scanning may be
more useful in diagnosing pseudarthrosis in the nonin-
strumented spine (65). Bohnsack et al. evaluated planar
bone scintigraphic scan (99m Tc) to detect bone union after
posterior spinal fusion in cases clinically and radiologi-
cally suggestive of pseudarthrosis (66). The sensitivity
and positive predictive value of bone scintigraphy were
low to detect pseudarthrosis after spinal fusion. Pape et al.
found that surgical exploration confirmed the adequacy of
roentgen stereophotogrammetric analysis (RSA) as a reli-
able in vivo method to evaluate lumbosacral stability after
anteroposterior fusion (16). Roentgen stereophotogram-
metric analysis was used to study vertebral motions after
posterolateral fusion with transpedicular fixation and
proved to be able to differentiate between patients with
and without fusion (14,63).

Interbody fusion cage devices that provide axial load-
bearing capability in the anterior column interfere with
surgeons’ ability to interpret the status of the fusion.
Anterior fusion (extra cage) was noted in 81% of patients
with interbody cage by independent observers following
the use of structural titanium mesh cages (67–69).

TREATMENT

Pseudarthrosis has been identified as one of the causes
of failure following lumbar spine surgery (10,23–25,
29,37,42,51,53). The patient with a failure after lumbar
spine surgery may present with evidence of one or more
of these entities and the contribution of each to the
patients’ pain pattern as well as the likely response of a
given pathology to surgical treatment need to be deter-
mined. Nonoperative care should be attempted initially in
the majority of patients with symptomatic pseudarthrosis
because of a high failure rate at surgical attempts to repair
pseudarthrosis (7). If symptoms persist despite prolonged
rehabilitation a meticulous selection of patients is essen-
tial in achieving acceptable results. The timing of revision
fusion should not be considered before 1 year to allow
fusion to consolidate unless there is progressive instabil-
ity or increasing neurologic deficit and pain (70). A thor-
ough clinical evaluation should localize the anatomic
source of pain. The evaluation of pseudarthrosis repair in
patients who initially had no indication for fusion must be
carefully taken into consideration before surgery. The

rationale for previous surgical treatment must be
reviewed, including review of all imaging studies. The
technical details of the prior procedure should be evalu-
ated. It is also possible that a new pathologic condition
has risen since the last procedure and is responsible for
the patient’s current symptoms (25,53,55).

Low back pain is uniquely personal and invariably has
a physical basis (58). The psychological ramifications are
universal and usually become more important after failed
or multiple surgery and should be given due consideration
before any decision is taken to operate. Social factors may
contribute to disability and the social consequences of dis-
ability are unavoidable. The presence of compensation
undoubtedly alters these psychological and social aspects
(25,53,55). Depression; conversion mechanisms; and eco-
nomic, legal, and work-related factors can affect a
patient’s response to treatment. These extenuating factors,
which are frequently overlooked, must be evaluated before
considering further surgery. The clinician should refer
patients with identifiable psychological stress to trained
professionals and community resources including coun-
selors and self-help groups. Patients in whom clear oper-
ative indications are lacking, may benefit from programs
incorporating cognitive therapy with physical, vocational
training, and disability management (25,41,42,51,53,57).
In addition prior to surgery other factors to be excluded
include infection, adjacent segment degeneration, and
inadequate rehabilitation or incorrect diagnosis. 

Waddell et al. analyzed the results of repeat back surgery
for degenerative disc disease in 103 Workmen’s Compensa-
tion Board patients (7,58). The authors found that the
results were better when the preceding operation provided
pain relief for greater than 6 months, when sciatica was
worse than back pain and when a recurrent disc herniation
was noted. Pseudarthrosis, previous infection, scarring, and
adverse psychological factors precluded a good result. They
recommended rigorous patient selection, including a psy-
chological assessment prior to repeat surgery. 

Although efforts are made to ensure a solid fusion is
achieved, a partially failed fusion or pseudarthrosis is not
detrimental. Pseudarthrosis may well be desirable
because patients whose fusions develop pseudarthrosis
might be less susceptible to subsequent adjacent-segment
degeneration (71). Attempted repair of a pseudarthrosis is
based on a doubtful rationale because there appears to be
no correlation between the presence of a pseudarthrosis
and persisting back pain. Operative repair of a pseud-
arthrosis is a salvage procedure in a patient who has
already had at least one previous attempt at spinal
arthrodesis (25). The use of bone growth factors (bone
morphogenetic proteins, basic fibroblast growth factor)
may be helpful in preventing nonunions, particularly in
conditions of impaired vascularization, such as smoking,
diabetes, spinal instability, and insufficient bone graft
(38,72,73). However, there are few reports on the func-
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tional outcome in these patients. In a multicenter pilot
study 14 patients underwent anterior interbody fusion at
L5-S1 with titanium fusion cages. Eleven patients had
fusion cages filled with rhBMP-2/carrier and three con-
trols had autogenous iliac graft filled in the cages. At 6
months and 1 year 100% of patients with rhBMP-2 had
solid fusion and only two patients with autograft had
fused (72).

Repair of a pseudarthrosis is challenging in terms of
the technical difficulties, approach, and selection of
patients. It is frequently difficult to decide which patients
require a combined procedure versus either an anterior or
posterior operation alone for symptomatic pseudarthrosis
(53). Most techniques of pseudarthrosis repair have
reported on posterior fusion without instrumentation,
posterior fusion, with instrumentation or anterior fusion
alone (21,26,51,55,59). The poor vascularity and scar tis-
sue following revision posterior surgery and loss of sagit-
tal alignment of the lumbar spine have been suggested as
reasons for low success rates of pseudarthrosis repair
(6,7,55,74). Anterior interbody fusion may be more
appropriate in patients who had multiple posterior opera-
tions resulting in inadequate bone stock for fusion or
insertion of posterior instrumentation. In addition the
graft is placed closer to the center of vertebral motion,
theoretically achieving greater stiffness when fusion has
occurred. The intervertebral height may be restored and a
smaller volume of bone graft may be used compared with
that required for posterior techniques (36,42). An anterior
interbody fusion with tricortical iliac crest autograft and
more recently femoral ring allografts packed with auto-
graft have been recommended (34,35,75,76). The
increased vascularity of the vertebral body, superior bio-
mechanical environment, and large surface area of con-
tact offer an optimal environment for a fusion. Structural
iliac crest grafts have several limitations (i.e., donor site
morbidity, limited amount of graft available for multiple-
level fusion, and graft subsidence). Femoral ring allo-
grafts take a longer time to incorporate but there is less
graft subsidence and loss of correction when compared
with iliac crest grafts. In addition, femoral ring allografts
can be used at multiple levels without subjecting the
patient to significant donor site morbidity. Thorough
preparation of the vertebral end plate is essential to pro-
mote fusion. Cohen et al. obtained a 100% anterior fusion
rate with femoral ring allografts and anterior instrumen-
tation (35). The Bridwell-Lenke grading scale (34) was
used to evaluate the anterior fusion; they noted no differ-
ence in the return to work between patients involved in
litigation and those not involved in litigation. In addition,
they found no significant difference in the fusion rate or
long-term functional outcome when using iliac crest allo-
graft and femoral cortical allografts. However, graft site
morbidity was not evaluated in their study. Interbody
fusion cages have been approved only for limited investi-
gational applications in humans because the long-term

effects are not yet known (68,74). The most reliable radi-
ographic indication of fusion is the sentinel sign or the
presence of bridging bone anterior to the fusion cage.
High rates of fusion (greater than 90%) following ante-
rior interbody arthrodesis have been reported with the
BAK and Ray cages at 2-year follow-up. The 5-year func-
tional outcomes are currently in progress (67–69). 

Several studies have reported that despite a solid fusion
the functional results have not been uniformly satis-
factory (25,28,43,51,57,77–79). Kozak and O’Brien
obtained 85% fusion rate for repair of pseudarthrosis but
only 30% of their patients had good clinical results (77).
Similarly, Kostuik et al. reported 91% fusion rate but only
43% of patients returned to work (6). Others have noted
that a successful fusion was important in predicting a sat-
isfactory outcome (21,37,55). Kim and Michelsen re-
ported 81% of patients who had a successful fusion fol-
lowing pseudarthrosis repair had a satisfactory outcome,
whereas 95% who had a poor functional outcome did not
achieve a fusion (52).

Albert et al. achieved 90% fusion rate following repair
of pseudarthrosis with a combined anterior and posterior
approach (53). The advantages of the circumferential
fusion include elimination of all potential sources of pain
both anteriorly and posteriorly as well as maximization of
stability with resulting increase in the rate of fusion
(18,19,25). This hypothesis is supported by reports of
back pain that persisted despite solid posterior fusion but
was subsequently relieved after the addition of anterior
discectomy and interbody arthrodesis (80). A functional
failure of 31% was noted despite a successful fusion. The
authors identified functional failures in those patients
using two or more doses of narcotic medication per day
prior to surgery and those with abnormal neurologic find-
ings, compensation, or legal claims were at more than
twice the risk for functional failure after pseudarthrosis
repair (53). The association of perineural fibrosis empha-
sizes the difficulty in obtaining a good functional out-
come in patients who had multiple surgery and nerve root
injury.

CONCLUSION

Prevention of pseudarthrosis is the most successful
treatment that entails appropriate patient selection, metic-
ulous surgical technique, and well-managed postopera-
tive rehabilitation. Clearly, not every patient with
pseudarthrosis after lumbar spine fusion requires repeat
surgery. Nonoperative treatment is an option in patients
who had multiple attempts at fusion and have associated
risk factors. Successful pseudarthrosis repair leads to a
successful surgical result if the rationale for the original
procedure was sound. It is equally important to exclude
other potential pathologic conditions responsible for the
pain. The expectations of revision surgery must be
explained to the patient.
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CHAPTER 95

Management of Failed Surgery

Posttraumatic Spinal Deformity

Jeff S. Silber and Alexander R. Vaccaro

Each year in the United States there are more than 1 million
acute injuries to the spine, with approximately 50,000 of
these resulting in fractures to the bony spinal column (1).
Although there are 7,000 to 10,000 new cases of spinal cord
injury each year, for the most part, the majority of spinal
injuries are minor and without long-term consequence (2).
The majority of spinal injuries often only involve the
paraspinal soft tissues and do not require surgical stabiliza-
tion or even prolonged orthotic immobilization. 

The vast majority of unstable spinal injuries are recog-
nized early and managed appropriately, either nonopera-
tively or operatively. In rare cases requiring surgery, the
operative management may have been inadequate, either
in alleviating neural compression or in achieving ade-
quate spinal stability. In clinical scenarios in which inad-
equate biomechanical stability is achieved, continued
unrelenting exposure to physiologic stresses may result in
a gradual posttraumatic deformity, further impeding the
functional and emotional recovery of the trauma patient. 

The management of failed surgery for traumatic
injuries of the thoracolumbar spine leading to posttrau-
matic deformity can be extremely challenging. Various
clinical situations may be responsible for a failed surgical
posttraumatic deformity. These include:

1. Inadequate selection of fusion levels
2. Inadequate placement of instrumentation
3. Pseudoarthrosis or nonunion
4. Junctional breakdown above or below the fusion seg-

ment. The development of a Charcot or neuropathic
spinal deformity may be considered under this cate-
gory

5. Implant failure

A careful history and examination of all initial presur-
gical imaging studies is necessary to determine the

appropriate classification of the initial injury and to
determine if the index procedure was biomechanically
sufficient as a treatment alternative. During the consul-
tant’s evaluation, up to date imaging studies are obtained
to get an understanding of the patient’s global balance.
Dynamic plain radiographs are also obtained to evaluate
for any objective evidence of instability.

SYMPTOMS

Pain

Usually the first and most common symptom after a
failed surgical procedure for thoracolumbar trauma is
increasing pain. This may be secondary to iatrogenic
spinal imbalance in the coronal or sagittal plane, failed
instrumentation leading to a progressive deformity, or the
result of a symptomatic pseudoarthrosis. Typically,
patients initially complain of a constant aching discom-
fort most commonly located in the apical segment of the
deformity. The complaints of pain are exacerbated with
activity such as bending, walking, lifting, and twisting
but also can be aggravated with prolonged sitting or
standing (3). This pain is caused by spinal column imbal-
ance and resultant abnormal forces placed on the soft-tis-
sue structures, leading to gradual soft-tissue fatigue and
pain. Furthermore, pain also may be a consequence of
premature degenerative changes associated with the
spinal deformity. 

Neurologic Dysfunction

A minority of patients with a failed surgical procedure
leading to posttraumatic spinal deformity may manifest
symptoms of neurologic deterioration (Fig. 95-1).

897



Recently, it has been reported that patients developing a
posttraumatic kyphosis of less than 15° or canal stenosis
of less than 25% had a 50% less likely chance of devel-
oping a hydromelia (spinal cord cyst) than patients devel-
oping a greater deformity (4). Neurologic dysfunction
without spinal cord cystic degeneration has been shown
to result from progressive kyphosis, stenosis, instability,
arachnoiditis, and cord tethering (4). It is important not to
underestimate the potential for progressive myelopathy in
the setting of a static long-term kyphotic deformity,
which may manifest neurologically only with activity. In
this setting, patients may present with no obvious patho-
logic findings on physical examination but give a clear
history of lower extremity weakness, incoordination, and
loss of balance with ambulation. This is attributed the
active tethering of the scarred neural elements (spinal
cord) over the prominent vertebral fracture fragment or
deformity during ambulation.

Neurologic worsening following initial neural
improvement or plateauing may result from the develop-
ment of an intracord or intramedullary cyst or cavity
known as either a posttraumatic syringomyelia or pro-
gressive posttraumatic cystic myelopathy. Because of the
wide availability of advanced imaging studies such as
magnetic resonance imaging, these processes can be rec-

ognized and diagnosed early in patients with complaints
of neural deterioration. The prevalence of this abnormal-
ity has been reported to be 3.2% to 40% (3,5). There are
many causes of intracord or intramedullary cyst or cavity
development. These include spinal cord tethering, micro-
cystic cord degeneration, arachnoiditis, and spinal col-
umn instability resulting in spinal cord compression. The
pathoanatomy of posttraumatic syringomyelia consists of
a confluent cyst within the spinal cord parenchyma.
When the presence of numerous microcysts exists in the
absence of a large cyst, it is referred to as posttraumatic
myelomalacic myelopathy (6). Surgical intervention for
this syndrome consists of cyst shunting or fenestration
and releasing any existing tether. Unfortunately, shunting
of the cyst alone has resulted in disappointing long-term
improvement with shunt revisions frequently needed (7).

CAUSES OF FAILED SURGERY

Pseudoarthrosis (Bone Union Failure)

A postoperative pseudoarthrosis or nonunion may
result in a progressive spinal deformity. This may occur in
the presence of a previously well-performed spinal recon-
structive procedure, but is more common in the setting of
inadequate fusion level selection or inadequate instru-
mentation. The concomitant use of nicotine products or
pharmacologic agents that retard osteoblast function may
also contribute to bony nonhealing. Patients with a symp-
tomatic nonunion often present with increasing pain, with
or without activity localized to the operative site. Pain
intensity usually heightens approximately 6 to 9 months
after the index procedure and may plateau or worsen
gradually, depending on the integrity of the spinal instru-
mentation. Patients or their relatives may also notice a
change in the patient’s posture over time. Radiographic
examination may reveal evidence of instrumentation
loosening or failure, and bone nonhealing. It is impera-
tive to exclude the possibility of an occult deep infection
when a symptomatic nonunion is identified. Fortunately,
the vast majority of nonhealed spinal fusions are asymp-
tomatic and do not result in a progressive spinal defor-
mity. 

Instrumentation Failure

As mentioned, implant loosening or failure may result
in a pseudoarthrosis and deformity progression. This is
the most common reported complication resulting in a
posttraumatic deformity. In some series, it has been
reported in up to 16% of patients following a posterior
instrumented stand-alone fusion procedure. Often, a mis-
take in judgment in selecting appropriate fusion levels or
the extent of stabilization, or an error in technique is the
etiologic factor for posterior-only instrumentation failure.
Instrumentation failure in this setting eventually results
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FIG. 95-1. Lateral radiograph after an anterior decompres-
sion and strut grafting followed by posterior segmental instru-
mentation. The neural elements were decompressed and the
sagittal alignment re-established, resulting in functional
improvement and decreased pain.



from excessive forces at the implant bone junction lead-
ing to migration, displacement, or breakage. Revision
stabilization often is required when early failure of instru-
mentation occurs.

Inadequate Biomechanical Stability

This cause of surgical failure is closely related to the
causes of instrumentation failure. Postsurgical deformity
progression may occur in the setting of inadequate
restoration of spinal stability. This is commonly encoun-
tered following anterior or posterior-alone procedures in
which significant incompetence exists in the nonsurgi-
cally treated spinal columns. Additionally, fusion proce-
dures of inadequate length may not adequately stabilize a
three-column spinal injury leading to a gradual spinal
deformity. Keene reported on 106 patients who under-
went operative stabilization for unstable thoracolumbar
fractures. Sixteen patients (15%) eventually required
additional surgery for chronic instability and deformity
progression 4 months to 16 years after the index proce-
dure. The authors reported on several risk factors respon-
sible for the posttraumatic deformity progression. These
included the presence of a laminectomy or a short fusion
segment (Fig. 95-2). The authors found that long-term
adequate spinal alignment without significant progres-

sion of deformity was observed when at least five levels
or more were incorporated posteriorly into the fusion seg-
ment (Fig. 95-3). They also reported the same observa-
tions when a posterior laminectomy was not performed at
the initial surgery (8).

Charcot Spine

Charcot spine is a rare neuropathic spinal deformity,
which often leads to a significant posttraumatic defor-
mity in active young patients with a complete spinal cord
injury. The pathophysiology of a neuropathic spine
involves abnormal motion between vertebrae, resulting in
cartilage and ligament breakdown, end plate fracture, and
failure of subchondral bone ultimately leading to verte-
bral collapse. The end stage of this destructive process is
a massive pseudoarthrosis. Although this process is initi-
ated in the environment of insensate vertebral segments,
patients commonly complain of worsening back pain,
increased lower extremity spasticity, palpable and audible
crepitans with increased motion at the Charcot segment,
and a progressive gibbus formation with loss of sitting
balance. If pronounced, decubitus ulcers may develop
over the acute kyphotic segment (9,10). In the early
stages, radiographic examination demonstrates hyper-
trophic bone formation. This is seen in vertebral seg-
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FIG. 95-2. A: Sagittal magnetic resonance image 12 months after a T12 burst fracture managed with
a posterior decompressive procedure alone. A focal kyphotic deformity developed, producing increased
pain and neural dysfunction. B: Antero-posterior radiograph revealing the decompressive laminectomy
defect. C: Postoperative lateral radiograph of an anterior T12 corpectomy and strut grafting followed by
a posterior stabilization procedure. Note the improvement in sagittal spinal alignment.
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ments adjacent to and below the level of the spinal cord
lesion. This hypertrophic bone formation also may
develop immediately below a previous fusion segment
(9,11). Further progression of the process results in frag-
mentation of the intervertebral disc space and end plates.
The final stage of this process is massive hypertrophic
periosteal bone formation and a giant pseudoarthrosis,
resulting in an audible and palpable crepitans with spinal
motion (11). In order to prevent the development of a
rapid spinal deformity with this disorder, early detection
through physical and radiographic evaluation is neces-
sary (12,13). 

SURGICAL CONSIDERATIONS

The combination of all imaging data along with a his-
tory defining the impact of the present deformity on the
functional status of the patient determines if revision sur-
gical intervention is necessary. Revision surgical inter-
vention may be considered if:

1. The spinal deformity is progressive.
2. There is a static or progressive neurologic deficit.
3. The deformity is considered responsible for unrelent-

ing back pain or functional disability recalcitrant to
conservative management.

Various surgical options can be employed to treat a
failed surgery resulting in a posttraumatic spinal defor-

mity. These include a posterior- or anterior-only approach
or any variation of a combined anterior and posterior pro-
cedure. It has been shown that in most cases of failed
surgery resulting in a posttraumatic deformity, a poste-
rior-only revision approach is often inadequate for opti-
mal deformity correction and stabilization. 

The long-term outcome following surgical manage-
ment of failed surgery leading to posttraumatic deformity
has been satisfactory. The earlier intervention is provided
to the patient, the better the overall outcome. There is an
increased risk of operative complications seen in this dif-
ficult group of patients, including wound breakdown or
infection, neurologic worsening, or fusion nonhealing.
The most feared complication, neurologic worsening, is
often the consequence of the existing kyphotic spinal
deformity resulting in the draping, scarring, or tethering
of the neural elements over the posterior aspect of the
anterior vertebral elements. Often the patient in this set-
ting has a baseline neurologic deficit; any neural manip-
ulation, especially a subtle tension force, may result in
progressive neural dysfunction.

OPERATIVE APPROACHES

Many surgical strategies are available in the setting of
a radiographically identified spinal deformity following
failed surgery. The goal of surgical intervention includes
relief of symptomatic neurologic compression, correction
of spinal malalignment and spinal stabilization, and
hopefully, the alleviation of pain. The surgical approach
may be a posterior- or anterior-only approach or any vari-
ation of a combined anterior and posterior procedure. It
has been shown that in the management of a late post-
traumatic thoracolumbar kyphotic deformity, a posterior
stabilization procedure alone, unless an adequate poste-
rior column shortening osteotomy is performed, is often
insufficient to achieve both optimal spinal alignment cor-
rection and long-term stabilization. An obvious biome-
chanical disadvantage exists in a posterior-only fusion in
the presence of an existing kyphotic deformity owing to
the considerable tension placed on the posterior instru-
mentation and bone graft. These stresses often exist
regardless of the adequacy of sagittal plane correction
and result from the large bending moments challenging
the corrective forces needed to obtain adequate spinal
alignment provided by the instrumentation. This assumes
an osteotomy was not used to obtain the desired sagittal
correction. To improve on the biomechanical integrity of
a posterior-only revision procedure, a sagittal plane
osteotomy often is required to balance the C7 vertebral
body over the sacral elements. Recently, the posterior
transforaminal interbody approach has gained increased
popularity in reconstructing the anterior lumbosacral col-
umn when significant deformity is not present. This tech-
nique has the advantage of allowing for anterior graft
placement without excessive retraction of the neural ele-
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FIG. 95-3. Lateral radiograph showing a failed short-seg-
ment posterior instrumented fusion in the management of an
L1 burst fracture. The patient developed an increased
kyphotic deformity with posterior skin breakdown.



ments. Polly et al. have reported the usefulness of the
bilateral transforaminal approach. They report on the bio-
mechanical advantage of anterior structural graft place-
ment that functions as a pivot point of rotation followed
by posterior compressive forces. The combination of
anterior strut grafting and posterior compressive force
helps to restore sagittal (lumbar lordosis) alignment. This
approach allows for an indirect circumferential fusion
and is extremely useful, especially in patients where an
anterior approach is undesirable (14). 

An alternative revision strategy that has proved to pro-
vide long-term stability involves either an initial anterior
release or decompressive procedure and grafting fol-
lowed by a posterior segmental stabilization procedure.
This strategy provides a favorable biomechanical envi-
ronment, allowing significant manipulation and restora-
tion of spinal alignment. Furthermore, improved fusion
success is seen when anterior column reconstruction is
accomplished. An anterior-alone approach has been
shown to provide good long-term stability in the setting
of a native fracture and correctable sagittal plane defor-
mity with a stable posterior spinal column (15). This is
rarely the clinical situation in the setting of a failed sur-
gical procedure resulting in a posttraumatic spinal defor-
mity. 

When a fixed lumbar kyphotic deformity (flat back) is
present, the surgeon may select one of several surgical
strategies. These include a combined anterior and poste-
rior approach or a posterior-alone approach involving a
pedicle subtraction, eggshell, or Smith-Peterson osteot-
omy. As much as 35° of focal sagittal plane correction
may be achieved with a closing wedge osteotomy (14).

Kostuik et al. reported on 54 patients managed with a
combined anterior opening wedge osteotomy and instru-
mentation followed by a posterior closing extension
osteotomy with instrumentation for a fixed iatrogenic flat
back deformity. The average increase in lumbar lordosis
went from a preoperative measurement of 21.5° to 49°
postoperatively. They also reported significant postoper-
ative pain reduction in over 90% of the patients (16). The
back-front-back procedure popularized by Shufflebarger
consists of an initial posterior release with removal of
existing instrumentation, the performance of necessary
osteotomies and facetectomies, followed by an anterior
release and reconstruction. Posterior placement of instru-
mention is then performed to restore the posterior spinal
element tension band (17).

OSTEOTOMY TECHNIQUES

Two commonly performed posterior extension oste-
otomy techniques used in the correction of flat back
(kyphotic) deformities include the Smith-Peterson oste-
otomy and the pedicle subtraction osteotomy (PSO) (18).
The Smith-Peterson osteotomy removes a predetermined
V-shaped wedge of bone from the posterior elements in

order to rebalance sagittal alignment (18,19). The amount
of bone resected is determined preoperatively and is deter-
mined by the degree of sagittal deformity present. With a
Smith-Peterson osteotomy, approximately 1° of sagittal
correction is usually achieved for each millimeter of bone
resected. If 20-mm of bone is resected, this will achieve
20° of sagittal plane correction. It is usually easy to close
an osteotomy defect that is up to 15 mm in height without
additionally releasing the anterior intervertebral disc. If
needed, multilevel osteotomies can be performed or a
thorough release of the anterior annulus and removal of
the disc may be performed to achieve greater sagittal
plane correction. All posterior bone removed is kept for
subsequent grafting. A V-shaped osteotomy is created
often beginning superiorly below the L2 or L3 pedicle.
This is well above the iliac vessel bifurcation and below
the rib cage. A symmetric amount of bone is removed
from both sides leading to the removal of the pars interar-
ticularis bilaterally. A V-shaped osteotomy is chosen so as
to prevent the possibility of rotation once the osteotomy is
closed. In the presence of a coronal plane deformity, the
symmetry of posterior bone removal may be adjusted
depending on the degree of coronal alignment correction
necessary. The decompression exposes the pedicles above
and below the level of bone resection. The remaining lam-
ina is undercut in order to avoid dural impingement when
the osteoclasis is performed. Once the osteotomy is com-
pleted, the hips are gradually extended as the surgeon
applies an anterior to posterior force to close down the
osteotomy site (Fig. 95-4) (18,19).

A pedicle subtraction osteotomy involves the posterior
removal of the pedicles at the desired level followed by
the planned decancellation of the vertebral body up to,
but not involving, the anterior vertebral cortex. The bone
anterior to the pedicles may be removed in a V-shaped
fashion with the base of the triangle being the posterior
vertebral cortex, or the entire vertebrae may be decancel-
lized. Using this technique at one level, usually at L2 or
L3, often achieves 30° to 35° of sagittal correction. A
variation of this technique involves the removal of the
pedicles bilaterally along with the superior vertebral body
in a posterior inferior to anterior superior direction
including removal of the cephalad intervertebral disc.
Fluoroscopic guidance may be used with this technique.
The outer margins of the pedicles may be removed last as
the pedicles are cannulized in order to protect the neural
elements medially and inferiorly at the pedicle level.
Once the pedicles are cannulated, curettes are inserted
through the pedicle on one side to perform the decancel-
lation as pituitary rongeurs aid in the removal of loose
bone through the opposite pedicle (Fig. 95-5). The ante-
rior vertebral body cortex is left intact to act as a fulcrum
for subsequent osteoclasis. Once adequate bone is
removed within the vertebral body, the posterior vertebral
body cortex is tamped into the vacant vertebral body cav-
ity. The pedicles then are removed and the osteotomy is
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complete. Extension of the hips along with anterior
directed force applied at the osteotomy site closes down
the created posterior defect. All neural structures are
carefully inspected during the osteotomy reduction (Fig.
95-6). Before the completion of the osteotomy, a tempo-
rary rod is placed on one side and locked so as to prevent

inadvertent premature catastrophic translation at the
working site. This rod is allowed to glide though the
spinal anchors when the reduction force is subsequently
applied. An intraoperative lateral radiograph or fluoro-
scopic views then are obtained to assess the adequacy of
the reduction. 
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FIG. 95-4. An illustration of the Smith-Peterson V-shaped osteotomy after bony resec-
tion (A), and osteoclasis and closing of the osteotomy site (B). An illustration showing
the desired preoperative osteotomy defect (C), bony osteotomy resection (D), and
reduction of the extension osteotomy (E).A
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FIG. 95-5. Cadaveric specimen demonstrating bipedicular cannulation (A), following completion of the
decancellation and tamping of the posterior vertebral body cortex into the void created after adequate
removal of the cancellous portion of the vertebral body (B).
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COMPLICATIONS

The potential for neurologic injury in the surgical man-
agement of a failed surgery resulting in posttraumatic
spinal deformity is significantly increased over the index
procedure because of the complexity of the deformity, the
anterior draping of the neural elements over the anterior
vertebral elements, and the presence of neural scarring.
The incidence is significantly higher in the surgical man-
agement of failed spinal surgery and posttraumatic defor-
mity. The presence of preexisting spinal cord injury with
associated spinal cord tethering, vascular ischemia, and
scarring also sensitize the neural elements to the potential
for stretch injury from manipulation. New onset or pro-
gressive neurologic injury is reported to be approxi-
mately 1% following all spinal surgery. Intraoperative
spinal monitoring should be used during deformity cor-
rection as an aid to detect early changes in neurologic
function during surgical manipulation and hardware
placement (1). If any neurologic changes are noted dur-
ing spinal manipulation or hardware placement, the deci-
sion of releasing the correction or removal of hardware
must be seriously considered.

SUMMARY

The long-term outcomes following the surgical man-
agement of postoperative deformity or posttraumatic
instability are influenced by many factors. These include
patient age and medical status, the type or mechanism of
initial injury, the time period between the initial injury
and surgical deformity correction, the quality and avail-
ability of bone stock for hardware placement, and most
important, the experience of the surgical team. Trauma to
the spinal cord and column is a devastating injury that
may be fraught with many complications, including post-
traumatic deformity. Certainly the best treatment is pre-
vention of initial spinal deformity through adherence to
biomechanical principles and close follow-up with early
intervention if needed. Once failure of the index proce-

dure presents itself, treatment of the posttraumatic defor-
mity follows basic principles consisting of neural decom-
pression and re-establishment of the integrity of the com-
promised spinal columns. This may involve an anterior,
posterior, or combined surgical approach. Great care
must be given when manipulating the sagittal profile of
the spinal column so as not to over-lengthen the neural
elements, which is poorly tolerated, especially in the set-
ting of a pre-existing spinal cord injury. The surgical
management of posttraumatic deformity is a challenging
problem. The treating physician must pay strict attention
to the biomechanics of the entire spinal column and be
cognizant of the response of the neural elements to any
form of manipulation. Hopefully, this will allow a suc-
cessful surgical and functional outcome.
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A,B C



12. Brown CW, Jones B, Donaldson DH, et al. Neuropathic (Charcot)
arthropathy of the spine after traumatic spinal paraplegia. Spine
1992;6:S103-8.

13. Sobel JW, Bohlman HH, Freehafer AA. Charcot’s arthropathy of the spine
following spinal cord injury. J Bone Joint Surg 1985;67A:771–776.

14. Polly DW Jr, Klemme WR, Shawen S. Management options for the
treatment of posttraumatic thoracic kyphosis. Semin Spine Surg 2000;
12:110–116.

15. Roberson JR, Whitesides TE Jr. Surgical reconstruction of late post-
traumatic thoracolumbar kyphosis. Spine 1985;10:307–312.

16. Kostuik JP, Gilles RM, Richardson WJ, et al. Combined single stage
anterior and posterior osteotomy for correction of iatrogenic lumbar
kyphosis. Spine 1988;13:257–266.

17. Shufflebarger HL, Clark CE. Thoracolumbar osteotomy for postsurgi-
cal sagittal imbalance. Spine 1992;17:S287–S290.

18. Simmons EH. Kyphotic deformity of the spine in ankylosing spondyli-
tis. Clin Orthop 1977;128:65–77.

19. Smith-Peterson MN, Larson CB, Aufranc OE. Osteotomy of the spine
for correction of flexion deformity in rheumatoid arthritis. J Bone Joint
Surg 1945;27:1–11.

904 / SECTION V/SPECIFIC CLINICAL ENTITIES



CHAPTER 96

Management of the Failed Back Patient

Spinal Cord Stimulation

Donna D. Ohnmeiss and Ralph F. Rashbaum

Spinal cord stimulation (SCS) has been used for decades
in the treatment of chronic, intractable pain. The concept
of stimulation for decreasing pain may initially appear
paradoxic. The exact mechanism by which SCS provides
relief is not fully understood. However, it is thought to be
rooted in the gate control theory of Melzack and Wall (1).
They theorized that one could modulate pain by stimulat-
ing low-threshold, large-diameter, afferent A-δ fibers
responsible for inhibiting impulses from the small
unmyelinated C-fibers associated with pain sensation.
Therefore, SCS is thought to produce a pain-relieving
effect by stimulating the inhibition of pain signals. It does
not directly address the source of the pain. The first arti-
cle on spinal cord stimulation for pain control was pub-
lished by Shealy in 1967 (2). Since that time it has been
used to treat a broad range of painful conditions, includ-
ing angina, spinal cord injury, ischemic limb pain,
peripheral vascular disease, failed back syndrome,
tumors, phantom limb pain, and brachial plexus injuries.
Since the early days of SCS there have been continual
developments of the stimulators including the leads, bat-
teries, transmitters, and programming units. Dual lead
systems are now available as well. The literature related
to SCS is difficult to synthesize because of the wide vari-
ety of devices used, differences in study methodology,
variation in surgical technique, and the fact that many
studies deal with mixed diagnostic groups. In the past,
some have viewed SCS as a treatment of last resort. It was
thought to be applicable to patients in whom no clear
pathology related to their ongoing pain complaints could
be identified, or for patients whose pain was related to
problems such as arachnoiditis that was not likely to
respond to other treatments. Added to the fact that many
SCS patients have concomitant health problems or failed
surgery at least once, this created a very difficult popula-

tion of patients to treat. With time, indications for SCS
have been better defined in failed back surgery (FBSS)
patients; at the same time the role of SCS has expanded.
In this chapter, we review the literature on SCS primarily
for the treatment of FBSS. The discussion of complica-
tions focuses primarily on recent literature because this
better reflects the problems encountered with modern
stimulation systems.

PREOPERATIVE PLANNING AND EVALUATION

Patient Education

As part of screening candidates for SCS, prospective
recipients need to be evaluated to determine that they can
understand the operation of the external programming
unit. At our facility, a nurse educator spends time with
each patient, and preferably a family member, explaining
the trial procedure, implant procedure, and basic opera-
tion of the device. After the implant procedure, patients
receive more detailed education about the operation of
the programming device they will use. 

Realistic Expectations

It is imperative that realistic exceptions be set by the
patient, family, insurer, and physician before the surgery.
Spinal cord stimulation for FBSS, like any other treat-
ment for this condition, is not likely to yield complete
pain relief. Realistic goals must be discussed. Typically
these are reduced pain and increased function. For some
patients, return to work is realistic, for many it is not.
Another issue to address is fluctuations in pain. This can
be related to weather, increased activity, and psychologi-
cal factors, particularly those related to increased stress
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and depression. There are technical reasons for failure of
SCS. The most obvious of these is getting the correct lead
placement. Only if the leads are positioned to achieve
coverage of the symptomatic areas can a good result be
achieved. At some point, many SCS patients require repo-
sitioning of their leads to regain optimal coverage in the
areas needed. Rarely is there a device failure. One diffi-
culty we have observed with SCS patients is changing
expectations. One problem is the degree of pain relief,
and the other item is pain location. Some patients initially
report great satisfaction and good pain relief. With time
the pain relief is the same, but they are less satisfied
because they want more. Many times before surgery
patients indicate that pain in one particular region is the
primary problem they want to address. Postoperatively,
with this pain under control, they return with different
complaints, or more likely want relief of pain that was
present but was not their primary concern at the time of
SCS implantation.

Role of the Psychologist

Teaming with a psychologist in the treatment of SCS
and FBSS patients is essential. The psychologist can pro-
vide comprehensive preoperative screening. The screening
typically consists of an interview and formal psychological
testing including the MMPI (Minnesota Multiphasic Per-
sonality Inventory). Based on the results, some patients
who are at risk of having a poor outcome can be identified
and SCS not undertaken. The psychologist also can pro-
vide treatment strategies for improving coping skills, relax-
ation, and stress reduction. He or she also may play a role
in determining if the patient has realistic expectations or in
setting these. At our facility, the psychologist who per-
forms the patient screening is in the operating room during
the SCS trial to keep the patient relaxed and at ease during
the procedure.

SURGICAL PROCEDURE

There are several variations in surgical procedures for
SCS implantation. Presented here is an overview of the
procedure that has been used in our facility for several
years and has been described in detail elsewhere (3). The
procedure is performed under local anesthesia and the
patient is only lightly sedated. The psychologist who per-
formed the preoperative evaluation and screening is in the
operating room to help keep the patient distracted and
relaxed. It is essential that the patient be awake during the
placement and testing of the leads in order to provide
feedback concerning which areas are being stimulated.
After preparing the operative area in the usual sterile
manner, imaging is used to identify the spinal levels. At
the T12 or L1 level the skin is anesthetized and a stab
wound is made midline or slightly off-midline depending
on the location of the patient’s symptoms. A Touchy nee-

dle is progressed caudally into the epidural space. A lead
is introduced and progressed into the thoracic region.
Imaging is used to check the position of the lead. Trial
stimulation is initiated after the lead in introduced. Vari-
ous stimulation settings are used, with the patient provid-
ing feedback for each concerning how well coverage is
being achieved in the target symptomatic regions. Also,
any stimulation in undesirable regions, such as into the
chest or abdomen, is noted. The lead may be repositioned
to gain optimal coverage. If coverage of all target symp-
tomatic regions cannot be achieved with one lead, a sec-
ond lead can be introduced and the trial continued. After
satisfactory coverage is achieved with no undesirable
stimulation, the trial is over. The extension wires to the
leads are brought through the skin at a location away from
the implant site. These wires are connected to an external
screening unit that powers the leads. The patient then uses
the device for a period of several days to determine the
degree of pain relief during daily activities. Typically, the
system is implanted if the patient achieves 50% or greater
pain relief during this trial period. Spinal cord stimulation
had an advantage over many procedures in that it can be
undertaken in steps and is reversible. That is, if the patient
fails the trial period, there is no procedure to implant the
battery or internal receiver. The percutaneously placed
leads are easily removed. 

It should be noted that there are two primarily types of
SCS systems. One is totally implantable, including the
battery. The other has a receiver that is implanted and is
powered by a radiofrequency transmitter that is powered
by a common 9-volt battery worn externally. With either
system, the patient has a programming unit that can be
used to turn the device on and off and to change the inten-
sity of the stimulation.

REPORTED RESULTS

In one of the older studies involving FBSS patients that
was published in 1975, Long and Erickson reported 
that 29% of patients had a good result (4). They noted that
they changed their patient selection criteria based on their
experience. Initially they had used SCS in some patients
with poor psychological profiles. They also noted that
another reason for some patients having poor results was
that coverage was not achieved in their symptomatic
areas. This is related to the fact that the system was
implanted while the patient was anesthetized. During
SCS it is important that the patient be awake and be able
to provide feedback concerning coverage of the stimula-
tion with regard to the painful body regions. This is the
only way to optimize the lead placement for pain relief.
Although the overall results were not impressive, the
authors noted that some patients had remarkable pain
relief from the SCS. 

Racz et al. reported on their experience with SCS in a
group of 26 patients with chronic pain following multiple
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prior spine interventions (5). The follow-up was 21.2
months. The results were encouraging with 68% of
patients having good to excellent pain relief, 84%
reduced or eliminated narcotic use, and 72% with
lifestyle improvement. In the early 1990s the results of
two studies, each with 23 patients, were published (6,7).
Both studies reported good or good to excellent results in
74% of patients. The study by LeDoux and Langford also
noted a reduction in narcotics use (7).

North et al. reported the long-term follow-up, averag-
ing 7.1 years, in a group of 171 patients (8). With regard
to results, 52% of patients reported 50% or greater pain
relief and 60% indicated that they would undergo the pro-
cedure again for the same result. Although this study had
the strength of involving a large number of patients and a
long follow-up, in did include a mix of stimulator types
used over the long period needed to accumulate such a
large number of patients.

In 1996, two prospective studies on SCS were pub-
lished (9,10). Burchiel et al. reported a 1-year follow-up
on 70 patients enrolled in a multicenter study (9). They
found that 56% of patients had 50% or greater pain relief.
They noted there was no significant change in medication
use. In a prospective study involving a group of 40 FBSS
patients who underwent SCS for primary complaints of
the lower extremity, both functional testing and question-
naires were used to assess outcome at various time peri-
ods up to 24 months (10). There was a significant
improvement in pain as assessed by Visual Analogue
Scales (VAS). However, 50% or greater pain relief was
noted in 53% of patients at 6 months and in only 26% of
patients at the longer follow-up periods. At 12- and 24-
month follow-up, at least 65.6% of patients had reduced
or eliminated narcotic use. Bilateral isometric extremity
function was assessed. Significant functional improve-
ment was noted at 6 weeks and remained improved
throughout the 24-month study period. A worse case
analysis was performed in which a negative response was
assigned for any patients lost to follow-up. With this
method, 70% of patients indicated that the procedure had
helped them and they would recommend it to someone
with similar problems. 

North et al. collected follow-up data on a group of 45
patients who underwent SCS for FBSS (11). The mean fol-
low-up was 5 years. Success was defined as 50% or greater
pain relief and the patient indicated that he or she would
undergo the procedure again for the same result. At a mean
follow-up of 2 years, 53% of patients had a successful
result. At the mean follow-up of 5 years, 47% of patients
were classified as a success. At both follow-up periods,
another 7% of patients experienced 50% or greater pain
relief, but would not undergo the procedure again. At fol-
low-up the majority of patients were not taking analgesics.
Before SCS, 74% of patients were taking narcotic medica-
tion. After SCS this figure reduced to 12%, and one half of
these patients were using a reduced dosage.

In 1995, Turner et al. published the results of a review
on the use of SCS for FBSS (12). They found that when
synthesizing the data from the various studies, 59% of
patients experienced 50% or greater pain relief and 75%
received 50% or greater relief of leg pain. 

For many years SCS was used in FBSS patients with
no other operative option. Patients with diagnoses such as
symptomatic pseudoarthrosis, recurrent disc herniation,
and so on, were not generally considered for SCS. North
et al. reported the results of a prospective randomized
study comparing SCS to conventional reoperation (13).
Patients had what was described as “surgically remedia-
ble disease.” The study excluded patients with neural
compression, primary complaints of back pain, and those
with significant psychological problems. At 6 months
follow-up, patients were allowed to decide if they wanted
to cross over to receive the unassigned treatment. Twenty-
seven patients reached the 6-month follow-up. Two of 12
patients (17%) in the SCS group chose to cross over to
traditional reoperation. Among the 15 patients who
underwent reoperation after being assigned to that group,
10 patients (67%) opted to cross over and undergo SCS.
These studies supports that SCS may be a viable treat-
ment alternative in patients who may otherwise undergo
much more invasive surgery. 

Arachnoiditis

Arachnoiditis is difficult to treat. A few studies have
focused on the use of SCS for its treatment and have
reported favorable results (14–17). In 1982, Siegfried et
al. reported on a series of 191 patients with this condition
who underwent a trial for SCS (17). Eighty-nine patients
passed the trial stimulation and progressed to implanta-
tion of the system. At 1-year follow-up, 71% of patients
had a successful outcome. This figure decreased to 61%
at 4- to 8-year follow-up. However, considering the diffi-
cult population being addressed and the long follow-up
duration, these results are quite good. The authors noted
that the results were decreased among patients with sig-
nificant psychological problems. A year later another
study dealing with SCS specifically for the treatment of
arachnoiditis was published (14). Their study involved 38
patients with a mean of 3.5 previous surgeries. The mean
follow-up was 38.5 months. There was a 60% improve-
ment in pain, and 40% of patients substantially reduced
their use of pain medication. In 1995 Fiume et al.
reported on a group of 36 patients who underwent SCS
for pain related to arachnoiditis (15). They reported that
56% of patients had 50% or greater pain relief a mean of
55 months after the SCS surgery. They noted that the
results were better in female patients and those who had
primarily radicular, rather than axial pain.

Probst reported good results from SCS for pain related
to epi-/intradural fibrosis in a group of 112 patients with
a mean follow-up of 54 months (16). He reported that

CHAPTER 96/MANAGEMENT OF THE FAILED BACK PATIENT / 907



patients in whom the electrodes were implanted epidu-
rally had a better outcome than did patients in whom the
electrodes were placed endodurally (67% versus 45%).
Analgesic use was reduced or eliminated in 40% of
patients. 

Case Report

Presented here is a case report of a 36-year-old man
who had worked in his family’s iron-working business
since a young age. He first underwent a discectomy at age
16. In his twenties, he reinjured his back and eventually
underwent a series of lumbar surgeries including a repeat
discectomy combined with a Harrington rod fusion from
L3-4 to the sacrum. The rods were later removed and this
was followed by an infection requiring débridement. He
was able to work only sporadically during these years
because of pain. Upon presentation to our clinic the
patient reported back pain rated as 10 of 10 in intensity
and equally severe leg pain. He was obese at 5’8” tall and
250 pounds. The patient was also a two-pack-a-day
smoker. He had been disabled from work for the previous
3 years. As seen in Figure 96-1, the patient had severe
arachnoiditis. The patient underwent SCS implantation.
He reported being significantly improved at his 2-week
postoperative follow-up office appointment. At his most
recent office visit, approximately 4 years after SCS
implantation, his ambulation improved and he had lost
more than 40 pounds. With regard to activity, the patient
reported that he had been able to go on a vacation with his

family and that he had returned to full-time employment
in the iron-working business. The patient is still using
some analgesic medication. There was one reoperation to
replace his depleted battery. 

Low Back Pain

Among FBSS patients, SCS was traditionally indicated
for patients with primary complaints of leg pain. With the
development of dual lead systems, the indications for
SCS expanded to include patients with primary com-
plaints of back pain as well. There have been two studies
published recently that dealt specifically with patients
having primarily complaints of low back pain. Ohnmeiss
and Rashbaum published the results in a group of 41
patients, 38 of whom were diagnosed with FBSS (3). The
length of follow-up ranged from 5.5 to 19 months. A neg-
ative response to a patient follow-up questionnaire was
assigned for the four patients who had the device
removed. Also, a worst-case analysis was performed in
which a negative response was assigned for patients lost
to follow-up or who elected not to respond to a question.
At follow-up (the number in parentheses is the worst-case
analysis figure), patient responses to questionnaires indi-
cates that 79% (72%) of patients would recommend the
treatment, 70% (58%) were satisfied, 76% (69%) would
do it again, and 60% considered themselves improved. 

Barolat et al. reported on a group of 41 patients in
whom SCS was used to treat chronic back pain (18). The
authors reported excellent results at 1 year, with 88% of
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patients having excellent relief of leg pain, 69% excellent
relief of back pain, and 88% satisfaction with their out-
come. However, results of this study must be read with
caution. The 12-month follow-up included only 17 of the
original 41 patients. Patients in whom the device was
removed, who were lost to follow-up, or who were
removed from the study for unexplained reasons, were
not included in the 12-month data. It is likely that at least
some of these patients had a poor outcome that was not
reflected in the reported results. 

Factors Related to Outcome

Burchiel et al. investigated possible prognostic factors
for SCS treatment outcome in a group of primarily FBSS
patients (19). They found that the best prognostic factors
with regard to change in the VAS scales were patient age
and the depression score on the MMPI. Factors not related
to outcome were gender, educational level, pain location,
compensation, pain duration, Oswestry scores, Beck
Depression Inventory, McGill Pain Questionnaire, Sick-
ness Impact Profile, and the other scales of the MMPI.
However, the stepwise linear regression analysis that was
used to generate the predictive equation included the
depression scale, age, and the McGill Pain Questionnaire.
The analysis revealed that 54% of variation in the preop-
erative to postoperative VAS could be explained by these
three variables. One significant drawback to this study
was the inclusion of only 34 patients with a 3-month fol-
low-up. With so few patients, prognostic factors are diffi-
cult to evaluate. However, this study indicates that more
work involving a larger number of patients is warranted. 

COMPLICATIONS

This review of complications is limited to newer SCS
devices and to those studies dealing specifically with
FBSS or back pain patients. Complications of SCS are
not infrequent, but fortunately they are generally not seri-
ous. North et al. reported on complications in a series of
patients with a mean 7.1-year follow-up (8). Clinical data
were available for 171 patients, and 298 patients were
available for analysis of device-related problems. They
reported no cases of spinal cord injury, bacterial menin-
gitis, or life-threatening infection. There was a 5% rate of
wound infections. These were all treated successfully by
removal of the SCS system and a course of antibiotics.
After the infection was addressed, the SCS unit was reim-
planted. The authors reported that electrode and lead
assembly failed because of fatigue fracture of the con-
ductors or insulation failure occurred in 7% of cases. The
radiofrequency receiver failed in 5% of systems. The
authors did not provide the number of patients who
underwent reoperation for revision of migrated leads.

In the review of SCS literature, Turner reported that
across multiple studies, on average 42% of patients had a

complication, ranging from 20% to 75% (12). Infection
occurred in 5% of patients, and what was termed a bio-
logical complication other than infection was reported in
9% of patients. Thirty percent of patients had a stimula-
tor complication, ranging from 0% to 75% in the various
studies. Problems with the electrodes were noted in 24%
of patients, problems with the lead wires occurred in 7%,
and 2% of patients had a problem with the pulse genera-
tor. The authors noted that although the complication rate
was rather high at 42%, the complications were minor
and few if any resulted in permanent neurologic damage
or death. It should be noted that the review included stud-
ies dating back to the 1970s and included a variety of
devices. 

In more recent studies, the most frequently occurring
complication related to SCS is migration of the lead(s)
requiring reoperation (3,7,10). This has been reported in
up to 43% of patients in various studies (7). Lead migra-
tion typically presents as patients who have done well
suddenly report that they no longer have coverage in their
painful regions. One can take radiographs to compare the
current location of the leads to that seen on earlier radi-
ographs. One can try reprogramming the leads to restore
coverage. If this does not adequately address the problem,
the patient is scheduled for a procedure to reposition the
leads. Hopefully, with new developments in the technol-
ogy, an anchoring system is incorporated into the design
that reduces the problem with lead migration, without
increasing the risk of injury to the dura or nerve roots. 

Several studies have reported that about 10% of
patients have the SCS system removed because it has
ceased to provide them relief (3,10,19,20). Another study
reported a greater rate of removal, at 26% of patients (7).
Another problem noted early in a series of patients was
the need to relocate the stimulator to a more comfortable
position after initially placing it under the patient’s belt
line (10). In another study the authors reported a 17%
incidence of patients reported pain at the receiver implant
site (7). A few other miscellaneous complications have
been reported, including unpleasant sensations at the lead
or generator (5.7%), shorting-out (2.8%), muscle spasm
(1.4%), urinary hesitancy (1.4%), and lead fracture
(1.4%) (9).

POSTOPERATIVE REHABILITATION

Spinal cord stimulation patients are typically a group
who have experienced pain for many months and in most
cases several years. During that time, many have under-
gone and failed surgical intervention. Because of pain,
they have significantly reduced their activity level and are
typically deconditioned. These patients need to be en-
couraged to initiate an exercise program. The patients
need to start slowly with activities and gently progress.
They need to be aware that there may well be a flare up
in pain particular related to increased activity. When this
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occurs, simply reduce activities for a brief time and then
more gradually progress. 

DISCUSSION

Patients who have failed to gain acceptable pain relief,
or who report new severe pain following spine surgery
represent a difficult to treat patient population. In patient
with well-defined pain origins such as pseudoarthrosis,
neural compression, recurrent disc herniation, adjacent
segment breakdown, or instability, further traditional
surgery may be indicated and many surgeons are com-
fortable addressing these problems. However, patients in
whom pain is related to arachnoiditis, scarring around the
nerve roots, or in whom the source of symptoms is not
well defined represent a very difficult to treat population.
In either group of FBSS patients, on must be acutely
aware of the potential for psychological problems in this
group of patients. This may be part of the reason for the
initial failed surgery or may have developed after failing
one or more surgeries.

In the early use of SCS, there was a tendency to use it
in patients for whom no other treatment option was avail-
able. As discussed, some of the early reported results for
SCS were likely compromised because patients were
included who were poor psychological risks for an oper-
ative intervention. As with spine surgery in chronic pain
patients in general, there has been a growing appreciation
for the importance of psychological screening for SCS
patients. Also, results of some of these earlier studies
were compromised because the leads were placed with
the patient anesthetized. Unless the patient is awake,
there is no way to determine if the lead is positioned to
provide optimal pain relief. 

In recent years, several studies have indicated that the
role of SCS is expanding in the treatment of FBSS
patients. Traditionally, it was reserved for patients with
primary complaints of lower extremity pain and for those
who were not considered candidates for traditional spine
surgery intervention. Advances in stimulator technology
have now broadened the use for FBSS patients with pri-
mary complaints of low back pain rather than axial pain.
Two recent studies have reported good results for this
application (3,18). Based on the randomized study by
North et al., it appears that SCS is a viable alternative to
traditional reoperation in FBSS patients (13). More stud-
ies on this application are warranted. Spinal cord stimu-
lation may provide a treatment to allow patients to avoid
more invasive traditional intervention and may be a
viable option for patients who are otherwise poor opera-
tive candidates owing to general health problems. How-
ever, as with other spine surgery procedures, one should
not pursue using SCS simply because the surgeon feels
obligated to do something.

Surgeons and patients must understand that the treat-
ment of SCS patients is an ongoing process. The leads

may need to be repositioned, the system may need repro-
gramming, implanted batteries need to be replaced, there
may be fluctuation in pain that needs attention, and pain
medication needs to be refilled. 

As with many spine surgery procedures, the reported
results of SCS vary. Overall, the results of SCS have been
good, particularly considering the population being
treated. Several studies defined success as 50% or greater
pain relief. This is a more stringent criterion than used in
many studies dealing with other forms of operative inter-
vention for back pain. In the study by Ohnmeiss et al.
(10) based on the VAS, only 26% of patients met this
rigid criterion at the 24-month follow-up. However, even
in the worst-case analysis 70% of patients reported bene-
fit from the procedure and would have it again for the
same result. Also in that study, patients reduced narcotic
use and significantly improved lower extremity function
and maintained these improvements throughout the 24-
month follow-up period. 

As seen in this review of some of the SCS literature,
the results generally have improved over time. This is
likely because of improvements in the technology, better
definition of selection criteria, and improved operative
technique using fluoroscopic imaging to check lead
placement and performing the procedure with the patient
awake and able to provide feedback concerning pain
relief with various lead placements and device settings.
The development of SCS technology will continue. The
primary problem with SCS systems is migration of the
leads. Hopefully, new developments in the design of the
leads will address this problem. Based on the literature, it
appears that the role of SCS is increasing to include
patients with primary complaints of back pain. Of impor-
tance, based of the work of North et al., SCS appears to
have a role in a broad spectrum of FBSS patients. Further
investigation is needed to confirm its efficacious role in
FBSS rather than performing traditional surgery. Spinal
cord stimulation can be an effective treatment for many
patients with chronic pain. However, physicians using
this treatment must be carefully trained in patient selec-
tion, operative technique, and dealing with the long-term
treatment of these chronic pain patients. 
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history of, 331
indications for, 331
instrumentation in, 332–334, 333f–334f

minimally invasive, 354–356, 355f
modifications of, 334–335
overview of, 331–332
posterior fusion and, 339, 339f–340f

in scoliosis, 616, 617f
posterior and, 616

in spondylolisthesis, 535–539, 537t–538t,
588, 593

complications of, 539
indications for, 536
outcomes of, 536–538, 537t–538t
overview of, 535
posterior instrumentation and, 588
postoperative management in, 536

Anterior procedures. See also specific
procedures

in failed back surgery syndrome, 852–855,
854f

instrumentation in, 880–881
in tumor surgery, 812–821

complications of, 821
indications for, 814f, 814–815
patient evaluation in, 812–814, 813f
results of, 819–821
technique of, 815–819, 817f, 819f

Anterior thoracolumbar locking plate
construct testing in, 66

Anterior thoracolumbar multisegmental fixation
construct testing in, 66–67

Anterior-posterior procedures. See also
Combined anterior and posterior fusion

in tumor surgery, 824–831
indications for, 824–825, 825t
literature review of, 825–826
overview of, 829, 830f–831f
postoperative management in, 829
preoperative management in, 826
technique of, 826, 827f–828f, 829

Antibiotics
after posterolateral fusion, 321
calcium sulfate as carrier of, 259
in chemonucleolysis, 449
in epidural abscess, 746–747
in kyphoplasty, 678
in osteomyelitis, 743–744
preoperative, 206

in disc herniation, 446
postoperative infection risk and, 770

in reactive arthritis, 700
Anticonvulsants

bone loss from, 668
Antidepressants

in failed back surgery syndrome, 854
in spinal stenosis, 492
in spondylolisthesis, 521

Antifungal agents
overview of, 752t

Antimalarials
in psoriatic arthritis, 709

Antirheumatic drugs
in ankylosing spondylitis, 721–722
in inflammatory spondyloarthropathies,

699–700
Antituberculous chemotherapy, 765t, 765–766
Anti-tumor necrosis factor-α agents

in ankylosing spondylitis, 722
in psoriatic arthritis, 709–710

Anxiety
in low back pain

work retention and, 175
Anxiolytics

preoperative, 203
AO internal fixator

in scoliosis, 616

in spinal stenosis and scoliosis, 553
Aorta

in lumbosacral procedures, 233, 233f
operative injury to, 361

anatomic variations and, 243, 361
Apophyseal joint

in degenerative spondylolisthesis, 515f,
515–516

Apparent density
defined, 85
estimates of, 85–87

Apparent stress
in vertebral mechanics, 87

Aprotinin
surgical blood loss and, 206

Aquarelle Hydrogel Nucleus, 390, 393
Arachnoiditis

after laminectomy, 507
in failed surgery, 843

spinal cord stimulation in, 907–908, 908f
Arcuate ligament

anatomy of, 214, 215f
Arterial bleeding

minimizing intraoperative, 205, 205t
Arterial steal phenomenon

in Paget disease, 653, 653f
Arthritis

inflammatory, 690–710. See also specific
conditions

in Paget disease, 654–655
psoriatic, 702–710, 704t–707t, 706f. See also

Psoriatic arthritis
reactive. See Reactive arthritis
rheumatoid

psoriatic arthritis versus, 705, 705t, 707t
Arthritis mutilans

in psoriatic arthritis, 704
Arthrodesis. See also Fusion

fusion in, 249
Arthroplasty

minimally invasive fusion as, 352, 353t
Artificial disc

in anterior fusion, 334, 335f
biomechanical problems of, 385
clinical results with, 395, 396t, 397
complications of, 369–371, 396t
contraindications to, 385, 385t, 394–395
Food and Drug Administration status of, 397
future of, 397–398
indications for, 385, 394–395
longevity of, 390–391
minimally invasive procedure for, 356–357,

357f–358f
nucleus substitutes in, 76, 384, 389–390,

390f, 393
overview of, 77–80, 78f–79f
rationale for, 374, 384, 393–395
types of, 369, 385–389

AcroFlex as, 387, 393–398, 396t
comparison of, 386t
metal, 385–386, 386f, 386t
metal and nonmetal combined, 386t,

387–389, 388f, 389t
nonmetal, 386t, 386–387, 387f, 393–398

Artificial ligament
in dynamic stabilization, 376t, 377f–379f,

377–379
Aspergillus

infection with, 749, 751, 752t
Aspiration

in postoperative infection, 771
Aspirin

preoperative contraindication to, 201
Assessment-diagnosis-treatment-outcome model
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in outcomes assessment, 135–137
Asymptomatic disc herniation, 23–25, 24f–25f,

437–439, 438t
Asymptomatic disc prolapse

natural history of, 437–438, 438t
Atenolol

intraoperative hypotension induced by, 205
Athletes

pars interarticularis fractures in, 579–583
history and physical examination in, 580
imaging in, 580–581
nonoperative treatment of, 581, 582t, 583
surgical treatment of, 583

spondylolysis in, 567, 569, 591
Atrophy

muscle
in back pain, 430–431

Auriculotherapy
defined, 160

Australia
chemonucleolysis results in, 449

Autograft, 249f–250f, 249–251. See also Bone
grafting

advantages of, 249
allograft combined with, 251–252
allograft versus, 252
alternatives to, 75
ceramic bone graft substitutes versus, 257
disadvantages of, 250
in fusion

in spondylolisthesis, 531, 531f
indications for, 249
in osteomyelitis, 746
results with, 252
sources of, 249, 249f–250f
in tumor surgery, 837

Autoimmune reaction
in nerve root pain

theories of, 20
Autologous blood transfusion

preoperative considerations in, 204
in transpedicular instrumentation, 277

Autologous bone graft. See Autograft
Autologous growth factor

autologous platelet concentrate and
as bone graft substitute, 262

Autologous platelet concentrate
as bone graft substitutes, 262

Axial compression
compression fractures and, 88
end plates in, 47, 63
in spinal instrumentation, 63–64

artificial disc in, 79, 79f
testing of

in disc degeneration, 36–38
Axial skeleton

in ankylosing spondylitis, 714–715
in psoriatic arthritis, 706, 706t

Azathioprine
in psoriatic arthritis, 709

B
Back injury

disc degeneration as sequela of, 301
Back pain. See also Low back pain

classification of, 167–168, 168f
epidemiology and, 4

epidemiology and economics of, 3–9, 4t–6t, 6f
in failed surgery

evaluation of, 839–840
genetics of, 103–104
intermittent exacerbations in, 168, 168f
issue of increasing incidence of, 7–8
occupational risk factors for, 33–34

in osteosarcoma, 786
prevalence of, 3–4, 4t, 167

historical, 7–8
tumor-related, 776–777

Bacterial infection, 739–746, 742f–743f, 745f.
See also Pyogenic infection

in ankylosing spondylitis, 713
in disc herniation

asymptomatic, 438, 438t
postoperative, 770–771
in reactive arthritis, 693, 694t

Bacteroides
in postoperative infection, 771

Bagby and Kuslich interbody fusion cage. See
BAK interbody fusion device

BAK interbody fusion device, 286, 287f, 289
complications of, 362–364
construct testing in, 67–69, 68f, 68t
Food and Drug Administration status of, 397
results with, 334, 345, 347

BAK-Proximity cage
complications of, 363

Ball exercises
in spondylolysis, 581, 582t

Balloon cannula
in endoscopic procedures, 240

Balloon insertion
in kyphoplasty, 91, 677–678, 678f

Barbell cage
axial compression force in, 63–64

Barium sulfate
in kyphoplasty, 678

Bath Ankylosing Spondylitis Disease Activity
Index, 697–698, 698t

Bath Ankylosing Spondylitis Radiology Index,
719

Beakless owl sign
in tuberculosis, 763f

Behavioral treatment
of low back pain, 172–173

Belgium
recurrent back pain in, 168
sciatica prevalence in, 7

Bending
back pain from

work-related, 180, 180t, 183
in disc degeneration

spinal kinematics and, 39–40
in disc herniation, 403, 403f
radiographs of

in low back pain, 55
in scoliosis, 609

Benign tumor, 781–784
aneurysmal bone cyst as, 782, 834
classification of, 776t
eosinophilic granuloma as, 783
giant cell tumor as, 782–783, 834
hemangioma as, 783–784, 834
location of, 776
metastatic versus, 778
osteoblastoma as, 781, 782f, 833–834
osteochondroma as, 781, 834
osteoid osteoma as, 781, 833–834
results of treatment of, 833–834

Bias
in back pain epidemiology, 3

Bioartificial disc
in spinal instrumentation, 81–82

Biocoral
as bone graft substitute, 256

Biofilm
in tuberculosis surgery, 767

Biomechanical mode
video-based, 189–190

Biomechanical testing
of artificial discs, 387–389, 389t
in disc degeneration, 36–40

elastic behavior in, 36
internal disc mechanics in, 37–39, 39f
spinal kinematics in, 39–40
viscoelastic behavior in, 36–37

of spinal instrumentation, 59–70
animal models in, 70–71
axial compression force in, 63–64
cage-related studies in, 67–70, 68f, 68t
construct testing in, 64f, 64–70, 68f, 68t
device-vertebra interface in, 60–63, 61f,

61t
osteoligamentous cadaver models in, 65–67
overview of, 59–60
plastic vertebra models in, 64f, 64–65

Biomechanical tolerance
pain and, 181–185, 184t

adaptation and, 183
facet joint limits and, 183
functional spinal unit limits and, 182–183
ligament limits and, 183
pathways between tissue stimulation and,

181–182
physiologic limits and, 184–185
psychophysical limits and, 183–184, 184t

Biomechanics
of disc degeneration, 31–42

mechanical versus, 35
testing of. See Biomechanical testing

Biomechanics logic
in ergonomics, 180–181, 181f

Biopsy
in fungal infection, 749
fusion assessment with, 344
in multiple myeloma, 784
in osteomyelitis, 742–743
in tuberculosis, 764
in tumors, 780–781

metastatic, 795
Biopsychosocial paradigm

in proactive low back pain treatment, 169
Bisphosphonates

in osteopenia prevention, 669
in Paget disease, 656, 657t, 658f–659f, 659

Blastomyces
infection with, 750f–751f, 752t

Bleeding
in lumbosacral procedures, 229–231
in microscopic discectomy, 459–460
in posterior fusion, 327, 327f, 329–330
surgical

strategies to minimize, 205t, 205–206
Blindness

from lumbar surgery, 226
from scoliosis surgery, 624

Β-Blockade
intraoperative hypotension induced by, 205

Blood conservation
preoperative and perioperative, 204–205

Blood loss
in spinopelvic fixation, 646
surgical field and, 205t, 205–206
in transpedicular instrumentation, 281
in tumor surgery, 804

Blood supply. See also Vasculature
end plate, 47

Blood tests. See also specific tests
in inflammatory spondyloarthropathies, 696,

698
in metastatic tumors, 793

Blood transfusion
preoperative considerations in, 204
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Bodily pain scale
in outcomes assessment, 145t

Bone
calcium homeostasis and, 663
compact, 85
cortical, 85, 86f
end plate attachment to, 46–47
grafting of. See Bone grafting
mineral metabolism in, 663–664, 664f
remodeling of. See Remodeling
structure and function of, 247–248, 663–664,

664f
trabecular. See Trabecular bone

Bone cells
types of, 247

Bone cement augmentation
in fractures, 91, 92f, 93

numerical simulation of, 93t, 93–94
studies of, 93
vertebral compression, 672, 674,

676f–680f, 676–682
Bone density

apparent, 85–86. See also Apparent density
in osteopenia, 667

Bone dowel
threaded, 345–346

Bone grafting
biology of, 247–253, 249f–250f
cages versus, 287–288, 342
construct testing in, 66
donor site complications in, 368–369

in spondylolisthesis, 538
in fusion

anterior, 331–333, 332f, 336
minimally invasive, 355, 355f
posterior, 327–329
posterolateral, 321
in spondylolisthesis, 530–532, 531f

indications for, 75
instrumentation combined with, 73–75, 75f,

255–256
in laminoplasty in, 510f, 511
in osteomyelitis, 746
overview of, 249, 255–256
substitutes for, 255–264. See also specific

substances
autologous platelet concentrate as, 262
bone marrow aspirate as, 262–263
bone morphogenetic proteins as, 260–262
calcium sulfate as, 258–259
ceramics as, 256–258
collagen as, 259
demineralized bone matrix as, 260
future of, 263–264
gene therapy in, 263
ideal properties of, 255
osteoconductive materials as, 256–260
osteoinductive materials as, 260–262
overview of, 255–256, 263–264
in spondylolisthesis, 538

in translaminar screw fixation, 295, 295f
in transpedicular instrumentation, 277–278
in tuberculosis, 766f, 766–767
in tumor surgery, 816–819, 817f, 837
types of, 75

allograft as, 251
autograft as, 249f–250f, 249–251
autograft-allograft as, 251–252
comparison of, 252

Bone loss
prevention of, 667–669

Bone markers
in osteopenia, 667
in Paget disease, 660

Bone marrow
aspirate of

as bone graft substitute, 262–264
biopsy of

in multiple myeloma, 784
in Paget disease, 649, 649f

Bone mass
estimates of, 85–86
measures to maintain, 667–669
in osteopenia, 663
in osteoporosis, 87

Bone mineral content
in dual energy X-ray absorptiometry, 86
in osteoporosis, 87

Bone mineral density
in ankylosing spondylitis, 715
in dual energy X-ray absorptiometry, 86, 667,

667f
in osteopenia, 665, 667, 667f
in osteoporosis, 87, 665, 667
transpedicular screws and, 60–62

Bone morphogenetic protein
as bone graft substitute, 260–262

in gene therapy, 263
recombinant form of, 261–262, 264
results with, 261–262

characteristics of, 260–261
in gene therapy, 108, 111
in laparoscopic anterior fusion, 334
in osteoinduction, 248
in spinal instrumentation

cages in, 345
experimental, 76, 345

Bone scanning
in inflammatory spondyloarthropathies, 697
in osteomyelitis, 741
in Paget disease, 660
in spondylolisthesis, 519
in spondylolysis, 567–568
in tuberculosis, 764
in tumors, 779, 781

metastatic, 794
in vertebral compression fractures, 673, 676

Bone-implant interface
in instrumentation, 60–64, 61f

in transpedicular screw fixation, 275–276
Boston brace

in spondylolysis, 583
Botulinum toxin injection

in failed back surgery syndrome, 849–850
Bowel control

in spondylolisthesis, 520
Bracing

in metastatic tumors, 795
in scoliosis, 614

surgery for, 504
in spondylolisthesis, 522

fusion and, 536
in spondylolysis, 583

Brantigan carbon cage
in spinal instrumentation, 286, 287f, 289

Breast cancer
epidemiology of, 775
selective estrogen receptor modulators and

risk of, 668
spinal metastases in, 775, 796f, 799f

Bridging exercise
in spondylolysis, 581, 582t

Brucellosis
tuberculosis versus, 764

Buettner-Janz artificial disc, 386t, 387, 388f, 394

C
Cable

in spinopelvic fixation, 637
Cadaver model

in spinal instrumentation
construct testing in, 65–67

Cage, 63, 342–350
in anterior fusion, 333f–334f, 333–334
anterior versus posterior implantation of, 347
axial compression force in, 63–64
biomechanical considerations in, 288, 343
choice of, 288–290, 289f
in complete versus partial discectomy, 349
complications of, 349, 362–365

malposition as, 367–368
construct testing in, 67–70, 68f, 68t
in degenerative disorders, 286–290, 287f,

289f
distraction and subsidence and, 347–348
history of, 343
indications for, 63, 287–288, 342–342
in laparoscopy, 346–347
lumbar lordosis and, 347–348
optimal design of, 349
in osteomyelitis, 746
overview of, 349–350
in posterior fusion, 328–329, 329f
results with, 288–289, 349–350
in spondylolisthesis, 529

after fusion, 536
stand-alone, 348–349

complications of, 365
in tumor surgery, 817
types of, 286–287, 287f

carbon fiber, 346
cylindrical, 344–345, 345f
mesh, 346
modular rectangular, 346, 346f

Calcaneum
in psoriatic arthritis, 706

Calcitonin
in calcium homeostasis, 663–664
in osteopenia prevention, 669
in Paget disease, 656, 659t, 669
in spinal stenosis, 492, 502

Calcium
homeostasis of, 663–664
in osteopenia, 666–667

prevention of, 667–668
Calcium channel blockers

in failed back surgery syndrome, 854
Calcium phosphate

as bone graft substitute, 256
Calcium sulfate

as bone graft substitutes, 258–259
Callus

in spondylolisthesis, 573, 573f
Canada

back pain prevalence in, 4
recurrent back pain in, 168

Cancellous bone
in bone grafting

advantages of, 249
indications for, 249
in spondylolisthesis, 532

histology of, 663, 664f
Cancer. See Malignant tumor
Candida

infection with, 749, 752t
Candidate genes

in hereditary disorders, 99
CaP cement

in vertebroplasty, 81
Capillary network

in disc nutrition, 47
Carbon fiber cage, 286–287, 346
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complications of, 366–367
pedicle screw fixation with, 348–349
results of, 346
in tumor surgery, 817

Cardiac involvement
in ankylosing spondylitis, 717
in inflammatory spondyloarthropathies, 696

Cartilage
in end plates, 46–48
in Paget disease, 650, 651f

Casting
in degenerative spondylolisthesis, 536

Cauda equina
nerve root compression in

clinical-experimental correlation in, 15–16
experimental, 11–15, 13f
in spinal stenosis, 547, 548f
in spondylolisthesis, 520, 520f, 598

in sciatica, 16–20, 27f–19f
tumor of

laminoplasty in, 509
Cauda equina syndrome

after manual therapy, 155–156
in ankylosing spondylitis, 716
in disc herniation, 402–403

in microscopic discectomy, 462
postoperative, 446, 446t

in spinal stenosis, 491
in spondylolisthesis, 520, 598

postoperative, 602
in tuberculosis, 761

Cefazolin
in kyphoplasty, 678
prophylactic, 770

Celecoxib
in ankylosing spondylitis, 721–722

Celery stalk appearance
in hemangioma, 783

Celiac disease
in ankylosing spondylitis, 716

Cement augmentation. See also Bone cement
augmentation

in fractures, 91, 92f, 93t, 93–94
leakage in, 679–681
in transpedicular screw fixation, 276

Central canal stenosis
defined, 465
lateral versus, 469
surgical treatment of, 498–499

Central nervous system
neuromuscular network in, 121f

Central pain
in failed back surgery syndrome, 853–855

Cephalexin
prophylactic, 770

Cephalosporin
disc penetration by, 206

Ceramics
as bone graft substitutes, 256–258

results with, 257–258
Cerebral blood flow

surgical blood loss and, 205
Cerebrospinal fluid

leakage of
in microscopic discectomy, 460
in recurrent disc herniation procedures,

870
in tumor surgery, 810

nerve compression and, 12–13
Charcot spine

in failed surgery, 899–900
Charité disc, 387–389, 388f, 391, 394

complications of, 369–370, 396t
Food and Drug Administration status of, 397

results with, 395, 396t, 397
Chemonucleolysis

in disc herniation, 447–451
alternatives to chymopapain in, 451
chymopapain biochemistry in, 447
complications of, 447, 449
contraindications to, 448, 448t
disc prolapse in, 450
discitis in, 449
economics of, 450
history of, 447
indications for, 447–448
overview of, 447, 448f, 451
results of, 4490450
technique for, 449

surgery after failed, 450
Chemotherapy

antituberculous, 765t, 765–766
in metastatic tumors, 795

preoperative, 833
Chest radiograph

preoperative, 202t
Ch’i

in acupuncture, 159
Children

back pain prevalence in, 4
calcium intake in, 667–668
Ewing sarcoma in, 788
spondylolisthesis in, 559, 561, 566, 566f

surgical indications in, 591
spondylolysis in, 559, 561, 567–568, 574,

578
imaging in, 567

tuberculosis in, 755, 757, 758f–760f,
759–760

China
acupuncture in, 159

Chiropractic adjustment. See also Manual
therapy

defined, 152, 154t–155t
Chondrocyte

in disc degeneration, 48
Chondroitin sulfate

in failed back surgery syndrome, 853
Chondrosarcoma, 786–787

lesions of, 835, 835f
survival and, 834t, 835

Chordoma, 787
survival and, 834t, 834–835

Chronic low back pain. See also Low Back pain
defined, 171
disability and, 8

specific versus nonspecific types in, 168
intradiscal electrothermal therapy for,

312–315
Chronic pain syndrome

failed back surgery syndrome as, 848
Chymopapain

in chemonucleolysis
allergy to, 447–449, 448t
alternatives to, 451
biochemistry of, 447
history of, 447
unpopularity of, 447, 451

Circumferential fusion
in scoliosis, 617, 618f
in spondylolisthesis, 593

Circumferential tear
in disc degeneration

biomechanical testing and, 38
Claudication

neurogenic. See Neurogenic claudication
vascular

neurogenic versus, 470, 470t, 501

Claw
in spinopelvic fixation, 637

Claw spur
from compressive loads, 51

Clinical interview
in outcomes assessment, 132

Clinical outcomes
in outcomes assessment, 132

Clinical Standards Advisory Group (UK)
work loss from back pain reported by, 5

Clodronate
in Paget disease, 657t

Clonidine
intraoperative hypotension induced by, 205

Clopidogrel
preoperative use of, 201

Closed arch spondylolisthesis
imaging of, 475f

Coagulation
hypothermia and, 206

Cobb angle
in scoliosis, 608t, 608–609, 610f

spinal stenosis and, 549
Coblation

in failed back surgery syndrome, 853, 854f
Coccidioidomycosis, 752t
Cochrane Back Review Group

on surgical versus nonsurgical treatment, 429,
429t

Coefficients
in outcomes assessment, 133–134

Coin-on-end appearance
in eosinophilic granuloma, 783

COL9A1 gene
in disc degeneration, 103

COL9A2 gene
in disc herniation and sciatica, 101

COL9A3 gene
in disc degeneration, 103
in disc herniation and sciatica, 101

Col2a1 gene allele
end plate structure and, 47

Cold abscess
in tuberculosis, 761–762

Collagen
as bone graft substitutes, 259
as disc component, 31

in end plate, 46
in nucleus pulposus, 20, 31

in disc degeneration, 33, 108
electrothermal therapy and, 313

Collagen IX allele
in disc herniation and sciatica, 101

Collagenase
in chemonucleolysis, 451

Collagraft
as bone graft substitute, 259

Combined anterior and posterior fusion,
338–339

complications of, 365–366
indications for, 338
overview of, 338, 340–341
stabilization with, 338–339
surgical options in, 339f–340f, 339–340

Comorbidity
artificial disc contraindicated in, 395
low back pain and

disability in, 171
spinal stenosis treatment and, 497, 506

Compact bone
in vertebral structure and mechanics, 85

Compensation
in disc herniation

surgical indications and, 440, 440t
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Complementary and alternative medicine,
149–162

acupuncture and reflexology in, 158–162
increasing interest in, 151, 158
manual therapy in, 151–157, 152f–153f,

154t–155t
Complete blood count

in postoperative infection, 771t
preoperative, 202t

Complete disc herniation
defined, 400f, 401

Compression
disc herniation from, 182
end-plate tolerance limits and, 182
nerve root. See Nerve root compression;

Nerve root pain
spinal muscles and

in stability, 55
testing of

in disc degeneration, 36–38
of trabecular bone, 85, 86f, 89, 89f

Compression fracture
bone cement augmentation in, 91, 93t, 93–94
classification of, 88
conservative treatment of, 91
vertebral, 672–681, 676f–680f. See also

Vertebral compression fracture
vertebroplasty in, 80

Compression stockings
in laminectomy, 504
in scoliosis surgery, 625

Compressive strength
of fusion cages, 343
in vertebral mechanics, 86

Computed tomography
of AcroFlex artificial disc, 394
in ankylosing spondylitis, 719
in disc degeneration, 300–302
in disc herniation, 409f–412f, 409–411, 413,

423
discography and, 413, 413f–414f

electrodiagnostic testing versus, 116–118
in fusion

assessment of, 245
neurologic deficit after, 280

in inflammatory spondyloarthropathies, 697
myelography and

in spondylolisthesis, 484f
in stenosis, 473f, 488

in osteomyelitis, 741, 742f, 745f
in pseudarthrosis, 892–893
in scoliosis, 609

spinal stenosis and, 549
in spondylolisthesis

degenerative, 518–519
in spondylolysis, 567, 568f–573f, 569, 571,

573
athletic injury in, 581

in stenosis, 476f, 480f, 487, 502f, 511, 513f
in tuberculosis, 755, 764
in tumors, 779

biopsy of, 780
metastatic, 794, 795f
surgery for, 805, 813

in vertebral compression fractures, 676
Computer model

surgical fracture repair simulated with, 93
Computer-assisted navigation

in tumor surgery, 804–805
Condition-specific instruments

in outcomes assessment, 134–136, 135t
Confidence interval

in outcomes assessment, 136
Congenital kyphosis

spondylolisthesis in, 567
Congenital spondylolisthesis

classification of, 556–558, 557f, 565–567,
566f–567f

defined, 585
Congenital spondylolysis

as controversial, 591
Congenital stenosis

defined, 464–465
Congestive heart failure

spondylolisthesis and, 520
Conical screw

cylindrical versus, 62–63, 275
Consent

preoperative
for anesthesia, 203
for surgery, 201

Constitutional stenosis
defined, 495
surgical treatment of, 499, 499f

Construct testing
in spinal instrumentation, 64f, 64–70, 68f, 68t

cage-related studies in, 67–70, 68f, 68t
osteoligamentous cadaver models in,

65–67
plastic vertebral models in, 64f, 64–65

Construction workers
back pain risk in, 179, 179f

Contained disc herniation
defined, 399–400, 400f

Continuum damage mechanics
bone fractures and, 90f, 90–91

Coordination
spinal reflexes in, 126

Coping Strategies Questionnaire
preoperative, 864

Coral-derived ceramics
as bone graft substitutes, 256–258

Coralline
as bone graft substitute, 256–258

in mesh cages, 346
Coronal balance

in scoliosis, 609–610, 610f
surgical planning and, 615

Corpectomy
in spinal instrumentation

construct testing in, 64f, 64–65
in tumor surgery, 825, 828f, 829

Corset
in spondylolysis treatment, 581

Cortical bone
in bone grafting

demineralized bone matrix in, 251
indications for, 249
in spondylolisthesis, 532

histology of, 663, 664f
in osteoporosis, 665
in vertebral structure and mechanics, 85, 86f

Corticocancellous bone
in bone grafting, 249

Corticosteroid injection
in facet joint block, 309
in failed back surgery syndrome, 850–851
in spondylolisthesis, 563

Corticosteroids
in ankylosing spondylitis, 721, 723
bone loss from, 668
in inflammatory spondyloarthropathies, 699
in metastatic tumors, 795

Cosmesis
in sagittal plane deformity, 631, 631f
in scoliosis surgery, 615
in spondylolisthesis surgery, 598–599, 601f,

602

Cost analysis. See also Economics
of fusion, 282

Costotransverse ligament
anatomy of, 213–214, 214f

Costotransversectomy
in tuberculosis, 767

Cotrel-Dubousset instrumentation
in spinal stenosis and scoliosis, 553

Cracks
in vertebral fracture mechanics, 89–90

Craig needle biopsy
in osteomyelitis, 743

Cramping
in spondylolisthesis, 520

C-reactive protein
in ankylosing spondylitis, 719
in postoperative infection, 771, 771t

Creep response
in disc degeneration

biomechanical testing and, 37
Creeping substitution

in bone grafting, 249
Crohn disease

in inflammatory spondyloarthropathies, 696,
700

Cronbach’s alpha
in outcomes assessment, 133

Cross-linking
in transpedicular screw fixation

results of, 275
Cryptococcus

infection with, 752t
Culture

in epidural abscess, 747, 748f
in fungal infection, 749, 750f
in osteomyelitis, 742
in symptomatic disc herniation, 438, 438t

Cumulative trauma
in ergonomics, 180–181, 181f

Curable prosthetic intervertebral nucleus 
device

in spinal instrumentation, 76–77, 77f
Cure

in outcomes assessment
as inappropriate measure, 140

Cybex
in outcomes assessment, 132

Cyclic loading
in spinal instrumentation

construct testing in, 70
Cyclooxygenase 2 inhibitors

in ankylosing spondylitis, 721–722
in postoperative pain management, 208
preoperative use of, 201

Cyclosporine
in psoriatic arthritis, 709–710

Cylindrical cage, 344–345, 345f
in anterior fusion, 333, 333f
axial compression force in, 63–64
complications of, 365
fusion rates with, 344–345, 345f
pullout strength in, 64
results with, 345
titanium, 345

Cylindrical screw
conical versus, 62–63, 275

Cyst
aneurysmal bone, 782
disc herniation versus, 411

Cytokine. See also specific cytokines
in degenerative disc disease, 108
in gene therapy, 108
in nerve root pain, 21–23, 22f

Cytokine inhibitors
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in nerve root pain, 21–23, 22f
treatment of, 23

D
Dacron

in artificial discs, 387
Dahllite

bone graft substitutes and, 256
Dead bug exercise

in spondylolysis, 581, 582t
Débridement

in epidural abscess, 747
in fungal infection, 749
in postoperative infection, 771–772, 772f
in tuberculosis, 766

Decompression
complications of, 533
in epidural abscess, 747
in failed surgery

treatment of, 844–845
fusion and

in degenerative scoliosis, 271
in degenerative spinal stenosis, 271–272
in degenerative spondylolisthesis,

269–270, 270f, 528–533, 540–546
in osteomyelitis, 744
in scoliosis, 550

fusion and, 551–553, 552f, 554f
in spinal stenosis, 497–499, 498f, 504–505,

505f, 507, 550
in failed surgery, 872–874
fusion and, 551–553, 552f, 554f
in Paget disease, 656

in spondylolisthesis, 524–530, 587–588, 592
fusion and, 269–270, 528–533, 530f–531f,

540–546, 541f–544f
instrumentation and, 540–541
overview of, 524, 526–527
radiographic findings in, 524, 525f
results of, 525–526
slippage after, 526
technique of, 524–525, 526f

in tumor surgery, 803. See also specific
procedures

Decubitus position
for lumbar procedures, 222

Deep vein thrombosis prophylaxis
in degenerative spondylolisthesis, 544

Deformation
mechanical

in nerve root pain, 16
Deformity, 604–660. See also specific

deformities
in ankylosing spondylitis, 727
artificial disc contraindicated in, 385, 385t
bone cement fracture repair and, 94, 95f
in failed surgery, 897–903, 898f–900f,

902f–903f
instrumentation in, 879–880

in Paget disease, 647
posttraumatic

epidemiology of, 897
in failed surgery, 897–903, 898f–900f,

902f–903f
symptoms of, 897–898, 898f
treatment of, 900–903, 902f–903f

range of, 628
sagittal plane, 628–634, 629f–632f, 634f
scoliosis as. See Scoliosis
spinal fusion for, 59
spinopelvic fixation for, 636–646, 637f–646f.

See also Spinopelvic fixation
in spondylolisthesis, 598–599, 599f–601f,

602

surgical approach for, 218
in tuberculosis, 755, 757, 758f–760f,

759–760, 765, 765t
tumor-related, 777
in vertebral compression fracture

kyphoplasty in, 673
Degeneration

adjacent segment. See Adjacent segment
degeneration

instability from, 53–54, 54f
Degenerative disc disease. See also Disc

degeneration
disc replacement in, 334, 335f, 356–357,

357f–358f. See also Artificial disc
complications of, 369–370

end plates in, 46–49
epidemiology of

changing views of, 98
fusion in, 273, 317–322, 324–336, 338–341

cages in, 286–290, 287f, 289f, 342–350,
344f, 346f

complications of, 360–369
as gold standard, 352
minimally invasive, 352–358, 353f–355f–,

353t–354t, 357f–358f
gene therapy in, 107–111, 109f–111f
genetics of, 98, 101–103, 102f
nonoperative treatment of, 342–343
pain in, 342, 353
scoliosis and, 474f, 604–605, 606f, 611
spondylolisthesis and

direct pars repair in, 588
stability in, 338
translaminar screw fixation in, 294

Degenerative scoliosis, 604–605, 605f–606f, 614
fusion in, 270–271
spinopelvic fixation in, 636, 641–643, 646f

Degenerative spondylolisthesis
after spinal fusion, 516, 517f, 521
anatomic features of, 524, 525f
causes of, 514
classification of, 514, 565
clinical presentation of, 519–521, 520f
defined, 514, 535, 558
diagnosis of, 517–519, 518f

differential, 519
fusion in, 269–270, 270f, 353, 353f
imaging in, 517f, 517–518, 524, 525f–526f
ischemic, 518f
low back pain in, 489
lytic versus, 482, 485f, 485t
natural history of, 514–517, 515f–517f, 515t
overview of, 514, 524, 535
primary versus secondary, 514–515
progression of, 485f
stenosis and

imaging in, 472, 475f, 479, 482,
482f–488f, 485t, 487

prevalence of, 524
recurrent postoperative, 545–546

synovial cysts and
imaging of, 482, 486f–487f

treatment of
anterior fusion in, 535–539, 537t–538t
decompression in, 524–527, 525f–526f
decompression with instrumented fusion

in, 540–546
decompression with posterolateral fusion

in, 528–533
fusion in, 269–270, 270f, 353, 353f
nonoperative, 521–522
options in, 528, 535
surgical indications in, 528–529, 536,

540–541

Degenerative stenosis
defined, 465, 495
fusion in, 271–272
simple, 495

Demineralized bone matrix
as bone graft substitutes, 251, 260

Denervation
radiofrequency

facet joint, 307–311, 309f
Density

apparent
defined, 85
estimates of, 85–87

Depression
in low back pain

work retention and, 175
Developmental stenosis

defined, 495
Device-vertebra interface

in spinal instrumentation, 60–63, 61f, 61t
Diabetes

degenerative spondylolisthesis in, 516
osteomyelitis risk in, 739
in postoperative infection risk, 769
preoperative concerns in, 203
spinal stenosis treatment and, 497

Diabetic neuropathy
spondylolisthesis versus, 519

Diagonal transfixation
construct testing and, 66

Diaphragm
anatomy of, 214, 215f

Diathermy
in discectomy, 444

Diffuse idiopathic hyperostosis
psoriatic arthritis versus, 707t

Diffuse idiopathic skeletal hyperostosis
spondylolisthesis versus, 519

Diffusion
in disc solute transport, 47

Disability
in ankylosing spondylitis, 718
chronic back pain and, 8
comorbidity and, 171
defined, 8
in failed surgery, 861
pain versus, 8
performance and, 9
psychosocial factors in, 7, 170–171, 174–175
in sagittal place deformity, 628
specific versus nonspecific types in, 168
subjectivity of, 8
in Sweden, 6t, 6–7
in the United States, 5

Disc
anatomy of, 121–122
antibiotic penetration of, 206
artificial

in spinal instrumentation, 77–70, 78f–79f
bioartificial

in spinal instrumentation, 81–82
defined, 121
degeneration of. See Degenerative disc

disease; Disc degeneration
disorders of, 299–304. See also specific

disorders
degenerative, 300–303, 301t–303t,

302t–303t
nonoperative treatment of, 304, 304t
soft tissue, 299–300, 300t

disruption of
in disc herniation, 428–429
taxonomy for, 303, 303t

herniation of. See Disc herniation
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injury to
natural history of, 52–53, 53f

innervation of, 121f–122f, 121–122, 317,
318f

structure and function of, 31–33, 32f, 46–47
load transmission in, 375
in stability, 51–52

Disc degeneration, 300–304. See also
Degenerative disc disease

biomechanics of, 31–42
elastic behavior and, 36
experimental models of, 35f, 35–36
internal disc mechanics and, 37–39, 39f
load transmission in, 375
overview of, 40–42
possible mechanisms and, 33–35
progressive changes in, 41–42
spinal kinematics and, 39–40
structural changes and, 33, 34f
viscoelastic behavior and, 36–37

classification of
multilevel examination in, 41

defined, 300
in degenerative spondylolisthesis, 514–517,

515f–517f
end plates in, 46–49

proteoglycans in, 46–47
facet joint pain and, 308
genetics of, 101–103, 102f
history and physical examination in, 301
imaging in

computed tomography in, 300–302
discography in, 300, 302–303, 303f, 303t
lack of clinical correlation with, 573
magnetic resonance, 300–302, 302f, 302t
radiography in, 301, 301f–302f

instability from, 53–54, 54f
low back pain in, 53–54, 317, 324, 331, 342,

373–375
natural history of, 300–301
pathophysiology of, 312–313
phases of, 33
in sagittal plane deformity, 630, 630f
spinal stenosis and, 473f
treatment of, 373–374

anterior, 331–336, 332f–335f
anterior and posterior, 338–341, 339f–340f
artificial discs in, 384–391, 385t–386t,

386f–388f, 389t, 393–398
cages and dowels in, 342–350, 344f, 346f
complications of surgical, 360–371
dynamic stabilization in, 373–382,

376f–381f, 376t
electrothermal therapy in, 312–315
facet joint, 307–311, 309f
minimally invasive, 352–358, 353f–355f,

353t–354t, 357f–358f
nonoperative, 304, 304t, 324
posterior, 324–330, 325f–329f
posterior and posterolateral, 317–322,

319t, 320f
semirigid stabilization in, 374

Disc derangement
defined, 324

Disc height
in spondylolisthesis, 540

Disc herniation, 399–462
asymptomatic, 437–439, 438t

low back pain in, 23–25, 24f
case study of, 432f–433f, 432–434
clinical versus radiographic features of, 113
cysts versus, 411
definitions in, 399–401, 400f–401f

differential diagnosis of, 439
disc disruption in, 428–429
evaluation of, 427–428, 428f
exercise in, 441
in failed surgery, 840
formation of, 23–25, 25f
fusion in, 273
genetics of, 99–101
grading schemes of, 411–413

annular bulge in, 411, 412f, 413, 416,
416f–417f

discal sequestration in, 411, 413, 418, 419f
extrusion in, 411, 412f, 413, 416–417,

418f
protrusion in, 410f, 411, 412f, 413,

416–417, 417f
hematoma versus, 410–411
historical background on, 427, 428f
history and physical examination in,

403f–404f, 403–404
imaging in, 407–424

clinical relevance of, 423–424
computed tomography discography in, 413,

413f–414f
computed tomography in, 409f–412f,

409–411, 413, 439
discography in, 408f–409f, 408–409
magnetic resonance imaging in, 399, 400f,

415f–423f, 415–418, 421, 439
myelography in, 399, 407f, 407–408
need for radiologist-clinician collaboration

in, 424
radiography in, 401, 401f, 407

low back pain from, 120
lumbosacral junction, 231, 232f
manual therapy contraindicated in, 155
muscle activation in, 129, 129f
natural history of, 401f–402f, 401–403, 427
nerve root pain in, 11–26

areas of innervation and, 19f, 19–20
biologic effects of, 16–23, 17f–19f
cytokines and, 21–23, 22f
mechanical effects of, 11–16, 12f–13f
pathophysiologic mechanisms of, 11,

23–25, 24f–25f
symptoms of, 11

nerve sheath tumor versus, 411, 411f
outcomes assessment in, 140
recurrent, 867–870

diagnosis of, 867, 868f–869f
in failed surgery, 840
surgical treatment of, 869–870

scar tissue in recurrent, 421, 421f
scar tissue versus, 411, 411f
sciatica and

mechanisms of, 23–25, 24f–25f
sciatica in, 437
sciatica versus, 403
in scoliosis, 547, 548f
in spinal stenosis, 271
spondylolisthesis and

imaging of, 488f
spondylolisthesis versus, 416, 417f
stenosis and

surgical treatment of, 497
synovial ganglia versus, 411
tolerance limits and, 182
treatment of

chemonucleolysis in, 447–451, 448f, 448t
day cases in, 440
indications for surgical, 429, 430t,

437–441, 438t–440t
laminotomy in, 443–446, 446t
microscopic discectomy in, 453–462,

454f–458f, 461t–462t
nonoperative, 427–434, 429t–431t,

431f–433f
open discectomy in, 443–446
postoperative, 440–441
translaminar screw fixation in, 294

types of, 399–402, 400f–402f
Disc prolapse

asymptomatic, 437–438, 438t
chemonucleolysis in, 450
discectomy for, 443–446, 453–462,

454f–458f, 461t–462t. See also
Discectomy

Disc replacement
minimally invasive, 356–357, 357f–358f

Disc resorption
translaminar screw fixation in, 294

Disc space
cage instrumentation and, 287
in endoscopic lumbar procedures, 237f–239f,

237–238
Discal sequestration

in disc herniation grading, 411, 413
Discectomy

artificial disc and, 384
cages in, 349
in endoscopic procedures, 237f, 237–238,

239f
microscopic, 453–462

approach in, 455, 455f
complications of, 458–462, 461t–462t
instruments for, 458, 458f
light sources for, 458, 458f
motion segment classification for, 454f,

454–455
open versus, 453
results of, 458
surgical view in, 455–456, 456f
technical difficulty of, 453
technique of, 456, 457f–458f

open, 443–446
complications of, 445–446, 446f
microscopic versus, 453
results of, 445
surgical errors in, 444
technique of, 443–445

Discitis
in chemonucleolysis, 449
in failed surgery, 844

Discogenic low back pain, 353
in disc herniation, 401f–402f, 401–403
intradiscal electrothermal therapy for,

312–315
other causes versus, 313, 331

misdiagnosis and, 397–398
Discography

in disc degeneration, 300, 302–303, 303f,
303t, 331, 343

in disc herniation, 408f–409f, 408–409, 423
computed tomography and, 413, 413f–414f

in scoliosis, 609, 619
spinal stenosis and, 548f, 549

Disease-modifying antirheumatic drugs
in ankylosing spondylitis, 721–722
in inflammatory spondyloarthropathies,

699–700
in psoriatic arthritis, 708–709

Disfigurement
in scoliosis, 608, 615

Disodium etidronate
in Paget disease, 656, 657t

Disruption
disc

in herniation, 428–429
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taxonomy for, 303, 303t
Disseminated idiopathic hyperostosis

in Paget disease, 654, 654f
Dissociation

in outcomes assessment, 140, 140t
Distraction

cages and, 347–348
Distraction device

in dynamic stabilization, 376–377, 377f, 377t
Diving

pars interarticularis fractures in, 579
Documentation

in ergonomics, 194
Donor-site morbidity

in bone grafts, 250, 368–369
Dorsal root ganglion

in discogenic low back pain, 312
in failed back surgery syndrome, 852
mechanical deformation of, 16

Drainage
of epidural abscess, 747
in postoperative infection, 771–772
in tuberculosis, 766

Dual energy X-ray absorptiometry
in apparent density estimates, 85–86

Dura mater
in sciatica, 19

Dural tear
as surgical complication, 217, 364, 446

of laminectomy, 506
of recurrent disc herniation procedures,

870
repair of, 845–846, 846f

Duration of low back pain
delayed recovery and, 170

Durotomy
in microscopic discectomy, 460

Dwarfism
spinal stenosis in, 231f, 495

Dynagraft
as bone graft substitute, 260

Dynamic stabilization
in disc degeneration, 373–382

device classification in, 376, 376t
interspinous distraction devices in,

376–377, 377f
interspinous ligaments in, 377f–378f,

377–378
overview of, 373, 382
pedicle screws in, 378f–381f, 378–381
rationale for, 375–376, 376f
terminology of, 373

system fatigue in, 376, 376f
Dynamic Stabilization System, 380f–381f,

380–381
Dynamic testing

in disc herniation, 404
Dynamized compression device

in spinal instrumentation, 73, 74f
Dynesys system

in dynamic stabilization, 378–388, 388f
Dysfunction

as spinal degeneration stage, 53
Dysplastic spondylolisthesis

classification of, 556–558, 557f, 565–567,
566f–567f

defined, 585

E
Eating disorders

vertebral compression fractures and, 672
Economics

of chemonucleolysis, 450
of fusion, 282

in spondylolisthesis, 533
of low back pain, 120, 167, 859

epidemiology and, 3–9, 6f, 6t
in outcomes assessment, 139

financial incentives in, 142–143, 146
of spine surgery, 859

failed, 860
Edema

in disc herniation, 419, 420f
in nerve compression, 13

Education
in ergonomics, 193–194

Eggshell decancelation procedure
in sagittal plane deformity, 633

Einstein
insanity defined by, 137

Elastic behavior
in disc degeneration, 36

Elastic interspinous ligament
in dynamic stabilization, 377f–378f, 377–378

Elastic strain
of trabecular bone, 90

Elastic zone
in spinal degeneration, 53, 54f

Elastomer
in artificial discs, 386–386, 394

Elastoplastic modulus reduction scheme
bone fractures and, 90–91, 92f, 93

Elderly patients
nonsteroidal antiinflammatory drugs in, 277,

492
prone position and, 226
spinal stenosis in

nonoperative treatment of, 491, 493–494
surgical treatment of, 497

Electrical stimulation
after transpedicular instrumentation, 279–280

Electrocardiogram
preoperative, 202t

Electrodiagnostic testing, 113–119. See also
specific tests

areas of interest in, 114
electromyography in, 115–116, 116f–117f.

See also Electromyography
F-waves in, 115
H-reflex in, 115
indications for, 113
motor evoked potentials in, 114–115
overview of, 113–114, 118–119
patient-specific approaches to, 119
sensitivity and specificity of, 116–118
somatosensory evoked potentials in, 114

Electromyography
in low back pain

muscle function in, 55
principles of, 115–116, 116f–117f
sensitivity and specificity of, 117–118
in spinal kinematics

in disc degeneration, 40, 41f
in spine load assessment, 186–188, 187f,

188t–189t
in tumor surgery, 805

Electronystagmography
indications for, 114

Electrothermal therapy
intradiscal, 312–315. See also Intradiscal

electrothermal therapy
Employment

return after injury to, 167–175
back pain classification and, 167–168, 168f
back pain prevalence and, 167
comorbidity and back pain and, 171
evidence-based treatment and, 171–173,

172f

exercise and, 441
philosophical shift on back pain and,

168–169
risk factors in delayed recovery and,

170–171
ruling out red flags in, 170
�safe,� 174
as therapeutic modality, 173–174
treatment of back pain for, 169–170
work retention and, 174–175

End plate
after nucleus replacement, 390
in disc degeneration, 34f, 317

experimental, 36, 48
mechanical failure in, 48
morphologic changes in, 46–49
posterior fusion for, 327, 328f

in disc structure and function, 32, 46
mechanical, 47
in nutrition, 47

tolerance limits of, 182
in vertebral compression fractures, 88

Endobon
as bone graft substitute, 257

Endo-Ring
in anterior lumbar procedures, 242f

Endoscopic anterior lumbar procedures,
235–245

cages, 346–347
classification of, 236
complications of, 242–244, 363–364

hernia as, 244
loss of orientation as, 243
nerve root impingement as, 243–244
postoperative ileus as, 244
pseudarthrosis as, 243
retrograde ejaculation as, 243
ureteral injuries as, 244
vascular injuries as, 242–243

conversion to open approach in, 244, 347,
369–370

efficacy of, 347
mini-open approach in, 241–242, 242f

endoscopic open technique and, 244–245
overview of, 235, 245
retroperitoneal approach in, 239–241,

240f–241f
transperitoneal approach in, 236–238,

237f–239f
Engineering controls

ergonomic, 178
Enterobacter

osteomyelitis caused by, 741
Enteropathic arthritis

clinical features of, 698
epidemiology of, 691t

Entheses
in inflammatory spondyloarthropathies, 692,

693f, 695
Enthesitis

psoriatic, 704
Environmental factors

in ankylosing spondylitis, 713
in psoriatic arthritis, 703
in spondylolysis, 579

Eosinophilic granuloma, 783
Ependymoma

surgical treatment of, 807, 808f
Epidemiology

importance of, 3
of low back pain, 3–9, 859

mechanisms of disability and, 8–9
prevalence in, 3–4, 4t, 7–8
sciatica and, 7
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surgical treatment of, 859–860
work loss and, 4–7, 5t–6t, 6f, 178–179,

179f
Epidermal growth factor

in gene therapy, 108
Epidural abscess, 746–747, 748f
Epidural block

in spondylolisthesis, 522
Epidural fibrosis

after laminectomy, 507
in failed surgery, 843

Epidural hematoma
in microscopic discectomy, 459–460

Epidural injection
in failed back surgery syndrome, 850–851

Epidural pressure
in spinal stenosis, 16

Epidural space
in microdiscectomy, 456

Epidural steroid injection therapy
in spinal stenosis, 493, 502

Erector spinae muscle
lumbar, 225–226, 226f

Ergonomics
defined, 178
goal of, 178
occupational, 178–194. See also

Occupational ergonomics
Erosive spondylodiscitis

in ankylosing spondylitis, 714–715
Erythrocyte sedimentation rate

in ankylosing spondylitis, 719
in epidural abscess, 747
in fungal infection, 749
in osteomyelitis, 740–741
in postoperative infection, 771, 771t

Erythropoietin
in tumor surgery, 804

Escherichia coli
in postoperative infection, 771

Eskimos. See Inuit
Estrogen

bone loss and, 668
Estrogen therapy

pros and cons of, 668
Etanercept

in nerve root pain
treatment of, 23

in psoriatic arthritis, 709
Ethambutol

in tuberculosis, 765
Etidronate

in osteopenia prevention, 669
in Paget disease, 656, 657t

Europe. See also specific countries
chemonucleolysis results in, 449–450
low back pain in

cost of, 167
prevalence of, 3–4, 4t

manual therapy in, 151
European Spine Society

discectomy results in, 458
European Spondyloarthropathy Study Group

disease criteria o691tf
Everyday trauma

osteoporotic fractures and, 89
Evidence-based plan

of low back pain treatment, 171–173, 172f
Evidence-based reviews

of manual therapy trials, 157
Ewing sarcoma, 788

survival and, 834t, 836
Exercise

after chemonucleolysis, 449
in disc herniation

rehabilitation in, 441
in inflammatory spondyloarthropathies, 

699
in low back pain

after electrothermal therapy, 315
return to work and, 172f, 172–173

in osteopenia prevention, 668
in sagittal plane deformity, 632–633
in spinal instability, 57
in spinal stenosis, 493, 502
in spondylolisthesis, 522, 562–563
in spondylolysis, 581, 582t, 583

Exercise treadmill test
electrodiagnostic testing versus, 118

Expectations
in spinal cord stimulation, 905–906

Explantation of hardware
in spinopelvic fixation, 646

Extension exercise
in spinal instability, 57
in spondylolisthesis, 562

Extracellular matrix
in bone structure and function, 248

Extrusion
in disc herniation grading, 411, 412f, 413

F
Facet block

in failed back surgery syndrome, 849
Facet joint

anatomy of, 307–308, 308f
thoracolumbar, 210

causes of pain in, 308
denervation of, 307–311

diagnostic considerations in, 308–309
failure of, 311
results of, 310
technique for, 309f, 309–310

in disc degeneration, 317–318
biomechanics of, 31
fusion technique and, 319

in disc function, 32, 32f, 292
in disc herniation

surgical indications and, 440, 440t
innervation of, 121f, 121–123, 225, 307–308,

308f
neuromuscular reflex system in, 128–129
in Paget disease, 650, 651f, 653
in spinal stenosis, 486f
in spondylolisthesis

degenerative, 514–515, 515f, 520f, 524,
525f

osteoarthritis and, 524
in stability, 51–53
tolerance limits of, 183
in tuberculosis, 757, 759, 760f

Facet load
of artificial disc, 79, 79f

Facet screw
history of, 292

Facet syndrome
in failed back surgery syndrome, 849
history of, 120, 307

Facetectomy
combined anterior and posterior in, 338
instability from, 52
lumbosacral junction, 230f, 231
in posterior fusion, 326f
in scoliosis, 550
in spondylolisthesis, 529–530, 530f

Facetolaminotomy
results of, 367

Failed back surgery syndrome, 848–856. See
also Failed surgery

defined, 860
diagnosis of, 840, 841f, 842t
evaluation in, 839–840
overview of, 839, 848, 855–856, 856f
psychosocial factors in, 848, 859–865,

861t–863t
treatment of

algorithm for, 841f, 842t
anterior column procedures in, 852–855,

854f
middle column procedures in, 850, 856
posterior column procedures in, 848–850

Failed surgery, 839–910. See also Failed back
surgery syndrome

consequences of, 860–861
economics of, 860
psychosocial factors in, 848, 859–865,

861t–863t
reasons for, 839–846

adjacent segment degeneration as,
884–889, 885f, 887f–888f

arachnoiditis as, 843, 907–908, 908f
comorbid factors as, 873
discitis as, 844
epidural fibrosis as, 843
herniated disc as, 840, 867–870, 868f–869f
instrumentation as, 844
lumbar instability as, 842
posttraumatic deformity as, 897–903,

898f–900f, 902f–903f
pseudarthrosis as, 890–894
spinal stenosis as, 842–843, 871–875, 872f
wrong diagnosis as, 873

syndrome of, 848–856. See also Failed back
surgery syndrome

treatment of
algorithm for, 841f, 842t
dural tear repair in, 845–846, 846f
in multiply operated spine, 844–846
repeated decompression in, 844–845
spinal cord stimulation in, 852, 905–910,

908f
Familial aggregation

of disc degeneration, 101–103, 102f
in identification of genetic disease, 98–99
of lumbar disc herniation

adult, 100–101
juvenile, 99–100

Far lateral incision
description of, 224

Fat tissue grafting
in laminoplasty in, 510f, 511

Fatigue
mechanical

in artificial discs, 385
in disc degeneration, 35
in dynamic stabilization, 376, 376f

vertebral fracture from, 88
Fatigue fracture. See also Stress fracture

in athletes, 579
Fatigue testing

in spinal instrumentation models, 64f, 64–67
Feedback mechanisms

sensorimotor control in, 126, 126f–127f
Feed-forward mechanisms

sensorimotor control in, 126, 127f
Femoral nerve palsy

postoperative, 362
Femoral nerve stretch test

in disc herniation, 404
Femoral ring allograft

axial compression in, 64
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history of, 343
results with, 343

Fentanyl
postoperative, 206, 208

protocol for intravenous, 207f
Fever

in epidural abscess, 747
in fungal infection, 749
in osteomyelitis, 740
in postoperative infection, 771

Fibroblast growth factor
in gene therapy, 108

Fibroblast theory
in psoriatic arthritis, 703

Fibrochondrocyte
in degenerative disc disease, 107

Fibrosis
after laminectomy, 507
in disc degeneration, 107

biomechanical testing and, 36
categorization of, 33

disc herniation versus, 411
postdiscectomy, 444–445
in posterior fusion, 329–330

Financial incentives
outcomes assessment and, 142–143, 146

Finite element model
defined, 90
in fractures, 90–91, 92f, 93t, 93–94
rationale for, 90–91
in spinal instrumentation, 72–73, 73t

artificial disc in, 78f–79f, 78–80
bioartificial disc in, 82
construct testing in, 67, 68f, 69

of vertebral structure, 85, 86f
in vertebroplasty, 81

Finland
back pain prevalence in, 7
HLA B27 in, 712
sciatica prevalence in, 7

Finnish Twin Cohort
disc degeneration in, 102, 102f

Fixation. See also Instrumentation; specific
devices

indications for, 59
translaminar screw, 292–295, 293f–295f

Flat back syndrome. See also Sagittal plane
deformity

fusion in, 272–273, 374
iatrogenic, 628–631, 629f–632f
in scoliosis treatment, 620, 621f

Flat-tire syndrome
in disc degeneration, 325, 325f

Flatus incontinence
in cauda equina syndrome, 402–403

Flexibility
in disc degeneration

spinal kinematics and, 39f, 39–40
Flexible stabilization

defined, 373
Flexion

disc herniation from, 182
spinal muscles and

in stability, 54–55
Flexion exercise

in spinal instability, 57
in spondylolisthesis, 562

Flexion-extension
in disc degeneration

spinal kinematics and, 39–40, 41f
radiographs of, 55–56

Flexion-relaxation
absence in disc herniation of, 129
in healthy persons, 129

in low back pain, 127
electromyography of, 55

Fluconazole, 752t
Flucytosine

in fungal infection, 752t
Fluoride

in osteopenia prevention, 669
FokI gene

in disc degeneration, 103
Food and Drug Administration

AcroFlex disc and, 397
cages and, 348, 362
chemonucleolysis data reported to, 449
nucleus replacement devices and, 390

Foot
in psoriatic arthritis, 706

Foot reflexology, 158
Foramen

anatomy of, 477f
Foraminal stenosis

grading of, 479t
imaging in, 472, 473f–475f, 478f, 479, 481f
pathogenesis of, 501
in scoliosis, 547, 549

Foraminectomy
defined, 498

Foraminotomy
defined, 498
in scoliosis, 550

Force
ultimate

in vertebral mechanics, 86–87
Forestier disease

in Paget disease, 654, 654f
Fracture

compression. See also Compression fracture
classification of, 88

conservative treatment of, 91
defined, 88–89
incidence of, 88
in osteomalacia, 666
in osteopenia

medications and supplements to prevent,
667–669

in osteoporosis, 87f, 87–88, 665–667,
672–681. See also Vertebral
compression fracture

prevalence of, 664–665
pathologic. See also specific fracture types

in metastatic tumors, 794f, 798f–799f
repair of, 91–94

bone cement augmentation procedures in,
91, 92f, 93

simulation of cement augmentation in, 93t,
93–94

spinopelvic fixation in, 636–637,
641f–645f, 641–642

studies of cement augmentation in, 93
risk of, 88, 88f

in osteoporosis, 87
as sign of osteopenia, 665
stress. See also Stress fracture

in spondylolysis, 567–569, 569f–570f,
571, 572f, 573

trabecular bone damage in, 89f–90f, 89–91
finite element models of, 90–91
mechanics of, 90, 90f
stress-strain behavior in, 89–90

vertebral compression, 672–681, 676f–680f.
See also Vertebral compression fracture

Fracture dislocation
surgical approach for, 218

Freeze-drying
of allografts, 251

Frost criterion
of everyday trauma and fracture, 89

Frozen section
in biopsy of tumors, 781

Fulcrum-Assisted Soft Stabilization system,
379, 380f

Functional restoration
in low back pain

return to work and, 172–173
Functional spinal unit

defined, 51
in instability, 51–52
in spinal degeneration

biomechanical study of, 53, 54f
in spinal instrumentation

construct testing in, 67, 69
tolerance limits of, 182–183

Fungal infection, 749, 750f–751f, 751, 752t
pathogens in, 752t

Fusion
alternatives to conventional, 374
anterior, 331–336, 332f–335f. See also

Anterior lumbar interbody fusion
anterior and posterior, 338–341, 339f–340f
anterior lumbar interbody

endoscopy in, 235–236, 241–242, 242f
assessment of

cages in, 344f, 344–345
biologic factors in, 255
biomechanical considerations in, 325
bone graft substitutes in

ceramic, 257–258
bone grafting in, 247, 249, 255–256. See also

Bone grafting
cages in. See Cage
complications of, 360–369

neural, 362
persistent back pain as, 373–375
sagittal plane deformity as, 630
sexual, 361–362
ureteral, 362
vascular, 360–361

cost analysis of, 282
decompression and

in spondylolisthesis, 528–533, 530f–531f,
540–546, 541f–544f

in degenerative disc disease, 273, 317–322,
324–330, 331–336, 338–341

cages in, 286–290, 287f, 289f, 342–350
options in, 319, 319t

in degenerative spinal stenosis, 271–272
degenerative spondylolisthesis after, 516,

517f, 521
endoscopic, 235–236, 245. See also

Endoscopic anterior lumbar procedures
in failed surgery, 860, 884–889, 885f,

887f–888f
in flat back syndrome, 272–273
frequency of, 268
history of, 268, 319–320
indications for, 318–319, 324
instrumentation for, 59–80. See also

Instrumentation; specific instruments
and techniques

animal models of healing in, 71
clinical versus radiographic features in, 72
dynamized systems in, 73, 74f
end plates and, 48–49
outcomes assessment in, 142

minimally invasive, 352–358, 353f–355f,
353t–354t, 357f–358f

nonoperative treatment versus, 318, 324
objective of, 59, 247
overview of, 248–249, 252
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posterior, 324–330, 325f–329f. See also
Posterior lumbar interbody fusion

posterolateral, 317–322, 319t, 320f, 322t. See
also Posterolateral fusion

postoperative infection in, 769–770
in pseudarthrosis, 272–273
revision surgery after

indications for, 272–273
in scoliosis, 550–553, 551f–552, 554f,

616–617, 617f–618f
degenerative, 270–271
failed, 624–625

sentinel, 344, 344f, 373
in situ

in osteomyelitis, 744
in spinal stenosis, 497, 550–553, 551f–552f,

554f
in spondylolisthesis

circumferential, 593
degenerative, 269–271, 270f, 528–533,

530f–531f, 535–546
interbody approach in, 542–543
nondegenerative, 587f, 587–589, 592–595,

599–603, 600f–602f
selective approach in, 542, 543f–544f
in situ technique in, 587, 587f, 592,

599–603
transforaminal, 339–340, 340f
translaminar screw fixation in, 292–295,

293f–295f
augmentation of, 294

F-waves
principles of, 115
sensitivity and specificity of, 117

G
Gadolinium-enhanced magnetic resonance

imaging
in disc herniation, 421, 422f–423f
in epidural abscess, 747
in osteomyelitis, 741, 745f
in tumors, 780

Gait
in degenerative spondylolisthesis, 516
delayed recovery and, 170
Trendelenburg

in spinal stenosis, 468
Gallium nitrate

in Paget disease, 656, 659t
Gallium scanning

in tuberculosis, 764
Galveston rod technique

in reconstructive surgery, 636
in scoliosis, 616
in spinopelvic fixation, 636, 642, 644f

Gas insufflation
in endoscopy, 235–238, 237f–238f, 241

Gastroinestinal disorders
in inflammatory spondyloarthropathies, 696

Gate theory of pain
acupuncture and, 159

Gender
in ankylosing spondylitis, 714
in inflammatory spondyloarthropathies, 690,

691t
in psoriatic arthritis, 702
in scoliosis, 604–605, 607
vertebral fracture and, 88

Gene therapy
as bone graft substitutes, 263–264
concept of gene transfer in, 109, 109f
in degenerative disc disease, 107–111

future of, 111

gene identification in, 107–108
gene transfer in, 110f–111f, 110–111
overview of, 107
soft stabilization and, 382

Gene transfer
defined, 109
in gene therapy, 109f, 109–110

in disc degeneration, 110f–111f, 110–111
General anesthesia

for lumbar osteotomy, 727, 728f
General Survey on Living Conditions (Sweden)

back pain prevalence in, 4
Generalizability coefficient

in outcomes assessment, 133
Generic instruments

in outcomes assessment, 134–136, 135t
Genetics

in ankylosing spondylitis, 712–713
of Paget disease, 648–649
of psoriatic arthritis, 702–703
of spinal disorders, 98–105. See also specific

disorders
back pain as, 103–104
disc degeneration as, 101–103, 102f
disc herniation and sciatica as, 99–101
identification and confirmation of, 98–99
overview of, 98
scoliosis as, 104–105
spondylolysis as, 105

of spondylolysis, 559
therapeutic application of. See also Gene

therapy
in degenerative disc disease, 107–111,

109f–111f
Gentamicin

prophylactic, 770
Geographic practice differences

outcomes assessment and, 139
Giant cell tumor, 782–783, 814
Gibbus deformity

in tuberculosis, 760, 760f–761f
Glucosamine

in failed back surgery syndrome, 853
Glycopeptides

disc penetration by, 206
Gold

in psoriatic arthritis, 709
Gothenburg (Sweden)

back pain epidemiology in, 5–7, 6f, 6t
Gout

in Paget disease, 654
Graded activity

in low back pain
return to work and, 172, 172f

Graf ligament system
in dynamic stabilization, 378, 378f

Grafton
as bone graft substitute, 260

Great Britain. See United Kingdom
Grocery cart sign

in spinal stenosis, 467
Groin hypoanesthesia

in cauda equina syndrome, 402–403
Growth

in pediatric tuberculosis, 757, 758f–760f,
759–760

Growth factor
autologous platelet concentrate and

as bone graft substitute, 262
in gene therapy, 107–109, 109f

Guarded movement
in low back pain, 40

Gymnastics
pars interarticularis fractures in, 579

Gypsum
as bone graft substitute, 258

H
Hairline fracture

compression, 88
Hand

in psoriatic arthritis, 706
Hardware explantation

in spinopelvic fixation, 646
Hardware retention

after transpedicular instrumentation, 280
Harms cage, 286, 287f, 289

complications of, 365
Harrington rod

history of, 268, 633
in scoliosis

flat back syndrome and, 620, 621f, 628,
629f–632f

spinal stenosis and, 623f
surgery for, 633

Healing
in spinal instrumentation, 71

Healos
as bone graft substitute, 259

Health and Safety Executive (UK)
back injuries reported by, 7

Health care costs. See also Economics
outcomes assessment and, 139

Health care provider
as patient’s partner, 169

Height loss
in osteoporosis, 666

Hemangioma, 783–784, 814
Hemangiopericytoma

spinopelvic fixation in, 641, 642f
Hematogenous infection

in epidural abscess, 746
fungal, 749
in osteomyelitis, 739–740
tuberculosis as, 755

Hematogenous spread
of metastatic tumors, 792

Hematoma
disc herniation versus, 410–411
in microscopic discectomy, 459–460

Hemilaminectomy
in scoliosis, 550
in spinal stenosis, 505

Hemisacralization
degenerative spondylolisthesis in, 516

Hereditary disorders, 98–105, 102f. See also
Genetics; specific disorders

Hernia
after endoscopic lumbar procedures, 244

Herniated disc. See Disc herniation
Herniated nucleus pulposus. See Disc herniation
Herpes viral vector

in gene therapy, 110
High-grade spondylolisthesis

low-grade versus, 598
overview of, 591, 598, 599f
surgery for, 591–595, 598–603

decompression in, 592
fusion in, 592–593
indications for, 591–592, 598–599
options in, 599–602, 600f–601f
reduction in, 593–595
reduction versus in situ fusion in, 602f,

602–603
vertebral body resection in, 595

High-resolution computed tomography
in disc herniation, 409, 409f–410f

Hip
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in ankylosing spondylitis, 715
Hip disease

spinal stenosis versus, 470–471
Hip fracture

osteoporotic
prevalence of, 665

Histiocytosis X
eosinophilic granuloma in, 783

History
in degenerative spondylolisthesis, 517
in disc herniation, 403
in failed surgery, 839–840
in inflammatory spondyloarthropathies, 695
in low back pain evaluation, 170, 299–300,

300t
in metastatic tumors, 793
in spinal stenosis, 467
in spondylolysis, 580

HLA B27
in ankylosing spondylitis, 712–713, 719–720
in inflammatory spondyloarthropathies, 690,

691t, 694, 697
in psoriatic arthritis, 702

Holland
back pain in

prevalence of, 4t, 7
work loss from, 5, 5t

Homeostasis
calcium, 663

Homologous blood transfusion
preoperative considerations in, 204

Honeycomb appearance
in hemangioma, 783

Hook
in fusion

pedicle screws versus, 274
interlaminar, 60
in spinopelvic fixation, 637

Horizontal paramedian incision
indications for, 220

Horizontal transfixation
construct testing and, 66

Hormones
in bone structure and function, 663–664

H-reflex
principles of, 115
sensitivity and specificity of, 117

Human immunodeficiency virus
from allografts, 251, 336
bacterial osteomyelitis in, 739

Hydrostatic behavior
in disc degeneration

biomechanical testing and, 38
Hydroxyapatite

as bone graft substitute, 256–258
in extracellular matrix, 248
in vertebroplasty, 81

Hyperalimentation
in scoliosis surgery, 504

Hypermobility
in degenerative spondylolisthesis, 517

Hypogastric plexus
lumbar spine, 221
in retrograde ejaculation, 243

Hypolordosis
in adjacent segment degeneration, 886

Hypoplasia
in spondylolysis, 571, 571f

Hypotension
anesthesia-induced, 205

Hypotensive anesthesia
surgical blood loss and, 205

Hypothermia
perioperative, 205–206

Hysteresis
in disc degeneration

biomechanical testing and, 36–37
of polyethylene

in artificial discs, 388

I
Iatrogenic conditions

flat back syndrome as, 628–631, 629f–632f
nerve root impingement as

in endoscopic lumbar procedures, 243
Ibandronate

in Paget disease, 657t
Iceman

possible back pain in, 120
Idiopathic developmental stenosis

defined, 495
Idiopathic scoliosis

defined, 604, 614
genetics of, 104–105

Idiopathic skeletal hyperostosis
in Paget disease, 654, 654f
spondylolisthesis versus, 519

Ileus
after endoscopic lumbar procedures, 244

Iliac artery
operative injury to, 361

Iliac crest autografting, 249f–250f, 249–251
donor site complications in, 368–369
in posterolateral fusion, 321, 531, 531f

Iliac screw
in spinopelvic fixation, 638, 638f

Iliolumbar vein
surgical anatomy of, 221, 221f

Illness behavior
defined, 8

Imaging. See specific conditions and techniques
Immix

as bone graft substitute, 260
Immobilization

after transpedicular instrumentation, 279
Immune system

allografts and, 252
in disc herniation, 20

sciatica and, 26
in psoriatic arthritis, 703

Immunologic monitoring
in inflammatory spondyloarthropathies, 696

Immunological assay
in asymptomatic disc herniation, 438, 438t

Immunosuppression
tumor-related

surgical complications and, 821
Implantable devices

in spinal fusion
end plates and, 48–49
outcomes assessment in, 142

Implant-bone interface
in spinal instrumentation, 60–64, 61f, 61t

Impotence
after fusion, 362

In situ fusion
in osteomyelitis, 744
in spondylolisthesis, 587, 587f

reduction versus, 593–595, 598–603, 602f
Incidence

defined, 3
Incision. See also specific procedures; Surgical

approaches
for lumbar procedures, 220, 220f, 222f,

222–224, 224f
for lumbosacral procedures, 228–229,

231–232
for thoracolumbar procedures, 211, 215

Inelastic strain
of trabecular bone, 90

Infants
osteomyelitis in, 740

Infection, 739–773. See also specific conditions
in ankylosing spondylitis, 713
artificial disc contraindicated in, 395
bacterial. See Bacterial infection; Pyogenic

infection
in bone grafting, 250

from allografts, 251, 336
discitis as

in chemonucleolysis, 449
epidural abscess as, 746–747, 748f
in failed surgery, 844
fungal, 749, 750f–751f, 751, 752t
in inflammatory spondyloarthropathies,

696–697
overview of, 739, 753
postoperative. See Postoperative infection
prevention of surgical

preoperative antibiotics in, 206
in psoriatic arthritis, 703
pyogenic, 739–746, 742f–743f, 745f. See

also Pyogenic infection
spinal stenosis versus, 470
viral

in Paget disease etiology, 647–649
Inferior vena cava

in lumbosacral procedures, 233, 233f
operative injury to, 361

anatomic variations and, 243
prone position and, 203
surgical blood loss and, 205

InFix cage, 346, 346f
Inflammation

from allografts, 252
in degenerative disc disease, 108
in neuropathic pain

experimental, 16–20
tumor necrosis factor in, 21–23

Inflammatory arthritides, 690–710. See also
specific conditions

Inflammatory bowel disease
in ankylosing spondylitis, 716

Inflammatory spondyloarthropathies, 690–700.
See also specific conditions

age of onset of, 690
criteria for, 690, 691t
defined, 690, 690f
diagnosis of, 695–697

clinical examination in, 695–696
clinical interview in, 695
differential, 697, 697t
imaging in, 697
tests in, 696–697

entheses in, 692, 693f
gender in, 690, 691t
HLA B27 in, 694
monitoring of, 697–698, 698t
nonsteroidal antiinflammatory drugs in, 693
pathophysiology of, 693–694, 694t
polymorphonuclear neutrophils in, 692–693
prevalence of, 690, 691t, 692
treatment of, 699t, 699–700
typical evolution of, 695
undifferentiated, 698

Infliximab
in nerve root pain

treatment of, 23
in psoriatic arthritis, 709–710

Injection therapy
in failed back surgery syndrome, 849–851,

853

SUBJECT INDEX / 925



in scoliosis, 614
in spondylolisthesis, 563

Injured worker, 165–194
occupational ergonomics and, 178–194, 179f,

180t, 181f, 184t, 186f–187f, 188t–199t
return to work of, 167–175, 168f, 172f

Injury
disc

natural history of, 52–53, 53f
instability from, 51–53, 52f–53f

Innervation. See also Nerve
disc function and, 33
of lumbar spine, 121f–124f, 121–125
in spinal mobility and stability, 31, 32f
thoracolumbar spine, 215

Insertional activity
in electromyography, 115

Instability, 51–57
causes of, 51–55

degeneration as, 53–54, 54f
injury as, 51–53, 52f–53f
spinal muscles in, 54–55

diagnosis of, 55–57
kinematics in, 56, 57f
roentgenographic motion studies in, 55–56

difficulty in defining, 51
in disc degeneration, 374–375

categorization of, 33
in failed surgery, 842

instrumentation in, 878, 878f
in posttraumatic deformity, 899, 899f

future research in, 57
from laminectomy, 507
low back pain from, 120, 374–375
from metastatic tumors, 792f, 792–793

postsurgical, 833
neuromuscular reflex system in, 128–129
in scoliosis

spinal stenosis and, 549
as spinal degeneration stage, 53
spinal instrumentation for

animal models of, 70
in spinal stenosis

scoliosis and, 549
in spondylolisthesis, 514–517

fusion and, 536
instrumentation and, 540

treatment of, 57
Instrumentation, 59–82. See also specific

instruments and techniques
biomechanical evaluation of, 59–71

animal models of, 70–71
construct testing in, 64f, 64–70, 68f, 68t
implant-bone interface in, 60–64, 61f, 61t

bone grafting and, 255–256. See also Bone
grafting

cages in, 286–290, 287f, 289f
clinical scope of, 59
clinical studies of, 71–73

finite element models in, 72–73, 73t
complications of, 322, 322t, 360–371

persistent back pain as, 373
cost analysis of, 282
in degenerative disc disease, 273
in failed surgery, 844, 877

anterior, 880–881
interbody, 881–882
posterior, 877–880, 879f
in posttraumatic deformity, 898–899

in flat back syndrome, 272–273
future initiatives in, 80–82

bioartificial disc as, 81–82
vertebroplasty as, 80–81

more recent fusion initiatives in, 73–76,
74f–75f

no instrumentation versus
in degenerative disorders, 268–273,

321–322, 529
nonfusion treatment alternatives in, 76–80

artificial disc as, 77–80, 78f–79f
prosthetic nucleus device as, 76–77, 77f
Ray nucleus replacement as, 76

overview of, 59
postoperative infection in, 769–770
in pseudarthrosis, 272–273
in scoliosis, 551–553, 552f, 554f

degenerative, 270–271
screw-rod constructs in

screw-plate versus, 274–275
in spinal stenosis, 271–272, 551–553, 552f,

554f
in spondylolisthesis, 269–270, 270f,

540–546, 541f–544f
fusion and, 587–588
indications for, 540
without fusion, 543–544

stainless steel implants in
titanium versus, 276–277

transpedicular, 277–282. See also Pedicle
screw; Transpedicular instrumentation

in tumor surgery, 816–819, 817f, 819f
Insulin-like growth factor-I

in gene therapy, 108
Insurance regulations

outcomes assessment and, 146
Interbody device. See also Cage; specific

devices
in spinal instrumentation, 63

in failed surgery, 881–882
in spondylolisthesis, 529

Interference pattern
in electromyography, 116, 117f

Interlaminar hook
in spinal instrumentation, 60

Interleukin receptor antagonist gene
in gene therapy, 110

Interleukins
in degenerative disc disease, 108
in nerve root pain, 21

Internal consistency reliability
in outcomes assessment, 132

Internal disc derangement
low back pain in, 324

Internal fixation
history of, 292

International Association for the Study of Pain
on disc disruption, 303, 303t

Interpore
as bone graft substitute, 256

Interspinales muscles
innervation of, 124f–125f, 124–125

Interspinous distraction device
in dynamic stabilization, 376–377, 377f, 377t

Interspinous ligament
anatomy of, 210, 211f, 213–214, 214f–215f
artificial

in dynamic stabilization, 376t, 377f–379f,
377–379

Intertransversarii muscles
innervation of, 124f–125f, 124–125

Intervertebral disc. See Disc
Intradiscal electrothermal therapy, 312–315

clinical research review of, 313–314
complications of, 370–371
in failed back surgery syndrome, 853, 854f
mechanism of action of, 314
patient selection for, 314

postoperative rehabilitation in, 315
technique for, 315
tissue effects of, 313

Intradiscal injection
in failed back surgery syndrome, 853

Intradiscal pressure
in disc degeneration

biomechanical testing and, 38–39
normal values of, 384

Intravenous drug users
osteomyelitis in, 739–741, 745f

Inuit
spondylolisthesis in, 591
spondylolysis in, 105, 559, 567

Ipriflavone
in Paget disease, 656, 659t

Ischemia
in bone grafts, 250
neuropathic pain and

experimental, 16
mechanism of, 19

Isoflurane
hypotension induced by, 205

Isola VHG rod
in spinopelvic fixation, 638

Isoniazid
in tuberculosis, 765

Isostation B-200
in outcomes assessment, 132

Isovolemic hemodilution
principles of, 204

Isthmic spondylolisthesis, 518–519, 519f
causes of, 598
classification of, 558, 558f, 565, 567
defined, 585

Item response theory
in outcomes assessment, 146–147

Itraconazole, 752t

J
Jackson intrasacral rod

in reconstructive surgery, 636
Jamshidi needle

in kyphoplasty, 677, 677f
Japanese Orthopaedic Association

low back pain scoring by, 511, 512t
in spondylolisthesis, 536–537

Job demand index
in ergonomics, 189–190

Joint laxity
in disc degeneration

categorization of, 33
spinal kinematics and, 39–40

Junctional kyphosis
in scoliosis treatment, 620

Juvenile ankylosing spondylitis, 718
Juvenile disc herniation

genetics of, 99–100
Juvenile disc prolapse

chemonucleolysis in, 450

K
Kaneda device

in spinal instrumentation
construct testing in, 64f, 64–66
in tumor surgery, 817f, 818, 819f, 829,

830f
in vertebral collapse

after osteoporotic compression fracture,
685, 687f, 688

Kappa coefficient
in outcomes assessment, 133

Keratinocyte theory
in psoriatic arthritis, 703
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Ketamine
in postoperative pain management, 208

Ketoconazole, 752t
Kinematics

in disc degeneration, 39–40, 41f
in instability, 56, 57f

Kirkaldy-Willis
spinal degeneration classification of, 53

Klebsiella
in ankylosing spondylitis, 713
osteomyelitis caused by, 741

Knee disorders
spondylolisthesis versus, 519

Knee-chest position
description of, 204

Kneeling position
for lumbar procedures, 223
in microscopic discectomy, 461–462
for thoracolumbar procedures, 211, 213f

Kocher tissue forceps
in laminectomy, 504, 505f

Kostuik artificial disc, 385, 386f, 386t
Kyphoplasty

defined, 91
future developments in, 681–682
in vertebral compression fractures, 91, 93

complications of, 680
contraindications to, 673
indications for, 672–673
outcomes of, 680–681
postoperative care in, 679–680, 680f
preoperative assessment in, 673, 675–676
sagittal balance in, 674–675
technique of, 676f–679f, 676–679
vertebral collapse after, 688

Kyphosis
in ankylosing spondylitis

lumbar osteotomy in, 730, 735f–736f
bone cement fracture repair and, 94, 95f
congenital, 567
in osteoporosis, 666, 672, 675
posttraumatic, 898. See also Posttraumatic

deformity
in sagittal plane deformity, 633–634, 634f
in scoliosis, 606f, 606–608

spinal stenosis and, 547–554, 551f–552f,
554f

surgical planning and, 615
treatment of, 620

in spondylolisthesis, 598–599, 599f–601f,
602

instrumentation and, 540
in tuberculosis, 758f, 760, 760f, 762f

treatment of, 767
tumor-related, 778f, 779
from vertebral compression fractures,

672–675

L
Laboratory tests

in ankylosing spondylitis, 719–720
in metastatic tumors, 793
in osteomyelitis, 741
in osteopenia, 666t, 666–667
in psoriatic arthritis, 707

LacZ marker gene
in gene therapy, 110, 110f–111f

Lamella
in bone architecture, 248

Lamina
in degenerative spondylolisthesis, 524, 525f
fracture of

in spondylolysis, 575, 576f
in microdiscectomy, 455, 455f

Laminectomy
in decompression

in spondylolisthesis, 529–530
in epidural abscess, 747
indications for revision surgery after,

272–273
kyphosis after, 619, 619f
in metastatic tumors, 799
in osteomyelitis, 744
recurrent stenosis after

in spondylolisthesis, 541
in scoliosis, 550
in spinal stenosis, 501–507

complications of, 506–507
indications for, 501–504, 502f–504f
laminotomy versus, 500
overview of, 501, 507
results of, 505–506
technique of, 504–505, 505f

in tuberculosis, 767
in tumor surgery, 803, 805–809, 806f–808f,

824
Laminoplasty

in spinal stenosis, 509–513
complications of, 511, 513
indications for, 509
laminectomy versus, 509
overview of, 509
postoperative management in, 511
results of, 511, 512t, 513f
scoliosis and, 550–551, 551f
technique of, 509, 510f, 511

Laminotomy
in disc herniation, 443–446

complications of, 445–446, 446t
results of, 445
technique of, 443–445

in spinal stenosis, 495–500
definitions in, 497–498
indications for, 496–497
laminectomy versus, 506
results of, 500
technique for, 498f–499f, 498–499

in spondylolisthesis, 530
Language fluency

outcomes assessment and, 146
Laparolift

in endoscopic procedures, 239f, 240, 241f
Laparoscopy. See also Endoscopic anterior

lumbar procedures
in anterior fusion, 235–236, 241, 242, 242f,

335–336
cages in, 346–347
complications of, 242, 363–364
conversion to open procedure of, 244, 347,

369–370
efficacy of, 347
overview of, 235

Lateral decubitus position
description of, 204

Lateral position
for thoracolumbar procedures, 215, 215f

Lateral recess
anatomy of, 477f
stenosis of

defined, 465
Lateral stenosis

central canal versus, 469
defined, 465
surgical treatment of, 498–499

Lateral translation
in tuberculosis, 759

Lateral trunk shift
in scoliosis, 609–610, 610f

Laterolisthesis
defined, 556

Lead migration
in spinal cord stimulation, 909

Lee artificial disc, 386t, 387, 387f
Leeds Kieo Ligament

in semirigid stabilization, 374
Leg pain

in disc degeneration, 317
in disc herniation, 402–404, 437

after microscopic discectomy, 461, 461t
chemonucleolysis in, 447
postoperative, 445
recurrent, 867

in failed surgery, 839–840
in Paget disease, 652
prevalence of sciatica and, 7
in spondylolisthesis, 520

Life expectancy
metastatic tumors and

surgical planning in, 795, 812, 815, 825,
825t

Lifestyle
in inflammatory spondyloarthropathies, 699,

699t
Lifetime prevalence

defined, 3
of low back pain, 3–4, 167
of sciatica, 7

Lifting
as back pain risk factor, 33–34, 179
in spine load assessment, 186–187, 187f,

188t–189t
Lifting capacity

in outcomes assessment, 132
Lifting index

in ergonomics, 190
Ligament

anatomy of
lumbar, 225, 225f, 444
thoracolumbar, 210, 211f

artificial interspinous
in dynamic stabilization, 377f–378f,

377–378
disc function and, 32, 32f
innervation of, 123
in sagittal plane deformity, 629
in stability, 51–52
tolerance limits of, 183

Ligamentum flavum
anatomy of

lumbar, 225, 225f
thoracolumbar, 210, 211f

lack of innervation of, 123
in microdiscectomy, 455–456, 457f
in spinal canal dissection, 231
in spinal stenosis, 501

Light source
in microdiscectomy, 458, 458f

Listhesis
in spondylolisthesis, 540

Literacy
outcomes assessment and, 146

Loading
assessment of spine, 185–188, 186f–187f,

188t–189t
in disc degeneration, 373, 375
injury from

neuromuscular prevention of, 126–127
in work-related back pain, 179–185, 180t,

181f, 184t
psychosocial factors and, 192–193
spinal instrumentation and

artificial disc in, 79f, 79–80
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clinical studies of, 71–73, 73t
construct testing in, 64f, 64–66, 69–70
postoperative results in, 275
screw loosening in, 62

spinal stability and, 53–55, 54f
radiography of, 56

vertebral fractures and, 88
risk of, 88, 88f

Load-tolerance relationship
in ergonomics, 180–185, 181f, 184t

spine load assessment in, 185–188,
186f–187f, 188t–189t

Local anesthesia
diagnostic use of

in spinal stenosis and scoliosis, 549
in spondylolisthesis, 519

in facet joint block, 307, 309
in spondylolisthesis, 563

in failed back surgery syndrome, 850
Locomotion

sensorimotor control in, 126
Longitudinal ligament

innervation of, 123
Loop system

in dynamic stabilization, 378, 378f
Lordosis

cages and, 347–348
in disc herniation

sitting and, 403, 403f
knee-chest position and, 204
in transpedicular instrumentation, 277

Lordotic position
for lumbar procedures, 223

Low back pain
acute episodes of, 375
assessment of

imaging as useless in, 573
red flags in, 170, 299, 300t, 431t

case study of
disc herniation in, 432f–433f, 432–434

causes of, 120
disc degeneration as, 299–303, 300t,

317–318, 324, 331, 342, 353, 373
disc herniation as, 401f–402f, 401–403
functional disturbance as, 126
in inflammatory spondyloarthropathies,

695
instability as, 51
Paget disease as, 649–650, 650f, 653–654
pars stress fractures as, 579–580
pseudarthrosis as, 893
scoliosis as, 607, 614
sensorimotor control and, 120–121
silent disc herniation as, 23–25, 24f
spinal stenosis as, 874
spondylolisthesis as, 519–520, 535, 561,

586, 598
three-joint spine concept in, 317–318, 339

classification of, 167–168, 168f
defined, 3
in degenerative spondylolisthesis, 489
delayed recovery from

risk factors for, 170–171
duration of

categories of, 171
return to work and, 170

epidemiology and economics of, 3–9, 4t–6t,
6f, 859

definitions in, 3
mechanisms of disability and, 8–9
prevalence in, 3–4, 4t, 7–8, 167
sciatica and, 7
work loss and, 4–7, 5t–6t, 6f

work-related injuries in, 7
in failed surgery, 839–840, 848, 867, 874,

897
genetics of, 103–104
inexact terminology in, 120
intermittent exacerbations in, 168, 168f
Japanese Orthopaedic Association scoring of,

511, 512t
natural history of, 318
neuromuscular reflex system in, 128
nighttime

systemic illness and, 299
occupational risk factors for, 33–34
in osteoporosis, 666
outcomes assessment in

questionnaire in, 142, 143t
postdiscectomy, 445
postural changes in, 40
prevention of

ergonomics in, 178, 193
radiography in

spinal mobility and, 55–56
return to work after, 167–175, 168f, 172f
specific versus nonspecific, 167–168
in spinal degeneration, 53–54
treatment of

active versus passive, 168–169
acupuncture in, 161–162
artificial discs in, 394
discectomy in, 445
evidence-based plan for, 171–173, 172f
exercise in, 172–173
facet joint denervation in, 307f, 307–311,

309f
fusion in, 325–326. See also Fusion;

specific techniques
general guidelines for, 173
intradiscal electrothermal therapy in,

312–315
kyphoplasty in, 672–673
manual therapy in, 151–157, 152f–153f,

154t–155t
nonoperative, 304, 304t, 318, 324,

429t–430t, 429–431
philosophical shift regarding, 168–169
prevalence of surgical, 860
proactive approach to, 169
reflexology as ineffective in, 158
return to work as, 173–174
spinal cord stimulation in, 908–909
spinal fusion in, 59
studies of, 171–173, 172f
worker’s choices regarding, 169–170

Lower extremity disorders
spinal disorders versus, 113

Low-grade spondylolisthesis
high-grade versus, 598
overview of, 585, 588–589
surgery for

decompression in, 587, 587f
direct pars repair in, 588
fusion in, 587f, 587–588
indications for, 586f, 586–587
instrumentation in, 587–588
options in, 586t

Lumbar belt
in spinal stenosis, 493

Lumbar extension test
in spinal stenosis, 469

Lumbar motion monitor risk assessment
in ergonomics, 190–191, 191f–192f

Lumbar osteotomy
in ankylosing spondylitis, 727–737

anesthesia for, 727, 728f

flexion deformity assessed in, 728,
729f–730f, 730

indications for, 728
overview of, 727–728
positioning for, 727, 728f
results and complications of, 734,

736f–737f, 737
techniques for, 730, 731f–732f, 733–734,

734f–735f
Lumbar spinal nerve

anatomy of, 12f
Lumbar spinal stenosis. See Spinal stenosis
Lumbar spine

anatomy of, 85, 221, 221f–222f, 223–226,
225f–226f

endoscopic procedures of, 235–245,
237f–242f

fractures of, 88–95. See also Fracture
sensorimotor control of, 120–130, 121f–127f,

129f. See also Innervation
structural and mechanical behavior of, 85–87,

86f
structure and function of, 31–33, 32f
surgical approaches to, 219–226

anterior, 219–222, 220f–221f
anterolateral, 222f, 222–223
posterior, 223–226, 224f–226f

Lumbosacral junction
anatomy of, 228, 229f

in dwarfism, 231f
segmentation of, 228, 229f
surgical approaches to, 228–234

anterior, 232–234, 233f–234f
parasagittal, 231–232, 232f
posterior, 228–231, 229f–231f
for spinal canal dissection, 230f, 231

Lumbosacral nerve roots
in disc herniation and spinal stenosis, 11–26

Lung cancer
metastatic, 798f–799f

Luque segmental wiring
history of, 268

Luschka
disc herniation depicted by, 427, 428f

Lymphocyte theory
in psoriatic arthritis, 703

Lymphoid malignancy
in ankylosing spondylitis, 718

Lymphoma
primary bone, 786

survival and, 834t, 835–836
Lysis

adhesion
in failed back surgery syndrome, 851–852

Lytic lesion
in tumors, 778–779

Ewing sarcoma as, 788
multiple myeloma as, 784

Lytic spondylolisthesis
classification of, 565
degenerative versus, 482, 485f, 485t
imaging of, 475f

M
Magerl technique

in translaminar screw fixation, 295
Magnetic resonance imaging

in ankylosing spondylitis, 719
cage materials compatible with, 286–287
in disc degeneration, 300–302, 302f, 302t,

312–313, 331
in disc herniation, 399, 400f, 415f–423f,

415–418, 421
asymptomatic, 437–438
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case study of, 432f–433f, 433
clinical relevance of, 423
microdiscectomy in, 456, 457t
parameters in, 415–416
recurrent, 867, 868f–869f

discography and, 415f–423f, 415–418, 421
electrodiagnostic testing versus, 116–118
in epidural abscess, 747, 748f
in inflammatory spondyloarthropathies, 697
in osteomyelitis, 741–742, 742f–743f, 745f
in postoperative infection, 771
in scoliosis, 474f, 609

spinal stenosis and, 549, 549f
in spondylolisthesis, 475f, 482f–488f,

588–589
degenerative, 519, 520f, 525f–526f, 528,

536
in spondylolysis, 567, 568f

athletic injury in, 581
in stenosis, 474f–475f, 478f–479f,

482f–484f, 486f, 487, 488f, 496f
in tuberculosis, 755, 756f, 764
in tumors, 778f, 779–779

metastatic, 793–794, 794f, 800
surgery for, 805, 813

in vertebral compression fractures, 673, 676
Maine Lumbar Spine Study

outcomes assessment of, 139–140, 143, 144t,
871

Malignant tumor. See also specific tumors
classification of, 776t
epidemiology of, 775, 792
estrogen therapy and risk of, 668
metastatic. See Metastatic tumor
osteopenia versus, 666
in Paget disease, 654
primary, 784f–785f, 784–788
prognosis in, 834, 834t
spinal stenosis versus, 469
staging of, 814, 814f
treatment of

anterior and posterior combined approach
in, 824–831, 825t, 827f–831f

anterior approach in, 812–821, 813f–814f,
817f, 819f

posterior approach in, 803–810, 806f–810f
results of, 834–836
survival and, 834, 834t

Mamillo-accessory ligament
in facet joint, 307, 308f

Manipulation
in manual therapy terminology, 155t

Manual therapy
categories of, 152
clinical model for, 154–155
complications of, 155–156
definitions in, 152, 152f–153f, 154,

154t–155t
diagnostic approaches in, 154–155
effectiveness of, 156–157
history of, 151
indications and contraindications for,

155–156
overview of, 151–152

Manual traction
in spinal stenosis, 493

Marnay artificial disc, 386t, 387, 388f
Marquardt cage

in spinal instrumentation
pullout strength in, 64

Massage therapy
acupuncture versus, 161
reflexology as, 158

Material handling

in spine load assessment, 186–187, 187f,
188t–189t

work-related back pain from, 180, 180t
Matrix metalloproteinases

in degenerative disc disease, 108
end plate function and, 47
in nerve root pain, 21

Maverick artificial disc, 386
Maximum permissible limit

in lifting guide, 190
Measles

in Paget disease etiology, 647–648
Meat tenderizer

chymopapain as
allergy and, 447–448

Mechanical deformation
in nerve root pain, 16

Mechanical factors
in disc degeneration, 33–35

Mechanoreceptors
disc function and, 33
in low back pain, 126

Medial branch neurotomy
in failed back surgery syndrome, 849, 856f

Median sacral artery
in lumbosacral procedures, 233, 233f

Medical history
in degenerative spondylolisthesis, 517
in disc herniation, 403
in failed surgery, 839–840
in inflammatory spondyloarthropathies, 695
in low back pain evaluation, 170, 299–300,

300t
in metastatic tumors, 793
in spinal stenosis, 467
in spondylolysis, 580

Medical Research Council (UK)
on tuberculosis, 764, 765t

Medications. See also specific agents and
classes of agents

in ankylosing spondylitis, 721–722
in Paget disease, 656, 657t, 658f–659f, 659t,

659–660
in sagittal plane deformity, 632
in spinal stenosis, 492
in spondylolisthesis, 521
in tuberculosis, 764–766, 765

Meningioma
surgical treatment of, 807

Meperidine
as contraindicated, 208
interaction of monoamine oxidase inhibitors

with, 201
Meridian systems

in acupuncture, 159
Mesh cage, 346

in laparoscopy, 347
Metabolic bone disease, 663–669, 666t, 667f.

See also Osteopenia; Osteoporosis; other
disorders

Metal artificial disc, 385–386, 386f, 386t
nonmetal combined with, 387–389, 388f,

389t
Metastatic tumor, 792–800

clinical presentation of, 776–777, 793
etiology and spread of, 792
imaging in, 777–780, 778f, 793–794,

794f–795f
instability in, 792f, 792–793
laboratory tests in, 793
location of, 775–776
osteomyelitis and, 740–741
overview of, 775, 792
staging and classification of, 796–797, 798f

treatment of
indications for surgical, 815, 836, 836f
nonoperative, 795, 796f
prognosis and, 837
results of, 836–837
surgical, 795–800, 797f–797f, 800t,

812–813, 813f, 817f, 820–821
Methotrexate

in ankylosing spondylitis, 722
in psoriatic arthritis, 708–710

Methylglucose
in nerve root compression studies, 13

Methylprednisolone
etanercept versus, 23
in nerve root injury, 17–18

Meyerding classification
of spondylolisthesis, 560, 560f, 591

Microdamage
defined, 90
vertebral fracture from, 88, 90, 90f

Microfracture
biomechanical tolerance and, 182
mechanics of, 90
in Paget disease, 655

Microscopic discectomy, 453–462
approach in, 455, 455f
complications of, 458–462, 461t–462t

intraoperative, 459–461
postoperative, 461t–462t, 461–462

instruments for, 458, 458f
light sources for, 458, 458f
motion segment classification in, 454t,

454–455
open versus, 453
results of, 458
surgical view in, 455–456, 456f
technique of, 453, 456, 457f–458f

Microsurgical posterolateral fusion, 354, 354f
Microtrauma

instability from, 51
Middle column procedures

in failed back surgery syndrome, 850–852,
856

Midline incision
description of, 223–224, 224f

Million Visual Analogue Scale
in outcomes assessment, 132

Mineral metabolism
in bone, 663–664, 664f

Mini-anterior lumbar interbody fusion
endoscopy in, 235–236, 241–242, 242f

Mini-laparotomy
vascular injuries in, 243

Minimally invasive procedures
anterior, 354–356, 355f
diagnostic versus therapeutic, 352
disc replacement in, 356–357, 357f–358f
fusion, 352–358, 353f–355f, 353t–354t,

357f–358f
complications of, 366
patient selection in, 354, 354t
principles of, 353, 353f, 353t, 358
rationale for, 352–353, 353t
results of, 356
technique of, 353–357, 354f–355f,

357f–358f
overview of, 352
posterolateral, 354, 354f

Mini-open endoscopic lumbar procedures,
241–242, 242f

endoscopic open techniques and, 244–245
Mini-open fusion procedures, 354–356, 355f
Minnesota Multiphasic Personality Inventory

preoperative, 864
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in disc herniation, 440
in spinal cord stimulation, 906, 909

Mithramycin
in Paget disease, 647, 653f, 656, 659t

Mobility
regulators of spinal, 31, 32f

Mobilization
in manual therapy terminology, 155t

Mobilization without impulse
in manual therapy, 152, 153f, 154t

Model
finite element. See Finite element model
in spinal instrumentation

construct testing in, 64f, 64–67
in spine load assessment, 185–186, 186f
video-based biomechanical, 189–190

Modeling
in bone architecture, 248
in Paget disease, 650, 650f–651f

Modified New York Criteria
in ankylosing spondylitis, 714

Modular rectangular cage, 346, 346f
Molony murine leukemia virus

gene therapy vector based on, 109
Monoamine oxidase inhibitors

preoperative contraindication to, 201, 203
Montreal mattress

in laminotomy, 443
Morphine

in failed back surgery syndrome, 855
postoperative, 206, 208

protocol for intravenous, 207f
Mosaic appearance

in Paget disease, 649, 649f
Motor evoked potentials

principles of, 114–115
sensitivity and specificity of, 118
in spinal stenosis, 503

Motor unit recruitment
in electromyography, 116, 117f

Movement abnormality
in disc degeneration

back pain in, 373, 375
Multifidus muscle

anatomy of
lumbar, 225
lumbosacral, 229

innervation of, 124f–125f, 124–125, 308
Multiple myeloma, 784f–785f, 784–785
Muscle

anatomy of
lumbar, 221, 221f, 223–226, 226f
thoracolumbar, 210–211, 211f–213f, 214

atrophy of
in back pain, 430–431, 432f

disc function and, 32f, 32–33
in disc herniation, 430–431

innervation of, 124f, 124–125
in manual therapy, 152, 153f
retraining of, 430, 581, 582t, 583
in sagittal plane deformity, 629
spinal instability and, 54–56
spinal instrumentation and, 72–73
in spine load assessment, 185–188, 187f,

188t
Muscle fatigue

in scoliosis, 607
Muscle relaxants

in spinal stenosis, 492
in spondylolisthesis, 521

Muscle spasm
in low back pain

neuromuscular reflex system in, 128–129,
129f

in osteomyelitis, 740
in tuberculosis, 764

Muscle tone
in sensorimotor control, 128

Muscle wasting
in ankylosing spondylitis, 718

Musculoskeletal System Outcomes Data
Evaluation and Management System,
142

M-wave
in H-reflex studies, 115
in motor evoked potentials, 115

Mycobacterium tuberculosis, 755
Myelography

in disc herniation, 399, 407f, 407–408, 423
chemonucleolysis in, 448

electrodiagnostic testing versus, 116
in epidural abscess, 747
in scoliosis, 609
in spondylolisthesis, 484f
in stenosis, 473f, 487, 497, 502
in tumors, 779

metastatic, 794, 795f
Myelopathy

electrodiagnostic testing in, 114
Myotactic unit

defined, 124

N
Nachemson grading

of disc degeneration, 33
Nageli

manual therapy described by, 151
Narcotics

detoxification before transpedicular
instrumentation and, 277

in spondylolisthesis, 521
National Council Against Health Fraud

on acupuncture, 160
National Council on Compensation Insurance

back pain prevalence data of, 7
National Health Interview Survey

back pain reported in, 5, 7, 178–179
National Institute for Occupational Safety and

Health
back pain data of, 179, 179f
biomechanical tolerance limits of, 182–185
lifting guide of, 190

National Institutes of Health
cost of osteoporosis estimated by, 665

National Research Council
workplace back pain data of, 180

Native Americans
ankylosing spondylitis in, 712
spondylolysis in, 559

Needle biopsy
of tumors, 780

Neovascularization
in disc degeneration, 47

Neridronate
in Paget disease, 657t

Nerve. See also Innervation
of Luschka

in sciatica, 19, 19f
spinal

in sensorimotor control, 125, 125f
Nerve block

from electrothermal therapy, 313
facet joint, 307–311, 309f

Nerve compression. See Nerve root
compression; Nerve root pain; Neural
compression

Nerve ending
in disc, 122, 126
in injury prevention, 127

Nerve impingement
in spinal stenosis, 490

Nerve root
anatomy of, 11, 12f

lumbar, 225f
peripheral versus spinal, 11, 12f

compression of. See Nerve root compression
in disc herniation

formation of, 23–25, 24f–25f
magnetic resonance imaging of, 419, 420f
myelography of, 407, 407f

injury to
nucleus pulposus in, 16–20, 17f–19f
surgical, 362

in microdiscectomy, 454–455
monitoring of

in tumor surgery, 805
pain related to. See Nerve root pain
in posterior fusion, 327, 328f
in spinal stenosis, 495, 496f
studies of function of

experimental, 13
Nerve root compression

in ankylosing spondylitis, 716
chronic, 14–15
in disc herniation, 404
electromyography in, 115
in pain pathophysiology

experimental models of, 11–13, 13f, 14–15
multiple levels in, 14
onset rate in, 13–14

in spinal stenosis
scoliosis and, 547, 548f–549f, 549

in spondylolisthesis, 574, 574f, 598
Nerve root entrapment

in scoliosis, 607
Nerve root lesion

electrodiagnostic testing in, 114
in microscopic discectomy, 460–461

Nerve root pain
after endoscopic lumbar procedures, 243–244
assessment of

difficulty in, 18
causes of, 11
cytokines in, 21–23

inhibitors of, 23
tumor necrosis factor as, 21–23, 22f

in disc herniation, 11–26, 402, 402f
in epidural abscess, 747
mechanical factors in, 11–16, 14f

chronic experimental compression and,
14–15

deformation and, 16
experimental compression and, 11–13, 13f
levels of compression and, 14
neuropathology and, 16
onset rate of compression and, 13–14
spinal stenosis and, 15–16

nucleus pulposus in
biologic effects of, 16–18, 17f–18f
sciatic pain and, 18–20, 19f
transport routes and, 20–21

pathophysiologic mechanisms of, 11
in spinal stenosis, 11–26
symptoms related to, 11

Nerve sheath tumor
disc herniation versus, 411
surgical treatment of, 808

Netherlands
back pain in, 4t, 5, 5t, 7

Neural arch
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in degenerative spondylolisthesis, 515–517
Neural compression

definitions of, 477t
in Paget disease, 652, 652f
in stenosis, 479, 496

Neural injury
from laminectomy, 506–507

Neural ischemia
in Paget disease, 652–653, 653f

Neural system
in spinal mobility and stability, 31, 32f, 51,

52f
Neurapraxia

in posterior fusion, 329
prone position and, 203

Neurofibroma
surgical treatment of, 808f

Neurogenic claudication
in scoliosis, 608
in spinal stenosis, 466–467, 469, 501
vascular versus, 470, 470t, 871, 871t

Neurologic deficit
after microscopic discectomy, 461
from anterior fusion, 362

laparoscopic, 363
from bone grafting, 250f, 250–251, 368
from chemonucleolysis, 449
in degenerative spondylolisthesis, 521
diagnostic testing for, 113–119, 116f–117f
in disc herniation

as surgical indication, 439, 439t
from laminectomy, 506–507
in metastatic tumors, 800
from posterior fusion, 364, 367
in posttraumatic deformity, 897–898, 898f
in scoliosis surgery, 624
in spinopelvic fixation, 645
in spondylolisthesis, 562

postoperative, 602
from transpedicular instrumentation, 280
in tuberculosis, 755, 761f, 761–762, 762t

treatment of, 767
tumor-related, 777, 820–821, 837

Neurologic examination
in degenerative spondylolisthesis, 517–518

Neurologic function
in metastatic tumors

surgical treatment of, 800, 800t
Neurolysis

in failed back surgery syndrome, 851–852
Neuromuscular network

central to peripheral innervation in, 121, 121f
Neuromuscular reflex system

in sensorimotor control, 127–130, 129f
Neuromuscular system

disc function and, 32f, 32–33
Neuromuscular therapy

in manual therapy, 152, 153f, 154, 154t
Neuropathology

nerve root pain and, 16
Neuropeptides

in disc degeneration, 317
Neurophysiologic monitoring

in tumor surgery, 805
Neurophysiologic testing, 113–119, 116f–117f.

See also Electrodiagnostic testing;
specific tests

Neurotomy
in failed back surgery syndrome, 849

Neurotoxic substances
in nerve root pain, 20

tumor necrosis factor as, 21
Neutral zone

in spinal kinematics, 39

spinal stability and, 52–53, 54f, 56
New Jersey artificial disc, 386t, 387, 387f
New Zealand

back pain guidelines in, 171
Newcleus, 390, 393
Night pain

systemic illness and, 299
tumor-related, 776–777

Nitric oxide
in degenerative disc disease, 108

No-bulge disc herniation
defined, 400f, 401

Nocardia
osteomyelitis caused by, 739

Nondegenerative spondylolisthesis
classification of, 556–559, 557f–558f

anatomic, 565–567, 566f–567f
epidemiology of, 559
imaging in, 565, 567–574, 568f–575f
natural history of, 559–561, 560f
pars fracture in athletes with, 579–583, 582t
physical examination in, 561–562
symptoms of, 561, 561f
treatment of

high-grade, 591–595, 598–603, 599f–602f
low-grade, 585–589, 586f–587f
nonoperative, 562–563
surgical indications in, 585–589, 591–592,

598–599
Nonfusion treatment alternatives

in spinal instrumentation, 76–80
artificial disc as, 77–80, 78f–79f
prosthetic nucleus device as, 76–77, 77f
Ray nucleus replacement as, 76

Nonmetal artificial disc, 386t, 386–387, 387f
metal combined with, 386t, 387–389, 388f,

389t
Nonoperative treatment

of ankylosing spondylitis, 720–723
local therapy in, 723
medications in, 721–722
physical therapy in, 721
principles of, 720–721

of disc degeneration, 304, 304t, 324
of disc herniation, 427–434, 428f, 429t–431t,

431f–433f
case study of, 432f–433f, 432–434
indications for, 430, 434
principles of, 429t–431t, 429–431,

431f–432f
surgery versus, 430, 430t

of metastatic tumors, 795, 796f
of osteomyelitis, 743–744
of spinal stenosis, 491–494

epidural steroid injection in, 493
lumbar belts in, 493
medications in, 492
natural history and, 466–467
overview of, 490, 494–496
physical therapy in, 492–493
recurrent, 874
trigger point injection in, 493
ultrasound therapy in, 493

of spondylolisthesis, 521–522, 562–563, 586
of spondylolysis, 581, 582t, 583

Nonspecific low back pain
prognosis for return to work in, 168
specific versus, 167–168

treatment approach and, 169
Nonsteroidal antiinflammatory drugs

in ankylosing spondylitis, 721–722
in inflammatory spondyloarthropathies, 693,

699–700
in Paget disease, 656

preoperative contraindication to, 201
in pseudarthrosis, 890–891
in psoriatic arthritis, 710
in scoliosis, 614
in spinal stenosis, 492, 502
in spondylolisthesis, 521
before transpedicular instrumentation, 277

Nonunion
in fusion

instrumented versus uninstrumented, 272
in spondylolisthesis

as postoperative complication, 603
Norion Skeletal Repair System

bone graft substitutes in, 258
Normeperidine

toxicity of, 208
North American Spine Society

on discography, 303t
outcomes assessment questionnaire of, 146

Norway
acupuncture results in, 162
back pain in

increasing prevalence of, 7
Nucleus pulposus

blood supply to, 47
components of, 20, 31
in disc degeneration, 33, 34f, 107–108

experimental, 35f, 35–36
in disc structure and function, 31, 46,

121–122
herniated. See Disc herniation
in nerve root pain

experimental, 16–20, 17f–19f, 23–25,
24f–25f

replacements for, 76, 384, 389–390, 390f,
393

history of, 389–390
implantation considerations in, 389–390
rationale for, 389

Schmorl nodes as protrusions of, 48
Numbness

in spondylolisthesis, 535
Numerical simulation

of fracture repair, 93t, 93–94
Nuprin Pain Report

back pain prevalence in, 4
Nursing aides

back pain risk in, 179
Nutrition

in cancer, 821
in degenerative disc disease

gene therapy and, 107–108
end plate, 47
nerve root

in experimental neuropathy, 15, 18
tumor necrosis factor and, 23

in osteopenia prevention, 667–668
in postoperative infection risk, 769–770
in scoliosis surgery, 504

O
Obesity

artificial disc contraindicated in, 385, 385t
degenerative spondylolisthesis in, 516
in postoperative infection risk, 769

Oblique incision
indications for, 220, 222f

Occupational ergonomics, 178–194
administrative controls in, 178
engineering controls in, 178
goal of, 178
injury prevention in, 178
low back pain and, 178–180, 179f, 180t

biomechanical tolerance in, 181–185, 184t
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biomechanics logic in, 180–181, 181f
economic change implementation in,

192–194, 193f
psychosocial pathways and, 185
risk identification in, 188–192, 191f–192f,

192t
spine load assessment in, 185–188,

186f–187f, 188t–189t
processes of, 193f, 193–194

Occupational exposure
spinal instability from, 51

Occupational risk factors
for back pain, 33–34

Olerud plate
construct testing in, 65

Olisthesis
in scoliosis, 605–606

Olpadronate
in Paget disease, 657t

One-month prevalence
defined, 3
of low back pain, 3–4, 4t, 167

Onset rate
of nerve root compression, 13–14

Oophorectomy
degenerative spondylolisthesis after, 516

Open discectomy, 443–446, 446t
Operant-behavioral conditioning

in low back pain
return to work and, 172, 172f

Operating room procedures
in postoperative infection risk, 770

Ophthalmic complications
of lumbar surgery, 226

Ophthalmologic examination
in inflammatory spondyloarthropathies, 697

Opioids
in failed back surgery syndrome, 854–855
monoamine oxidase inhibitors and, 201, 203
postoperative

in patient-controlled analgesia, 206, 208
protocol for intravenous, 207f

Opteform
as bone graft substitute, 260

Optic neuritis
in ankylosing spondylitis, 716

Orthocomp
in vertebroplasty, 80–81, 674

Orthosis
in ankylosing spondylitis, 723
in metastatic tumors, 795
in scoliosis surgery, 504
in spondylolysis, 581

OsSatura
as bone graft substitute, 257

Ossification center fusion failure
in spondylolysis, 577, 577f

Ostaped cage
complications of, 366–367

Osteoarthritis
facet joint, 308
genetics of, 98
in Paget disease, 655
spondylolisthesis versus, 519

Osteoblast
in bone remodeling, 248
in bone structure and function, 248, 663–664
defined, 247
in Paget disease, 647, 647f, 649, 649f

Osteoblastoma, 781, 782f, 833
Osteocalcin

in Paget disease, 656, 659–660

Osteochondroma, 781, 834
Osteoclasis

in lumbar osteotomy, 734
Osteoclast

in bone structure and function, 663–664
defined, 247
in Paget disease, 647f–649f, 647–648

Osteoclast differentiation factor
in bone remodeling, 247–248

Osteoclast precursors
in bone remodeling, 247–248

Osteoclastogenesis inhibitory factor
in bone remodeling, 248

Osteoconduction
defined, 248

Osteoconductive materials
as bone graft substitutes, 256–260

calcium sulfate as, 258–259
ceramics as, 256–258
collagen as, 259
nonbiologic, 259–260

Osteoconductive protein 1
in spinal instrumentation, 75–76

Osteocyte
in bone structure and function, 663–664
defined, 247

Osteofil
as bone graft substitute, 260

Osteogenesis
defined, 248

Osteogenic protein
bone morphogenetic protein and

as bone graft substitutes, 261–262
in gene therapy, 108
in tumor surgery, 805

Osteoid
in extracellular matrix, 248

Osteoid osteoma, 781, 813–814
Osteoinduction

in bone function, 248
Osteoinductive materials

as bone graft substitutes, 260–262
autologous platelet concentrate as, 262
bone morphogenetic proteins as, 260–262
demineralized bone matrix as, 260

Osteoligamentous cadaver model
in spinal instrumentation

construct testing in, 65–67
Osteomalacia

causes of, 665
clinical evaluation of, 665–667, 666t
osteoporosis versus, 665–667

Osteomyelitis. See also Infection
defined, 739
epidural abscess from, 746

Osteon
in bone architecture, 248

Osteopathic manipulative therapy
defined, 152, 155t

Osteopenia, 663–688
classification of, 665
clinical evaluation of, 665–667, 666t
defined, 663
imaging in, 667
microcomputed tomography of, 86f
in osteoporosis, 672. See also Osteoporosis
overview of, 663, 669–670
public health scope of, 664–665
in scoliosis

surgical planning and, 615
translaminar screw fixation contraindicated

in, 294
treatment of, 667–669

Osteophyte

in disc degeneration
categorization of, 33
stenosis and, 481f

in instability, 51
in spinal stenosis, 501
in spondylolisthesis, 535

Osteoporosis, 87f, 87–88
artificial disc contraindicated in, 385, 385t
calcium supplementation in, 668
classification of, 665
clinical evaluation of, 665–667, 666t
defined, 87
in degenerative spondylolisthesis, 515–516
economics of, 665
in failed surgery

instrumentation in, 880, 888f
fractures in, 87–88

confirmation of, 88–89
prevalence of, 664–665
vertebral compression, 672–682, 676f–680f.

See also Vertebral compression fracture
imaging in, 667
osteomalacia versus, 665–667
overview of, 672
prevalence of, 664–665
prevention of, 667–669
scoliosis in, 604–605, 625
spondylolisthesis and

fusion in, 536
trabecular bone in, 87, 87f

stress-strain behavior of, 89f
transpedicular screw fixation in, 276f,

276–277
Osteoprogenitor cell

defined, 247
Osteoprotegerin

in bone remodeling, 248
Osteosarcoma, 786

in Paget disease, 654
survival and, 834t, 836

OsteoSet
as bone graft substitute, 258–259

Osteotomy
lumbar, 727–737, 728f0732f, 734f–737f. See

also Lumbar osteotomy
in posttraumatic deformity, 901–902,

902f–903f
in sagittal plane deformity, 633–634, 634f
in scoliosis

reconstructive, 621–622
Smith-Peterson, 620, 621f
in staged procedures, 623f, 624

Oswestry Disability Questionnaire
in outcomes assessment, 144, 145t

Outcomes assessment, 132–137, 139–147
clinical outcomes notion in, 132
clinically relevant differences in, 136–137
criteria for, 861, 861t
defined, 139
evaluation problems in, 861–862
in failed surgery, 861t–863t, 861–865
future of, 137, 146–147
generic versus condition-specific instruments

in, 134–136, 135t
hazards in, 137, 146
increasing interest in, 139
key considerations in, 862, 862t
lumbar spine questionnaires in, 144, 145t,

146
problems of cross-system comparison in, 142
psychosocial factors in, 863t
for quality improvement, 142–143, 143t
reliability and validity in, 132–134,

133t–134t, 141, 141t
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for research, 143–144, 144t
types of measures in, 139–142

dissociations among outcomes and, 140,
140t

performance measures as, 141–142
questionnaires as, 140–141, 141t, 144,

145t, 146
surrogate, 139, 140t

P
Paget disease, 647–660

back pain in, 653–654
distribution of, 648
etiology of, 647f–648f, 647–648
genetics of, 648
histopathology of, 649, 649f
malignant transformation in, 654

pseudosarcoma versus, 654, 654f
prevalence of, 648
rheumatic and arthritic conditions in,

654f–655f, 654–655
spinal stenosis in

back pain and, 649–650
neural dysfunction and, 652f–653f,

652–653
pathomechanics of, 650, 650f–651f
treatment of, 656

treatment of, 656–660
assessment of, 660
of back pain, 656
pharmacologic, 656, 657t, 658f–659f, 659,

659t
of spinal stenosis, 656

viral infection and, 647–649
Pain

after electrothermal therapy, 315
after laminectomy, 507
below-knee

delayed recovery from back pain and, 170
biomechanical tolerance and, 181–185, 184t
bone graft donor-site, 368
in bone grafting, 250–251
defined, 8
difficulty in assessment of, 18
disability versus, 8
in disc degeneration

flexion relaxation inhibited by, 40
in epidural abscess, 747
in failed back surgery syndrome, 853–855
in failed surgery

consequences of, 861
evaluation of, 839–840

in fungal infection, 749
imaging features versus, 300–301
low back. See Low back pain
management of

acupuncture in, 159–162
in nonoperative back pain treatment,

430–431, 431f, 431t
postoperative, 206, 207f, 208
rest versus, 169
in scoliosis surgery, 625

mechanism of discogenic, 122, 122f
nerve root, 11–26. See also Nerve root pain

in disc herniation, 11–26
in spinal stenosis, 11–26

in osteomyelitis, 740
in outcomes assessment

outcome dissociation and, 140, 140t
pathways of, 181–182
in posttraumatic deformity, 897
in sagittal plane deformity, 629
sciatic. See Sciatica
in silent disc herniation, 25

spinal fusion to relieve, 59
structural derangement and, 120
subjectivity of, 8
in tuberculosis, 760, 764
in tumors, 793, 793f, 813

Pain behavior
clinical ratings of

in outcomes assessment, 132
defined, 8
nucleus pulposus and

experimental, 18–19
Pain drawing

in low back pain assessment, 299
Palmer

spinal manipulation by, 151
Pamidronate

in ankylosing spondylitis, 722
in Paget disease, 657t

Papaya extract
chymopapain as, 447

Paralysis
in fungal infection, 749
in osteomyelitis, 740, 746

Paramedian incision
description of, 224
indications for, 220, 220f

Paramyxovirus
in Paget disease etiology, 647–648

Paraplegia
after scoliosis surgery, 624
in tuberculosis, 757, 761–762, 762t

treatment of, 767
Paraspinal muscles

innervation of, 124f, 124–125
in lumbosacral procedures, 229
neuromuscular reflex system and, 128–129
in posterior lumbar approach, 226

Parathyroid hormone
in calcium homeostasis, 663–664

Paresis
after scoliosis surgery, 624
in spondylolisthesis, 535

Paresthesia
in disc herniation, 403
in scoliosis, 607

Paris Task Force
on low back pain, 168

return to work after, 174
Pars interarticularis

in spondylolisthesis
direct repair of, 588

in spondylolysis, 566–567, 568f–569f, 571,
571f, 574

etiologic theory in, 574, 575f
fractures in, 567–569, 569f–570f, 571,

572f, 573, 579–583
Partial sit-ups

in spondylolysis, 581, 582t
Passive system

in sensorimotor control, 125, 125f
in spinal mobility and stability, 31, 32f, 51,

52f
Pathologic fracture. See also specific fracture

types
in metastatic tumors, 794f

Pathologic spondylolisthesis
classification of, 558, 565

Patient education
for spinal cord stimulation, 905

Patient positioning. See also Positioning;
specific positions

overview of, 203–204, 204f
Patient reporting

in outcomes assessment, 132

questionnaires in, 140–142, 141t, 143t,
144, 145t, 146

Patient-controlled analgesia
postoperative, 206
in scoliosis surgery, 625

Pedicle
anatomy of

lumbar, 225f, 226
as microdiscectomy landmark, 454

biomechanics of
in transpedicular fixation, 275

fracture of
in spondylolysis, 575, 576f

strength of, 274
Pedicle finder

in tumor surgery, 809, 809f
Pedicle screw. See also Transpedicular

instrumentation
breakage of, 281
designs of, 275
in dynamic stabilization, 378f–381f, 378–381
in failed surgery, 844
in fusion

carbon fiber cage and, 348–349
depth of insertion of, 275–276, 276f
hooks and wires versus, 274
proper placement of, 278, 278f
in scoliosis, 551–553, 552f, 554f
in spinal stenosis, 551–553, 552f, 554f
in spondylolisthesis, 536, 541f–542f,

541–542
translaminar screw fixation in

augmentation of, 294, 294f
history of, 268
postoperative loosening of, 281
in scoliosis

surgical planning and, 615
in semirigid stabilization, 374
in spinopelvic fixation, 637

Pedicle substraction osteotomy
in sagittal plane deformity, 633

Pelvic foundation
in spinopelvic fixation, 637, 637f, 640f–646f,

640–643
Pelvic incidence

in scoliosis, 611, 612f
Pelvic spinal syndrome

in inflammatory spondyloarthropathies, 695
Penicillin

disc penetration by, 206
Percutaneous ablation

of metastatic tumors, 800
Percutaneous screw placement

in transpedicular instrumentation, 278–279
Performance

disability and, 9
measure in outcomes assessment of, 

141–142
Perineural cyst

disc herniation versus, 411
Perioperative cell salvage

indications for, 204–205
Peripheral articular syndrome

in inflammatory spondyloarthropathies,
695–696

Peripheral latency
F-waves in determination of, 115

Peripheral nerve
anatomy of

neuromuscular network in, 121, 121f
spinal nerve root versus, 11, 12f

pain studies in
compression and, 13
mechanical deformation and, 16
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Peripheral neuropathy
nerve root lesions versus

electrodiagnostic testing in, 114
spinal stenosis versus, 470

Peripheral vascular disease
spondylolisthesis versus, 519

Peritoneal adhesion
in spondylolisthesis

as fusion indication, 536
Peritoneum

in endoscopic procedures, 238, 240–241,
241f

surgical anatomy of, 221, 221f
Pfannenstiel incision

for lumbar procedures, 220
Phosphorus

in osteopenia, 666–667
Physical examination

in degenerative spondylolisthesis, 517
in disc herniation, 403f–404f, 403–404
in failed surgery, 840
in inflammatory spondyloarthropathies, 695
in low back pain evaluation, 170, 299–300,

300t
in metastatic tumors, 793
in spinal stenosis, 467–469
in spondylolisthesis, 521
in spondylolysis, 561–562, 580

Physical therapy
in ankylosing spondylitis, 721, 723
in inflammatory spondyloarthropathies, 699
in scoliosis, 614
in spinal stenosis, 492–493, 502
in spondylolisthesis, 522

Physiologic tolerance limits
in load-tolerance relationship, 184–185

Piriformis muscle
in disc herniation, 404

Plasmacytoma
solitary, 785–786

survival and, 834, 834t
Plaster of Paris

as bone graft substitute, 258
Plastic strain

of trabecular bone, 90
Plastic vertebra model

in spinal instrumentation
construct testing in, 64f, 64–65

Plate fixation
in spinal instrumentation

finite element models of, 72–73, 73t
Platelet concentrate

as bone graft substitute, 262
Platelet inhibitors

preoperative contraindication to, 201
Plicamycin

in Paget disease, 647, 653f, 656, 659t
Pneuperitoneum

in endoscopic procedures, 238
Point prevalence

defined, 3
of low back pain, 3–4

Polka dot pattern
in hemangioma, 783

Polyetheretherketone
as cage material, 286–287
as interspinous distraction device material,

377, 377f
Polyethylene

in artificial discs, 387
Polyglycolic acid polymers

as bone graft substitutes, 259
Polylactic acid polymers

as bone graft substitutes, 259

Polymer
in artificial discs, 386–387, 387f
as bone graft substitutes, 259–260
in nucleus replacements, 390

Polymerization
of polymethylmethacrylate, 91, 93

Polymethylmethacrylate
in kyphoplasty, 678–679, 682
in spinal instrumentation

construct testing in, 66
transpedicular, 276

in vertebroplasty, 80–81, 91, 93t, 93–94, 672,
679

Polymorphonuclear neutrophils
in inflammatory spondyloarthropathies, 692

Polyurethane
in artificial discs, 387, 387f

Porosity
of trabecular bone, 85

stress-strain behavior and, 89, 89f
Positioning

for facet joint denervation, 309
knee-chest, 204
for laminotomy, 443
lateral decubitus, 204
for lumbar procedures, 220, 222–223

endoscopic, 236, 240
transpedicular instrumentation as, 277

for mini-open fusion, 355, 355f
overview of, 203–204, 204f
prone, 203, 204f
for thoracolumbar procedures, 212, 213f, 215

Posterior decompression
in spondylolisthesis, 587

Posterior limbus vertebra
in spondylolysis, 577, 577f

Posterior lumbar interbody fusion
in disc degeneration, 324–330, 339

anterior fusion and, 339, 339f–340f
anterior versus, 325
complications of, 329–330, 360, 364–367
contraindications to, 326
indications for, 325–326, 326f
posterolateral versus, 324–325, 325f
technique of, 326f–328f, 326–327

modified, 328–329, 329f
implants in

axial compression in, 63–64
construct testing in, 67, 69–70

in scoliosis, 551–553, 552f, 554f, 616
anterior and, 616

in spinal stenosis, 551–553, 552f, 554f
in spondylolisthesis, 593

instrumentation and, 587–588
Posterior procedures. See also specific

procedures
in failed back surgery syndrome, 848–850

instrumentation in, 877–880, 879f
in tumor surgery, 803–810

complications of, 810
indications for, 803–804
preoperative assessment in, 804–805
technique of, 805–810, 806f–810f

Posterolateral fusion
complications of, 533
in disc degeneration, 319–321

bone grafting in, 321
history of, 319–320
minimally invasive, 354, 354f
noninstrumented fusion versus, 321–322
postoperative care in, 321
technique of, 320f, 320–321

in scoliosis
spinal stenosis and, 551–553, 552f, 554f

in spinal stenosis
scoliosis and, 551–553, 552f, 554f

in spondylolisthesis, 528–533, 530f–531f,
592

complications of, 533
indications for, 528–529
postoperative management of, 532
preoperative planning in, 528–529
results of, 532–533
in situ technique in, 599
technique of, 529–532, 530f–531f

Postmenopausal osteoporosis
defined, 665

Postoperative infection, 769–773
diagnosis of, 771, 771t
in disc surgery, 370, 446, 446t, 462
incidence of, 769
in laminectomy, 507
microbiology of, 770–771
outcomes and sequelae of, 773
patient factors in, 769–770
in scoliosis surgery, 624
in spinopelvic fixation, 645
surgical factors in, 770
in transpedicular instrumentation, 279–280
treatment of, 771f–772f, 771–773

Postsurgical spondylolisthesis
defined, 559, 585

Posttraumatic deformity, 897–903
epidemiology of, 897
in failed surgery, 898–903, 899f–900f,

902f–903f
symptoms of, 897–898, 898f
treatment of, 900–902, 902f–903f

complications of, 903
Posture

back pain related to, 375
in chronic low back pain, 40
in degenerative spondylolisthesis, 516–517
end-plate tolerance and, 182
in sagittal plane deformity, 628–629,

629f–631f
spinal stenosis and, 490–491
work-related back pain and, 7, 182–183

Pott disease
fusion in, 319

Pott paraplegia
in tuberculosis, 757, 761–762, 762t

Practice
outcomes assessment in, 142–143, 143t

Preanesthetic assessment
overview of, 201, 202t

Pregnancy
degenerative spondylolisthesis in, 516
sacroiliac joint in, 123
spondylolisthesis and, 561

Preoperative embolization
in tumor surgery, 804

Preoperative medications
overview of, 201, 203

Preoperative preparation, 201–208
antibiotics in, 206
blood conservation in, 204–205
consent for anesthesia in, 203
medications in, 201, 203
overview of assessment in, 201
positioning in, 203–204, 204f
postoperative pain management and, 206,

207f, 208
preanesthetic assessment in, 201, 202t
psychological evaluation in, 863t, 863–864
surgical field blood loss and, 205t, 205–206

Preperitoneal dissecting balloon cannula
in endoscopic procedures, 240
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Pressure
in nerve root compression, 14–16

Prevalence
defined, 3
lifetime, 3
of low back pain, 3–4, 4t
point, 3

Primary tumor, 775–788. See also specific
tumors

age and, 775
benign, 781–784, 782f
biopsy of, 780–781
classification of, 775, 776t
clinical presentation of, 776–777
imaging in, 777–780
location of, 775–776
malignant, 784f–785f, 784–788
staging of, 814, 814f
survival in, 834, 834t
treatment of

anterior surgical approach in, 812–821,
813f–814f, 817f, 819f

combined anterior and posterior approach
in, 824–831, 825t, 827f–831f

complications of surgical, 810, 821
posterior surgical approach in, 803–810,

806f–810f
preoperative care in, 804–805, 812–814,

813f, 826
results of, 819–821, 833–836, 834t, 835f
surgical indications in, 803–804, 814f,

814–815, 824–825, 825t
Pro Osteon

as bone graft substitute, 256, 258
calcium sulfate versus, 259

Probability theory
in outcomes assessment, 136

Procollagen type I N-terminal polypeptide
in Paget disease, 660

ProDisc, 387, 388f, 394
complications of, 369–370
minimally invasive implantation of, 357, 357f
results with, 395, 396t

Prolapse
disc. See Disc herniation; Disc prolapse

Prone exercise
in spondylolysis, 581, 582t

Prone position
description of, 203
devices used in, 203, 204f
risks of, 203, 226
for thoracolumbar procedures, 211

Prophylactic antibiotics
indications for, 206

Prostaglandins
in degenerative disc disease, 108

Prostate cancer
spinal metastases in, 793

Prosthetic Intervertebral Nucleus, 76–77, 77f,
389–390, 393

Proteoglycan
as disc component, 31

in end plate, 46–47
in nucleus pulposus, 20

in disc degeneration, 33, 35, 107–108
experimental, 36

Proteus
in postoperative infection, 771

Protrusion
in disc herniation grading, 410f, 411, 412f,

413
Pseudarthrosis, 890–894

causes of, 890–891
endoscopic lumbar procedures as, 243

postoperative infection as, 773, 891
scoliosis treatment as, 620

classification of, 891
diagnosis of, 892–893
in failed surgery

instrumentation in, 878, 890–894
in posttraumatic deformity, 898

functional outcome and, 891–892
fusion and, 272–273, 319

confusion between, 373
instrumented versus noninstrumented, 322
in spondylolisthesis, 532

incidence of, 890
in spondylolisthesis, 573, 573f
stenosis and

imaging of, 480f
translaminar screw fixation in, 294
treatment of, 893–894

Pseudoclaudication
in spinal stenosis, 466–467, 469

Pseudogout
in Paget disease, 654

Pseudomonas
osteomyelitis caused by, 740–741

Pseudosarcoma
in Paget disease, 654, 654f

Psoriasis. See also Psoriatic arthritis
epidemiology of, 702
genetics of, 702
in inflammatory spondyloarthropathies, 696
pathogenesis of, 703

Psoriatic arthritis, 702–710
clinical presentation of, 704t, 704–705
diagnosis of, 705, 705t

differential, 707, 707t
imaging in, 705–706, 706f, 706t–707t

epidemiology of, 691t, 702
genetics of, 702–704
historical review o702f
nosology of, 708
outcome and natural history of, 707–708
pathogenesis of, 703
treatment of, 708–710

Psychiatric disorders
failed surgery and, 840

Psychological conditions
artificial disc contraindicated in, 395
back pain attributed to, 169

Psychological Screening Scorecard
preoperative, 864

Psychological testing
discography and, 303
in outcomes assessment, 132
preoperative

in degenerative disc disease, 343
reasons for, 863t, 863–864

Psychological therapy
preoperative, 864

Psychologist
in spinal cord stimulation, 906

Psychophysical tolerance limits
in load-tolerance relationship, 183–184, 184t

Psychosocial factors
in ankylosing spondylitis, 717–718
in back pain

delayed recovery from, 170–171, 300, 300t
disability from, 7–9
nonoperative treatment of, 430, 430t
return to work after, 174
risk in workplace of, 179–180, 192–193
treatment of, 304, 304t
work retention after, 174

in biomechanical loading, 185
in disc herniation

surgical indications and, 440
in failed surgery, 848, 859–865, 861t–863t
in spinal cord stimulation, 905–906, 909
in spondylolisthesis, 522
in spondylolysis, 580

Pullout strength
in spinal instrumentation, 64

cages in, 64
transpedicular screws in, 60–63, 61f, 61t

Pulmonary embolism
after fusion, 538

Pulmonary function
in vertebral compression fracture

kyphoplasty in, 673
Pulmonary involvement

in ankylosing spondylitis, 716–717
in inflammatory spondyloarthropathies, 696

Pulsed radiofrequency treatment
in failed back surgery syndrome, 852

Push force
psychophysical tolerance limits and, 184,

184t
Pyogenic discitis

tuberculosis versus, 764
Pyogenic infection, 739–746

bacteriology of, 740
clinical presentation of, 740–741
diagnosis of, 741–743

biopsy in, 742–743
imaging in, 741–742, 742f–743f
laboratory tests in, 741

incidence of, 739
pathogenesis of, 739
pathophysiology of, 740
prognosis of, 746
treatment of

nonoperative, 743–744
surgical, 744, 745f, 746

Pyrazinamide
in tuberculosis, 765

Pyrexia
in vertebroplasty, 680

Q
Quadripedal exercise

in spondylolysis, 581, 582t
Quality improvement

outcomes assessment in, 142–143, 143t
Quebec Back Pain Disability Scale

in outcomes assessment, 147
Quebec Task Force on Spinal Disorders

on radiography in low back pain, 407
Questionnaires

in outcomes assessment, 140–141, 141t
in lumbar spine disorders, 144, 145t, 146
Roland and Morris Disability

Questionnaire in, 132, 135, 141

R
Race

osteoporosis and, 666
Paget disease and, 648

Radiation therapy
in tumors

metastatic, 795
multiple myeloma as, 784
plasmacytoma as, 786
preoperative, 826, 833
surgical complications and, 821

Radicular pain
tumor-related, 777

Radiculography
in scoliosis

spinal stenosis and, 548f, 549
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Radiculopathy (contd.)
degenerative scoliosis and, 271
electrodiagnostic testing in, 113–114,

117–118
H-reflex in, 115
somatosensory evoked potentials in, 114

as sciatica criterion, 7
in spondylolisthesis, 573f–574f, 573–574

degenerative, 517
Radio transmitters

in spinal instrumentation, 72
Radiofrequency denervation

facet joint, 307–311, 309f
in failed back surgery syndrome, 852
temperature-related effects of, 313

Radiography
in ankylosing spondylitis, 719–719
in degenerative disc disease, 331
in degenerative spondylolisthesis, 517, 517f,

524, 525f
postoperative assessment of, 537–538,

538t
in disc herniation, 401, 401f, 407, 423

asymptomatic, 438–439
in epidural abscess, 747, 748f
in fusion assessment, 245, 373
in inflammatory spondyloarthropathies, 697
motion studies in

in instability, 55–56
in osteomyelitis, 741, 742f
poor correlation of pain with, 301
preoperative, 202t
in pseudarthrosis, 892
in psoriatic arthritis, 705–706, 706t–707t
in sagittal plane deformity, 630–631, 631f
in scoliosis, 607f, 607–608
in spinal stenosis, 501
in spondylolysis, 567

athletic injury in, 580
in transpedicular instrumentation, 278

postoperative assessment of, 280
in tuberculosis, 762, 762f–763f, 764
in tumors, 777–779, 778f

metastatic, 793, 794f
in vertebral compression fractures, 675–676

Radionuclide imaging
in osteomyelitis, 741

Radionuclide study
in epidural abscess, 747

Raloxifene
in osteopenia prevention, 669

RAND Corporation
spinal manipulation guidelines of, 155

Range of motion
in disc degeneration, 53, 54f

spinal kinematics and, 39–40
in instability, 56, 57f

experimental, 55
from injury, 52f–53f, 52–53
load displacement and, 53, 54f

in low back pain
muscle activity and, 127

in outcomes assessment, 132
in spondylolisthesis, 521

Ray Prosthetic Disc Nucleus, 76, 389–390, 393
complications of, 370
history of, 389–390

Ray threaded fusion cage
axial compression force in, 63
complications of, 363–364
construct testing in, 70
pullout strength in, 64
stand-alone, 347

Reactive arthritis

clinical features of, 698
epidemiology of, 691t
pathophysiology of, 693–694

bacteria in, 693, 694t
treatment of, 700

Real-time navigation
in tumor surgery, 805

Recall bias
in back pain epidemiology, 3

Reconstructive procedures
in scoliosis, 621–624, 622f–623f
spinopelvic fixation as, 636

Recovery
obstacles to, 864

Rectus abdominis muscle
surgical anatomy of, 221, 221f

Recurrent disc herniation
diagnosis of, 867, 868f–869f
surgical treatment of, 869–870

outcome of, 870
Recurrent low back pain

defined, 171
Recurrent spinal stenosis, 871–875, 872f
Red flags

in low back pain evaluation, 170, 299, 300t,
431t

in stenosis evaluation, 469
Reduction

in spondylolisthesis, 593–595
in situ fusion versus, 593–595, 598–603,

602f
Reflexology, 158
Reliability

in outcomes assessment, 132–134, 133t–134t
internal consistency in, 132
questionnaires in, 141, 141t
test-retest reliability in, 132–134

Remodeling
after nucleus replacement, 390
disc degeneration and

biomechanics of, 31, 33
end plate, 47
microdamage from, 90
molecular basis of, 247–248
in Paget disease, 650, 650f–651f

Renal cell carcinoma
metastatic, 831f

Renal disorders
in ankylosing spondylitis, 716

Repair
of disc injury

natural history of, 52–53, 53f
Repetitive movement

in ergonomics, 180, 180t
Research

outcomes assessment in, 143–144, 144t
Rest

after fusion
in degenerative spondylolisthesis, 536

in low back pain
as contraindicated, 300, 430
pain management versus, 169
in spondylolysis, 581

Restabilization
as spinal degeneration stage, 53

Restless legs syndrome
in spondylolisthesis, 520

Retraining
muscle

in nonoperative back pain treatment, 430
Retrograde ejaculation

after anterior fusion, 336, 361–362
after endoscopic lumbar procedures, 243, 336

Retro-isthmic cleft

in spondylolysis, 574, 576f
Retrolisthesis

defined, 556
Retrosomatic cleft

in spondylolysis, 575, 577f
Retroviral vector

in gene therapy, 109
Revascularization

in bone grafting, 249
Revision surgery, 839–910. See also Failed

surgery; specific conditions and
procedures

algorithm for, 841f
combined anterior and posterior in, 338
translaminar screw fixation in, 293–294

Rheumatoid arthritis
psoriatic arthritis versus, 705, 705t, 707t

Rhizolysis
facet joint, 307

Rifampicin
in tuberculosis, 765

Rim lesion
in disc degeneration

biomechanical testing and, 38
Risedronate

in osteopenia prevention, 669
in Paget disease, 657t

Rod
finite element models of, 73, 73t
in semirigid stabilization, 374
in spinal stenosis and scoliosis, 553
in spinopelvic fixation, 638, 638f
in transpedicular screw fixation, 275

Roentgen stereogrammetric analysis
in pseudarthrosis, 893

Roland and Morris Disability Questionnaire
in outcomes assessment, 132, 135, 141, 141t,

145t, 146
Rongeur

in microdiscectomy, 458f
Rotation

of artificial disc
models of, 79, 79f

in disc degeneration
spinal kinematics and, 39–40, 41f

disc function in, 32
Rotational exercise

in spinal instability, 57
Routine practice

outcomes assessment in, 142–143, 143t
Royal Adelaide Hospital

pain management protocol of, 206, 207f
Royal College of General Practitioners

back pain guidelines of, 170
Rubber

in artificial discs, 386
Rule of Five

in disc herniation, 439, 439t
Rule of progressive narrowing

in spinal stenosis, 490

S
Sacral fracture

spinopelvic fixation in, 636–637, 641f–645f,
641–642

Sacroiliac joint
innervation of, 123f, 123–124
in low back pain, 120, 123–124
neuromuscular reflex system in, 128–130

Sacrum. See also Lumbosacral junction
in scoliosis fusion, 616
segmentation of, 228, 229f

Safety
of acupuncture, 162
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of postinjury return to work, 174
Sagittal balance

assessment of, 674–675
in sagittal plane deformity, 628, 631, 631f
in scoliosis, 610–611, 611f–612f

surgical planning and, 615
in vertebral compression fractures

kyphoplasty in, 674–675
Sagittal plane deformity, 628–634. See also Flat

back syndrome
causes of, 628
clinical presentation of, 629, 629f
imaging in, 630–631, 631f
normal values and, 628
overview of, 628, 629f, 634
pathogenesis of, 629–630, 630f
treatment of

nonoperative, 632–633
surgical, 631, 631f–632f, 633–634, 634f

Sagittal sacropelvic angulation
in scoliosis, 611, 612f

Sagittal vertical axis
in scoliosis, 611, 611f

Salford seat
in laminotomy, 443

Salib artificial disc, 386, 386f, 386t
Salvage procedures

in scoliosis, 620, 621f
Sampling bias

in back pain epidemiology, 3
SAPHO concept

in spondyloarthropathy, 698
Sarcoma

Ewing, 788
survival and, 834t, 836

Scandinavia. See also specific countries
back pain in

prevalence of, 3–4, 4t
Scar tissue

disc herniation versus, 411, 411f
in failed surgery, 843
in recurrent disc herniation, 421, 421f

Scheuermannn disease
genetics of, 104

Schmidt-Lanterman incisure
in nerve root injury, 17, 18f

tumor necrosis factor and, 22
Schmorl node

in degenerative spondylolisthesis
imaging of, 482f

in end plates, 48
activity-related damage to, 182

Sciatica
criteria for, 7
defined, 23
disc herniation and

diagnosis of, 403
low back pain in, 25, 120
mechanisms of, 23–25, 24f–25f
surgical versus nonoperative treatment of,

439
discectomy in, 445
electrodiagnostic testing in, 113
epidemiology of, 7
genetics of, 99–101
nonspecific back pain versus

misconceptions about, 169
outcomes assessment in

questionnaire in, 142, 143t
study results in, 143, 144t

pathophysiology of
biologic nucleus pulposus effects in,

16–20, 17f–19f
cytokines in, 21–23, 22f

mechanical deformation in, 16
overview of, 25–26

radiating pain in, 299
Scoliosis, 604–612, 614–625

adolescent, 604, 608
adult versus, 615
flat back syndrome after, 628

allografts in, 252
assessment of

coronal balance in, 609–610, 610f
imaging in, 607f, 607–609, 614
sagittal balance in, 610–612, 611f–612f

bone graft substitutes in, 258
causes of, 104

tumor as, 777
classification of, 605f–606f, 605–606, 614
clinical presentation of, 607f, 607–608,

614–615
curve progression in

de novo degenerative, 608–609, 609t
idiopathic, 608, 608t, 615
risk factors for, 270–271, 609, 609t

defined, 604
degenerative, 604–605, 605f–606f, 614

spinopelvic fixation in, 636, 641–643,
646f

disc herniation in, 547, 548f
genetics of, 104–105
idiopathic, 604–605, 614
indications for surgery in, 614–616
natural history of, 608
nerve root compression in, 547, 548f, 549
nonoperative treatment of, 614
overview of, 604, 614
prevalence of, 604–605
spinal stenosis and, 547–554

decompression in, 550
diagnosis of, 549, 549f
fusion in, 550–553, 551f–552f, 554f
laminoplasty in, 550–551, 551f
overview of, 547, 553–554
pathogenesis of, 547, 548f, 549
surgical indications in, 550

spinopelvic fixation in, 636–637
surgical techniques in, 616–619

combined, 624
decompression as, 619–620
for degenerative curves, 270–271, 619f,

619–625, 621f–623f
for double thoracic and lumbar curves, 616
fusion as, 616–617, 617f–618f
for fusion to sacrum, 616–617, 618f, 619
postoperative management in, 625
reconstructive, 621–624, 622f–623f
results and complications of, 624–625
salvage, 620, 621f
for thoracolumbar and lumbar curves, 616,

617f
Scoliosis Research Society outcome

questionnaire
in spondylolisthesis, 595

Screw
pedicle. See Pedicle screw; Transpedicular

instrumentation
in spinal instrumentation, 60–64, 61f, 61t

animal models of, 70–71
clinical studies of, 71–73, 73t
cylindrical versus conical designs of,

62–63
loosening of, 62
pullout strength of, 60–63, 61f, 61t
translaminar, 292–295, 293f–295f
types of, 60, 61f, 61t

in spinopelvic fixation, 637–639, 638f

in tumor surgery, 818
Screw stimulation monitoring

in transpedicular instrumentation, 278
Screw-plate construct

in fusion
screw-rod versus, 274–275

in tumor surgery, 818
Screw-rod construct

in failed surgery, 881
in fusion

screw-plate versus, 274–275
in tumor surgery, 818

Sedation score
in opioid administration, 207f

Segment classification
in microdiscectomy, 454f, 454–455, 456f

Segment degeneration
adjacent

in fusion, 281–282
Segmental dysfunction

translaminar screw fixation in, 293
Segmental instability

low back pain in, 374–375
Segmentation

lumbosacral junction, 228, 229f
Selective estrogen receptor modulators

in osteopenia prevention, 668–669
Self-perceived disability

in low back pain
delayed recovery and, 170–171
work retention and, 175

Self-report measures
in outcomes assessment, 132

questionnaires in, 140–142, 141t, 143t,
144, 145t, 146

Semirigid stabilization
in disc degeneration, 374, 380f–381f,

380–381
Senile osteoporosis

defined, 665
Sensorimotor control

of lumbar spine, 120–130, 121f–127f, 129f
anatomic features in, 120–121, 121f
function and dysfunction in, 126–127
innervation patterns in, 121f–124f,

121–124
neuromuscular reflex system in, 127–130,

129f
physiologic features in, 125f–127f,

125–126
Sentinel fusion

cages in, 344, 344f, 373
Sequestered disc herniation

defined, 400f, 401
Serratia

osteomyelitis caused by, 741
Sevoflurane

hypotension induced by, 205
Sexual dysfunction. See also Retrograde

ejaculation
after anterior fusion, 361–362

in spondylolisthesis, 538
Shear forces

in degenerative spondylolisthesis, 515–516
spinal muscles and

in stability, 55
Short Form-36 scale

in ankylosing spondylitis, 717
in outcomes assessment, 135–136, 141, 141t,

145t, 146
Short intersegmental muscle

lumbar, 224–225
Short polysegmental muscle

lumbar, 224–225
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Short-time inversion recovery magnetic
resonance imaging

electrodiagnostic testing versus, 117
Shoulder

in ankylosing spondylitis, 715
Sialadenitis

in ankylosing spondylitis, 718
Silent disc herniation, 437–439, 438t

defined, 24
low back pain in, 23–25, 24f–25f

Silicone
in artificial discs, 386–387

Simian stance
in spinal stenosis, 467

Simplex cement
in vertebroplasty, 80–81, 674

Single motor unit action potentials
in electromyography, 116

Single photon emission computed tomography
in metastatic tumors, 800
in pseudarthrosis, 893
in spondylolysis, 567

athletic injury in, 581
Sitting

in disc herniation, 403, 403f
in spinal stenosis, 491

Skin lesions
in psoriatic arthritis, 703–704

Skin recolonization
in postoperative infection, 770

Sleep disturbance
in ankylosing spondylitis, 717

Slippage
in spondylolisthesis, 517, 529, 560, 560f,

573–574, 591, 598
after decompression, 526
after fusion, 538

in spondylolysis
sports and, 583

Smads
bone morphogenetic proteins and, 260–261

Smith-Peterson osteotomy
in ankylosing spondylitis, 633, 727–728
in flat back syndrome

in scoliosis, 620, 621f
in posttraumatic deformity, 901, 902f

Smoking
in ankylosing spondylitis, 717
cessation of

in osteopenia prevention, 668
in spondylolisthesis, 521
before transpedicular instrumentation, 277

osteoconductive protein 1 and
in spinal fusion, 75

in postoperative infection risk, 769–770
in pseudarthrosis, 891

Soft stabilization
in disc degeneration, 373, 382

Soft tissue disc disorders, 299–300
history and physical examination in,

299–300, 300t
treatment of, 300, 300t

Soft tissue techniques
in manual therapy, 152, 154t

Solitary plasmacytoma, 785–786
survival and, 834, 834t

Somatization
in back pain

work retention after, 174–175
Somatosensory evoked potentials

principles of, 114
sensitivity and specificity of, 118
in spinal stenosis, 503
in tumor surgery, 805

South Manchester Study (UK)
back pain reported in, 5

Space-occupying lesion
manual therapy contraindicated in, 155

Spasm
after chemonucleolysis, 449
in low back pain

neuromuscular reflex system in, 128–129,
129f

Specific low back pain
nonspecific versus, 167–168

treatment approach and, 169
Spina bifida

preoperative identification of
importance of, 229

Spina bifida occulta
spondylolisthesis and, 566, 566f, 568
in spondylolysis, 583

Spinal canal
anatomy of, 477f
lumbosacral dissection of, 231
stenosis of

grading of, 478f
pathophysiology of, 490
spondylolisthesis in, 516, 573f

Spinal column resection
in scoliosis, 622–623, 623f

Spinal cord stimulation
in failed back surgery syndrome, 852,

905–910, 908f
complications of, 909
preoperative planning in, 905–906
procedure for, 906
rehabilitation after, 909–910
results of, 906–909

overview of, 905
Spinal curvature

biomechanical tolerance and, 183
Spinal decompensation

in scoliosis surgery, 625
Spinal disc herniation. See Disc herniation
Spinal disorders. See also specific disorders

diagnosis of
neurophysiologic and electrodiagnostic

testing in, 113–119, 116f–117f
problems in, 113

genetics of, 98–105, 102f
Spinal fracture, 88f–90f, 88–95, 92f, 95f. See

also Fracture
Spinal frame

for prone positioning, 203, 204f
Spinal fusion. See Fusion
Spinal injury. See Injury
Spinal instability. See Instability
Spinal instrumentation. See Instrumentation;

specific instruments and techniques
Spinal kinematics. See Kinematics
Spinal manipulation, 151–157. See also Manual

therapy
Spinal nerve. See also Nerve

anatomy of, 12f
Spinal reflex

in coordination, 126
defined, 125

Spinal shortening
in scoliosis, 622–623, 623f

Spinal stability. See Stability
Spinal stenosis, 464–554

anatomic nomenclature of, 477f
central canal

defined, 465
lateral versus, 469

classification of, 464–466, 472, 473f–482f,
477t–479t, 479, 495, 871

clinical versus radiographic features of, 113
congenital, 464–465, 501
constitutional, 495
definitions of, 472, 495, 501
degenerative, 465, 495

fusion in, 271–272
degenerative spondylolisthesis and, 514–546.

See also Degenerative spondylolisthesis
developmental, 495, 501
differential diagnosis of, 469–471, 470f, 470t

hip disease in, 470–471
infection in, 470
peripheral neuropathy in, 470
vascular claudication in, 470, 470t, 871,

871t
in dwarfism, 231f
in failed surgery, 842–843

adjacent segment degeneration in, 888f
foraminal

grading of, 479t
imaging in, 472, 473f–475f, 478f, 479,

481f, 496f
historical background on, 464
history and physical examination in,

467–469, 468f, 501
symptoms and posture in, 491

imaging in, 472–488, 473f–488f, 502,
502f–505f, 513f

controversies in, 487–488
myelography in, 473f, 487, 497

incidence of, 871
lateral, 465

central canal versus, 469
lateral recess, 465
manual therapy contraindicated in, 155
natural history of, 466–467, 495
nerve root pain in, 11–26

experimental-clinical correlation of, 15–16
multiple nerve root compression levels in,

14
pathophysiologic mechanisms in, 11
symptoms of, 11

overview of, 464, 871
in Paget disease, 649–653, 650f–653f

treatment of, 656
pathophysiology of, 490–491
primary, 501
recurrent, 871–875, 872f

decompression and fusion and, 272,
545–546

in scoliosis, 270–271
scoliosis and, 547–554

decompression in, 550
diagnosis of, 549, 549f
fusion in, 550–553, 551f–552f, 554f
laminoplasty in, 550–551, 551f
overview of, 547, 553–554
pathogenesis of, 547, 548f, 549
surgical indications in, 550

secondary, 501
staged diagnosis of, 467, 468f
subarticular recess

grading of, 478f
imaging of, 473, 473f, 476f, 484f

translaminar screw fixation in, 293
treatment of

indications for surgical, 496–499,
501–504, 502f–504f, 509

laminectomy in, 504–507, 505f
laminoplasty in, 509, 510f, 511, 512t, 513,

513f
laminotomy in, 497–500, 498f–499f
nonoperative, 466–467, 490–496, 502–504
outcome of surgical, 872
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overview of, 488–489
sagittal plane deformity after, 630
surgical versus nonsurgical, 489

Spinal tuberculosis. See Tuberculosis
Spine arthroplasty

minimally invasive fusion as, 352, 353t
Spine load assessment

in ergonomics, 185–188, 186f–187f,
188t–189t

Spine Outcome Research Trial, 144
SpineCATH

in electrothermal therapy, 313, 315
Spineology bag system

in spinal instrumentation, 75f
Spinopelvic fixation, 636–646

complications of, 645–646
experimental, 639f, 639–640
indication for, 638
materials in, 637–639, 638f
options in, 637, 637f
overview of, 636–637, 646
results of, 643, 645
technique of, 640–643, 641f–646f

Spiral fracture
in spondylolysis, 575, 576f

Splinting
in low back pain, 40

Spondylectomy
in tumor surgery, 825, 829

Spondylitis
ankylosing, 712–737. See also Ankylosing

spondylitis
Spondylolisthesis, 514–603

artificial disc contraindicated in, 385, 385t
causes of, 479
classification of, 514, 556–559, 557f–558f,

585
anatomic, 565–567, 566f–567f, 585, 586f

clinical features of, 519–521, 520f, 561, 561f
closed arch

imaging of, 475f
congenital

classification of, 556–558, 557f, 565–567,
566f–567f

defined, 556, 585
degenerative, 514–554, 565. See also

Degenerative spondylolisthesis
diagnosis of, 517–519, 518f

differential, 519
disc herniation and, 488f
disc herniation versus, 416, 417f
dysplastic

classification of, 556–558, 557f, 565–567,
566f–567f

epidemiology of, 559
high-grade, 591–595, 598–603, 599f–602f.

See also High-grade spondylolisthesis
imaging in, 565, 567–574, 568f–575f
incidence of, 591
isthmic

classification of, 558, 558f, 565, 567
defined, 585

low-grade, 521–522, 585–589, 586f–587f.
See also Low-grade spondylolisthesis

lytic
classification of, 565
degenerative versus, 482, 485f
imaging of, 475f, 485f

natural history of, 514–517, 515f–517f, 515t,
559–561, 560f, 586

nondegenerative, 556–603. See also
Nondegenerative spondylolisthesis

overview of, 556
pathologic, 558, 565

physical examination in, 561–562
postsurgical, 559, 585
prognostic factors in, 560
scoliosis and, 606, 606f, 609
slippage in, 517, 529, 560, 560f, 585

after decompression, 526
after fusion, 538

traumatic, 558, 565, 585
treatment of

anterior fusion in, 332f, 535–539,
537t–538t, 593

circumferential fusion in, 593
combined anterior and posterior

instrumentation in, 588
decompression and in situ fusion in, 587,

587f
decompression in, 524–527, 525f–526f,

592
decompression with instrumented fusion

in, 540–546, 541f–544f
decompression with posterolateral fusion

in, 528–533, 530f–531f
direct pars repair in, 588
fusion in situ in, 592, 598–603, 602f
goals of surgical, 592
high-grade, 585–589, 586f–587f, 591–595,

598–603, 599f–602f
nonoperative, 521–522, 562–563, 586
overview of, 588–589
patient categories and, 589
patient factors in, 602
posterior fusion in, 593
posterior fusion with instrumentation in,

587–588
posterolateral fusion in, 592–593
reduction in, 593–595, 599–603
surgical indications in, 586t, 586–589,

591–592, 598–599, 599f
vertebral body resection in, 595

Spondylolysis
asymptomatic

in athletes, 579
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