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Preface

Recognition, awareness, and innovation are essential to
reduce the costs associated with the prevalent painful spi-
nal disorders facing all of us as practitioners, patients, and
payers. The knowledge to critically evaluate and assign pre-
dictive meaning to data allows us to prescribe high-yield
diagnostic and therapeutic care in a responsible fashion.
By using best available evidence, spine clinicians can ide-
ally accurately diagnose the source of symptoms in order
to optimally treat and rehabilitate the patient. Within this
process, supported interventions are promoted while need-
less ones can be discarded. Knowledge, skill, and cooper-
ation are the prerequisites to advocate for our patients to
protect their access to appropriate spine care.

The scope of iSpine reflects an algorithmic approach
of interventional spine care to the diagnosis and treat-
ment of a variety of painful spinal disorders. The book
is organized to expound why certain conditions should
be suspected and recognized by increasing the reader’s
awareness of the manifestations of these disorders. Key
chapters highlight historical features that possess predic-
tive diagnostic value, and others present physical exami-
nation findings that help discriminate symptomatic from

non-symptomatic structures. The findings of these clinical
evaluations help direct what diagnostic testing—imaging,
electrical, or procedural—should ensue. The evaluating
clinician can then assign clinical meaning to morphologic
abnormalities revealed by imaging studies. The success of
treatment interventions will be enhanced by appropriate
technique and proper utilization after rendering tissue-
specific diagnoses. Descriptions of acceptable spine bio-
mechanics and ergonomic variables have been included
to illustrate strategies to reduce spine strain and recurrent
injury.

The list of contributing national and international
authors—all of whom are leading experts in their fields—
spans many specialties, including physiatry, anesthesi-
ology, radiology, biomechanical engineering, physical
therapy, orthopedics, neurosurgery, internal medicine,
and rheumatology. This amalgam of specialists reflects the
bedrock principles of interventional spine care: diagnose
and treat the structural source of the painful spinal dis-
order in an outcomes oriented manner.

Michael |. DePalma, MD
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INTRODUCTION

|

Disorders

Etiologies of Painful Spinal

Christopher W. Huston and S. Ashley McCowen

INTRODUCTION

The lifetime prevalence of neck pain has been estimated at
67% [1]. At any given time, the prevalence of neck pain is
44%; up to half of those experiencing neck pain may have
chronic pain lasting for 3 months or more. Although motor
vehicle collisions and falls are the most common trau-
matic causes of neck pain [2], less than 5% of neck pain
can be attributed to trauma [3]. Although most individu-
als with neck pain recover within 6 months [2], neck pain
can become persistent and is responsible for up to 11% of
time lost on the job [4]. The socioeconomic burden in the
United States on an annual basis is more than 29 billion
dollars [5]. In addition, neck pain has been determined to
contribute to depressive symptoms in up to 24% of indi-
viduals experiencing such pain [6]. Secondary fibromyal-
gia has been reported to develop in up to 21% of patients
experiencing cervical trauma [7].

In 1990, there were approximately 15 million office vis-
its to U.S. physicians for mechanical low back pain (LBP)
[8]. This does not include visits to allied health profession-
als such as chiropractors, which could increase this num-
ber to 30 million visits [9]. LBP is the second most common
reason for visit to a primary care physician. Chronic LBP
is the third leading cause for disability in the 45-to-65 age
group. Medical costs are estimated at 30 to 50 billion dol-
lars [10]. Consequently, mechanical LBP is a major health
care concern for affected individuals, employers, provid-
ers, payers, and administration.

In 1966, a general practice group reported 470 patients
suffered an episode of LBP from a clinic population that
grew from 5713 to 6920 clinic patients over the study
period of 4 years. Within 2 weeks, 62% of the episodes
resolved although 44.6% experienced a recurrence. The
general practitioners noted no evident cause of LBP in
79.3% of males and 88.8% of females. However, the paper
does not discuss the efforts to diagnose the cause of LBP.
Even by 1990 Nachemson stated that the cause of LBP in
the majority of patients is unknown [11]. In 2001, Deyo and
Weinstein stated that 85% of patients with LBP cannot be
given a precise pathoanatomical diagnosis [12]. They note
that imaging studies are not reliable in diagnosing the
cause of LBP. The often used diagnoses of strain and sprain
have not been anatomically or histologically characterized,
and patients given these diagnoses more accurately suffer

from idiopathic LBP [12] caused by injury of an underly-
ing spinal structure [13-16]. The ability to provide a more
precise diagnosis could lead to a better understanding of
chronic LBP. Furthermore, more specific treatment could
be rendered leading to a higher success rate for treatment
outcomes and less disability effectively reducing the finan-
cial and economic burden of chronic cervical and lumbo-
sacral pain.

With the advent of fluoroscopy and advancements in
interventional spine care, specific spinal structures can
be targeted and assessed. Such an approach either relies
on pain provocation by tissue stimulation or index pain
reduction by injection of local anesthetic. In neck pain and
LBP sufferers, diagnostic zygapophyseal joint and sacroil-
iac joint (SIJ) injections, for example, using local anesthet-
ics, have been developed to identify the structure causing
axial spine pain. To control for a placebo effect, a double
block paradigm has been studied [13,16-18]. With the dou-
ble block paradigm, patients are injected with anesthetic of
different half lives with the patient blinded to the medica-
tion injected. A positive diagnostic injection would be 80%
decrement in pain including provoking maneuvers with at
least 30 minutes relief with 2% xylocaine and 3 hours relief
with 0.5% bupivacaine. In addition, the correct response
would be longer relief with bupivacaine than xylocaine.
Fluoroscopically guided diagnostic blocks utilizing local
anesthetic are currently the gold standard for identifying
pain emanating from the zygapophyseal joint and SIJs.

To consider a structure to be a cause of axial spine pain,
we support a modification of previously proposed criteria
[19]. The structure should be: (1) innervated with nocicep-
tive fibers; (2) able to produce pain clinically seen and able
to induce pain in normal volunteers; (3) susceptible to dis-
ease or injury known to cause pain; and (4) a diagnostic
test to identify the structure as a cause of pain—relief with
injection of local anesthetic targeted to the structure or
exact reproduction.

Various structures have been purported to cause axial
spinal pain. The four criteria will be applied and discussed
for each of these structures in the cervical and lumbar
spine. There may be some redundancy with the format of
separating data for the cervical and lumbar spine. However,
one cannot assume that findings from studies in the lum-
bar spine necessarily translate to the cervical spine. In
addition, many readers often use textbooks as references.
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Dividing the cervical and lumbar spine allows the reader
to quickly review subsections of interest.

CERVICAL SPINE

Muscle

The muscles of the cervical spine are dynamic actors that
provide support, movement, and stabilization. Flexor
muscles acting to flex the occiput include the longus capi-
tis and rectus capitis; occiput extensors include the sple-
nius capitis, semispinalis capitis, and longissimus capitis.
Flexor muscles of the cervical spine include the scalenes
and sternocleidomastoid; cervical extensors include the
semispinalis cervicis, longissimus cervicis, and splenius
cervicis. The multifidus muscles assist in flexion and rota-
tion of the cervical spine. The medial branches of the dor-
sal rami innervate multifidis and semispinalis cervicis,
whereas the lateral branches innervate the superficial
muscles longissimus and splenius [20].

Cadaveric studies demonstrate lesions of the muscle
after trauma [21]. Numerous in vivo studies document
muscle dysfunction in patients with neck pain including
decreased strength, muscular imbalance between cervi-
cal flexors and extensors [22], fatty infiltration of extensor
muscles [23], decreased range of motion, decreased bulk,
and increased activity of the accessory muscles [24-28].
However, there is no study demonstrating whether these
are learned responses to or actual causes of cervical pain.
Injection into cervical musculature has produced pain sug-
gesting that muscle can be a source of neck pain [29].

Yet, there is no clinical or radiologic evidence that iden-
tifies muscle as the cause of neck pain. Although muscle
pain may be a part of the 35% of undiagnosed neck pain,
muscle injuries usually heal within 3 months [30].

Ligament

The upper cervical spine encompasses the occiput, axis,
and atlas. Ligaments at these levels provide stability and
absorb energy. The apical ligament originates on the pos-
terior superior aspect of the odontoid process and inserts
on the anterior wall of the foramen magnum. The trans-
verse ligament stabilizes the odontoid process to the atlas.
Alar ligaments originate on the odontoid process to insert
on the lateral walls of the foramen magnum and lateral
masses of C1 [31].

The lower cervical ligaments are classified as anterior,
middle, and posterior. The anterior comprises the anterior
longitudinal ligament (ALL), which consists of layers of
fibers of several lengths and alignment that span the ante-
rior surface of the vertebral bodies and are tightly adherent
to the vertebral body as well as confluent with the anterior
annulus fibrosus. Anterior ligaments protect against sig-
nificant extension injury [32]. Further study is required to
identify the cervical ALL as an independent cause of pain.

The posterior longitudinal ligament lines the floor of
the spinal canal and comprises the superficial, interme-
diate, and deep layers, which span the intervertebral disc
and attach to the vertebral bodies [33,34]. The posterior

longitudinal ligament (PLL) is innervated by the sinuver-
tebral nerve [35,36].

Posteriorly, the capsular ligaments provide connec-
tion between facet joints of adjacent ipsilateral vertebra.
These capsules are innervated by the cervical dorsal rami
of the adjacent level above and below [20]. The ligamen-
tum flavum are paired ligaments, which connect adjacent
laminae. Interspinous ligaments are not well developed
in the cervical spine but provide attachments between
adjacent spinous processes. The supraspinous ligaments
provide attachment between the tips of adjacent spinous
processes and are continuous with the interspinous lig-
ament along its posterior margin. These posterior liga-
ments provide the most protection against flexion injury
and outside of the capsular ligaments do not appear to be
well innervated [13,37].

Cervical spine ligaments are predominantly made of
collagen with fibrocartilage at the bony attachments. Thus,
ligaments can be irreversibly stretched or ruptured during
injury such as whiplash. The structure and orientation of
these ligaments determine their ultimate strength [38—40].
However, significant decreases in the strength of all cervi-
cal ligaments have been documented after whiplash injury
[41]. Disruption of these anterior and posterior ligaments
after trauma has also been established [21,42-44]. The
ALL is more commonly torn in lower speed injury [44,45].
However, even with such severe injury as a bilateral facet
dislocation, the PLL can remain intact [46]. Injection into
the interspinous ligament in asymptomatic subjects cre-
ated pain in the neck and referral patterns into the scapula
suggesting the interspinous ligament as a potential source
of neck pain [47].

Despite the evidence for the structure and potential
for injury of the ligaments of the cervical spine, the eval-
uation remains challenging. Magnetic resonance imaging
(MRI) does not adequately demonstrate the cervical liga-
ments in asymptomatic individuals and thus cannot be
a reliable evaluation of ligament injury in symptomatic
individuals [48]. Clinical evaluation including range of
motion and manual palpation cannot specify the structure
causing the pain [30,49]. Currently, there is not a reliable
objective diagnostic study to determine whether the lig-
amentous complex of the cervical spine is in facet a cause
of neck pain.

Dura Mater

The dura mater is innervated by both myelinated and non-
myelinated branches of the sinuvertebral nerve as it courses
posterior [35,36]. Dural irritation, or meningitis, can be
caused by infection or bleeding into the area. Brudzinski's
sign can help identify meningeal irritation but not localize
the site or mechanism of irritation. The role of disc pathol-
ogy and dural irritation is described in the lumbar spine.
The dura has not been fully evaluated as a possible cause
of pain in the cervical spine.

Bone

With major trauma or in the presence of osteoporosis and
just minor trauma, acute fracture in the cervical spine can



Chapter 1 o Etiologies of Painful Spinal Disorders 3

be a source of neck pain. However, despite the numbers
of patients presenting to the emergency department after
blunt trauma, neurologically intact patients have an inci-
dence of acute fracture of only 1% to 2% [50,51].

Vertebral bodies are innervated by branches of the
sinuvertebral nerve, which course though the periosteum
[35,36]. In addition, the basivertebral nerve innervates
the trabecular bone of the vertebral foramen along with a
corresponding venous plexus. The presence of substance
P has been demonstrated within these basivertebral
nerves, which indicates a possible source of nociception;
however, the exact function of this nerve has not been
demonstrated [52].

In the absence of acute fracture, bone in the cervi-
cal spine has not been determined to be a source of neck
pain.

Zygapophyseal Joint

As part of the three-joint complex of the cervical spine,
zygapophyseal joints (z-joints), are composed of the supe-
rior articular process of the joint below and the inferior
articular process of the joint above encased by a synovial
joint capsule. These joints are shaped to best bear weight
and prevent anterior translation. Side bending and axial
rotation are not part of z-joint function as movement is
allowed only in the plane of the joint itself, which is supe-
rior and posterior [53]. The z-joints are innervated by the
medial branch of the cervical dorsal rami from the adjacent
levels above and below [20].

Cadaveric studies have demonstrated capsular lesions,
hemorrhaging [21], and spondylosis [54] in the facet joint
over the course of natural aging and with associated
trauma [55]. Biomechanical studies demonstrate mecha-
nisms of flexion and extension at physical forces significant
to compress facet joints and stretch the capsular ligament
[21,56-58].

Pain referral patterns have been established for indi-
vidual lower cervical facet joints based on stimulation
studies in asymptomatic volunteers; these patterns were
diagnostically correlated with symptomatic patients using
the double block paradigm in which comparative blocks
of lignocaine and bupivacaine are used on separate occa-
sions to block the z-joint or medial branches supplying
the joint [13,37,59-62]. Following the same technique the
upper cervical, the atlanto-occipital, and the atlantoaxial
joints have also been determined to demonstrate specific
patterns associated with pain in the head and neck [63].
The aforementioned studies demonstrate that the cervical
z-joint can serve as a source of neck pain [64].

Techniques to establish z-joint-related pain are
not related to tenderness of structures [65] or range of
motion [66,67]. However, an experienced manual prac-
titioner noting abnormal end feel, resistance to motion,
reproduction of pain with passive accessory movement
of the z-joint was found to be accurate when all three
criteria were met and compared to a single diagnostic
intra-articular or medial branch block [68]. In the patient
nonresponsive to typical rehabilitation strategies, fur-
ther confirmatory diagnostic testing can be directed at
the presumably involved joint based on the patient’s

history of pain referral pattern and physical examination
using manual techniques [68,69]. Imaging studies have
not been reliable in identifying the involved cervical
z-joint as pathologic findings have been found in up to
34% of asymptomatic subjects with MRI [70].

The confirmatory test to diagnose pain emanating
from the cervical z-joint is a diagnostic intra-articular or
medial branch block. The comparative block paradigm is
used to avoid a false-positive seen with 27% of single diag-
nostic blocks; 10 studies using the comparative block par-
adigm have established the prevalence of cervical z-joint
pain as 49% to 55% of those with neck pain [59,60,71]. Of
the positive responses, the most common levels causing
upper neck pain and possible associated headaches were
C2-3 (45%), and lower neck pain and possibly shoulder or
scapular pain were C5-6 (41%) [59]. The majority of subjects
have pain emanating from just a single joint and not mul-
tiple joints [72].

Intervertebral Disc

Cervical discs, unlike their lumbar counter parts, are
heavily endowed in their anterior portion with a thick
annulus that anchors the vertebral body above to the one
below, serving as an interosseus ligament [53,73]. Laterally,
this structure thins out and may form a transverse fis-
sure as it courses posteriorly [74]. The sinuvertebral nerve
stems from the ventral ramus of the vertebral nerve in the
lower cervical segments and ascends through the verte-
bral foramen posteriorly around the disc so that its major
branches innervate the annulus of the disc and the adja-
cent disc below [35,36]. Histologically, nerve endings and
nerve fibers have been observed in the intervertebral disc
posteriorly and laterally. These findings correspond with
an ability of the intervertebral disc to be a source of pain
[36,53,75].

Cadaveric studies have demonstrated lesions of the
intervertebral discs after trauma including bleeding into
the disc, avulsion of the annulus fibrosus, and fissuring of
the disc [21]. Simulated biomechanical studies demonstrate
forces significant to cause such disruption [76,77]. Injection
of the cervical disc during discography has demonstrated
that the disc can cause pain [78,79]. Referral patterns of the
disc have been studied and mapped [79]. These studies
indicate that the disc can serve as a source of neck pain.

History and physical examination have not been diag-
nosticof axial neck pain of discogenic origin. Unfortunately,
MRI has shown abnormal disc pathology in asymptom-
atic individuals [70,80,81]. MRI studies have demonstrated
false-positive rates of approximately 50%, where abnor-
mal appearing discs on MRI prove not to be the source of
an affected individual’s neck pain. Conversely, more than
27% of morphologically normal appearing discs on MRI
may demonstrate internal derangement and concordant
pain [82-84]. In light of the poor specificity of MRI, fur-
ther evaluation of axial neck pain was established with
discography.

Provocation discography was initiated to further
evaluate the cervical disc morphology and the cause of
pain [85,86]. Using radiopaque contrast to stimulate a disc
enables visualization of annular fissures, which produce
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the patient’s usual neck pain upon stimulation [85,87].
The goal of discography is to identify the pain generator
preoperatively for fusion surgery with studies reporting
70% to 91% success rates indicating diagnostic accuracy in
appropriate patients [88-93]. It is also, however, the pain
provocation which can limit the accuracy of discography,
because normal discs have been demonstrated to provoke
concordant pain in some patients [78]. Strict operational
criteria must be adhered to in order to optimize the diag-
nostic accuracy of cervical discography (Chapter 30). Of
173 patients who underwent cervical discography to eval-
uate cervical degenerative disc as a source of chronic neck
pain, only 17 (10%) were determined to be actual surgi-
cal candidates based on their responses, suggesting that
cervical discography is not only helpful in diagnosing
discogenic neck pain but also in eliminating unneeded
surgery [94].

With concerns over the accuracy of provocation dis-
cography, analgesic discography was developed based on
the alleviation of the patient’s usual pain with intradiscal
anesthetic at the completion of the stimulation [95]. The
cause of any internal derangement, whether traumatic or
degenerative, cannot be appreciated through these proce-
dures [89].

There has been significant controversy over the accu-
racy of discography, imaging, and clinical evaluation in the
identification of discogenic neck pain. Concerns about dis-
cography revolve around false-positive results that could
be ameliorated by establishing a threshold for concordant
pain as well as universal morphological classifications
[96,97]. Further refinement is necessary, but discography
remains the standard to evaluate the intervertebral disc as
the cause of a patient’s neck pain.

Patients undergoing discography for axial neck pain
caused by trauma were also tested via diagnostic z-joint
injections. Following the double block paradigm, it was
established that both discs and joints can cause neck pain
in 41% of those studied. Of the remaining patients, 20%
were determined to have discogenic pain while 23% were
determined to have only z-joint-related pain [14].

The aforementioned data are summarized in Table 1.1.

LUMBOSACRAL SPINE

Muscle

The muscles of the lumbar spine consist of the erector
spinae, multifidi, quadrates lumborum, interspinalis,
intertransversarii, and psoas. The interspinales spans
one segment adjacent to the interspinous ligament. The
intertransversarii span the transverse processes [98]. The
main muscles posteriorly are the erector spinae, multifidi,
and quadrates lumborum, which are divided into com-
partments by the thoracolumbar fascia. The middle layer
intervenes between the quadrates lumborum and erector
spinae. The anterior layer covers the quadrates lumbo-
rum. The posterior layer encloses the erector spinae and
multifidus.

The medial and lateral branches of the dorsal ramus
supply the thoracolumbar fascsia [99,100]. The thoracolum-
bar fascial has free nerve ending consistent with nocicep-
tive fibers [100].

The multifidus and intertransversarii are innervated
by the medial branch of the dorsal ramus. The iliocosta-
lis is innervated by the lateral branch of the dorsal ramus.
The longissimus muscle is innervated from the interme-
diate branch of the dorsal ramus [99,101]. The quadrates
lumborum is innervated by subcostal nerve and lumbar
plexus [102].

Various studies have been performed to determine
whether the fascia or muscle can be a source of LBP.
Lumbar spine surgery performed with local anesthesia
noted that the fascia may be touched or cut without pain
[103]. Forceful stretching of paraspinal muscle particularly
at the site of blood vessels and nerves produced localized
LBP, which varied with the degree of stretch. The authors
postulated that the pain could be due to stretching of neu-
rovascular bundles as opposed to muscle [103]. However,
injection of hypertonic saline into fascia and lumbar mus-
cles resulted in pain [29,47]. Muscle injection often resulted
in referred pain following a segmental pattern [29].

Tender muscular nodules have been noted as a sec-
ondary source of pain in patients with radicular pain from

Table I.1 Cervical Spine Summary of Four Criteria and Prevalence

Structure Nociception Nerve Clinical Disease/lnjury Diagnostic Test Prevalence

Muscle Yes Yes Yes

ALL Yes

PLL Yes Yes

Ligamentum flavum Yes

Supraspinous ligament

Interspinous ligament Yes Yes

Capsular ligament Yes Yes

Dura Yes Yes

Bone Yes Yes Yes Yes Imaging 19%—2% acute
fracture

Z-joint Yes Yes Yes Diagnostic injection  23%-55%

Disc Yes Yes Yes Yes Discography 20%

Disc and z-joint Yes Yes Yes Yes See above 41%

Blanks in table represent lack of data. The nociception column represents studies evaluating presence of either nociceptive fibers or neuro-
peptides. The nerve column represents innervation of the structure is present. For bone, the data is for acute fracture. For bone there is no

clinical, disease/injury, or diagnostic data in the absence of fracture.
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herniated lumbar disc. Temporary relief was noted with
injection of local anesthetic into the tender points [104].
These tender muscle nodules have been postulated as a
primary source of LBP. Travell and Rinzler postulated that
myofascial trigger points are hypersensitive points that
result in referred pain through central pain mechanisms.
Trigger points may be secondary to direct trauma to joints,
muscles, chronic muscle strains, arthrtitis, nerve injury,
dyskinesia, and hysteria [105]. They based their hypothesis
upon clinical experience with 1000 patients. These patients
had relief with trigger point procaine injection, dry nee-
dling, or use of ethyl chloride spray [105]. Simon postulated
that the mechanism of trigger point pain is from trauma to
the sacroplasmic reticulum. The injury results in release of
calcium along with adenosine triphosphate (ATP) produc-
ing a continuous contraction. Subsequently, the prolonged
contracture releases metabolites that sensitize sensory
neurons. With continued contraction, ATP depletion
occurs creating an energy deficit contracture. Stretching
the locked myofilaments terminates the contracture [106].
Despite these eloquent hypotheses, there is a lack of histo-
logic or biochemical studies to support the trigger point as
a pathologic entity [107], and trigger points have not been
systematically studied with reported prevalence estimates.

Muscle spasm has been considered a source of LBP.
Whether muscle spasm results in a cycle of pain-spasm-
pain is unknown [108]. Muscle cramps in the extremities
are known to be painful. But whether muscle spasm in
the lumbar region is a primary cause of LBP is not known
[108,109]. Lumbar muscle spasms may be due to secondary
causes. Increased muscle activity on electromyogram of the
iliopsoas and paraspinal muscles was demonstrated with
irritation of nerve root and dura with injection of hyper-
tonic saline in subjects 10 days after surgical discectomy
for disc herniation induced sciatica [110]. This study sug-
gests muscle spasms may be secondary to an underlying
pathology such as inflammation of a nerve root or herni-
ated nucleus pulposus. However, little evidence exists sup-
porting a role for muscle spasms as a stand-alone source of
chronic LBP.

Compartment syndrome has been postulated as a
cause of LBP (Chapter 18). A case report of severe LBP after
exertion was attributed to the development of compart-
ment syndrome. The patient did have elevated CPK and
myoglobinuria corroborating rhabdomylosis. Computed
tomography (CT) scan demonstrated enlarged paraspinal
muscles with low-density lesion suggestive of necrosis.
Unfortunately, compartment pressure measurement was
not performed [111]. The paraspinal musculature is at risk
of compartment syndrome as the paraspinal muscles are
divided into fascial compartment [111,112]. A case report of
compartment syndrome of the erector spinae in a patient
with LBP induced only with exercise was diagnosed based
on elevated compartment pressures. Symptoms were alle-
viated with rest. The patient had relief of symptoms with
fasciotomy [113]. Compartment syndrome was considered
rare because only one subject in 4 years was found by the
investigator [113]. The prevalence of lumbar compartment
syndrome is unknown.

Lumbear strain is a commonly wielded diagnosis for
mechanical LBP but is without anatomical or histologic

evidence [12]. Much of the knowledge of lumbar strain is
extrapolated from peripheral muscle strains. Strains typi-
cally occur at the myotendinous junction because of eccen-
tric loading [109]. Despite the widespread diagnosis of
lumbar strain, objective diagnostic studies confirming the
diagnosis have not been reported in the English literature.

Serologic evaluation of CPK levels along with MRI of
lumbar musculature to diagnose acute lumbar strain has
been proposed [114]. Muscle may be a source of acute LBP
but if so, without known prevalence and which age group
is typically affected. Currently, evidence does not support
muscle as a cause of chronic LBP.

Ligament

The ligaments of the spine can be classified into four groups
[115]. The first group consists of the anterior and posterior
longitudinal ligaments. These ligaments connect the ver-
tebral bodies. Both ligaments are innervated through an
extensive neural plexus [116]. The ALL is innervated by
a plexus consisting of fibers from the sympathetic trunk,
rami communicantes, and perivascular nerve plexus [116].
The presence of small fibers and contribution from the
sympathetic trunk suggest the ALL could be a source of
pain. However, no diagnostic tests have been developed to
identify the ALL as a source of LBP. Whether the ALL can
result in pain is unknown at this time.

The PLL is innervated by the sinuvertebral nerve,
which forms an extensive neural plexus [116-118].
Nociceptive fibers have been isolated in the PLL [119].
Nylon suture attached to the PLL at the time of spine sur-
gery when pulled in the postoperative period produced
LBP [120] as did mechanical stimulation [103]. The PLL is
intimately connected to the outer annulus and could not be
separated to determine which is a source of pain [103]. The
annulus is a well-studied source of LBP. Current diagnos-
tic studies are unable to separate pain from the posterior
outer annulus versus the PLL. Although some may postu-
late that discography may be able to differentiate between
the two, the cause of pain from discography has not been
completely elucidated and is complex—neural pathways,
dorsal root ganglion, end plate deflection, and chemical
sensitivity [121-124].

The second group consists of the ligamentum flavum,
supraspinous, and interspinous ligaments. These liga-
ments connect the posterior elements of the spine. The lig-
amentum flavum is poorly innervated with unmyelinated
free fibers on the outer most layer of the dorsal aspect but
not in deeper layers [125]. In vivo studies with mechan-
ical stimulation of the ligamentum flavum did not pro-
duce pain [103,120]. The ligamentum flavum is unlikely
to cause LBP.

The supraspinous ligament terminates in 95% of indi-
viduals before the L4-5 level. Its absence in the lower
lumbar region makes the ligament an unlikely source of
LBP [126,127]. The interspinous ligament is innervated by
the medial branch of the posterior ramus [117]. The inter-
spinous ligament at L5-51 is supplied by the L4 medial
branch. Dissections have revealed small myelinated
nerves, which can transmit pain [117]. Stimulation of the
interspinous ligament can cause LBP [47,128]. However,
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injection of hypertonic saline into the interspinous liga-
ment produced mixed results. One study did not [104] and
one did produce pain [128]. In another study, nylon suture
attached at the time of surgery found that the interspinous
ligament produced no pain when the suture was pulled
[120]. Forcible stretching of the interspinous ligament occa-
sionally produced central LBP in surgical subjects [103,127].
Anesthetizing the interspinous ligament can relieve pain
and can be utilized as a diagnostic procedure [129,130]. The
validity of this test has not been well studied. Studies of
the interspinous ligament have produced mixed results of
whether the ligament can cause LBP. Injection into the lig-
ament may be a potential diagnostic test (Chapter 16) but
requires further testing.

The third group consists of the iliolumbar ligament.
The ligament attaches the ilium to the lumbar spine with
attachments to the lumbar 5 transverse process. The ilio-
lumbar ligament receives innervation from the dorsal
and ventral rami at L4 and 5 [19]. The ligament does not
develop until the second and third decade of life. Although
the iliolumbar ligament is often cited as a cause of LBP,
there are currently no objective findings to confirm this
assumption.

The fourth group are false ligaments. These consist of
fascial planes overlying the foramen and transverse pro-
cesses. The mamillo-accessory ligament is not a true lig-
ament because its connections are on the same and not
different bones. The fascial planes and mamillo-accessory
ligament are unlikely sources of pain [115].

Dura Mater

Although innervation is sparse posterolaterally, the ventral
dura is richly innervated by a plexus from the sinuverte-
bral nerve [116,117,131]. Blood and infection can irritate the
dura resulting in pain. With bacterial meningitis, stiffness
and pain occurs. Kernig and Burdzinki’s signs are positive
with stretching of the inflamed meninges.

The dura also may become inflamed with a herniated
disc with or without nerve root irritation [132]. However,
currently it is not plausible to selectively anesthetize the
dura to differentiate pain emanating from the nerve root,
annulus, or dura mater. An in vivo study suggests that
the dura does not cause pain. Five subjects undergoing
surgery for a herniated nucleus pulposus and sciatica had
nylon suture anchored to the dura mater. Postoperatively,
pulling on the thread did not cause any pain suggesting
that the dura typically does not cause mechanical LBP
[120]. At the time of surgery, stimulation of the posterior
dura did not cause LBP [103]. However, the innervations
of the posterior dura is sparse compared with the ante-
rior dura and could explain the lack of pain observed in
the two surgical studies [131]. Summers et al. postulated
that reproduction of LBP in subjects with a central focal
protrusion during the straight leg raise (SLR) physical
examination manuever was due to tension on an irritated
anterior thecal sac [132]. However, SLR with LBP still does
not differentiate whether the pain is from the annulus
or thecal sac. Furthermore, those suffering from LBP in
which the dura is presumed to be a source of pain have
demonstrated a concomitant disc protrusion. Hence one

may hypothesize that the disc, and not the dura, is the
primary source of pathology. Although dural irritation
may explain why some individuals with discogenic LBP
have relief with epidural steroid injection, primary treat-
ment for long-term success would need to be directed at
the intervertebral disc. For the patient suffering from non-
specific mechanical LBP, these symptoms cannot be attrib-
uted to the dura mater as the primary source of LBP.

Vertebral Body

The vertebral body is covered by periosteum innervated
anteriorly by a nerve plexus consisting of fibers from the
sympathetic trunk, rami communicantes, and perivascu-
lar nerve plexus [116]. The sinuvertebral nerve creates a
nerve plexus covering the posterior vertebral body [116].
From both of these plexuses nerve fibers penetrate the ver-
tebral body wall [116].

The basivertebral nerve innervates the vertebral body
trabecular bone. Besides vasomotor involvement, sub-
stance P has been isolated suggesting the presence of some
nociception. However, the function of the basivertebral
nerve is not known [52]. Nerve fibers are seen throughout
the trabecular bone of the vertebral body that originates
from the basivertebral nerve and from nerves penetrating
the anterior vertebral body [133].

The vertebral body endplate has both sympathetic
and sensory nerve fibers. These fibers are proposed to be
involved in neovascularization of the intervertebral disc
resulting in disc degeneration. Further, supporting the
endplates as potential source of pain is the presence of sub-
stance P, calcitonin gene-related peptide (CGRP) sensory
nerve fibers [134]. Deep LBP has been created with pres-
sure or curetting the vertebral end plate and with endplate
deflection during discography [103,121]. The innervation of
the vertebral endplate could explain LBP with acute disc
herniation through the endplate [135].

Vertebral body compression fractures may or may not
be painful. Diagnosis of a symptomatic fracture is based on
history, physical examination, and imaging as discussed
in Chapters 45 to 47. The patient should complain of pain
overlying the fracture. Physical examination frequently
demonstrates pain with percussion over the fracture site.
Plain films will demonstrate the fracture but typically
will not indicate acuity. MRI demonstrating bone marrow
edema is consistent with an acute or subacute fracture that
may be painful. The presence of a vertebral compression
fracture with MRI evidence of bone marrow edema but
no pain indicates an asymptomatic fracture. The presence
of a compression fracture but normal marrow signal on
MRI would suggest an old fracture. In this scenario, back
pain could not be directly attributed to bone. An old frac-
ture may indirectly result in pain from spinal deformity.
Compression fractures may be traumatic or pathologic. In
the absence of fracture, bone is usually not considered in
the diagnosis of chronic mechanical LBP.

Baastrup’s Disease

Baastrup’s disease is also known as kissing spine disease.
There is spinous process abutment with the development
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of a neoarthrosis. The neoarthrosis does have sensory
fibers that may be capable of transmitting pain as dis-
cussed further in Chapter 16. Cadaveric studies have
demonstrated a pseudojoint with chondroid metapla-
sia, enchondral ossification, and osteoarthritic changes
[136]. Bursa tissue develops and can exhibit inflammatory
changes [137]. Surgical resection of a symptomatic level
can demonstrate an interspinous bursitis, interspinous
cyst, and a neoarthrosis [138].

MRI has demonstrated findings consistent with
inflammation and edema within the interspinous bursa,
interspinous ligament, and spinous processes [130]. The
prevalence of interspinous bursitis on MRI in 539 subjects
with LBP is 8.2%. Multiple level involvement was present
in 47.7%. Of this group, 71.4% were with two-level and
28.6% with three-level involvement [139]. The authors sug-
gested the term Baastrup’s sign for the radiologic findings
because imaging findings do not necessarily correlate with
pain [139].

Injection of local anesthetic under fluoroscopic guid-
ance has been proposed as a diagnostic test to determine
whether the presence of Baastrup’s sign is symptomatic
[140]. Relief of pain would suggest the presence of symp-
tomatic Baastrup’s disease. In subjects with relief from a
diagnostic injection, successful treatment with fluoroscop-
ically guided corticosteroid injection into the interspinous
ligament or surgical treatment has been reported [130,140].
Individuals are selected to undergo a diagnostic injection
based on the presence of midline LBP, tenderness to pal-
pation, with positive radiographic studies at the involved
level [130,140]. The diagnostic injection is performed with
local anesthetic injected under fluoroscopic guidance into
the involved interspinous ligament. A positive test would
be 80% relief of pain. 18F-fluorodeoxyglucose PET or CT
has been proposed to diagnose Baastrup’s disease, but
further study is needed [141]. Until then, fluoroscopically
guided diagnostic injection is used to confirm Baastrup’s
disease.

Baastrup’s disease determined by radiographic stud-
ies and confirmed with diagnostic injection between the
spinous processes had a prevalence of 1.8% with a mean
age of 75 years in chronic LBP subjects presenting to an
academic spine center [142].

Bertolotti’s Syndrome

Bertolotti’s syndrome is LBP attributed to a painful pseudo-
arthrosis created by a broad transverse process of a transi-
tional segment abutting either the iliac crest or sacral ala.
How the pseudoarthrosis results in pain is unknown. The
abutment of the periosteum of the transverse process and
sacral ala or ileum is a potential cause as the periosteum is
innervated by nociceptive fibers.

Degenerative changes at the pseudoarthrosis have
been noted on radiographs but not necessarily correlated
with pain [143]. Nuclear single-photon emission computed
tomography (SPECT) scanning has been proposed in the
evaluation of Bertolotti’s syndrome [144,145].

LBP subjects who had increased uptake seen on SPECT
imaging at the pseudoarthrosis did not undergo diagnos-
tic injection to determine whether pain was related to the

increased uptake [144]. Nuclear bone scan has been found
to be normal in subjects with symptomatic Bertolotti’s syn-
drome diagnosed with relief from fluoroscopically guided
injection of lidocaine into the pseudoarthrosis. The nine
subjects with a positive diagnostic injection underwent
resection of the broad transverse process and had complete
relief in seven and only minor pain in two subjects. One
subject had no relief from the diagnostic injection and sub-
sequently had no relief with surgery. The authors recom-
mended a positive injection before consideration of surgery
[146]. Because of the poor surgical results in two out of six
subjects after relief from a diagnostic injection, instillation
of local anesthetic as a diagnostic test has been questioned.
Another study noted favorable results from surgical resec-
tion of the transverse process in those with positive diag-
nostic injection with lidocaine [147]. Imaging studies are
not helpful in confirming the diagnosis of Bertolotti’s syn-
drome as the source of LBP. Diagnostic injection is the cur-
rent standard for diagnosis. Improved results may be seen
by using a small volume of local anesthetic, at least 80%
decrement in pain, and following the double block para-
digm to minimize false-positive responses.

The incidence of transitional vertebra on radiographic
studies in 2000 LBP sufferers was 7% [143]. MRI in 769 sub-
jects with LBP found the overall incidence of Bertolotti’s
syndrome on imaging studies of 4.6%. In this group,
Bertolotti’s syndrome was more common in those below
30 years with an incidence of 11.4% [148]. Unfortunately,
these studies did not use diagnostic injections to deter-
mine whether the pseudoarthrosis was symptomatic. The
current prevalence of Bertolotti’s syndrome as a cause of
LBP is unknown.

Spondylolysis

Acute pars stress fractures typically present in adolescent
athletes. The athlete typically has focal pain just off of mid-
line in the lumbar region. The pain is usually aggravated
by lumbar extension. Physical examination reveals pain on
extension with positive stork test. MRI is now the imag-
ing of choice to evaluate for an acute fracture [149,150]. The
acute fracture will demonstrate decreased signal on T1,
increased signal on T2, and fat suppression STIR images.
Fine cut CT with reverse gantry is used to confirm the
presence and characteristics of the fracture, which will
affect treatment. As mentioned earlier, acute fractures can
be a source of LBP. The diagnosis is confirmed by history,
physical examination, and bone marrow edema on MRIL.
The absence of bone marrow edema on MRI or
increased uptake on bone SPECT imaging suggests an old
fracture with nonunion. The question arises in these cases
of whether the spondylolysis is an incidental finding or
the cause of LBP. Histologic evaluation of surgical speci-
mens from symptomatic subjects found small myelinated
and unmyelinated axons within the connective tissue of
the fracture. Free nerve endings were additionally seen.
These findings were consistent with nociceptive innerva-
tion of the pars fracture [151]. Another study had contrary
results finding lack of innervation of the spondylolytic
defect [152]. The studies did prepare specimens differently
and may be a variable in the different histologic results.
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Immunohistochemical study has found protein gene prod-
uct, CGRP, substance P, vasoactive intestinal peptide (VIP),
and C-flanking peptide of neuropeptide Y in the ligamen-
tous structure and surrounding soft tissue of the pars
defect [153]. Overall, the studies support the ligamentous
tissue within the pars defect as a potential source of LBP.

The incidence of spondylolysis found on 2000 CT scans
in a general Japanese population was 5.9%. Spondylolysis
was more prevalent in those with than without spina
bifida occulta at 16.2% and 5.0%, respectively [154]. The
incidence in an American population of 510 CT scans done
for reasons other than LBP was 5.7% [155]. The develop-
ment of LBP in 6-year-olds with spondylolysis followed for
45 years had no difference compared to the general popu-
lation [156]. The majority of spondylytic defects occurred
at L5. The prospective study included follow-up radio-
graphs and at final evaluation MRI. Clinical follow-up also
included questions on pain, work status, medication, and
disability with the addition of the SF-36 at final evaluation.
Those with a unilateral defect had no spondylolisthesis or
disability. Only 5% (1/22) with bilateral spondylolysis had
symptomatic progressive spondylolisthesis. Overall there
was no increase in disability and LBP compared to the
general population [156]. Screening radiographs in 3988
Israeli policemen found 196 with a spondylolytic defect.
The officers with spondylolysis had a similar incidence for
absenteeism for LBP with the other officers. However, the
duration of absence was 2.7 times longer for those with
spondylolysis [157]. Because spondylolytic defects can be
seen on imaging studies in asymptomatic individuals, a
confirmatory diagnostic test is required. The diagnostic
test to determine symptomatic pars defect is a diagnostic
pars injection with local anesthetic.

Diagnostic injection of lidocaine under fluoroscopic
guidance to relieve pain is recommended before consider-
ation of surgical stabilization of the pars fracture [158,159].
Selection of surgical patients on the basis of an 80% dec-
rement in LBP after diagnostic lidocaine pars injection
improves surgical outcomes [159].

The pars defect is a potential source of LBP. The
prevalence of symptomatic pars defects has yet to be
established.

Zygapophyseal Joint

The lumbar z-joint receives innervation from the medial
branch of the posterior rami. Each joint receives a medial
branch from two levels [99,101,160]. For example, the L4-5
z-joint receives innervation from the L3 and L4 medial
branches. In fetal dissections the medial branch sup-
plies the z-joint capsule and periosteum [117]. In surgical
specimens, PGP 9.5 immunoreactive nerve fibers, CGRP
immunoreactive nerves, substance P, and VIP were found
in facet joint capsules [161-163]. An in vitro biomechani-
cal study on rabbits found high threshold mechanorecep-
tors activated at loads that could be damaging to the joint
and were postulated to be involved in nociception [164].
These studies suggest that the lumbar z-joints can serve as
a potential source of LBP.

Stimulation of z-joint capsule with needle or Cobb
elevator in surgical subjects produced localized LBP and

rarely buttock pain. This pain was relieved with injection
of local anesthetic [103]. Injection of hypertonic saline into
the lumbar z-joints of normal volunteers produced LBP
[125,165,166]. Furthermore, subjects with LBP also had pain
relief after injection of xylocaine into the joints [165].

Postmortem studies of subjects who died from trauma
have demonstrated subchondral fractures, capsular tears,
avulsion, and joint space hemorrhage in the z-joints sug-
gesting the joints are injured sufficiently to become painful
[167]. However, findings of facet joint degeneration can be
seen in asymptomatic subjects or in those with negative
diagnostic facet joint injections [168-170]. Hence, a confir-
matory diagnostic test is needed to determine whether the
z-joints are causing pain in patients suffering from LBP.
With fluoroscopic guidance, the z-joint can be selectively
anesthetized to identify whether the joint is a source of
LBP [171,172].

Schwarzer et al. refined diagnostic z-joint injections
to control for a placebo effect [18,173]. Using comparative
anesthetic blocks or placebo injection with saline, a false-
positive rate with single diagnostic injections of 32% to 38%
was determined [18,173]. Hence, comparative or placebo-
controlled injections are required to minimize a placebo
effect and maximize specificity to diagnose LBP emanat-
ing from the z-joints.

Using comparative blocks, the prevalence rate in
chronic LBP patients presenting to spine clinics has been
estimated. Depending on patient age, z-joint pain prev-
alence ranges from 12% to 45% [173-178]. Controlling for
age, the prevalence was 18% in the 31-to-40 age group
and 44% for the 51-to-60 age group [179]. Z-joint pain is
more common in older patients with 1.16 increased risk
for each 5 years of age [178]. In fact, the most common
source of LBP in adults above age 55 years is a z-joint
[178] and the most effected level is L5-S1, followed
closely by L4-L5 [173,178,180,181]. In those suffering from
failed back surgery syndrome, the z-joint was the cause
of pain in 2.7% [182]. For those with LBP after lumbar
fusion surgery, 12.5% of subjects had pain emanating
from the lumbar z-joint with 80% at the level adjacent to
the fusion [142].

Sacroiliac Joint

The SIJ is an auricular-shaped diarthrodial joint with a
joint capsule, synovial fluid, hyaline cartilage on the sacral
side, and fibrocartilage on the iliac side. The SIJ innerva-
tion is not completely elucidated. The joint is innervated
by the posterior rami of the lumbosacral roots [101,129].
The anterior aspect of the SIJ receives variable innerva-
tion from L3-S2 and the superior gluteal nerve [183]. The
posterior aspect of the joint receives variable innervations
from S1-2 and 1.4-54 [101,183,184]. A study in rats has dem-
onstrated sensory fibers from the L1 and L2 dorsal root
ganglion passing through the sympathetic nervous sys-
tem [185]. Histologic evaluation of the SIJ and posterior
ligament found myelinated and unmyelinated nerve fibers
[184,186]. Immunohistochemical studies found substance P
and CGRP in cadaveric SIJ anterior capsular ligament and
interosseous ligament [187]. Nociceptive fibers are postu-
lated to be present in the adult SIJ [186].
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Injection of contrast into the SIJ created pain in nor-
mal volunteers [188]. Seronegative spondyloarthropathy
resulting in pain and relief with fluoroscopically guided
corticosteroid SIJ injection has been reported [39,189]. SIJ
infections also result in back pain [190]. A variety of degen-
erative changes occur in the SIJ [191-196]. By the third
decade, degenerative changes may be seen [191,195]. By the
fifth decade, 91% of males and 77% of females have degen-
erative changes [195]. By the sixth decade, all cadaveric
specimens had degenerative changes and joint ankylosis
occurred in 82% of males and 30% of females [195]. These
studies suggest the SIJ is a potential source of LBP.

History and physical examination has not been accu-
rate in diagnosing pain emanating from the SI joint [17,197-
200]. Radiographicimaging is helpfulin diagnosing SIJ pain
from trauma, inflammatory, infectious, and metabolic con-
ditions [201]. Radiographic plain films have demonstrated
degenerative changes in asymptomatic individuals above
the age of 50 [202,203]. Furthermore, the previously men-
tioned cadaveric studies have demonstrated degenerative
changes commonly present by the third decade. Advanced
imaging techniques have not been helpful in diagnosing
SIJ syndrome.

Anesthetizing the SIJ] with a small aliquot of local anes-
thetic injected under fluoroscopic guidance (Chapter 13)
has been demonstrated to mitigate pain by more the 50%
suggesting the joint as a cause of LBP [204]. Although
pain provocation has been helpful in demonstrating that
the SIJ can cause pain, provocation is not diagnostic [205].
Diagnosis is based on at least 75% relief with the injection
of a local anesthetic [17,173,206]. False-positive injections
due to a placebo effect is controlled by injecting different
agents on separate days with the patient blinded to the
agent injected [17]. To further decrease a false-positive
test, injection should be done with a mixture of anesthetic
and contrast under live fluoroscopy to avoid extravasation
from the SIJ into adjacent tissues [207]. As history, physical
examination, and imaging is not accurate in diagnosing
LBP emanating from the SIJ, fluoroscopically guided diag-
nostic SIJ injections are the current standard for diagnosis
17,199,200,206,207].

Using a single diagnostic injection, a prevalence of 13%
to 30% has been reported [205]. The higher 30% was based
on 43 subjects suspected of having SIJ pain and the 13%
based on the all 100 subjects who were part of the study
[205]. However, the 13% may underestimate the prevalence
because not all subjects were offered to undergo diagnos-
tic SIJ injection. In another study utilizing single diagnos-
tic injections, the prevalence of SIJ pain was 18% [178]. But
the use of single diagnostic blocks may overestimate the
prevalence by not accounting for the placebo effect. Using
comparative blocks in 54 chronic LBP patients, 18.5% were
found to have pain from the SIJ [17]. The false-positive
rate from single diagnostic injection was 47% [17]. In 120
chronic LBP subjects randomized to participate in a study
to evaluate the etiology of LBP, the SIJ was the etiology
in only 2% of patients. The false-positive rate from single
diagnostic injections in this study was 22% [177]. In a study
by DePalma, SIJ pain occurred more frequently in older
subjects and was typically unilateral [178]. In LBP suffer-
ers after lumbar fusion surgery, 32.5% had pain emanating

from the SIJ with increased risk when the fusion extended
to the sacrum [142]. In LBP patients above age 55 years, SIJ
was the second most common source after z-joints [178].

Intervertebral Disc

The sinuvertebral nerve from T12-L5 arises from the spi-
nal nerve near the ramus communicans or with the ven-
tral primary ramus within the intervertebral foramina
and supplies the dura mater, posterior annulus, and PLL
[117118]. The sinuvertebral nerve in fetal dissections was
found to have sympathetic and spinal components [117].
Nociceptive endings have been isolated in the interverte-
bral disc [208]. Surgical specimens demonstrated nonmye-
linated fibers consistent with nociceptive fibers in the outer
fibers of the annulus and PLL [119].

The nucleus pulposus has been demonstrated to be
inflammogenic when exposed into the epidural space [209-
213]. Inflammation has been demonstrated to be impor-
tant in perpetuating pain by resulting in repetitive firing
of nerve root in animal studies [214,215]. Inflammation
of neural tissue results in impaired conduction [212].
Phospholipase A2, the rate limiting step in the liberation
of arachidonic acid, has been found in human disc surgi-
cal specimens [216,217], and has been shown to be neuro-
toxic [218]. Leukotrienes and cytokinins are also involved
in inflammation and pain mediation. Prostaglandin E2
found in surgical disc specimens sensitizes nociceptors to
bradykinins [219]. Various cytokinins have been isolated
from surgical disc specimens [220,221]. The cytokinins
and matrix metalloproteinase are involved in disc degen-
eration. Nitric oxide in pathologic disc material promotes
inflammation and is involved in immune regulation [221].
Immune responses to nucleus pulposus have been hypoth-
esized to result in chronic inflammation [222]. Also, sup-
porting an immune response promoting LBP is elevated
IgM levels found in subjects with discogenic LBP [223].

Surgical disc specimens have been found to contain
various neuropeptides involved in pain mediation— calcit-
noningene-related peptide, substanceP, VIP, and C-flanking
peptide of neuropeptide Y [224,225]. Neuropeptides are
involved in nociceptive activity. Discography has been
found to elevate substance P and VIP of the dorsal root
ganglion and modulate LBP [124]. In one study, an annu-
lar fissure was created by a stab wound and resulted in
inflammation [226]. The inflammatory response along
with release of cytokinins and neuropeptides could poten-
tially explain discogenic pain from an annular fissure.

In vivo studies have been performed to determine if
the intervertebral disc can cause LBP. Injection of hyper-
tonic saline into the disc caused severe LPB [125]. Probing
the disc at the time of lumbar spine surgery performed
under local anesthesia in 100 subjects and another study
of 193 subjects created LBP [103,104]. In another operative
study, nylon suture was attached to different structures at
the time of lumbar surgery [120]. The suture was passed
through the skin to allow pulling on the attached struc-
ture up to postoperative day 14. The annulus was found to
cause LBP [120].

Lindblom noted similar LBP created with diagnos-
tic discography in subjects with a disc herniation [227].
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Discography has been noted to create LBP in both symp-
tomatic and asymptomatic subjects in the presence of an
annular fissure seen on MRI [228]. Individuals suffering
from infectious discitis develop severe LBP [229,230].

Studies have indicated that the intervertebral disc is
the most common cause of adult LBP. Patients with dis-
cogenic LBP often complain of increased pain with trunk
flexion, coughing, sitting, and lifting. They often feel better
with trunk extension or lying flat with the knee bent or
feet elevated. However, other subjects may atypically have
more pain with trunk extension. Both history and physical
examination will be discussed in more detail in Chapter 3
in evaluating pain emanating from disc versus other spi-
nal structures.

MRI has been the imaging modality of choice to evalu-
ate for disc pathology (see Chapter 4). Unfortunately, MRI
has been unable to differentiate asymptomatic disc degen-
eration from symptomatic disc pathology. High-intensity
zone (HIZ) lesions seen on MRI have been purported to
correlate with LBP [231,232]. However, HIZ lesions have
beennoted in asymptomaticindividuals [233,234]. Findings
of disc bulging, protrusions, extrusions, and disc degener-
ation are also seen in asymptomatic population [70,170]. To
determine whether an abnormal disc on MRI is the cause
of LBP requires further diagnostic testing.

Discography has been utilized to determine whether
a disc is the cause of LBP. The concordant reproduction
of LBP at low pressure with disc injection with fissuring
into the outer third of the annulus suggests the disc as
the cause of LBP. The inter-rater reliability of discography
ranges from 0.88 to 0.99 [235]. In this blinded, prospec-
tive study that included asymptomatic and symptomatic
subjects, the false-positive rate was zero [235]. Colhoun
et al. prospectively evaluated outcome with minimum of
2 years follow-up in 195 subjects undergoing fusion for
LBP [236]. The success rate for subjects with positive dis-
cography was 89% compared to 52% for those with just

abnormal disc morphology on imaging. Discography has
been further refined with manometric discography [237].
Better surgical outcomes were found with concordant pain
response at disc injection pressures < 15 psi above opening
disc pressures [237]. However, discography is controver-
sial [228,238-240] and further discussion is presented in
the Chapter 5 on discography.

Noting the controversy surrounding provocation dis-
cography, discoblock has been proposed [241]. Discoblock
is the fluoroscopic injection of 0.75 mL of 0.5% bupiva-
caine intradiscally. A positive discoblock is the relief of the
patient’s LBP. In a randomized, controlled study, discob-
lock was found to have statistically improved outcomes
compared to discography for spinal fusion for LBP [241].
However, the sample size was small with only 15 subjects
in each group. The study did not describe how to con-
trol for a placebo effect to minimize false-positive results.
Further study is required regarding this diagnostic test.
Discography has been studied extensively and is the cur-
rent standard for diagnosing the intervertebral disc as the
source of LBP.

Using discography, the prevalence of discogenic LBP in
patients with chronic LBP presenting to three independent
clinics was 26%, 39%, and 42% [175,177,178]. Discogenic LBP
occurred more frequently in younger patients than older
patients [122,178]. In those suffering from failed back sur-
gery syndrome, the disc was the cause of pain in 31% [182].
After lumbar fusion, the intervertebral disc was respon-
sible for LBP in 12.5% [142]. In 80% of subjects, the disc at
the level of a posterior fusion or adjacent disc level was
the cause of LBP [142]. The L4-5 and L5-S1 discs were most
likely to result in exact pain on discography versus the [.2-3
and L3-4 [122,175,178]. The intervertebral disc is typically
the most common identifiable structure to cause chronic
LBP [178,242] except for in one study facet joint pain was
more common than discogenic LBP [177]. Typically only
one disc is responsible for the patient’s symptoms [243].

Table 1.2 Lumbar Spine Summary of Four Criteria and Prevalence

Structure Nociceptive Nerve Clinical Disease/lnjury Diagnostic Test Prevalence
Muscle Thoracolumbar fascia ~ Yes Mixed Yes MRI?
ALL Yes
PLL Yes Yes Yes No
Ligamentum flavum No Poorly No No
Supraspinous ligament Ends L4-5
Interspinous ligament  Yes Yes Mixed Injection
lliolumbar ligament Yes Yes
Dura Yes Posterior yes No
dura—No
Bone Endplate-yes Yes Yes Yes Yes for fracture
Baastrup’s Yes Yes MRlI/injection 1.8%
Bertolotti’s Yes Yes Yes Injection
Pars Fracture Yes Yes Yes Injection
Z-joint Yes Yes Yes Yes Injection 12%—45%
Disc Yes yes Yes yes Discography 26%—42%
Discoblock?
Disc and z-joint Yes Yes Yes Yes Yes 8%
Sl joint Yes Yes Yes Yes Injection 2%-32.5%

Blanks in table represent lack of data. The nociception column represents studies evaluating presence of either nociceptive fibers or neuropeptides.
The nerve column represents innervation of the structure is present. For bone, the data is for acute fracture. For bone there is no clinical, disease/
injury, or diagnostic data in the absence of fracture. MRI has been proposed as a potential diagnostic test for lumbar strain based upon use in limb

muscles.
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Only 8% of chronic LBP was found to be emanating from
both the disc and z-joint [175,205].

The aforementioned studies are summarized in
Table 1.2.

CONCLUSION

The differential diagnosis of axial neck pain and LBP is
extensive. A careful history and examination is performed
alerting the clinician to red flags that would suggest a
neoplastic, infectious, rheumatologic, or medical cause of
pain. Furthermore, shoulder and hip disorders can be diffi-
cult to separate from cervical and lumbar spine problems,
respectively.

Axial neck pain is prevalent in today’s society and
carries a significant socioeconomic burden. It is often asso-
ciated with nonorganic factors. Discogenic pain and pain
emanating from the z-joints comprise the bulk of chronic
neck pain. The symptoms of each of these etiologies of neck
pain overlap significantly. Although the prevalence of facet
pain is statistically greater than that of discogenic pain, the
diagnosis is dependent on the appropriate use of available
investigative techniques. Ultimately, 80% of patients with
chronic neck pain can be given a specific anatomical diag-
nosis using appropriate evaluation techniques [244].

Various structures of the spine are potential sources
of axial LBP. In the past, the majority of these structures
could not be identified through history, physical exami-
nation, and imaging studies. Hence, patients were clas-
sified with idiopathic mechanical low back. Through the
use of interventional spine procedures, many of these
structures can now be identified. With the identification
of the specific pain generator, more specific treatment
may be rendered. In addition, more accurate epidemio-
logic studies may be performed for specific diagnoses to
evaluate the natural history and comparative effective-
ness of different treatments. Improved and more effec-
tive treatments may be developed. This may lead to
improved outcomes with less disability and economic
costs from persistent LBP.

By utilizing interventional diagnostic procedures,
the structural etiology of chronic LBP can be identified
in 68% to 90% of affected individuals [177,178]. The struc-
tural cause of chronic LBP could be determined in 64%
of subjects [175,205]. In failed back surgery syndrome
patients, the cause of pain was identified in 94.4% of 197
subjects [182].
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Pathophysiology of Painful
Lumbosacral Spine Disorders

Lars G. Gilbertson and Manuel Fanor Saavedra

This chapter presents an overview of how painful lum-
bosacral spine conditions develop, recognizing the role
of genetic, environmental, and biomechanical factors.
Involvement of the intervertebral disc, facet joints, and
sacroiliac joints is emphasized, laying the groundwork for
subsequent chapters discussing diagnostic and therapeu-
tic spinal algorithms.

CONCEPTUAL FRAMEWORKS FOR
UNDERSTANDING SPINE FUNCTION

While there is no substitute for clinical experience and
insight, along the way to acquiring such, residents, fellows,
and post-training physicians routinely may benefit from
the growing body of research that can help to systemize
thinking and improve understanding of spine function in
states of health and as altered by aging, disease, and clinical
treatment. An influential conceptual framework advanced
by Panjabi [1] represents the living spine as a complex neu-
romusculoskeletal system whose biomechanical function-
ing is rather finely dependent upon the interactions among
and between three principal subsystems: the passive mus-
culoskeletal subsystem (osteoligamentous spine plus pas-
sive mechanical contributions of the muscles), the active
musculoskeletal subsystem (muscles and tendons), and
the neural and feedback subsystem (neural control centers
and feedback elements such as mechanoreceptors located
in the soft tissues), as shown in Figure 2.1. The two-headed
arrows between subsystems readily encourage “thought
experiments” of how pathological changes in one subsys-
tem might influence another—for example, prompting one
to consider how painful arthritic changes in the facet joints
might affect neuromuscular control of spinal movement.

As a neuromusculoskeletal system, the spine is relied
upon to fulfill three principal (and usually simultaneous)
biomechanical roles: load bearing, mobility, and protection
of the spinal cord and nerve roots. The pathophysiology of
the painful lumbosacral spine will be discussed in the con-
text of these three roles.

Spinal Load Bearing

In vivo measurements of intradiscal pressure by
Nachemson and colleagues [2] beginning in the
1960s revealed that axial compressive force on the

Control
Subsytem
Neural

" Active
Subsystem

Passive
Subsystem
Spinal
Muscles

Spinal
Column

Figure 2.1 Conceptual framework of the living spine as a neuro-
musculoskeletal system whose biomechanical functioning is depen-
dent upon the interactions among and between three subsystems.
Adapted from ref. [8].

osteoligamentous lumbar spine can be several-fold greater
than the combined weight of the body parts (head, upper
limbs, trunk) and external objects being supported dur-
ing various activities. This “force amplifier effect” is com-
mon to musculoskeletal joints, where large joint reaction
forces can arise due to the poor mechanical advantage of
the muscles as compared with that of the weights being
supported. A simple biomechanical model based on an
Archimedes lever system demonstrates how a relatively
short lever arm requires the extensor muscles to generate
high forces to equilibrate the flexion moment (“force times
distance”) produced by a hand-held weight and also the
upper body weight—resulting in elevated reaction forces
at the fulcrum (represented here by the disc), as shown
in Figure 2.2. Such a model does not consider any inher-
ent ability of the osteoligamentous spine to resist flexion/
extension bending (greatest at extreme ranges of spinal
motion), but otherwise can be useful for demonstrating
ergonomic principles to patients (and for demonstrating
biomechanical benefits of weight loss).

While the disc is important in transmitting axial com-
pressive force from one vertebra to the next, experimental
evidence indicates that the facet joints also are involved,
and may support up to a third of total axial compression
force depending on the spinal posture [3]. Under axial tor-
sion (twisting about the longitudinal axis of the spine) the



20 Part I ® Lumbosacral Spine

AN Y. S

A . :

4054 N P

Partial M 4957 N ; :

bodvweiaht |V} Intervertebral 294 N §

cdywelg : Weight force :

(30kg) g lifted v
(90 kg) 883 N

Figure 2.2 Simplified biomechanical model of the spine based on
Archimedes lever system, illustrating high extensor muscle forces
needed to equilibrate flexion moment produced by hand-held
weight and upper body weight. Adapted from Scoliosis Research
Society.

load sharing role of the facets (including capsular liga-
ments) can equal that of the disc [4]. Such evidence sup-
ports the concept of the spine as a “three joint complex”
[5], and points to a complex mechanical interplay between
disc and facets that is vulnerable to disruption under path-
ological conditions.

Spinal Mobility

Whereas spinal load bearing is described in terms of forces
and moments, spinal mobility is described in terms of rota-
tions and translations. Representative rotational ranges of
motion for an individual lumbar vertebra-disc-vertebra
unit are 15° for combined flexion/extension, 6° for lateral
bending to one side, and 2° for axial rotation to one side
[6]. Given that there are five such units within the lumbar
spine (L1-2, L2-3, L3-4, L4-5, L5-51), these add up to provide
considerable overall range of motion for the lumbar spine,
available for fulfillment of daily activities. Translations of
a vertebra relative to another also occur—2 mm of anterior
sagittal plane translation is considered normal in vivo, as
observed in radiographical studies [7].

An important consideration of vertebral motion is
the “virtual axis” about which motion occurs; for planar
motions, this is termed the instantaneous axis of rotation
(IAR) shown in Figure 2.3 (the three-dimensional analogue
of the TAR is the helical axis of motion). Combinations of
vertebral translations and rotation in a plane are efficiently
described by defining the position of the IAR and reporting
the amount of rotation occurring about that IAR. Changes
in the location of the IAR can have dramatic effects on
the functional roles of the muscles and osteoligamentous
structures, in a similar manner as changing the location
of the fulcrum alters mechanics of an Archimedes lever
system—in other words, the IAR may be thought of as the
“virtual fulcrum.” The spinal ligaments develop tension
as they are elongated—hence a spinal ligament resists any
spinal motion (particularly sagittal plane bending) that

Position 1

Instantaneous
axis of rotation

Figure 2.3 Spinal instantaneous axis of rotation (IAR). From
ref. [6].

would tend to increase the separation distance of the liga-
ment’s attachment points between adjacent vertebrae. The
separation distance in turn depends upon the location of
the ligament relative to the IAR and the amount of rotation
occurring about the IAR. The tension-elongation relation-
ship is such that ligaments initially offer little resistance to
elongation, but develop greater tension as the ligament is
stretched further—hence their stabilizing effect increases
with increasing spinal motion.

Whereas the relatively short lever arm of the spinal
extensor muscles is an apparent liability during load bear-
ing (resulting in large forces experienced by the interver-
tebral disc and facet joints), an advantage is seen during
mobilization—namely, that relatively small changes in the
lengths of muscles so close to the axis of motion are able to
produce large intervertebral rotations.

Neural Protection

Of the three principal biomechanical functions of the
spine, protection of the spinal cord and nerve roots is
foremost. For example, surgical decompression to allevi-
ate pressure on the spinal cord or nerve root routinely is
performed even at the expense of the removal of struc-
tures crucial to spinal load bearing. Once decompression
is achieved, attention turns to restoration of load bear-
ing—with restoration of mobility often a distant consid-
eration (as is the case with surgical discectomy followed
by fusion). Restoration of motion arguably might receive
greater consideration for the cervical spine than the lum-
bar spine.

There are numerous potential sources of direct
mechanical pressure upon the neural elements—such as
a herniated disc, bone fracture fragments, and stenotic
spinal canal. Often, a binary classification of “clinically
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stable” or “clinically unstable” is made in the assess-
ment of the threat posed to the neural elements under
different clinical conditions—with the “unstable” deter-
mination often an indication for surgical intervention.
The load-mobility characteristics of the osteoligamen-
tous spine are believed to be highly important in main-
taining clinical stability of the spine. White and Panjabi
[6] have defined clinical instability as “the loss of the
ability of the spine under physiological loads to main-
tain its pattern of displacement so that there is no initial
or additional neurological deficit, no major deformity,
and no incapacitating pain.” A corresponding check-
list for the diagnosis of clinical instability in the lumbar
spine includes flexion/extension radiographical criteria
in which sagittal plane translations in excess of 4.5 mm
and sagittal plane rotations more than 15° (L1-2, L2-3,
L3-4) or 20° (L4-5) or 25° (L5-S1) are contributors to, and
potential indicators of, clinical instability. An even more
generalized concept of clinical instability considers a
widened neutral zone as an indicator of spinal instabil-
ity [8], as shown in Figure 2.4.

PATHOPHYSIOLOGY OF THE PAINFUL
LUMBOSACRAL SPINE

Discogenic Pain

As noted earlier, the intervertebral disc is subject to large
forces in vivo—primarily axial compression, but also ante-
rior-posterior shear. The healthy disc is considered the larg-
est primarily avascular and aneural organ in the human
body—the question, then, is how it can be a source of pain,
even under large loads. An influential study by Freemont
et al. [9] examined the relationship between degenerative
changes of the disc, nerve ingrowth, and chronic low back
pain. Histological and immunohistochemical analyses of
disc biopsy samples revealed isolated nerve fibers express-
ing substance P deep within degenerated intervertebral
discs, and correlating with presence of pain as established
clinically by discography—suggesting a role for neoinner-
vation of the disc in the pathogenesis of chronic low back
pain.

Spine segment Moment

ROM (Intact)

While much current research is focused on elucidating
the role of neovascularization (angiogenesis) and altered
cell and matrix biology as potential causal factors of neoin-
nervation, the importance of structural defects (annular
tears, fissures) and associated zones of granulation tissue
should not be overlooked, as they provide a physical path-
way for ingrowth of sensory nerve endings deep into the
disc. The precise etiology of annular injury is the subject
of ongoing investigations, with mechanical loading of the
disc continuing to be strongly implicated. Recent in vivo
measurements of intradiscal pressure by Wilke et al. [10]
further support Nachemson’s earlier findings that the
disc experiences high pressures in daily activities. In the
Wilke study, measured intradiscal pressure ranged from
0.10 MPa (megapascals), while lying supine, to 2.30 MPa,
while lifting 20 kg, bent over with round back (1 MPa is
approximately 145 pounds per sq in). Large stresses can
develop in the annulus fibrosus as it contains the disc con-
tents under such pressurization. Computational modeling
has revealed high stresses in the posterolateral region of
the disc, demonstrating the susceptibility of this region
to mechanical failure—and correlating convincingly with
clinical observations of disc failure in this region [11].

Facet Pain

Likewise the facets routinely encounter large forces in vivo.
Under spine axial compression and axial torsion, the artic-
ular cartilage covering the bone surfaces of the facet joints
experiences high contact stresses. Osteoarthritic changes
leading to loss of this cartilage layer can result in painful
bone-on-bone contact. Beaman et al. [12] have reported
evidence of substance P-containing nerve fibers in the
subchondral bone of osteoarthritic facet joints. Moreover,
the facet capsule is highly innervated, including both noci-
ceptive and autonomic nerve fibers, and thus can also be a
source of pain under abnormal loads.

Biomechanical and Environmental Factors

A recent meta-analysis of 33 studies examined the
association between obesity and low back pain [13]. In

Intact Injured

Back View

Side View

Figure 2.4 Widened neutral zone (NZ) as an indi-
cator of spinal instability. Adapted from Kim DH,
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Cammisa FP, Fessler RG. Dynamic reconstruction
of the spine. New York: Thieme Medical Publishers,
Inc.; 2006:355.

Rotation



22 Part I ® Lumbosacral Spine

cross-sectional studies, obesity was associated with
increased prevalence of low back painin the past12 months,
seeking care for low back pain, and chronic low back pain.
If obesity increases low back pain, does weight reduction
alleviate symptoms? Khoueir et al. [14] performed a pro-
spective assessment of axial back symptoms before and
after bariatric weight reduction surgery. Thirty-eight
patients with morbid obesity and chronic axial back pain
were assessed preoperatively and 12 months following
bariatric surgery, using clinical measures for axial back
pain and disability. Mean weight was 144 + 41 kg preop-
eratively, decreasing to 106 + 29 kg postoperatively. Over
the 12-month interval, patients demonstrated a statisti-
cally significant 44% decrease in axial back pain (Visual
Analog Scale) and significant improvements in both SF-36
and Oswestry Disability Index following bariatric surgery.
Similarly underscoring the association between spinal
loads and low back pain, a meta-analysis of 29 studies of
4173 patients by Chadbourne et al. [15] showed that reduc-
tion mammaplasty was associated with a statistically sig-
nificant improvement in physical signs and symptoms
including upper/lower back pain. On the other hand,
Videman et al. [16] produced evidence of positive effects of
greater body mass on disc degeneration. Lumbar magnetic
resonance imaging and bone density measurements in
44 pairs of healthy male monozygotic twins with mean
13 kg discordance in body weight showed evidence of
a delay in L1-4 disc desiccation in the heavier men as
compared with their less heavy twin brothers, and 6.2%
higher bone density in the lumbar spine. These findings
challenge the common belief that higher body mass is
always harmful to discs, although it should be understood
that the previous evidence suggests that there is a limit
beyond which the effect of increased body mass on the
spine clearly is not benign.

Genetic Factors

While lifting heavy loads, torsional stress, and motor
vehicle driving are among the most studied environmen-
tal risk factors for lumbar disc disease, evidence from

family and twin studies suggests that genetic factors are
also important—even to the extent of claims that “sciatica,
disc herniation and disc degeneration may be explained to
a large degree by genetic factors” [17]. Evidence includes
the identification of two collagen IX alleles associated
with sciatica and lumbar disc herniation, and the relation
of disc degeneration to aggrecan gene polymorphism, a
vitamin D receptor, and matrix metalloproteinase-3 gene
alleles.

PATHOPHYSIOLOGY OF THE PAINFUL Sl)

The sacroiliac joint (SIJ) satisfies the criteria to be consid-
ered a pain generator because it has nerve supply and it
is susceptible to disease or injuries known to be painful.
Pathological conditions of the SIJ that might be the involved
as a source of pain are spondyloarthropathies, infection,
malignancy, and trauma [18].

Anatomical Principles

The SIJ is a diarthrodial joint with a joint capsule and syno-
vial fluid [18]. It has two bony surfaces, the sacrum and
the ilium. The ilium has a convex promontory at the sec-
ond sacral vertebra (S2), whereas the sacrum is more con-
cave. The joint surfaces are lined with hyaline cartilage,
although the iliac cartilage appears thinner and more
fibrocartilaginous. The superior third of the hyaline iliac
cartilage is strongly attached to the surrounding stabi-
lizing ligaments, forming wide margins of fibrocartilage.
The inferior third of the joint along the iliac bone has some
histological characteristics of a synovial joint [19].

The long arm of the joint is oriented posterolaterally
and caudally, whereas the short arm is positioned posteri-
orly and cephalic. The morphology of the SIJ varies widely
between individuals with respect to size, shape, and con-
tour [20].

The anterior capsule of the sacroiliac is well formed,
but the posterior capsule frequently possesses multiple
rents and tears [20]. The ligaments supporting the SIJ are
the anterior and posterior sacroiliac ligament, interosseus

Figure 2.5 Sacropelvic ligaments. Adapted from Bogduk N. Clinical Anatomy of the Lumbar Spine and Sacrum. 4th ed. Philadelphia:

Elsevier; 2005.
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Figure 2.6 Mulculoligametous sling of the lumbosacral region.
From ref. [24].

ligament, sacrotuberous ligament, sacrospinous ligament,
and iliolumbar ligament [18,21], as shown in Figure 2.5.
The interosseous ligament is the strongest ligament sup-
porting the SIJ [18,20]. Structures that have connections
or an intimate relationship with the mentioned ligaments
are the piriformis, biceps femoris, gluteus maximus and
minimus, quadratus lumborum, erector spinae, iliacus,
latissimus dorsi, and thoracodorsal fascia [18,22-24], as
shown in Figure 2.6. The joint space decreases with age
and becomes rougher and filled with debris. As the joint
fills and ages, it becomes stiffer and less effective as a
shock absorber [25]. The joint does not truly fuse with nor-
mal aging [26].

The exact innervation is unclear. The anterior portion
of the SIJ receives innervation from the posterior rami of
the L1-S2 roots. Additional innervation to the anterior joint
may arise directly from the obturator nerve, superior glu-
teal nerve, and/or lumbosacral trunk. The posterior por-
tion of the joint is innervated by the posterior rami of L4-53
with a particular contribution from S1 and S2. The S1 level
may provide the greatest contribution to the SIJ [18,22,27].

Physiological and Biomechanical Principles

Forces from the lower limbs are transmitted to the trunk
through the sacrum [26]. During axial loading, the upper
sacrum is forced downward and anteriorly, wedging into
the iliac bone. The SIJ acts as a triplanar shock absorber
possessing motion that likely does not occur around a sin-
gle fixed axis. The SIJ is surrounded by some of the largest
and most powerful muscles of the body, but none of these
muscles have direct influence on joint motion [22,26]. The
precise model of SI] motion is unclear. It seems that the
SIJ physiological motion is limited to minute amounts of
rotation and translation [28]. Rotation range is between
-1.1° and 2.2° along the x-axis, -0.8° and 4.0° along the

y-axis, and -0.5° and 8.0° along the z-axis. Translation
range is between -0.3 and 8.0 mm along the x-axis, -0.2
and 7.0 mm along the y-axis, 0.3 and 6.0 mm along the
z-axis [27].

The SIJ is the only joint in the body that has a flat joint
surface oriented almost parallel to the plane of maximal
load [21]. It has self-locking properties, occurring through
two types of closure: form and force. Form closure repre-
sents how specifically shaped and closely fit contacts pro-
vide inherent stability independent of external load. Force
closure represents the external compression forces that add
additional stability, shown in Figure 2.7. Ligaments in this
region provide additional support along with the fascia
and muscles within the region. They provide significant
self-bracing or self-locking to the SIJ due to their cross-
like anatomic configuration [24]. Ventrally, this is formed
by the external abdominal obliques, linea alba, internal
abdominal obliques, and transverse abdominals. Dorsally,
this is formed by the latissimus dorsi, thoracolumbar fas-
cia, gluteus maximus, and iliotibial tract. Additional to
the prior mentioned musculoligamentous structure, there
appears to be an arthrokinetic reflex mechanism by which
the nervous system actively controls this added support
system [18,21,24].

Pathophysiology

The SIJ was first suggested as a source of lower back pain
in 1905 by Goldthwaite and Osgood—but then largely
ignored as the intervertebral disc became labeled as the
major cause of back pain by Mixter and Barr in 1934 [21].
SIJ pain generally arises in relation to pregnancy, trauma,
sports, spondyloarthropathies, infection, and malignancy.
Pain is experienced between the posterior iliac crest and
the gluteal fold, particularly in the vicinity of the SIJs.
It may radiate to the posterior thigh and can also occur
with/or separately in the symphysis. The endurance capac-
ity for standing, walking, and sitting is diminished. The
incidence in pregnancy may be as high as 20% [21,29]. The
situation is different in the general population complain-
ing of low back pain—here it might be up to 15% to 21%
[21,22,26,30,31] (see Chapter 1).

ADgDF

Force closure mechanism

Form closure mechanism

Self-bracing mechanism

Figure 2.7 Diagrammatic representation of force closure, form
closure and the self-bracing mechanism of the SlJ. From ref. [21].
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History of trauma can be found in 44% to 58% of indi-
viduals. Possible mechanisms include sudden heavy lifting,
prolonged lifting and bending, torsional strain, arising from
a stooped position, falling onto a buttock, or motor vehicle
accident with the ipsilateral foot on the brake [22,32].

SIJ dysfunction can develop in any sport that places
significant biomechanical stress through the lumbar spine
and pelvis—especially when the pelvis is relatively fixed
while primarily transverse plane loads are applied through
the lumbosacral region. Imbalances in muscle action may
disrupt the normal equilibrium of muscle function around
the pelvis and sacroiliac region. It has been found to be
common in cross-country skiers and rowers [24], and after
lumbosacral fusion [33].

In pregnant women the mechanism might be as a
result of the release of the hormone relaxin, which allows
pelvic expansion and increased motion [34]. Other fac-
tors, such as the trauma of childbirth, altered posture,
increased lordosis, and weight gain, also may increase the
risk of pain. Asymmetric SIJ laxity measured during preg-
nancy (Doppler imaging) is predictive of the persistence of
moderate to severe pregnancy-related pelvic pain into the
postpartum period [35].

Sacroiliitis often leads to typical inflammatory back
pain of varying intensity but some patients may remain
asymptomatic. Spondyloarthropathies comprise five entities
differentiated mainly on a clinical basis: ankylosing spondy-
litis, reactive arthritis, psoriatic arthritis, arthritis of chronic
inflammatory bowel disease, and undifferentiated spondy-
loarthropathy. Overlapping, transition, and coexistence of
these subsets are typical and sacroiliitis can occur in all of
them. The SIJs are either unilaterally or bilaterally affected
with anintensity ranging from mild to very severeinflamma-
tion resulting in partial or complete ankylosis. Symmetrical
sacroiliitis is found in more than 90% of ankylosing spon-
dylitis patients and in two-thirds of patients with chronic
reactive arthritis and psoriatic arthritis of longstanding dis-
ease. Spondyloarthropathies are genetically linked (90% of
cases), the strongest contributing factor being human leu-
kocyte antigen B27 [26,36,37]. Nonspondyloarthropathic SIJ
pain is typically unilateral [38].

Pyogenic sacroiliitis is relatively rare, representing only
1% to 2% of all cases of septic arthritis. Initial symptoms are
usually nonspecific and difficult to differentiate from sci-
atica or septic arthritis of hip, and sometimes may mimic
acute abdomen and sepsis syndrome. Delay in diagnosis
may lead to several severe complications such as abscess
or sequestrum formation, prolonged period of sepsis, long-
term joint deformity and disability, and even death [39].

Giant cell tumors, chondrosarcoma, and metastatic
disease are the most frequent tumors involving the SIJ.
The following carcinomas have been reported in the lit-
erature as having metastasized to the SIJ: hepatocellular,
salivary gland, renal, colon, and lung. There are reported
cases of malignancies mimicking a unilateral sacroiliitis at
first presentation [40].

SUMMARY

The pathophysiology of painful degenerative lumbosa-
cral conditions is indeed complex, as can be seen by the

numerous ongoing clinical and scientific investigations of
a highly interdisciplinary nature. Residents, fellows, and
post-training physicians dedicated to the care of patients
with painful lumbosacral conditions are faced with a rap-
idly growing body of published work written by a diverse
group of clinicians and scientists—including bioengineers,
biologists, epidemiologists, and geneticists—requiring
an interdisciplinary mindset/level of comprehension in
order to be able to rapidly assess what pieces of evidence
should be considered in the clinical care of patients. While
genetic research has been helpful in elucidating the roles
of specific genes in lumbosacral disorders, broader genom-
ics research efforts to identify the complex interactions
between genes, biological and biomechanical pathways,
and environmental factors would appear to be the trend
toward future research. For now, the physician must inte-
grate the disparate information streams into a cohesive
treatment plan for their patients.
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Mechanical Assessment of Axial
Lumbosacral Pain

Stephen May and Ron Donelson

INTRODUCTION

The term nonspecific or mechanical low back pain has been
in common use for several decades and arose from the
limited diagnostic acumen of physical examination pro-
cedures to identify specific anatomical diagnoses [1,2].
Pathoanatomical or structural diagnoses of low back
pain (LBP) by clinical examination have traditionally
lacked validity [3]. Most physical examination proce-
dures have poor levels of reliability between clinicians,
especially those based primarily on observation and pal-
pation [4,5]. However, physical examination procedures
based on symptom response, such as centralization, gen-
erally have higher levels of reliability [4,5]. Identification
of clinically meaningful pathology via advanced imag-
ing modalities is problematic, as morphologic changes,
such as disc degeneration, disc herniations, and spinal
stenosis, can be found in the asymptomatic population
[6-8]. Nonspecific or mechanical back pain has been the
preferred nomenclature for several decades [1,2]. Yet,
more recent evidence has emerged that mechanical LBP
can be further delineated into the specific structural
source (disc, facet joint, sacroiliac joint [SIJ]) of LBP (see
Chapter 1).

PHYSICAL IDENTIFICATION OF
STRUCTURAL DIAGNOSES

It has been demonstrated that a structural diagnosis can
be established in “nonspecific back pain” in some LBP
patients (see Chapter 1) using precision, controlled, fluo-
roscopically guided diagnostic spinal procedures as a
reference standard as long as particular diagnostic crite-
ria are maintained [9-11]. Injections must be performed
under fluoroscopic control to ensure accurate placement;
double blocks are necessary as single blocks are associ-
ated with appreciable rates of false positives; in discogra-
phy, concordant LBP must be produced at one segmental
level, with no pain at an adjacent level. Studies on spinal
procedure studies meeting stringent operational criteria
provide the theoretical framework for understanding the
prevalence of different structural diagnoses in chronic
mechanical back pain; however, their specialized and
intrusive nature reserves these interventions for certain
patient populations.

Discography has been deemed controversial; yet,
its proponents (see Chapters 4 and 5) have shown it to
be the only valid and reliable method to detect primary
discogenic LBP [12], and its detractors claim it to have
poor specificity and be of limited clinical value [10,13,14].
Traditionally, the only physical examination finding
consistently associated with discogenic pain, rather
than lumbar radiculopathy, is centralization [3,10,15—
17]. Centralization and peripheralization appear to be
strongly correlated with discogenic pain, but from the
evidence to date it is unclear if this correlation can be
used to rule in or rule out the diagnosis. More recent
findings support the predictive utility of sustained hip
flexion (SHF) [18] and pelvic rock in detecting disco-
genic LBP. Reproduction of LBP during SHF in which
the patient lies supine, hands resting on his or her abdo-
men, with knees extended lowering his or her limbs in a
controlled fashion toward the plinthe (Patel/Slipman) is
highly predictive of discogenic LBP.

Regarding SIJ dysfunction, SIJ tests that used palpa-
tion and attempt to detect movement abnormalities were
consistently found to possess poor reliability, whereas SIJ
tests that are based on pain provocation of the patient’s
concordant symptoms were found to have moderate lev-
els of reliability, though not consistently [19]. In terms of
validity, compared with a SIJ injection, no provoking or
relieving movements or positions have been found that
were unique or especially common to SIJ pain, either in
the history or the physical examination [20]; pain provo-
cation tests were not validated against reference standards
[21-24], and false-positive SIJ tests are common in popula-
tions without confirmed SIJ pathology [25]. However, the
use of multiple tests has been shown to be more reliable
than single tests [17,26-28]. The diagnostic accuracy of the
clinical examination is enhanced if lumbar spine and hip
joint pain patients are first excluded—detected using a
mechanical evaluation, noting centralization or peripher-
alization, following which three out of five positive pain
provocation tests are used to determine SIJ problems with a
reasonable level of validity [16,17,28,29]. The recommended
tests are as follows: distraction, compression, thigh thrust,
Gaenslen'’s, and sacral thrust tests [28,29].

In conclusion, it does seem that painful SIJ dysfunc-
tion can be diagnosed using clinical examination, but only
if a staged differential diagnostic process is used involving
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lumbar mechanical evaluation and pain provocation SIJ
tests. Demonstration of centralization, peripheralization,
or directional preference denotes a lumbar spine problem
and discounts the need to examine for SIJ pathology—it
should be noted that this may not occur at the initial assess-
ment, but can occur subsequently [30]. LBP produced by
SHF strongly suggests discogenic LBP and can be used to
corroborate a more extensive staged examination. In the
absence of a positive symptomatic or mechanical response
to end-range repeated lumbar movements, and in the pres-
ence of unilateral LBP toward the buttock, pain provoca-
tion SIJ tests should be used. When three of these tests
produce concordant pain, a SIJ problem is likely; when all
tests are negative, a SIJ problem can be ruled out [29].

The reference standard for identifying zygapophyseal
joint (Z]) pain is controlled comparative local anesthetic
blocks (see Chapter 10). Single blocks are associated with
at least 27% to 38% false-positive rate in the lumbar spine
[11]. Studies traditionally have failed to link any clinical fea-
tures of history or physical examination with ZJ problems
[31-36] and have specifically ruled out certain features that
initially had been suggested might be diagnostic [37-40].
At this point in time, compared with criterion standards,
it does not seem possible to identify ZJ pain using physical
examination findings with any accuracy. It appears most
likely to be a diagnosis by exclusion rather than one by
positive clinical identification.

LBP location is a possible diagnostic clue. Discogenic
LBP is more likely to occupy the midline, whereas SIJ and
Z] pain is more likely to be located para-midline [22,32,18].
When combined with age and positive pain provocation
during SHE, discogenic pain is more likely than SIJ or Z]
LBP [18]. Patients 55 years old or younger with complaints
of midline LBP that is provoked by SHF have a 94% prob-
ability of their LBP being due to a painful intervertebral
disc [41].

A void of evidence exists demonstrating that improved
treatment outcomes are plausible using astute physi-
cal examination findings to diagnose the source of LBP.
Whereas surgery has been identified as a useful treatment
for lumbar radiculopathy, with better short-term outcomes
than conservative management [42], surgery has not
proven superior to conservative treatment in the manage-
ment of chronic discogenic pain [43].

Dynamic Internal Disc Model

One model of pain generation for LBP is the dynamic
internal disc model, with the disc the commonest cause
of mechanical back pain [44—46]. Pain provocation studies
have commonly demonstrated reproduction of patients’
LBP with discography [46-51], which can include radiat-
ing symptoms [15,46,52-54]. The degree of radiation may
reflect the degree of mechanical pressure that the rup-
tured and weakened annular fibers are subjected to, with
outer annular tears being strongly associated with pain
[45]. More mechanical pressure is associated with more
distal referral of symptoms in anatomic studies in general
[55-59]. The mobile disc has been demonstrated in cadav-
eric experiments [60-63], and in living subjects [64—-68],
with a posterior displacement of the nucleus on flexion,

and an anterior displacement on extension. Increased dis-
placement of the nucleus or pressure on the outer annu-
lus or nerve root may produce more peripheral symptoms,
whereas reduced pressure could relieve these symptoms.

The process might develop in a sequential manner,
with the distortion, then failure of the annulus leading to
the formation of radial fissures, which are a prerequisite of
displacement. In its turn the displacement can be checked
by the outer annular wall or this can be ruptured also and
a complete herniation result. Once the annular wall has
been completely breached and the hydrostatic mechanism
of the disc is impaired, it is no longer possible to influence
the displaced tissue [69].

Other experimental and clinical studies [70,71] sup-
port this dynamic internal disc model when in the pres-
ence of fissures and disc fragments the effects of normal
loading can lead to the unphysiological displacement of
discal material, protrusions, and extrusions. The develop-
ment of radial fissures would seem to be the key factor in
the pathology of disc problems. These entities can be pain-
ful in themselves, but in some patients these fissures may
also act as conduits for intradiscal material to be displaced,
to protrude, or to be extruded beyond the contours of the
annulus.

Although the end result may be actual disc hernia-
tion with nerve root involvement, this only represents the
extreme end of the continuum, and a minority of patients.
The majority of patients present at an earlier stage in this
continuum, with the outer annular wall still intact or if not
intact, no nuclear herniation, when the displaced tissue can
be influenced by movement and positioning, and when
the symptom generating mechanism is reversible. This
dynamic disc model may be the anatomical explanation for
the clinical phenomena of peripheralization and centraliza-
tion. For a fuller review on the use of repeated movements
to identify symptomatic intervertebral discs, see [72].

MECHANICAL DIAGNOSIS AND THERAPY

In distinction from an anatomic diagnostic approach, the
McKenzie method of Mechanical Diagnosis and Therapy
(MDT) [73] uses nonspecific mechanical syndromes, which
are determined by symptom response to repeated move-
ments and sustained postures. As noted already, symp-
tom response procedures have better levels of reliability
than procedures using palpation or observation [4], with
kappa values greater than 0.6 for identifying centraliza-
tion and directional preference [74,75]. Furthermore, the
method has prognostic validity; with the identification of
centralization and directional preference, a good outcome
is likely if treatment is guided by directional preference
findings [76—79]. A portion of the remainder of this chap-
ter will consider the algorithmic reasoning used in MDT
to rule out red flags, to identify mechanical responders
with mechanical syndrome classification, and to identify
nonresponders who might fit one of a number of specific
categories and who may benefit from alternative interven-
tions, including medical ones. It will also present evidence,
where available, that underpins the assessment process,
classification system, and treatment efficacy.
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THE McKENZIE INSTITUTE
LUMBAR SPINE ASSESSMENT

Date

Name Sex M/F
Address

Telephone

Date of Birth Age

Referral: GP / Orth / Self / Other

Work: Mechanical Stresses

Leisure: Mechanical Stresses

Functional Disability from present episode

Functional Disability score
VAS Score (0-10)

HISTORY

Present Symptoms
Present since Improving / Unchanging / Worsening
Commenced as a result of Or no apparent reason
Symptoms at onset: back / thigh / leg
Constant symptoms: back / thigh / leg Intermittent symptoms: back / thigh / leg
Worse bending Sitting / rising standing walking lying

am/ as the day progresses / pm when still / on the move

other
Better bending sitting standing walking lying

am / as the day progresses / pm when still / on the move

other
Disturbed Sleep Yes / No Sleeping postures: prone / sup / side R / L Surface: firm / soft / sag
Previous Episodes 0 1-5 6-10 11+ Year of first episode

Previous History

Previous Treatments

SPECIFIC QUESTIONS
Cough / Sneeze / Strain / +ve / -ve Bladder: normal / abnormal Gait: normal / abnormal

Medications: Nil / NSAIDS / Analg / Steroids / Anticoag / Other

General Health: Good / Fair / Poor

Imaging: Yes / No

Recent or major surgery: Yes / No Night Pain: Yes / No
Accidents: Yes / No Unexplained weight loss: Yes / No
Other:

McKenzie Institute International 2005©
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EXAMINATION
POSTURE
Sitting: Good / Fair / Poor  Standing: Good / Fair / Poor
Correction of Posture: Better / Worse / No effect
Other Observations:

Lordosis: Red / Acc / Normal Lateral Shift: Right / Left/ Nil

Relevant: Yes / No

NEUROLOGICAL
Motor Deficit
Sensory Deficit

MOVEMENT LOSS

Reflexes
Dural Signs

Maj Mod Min Nil Pain

Flexion

Extension

Side Gliding R

Side Gliding L

TEST MOVEMENTS Describe effect on present pain — During: produces, abolishes, increases, decreases, no effect,
centralising, peripheralising. After: better, worse, no better, no worse, no effect, centralised, peripheralised.

Mechanical Response

No
TRom | { Rom Effect

Symptoms During Testing Symptoms After Testing

Pretest symptoms standing:

FIS

Rep FIS

EIS

Rep EIS

Pretest symptoms lying:

FIL

Rep FIL

EIL

Rep EIL

If required pretest symptoms:

SGIS - R

Rep SGIS - R

SGIS - L

Rep SGIS- L

STATICTESTS

Sitting slouched

Sitting erect

Standing slouched

Standing erect

Lying prone in extension

Long sitting

OTHERTESTS

PROVISIONAL CLASSIFICATION
Derangement
Derangement: Pain location

Dysfunction

Posture

Other

PRINCIPLE OF MANAGEMENT
Education

Mechanical Therapy: Yes / No

Equipment Provided

Extension Principle:

Flexion Principle:

Treatment Goals:

Lateral Principle:
Other:

Figure 3.1

McKenzie lumbar spine assessment sheet. From McKenzie Institute International.

McKenzie Institute International 2005©
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MDT—Assessment

MDT uses standardized assessment sheets (see Figure 3.1)
as well as standard questions about the patient’s details: the
onset, nature and history of the episode, the aggravating
and relieving factors, and any history of previous episodes.
The history also includes standard red-flag questions to rule
out the presence of serious spinal pathology. Although rare
[80], back pain can occasionally be caused by cancer, inflam-
matory disease, fractures, or be accompanied by cauda
equina syndrome, which all require specialist referral and
are contraindications for MDT. These are best detected by
strategic questions during the history taking [2]. The history
may also alert the clinician to the presence of “yellow flags™:
psychosocial barriers to recovery that can impact negatively
on treatment. These might be detected by the patient’s
response to onset of symptoms, their work status, or their
opinions about movement and back pain, but can be eval-
uated more thoroughly using one of a number of screening
tools (for instance, Hill et al. [81]). Nonresponse to MDT and
high levels of psychosocial barriers may indicate the need
to adopt a “pain management” type of approach, but this is
likely only in a small minority. Formal assessment of pain
levels and disability can also be evaluated using tools such
as the Numeric Pain Rating Scale [82] and the Roland-Morris
Disability Questionnaire [83], respectively.

The history will also be used for hypothesis-gener-
ating about the possible presence of one of the mechan-
ical syndromes, namely derangement, dysfunction, or
postural syndrome. Operational definitions for these are
given in Table 3.1. Note these are based entirely on symp-
tom and mechanical responses to repeated movements or
sustained postures. However, their presence can be sus-
pected or ruled out from items in the history, such as the

Table 3.1

pain history of the episode (for instance, constant or inter-
mittent symptoms, duration of symptoms, and back pain
only or back and referred symptoms) and aggravating and
relieving factors. Clinicians experienced in MDT will con-
clude the history with a clear sense of whether a mechan-
ical syndrome might be present or absent, and whether a
directional preference might be present or absent.

The physical examination is used to confirm or deny
these hypotheses. The physical examination includes a
neurologic examination in the presence of referred pain,
consideration of the patient’s posture, their symptom
response to posture correction, their baseline range of
movement, and then uses repeated movements to affect
symptoms and range-of-motion, both of which are mon-
itored. Not all the repeated movements on the assessment
form (Figure 3.1) will be performed. That selection is based
on the clinical reasoning of the clinician. The standard
algorithm is to examine sagittal plane movements before
frontal plane movements, except in the presence of a lateral
shift. If sagittal plane movements exacerbate or peripheral-
ize symptoms, frontal plane movements will be explored.
A standard set of terms are used to describe the various
types of symptom response during and after the repeated
movements (Table 3.2).

During the physical examination, symptom response
is monitored for the presence of centralization or direc-
tional preference. Operational definitions are provided in
Table 3.3; again, these are based entirely on symptom or
mechanical responses. Both centralization and directional
preference identify the presence of a derangement, which
is by the far largest classification amongst spinal mechan-
ical syndromes. At the end of the physical examination,
the clinician will make a provisional classification, to be
confirmed at follow-up visits.

Operational Definitions for Mechanical Syndromes

Reducible derangement
+ Centralization in response to therapeutic loading strategies

* Each progressive abolition is retained over time, until all symptoms are abolished, and

* If back pain only is present, this moves from a widespread to a more central location and then is abolished, or

* Pain is decreased and then abolished during the application of therapeutic loading strategies

* The change in pain location, or decrease or abolition of pain remain better, and

* Should be accompanied or preceded by improvements in the mechanical presentation (range of movement and/or deformity)

Irreducible derangement

* Peripheralization of symptoms: increase or worsening of distal symptoms in response to therapeutic loading strategies, and/or

* No decrease, abolition, or centralization of pain

Dysfunction
* Spinal pain only, and
* Intermittent pain, and

* At least one movement is restricted, and the restricted movement consistently produces concordant pain at end-range, and

* There is no rapid reduction or abolition of symptoms, and

* No lasting production and no peripheralization of symptoms

Postural syndrome
* Spinal pain only, and
» Concordant pain only with static loading, and
* Abolition of pain with postural correction, and
* No pain with repeated movements, and
* No loss of range of movement, and
* No pain during movement
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Table 3.2 Terms Used to Monitor Symptom Response

Standardized terms?

During loading

Increase Symptoms already present are increased in
intensity

Decrease Symptoms already present are decreased in
intensity

Produce Movement or loading creates symptoms that were
not present prior to the test

Abolish Movement or loading abolishes symptoms that
were present prior to the test

Better Symptoms produced on movement, decrease on
repetition

Centralizes Movement or loading abolishes the most distal
symptoms

Peripheralizes Movement or loading produces more distal
symptoms

After loading

Worse Symptoms produced or increased with movement
or loading remain aggravated following the test

Not worse Symptoms produced or increased with movement
or loading return to baseline following the test

Better Symptoms decreased or abolished with movement
or loading remain improved after testing

Not better Symptoms decreased or abolished with movement
or loading return to baseline after testing

Centralized Distal symptoms abolished by movement or load-

ing remain abolished after testing

Distal symptoms produced during movement or
loading remain after testing

Movement or loading has no effect on symptoms
during or after testing

Peripheralized

No effect

2 These are the words used to describe symptom response during the physical
examination.

Table 3.3 Operational Definitions for Centralization and
Directional Preference

Centralization
« Distal pain is abolished in response to repeated movements or
sustained positions and remains better
* Remaining spinal pain is abolished in response to repeated
movements

Directional preference
 Centralization, or
* Decrease in symptoms in response to repeated movements, or
* Increase in range of movement in response to repeated movements

Classification, Centralization, and
Directional Preference

Evidence suggests that the majority of patients with back
pain classified by MDT-trained clinicians are classified
into one of the three mechanical syndromes, of which the
majority are classified with derangement syndrome [4,78].
Derangement syndrome has been identified in about 70% to
80% of patients with spinal problems [4,78,84] (Figure 3.2).
In a systematic review, centralization, which only occurs
in the derangement syndrome, was identified in 70% of
731 patients with subacute and 52% of 325 patients with
chronic LBP [76]. In a randomized controlled trial, direc-
tional preference was identified at the initial mechanical

O der
H dys
O ps

O other

der, derangement; dys, dysfunction; ps, postural syndrome

Figure 3.2 Classification of 607 patients with spine pain. From
Ref. [4].

evaluation in 230 of 312 (74%) acute-to-chronic patients
with LBP [78].

The importance of these findings is that they have
consistently been found to be associated with good prog-
nosis [76-79,85,86]. Centralization is the only physical
examination finding that has been shown to predict out-
comes 1 year later [86]. Equally, noncentralization is associ-
ated with poor outcomes and nonorganic signs, overt pain
behaviors, fear of work activities, and somatization [86,87].
In other words, noncentralization indicates patients with
more marked psychosocial barriers to recovery who will
likely need a cognitive behavioral approach of manage-
ment. If no change has occurred by seven sessions, there
is unlikely to be further improvement with this approach
[85]. However, although the majority (97%) of those show-
ing a centralization response on day one will continue to
show this positive response, 60% of those not responding
initially will come to show a centralization response at
multiple visits [30]. The presence of centralization or direc-
tional preference not only indicates a good prognosis but
also a clear guidance for management using the repeated
movement exercises that produced this favorable response.
The patient is instructed to continue these exercises as long
as a similar response is forthcoming.

Thus, for each mechanical syndrome, a clear therapy
management strategy is preordained:

= For derangement—exercises that centralize, abolish, or
decrease symptoms and regain range of movement.

= For dysfunction—end-range exercises that reproduce
symptoms, but which are not worse after, and change
only slowly.

= For posture syndrome—education in posture correction
to avoid end-range sustained loading.

Management is chiefly then an exercise, or end-range
lumbar bending movement, which is repeated regularly
every 2 to 3 hours by the patient, and is supplemented by
education about posture, interrupting some loading strat-
egies, temporarily avoiding some activities, and maintain-
ing general activity. If the patient is out of work, a major
emphasis is on returning them to work as soon as possible.
As can be seen, the emphasis is on a patient-centered self-
treatment approach to management, in which they are the
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chief architects of their recovery. If recovery plateaus or
slows, patient exercises can be supplemented with manual
therapy, but this is only used to return the patient to the
position where they can self-manage again. As the episode
resolves, the emphasis shifts to considerations of preven-
tion of future episodes. This is done through consideration
of postural loads, by encouraging general exercise, and by
use of the treating exercises proactively, as a preventative
measure. The value of using extension-in-lying exercises
to prevent recurrences of LBP has been demonstrated in a
controlled trial [88].

Centralization has been demonstrated in patients
with nonspecific back pain as well as in those with sciat-
ica. In both cases, it was associated with a good prognosis.
Patients with sciatica who are noncentralizers are six times
more likely to need surgery [89]. This group of patients with
disc herniations and lumbar radiculopathy are more likely
to require a surgical intervention. In this subgroup, it has
been demonstrated that the introduction of a McKenzie
assessment and treatment clinic in one county in Denmark
caused a decline in the rate of first-time lumbar disc sur-
gery by about two thirds compared with the levels of disc
surgery in the rest of Denmark [90].

Nonresponders and Nonclassified

The MDT algorithm identifies those who will respond
and those who will not respond with the approach.
Most nonresponders cannot be classified into one of
the mechanical syndromes. The exception is the non-
responders classified with derangement, but further
classified as being irreducible. Most with an irreduc-
ible derangement will have more severe symptoms with
lumbar radiculopathy, and probably accompanying neu-
rologic signs and symptoms. If their response does not
change, they may become candidates for surgery. As
noted earlier, many with sciatica symptoms will respond
to this type of conservative management [89,90], but some
will not. These will be rapidly identified by their failure
to centralize and by all repeated movements producing
peripheralization or worsening of peripheral symptoms.
If these symptom responses to the MDT examination
continue over several sessions, these patients would be
referred on for further investigations.

Not all patients with back pain would be classified
with a mechanical syndrome, but the MDT algorithm
first excludes the presence of one of the mechanical
syndromes before considering alternative or “other”
classifications. Thus, repeated movement testing could
be continued for up to five sessions to demonstrate the
required response. More experienced MDT clinicians
would classify a nonresponder that could not be classi-
fied into one of the three mechanical syndromes more
quickly than this. If, after a number of clinic sessions
there is a failure to classify a mechanical syndrome, one
of the “other” classifications could be considered; the
main ones being spinal stenosis, hip joint pathology, SIJ
dysfunction, mechanical inconclusive, spondylolisthesis,
and chronic pain state. Each of these is a very small clas-
sification group and each has clearly defined operational
definitions [73] (Table 3.4).

Some patients classified into one of the “other” clas-
sifications may respond to specific exercises. For instance,
in those with spinal stenosis, a trial of directional exercises
would be trialed to see if these might improve symptoms.
Those with hip symptoms can often be classified into a
mechanical syndrome related to the hip joint and respond
well to appropriate self-treatment. Some with SIJ problems
might similarly respond mechanically and be classified
as an SIJ derangement [91], and those classified as chronic
pain state would be recommended to a pain management
program.

Two surveys of MDT clinicians reported that 17%
to 19% of 765 spine patients were classified as irreduc-
ible derangement or “other” [4,82], with 6% identified as
irreducible derangement [82], 6% as mechanically incon-
clusive, 4% as chronic pain state, about 2% as postsur-
gery, and about 1% each as stenosis, spondylolisthesis, SIJ
dysfunction, and posttrauma [4]. The remainder were clas-
sified with one of the mechanical syndromes, the majority
with derangements.

Effectiveness

The emphasis in this chapter has been about describing
the assessment, examination, classification, and manage-
ment system of MDT, but it is obviously relevant to iden-
tify reviews that analyze the effectiveness of this approach.
A number of recent reviews, with different inclusion/

Table 3.4 Operational Definitions for “Other” Classifications

Stenosis
* Leg symptoms when walking
* Eased when sitting/leaning forward
* Loss of extension
* Age more than 50
* Possible nerve root signs and symptoms
» Extensive degenerative changes on x-ray
* Extension provokes symptoms
» Confirmation with CT/MRI
Spondylolisthesis
* Adolescent
* Recent sports related onset back pain
» Sport involves regular flexion/extension
» Confirmation on investigation
Sacroiliac joint
* Exclude lumbar spine
* Exclude hip
* Buttock pain
* Three or more positive pain provocation tests
Hip
* Specific pain pattern
* Pain on walking, eased on sitting
* Positive hip provocation tests
Mechanically inconclusive
» Symptoms affected by spinal movements
* No loading strategy consistently decreases, abolishes, or centralizes
symptoms, nor increases or peripheralizes symptoms
* Inconsistent response to loading strategies
Chronic pain state
* Persistent widespread symptoms
 All activity increases symptoms
» Exaggerated pain behavior
» Mistaken beliefs and attitudes about pain and movement
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exclusion criteria, are relevant here. These reviews have
consistently been positive about the MDT approach, some
for acute back pain, and some for chronic back pain, and
they have also highlighted the improved outcomes gained
from classification-based treatment [92-99].

CONCLUSION

This chapter has primarily been concerned with a brief over-
view of the McKenzie method of MDT to the assessment and
management of patients with LBP. The emphasis here has
been about the clinical reasoning algorithm that an MDT cli-
nician would go through, which does not use specific patho-
anatomical diagnoses, but rather focuses on nonspecific
mechanical syndromes based on symptomatic and mechani-
cal responses. There are some clinical presentations that sug-
gest pathoanatomical diagnoses, but no clear link between a
structural diagnosis and specific and optimal treatment.

The history taking is used to try to exclude patients
with serious spinal pathology, using questions about “red
flags,” and also to try to identify patients with “yellow
flags,” that is patients with psychosocial barriers to recov-
ery. The history taking is also used to help identify or
exclude one of the MDT syndromes. The physical examina-
tion uses assessment of posture, posture correction, range
of movement, and a neurologic examination (if appropri-
ate) to establish baseline measures, and then uses repeated
movements (sometimes sustained positions) during which
symptomatic and mechanical responses are monitored. At
the conclusion of the total assessment process, the patient
is given a provisional classification. This will be confirmed
at the next session, depending on their response to the pre-
scribed exercises.

Classification into one of the mechanical syndromes is
based on symptom and mechanical responses to repeated
movements. Management is derived from the classifica-
tion, with different management strategies dependent on
the established classification. A minority of patients do
not fit the MDT classification operational definitions, and
might be classified in another way, and need an alternative
management approach.
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Diagnostic Imaging of Lumbosacral
Internal Disc Disruption

Paul E. Verrills, Nikolai Bogduk, and David G. Vivian

This chapter will focus primarily on the pathophysiology
of internal disc disruption (IDD) and the indications and
evidence for imaging studies. The interpretation of mor-
phological abnormalities and an evidence-based review
of the predictive value of radiographic findings will be
included.

INTERNAL DISC DISRUPTION

IDD accounts for 39% of patients with low back pain [1],
and although it is the most comprehensively understood
cause of low back pain (Figure 4.1), diagnosis and treat-
ment remains a challenge. IDD is not disc degeneration.
It is a specific condition characterized by degradation of
the matrix of the nucleus pulposus with radial fissures that
penetrate the annulus fibrosus, but do not breach the outer
lamella (Figure 4.2). The fissures may be entirely radial, or
a radial fissure may extend in a concentric manner around
the outer annular layers. The extent of fissuring may be
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Internal
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matrix
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changes)
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features on
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Figure 4.1
disruption.

A synopsis of the correlates of internal disc

graded according to whether the radial fissure reaches the
inner, middle, or outer third of the annulus [2], or whether
it extends circumferentially [3] (Figure 4.3).

The morphological features of IDD cannot be demon-
strated by plain radiography or CT. Even MRI is of limited
value. The features can only be shown by postdiscography
CT (Figure 4.3).

A large study, using multiple regression analysis,
showed that age changes and degenerative changes did
not correlate with the disc being painful [4]. Grade III fis-
sures, however, correlated strongly with pain and were not
related to age changes (Table 4.1) [4].

Theetiology of IDD hasbeen established. Biomechanics
experiments have shown that the vertebral endplate is sub-
ject to fatigue failure [5]. Subject to loads of 37% to 50%
ultimate tensile strength, endplates can fracture after 2,000
or 1,000 repetitions, whereas in the case of 50% to 80% ulti-
mate tensile strength, they can fail after as few as 100 cycles
[6,7]. Such loads and repetitions are well within the ranges
encountered during moderately heavy work activities.

When subjected to repeated compression loading,
discs exhibit mechanical failure. If examined morphologi-
cally, the failure coincides with the presence of an endplate
fracture. Furthermore, upon fracture of the endplate, the

Circumferential |
fissure

Figure 4.2 A sketch of a transverse section of a lumbar inter-
vertebral disc, showing the grading of internal disc disruption
according to the degree of fissuring of the annulus fibrosus.
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Figure 4.3 The appearance of discs on CT-discography. (A)
Normal L3/4 disc. The nucleus is rounded and contained within
an intact annulus. (B) Internal L4/5 disc disruption with a central
posterior grade lll fissure.

Table 4.1 The Correlation Between Anular
Disruption and Reproduction of Pain from the
Affected Disc

Pain Reproduction Annular Disruption Grade

1 1l | 0
Exact 43 29 6 4
Similar 32 36 21 8
Dissimilar 9 1 6 2
None 16 24 67 86

Based on Moneta et al. [4].

disc exhibits the onset of the biophysical features of IDD;
the nucleus is depressurized and posterior annulus stress
abruptly increases (Figure 4.4).

The biochemical features of IDD have also been
induced in live animal models [8]. Experimental fracture
of an endplate causes deaggregation of proteoglycans in
the nucleus, a reduction in water content, and depres-
surization of the nucleus, as well as delamination of the
annulus.

IDD also exhibits highly specific biophysical features.
Stress profilometry is a technique whereby the internal
stresses within a disc, across its diameter, can be mea-
sured. Normal discs exhibit a uniform distribution of stress
across the anterior annulus, the nucleus pulposus, and the
posterior annulus [5] (Figure 4.5). In discs affected by IDD,
two patterns emerge. The nucleus stresses are irregular
and reduced, and may be zero in some discs (Figure 4.6). In
the posterior annulus, the stresses are raised above normal
(Figure 4.6). The depressurization of the nucleus reflects
the degradation of the nuclear matrix, which can no longer
retain water efficiently. This results in extra loading of the
posterior annulus.

Each of these biophysical features correlates with the
disc being painful [9] (Table 4.2). Discs with increased pos-
terior annulus stress are likely to be painful; discs with
normal annulus stress are uncommonly painful. Discs
with a depressurized nucleus are highly likely to be pain-
ful; discs with normal nuclear pressure may or may not be
painful. Painful discs are likely to exhibit increased annu-
lus stress and a depressurized nucleus.

STRESS
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{l )

Figure 4.4 Stress profilometry of a disc immediately after the
onset of a fatigue fracture of its vertebral endplate. The nucleus
is depressurized and the posterior annulus stress increased
markedly.
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Figure 4.5 Stress profilometry of a normal disc. The stress
is uniform across the anterior annulus, nucleus, and posterior
annulus.
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Figure 4.6 Stress profilometry of internal disc disruption.
Nucleus stress is reduced and irregular. Posterior annulus stress
is increased.
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Table 4.2 The Correlation Between Pain and Each of
Increased Annular Stress and Decreased Nuclear Stress

Pain No Pain Fisher’s Exact Test

Anular stress

Stressed 17 2

Normal | Il P =.00I
Nuclear stress

Depressurized 11 0

Normal 7 13 P=.017

91 KVp
8,00 mA

-

19 WP
13,58 mA

2

Figure 4.7 (A,B) The appearance of the three lower lumbar
discs, after injection of contrast medium into the nucleus. L4/L5
central posterior fissure and L5/S| posterolateral fissures.

Little is known about the complex forces acting on
the deformable multilayered annulus at a microstructural
level as the spine is compressed, flexed, and twisted. The
recently described translamellar bridging network radially
linking many lamellae at discrete locations around the disc
wall could be expected to play a significant biomechanical
role. The New Zealand research group found that typically
encompassing a width of 300 to 600 um, translamellar
bridging fibers proceed radially in the interbundle space
within an individual lamella. Upon traversing the lamella,
the bulk of these radial fibers bend through 90° to merge
with the fibers of the adjacent lamellae. The central fibers
of this bridging system continue into the equivalent bridg-
ing structures in the adjacent lamellae. This work prom-
ises to open up new levels of understanding in how radial
fissures and IDD evolve [10].

DIAGNOSIS

Clinical studies have determined that IDD is the basis for
pain in as many as 40% of patients with chronic low back
pain [11,12]. This estimate of prevalence is a worst-case
estimate. It excluded two-level disease. The prevalence of
IDD may be considerably higher than 40%; but 40% itself
amounts to a considerable proportion of patients in whom
a pathoanatomical diagnosis can be established.

The diagnostic criteria for IDD are reproduction of the
patient’s pain by stimulation of the affected disc (Figures
4.7 and 4.8), such that the evoked pain has an intensity
of at least 7 on a 10-point scale, and pain is reproduced
at a low pressure of stimulation, 15 psi (1 kg cm™), pro-
vided that adjacent discs does not reproduce pain, and
postdiscography CT demonstrates a grade IIl or IV fissure
(Figure 4.9).

CONTROVERSY

Some investigators have warned that disc stimulation
may produce false-positive responses. They based this
warning on the responses to disc stimulation of sets of
patients who had no symptoms, who had chronic pain
but not back pain, and who had been diagnosed as having
a somatization disorder [13,14]. Explicitly, they imputed
false-positive rates of 10%, 40%, and 75% in these groups,
respectively. However, those percentages were based on
sample sizes of only 10, 10, and 4 patients, respectively
(Table 4.3) [13]. These small sample sizes result in wide
confidence intervals of the estimated rates, which render
them poorly representative. Other considerations modify
the estimates as well.

The cited estimates did not adhere to the recom-
mended criteria for disc stimulation. They were not subject
to anatomical controls, which require that adjacent levels
be not painful. They were not subject to manometric cri-
teria. If the original data is reanalyzed with the criterion
for anatomical controls applied, the imputed false-positive
rate in asymptomatic subjects remains at 10%, but reduces
to 20% for patients with chronic pain. The rate for subjects
with somatization remains 75% (Table 4.4) [13]. The confi-
dence intervals remain wide.
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Figure 4.8 (A,B) Placement of needles into the three lower
lumbar discs, before disc stimulation.

Manometric criteria are essential for disc stimula-
tion, because it is a provocation test. In principle, any disc,
even a totally normal one, might be painful if it is stressed
strongly enough. The pressure limits beyond which a disc
should not be stimulated can be derived from data avail-
able on normal volunteers [15].

If asymptomatic volunteers, or volunteers who have
experienced back pain only occasionally, undergo disc
stimulation, a pattern of responses emerges. In some sub-
jects, some discs are not painful even if the disc is stressed
to 100 psi (6 kg cm™). Otherwise, there is a twofold trend.

Figure 4.9 The diagnostic features of internal disc disruption on
CT-discography. Posterolateral radial grade IV fissure with circum-
ferential extension.

Table 4.3 The Imputed False-Positive Rate of Disc
Stimulation in Three Categories of Subjects

Imputed False- 95% Confidence
Category of Subject Positive Rate Intervals
Asymptomatic 1/10 = 10% 0-29%
Chronic pain 4/10 = 40% 10-70%
Somatization 3/4=75% 33-100%

Based on Carragee et al. [13].

Table 4.4 The Imputed False-Positive Rate of Disc
Stimulation in Three Categories of Subjects, if the Criterion
for Anatomic Controls is Applied

Imputed False-  95% Confidence
Category of Subject  Positive Rate Intervals
Asymptomatic 1/10 = 10% 0-29%
Chronic pain 2/10 = 20% 0-45%
Somatization 3/14=75% 33-100%

Based on Carragee et al. [13].

The chance that a disc is painful increases as the pressure
of the stimulation is increased, but if the disc is painful the
intensity of pain tends to be low and the pain is unlikely to
be severe (Table 4.5) [15].

Across such data, a boundary can be identified: at
pressures below which pain does not occur in normal vol-
unteers, or at which the intensity of pain does not exceed
certain prescribed values (Table 4.5). For example, the
chances are effectively zero that subjects with no history of
back pain with normal psychometric parameters will per-
ceive pain if their discs are stimulated up to a pressure of
20 psi. Alternatively, the chances are zero that they will
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Table 4.5 The Responses to Disc Stimulation of Subjects with no History of Back
Pain (No) and Subjects with a History of Occasional Back Pain Only (Occ), According to

the Pressure of Stimulation and the Intensity of Pain Evoked

VAS 0 | 2 3 4 5 6
Occ 0.30 0.40 0.25 0.25 0.25 0.10 0.00
100 No 0.17 0.48 0.30 0.22 0.09 0.04 0.04
Occ 0.35 0.40 0.25 0.25 0.25 0.10 0.00
% No 0.22 0.43 0.30 0.22 0.09 0.04 0.04
Occ 0.55 0.30 0.25 0.25 0.25 0.10 0.00
8 No 0.22 0.43 0.30 0.22 0.09 0.04 0.04
é 7 Occ 0.55 0.30 0.25 0.25 0.25 0.10 0.00
8 No 0.52 0.30 0.17 0.13 0.04 0.00 0.00
: Occ 0.65 0.30 0.25 0.25 0.25 0.10 0.00
E $0 No 0.65 0.30 0.17 0.12 0.04 0.00 0.00
Occ 0.75 0.20 0.15 0.15 0.15 0.05 0.00
>0 No 0.83 0.17 0.09 0.06 0.04 0.00 0.00
Occ 0.80 0.15 0.10 0.10 0.10 0.00 0.00
0 NO 0.96 0.04 0.00 0.00 0.00 0.00 0.00
Occ 0.95 0.05 0.00 0.00 0.00 0.00 0.00
3 No 1.00 0.00 0.00 0.00 0.00 0.00 0.00
Occ 1.00 0.00 0.00 0.00 0.00 0.00 0.00
20 No 1.00 0.00 0.00 0.00 0.00 0.00 0.00

The tabulated figures are the cumulative frequency of responses that reflect the chances of pain of a particular intensity
occurring at a particular pressure of injection. The light grey area indicates the boundary below which normal volunteers

do not experience pain. Adopted from Derby et al. [15]

Table 4.6 The Imputed False-Positive Rate of Disc
Stimulation in Three Categories of Subjects, if the Criterion
for Anatomic Controls is Applied Together with the
Manometric Criterion of 50 psi

Imputed False- 95% Confidence
Category of Subject Positive Rate Intervals
Asymptomatic 1110 = 10% 0-29%
Chronic pain 1/10 = 10% 0-29%
Somatization 2/4 =50% 1-99%

Table 4.7 The Imputed False-Positive Rate of Disc
Stimulation in Three Categories of Subjects, if the Criterion
for Anatomic Controls is Applied Together with the
Manometric Criterion of 15 psi

Imputed False- 95% Confidence
Category of Subject  Positive Rate Intervals
Asymptomatic 0/10 = 0% 0-28%
Chronic pain 0/10 = 0% 0-28%
Somatization 1/4 =25% 0-69%

perceive pain of intensity 6/10 or more if their discs are
stimulated up to a pressure of 70 psi.

These data vindicate previously invoked, ad hoc, oper-
ational criteria [16]. At injection pressures of up to 50 psi,
it is highly unlikely that subjects with no history of back
pain will experience pain with intensity levels exceed-
ing 6/10. Similarly, up to 15 psi, none of these subjects
should experience any pain. Applying these manomet-
ric criteria reduces the imputed false-positive rate of disc
stimulation.

If the criterion of 50 psi is applied, the false-positive
rates in asymptomatic subjects and in subjects with chronic
pain fall to 10% (Table 4.6), which are clinically tolerable
levels. If the criterion of 15 psi is applied, the false-positive
rates become zero in asymptomatic subjects and in sub-
jects with chronic pain. In patients with somatization, they
fall to 25% (Table 4.7).

These considerations indicate that the threat of false-
positive responses to disc stimulation have been exagger-
ated. In asymptomatic individuals and in patients with
chronic pain, the imputed false-positive rate is effectively
zero, provided that the stringent operational criteria for disc
stimulation are satisfied. Only in patients with somatization,
might a concern about false-positive responses be justified.
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What the false-positive rate might be in such patients is not
clearly evident because of the small sample size that has
been studied; but it does appear to be greater than zero.

A systematic review and meta-analysis of 11 stud-
ies identified a false-positive rate of 5.6% per patient and
3.85% per disc among chronic pain patients, asymptom-
atic of low back pain. Postdiscectomy patients have false-
positive rates of 15% and 9.1%, respectively.

Based on meta-analysis of the data, using the
International Spine Intervention Society (ISIS) standard,
discography has a specificity of 0.94 (95% CI, 0.88-0.98) and
a false-positive rate of 0.06 [17].

IMAGING

The role of imaging in the diagnosis of lumbosacral inter-
nal disc disruption (LIDD) syndrome is evolving. Because
the diagnosis of LIDD demands lumbar disc stimulation
(LDS), other imaging techniques, especially MRI, are used
to exclude rare and exotic causes of back pain, and to estab-
lish whether a clinical presentation should proceed to LDS.
The clear challenge is for diagnostic imaging to provide
equivalent information to LDS about the likelihood of a
disc being not only painful but also treatable.

The traditional diagnostic algorithm for axial back
pain has been plain x-ray, CT scan, and then MRI, with
bone scan variably included. Diagnostic imaging has a
major role in the exclusion of red-flag conditions affect-
ing the lumbar spine. In contrast, its role in the diagno-
sis of non red-flag conditions is limited because common
morphological changes are representative of genetic and
age-related changes, which in turn are either unrelated or
marginally related to low back pain. MRI has high sensi-
tivity and is, thus, also the best screening test for red flag
and unusual causes of back pain, such as tumors, infec-
tions, and metabolic disorders.

Plain x-rays are unhelpful; many studies have demon-
strated that radiography of the lumbar spine in patients
with simple acute low back pain is not associated with
improved patient functioning or severity of pain. Indeed,
the overall health status of those who had a lumbar spine
x-ray appeared to be worse than those who did not [18].
Early use of imaging does not appear to affect overall treat-
ment [19,20]. Further, in omitting x-rays no serious diag-
noses were missed, and symptom resolution, functional
improvement, and satisfaction were similar [21].

Lumbar imaging for low back pain without indications
of serious underlying conditions does not improve clinical
outcomes. Therefore, clinicians should refrain from routine,
immediate lumbar imaging in patients with acute or subacute
low back pain and without features suggesting a serious
underlying condition [22,23]. Further, 380 patients present-
ing in primary care with low back pain were randomized to
receive either plain radiographs or rapid MRI, demonstrated
no significant difference in outcome measures at 12 months
follow-up. The costs were higher in the MRI group and there
was a trend toward having more surgery [24,25].

LIDD is suspected in a clinical presentation of axial
low back pain with somatic referred pain. The gold stan-
dard for the diagnosis of LIDD is LDS. The final clinical

Figure 4.10 The anatomy of high-intensity zones (HIZ). The
HIZ seen on sagittal MRI of an L4/5 disc (arrowhead).

decision that predicates LDS is determined by lumbar
MRI. Discogenic pain, as diagnosed on LDS, is uncommon
in pristine discs [26], and although an MRI can find high-
intensity zones (HIZ) as an indirect indication of LIDD, a
normal MRI does not exclude significant morphological
change in the intervertebral disc [27]. Furthermore, the
relatively low sensitivity (26.7% to 59%) and high false-
positive (24%) and false-negative (38%) rates reduce the
value of MRI in screening for the existence of painful IDD
(reviewed in [1]). Clinicians need to determine whether or
not it is, therefore, worthwhile subjecting patients to LDS
if MRI is normal. Although the odd clinical scenario might
present where such investigation may appear indicated, in
general terms LDS should not be performed on patients
with a normal lumbar MRI Certain features—Modic
lesions and HIZ—evident on MRI increase the likelihood
that the affected disc has IDD and is painful.

HIZ are very bright signals contained within the
posterior anulus fibrosus, as seen in sagittal sections on
MRI They are sagittal sections of circumferential fissures
(Figure 4.10). They represent nucleus pulposus material
migration along a radial fissure [28]. However, not all fis-
sures or gray spots on an MRI constitute HIZ (Figure 4.11).
To constitute HIZ, the zone must have a very bright signal
on heavily T2-weighted scans; the brightness should rival
or exceed that of the cerebrospinal fluid.

The original study of HIZ found that their presence
in patients with low back pain correlated strongly with
the affected disc being painful on disc stimulation [3]. HIZ
does not prove that the disc is definitely the source of pain,
but it increases the odds that the disc is the source of pain
by a factor of 6.5.

Several studies have reinvestigated this association.
Although the specific statistical variables differ, the same
pattern recurs (Table 4.8) [3,29-33]. HIZ do not occur in all
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Figure 4.11 Not all spots in an annulus fibrosus constitute high-
intensity zones (HIZ). Gray spots may represent a fissure in the
annulus, but they are not HIZ. In HIZ, the signal intensity exceeds
that of the cerebrospinal fluid.

Table 4.8 The Strength of Relationships Between a
High-Intensity Zone and Discogenic Pain

Sensitivity = Specificity Likelihood Ratio Reference
0.71 0.89 6.5 [3]
0.52 0.90 5.2 [30]
0.27 0.95 5.4 [31]
0.78 0.74 3.0 [32]
0.31 0.90 3.1 [33]
0.09 0.93 1.3 [29]

patients. This is reflected by the low sensitivity of the sign
as a predictor of pain. However, all studies, including the
one detracting study [29], consistently show high specific-
ity. That feature indicates a double negative: if present, it
is very uncommon for HIZ to occur in a disc that is not
painful. This results in a high positive likelihood ratio:
the presence of a HIZ strongly implies that the affected
disc is the source of pain. A likelihood ratio of 5 increases
the likelihood that IDD is the cause of pain from a pretest
probability of 0.4 to a posttest probability of 0.77. Even a
likelihood ratio of 3 provides a posttest probability of 0.67.

A prospective blind study was conducted to evaluate
the lumbar disc HIZ with the pain provocation response of
lumbar discography. Consecutive patients with low back
pain unresponsive to conservative treatment and being
considered for spinal fusion were subjected to MRI fol-
lowed by lumbar discography. Ninety-two HIZ were iden-
tified in 73 patients, mainly occurring at L4/5 (48%) and
L5/S1 (35%). Significant correlation was found between
abnormal disc morphology and the HIZ (P < .001). In

Table 4.9 The Prevalence of High-Intensity
Zones in Samples of Asymptomatic and
Symptomatic Subjects

Asymptomatic Symptomatic

HIZ Present 13 25

HIZ Absent 41 17
Prevalence 0.24 0.60

95% ClI 0.13-0.35 0.45-0.75

Based on Carragee et al. [35].

Table 4.10 The Strength of Relationships
Between High-Intensity Zone Lesions and Disc

Pain
HIZ Disc
Painful Not Painful
Present 24 9
Absent 29 47

Sensitivity, 0.45; specificity, 0.84; likelihood ratio, 2.8
From the study of Carragee et al. [35].

morphologically abnormal discs graded Il or IV, there was
a significant correlation between the HIZ and exact or sim-
ilar pain reproduction (P <.001). The sensitivity, specificity,
and positive predictive value (PPV) for pain reproduction
were 81%, 79%, and 87%, respectively [34].

Some investigators have ventured to discredit the HIZ
[35]. They claimed that the sign was not diagnostic because
HIZ occur in subjects without back pain. However, their
data nevertheless indicate that HIZ significantly correlate
with pain (Table 4.9) [35]. HIZ occur nearly three times
more frequently in patients with pain than in patients with
no pain. The 95% confidence intervals of the respective
proportions do not overlap (Table 4.9). Furthermore, the
criticism of HIZ is misdirected. The HIZ was never advo-
cated as a sign of pain. It is a sign in patients with back
pain that the affected disc is more likely to be the source of
pain. In this regard, even the disparaging study provides
data to this effect [35]. The sign has a high specificity and
reasonable likelihood ratio (Table 4.10) [35].

Not withstanding these arguments concerning MRI,
detecting HIZ does not provide for a final diagnosis. Its
presence renders it more likely than not that the affected
disc is the source of pain. For conservative purposes, this
level of confidence may be enough. However, if target-spe-
cific therapy is to be undertaken, the putative diagnosis
needs to be confirmed by disc stimulation [36].

Kang’s group reported on 62 patients (aged 17-68
years) with axial low back pain who underwent lumbar
discography (178 discs tested). Based on the combination of
HIZ and disc contour abnormalities on MRI, four groups
were differentiated: (a) normal or bulging disc without
HIZ; (b) normal or bulging disc with HIZ; (c) disc protru-
sion without HIZ; and (d) disc protrusion with HIZ. Disc
protrusion with HIZ (sensitivity, 45.5%; specificity, 97.8%;
PPV, 87.0%) correlated significantly with concordant pain
provocation (P < .01). A normal or bulging disc with HIZ
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was not associated with reproduction of pain. Disc degen-
eration (sensitivity, 95.4%; specificity, 38.8%; PPV, 33.9%),
disc protrusion (sensitivity, 68.2%; specificity, 80.6%; PPV,
53.6%), and HIZ (sensitivity, 56.8%; specificity, 83.6%; PPV,
53.2%) were not helpful in the identification of a disc with
concordant pain. Thus, disc protrusion with HIZ on MRI
is predictive for positive discography in patients with dis-
cogenic low back pain [37].

MRI-detected vertebral body endplate signal inten-
sity (Modic) changes have provoked the most interest as to
whether MRI can predict LDS outcome. Modic changes are
reliably detected [38,39]. They are classified into subtypes:
type 0, normal; type 1, nonfatty high signal intensity; type
2, fatty; and type 3, sclerosis.

Modic type I lesions occur in the spongiosa of the
vertebral bodies adjacent to the affected disc. They
appear dark on T1 and as a high-intensity signal on
T2-weighted images. They indicated edema of the spon-
giosa. Type 1 changes appear to be inflammation on MRI,
and although this is supported on histological and bio-
chemical studies, ordinary fludeoxyglucose PET imaging
does not reveal increased metabolism, either indicating
that the process itself is low key, or that PET imaging
needs refinement [40].

Modic type II lesions appear as a high-intensity sig-
nal in the spongiosa on T1- and T2-weighted images. They
reflect fatty infiltration of the vertebrae. These lesions have
a strong correlation with the disc being painful on stimu-
lation (Table 4.11) [30,41].

Weishaupt reported on 50 patients with chronic low
back pain who underwent MRI and provocation discogra-
phy and determined that only moderate and severe type I
and type Il endplate abnormalities were predictive of pain
generating discs with concordant pain on provocation
(sensitivity, 38%; specificity, 100%; PPV, 100%) [42].

In Thompson’s retrospective analysis, type 1 changes
(n=155) had a high PPV (0.81; 95% CI, 0.74-0.87) for positive
LDS; type 2 changes (n = 126) had a lower PPV (0.64; 95%
CI, 0.55-0.72), and type 3 changes (n = 21), with a PPV (0.57,
95% ClI, 0.34-0.78) were not predictive of positive LDS. It
was also noted that the PPV of a Modic type 1 endplate
change for a tear in the annulus fibrosus of the disk was
also insignificant (0.14; 95% CI, 0.09-0.20). A similar analy-
sis between a type 1 endplate and the presence of a disk
herniation (PPV, 0.26; 95% CI, 0.19-0.34), and between a
type 1 endplate and vertebral body spondylolisthesis (PPV,
0.28; 95% CI, 0.20-0.35) were significant. It was concluded
that type 1 signal intensity changes on MR images have a
high PPV in the identification of a pain generator [43].

In summary, although the low sensitivity reflects the
fact that not all patients with discogenic pain exhibit these
features, the high specificity, however, indicates that when

Table 4.11 The Strength of Relationships Between Modic |
and Il Changes and Discogenic Pain
Sensitivity Specificity Likelihood Ratio = Reference
0.23 0.97 77 [41]
0.22 0.95 4.4 [30]

moderate to severe Modic type I or II are present, they are
nearly always associated with a painful disc.
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Provocation and Analgesic
Discography Evaluation of
Lumbosacral Internal Disc Disruption

Kevin Pauza

INTRODUCTION

Lumbar disc stimulation, even with its limitations and
controversy, remains by far, the best indicator for confirm-
ing or denying discogenic symptoms.

The etiology of a person’s low-back pain (LBP) is not
discernible through any imaging modality, and therefore,
treating a person’s presumptive discogenic pain with sur-
gery or any other means is not appropriate when the basis
of treatment rests solely on the findings of magnetic res-
onance imaging (MRI), computed tomography (CT), or
other imaging modalities. Investigations reveal that up to
85% of asymptomatic individuals possess bulging, degen-
erated, or herniated intervertebral discs [1].

Fortunately, lumbar disc stimulation, or provocation
discography, allows physicians to better determine the
etiology of lumbar symptoms, because no imaging study,
including MRI, CT, or myelography, is able to accurately
determine whether or not an intervertebral disc causes a
person’s low back or referred lower limb symptoms [2-6].
All investigations support this claim and stand without
contest. The disc’s appearance, no matter how pristine or
degenerated, cannot allow determination as to whether
or not a lumbar intervertebral disc is the source of symp-
toms. Indeed, intradiscal pathology and intervertebral
disc disruptions without herniations or bulges play an
important role in LBP generation [7]. Regarding the abil-
ity to diagnose discogenic pain, at best, limited diagnostic
utility exists in the rare circumstances where MRI demon-
strates morphologic endplate abnormalities in conjunction
with decreased signal intensity on T1-weighted spin-echo
images (Modic type 1) correlated with segmental hyper-
mobility and LBP. However, it should be noted that these
are trends, and not absolute correlates [8]. Two other inves-
tigations suggest a possible relationship between endplate
abnormalities revealed by MRI and discogenic pain [9,10].
In these studies, moderate and severe type 1 and type 2
endplate abnormalities were considered abnormal, and all
injected discs caused concordant pain on provocation [11],
and no studies have correlated endplate pathology with
MRI findings in patients with LBP.

Annular fissures are not necessarily a feature limited
toaging or degenerative discs, and discogenic pain does not
necessarily correlate with aging or degenerative changes.
A radiographically imperceptible annular tear (annular

fibrosus), in an otherwise seemingly normal intervertebral
disc, may cause debilitating symptoms [12]. For this rea-
son, lumbar disc stimulation, even with its limitations and
controversy, remains by far the best indicator for confirm-
ing or denying discogenic symptoms. The value of another
test, Functional Anesthetic Discography (FAD), is under
investigation. This procedure involves injecting anesthetic
directly into the disc through a catheter, thus selectively
anesthetizing suspected disc(s) while the patient performs
activities that typically generate pain. The FAD procedure
allows for both functional and anesthetic assessment of
these suspected discs in patients with LBP.

Consider this fact: the value of every diagnostic test
relies on its ability to affect the patient’s therapeutic out-
come. When employing this doctrine, no invasive disc
treatment is justified when the treatment is based solely on
the results of radiographic studies and physical examina-
tion. Together, they do not possess sufficient sensitivity and
specificity to merit a therapeutic intradiscal intervention.
To date, no publication demonstrates a satisfactory disc
treatment outcome correlating with radiographic obser-
vation. However, in stark contrast, several investigations
performed in a randomized and blinded manner demon-
strate treatment efficacy when the primary diagnostic tool
of inclusion was lumbar disc stimulation [13-15].

NOMENCLATURE AND TERMINOLOGY

The correct terminology for this described procedure is
“lumbar disc stimulation” because this name best con-
notes the fact that the most important component of this
diagnostic test is the elicitation, or lack of elicitation, of
concordant symptoms during the introduction of contrast
medium into the intervertebral disc. The discogram com-
ponent of the test describes the radiographic appearance
of the disc’s morphology as delineated by the injected
contrast, as visualized through fluoroscopy and CT. The
discogram also serves to confirm accurate placement of
contrast within the targeted nucleus pulposus and not the
outer annulus fibrosus. A postdiscogram CT is not neces-
sary to make this determination; but instead, an anterior-
posterior (AP) and lateral plain film radiograph obtained
during the procedure adequately allows this determi-
nation. The term “provocation discography” defines the
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composite procedure of disc stimulation and discography.
“Provocative discography” is an inaccurate term mistak-
enly replacing the adjective provocation with the adjective
provocative.

THE BIOLOGY OF INTERVERTEBRAL
DISC PAIN

Lumbear intervertebral discs in humans of all ages are richly
innervated. The tissue components of all motion segments,
including the capsular surfaces of the zygapophysial joints
and the outer aspects of intervertebral discs, are innervated
with nociceptors. Specifically, within the disc, the greatest
concentration of nociceptors exists within the posterior
aspect of the annulus fibrosus. The second greatest con-
centration exists in the posterior-lateral annulus fibrosus,
and least concentration of nociceptors exists in the anterior
annulus fibrosus. Coincidentally, this directly correlates
with the regions of the annulus fibrosus most frequently
affected by annular tears or herniations.

These nerve endings originate as branches of the sinu-
vertebral nerves, the grey rami communicantes, and the
lumbar ventral rami [16-19].

DePalma and his colleagues concluded that disco-
genic pain is, in varying degrees, caused by the sensitized
nociceptors within annular tears [20]. Histochemical stud-
ies in human and animal material show that these noci-
ceptors contain peptides such as calcitonin gene-related
peptide, vasoactive intestinal peptide, and substance P,
which are characteristic of nociceptive nerve fibers [21-23].
Inflammatory cytokines and nerve in-growth into the verte-
bral endplates may both play a role in mediating discogenic
LBP. In one study, endplate abnormalities were shown to be
related to inflammation and axon growth induced by tumor
necrosis factor. Therefore, tumor necrosis factor expression
and protein gene product 9.5-positive nerve in-growth in
abnormal endplates may be a cause of LBP [7,8,24]. Early
investigators postulated that the innervation of the disc
occurs only as a result of in-growth of granulation tissue
after disc injury; but this contention has been challenged
and is incompatible with the observations that fetal and
infant disc in humans are well innervated [18,19].

HISTORICAL BACKGROUND

The misuse of the procedure’s name throughout the litera-
ture, past and present, may, in part, be related to the test’s
original purpose when it was introduced in the 1940s,
because it was first introduced as a test to diagnose only
the appearance of lumbar intervertebral disc herniations
[25-27], by outlining the nucleus pulposus with contrast
medium, thus demonstrating the shape of the nucleus
and any disc displacement. Discography was believed to
be superior to oil-contrast myelography [28-30], but other
physicians believe that lumbar discography is indicated
for evaluating unusual or atypical cases [31,32].

The paradigm of diagnosing LBP shifted as early as
1955 when physicians noted that their patients who dem-
onstrated abnormal disc morphology possessed a higher
likelihood of experiencing concordant symptoms when

compared to their counterparts who demonstrated normal
intervertebral disc morphology while injecting contrast
into their discs [25,26,32-43].

For completeness sake, the commonly cited, yet noto-
riously erroneous investigation performed by Holt is men-
tioned here because it was the first investigation attempting
to seriously discredit disc stimulation. That study’s credi-
bility was tarnished by concerns including: the realization
that study’s subjects were prisoners allowed to enroll and
receive payment of cigarettes only after claiming that they
had no history of LBP; the protocol’s technique excluded
fluoroscopy; and asymptomatic patients, by definition, are
unable to claim concordant pain during the pressuriza-
tion, because they possessed no chronic underlying pain
on which to report [44].

CONTROVERSIES AND LIMITATIONS
OF DISC STIMULATION

Pauza found the false-positive rate of disc stimulation is
approximately 1.0%, after screening 4319 subjects with
chronic lumbar pain. In that investigation, disc mor-
phology was compared with concordant symptoms and
the false-positive rate was defined as a morphologically
normal discs which caused concordant symptoms during
pressurization. Meticulously performed disc stimulation
utilizing sham pressurizations was performed on each
disc [45].

Some investigators, without utilizing accepted proce-
dural guidelines, claim significantly higher false-positive
rates with disc stimulation [46,47]. Critics note that these
investigations neglect crucial aspects: First, an asymptom-
atic subject cannot report concordant pain because they
normally do not suffer from LBP; Secondly, the investi-
gator’s technique failed to require sham pressurizations,
as first recommended and described by the author [48].
Caragee’s investigation claims disc stimulation resulted in
accelerated disc degeneration, disc herniation, loss of disc
height and signal and the development of reactive end-
plate changes compared to match-controls, and therefore
careful consideration of risks and benefits should be used
in recommending procedures involving disc injection
[49-51]. Critics of this investigation note: a limited subject
follow-up rate of 66% after 10 years; the low likelihood that
completely asymptomatic individuals would volunteer to
undergo disc stimulation; and the likelihood that the sub-
ject cohort following up after 10 years was skewed, because
those subjects willing to follow-up after 10 years may have
been the subjects suffering from LBP, thus minimizing the
likelihood of matched cohort groups at 10 years [47,50-52].
Another study of asymptomatic subjects employing strict
procedural techniques recommended by International
Spine Intervention Society (ISIS) revealed no pain elicited
with pressurization of asymptomatic individuals [53].

POST DISC STIMULATION
RADIOGRAPHIC IMAGING

Although post disc stimulation CT discography is not rou-
tinely indicated, axial CT views of the disc reveal the radial
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dispersal of contrast medium [54]. In abnormal discs, the
contrast medium disperses outwards along radial fissures
and circumferentially around the anulus fibrous. The
irregular pattern seen in lateral radiographs results from
the superimposition of regular, radial and circumferential
tracts of contrast medium.

A unique capactiy of the discogram (referred to as
the “post disc stimulation CT” or “post disc stimulation
plain film radiograph”) is its ability to reveal “unseen”
annular tears, and may reveal the extravasation of con-
trast through these tears into the epidural space onto the
descending spinal nerves. Although not necessarily pro-
ducing symptoms during the disc stimulation portion of
the test, this leakage of contrast may suggest symptoms
associated with chemical radiculitis. More specifically, the
contrast medium from the disc parallels the extravasation
of nucleus pulposus through the annulus fibrosus onto
the desceneding spinal nerves which has been shown to
cause chemical radicutitis [55].

Dallas Discogram Scale

Axial CT views allow one to objectively quantify annu-
lar disruption. The degree of disruption dependes on the
extent to which the annulus fibrosus is disrupted and not
on the extent of disc degeneration. This led to the intro-
duction of the Dallas discogram scale in which annular
disruption is graded on a four-point scale. In the Dallas
Discogram Scale, grade 0 describes contrast medium con-
tained entirely within a normal nucleus pulposus. Grades
I to III describe extension of contrast medium along radial
fissures into the inner third, middle third and outer third
of the anulus fibrosus respectively [56]. Later, a grade IV
category was added defined by fissures extended circum-
ferentially around the annulus fibrosus by at least 30° of
arc [57] (Figure 5.1).

Subsequent investigation revealed that LBP reproduc-
tion during disc stimulation correlated with the extent of

Grade | Grade I

Grade lll

Grade IV

Figure 5.1
Scale.

Axial views demonstrating the Dallas Discogram

annular disruption. Grade 0 and grade I disruptions were
rarely painful, but 75% of grade III disruptions were asso-
ciated with exact or similar LBP reproduction; conversely,
77% of discs with exact or similar pain reproduction
exhibited grade III annular disruptions. Grade II disrup-
tions were less regularly associated with pain reproduc-
tion [11].

The distribution of disc nociceptors within the
annulus fibrosus correlates with the Dallas Discogram
Scale. Recall that the inner third of the disc is rarely
innervated; the outer third is regularly innervated; the
middle third’s innervation is variable. Therefore, corre-
lations exist between the innervation of the disc, pain
reproduction during disc stimulation, and a demonstra-
ble disc lesion.

Discogenic pain does not correlate with ageing or
degenerative changes. However, LBP is strongly associated
with the presence of outer annular fissures [10].

INDICATIONS

This test, like any test, should only be performed if the
results of this test will directly affect the direction of the
therapeutic algorithm.

Lumbar disc stimulation assists in determining
whether or not a lumbar intervertebral disc is a source of a
pateint’s LBP. Additionally, the mandatory sham pressur-
izations of noninjured discs allow this test to help discern
whether or not a patient is feigning an illness or exagger-
ating symptomology.

Disc stimulation is normally not indicated in patients
with acute or subacute LBP because those patients are
likely to have their symptoms resolve spontaneously
within 6 months. In comparison, those with chronic LBP
confirmed by disc stimulation are all likely to experience
some degree of pain approximately 5 years later [45]. This
same investigation showed that 68% improved slightly and
24% worsened [58,59]. In another investigation, 38% of the
placebo control group, all with positive provocation dis-
cography, demonstrated clinical improvement at 6 months
after receiving the sham treatment [45]. Derby disputed the
high rate of false positives by performing provocation dis-
cography on a small sample of historically asymptomatic
subjects. Some experienced pressure sensation but none
experienced concordant pain [60].

Patient Selection

Patients should have chronic LBP, defined as pain for
greater than 6 months, with or without somatic referred
pain in the lower limbs. More recently, because of the
introduction of biologic therapies for painful discs, includ-
ing fibrin sealant and other tissue restorative growth fac-
tors, one may want to evaluate the disc for its possibility of
leaking nucleus pulposus.

Psychosocial Factors

Patient screening should incorporate the fact that highly
abnormal psychosocial factors have been shown to
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potentially increase the false-positive responses to provo-
cation discography [48].

Patients should have been thoroughly assessed to con-
firm there is no other readily diagnosed cause of their pain.
They should not have anatomical abnormalities that might
preclude or interfere with the safe conduct of disc stimula-
tion. They should be able to understand the requirements
of disc stimulation, and be able to comply with those
requirements, which include, but are not limited to, being
able to tolerate the procedure, and being able to cooperate
in providing responses.

When discstimulationisundertakenasa primary inves-
tigation in patients with idiopathic LBE, the patients should
be evaluated according to a disciplined algorithm. Such an
algorithm ensures that disc stimulation is not undertaken
arbitrarily when other possible sources of pain may be more
likely than discogenic pain. Adherence to such strict oper-
ational criteria will minimize false positives and minimize
psychological factors’ effect on false-positive rate.

CONTRA-INDICATIONS

Absolute

» The patient is unable or unwilling to consent to the
procedure.

= Inability to assess patient response to the procedure

= The patient has evidence of an untreated localized infec-
tion in the procedural field.

= Pregnancy

Relative

= Allergy to contrast medium, local anesthetic, or antibiotics

= Known bleeding diathesis

= Anticoagulants

= Anatomical derangements, congenital or surgical, that com-
promise the safe and successful conduct of the procedure

= The patient has known systemic infection.

FACILITIES, EQUIPMENT AND SUPPLIES

Radiological Equipment

The test area should be in a procedure room suitable for
aseptic procedures. A sterile surgical suite is not necessary.
The room must be equipped with fluoroscopy (C-arm or
two-plane image intensifier), and a table that is x-ray com-
patible. The room should also be equipped with minimally
invasive monitoring equipment including ECG, pulse oxi-
meter, and blood pressure cuff. Supplemental O, and suc-
tion should be available.

Needles, Gowns, Drapes, etc.

= Solutions for skin preparation may be an iodine-based
solution (e.g., povidone-iodine), or an alcohol-based anti-
septic (e.g., chlorhexidine 0.5% in 70% alcohol).

= Drapes or sheets, to achieve a sterile field and an asep-
tic region. -For each disc to be stimulated, a single 90 to

150 mm (3.5-6.0 inch) spinal needle is required. 23- or
25-gauge needle is preferable for patient comfort. A slight
bend on the tip allows for navigation into the L5-51 disc
around the iliac crest, thus negating the need for the
more cumbersome two-needle technique.

= A 90 mm (3.5 inch), 23- or 25-gauge needle for anaesthe-
tising the skin, but not a needle track.

= Sterile gloves, at least two pairs.

* Pressure manomenter, according to operator preference,
for the injection of contrast medium, local anaesthetic,
and antibiotics.

» One 20 mL syringe for mixing contrast medium and
antibiotic.

= Minimal volume extension tubing.

= Intravenous cannula for the administration of antibiotics
and optional sedative agents.

Medications

= Antibiotics for prophylaxis against discitis (cefazolin,
clindamycin, or ciprofloxacin).

= Local anesthetic of choice for skin infiltration.

= Nonionic contrast medium with 10 mg per cc of antibi-
otic (cephazolin/clindamycin)

= Short acting sedatives or analgesics of choice (ie, midazo-
lam/fentanyl) may or may not be used.

Personnel

= There should be at least one assistant available in the room
to attend to the patient and to document the procedure,
including the patient’s response to the disc stimulation.

= It is recommended to have a second assistant, preferably
a certified x-ray technologist to operate the fluoroscope.

= The staff should be in clean attire (eg, scrubs suits) and if
in close contact to the sterile field, should wear surgical
caps and masks.

PRELIMINARY PROCEDURES

History and Physical Examination

A history should be obtained and a physical examination
performed in order to establish that the patient and their
complaint are, indeed, suitable for investigation by disc
stimulation, and to detect any contra-indications to disc
stimulation.

Informed Consent

The patient should be informed of all the risks and ben-
efits of the procedure. The patient should know why he is
undergoing the procedure and should understand, agree
to, and desire the potential future therapeutic options dic-
tated by the results of the disc stimulation test.

The patient should be made familiar with the terms
“concordant pain” and “dissimilar pain,” and understand
that they will asked to report their LBP during the test
and which of these terms best describes any symptoms
that are produced during the procedure. The patient must
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also be made familiar with the use of a visual analog pain
scale (VAS) and be able to report the intensity of their pain
before and during the procedure.

Premedication

The patient must be given standard nothing-by-mouth
(NPO) orders if IV sedative medications are given. These
NPO standards are specific to the institution.

Typical prophylaxis against discitis including; cep-
hazolin 1 g, clindamycin 900 mg, or ciprofloxacin 400
mg IV, should be administered within 15 to 60 minutes
before commencing the procedure. Aminoglycosides are
not endorsed for systemic prophylaxis. If the patient is
allergic to penicillins, an alternative is clindamycin IV
900 mg [61].

Allergy

If the patient has a known allergy to contrast medium,
they should be pretreated with H1 and H2 blockers and
corticosteroids prior to the procedure. Another option
is to utilize gadolinium in those patients with a known
allergy. Patient’s ability to tolerate anxiety associated with
any invasive test, especially disc stimulation, is variable.
Because of this, sedative agents may be administered as the
procedure commences, and again during the procedure, if
required. However, the patient’s response to disc pressur-
ization is critical to the validity of the test. Therefore, care-
ful titration of sedative and opioid medication is essential.
The patient should be awake during the pressurization
portion of the test.

TECHNIQUE

Preparation
Positioning

The patient lies on a radiography table either in a prone
position or in an oblique position with the target side up,
depending on patient comfort and operator preference.

Sterility

The skin of the lumbar region and upper gluteal region
is prepared as for an aseptic procedure. The operator and
any personnel who may come towards close contact with
the prepared area should wear clean attire (e.g., scrubs
suits). Surgical caps and masks are suggested but not
mandatory.

If the operator scrubs the skin, he should don fresh
gloves after the back has been prepared, and before insert-
ing any needles.

To help minimize the chance of bacterial contamina-
tion to the needle and/or the disc the needle tip should
not be touched by the gloved hand nor should any needle
be unnecessarily exposed to the atmosphere. Upon being
withdrawn from its scabbard it should be used promptly.
A sterile instrument should be utilized when manipulat-
ing the needle tip.

Selecting Appropriate Disc Levels to Test

Both the International Association for the Study of Pain
(IASP) [62] and the ISIS [63] have recommend that in order
to be valid, provocation discography must be subjected to
anatomical controls. Specifically, the diagnostic criteria for
discogenic pain are:

1. Provocation of the target disc reproduces the patient’s
LBP;

2. AND that provocation of adjacent discs does not repro-
duce pain.

The most likely disc and two most adjacent discs
should be studied, if possible. Investigation should com-
mence with the disc least likely to be symptomatic, and
progress to the disc most likely to be symptomatic. The
patient should at all times remain blind to the level being
investigated, and to the onset of stimulation. It is appropri-
ate and thorough to always attempt to identify an asymp-
tomatic and normal disc adjacent to the symptomatic disc.

Target Identification

An AP image of the lumbar spine is obtained and the
target disc is identified. The fluoroscope is angled to the
head or feet so as to obtain a view of the target disc such
that the x-ray beam passes parallel to the ring apophysis
or subchondral plate of the inferior vertebral endplate of
the disc.

To minimize the likelihood of attributing unintended
“iatrogenic spinal nerve needle procedural pain” with disc
stimulation pain, the target disc should be approached
from the side opposite to the side on which the patient
experiences their predominant pain. If the patient’s pain is
central or bilateral, the disc may be approached from either
side according to operator preference.

Once the side from which the disc will be approached
has been selected, the beam of the fluoroscope is rotated
laterally to an oblique position, thus allowing visualiza-
tion of the target disc from its posterolateral aspect on the
side selected. The beam should be angled until the lateral
aspect of the superior articular process of the target seg-
ment lies opposite the axial division of the anterior two
thirds and posterior one third of the target disc. This view
allows needles to be advanced parallel to the beam, direct-
ing the needle tip intentionally to the center of the nucleus
pulposus as it passed across the superior articular process.
This view positioning the S.A.P. at the 2/3-1/3 demarca-
tion of the disc intentionally directs the tip to the center of
the nucleus pulposus. The target point for puncture of the
annulus fibrosus lies on the transverse midline (“equator”)
of the target disc, just lateral to the lateral margin of the
superior articular process (Figure 5.2).

At the L5-51 level, the iliac crest may overlie the tar-
get disc in oblique views. Care should be taken to obtain
a view such that the target point lies between the supe-
rior articular process of S1 medially, and the iliac crest lat-
erally (Figure 5.3). If the iliac crest lies too far medially
and precludes such a view, the target disc will need to
be approach using a curved, two-needle technique. In
the oblique view, a puncture point on the skin is selected
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Figure 5.2 A right oblique view of an L4-5 intervertebral disc
space, over which a metal probe has been placed to indicate the
target point for discography. Courtesy of Kevin Pauza, MD.

directly overlying the target point. A skin wheal is raised
with local anesthesia (lidocaine 1 or 2%) using a 25- to
30-gauge skin needle.

Needle Placement

For each disc that is to be studied fresh needles must be
used. The skin overlying the target disc is marked and
anesthesized with the operator’s choice of local anesthetic
such as 1.5% lidocaine. The needle tract itself should not be
anesthetized in order to avoid deposition of any local anes-
thetic along the vital descending spinal nerves. It is impor-
tant for the patient to be able to warn the operator if the
needle is mistakenly approaching or touching the spinal
nerve, to avoid causing an iatrogenic radiculopathy. There
are no nociceptors along the path from the skin to the disc
and therefore the patient should not experience discomfort
as the needle travels towards its target disc. For access to
the disc, either a single needle or a two-needle technique
may be used. (The two-needle technique was advocated
in response to reports of discitis occurring as a result of
discography, but single needle techniques have proved
adequate and safe since the use of prophylactic antibiot-
ics. There is no advantage to using a two-needle technique
with respect to discitis.)

If the operator employs a two-needle technique to reach
the target disc, a shorter, large gauge spinal needle pro-
vides preliminary access toward the disc, through which
a smaller gauge, longer needle is used to enter the disc.
In patients of average build, the introducer needle would
typically be a 90 mm 18- or 22-gauge spinal needle, and the
complementary needle would be a 150 mm 22- or 25-gauge
spinal needle. Larger patients may require needles that are
150 mm and 200 mm in length respectively.
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Figure 5.3 A right oblique view of an L5-SI intervertebral disc
space, showing the target point for discography (marked with a cir-
cle), between the S| superior articular process (sap) and the iliac
crest (arrows). Courtesy of Kevin Pauza, MD.

The introducer needle is advanced carefully through
the puncture point, down the x-ray beam, towards the tar-
get point on the disc (Figure 5.4). Its passage is terminated
opposite the depth of the inferior lateral border of the
superior articular process, where it should aim at the
target point on the disc. Its stylette is then removed and
the longer, thinner needle is then advanced through the
introducer needle as far as the depth of the superior articu-
lar process. It is then advanced slowly towards the surface
of the target disc.

During this latter phase of introduction, care is taken
not to impale the ventral ramus, which crosses the pos-
terolateral quadrant of the disc. If the patient complains
of paraesthesia or radicular pain, insertion of the needle
should be stopped immediately, and the needle with-
drawn slightly because it is likely approaching a descend-
ing spinal nerve from a more cephalad spinal segmental
level. Its intended course should be adjusted, so as to avoid
the point at which the ventral ramus was encountered, and
the needle reinserted towards the disc very slowly while
avoiding re-contact with the ventral ramus. If necessary
to avoid contact with the nerve, if an introducer needle is
being used, it may be redirected slightly.

Once the ventral ramus is avoided, the penetrating
needle will encounter the annulus, which presents as a sen-
sation of firm, almost “rubbery,” resistance to the passage
of the needle. Once the annulus is contacted, the needle
is pushed through the annulus, and should be advanced
to the center of the disc. Its progress into the disc should
be monitored by alternating between both AP and lateral
projections.

If a single needle technique is used, that needle is
advanced towards the target disc in the same manner, as
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Figure 5.4 An oblique view of an L4-5 disc towards which a
needle has been inserted. Courtesy of Kevin Pauza, MD.

the introducer needle when the two-needle technique was
utilized. Upon reaching the depth of the superior artic-
ular process, the needle is advanced carefully across the
intervertebral foramen, taking care not to pierce the ven-
tral ramus. The same precautions are taken as when the
penetrating needle is passed across this region, when the
two-needle technique is used. Subsequently, the needle is
advanced through the annulus fibrosus into the center of
the disc. Its progress into the disc should be monitored first
on AP projection, and checked with a lateral view (Figures
5.5 and 5.6)

If the needle tip is in the middle of the disc on the AP
view but anterior on the lateral view, the needle entered
the disc too laterally. If the needle tip is centered on the
AP view but posterior on the lateral image, the needle
entered the disc too medially. In either event, the location
of the superior articular process should be checked on the
oblique view, to ensure that the process did lie opposite
the center of the disc. If upon checking this proves not to
be the case, the correct view should be obtained, and the
introducer needle adjusted or reinserted so that it correctly
points to the center of the disc.

If the oblique view is correct but the penetrating nee-
dle has nevertheless strayed form the center of the disc, it
may have deflected during its passage through the disc.
In that event, the direction of deflection should be noted.
The penetrating needle should be withdrawn completely.
A slight bend should be made to the tip of the needle.

The penetrating needle can now be reinserted through
the introducer needle and passed into the disc, using the
bend to navigate it away from the previous direction of
deflection, and accurately towards the center of the disc.
Once the needle is correctly positioned in the center of the

Figure 5.5 An AP view of a needle correctly placed at the cen-
ter of an L4-5 disc. Courtesy of Kevin Pauza, MD.

disc, its stylette is removed and the needle is connected to a
closed system including a pressure transducer manometer,
allowing the injection of nonionic contrast with antibiotic.

The contrast medium is injected slowly and the open-
ing pressure is recorded. The opening pressure represents
the pressure at which contrast first enters the disc and cor-
relates with the disc’s integrity. A low opening pressure
reflects annular tears and an abnormally high opening
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Figure 5.6 A lateral view of a needle correctly placed at the cen-
ter of an L4-5 disc. Courtesy of Kevin Pauza, MD.
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pressure suggests that the needle tip may be incorrectly
positioned in the annulus fibrosus instead of a correct
position within the nucleus fibrosus.

Injection should continue until:

= LBP is produced;
= contrast medium escapes from the disc; or
= pressure reaches 100 psi

If LBP is provoked, the pressure and volume of injec-
tion is documented. The patient should report if the pain
produced is concordant with their accustomed pain, and
rate its severity.

The injection can be repeated a short period of time
laterin order to reaffirm the previous response. Throughout
the pressurizations the operator should perform sham
pressurizations. During a sham pressurization, the oper-
ator tells the patient that the disc is being pressurized and
asks the patient to report symptoms in a manner similar
to the true pressurizations. Thus, the patient is unable to
differentiate between a true pressurization and a sham
pressurization. If a patient consistently claims symptom
reproduction during the sham pressurizations than this
suggests that the patient may be feigning symptoms, or
exaggerating symptoms, or not understanding the opera-
tor’s instructions.

A local anaesthetic agent can be injected into the disc,
either or both as a measure to relieve any pain produced
by the previous injection, or as an attempt temporarily to
relieve the patient’s accustomed pain. Intradiscal anaes-
thesia also putatively reduces the chance of pain provoca-
tion from a previously painful disc upon stimulation of an
adjacent disc.

Records

Copies should be made of the discographic images, in
AP and lateral views of all discs stimulated (Figures 5.7
and 5.8).

Postprocedural Care

After needles are removed, and puncture points sterilely
dressed, the patient recovers with cardiopulmonary mon-
itoring for a minimum of approximately 30 minutes. Short
acting analgesics may be provided at this time. Patients
are instructed not to drive on the day of their procedure,
and to expect an increase in discomfort for a few days.
Prescriptions for pain medication to cover this period of
increased discomfort may be provided.

Patients are asked to report any unusual pain or pain
not relieved by the prescribed medications. Severe or
unusual pain may be a symptom of discitis. The incidence
of this complication, however, is extremely low (<0.1% per
disc) since the introduction of prophylactic antibiotics.

DISC STIMULATION PAIN AND
PRESSURE RECORDING

It is important to recognize a few misconceptions regard-
ing the literature discussing disc pressure and accept the

Figure 5.7 A lateral view of an L4-5 disc into which contrast
medium has been injected. (A needle has also been placed into
the L5-SI disc, in preparation for injection of contrast medium.).
Courtesy of Kevin Pauza, MD.

fact that these misconceptions are based on anecdote per-
sisting as unsubstantiated dogma.

Historically, it has been claimed that discs eliciting
pain upon stimulation with a low pressure were chemically
sensitive discs. To date, no investigation exists allowing one
to surmise that a “low-pressure positive” disc is a chemi-
cally sensitive disc: The chemical activity with respect to

Figure 5.8 An AP view of an L4-5 disc into which contrast
medium has been injected. (A small amount of contrast medium
has also been injected into the L5-SI disc.). Courtesy of Kevin
Pauza, MD.
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pressure and pain has not been correlated. It can only be
claimed that a disc which elicits concordant pain at a low
pressure is simply a “low-pressure positive” disc.

Additionally, obtaining pressure readings is recom-
mended in an attempt to standardize the technique. The
reader should be aware that guidelines stating that the
pressure at which pain is produced by the disc allows the
operator to define a result as; positive, negative, or indeter-
minate. The reader should also be aware that these pres-
sure levels may serve as a helpful “starting point,” but
that they were arbitrarily chosen based on anecdote and
not based on scientific merit, nor correlated with outcomes
obtained following a therapeutic intervention [64].

It is espoused by some that a “highly positive” disc
is one in which pain is elicited at a low pressure and a
“mildly positive” disc is one in which pain is elicited
at a higher pressure. One investigation demonstrated a
correlation between pain produced during provocation
discography with surgical and nonsurgical outcomes
[65]. This claim has not been replicated by others. Some
would contend that a “high pressure positive” disc is
more likely to respond to a treatment intervention than
is a “low-pressure positive” disc. This was evident in one
randomized controlled trial [45]. Consider that maybe a
“low-pressure positive” disc possesses such a low pain
threshold among its nociceptors that nothing will help
this disc. Likewise, consider the possibility that a “high
pressure positive” disc may be “so close to the threshold of
no pain” that it will more readily improve with a specific
intervention, especially if that intervention is of a biolog-
ical type.

The patient’s response to disc stimulation should eval-
uated in a systematic manner and it is necessary to perform
sham pressurizations to minimize the possibility of false-
positive responses. All pressure, volume, and morpholog-
ical data pertaining to the patient’s responses should be
recorded objectively at the time of the procedure, without
bias and without coaching the patient. These data pertain
to:

= if LBP was produced

= if that pain was concordant or not

= the VAS score of that pain

= the pressure at which the pain was produced

The Table 5.1 represents objective findings regarding disc
pressure and volumes.

Table 5.1

FUNCTIONAL ANESTHETIC DISCOGRAPHY

FAD involves injecting anaesthetic directly into the disc
through an indwelling catheter, thus anesthetizing sus-
pected disc(s) while the patient performs activities that
typically generate pain. The FAD procedure allows for
both functional and anesthetic assessment of discs in
patients with suspected internal disc disruption caus-
ing symptoms. Several case studies suggest diagnostic
utility, however none in peer reviewed journals. In one
study, 32 patients with chronic LBP underwent stan-
dard provocation discography and FAD, and the results
of lumbar fusion were compared in both groups. Fifty
percent had confirmatory findings on the FAD test.
Thirty-eight percent had positive provocation disco-
grams that were negative on FAD testing. One patient
had a negative provocation discogram, and yet pain
relief on the FAD. Twelve patients from the study have
undergone fusion and have been followed for at least 3
months (3-12 months). The mean preoperative Oswestry
score was 58.5; mean post-op was 26.5. The mean pre-op
VAS score for back pain was 7.2; mean post-op was 3.1
[66]. The diagnostic utility of FAD has yet to be proven.
However, the role of intradiscal injection of local anes-
thetic in predicting surgical outcomes has gained some
traction [67].

PROVOCATION DISCOGRAPHY AND
FAD COMPLICATIONS

The complications of disc stimulation are categorized into
three classes: (a) reactions;(b) infections; (c) and technique
related.

Reactions

They include vasovagal reactions with vomiting and pos-
sible aspiration, paravertebral muscle pain, and contusion,
allergic reactions to drugs (i.e., contrast medium, antibiot-
ics, and local anesthetics); and cellulitis at the IV site.

Infectious Discitis

The overall rate of infectious discitis ranges from 0.1%
to 2.3% per patient and 0.05% to 1.3% per disc. The

Pressure and Contrast Volume Correlated with Disc Architecture and Pain Provocation for 309 Consecutive

Patients Presenting to the Texas Spine and Joint Hospital 2004—05

Number of

Mean Opening Mean Maximum Mean Contrast

Discs Disc Architecture  Pain Provocation Pressure (psi) Pressure (psi) Volume (mL)
373 31.9%  Normal None 26.0 1.9 1.44
23 2.0%  Normal Disconcordant 22.7 90.2 1.32
21 1.8%  Normal Concordant 19.8 85.5 1.43
289 24.7%  Abnormal None 19.7 110.1 1.95
58 5.0%  Abnormal Disconcordant 17.4 779 1.77
393 33.6%  Abnormal Concordant 17.4 66.3 1.55
1170 100%

From ref. [15].
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common causative organisms include Staphylococcus
aureus, Staphylococcus epidermidis, and Escherichia coli sug-
gesting inoculation with surface organisms or misad-
venture through bowel perforation [68]. The incidence of
discitis has been reported to be lower with double needle
techniques and use of preprocedural antibiotics [64,69].

Technique

Complications related to needle misplacement include:
penetration of the ventral ramus over the posterolateral
quadrant of the target disc. This potential complication is
avoided by careful attention to the patient’s behavior as the
needle is advanced towards the annulus fibrosus. Other
reported injuries are anatomically impossible if correct
techniques are employed, for the structures in question
lie outside the procedural zone, and can only be encoun-
tered if grossly inappropriate techniques are used. The
purported hazards include nerve root penetration, dural
puncture with resultant postdural puncture headache,
and bowel perforation.

SUMMARY

All of the information available supports the claim that
Lumbar disc stimulation, even with its limitations and
controversy, remains by far, the best indicator for confirm-
ing or refuting that an intervertebral disc(s) is the source of
a patient’s LBP.
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Epidural Steroids for Lumbosacral
Internal Disc Disruption

Omar El Abd and Michael ]J. DePalma

INTRODUCTION

Extensive investigation since Dillane et al’s [1] initial
posit has demonstrated that the intervertebral disc is a
common source of adult low back pain (LBP). Treatment
options for adult LBP, therefore, should ideally address
the pathophysiology of the injured and painful interverte-
bral disc. Similarly, the optimal anatomical level must be
selected for a technique approach to properly address the
most likely involved disc level(s) (see Chapters 1 and 3).
Circumstantial evidence has well established an increased
production of proinflammatory mediators and cytokines
due to disc herniation [2-7] with more abundant inflam-
matory markers associated with extruded and seques-
tered discs. Painful degenerative lumbar discs in the
absence of herniation produce higher levels of interleukin
(IL)-6, IL-8, and prostaglandin E2 (PGE2) than their herni-
ated counterparts causing primarily radicular leg pain [8].
Inflammatory cytokines are elevated in both annular and
nuclear tissue of painfully degenerative discs [9]. Cyclical
mechanical loading coupled with inflammatory stimuli
increase PGE2 production by both nuclear and annular
cells in vitro with the latter showing a stronger reactivity
than the former [10]. Painful degenerative lumbar inter-
vertebral discs have higher concentrations of sensory
fibers, located in the endplate and nucleus, than nonpain-
ful discs [11,12], and both IL-8 and PGE2 induce hyperal-
gesia [13]. The combination of the abundant innervation
of the disc and increased production of proinflammatory
mediators suggests that the mechanism for discogenic
pain may involve hyperalgesia [8].

Hence, the instillation of corticosteroids into the ante-
rior epidural space to maximally bathe the posterolateral
and the posterior periphery of the annulus seems appro-
priate and logical. Such treatment may help curtail the
biochemical stimulation of the intervertebral disc, thereby
reducing pain and improving function; thus allowing the
patient to tentatively participate in a comprehensive physi-
cal therapy program addressing biomechanical deficiencies
following this reduction of hyperalgesia. Two basic tenets
for this approach to be successful are that the target disc has
been accurately deemed to be the source of pain and that
the appropriate therapeutic medication deposited into the
anterior epidural space must gain access to sensitized nerve
endings. The only reason to perform lumbosacral epidural

steroid injection (LESI) when treating LBP is to treat disco-
genic LBP as these injections are not intended to provide an
effective treatment of other causes of axial LBP such as facet
joint arthropathy and sacroiliac joint syndrome.

INJECTION ROUTES

Three routes may be used to introduce therapeutic agents
into the lumbosacral epidural space: caudal epidural ste-
roid injection (CESI); interlaminar epidural steroid injec-
tion (ILESI); and transforaminal epidural steroid injection
(TFESI).

Interlaminar and Caudal Epidural Injections

Interlaminar and caudal epidural injections are the tra-
ditional and most frequently used spine therapeutic
intervention for the management of axial discogenic pain
and radicular pain. These injections can be administered
using fluoroscopic guidance or blindly using anatomical
landmarks.

The caudal approach was first described in 1901 by a
French radiologist who injected diluted solutions of cocaine
through the sacral hiatus to treat intractable LBP and/or sci-
atica [14]. It was not until 1957, when Cappio investigated
the therapeutic benefit of injecting corticosteroids into the
epidural space via the caudal approach [15].

The interlaminar technique was first described by
Pages in Spain in 1921 [16], followed by Dogliotti in Italy in
1933 [17]. The therapeutic benefits of ILESI were reported
about 20 years later [18,19]. In 1952, Robechhi and Capra
[20] employed this approach to successfully treat lum-
bar and sciatic pain. Currently, there is debate among the
interventionalists regarding the use of interlaminar and
caudal methods versus the use of the transforaminal route.
Generally, interlaminar and caudal epidural injections are
considered nontarget specific when compared with trans-
foraminal injections. If these injections are administered
blindly, there is a significant rate of needle misplacement.
The therapeutic agent has a high likelihood of not reaching
the anterior epidural space [21-24], despite technical proce-
dural experience [25].

The caudal injection is performed by placing a spinal
needle into the sacral epidural space by way of the sacral
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hiatus (this technique is described in Chapter 23). Relative
ease of performance in thin individuals without requir-
ing fluoroscopy is an advantage of this approach. The
sacral epidural space must be filled before the injectated
medication in order to reach the lumbar region, requiring
large volumes that necessarily dilute the steroid mixture.
Consequently, CESI rarely reach the ventral epidural space
or pass cephalad to the L5-5S1 segmental level [26]. In addi-
tion, our clinical experience demonstrated that during the
caudal instillation of medicine there is considerable dis-
comfort, which is not perceived with the other routes of
administration.

The lumbar interlaminar method offers the potential
advantage of delivering medication directly into the lum-
bar region, that is, closer to the putatively painful struc-
ture, but it is technically more demanding. Interlaminar
epidural injections are performed blindly or with fluoro-
scopic guidance. The injectated agent is deposited into the
posterior epidural space without a guarantee that it will
flow anteriorly [27]. Traditionally, these procedures have
been performed by practitioners skilled in using surface
landmarks for needle placement. In a prospective study
that included 316 patients undergoing blind epidural injec-
tions, needle positions were evaluated using fluoroscopy.
Renfrew et al. report that, even in experienced hands, blind
placement of the injection needle was optimal in only 60%
of cases. They recommend fluoroscopic control and con-
trast administration to ensure correct needle placement
and avoid inadvertent venous injections [25].

The addition of fluoroscopy and contrast enhance-
ment allowed the visualization of whether or not the med-
ication reached the potential pain generator, maximizing
the chance of therapeutic benefit; however, this does not
guarantee reaching the ventral epidural space. In fact, it
was found that ILESIs achieve ventral epidural contrast
spread in just 36% of attempts [27]. In a retrospective study
of 75 patients, Manchikanti et al. [28] compared pain relief
after blind interlaminar epidural injections, caudal epidu-
ral injections, and transforaminal epidural injections. The
response was the most favorable to transforaminal injec-
tions, followed by the caudal injections, which surpassed
the outcome of the blind interlaminar injections.

Overall, the literature shows better outcomes in
acute rather than in chronic pain with longer duration of
improvement of radicular pain. ILESI and CESI are fall-
ing in popularity amongst interventionalists while TFESI
is gaining popularity due to more favorable research out-
comes. The injections are used for treatment of lumbar
discogenic axial pain and radicular pain that fails conser-
vative management.

Transforaminal Epidural Injections

The transforaminal approach can only be performed using
fluoroscopic guidance. This injection approach aims for the
disc and spinal nerve interface. This is performed through
the introduction of the needle into a triangular space
within the anterior—superior third of the neural foramen
bounded by the pedicle superiorly, the exiting nerve infe-
rior medially, and the lateral margin of the neural foramen
laterally “the safe triangle” (Figures 6.1, 6.2, 6.3). Once the

Pedicle

Safe triangle

Nerve root

Intervertebral disk
Pedicle

Vertebral body

Figure 6.1 The safe triangle. From Omar El Abd. Spinal pathology:
Nonsurgical intervention. Adapted from Magee et al., ed. Pathology
and Intervention in Musculoskeletal Rehabilitation. Elsevier 2009.

Figure 6.2 Fluoroscopic Guided Bilateral SI Transforaminal
Epidural Steroid Injections with cephalad epidural flow into the
direction to the L5-SI disc on both sides.

Figure 6.3 Fluoroscopic Guided Right L5 transforaminal
Epidural Steroid Injection with cephalad epidural flow into the
direction to the L4-5 disc on the right side.
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needle is in position, efficient injection of the medicine into
the lateral epidural space or around the emerging nerve
root depending on needle position and bevel orientation
becomes possible.

The administration of steroids at the level of the pathol-
ogy is crucial to achieve effectiveness. With experienced
hands, the transforaminal approach is safe and provides
good outcomes. TESI is currently becoming more favorable
than the interlaminar approach because it is more effective
to administer the medicines at the spinal nerve/disc inter-
face in the lateral epidural space rather than in the dorsal
epidural space, which is separated from the lateral epidu-
ral space by the ligamentum flavum.

TFESI were found to achieve ventral flow in 100% of
injections [29]. Furthermore, vascular evacuation of the
therapeutic medication occurs in 11% of CESI and ILESI,
and in 2% of TFESI [30,31] preventing the therapeutic agent
from reaching its target. Therefore, the instillation of ther-
apeutic doses of corticosteroid into the anterior epidural
space, hence maximally reaching the targeted interver-
tebral disc, is best accomplished by the transforaminal
approach rather than the interlaminar or caudal tech-
niques. The effectiveness of TFESI has been the subject of
multiple studies reviewed in this chapter.

Huston et al. [32] prospectively studied the side effects
and complications of this approach. An analysis of 350
consecutive cervical and lumbar transforaminal injections
identified no instance in which dural punctures occurred.
Lutz et al. [33] found no epidural punctures or other major
complications in 50 patients who underwent lumbar trans-
foraminal epidural injections. Botwin et al. [34] reviewed
complications in 322 transforaminal lumbar epidural
injections done on 207 patients. They reported the com-
plete absence of post-dural puncture headache. The most
common complication found in their study was headaches
occurring in 3.1% of patients. These headaches were tran-
sient and resolved after 24 hours. These patients epiduro-
grams were reviewed and there was no intrathecal pattern
noted.

TFESIs are not without associated risks. Spinal cord
injury is reported after steroid injections using that route
in the lumbar spine [35-38]. This is postulated to be sec-
ondary to the occlusion of the anterior spinal artery from
an injury or an injection of particulate steroids involving
an aberrant artery of Adamkiewicz or a feeder artery in the
neural foramen resulting in a spinal cord infarction. This
is largely due to the use of steroid preparations formed of
large particulate granules that can occlude the anterior
spinal artery especially if administered without a metic-
ulous procedural technique. Therefore, these procedures
ought to be performed by a medical doctor well trained
in safe and competent performance of these procedures.
Complications can arise requiring administration of res-
cue medications mandating that the treating physician be
trained in life support. Fluoroscopically guided lumbosa-
cral TFESIs are best taught and learned during a rigorous,
comprehensive interventional spine or interventional pain,
one-year fellowship. Weekend cadaver workshops may be
useful for physicians in residency training to help them
decide whether or not they wish to practice interventional
spine care and thus pursue additional fellowship training.

This is in contrast to CESI and ILESI that have traditionally
been taught to physicians by fellow physicians trained to
do them or at hands-on workshops.

These procedures can be performed in an adequately
equipped office setting, ambulatory surgery center, or
hospital-based surgery center. Ready access must be main-
tained to intravenous fluids, cardiac and pulse oximetry
monitoring, and a code cart. ILESI and CESI can be per-
formed without fluoroscopic guidance requiring fewer
staff and support personnel. Hence, these blind injections
can be readily offered in the office setting or either ambu-
latory or hospital surgery centers. Minimally invasive, per-
cutaneous LESI categorically could be available in virtually
any patient care setting. However, TFESI require special-
ized equipment somewhat restricting access to patients
with access to such centers. Recently, it was recommended
to use fluoroscopy equipped digital subtraction capabil-
ity to properly identify vascular uptake while performing
TFESI [39].

MECHANISM OF ACTION

The instillation of corticosteroid and anesthetic into the
anterior epidural space introduces therapeutic agents with
potent antiinflammatory properties adjacent to suspected
painful intervertebral discs. Local anesthetics help cur-
tail inflammation by inhibiting phagocytosis, decreasing
phagocytic oxygen consumption, reducing polymorpho-
nuclear leukocyte lysosomal enzyme release, and dimin-
ishing superoxide anion production [40-44]. Additionally,
anesthetics improve neural blood flow and dysfunction
[45,46]. Corticosteroids are well known for their anti-
inflammatory properties [47], and also stabilize neural
membranes, suppress ectopic neural discharges [48], and
may have direct anesthetic effect on small unmyelinated
nociceptive C-fibers [49,50]. Painful lumbar interverte-
bral discs are innervated by substance-P containing nerve
fibers [11,51], unmyelinated C-fibers, and thinly myelinated
A delta fibers [12] that provide a substrate on which corti-
costeroids and local anesthetics exert therapeutic benefit.
The nucleus pulposus of the lumbar intervertebral disc is
biologically active responding to proinflammatory cytok-
ines most sensitively after becoming degenerate [52], and
once painful produces further proinflammatory mediators
[8]. Hence, corticosteroids and local anesthetics may exert
a therapeutic benefit by bathing the posterolateral annu-
lar fibers, which are most prone to injury [53-55], in anti-
inflammatory and neural stabilizing effects

DIAGNOSTIC WORK-UP

Deposition of corticosteroid into the epidural space would
not be appropriate in the setting of spinal infection, malig-
nancy, or acute fracture. Chronic spinal fractures may not
represent a contraindication to LESI if the pain is likely
discogenic in origin and the fracture is remote. Therefore,
plain film radiography is the minimum diagnostic study
required prior to epidural steroid injection. Advanced
imaging studies such as magnetic resonance imaging or
computed axial tomography will further define suspicious
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abnormalities detected by plain films or suggested by
the clinical presentation. Loss of disc height or decreased
nuclear T2-weighted signal on magnetic resonance imag-
ing is suggested to be predictive of outer annular tears;
the majority of which are symptomatic [56]. High inten-
sity zone lesions, a localized peripheral area of increased
T2-weighted signal, may be a marker of symptomatic
annular disruption [48,57,58]. Modic changes appear to be
a relatively specific, but insensitive sign of painful lum-
bar discs [59,60]. Approximately 12% to 15% of normal
appearing lumbar intervertebral discs may actually con-
tain a painful annular tear [48]. Provocation discography,
when performed adhering to strict operation criteria (see
Chapter 5), possesses a low false-positive rate [61] and can
be utilized to reveal painful annular fissures. Extension of
dye into the outer annulus or beyond, and not the severity
of disc degeneration, has demonstrated to be a strong pre-
dictor of concordant pain on discography [62]. An appro-
priate diagnostic evaluation of persistent lumbar pain
would include plain films to assess alignment, disc height,
and stability. MRI helps to guide the interventionalist tar-
get the appropriate disc(s) level(s). Persistent symptoms,
lasting 6 months, recalcitrant to exhaustive conservative
treatment measures, warrant lumbar provocative discog-
raphy to better delineate the segmental level of pain gener-
ation and whether or not a corroborative outer annular tear
exists accounting for persistent lumbar pain. Findings of
concordantly painful outer annular disruption on discog-
raphy suggest where to target TFESI to maximally affect
the patient’s symptomatology. However, such a strategy
was not critically evaluated.

INDICATIONS

The primary indication for CESI and LESI is radicular pain.
Despite minimal work having been completed investigat-
ing the efficacy of these interventions solely for axial lum-
bar spine pain [63], such injections are offered to patients
presenting with chronic, nonradicular LBP. Therefore,
the role of these injections to treat LBP has not been well-
defined and is currently supported largely by conjecture
and logic. Nonetheless, discogenic pain is a common
source of LBP [64] and inclusion of LESI or CESI to target
a discogenic source of pain is logical. Yet, the exact tech-
nique by which to do so has not been validated. The most
direct way to deposit corticosteroid adjacent to a putatively
painful disc is via the transforaminal approach. Therefore,
a reasonable indication for lumbar TFESI is persistent
LBP most consistent with a discogenic etiology. Deciding
which level to inject is influenced by imaging findings and
pain referral zones, but it is more commonly determined
by considering the levels statistically most responsible for
discogenic LBP [64]. The lowest two disc levels, L4-5 and
L5-S1, are most commonly responsible for pain generati