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SECTION I: PRINCIPLES AND DIAGNOSTIC TESTS

FIGURE 1.1.
The human spine. A. Posterior view of the entire spine. 
B. Anterior view of the spine. C. Lateral view of the 
spine, the vertical line illustrates a plumb line that starts 
from the odontoid process and crosses the C7 vertebra 
and T12-L1 junction and to the posterior aspect of the 
sacrum. This plumb line is used to assess sagittal im
balance clinically.

sp inothalam ic fascicu li, and the anterior fu n icu lu s 
contains the ascending  anterior sp in oth alam ic tract 
and other descending tracts. T h e lateral sp in oth a
lam ic tracts cross through the ventral com m issu re to 
the contralateral side o f the cord, conveying p ain  and 
tem perature sensations. The anterior sp in oth alam ic 
tract conveys the crude tou ch  sensation . T h e gray 
m atter o f the sp in al cord  contains ce ll bodies o f ef
ferent and in tern u n cia l neurons. T h e som atosensory 
neurons are located  in  the p osterior horn , and the 
som atom otor neu rons are found in  the anterior horn 
of the gray m atter. T h e v isceral cen ter o f the gray m at
ter is found in  th e in term ed io lateral horn. T he center 
o f the sp in al cord  h ouses the cen tral ependym al ca 
nal for the passage o f cereb rosp in al fluid.

Th e sp inal cord  is covered  by the p ia m ater, w h ich  
is the outer lin in g  o f the cord, and transparent arach
noid  m ater, w h ich  con tain s the cereb rosp in al fluid  
(Fig. 1.4A ). T he dura m ater is  the outer covering of 
the sp in al cord, w h ich  is continu ou s at the foram en 
m agnum  w ith  the in n er layer o f the cran ia l dura. The 
sp inal cord is anchored  to the dura by  the dentate 
ligam ents that p ro ject la tera lly  from  the lateral side 
o f the cord  to the arachnoid  and dura at p o in ts m id 

w ay betw een  exiting  sp in al nerves (Fig. 1 .4B ). By  
suspending the sp in al cord  in  the cerebrospinal fluid, 
the dentate ligam ent cu sh ion s and protects the cord 
w h ile  m inim izing  the m ovem ent o f the cord during 
ranges o f m otion. T he ep idural space contains fat, 
in tern al vertebral venous p lexu s and loose co n n e c
tive tissu e. T h is  venous p lexu s m ay be involved  in 
spreading in fectio n  or neoplasm . T he ep idural space 
is about 2 m m  at L 3-4 , 4 m m  at L4-5 , and 6 m m  at 
L 5-S 1 . B ecau se of th is re latively  larger ep idural space 
at L 5 -S 1 , sp inal stenosis is less com m on at the lu m 
bosacral ju n ction . T h e p lica  m ediana dorsalis durae 
m atris is a d elicate m edian  fold  at th e lum barosacral 
ep idural region that often  b len d s w ith  the ep idural 
fat. A  potential space exists betw een  the dura and 
arachnoid , and the subarachnoid  space lies betw een 
the arachnoid  and pia. T he su barachnoid  space co n 
tains the cerebrosp inal flu id , sp in al b lood  vessels, 
and nerve rootlet from  the sp in al cord. T h e dural and 
arachnoid  envelop m ay term inate betw een  the S i  
and S4 regions, bu t m ostly  at the S2 region. D istal to 
the S2 region, the dura invests the filum  term inale 
and attaches to the coccy x .

T h e vessels supplying the sp in al cord  are derived
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Conus Medullans

Brachial Plexus

FIGURE 1.2.
Diagram of the spinal cord and nerve roots. The spinal cord 
emerges from the foramen magnum as a continuation of the 
medulla oblongata and ends in a cone-shaped structure 
known as the conus medullaris. The location of the conus 
medullaris is usually at L l- 2  intervertebral disc in adults. 
The cervical cord enlarges maximally at C6 vertebra to pro
vide C3-T2 nerve supplies to the upper limbs, and the lum
bosacral enlargement is present at T i l  to LI vertebral seg
ments to provide L l to S3 cord segments to the lower 
extremities.

from bran ch es o f th e vertebral, deep cerv ica l, in ter
costal, and lum bar arteries (15). T h e arteries o f the 
spinal cord  in clu d e the anterior sp in al artery lying in  
the anterior m edian  fissure, and the tw o posterior 
spinal arteries running along the p osterolateral su lci. 
These vessels are re in forced  by segm ental or rad ic
ular arteries. T he anterior sp in al artery in  the cerv ical 
spine arises from  the vertebral artery, w h ich  orig i
nates from  the su bclav ian  arteries and courses 
through the C6 transverse foram en in  m ost cases. T h e 
vertebral artery cou rses cep h alad  w ith in  the tran s
verse foram en o f each  vertebra, w inds around the la t
eral m ass and p osterior arch  of the atlas, and passes 
through the posterior a tlan to o ccip ita l m em brane into 
the foram en m agnum . T h e vertebral arteries jo in  to 

gether to form  the basilar artery beyond the foram en 
m agnum . In the foram en m agnum  region, the verte
b ra l arteries give b ran ch es anteriorly  that jo in  to 
gether to form  the single anterior sp inal artery. The 
posterior sp in al arteries arise from  either the in ferior 
cereb ellar artery or the vertebral artery. T he anterior 
and posterior sp in al arteries are the m ajor b lood  sup
ply to the sp inal cord. T he anterior sp in al artery sup
p lies the m ajority  o f the sp inal cord  excep t the p os
terior colum ns. T h e p osterior sp inal artery and its 
bran ch es su pply  the p osterior fu n icu lu s, m ost o f the 
posterior gray co lu m ns, and su p erficial lateral fu n ic
u lus. T h e sp in al cord also receives blood  su pplies 
from  rad icu lar arteries and m edu llary  feeders from  
the vertebral, ascending  cerv ical, posterior in terco s
tal, lum bar, and lateral sacral arteries. T h ese rad icu 
lar arteries enter the vertebral can al through the in 
tervertebral foram en and divide into anterior and 
p osterior rad icu lar arteries. T h e anterior rad icufar ar
teries su pply  the anterior sp in al artery, and the p os
terior rad icu lar arteries contribu te b lood  to the pos
terior sp inal arteries.

T h e m ost sign ificant rad icu lar artery to the cerv i
cal cord  is an artery originating from  the deep cer
v ica l artery, accom panying  the left C6 sp in al nerve 
root. O ther m edu llary  feeders to the cerv ica l cord  are 
com m only  present at C3 from  the left and C5 and T1 
from  the right. T h e rad icu lar artery of A dam kiew icz 
su pplies the thoracolu m bar sp inal cord  and usually  
accom p an ies the left ventral root o f T 9 -1 1 , bu t it m ay 
be found anyw here from  T 5 to L5. T h is artery m akes 
a m ajor con tribu tion  to the anterior sp in al artery and 
provides the m ain  blood  supply to the low er spinal 
cord. V enous b lood  returns from  the cord through 
three vein s posteriorly  and three veins anteriorly. 
T h e venous system  w ith in  the sp inal canal consists 
o f valveless sinu ses in  the ep idural space. T he ve
nous p lexu s is m ost apparent anteriorly  ju st m edial 
to the p ed icles over the m idp ortion  of the vertebral 
bodies, and anastom ose w ith  the veins from  the op
posite as w ell as w ith  the basivertebral sinu s, w h ich  
is located  in  the space betw een  the posterior longi
tu d in al ligam ent and th e p osterior asp ect of th e ver
tebral body. T he sp inal venou s c ircu la tio n  drains p ri
m arily  into the azygos system  and jo in s d irectly  into 
the vena cava.

Spinal Nerves
T h e sp inal nerve roots in clu d e 8 cerv ical, 12 th o 
racic , 5 lum bar, 5 sacral, and 1 coccygeal. T h e dorsal 
and ventral roots jo in  to form  the sp in al nerve. The 
ventral root and the dorsal root ganglion are w ith in  
the in tervertebral foram en. F a scic le s  em erge from  the 
sp inal ganglion and from  the ventral roots and co n 
verge to form  the ventral and sm aller dorsal ram i o f 
the sp in al nerve proper (12, 18). A  pair o f sp inal
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FIGURE 1.3.
Cross-section of the spinal cord with the outer white matter and the inner gray matter. The white matter of the spinal cord 
contains nerve fibers and glia and is divided into three columns: posterior, lateral, and anterior. The posterior column 
includes the fasciculus cuneatus laterally and the fasciculus gracilis medially The lateral column contains the descending 
motor lateral corticospinal and lateral spinothalamic fasciculi, and the anterior funiculus contains the ascending anterior 
spinothalamic tract and other descending tracts. The lateral spinothalamic tracts cross through the ventral commissure to 
the contralateral side of the cord. The gray matter of the spinal cord contains cell bodies of efferent and internuncial neurons.

nerve roots leaves the dural sac by penetrating  the 
dural sac in  an in ferolateral d irection . T h is dural 
sleeve con tain s both  the dura m ater and arachnoid  
m ater and extends as far as the in tervertebral foram en 
and the sp inal nerve. It becom es th e ep ineu rium  of 
the sp in al nerve.

In the cerv ica l sp ine, th e dorsal sensory rootlets 
en ter the cord  through the lateral longitu d inal su lcu s, 
and the ventral m otor rootlets ex it the cord  through 
the ventral lateral su lcu s (Fig. 1.5). T he six  or eight 
rootlets at each  level leave the sp inal cord  laterally  
to lie  in  the lateral su barachnoid  space bathed  in  the 
cereb rosp in al fluid. T h e rootlets jo in  to form  the dor
sal and ventral root, w h ich  together enter a narrow  
sleeve o f arachnoid  and pass through the dura to b e 
com e a nerve root at each  level. T h e cerv ica l nerve 
roots that form  from  th e ventral and dorsal nerve 
rootlet extend  antero laterally  at a 45° angle to the co 
ronal p lane and in feriorly  at about 10° to the axial 
p lane. T h e C5 ventral rootlets are shorter and ex it in  
a m ore horizon tal d irection ; th ey  m ay becom e easily  
taut and overstressed  and p red isp ose C5 palsy  after 
d ecom pressive procedures (39). T h e cerv ical nerve 
roots en ter the in tervertebral foram ina by passing d i
rectly  la terally  from  th e sp inal can al ad jacen t to the

corresponding d isc and over the top of the corre
sponding p ed icle  (Fig. 1.6A ). T h e anterior root lies 
an tero in feriorly  ad jacen t to the uncovertebral jo in t, 
and the posterior root is c lo se  to the superior articular 
p rocess (Fig. 1 .6B). T h e cerv ica l nerve root is p osi
tioned  at the tip  o f th e superior articu lar process in  
the m edial asp ect o f the neu ral foram en, and it 
cou rses m ore in feriorly  to p osition  over the p ed icle  
in  the lateral asp ect o f the neu ral foram en. T h e cer
v ica l roots occu p y approxim ately  one-th ird  of the fo- 
ram inal space in  the norm al sp ine, bu t occu p y m u ch 
m ore space in  the degenerative spine. T h e roots are 
located  in  the in ferior h a lf o f the neu ral foram en nor
m ally , bu t the nerve roots occu p y  a m ore cran ia l part 
o f the foram ina, and the size o f the foram en is d im in 
ished  i f  the n eck  is extend ed  fully . T he upper h a lf  o f 
the neu ral foram en con tain s fat and sm all veins. The 
cerv ical neu ral foram en is approxim ately  9 to 12 m m  
in  height, 4 to 6 m m  in  w id th , and 4 to 6 m m  in  length 
(8 ,9 ) .  T he neu ral foram en is bounded  superiorly  and 
in feriorly  by  p ed icles; anteriorly  by the u ncin ate pro
cess, the p osterolateral asp ect o f the intervertebral 
d isc, and the in ferior portion  of the vertebral body 
a b o v e  the d isc  lev el; and p osteriorly  by th e  fa c e t  jo in t  
and superior articu lar p rocess o f the vertebral body
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P;a
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FIGURE 1.4.
Cross-section of the spmal cord and meninges. A . The spinal cord is covered by the pia mater, which is the outer hning of 
the cord, and transparent arachnoid mater that contains the cerebrospinal fluid. The dura mater is the outer covering of the 
spinal cord. B. The spinal cord is anchored to the dura by the dentate ligaments that project laterally from the lateral side 
of the cord to the arachnoid and dura at points midway between exiting spinal nerves.
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FIGURE 1.5.
A. A cryomicrotome section of the cervical spine showing the dorsal root (arrow) and the spinal cord with white matter 
[w), gray matter (g), ligamentum flavum (1). B. Dorsal view of the multiple dorsal rootlets at each level. The rootlets join to 
form the dorsal and ventral root, which together enter a narrow sleeve of arachnoid and pass through the dura to become 
a nerve root at each level.

below . D egenerative changes o f th ese structures that 
bound the in tervertebral foram en m ay com prom ise 
the sp inal nerve.

In  the th o racic  sp ine, the th o racic  sp in al nerves are 
sm all and occupy about 2 0 %  o f the in tervertebral fo 
ram en. E ach  th o racic  and lum bar sp in al nerve exits 
below  the p ed icle  th at bears the sam e nam e. T h e ven 
tral ram i o f the th o racic  nerves do not form  p lexu ses, 
but each  pair runs in ferior to the rib as the in tercosta l 
nerves. T he in tercosta l nerves give off m u scu lar and 
cutaneous bran ch es around the back , thorax, and ab
dom en.

W ith in  the lum bar dural sac, the nerve roots are 
arranged loosely  w ith  the sacral and coccygeal nerve 
roots to form  the cau da equina. E ach  root is covered 
w ith  its ow n sleeve o f p ia  m ater that is co n tin u 
ous w ith  the p ia  m ater o f the sp in al cord. T h e nerve 
roots w ith in  the cauda equina are w ell organized in  
a sym m etric layering pattern  (Fig. 1 .7B). T h e m ost 
posterior nerve elem ents are the S5 roots, progressing 
anteriorly  to S4 , S 3 , S 2 , and S i  at L 5-S 1  level. T h is 
arrangem ent varies at d ifferent levels. F or exam ple, 
at L2-3 level, the L 3-S 1  roots form  an oblique layered 
pattern w ith  the S 2 -S 5  roots occupying  the dorsal as
p ect o f the th eca l sac. In  the lum bar sp ine, the sp inal

nerves are larger and occu p y  about one-th ird  of the 
foram en. W ith in  the dural sac, the lum bar nerve roots 
are arranged loosely  w ith  the sacral and coccygeal 
nerve roots to form  the cauda equina. T h e angle 
form ed by each  pair o f sp in al nerve roots and the 
dural sac becom es gradually m ore acute in  the low er 
lum bar region. T h e angles form ed by the L l  and L2 
roots are about 40° and 32° resp ectively , w hereas the 
angles o f the L3 root are each  approxim ately  30° and 
those o f the L4 and L5 roots are 27° (6). T h e angle for 
the S i  root is m ore acu te at 18°. T he length of the 
nerve roots or the d istance from  the em erging p oint 
o f the nerve root from  the th eca l sac to the dorsal root 
ganglion in creases progressively  to a m axim um  at L5 
and d ecreases at S i .  T h e dorsal root ganglion that 
contains the ce ll bodies o f the sensory fibers in  the 
dorsal root u su ally  lies  w ith in  the upper, m edial part 
o f in tervertebral foram en (Fig. 1.7C,D). T he S i  dorsal 
root ganglion is m ore frequ ently  located  in trasp inally  
(26). T h e average d im ension  of the dorsal root gan
glions gradually in crease from  L l  to S i .  U sing coro
n al M RI section s, H asegaw a et al. describes the lo 
cations o f the lum bar dorsal root ganglions in  
asym ptom atic ind iv id u als (22). T he nerve root origin 
is noted  to be m ore cep halad  for the caudad nerve
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FIGURE 1.6.
Cryomicrotome sections of the cervical foramen A. The cervical nerve roots enter the intervertebral foramina by passing 
directly laterally from the spinal canal adjacent to the corresponding disc and over the top of the corresponding pedicle.
B. The anterior root lies anteroinferiorly adjacent to the nncovertebral joint, and the posterior root is close to the superior 
articular process.

roots, particularly  the S i .  T h e length  of the nerve 
roots increases progressively  to a m axim u m  at L5 and 
decreases at S i .  T h e S i  nerve root is m ost u niqu e in  
that it takes off m ore cep halad , at a m ore v ertica l an 
gle, and is shorter. T h e S i  dorsal root ganglion is 
also unique in  that it is the largest ganglion and is 
located in trasp inally  m ore frequ ently  than  other gan
glions.

The lum bar in tervertebral foram en, w h ich  is 
shaped like an inverted  teardrop, form s a tu n n el that 
connects w ith  the sp in al canal. It is bounded  su p e
riorly and in feriorly  by the p ed icle  o f the ad jacent 
vertebrae. T h e p osterior boundary  is form ed by the 
pars in terarticu laris and ligam entu m  flavum . T h e an 
terior boundary is form ed by the p ostero in ferior m ar
gin o f the superior vertebral body, the p osterior m ar
gin of the in tervertebral d isc, and the posterosup erior 
margin o f the in ferior vertebral body. T h e nerve root 
is norm ally  surrounded by fat (Fig. 1.7D ). A d d ition 
ally, various types o f transforam inal ligam ents m ay

traverse w ith in  the foram en (31) (Fig. 1.7D). The 
nerve roots m ay have aberrant cou rses to give various 
anom alies (Fig. 1.8). T h ese anom alies do not u sually  
produce sym ptom s; how ever, the recognition  of 
these anom alies is im portant in  the diagnosis and 
treatm ent o f patients w ith  other pathologies asso ci
ated w ith  anom alies o f th e nerve roots. Based  on Ka- 
d ish  and Sim m ons, there are four types o f nerve root 
anom alies w ith  an in c id e n ce  o f 1 4 % : Type I: in tra
dural anastom osis betw een  rootlets; Type II: anom a
lous origin  o f nerve roots that are further d ivided into 
cran ia l origin, caudal origin, com bin ation  of cran ial 
and cau d al origins, and con jo in ed  nerve roots; Type 
III: extradural anastom osis; and Type IV: extradural 
d iv ision  o f the nerve root (25). T h e con jo in ed  roots 
and intradural anastom osis are m ost com m on.

T h e sp in al nerve d ivides into dorsal prim ary ram i 
and ventral prim ary ram i branches. T he dorsal p ri
m ary ram i gives m edial, lateral, and o ccasion ally  in 
term ediate bran ch es to innervate the zygapophysial



FIGURE 1.7.
Cryomicrotome sections of the lumbar spine. A. This cross-section shows the dural sac with the nerve roots that are arranged 
loosely with the sacral and coccygeal nerve roots to form the cauda equina. The exiting nerve root is shown medial to the 
pedicle (large arrows). Epidural space contains venous plexus anteriorly (open arrows). B. A cross-section of the lumbar 
spine at the intervertebral disc level. Nerve roots are arranged in a symmetrical pattern. The nerve root in the foramen (large 
arrow) is normally surrounded by fat (curved arrow). The facet joints are asymmetrical and are also known as facet tropism.
C. Coronal section shows the course of nerve roots exiting below the pedicle and joining the dorsal root ganglion (arrows) 
in the intervertebral foramen. D. A sagittal section of the intervertebral foramen with the nerve root surrounded by fat and 
vascular structures interiorly. The intervertebral foramen is bounded superiorly and interiorly by the pedicle of the adjacent 
vertebrae. The posterior boundary is formed by the pars interarticularis and ligamentum flavum. The anterior boundary is 
formed by the posteroinferior margin of the superior vertebral body, the posterior margin of the intervertebral disc, and the 
posterosuperior margin of the inferior vertebral body. Inferiorly, the transforaminal ligament (arrows) extends from the 
posterior margins of the intervertebral disc and superior articular facet.
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Anterior longitudinal

FIGURE 1.8.
Diagram of the ventral primary rami, sym
pathetic trunk, sinuvertebral nerve, and 
branches in the lumbar spine.

joints and the paraspinal m u scu latu re [20). T he la t
eral branches of the lum bar dorsal ram i innervate the 
iliocostalis m u scle, w h ile  the in term ediate branches 
supply the longissim us m u scle . T h e m ed ial branches 
play an im portant ro le in  the d istribu tion  o f the zyg- 
apophyseal jo in ts. E ach  m edial b ran ch  su pplies the 
zygapophyseal jo in ts above and below  it. For exam 
ple, the L4-5 zygapophyseal jo in ts  are innervated  by 
the L4 posterior prim ary ram i and the descending 
branches from the L3 p osterior prim ary ram i. The 
medial branches o f the p osterior prim ary ram i also 
supply the segm ental m u scles and in tersp in ou s lig 
aments arising from  the sp inou s p rocess and lam ina 
of the vertebra w ith  the sam e segm ental num ber as 
the nerve. For exam ple, the L2 nerve su pplies only 
those m uscles and in tersp in ou s ligam ents from  the 
L2 vertebra.

The anterior aspect o f the dura and the posterior 
longitudinal ligam ent are innervated  by th e sinuver- 
tebial nerve (4, 5). T h is  nerve receiv es con tribu tion s 
from the ventral ram i and the grey ram us com m u ni- 
cans (Fig. 1.8). T he sinu vertebral nerve runs back  
into the spinal canal throughout the foram en, ru n 
ning som ew hat cran ia l to the d isc. T h e gray ram i 
from the sym pathetic ganglion jo in  th e ventral p ri
mary ram i (Fig. 1.8). T h e anterior portion  of the lu m 
bar intervertebral d iscs is innervated  by sym pathetic 
fibers, w hereas the p osterior p ortion  o f the d isc is 
innervated by the sinu vertebral nerve. In  the lum bar 
spine, the sinu vertebral nerves are bran ch es o f the 
ventral ram i but also receive con tribu tion s from  the 
autonom ic grey ram i. T h e sinu vertebral nerves in 
nervate the posterior longitu d inal ligam ent, the p os
terior part o f the anulus, and the ventral part o f the 
dura. The sinu vertebral nerves ty p ica lly  ascend  to in 

nervate the su perior d isc as w ell. In  other w ords, the 
sinu vertebral nerves arising from  the L4 ventral ram i 
innervate the p osterolateral part o f the L4-5 anulus 
but also cou rse su periorly  to innervate the L3-4  an
u lus. S inu vertebral nerves are believed  to derive 
from  recu rren t bran ch es o f the sp in al nerve and the 
sym pathetic nerve. T h e p osterior portion  of the disc 
seem s to be dually  innervated  (30).

In the cerv ical sp ine, in terco n n ectio n s exist b e
tw een  gray ram i, th e perivascu lar p lexu s around the 
vertebral artery, and the sym pathetic trunk, a ll of 
w h ich  give contribu tions to the ventral nerve plexus 
that innervates the anterior longitu d inal ligam ent, 
outer anulus fibrosus, and the anterior vertebral body 
(20). T h e dorsal nerve p lexu s receives contribu tions 
from  the sinu vertebral nerves, w h ich  originate from 
the gray ram i and p erivascu lar p lexu s o f the vertebral 
artery in  the cerv ica l spine. T he first cerv ical nerve, 
or su b occip ita l nerve, exits the vertebral canal above 
th e p osterior arch  of th e atlas and posterom edial to 
the lateral m ass, and it lies  betw een  the vertebral ar
tery and the p osterior arch. T he p osterior prim ary ra 
m us o f the first cerv ical nerve enters the su boccip ita l 
triangle and sends m otor fibers to the deep m u scles. 
T h e anterior prim ary ram us o f the first cerv ica l nerve 
form s a loop w ith  the second  anterior prim ary ram us 
and sends fibers to the hyp oglossal nerve. T h e cer
v ica l p lexu s receives fibers from  anterior prim ary 
ram i o f C1-C4. T h e cerv ical p lexu s is located  oppo
site C 1-C 3, ventral and lateral to levator scapulae and 
m iddle scalen e m u scles. T h e cerv ica l p lexu s has d is
tribu tions to the sk in  and m u scles, su ch  as rectus 
cap itis  anterior and latera lis , longus cap itis and cer- 
v ic is , levator scap u lae, and m iddle scalene. T h e cer
v ica l p lexu s form s loops and branches to supply ster
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nocleid om asto id  and trapezius m u scles. T h e cerv ical 
p lexu s com m u nicates w ith  the hyp oglossal nerve 
from  C l and C2 and leaves th is trunk as the superior 
root o f the ansa cerv ica lis , w h ich  form s a loop called  
the ansa cerv ica lis  w ith  the in ferior root from  C2 
and C3.

T h e second  cerv ica l nerve lies  on the lam in a o f the 
axis p osterior to the lateral m ass, and the posterior

prim ary ram us, or the greater o ccip ita l nerve, p ierces 
the trapezius about 2 cm  below  the external occip ita l 
protuberance and 2 to 4 cm  from  the m id lin e  (Fig.
1.9). Cutaneous bran ch es o f the posterior prim ary 
ram i of C2-C5 are co n sisten tly  p resent in  the skin  of 
n u ch al region, and the largest cu taneous nerve in  th is 
region is the greater o cc ip ita l nerve. T h e lesser o cc ip 
ita l nerve bran ch es from  the anterior cerv ical plexus

Trapezius m

Greater occipital n 
(dorsal ramus, C2)

3rd occipital n (dorsal ramus, C3)

greater occiptal n 
cervical plexus (ventral rami, C2 & C3)

Spine of scapula

Spinal nn (dorsi rami, 
C4-T6, C7 & C8 are 
minimal)

Deltoid m

Infraspinatus
m

Teres minor & 
ma)or m 

Latissimus 
dorsi m

T12

Superior lateral brachial 
cutaneous n from 
axillary n (C5, C6)

Spinal nn (ventral 
rami, lateral 
cutaneous brancfies)

Spinal nn (dorsal rami, 
T7-T12)

• External
abdominal oblique m

Gluteus 
medius m

Gluteus 
maximus m

Supenor cluneal nn, 
(dorsal rami of L1, 2 & 3)

Iliohypogastric n 
(ventral ramus of L1)

Middle cluneal nn,
(dorsal rami of S1, 2 & 3)

Inferior cluneal n 
(ventral rami, posterior 
femoral cutaneous n.
S 1 ,2 &3 )

FIGURE 1.9.
Cutaneous nerves on the posterior aspect of the neck and back.
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and runs upward and lateral to the greater occip ita l 
nerve (Fig. 1.9). T h e posterior prim ary ram us of C3, 
or third occip ita l nerve, p ierces the trapezius m ore 
inferiorly and approxim ately  1 cm  m edial from  the 
m idline (Fig. 1.9). T h e cerv ical nerve exits over the 
pedicle that bears the sam e num ber, excep t C8 cer
vical nerve lies  betw een  th e C7 and T l  vertebrae. The 
posterior prim ary ram i o f cerv ical nerves send m otor 
fibers to the deep m u scles and sensory  fibers to the 
skin, but the first cerv ica l nerve has no cutaneous 
branches. T he anterior prim ary ram i o f C1-C4 form  
the cervical p lexu s, and C 5-T1 form  the b rach ia l 
plexus. The low er cerv ica l sp in al nerves give sp ecific 
dermatomal and m otor d istribu tions o f the upper ex 
tremity, w h ich  are essen tia l in  the evaluation  and 
treatm ent o f patients w ith  cerv ica l rad icu lop athy  
(Fig. 1.10).

In the lum bar region, the ventral ram i o f the lu m 

bar sp inal nerves p ierce the in tertransverse ligam ent 
and continu e to form  lum bar and lum bosacral 
plexus. T h e L l  to L4 ventral ram i form  the lum bar 
p lexu s, and the L4 and L5 ventral ram i jo in  to form 
the lu m bosacral trunk that enters the lu m bosacral 
plexus. T he dorsal ram i o f L l ,  or som etim es L2 and 
L3, fu rn ish  cu taneous bran ch es that cross the p oste
rior ilia c  crest about 7 to 8 cm  from  the m id lin e  (Fig.
1.9). T he cu taneous b ran ch es are the superior clu neal 
nerves that should  be preserved in  surgical ap
proaches. Kurz et al. reported  that the clu n eal nerves 
em erge about 7 to 8 cm  lateral to the posterior su pe
rior ilia c  spine (28). M ore recen tly , X u  et al. reported 
that the average d istances from  the posterior superior 
ilia c  spine to the su perior clu n eal nerves, gluteal 
lin e , and superior glu teal vessels are 68 .8 , 26 .6 , and 
62 ,4  m m , resp ectiv ely  (45). F or p osterior il ia c  crest 
bone harvesting, the in c is io n  should  therefore stay

FIGURE 1.10.
Illustrations of dermatomes. A. Anterior dermatomes. B. Posterior dermatomes.
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w ithm  6 8 cm  from  the p osterior superior ilia c  spine 
Th e cu taneous b ran ch es from  both  dorsal ram i and 
ventral ram i provide co n sisten t sensations that are 
useful c lin ica lly  C utaneous nerves are arranged in  a 
con sisten t derm atom al pattern  (Fig 1 10) In  evalu 
ating patients w ith  cerv ica l sp ine d isorders, the c l i 
n ic ian  should  rem em ber the C5 derm atom e over the 
delto id  m u scle , C6 derm atom e of the thum b, C7 der 
m atom e o f the long finger, and C8 derm atom e of the 
sm all hnger T he n ip p le  lin e corresponds to the T4 
derm atom e, and the u m b ilicu s corresponds to the T8 
derm atom e In  evaluating lum bar spine disorders 
the c lin ic ia n  should  also rem em ber that the L l  cor
responds to the groin, L2 over the anterior thigh, L3 
over the knee, L4 over the m edial m alleo lu s, L5 over 
the great toe, and S i  over the sm all toe and bottom  
o f the foot Sacra l derm atom es are located  around the 
perineum , w^hich is im portant to rem em ber w hen  as
sessing patients w ith  cauda equina or conu s m edul 
laris syndrom es and also w hen  evaluating sacral 
sparing in com p lete  sp in al cord syndrom es

Osseous Structures and Articulations
The osseous structures in  d ifferent regions of the ver
tebral co lu m n have d ifferent ch aracteristics  aside 
from  the obvious d ifferences in  the size T he bony

anatom } of the atlas and axis m  the cerv ical sp ine is 
u niqu e (Fig 1 11) T h e atlas is a ring like structure, 
in  w h ich  the th ick  anterior arch  blen d s into the lat 
eral m asses T he o ccip ita l cond yles articu late w ith  
the concave superior aspects o f the lateral m asses as 
a cup shape jo in t (11, 17) T h e occip ita l condyles 
p ro ject dow nw ard and outw ard w h ile  the superior 
facet o f the atlas faces upw ard and inw ard to sup
port the o ccip u t T h is atlanto occip ita l articu lation
IS supported by anterior and posterior occip ita l 
m em branes, w h ich  are con tin u ation s o f anterior 
longitu d inal ligam ents and ligam entum  flavum s, 
resp ectively  (Fig 1 12) T h e a tlan to -occip ita l jo in t 
m ostly  allow s for flexion , extension , and lateral 
bending m otions T h e in ferior facets o f the atlas are 
flatter and m ore circu lar than  are the superior facets 
and face dow nw ard and inw ard to articu late w ith  the 
axis (Fig 1 13 A B) T he atlas has no body, and the 
anterior tu bercle  o f the anterior arch  serves as an at
tach m en t o f the longus co lli m u scle  T he posterior 
tu bercle  o f the atlas are the bony  attachm ents for the 
rectu s m inor m u scle  and su b occip ita l m em brane 
T he m ean th ick n ess o f the posterior ring is 8 m m , and 
the cortica l bone is th in  (13) T he atlas has large 
transverse p rocesses w here the superior and inferior 
oblique m u scles attach T he transverse foram en is  lo-

Infenor

Anterior

FIGURE 1.11.
The bony anatomy of the atlas and axis 1 Transverse foramen 2 Posterior articular facet 3 Transverse process 4 Lateral 
mass 5 Posterior arch 6 Posterior tubercle 7 Groove for vertebral artery 8 Superior articular facet 9 Transverse foramen
10 Anterior arch 11 Dens 12 Superior articular facet 13 Body 14 Inferior articular facet 15 Spinous process 16 
Posterior tubercle 17 Posterior arch 18 Inferior articular process 19 Fovea dentis, 20 Anterior tubercle, 21 Anterior 
articular facet, 22 Transverse process
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18

19

20 
21

FIGURE 1.12.
Diagrams of ligamentous anatomy of the  upper cervical spine- 1. Anterior tubercle, 2. Superior articular facet, 3 Vertebral 
artery, 4. Anterior longitudinal ligament, 5. Anterior atlas-axis membrane, 6. Anterior arch of atlas, 7. Apical ligament, 8. 
Vertical cruciform ligament, 9. Anterior atlas-occipital membrane, 10. Attachment of tectorial membrane, 11. Anterior edge 
of foramen magnum, 12. Tec torial membrane, 13. Vertebral artery, 14. Atlas, 15. Transverse ligament, 16. Origin of tectorial 
membrane, 17. Posterior longitudinal ligament, 18. Spinous process of C2, 19. Atlas, 20. Transverse ligament, 21. Dens, 22. 
Alar ligament, 23. Deep tectorial membrane.

cated  w ith in  the transverse p rocess, through w h ich  
the vertebral artery passes.

T h e axis is also u niqu e in  its bony  anatom y. T h e 
odontoid  p rocess p ro ject upw ard anteriorly , articu 
lating w ith  the p osterior asp ect o f the anterior arch 
of the atlas as a synovial jo in t. T h e p ro jectio n  angle 
o f the odontoid  p rocess varies from  —2° to 42° w ith  

^ m e a n  o f 13° (14). T h e average dens height is ap- 
pTOximately 15 m m  (44). T h e transverse ligam ent, 
w h ich  spans across the arch  o f th e atlas, hold s the 
odontoid  process against th e anterior arch  of the atlas 
(Fig. 1 .12). T h is transverse ligam ent is the p rin cip al 
s im iliz in g  structure for the a tlan toaxia l articu lation . 
T h e transverse ligam ent has superior and in ferior ex 
ten sion s, w h ich  form  the cru ciated  ligam ent o f the 
at^as. Second ary  stab ilizers o f th is articu lation  are the 
alar ligam ent, w h ich  arises from  the sides o f dens to 
the cond yles o f the o ccip ita l bone, and the ap ical lig 
am ent, w h ich  arises from  the apex o f th e dens to the 
foram en m agnum  as a rem nant o f the notochord . The 
tectoria l m em brane is a co n tin u ation  from  the p os
terior lon g itu d inal ligam ent. P osteriorly , th e axis has 
the large lam in a and b ifid  sp inou s p rocess, w h ich  
serve as attachm ents for rectu s m ajor and inferior 
oblique m u scles. T h e zone betw een  the lam ina and

the lateral m ass o f axis vertebra is in d istin ct. The 
p ed icle  o f axis is large and p ro jects m edially  at 30° 
and su periorly  at 20° (44). T he atlan toaxia l a rticu la 
tion  provides approxim ately  5 0 %  o f rotatory m otion  
o f the cerv ica l sp ine. T h e sp inal can al at the upper 
cerv ical sp ine is m ore cap aciou s than  is the low er 
cerv ical sp ine, w ith  the sagittal d iam eters o f 23 m m  
at C l and 20  m m  at C2. W hen approaching the p os
terior asp ect o f the atlas and axis, the surgeon should 
avoid in ju ries to the associated  neu rovascu lar stru c
tures su ch  as the vertebral artery, sp in al ganglion of 
C2, and the sp in al cord.

T h e bony  anatom y of the low er cerv ical sp ine from  
C3 to C6 is sim ilar w ith  slight d im ensional increases 
from  C3 to C6, bu t C7 is u niqu e as the transitional 
vertebra. P osteriorly , sp inou s p rocesses are bifid  
from  C3 to C6 (Fig. 1 .14A ), w h ich  are p ro jected  in- 
feriorly , and the C7 sp inou s process is large and not 
bifid ; it often is ca lled  the vertebra prom inens. A 
ju n ctio n  exists b etw een  th e sp inou s process and lam 
ina, although the tran sition  is less d istinct. T h is ju n c 
tio n  is an atom ically  im portant during spinous pro
cess w iring, in  th at w hen the w ire penetrates beyond 
the sp inolam inar lin e , it m ay im pinge on the spinal 
cord. T he lam ina b len d s into the lateral m ass, w h ich
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FIGURE 1.13. /
A. A cryomicrotome of the upper cervical spine showing the occipital condyle (o) articulating with the concave superior 
aspect of the lateral jmass of the atlas (A). The superior facet of the atlas has a cup-shape surface to support the occipital 
condyle, and the inferior facet is flatter to articulate with the axis (C2) below. B. A coronal cryomicrotome section of the 
cervical spine. The atlas articulate with the occipital condyle above and the axis below (arrow heads). The odontoid process 
(o) projects between the lateral masses (L) of the atlas. The uncovertebral joints are shown with arrows.

is the bon e betw een  the superior and in ferior a rtic
u lar processes. T h e articu lar processes oppose each 
other to form  the facet jo in t. T h e norm al cerv ica l facet 
jo in ts  h ave th e articu lar cartilage and m en isci that are 
surrounded by a cap su lar ligam ent and lin ed  by a 
synovial m em brane. M ost adult cerv ical facet jo in ts  
undergo changes w ith  aging that co n sist o f a th in  
layer o f cartilage and irregularly  th ick en ed  subarti- 
cu lar co rtica l bone (19, 48 ). T h e jo in t cap su les are 
innervated  rich ly  by prop riocep tive and p ain  re cep 
tors that m ay be im portant in  the pathogenesis of 
n eck  pain.

From  the p osterior aspect, th e facet jo in t lin e  is 
h orizontal and slightly  circu lar in feriorly . T h e in ter
facet d istances are re latively  con stan t at d ifferent le v 
els, bu t in d iv id u al variations ex ist from  9 m m  to 16 
m m , w ith  an average o f 13 m m  (1). For th is reason, 
m ost p osterior lateral m ass p late-screw  system s are

designed to have screw  h o les d istances at 13 mm. 
Im portant anatom ic con sid eration s during posterior 
p late-screw  in stru m entation  are the landm arks o f the 
facet jo in t lin es , lateral m ass m argins, and jo in t in 
clin ation . T h ere is a defin ite ju n ctio n  betw een  the 
lam in a and lateral m ass, and the lateral edge of the 
lateral m ass form s a ridge dow n to the transverse 
process. T h e facet jo in t itse lf  is  angled about 45° 
cep h alad  from  the transverse p lan e (Fig. 1 .14B ). 
T h e lateral m ass o f C7 is m ore elongated from  the 
su p erior-in ferior asp ect and is th in n er than  upper 
levels from  th e anterior-posterior aspect.

O n the anterolateral asp ect, a ty p ica l cerv ical ver
tebra con sists o f a body, transverse p rocesses, and 
p ed icles. T h e body is re latively  sm all and oval, w ith  
the m edial-lateral d iam eter greater than  the ante- 
rior-posterior d iam eter (Fig. 1 .14C ). From  the coronal 
p lane, the superior surface o f the vertebral body is
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Anterior
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mass
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FIGURE 1.14.
The bony anatomy of the lower cer 
vical spine A. View from  the top  
showing the vertebral foramen su
perior articular facet transverse 
process transverse foramen and 
the body B Side view showing the 
spinous process superior and in
ferior articular surfaces tubercles 
of the transverse process and the 
body C Anterior view showing the 
vertebral body transverse pro 
cesses lateral mass and acicular 
processes
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concave, and the in ferior surface o f the body is co r
respondingly  co n v ex  (Fig. 1 .13). H ow ever, from  the 
sagittal p lane, the superior surface o f the body is 
slightly  con v ex  to or straightly  aligned w ith  the co r
responding concave in ferior surface o f the upper ver
tebral body.

T h e antero in ferior edge of the vertebral body is 
lip p ed  in feriorly . T h e lateral surfaces o f the superior 
vertebral body p ro ject upw ard, conform ing to sm all 
grooves in  the in ferolateral borders o f the cephalad  
vertebra, w h ich  form s the u ncovertebral jo in ts, or 
jo in ts o f L u schka (Fig. 1 .13). T h e w idth  and depth of 
the vertebral surfaces average 17 m m  and 15 m m  
from  C2 to C6, resp ectively , and in crease to about 20 
m m  and 17  m m , resp ectively , at C7 (32). V ertebral 
heights on the posterior w all in  the m idsagittal p lane 
range from  11 to 13 m m . P ro jectin g  la tera lly  from  the 
cep halad  asp ect o f the vertebral body is the anterior 
tu bercle  o f the transverse p rocess, w h ich  jo in s the

posterior tu bercle  o f the transverse process. T h e an
terior tu bercle  is a costal elem ent, and the C6 anterior 
tu bercle , also know n as the carotid  tu bercle , is a 
prom inent surgical landm ark. B etw een  the posterior 
tu bercle  and anterior tu bercle  is the groove or the 
costotransverse lam ella , w h ich  p ro jects in feriorly  for 
the passage o f the sp in al nerve. T h e vertebral artery 
and venous system  pass through the transverse fo
ram en, w h ich  is located  m edial to the tu bercles of 
the transverse p rocess and lateral to the vertebral 
body. T h e transverse p rocesses in crease sign ificantly  
in  size at C6 and C7. T h e p ed icles p ro ject posterola- 
tera lly  from  the vertebral body at a 30 to 45° angle 
and jo in  the lam in a to form  the vertebral arch  (Fig. 
1 .14A ). T h e sp inal can al or vertebral foram en is tr i
angular w ith  rounded angles, and the lateral w idth 
of the canal is sign ificantly  greater th an  is the antero
posterior depth at a ll levels. N orm al sagittal d iam e
ters o f the cerv ica l sp ine are 17 to 18 m m  at C3-C6,

Medial Zone 

Middle Zone

Lateral Zone

B

FIGURE 1.15.
A 45° oblique cryomicrotome section of the cervical spine. A . The intervertebral foramen is bordered by the uncinate process 
anteriorly, the superior facet posteriorly (s), and the adjacent pedicles superiorly and inferiorly (p) B. Zones of the cervical 
nerve root groove. Reprinted with permission from Ebraheim NA, An HS, Xu R, et al. The quantitative anatomy of the 
cervical nerve root groove and the intervertebral foramen. Spine 1996;21:1619-1623.
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and 15 mm at C7 (32). The cross-section al area o f the 
spinal canal is largest at C2 and sm allest at C7. T h e 
height of the p ed icle  is about 7 m m , and the w idth  is 
about 5 to 6 m m  w ith  a slight increase from  C3 to C7 
(32). As m entioned before, the C2 p ed icle  is larger 
with the height o f 10 m m  and w idth of 8 m m . From  
C3 to C7, the angulation of the p edicles vary from  8° 
below to 11° above the transverse p lane. T h e p ed icle  
angle in the sagittal plane decreases from  ap p roxi
mately 45 to 30° from C3 to C7.

The cervical nerve roots em erge from  the vertebral 
canal via the intervertebral foram en. The interverte- 
bral loram en is bordered by the u ncin ate process an
teriorly, the superior facet posteriorly , and the ad ja
cent pedicles superiorly and in feriorly  (Fig. 1 .1 5 A) 
(34, 35) Ebraheim  et al. m easured the in tervertebral 
foramen to be 7.5 to 8.5 m m  in  height and 4 .5  m m  to 
7 mm in width on average (16). T he foram inal height 
and width gradually increase from  C3 to C7. Ebrah
eim et al. studied the cerv ical nerve root groove that

extends approxim ately  1.5 to 2 cm  from  the m edial 
asp ect o f the p ed icle  to the lateral end of the trans
verse p rocess and associated  costa l p rocess, w here it 
is bounded  by the anterior and p osterior tu bercles 
(16). T he nerve root groove is divided into three 
zones, and the m ed ial zone, or the in tervertebral fo 
ram en, is im portant in  the etiology of cerv ica l rad ic
u lopathy  (Fig. 1 .15B ).

T h e cerv ico th o racic ju n ctio n  is a tran sition  region 
w ith  C7 having sim ilar anatom ic ch aracteristics  at T l  
and T 2. T h e d im ensions o f the vertebral body is 
larger at C6 and C7 as are the sizes o f the transverse 
p rocesses and sp inou s processes. A d d itionally , d i
m ension s o f the sp in al can al d ecrease at C6 and C7, 
representing  a d istin ct tran sition  to the th oracic re
gion. T h e articu lating  facet jo in t betw een  C7 and T l  
resem bles the th o racic  facet jo in t, and the lateral 
m ass o f C7 is th in n er than that o f upper levels. Inner 
diam eters o f the p ed icles at C7, T l ,  and T 2 from  the 
m edial to lateral p lan e average 5.2 m m , 6.3 m m , and
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FIGURE 1.16.
Diagram of the thoracic vertebra. A. Top 
view shows articulation with the nb, heart- 
shaped body, and circular vertebral canal. 
B. Side view shows vertebral body, facets for 
the rib, pedicle, and the inferiorly projecting 
spinous process
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5.5 m m , resp ectively . M edial angulations o f the p ed 
ic le  are 34°, 30°, and 26° at C7, T l ,  and T 2, resp ec
tively  ( l) .  T h ese m orphologic ch aracteristics  should  
be rem em bered w hen  perform ing tran sp ed icu lar pro
cedures in  the cerv ico th o racic  region.

T h e th o racic  vertebrae are u niqu e in  th e ir articu 
lation  w ith  the ribs and have heart-shaped  bodies 
and circu lar vertebral canal (Fig. 1 .16). T h e round 
sp in al can al has less free space for the sp inal cord 
than  does the cerv ical and lum bar region. T he artic
u lar facets for the ribs are located  in  the body and 
transverse p rocess; the radiate and costovertebral lig 
am ents are betw een  the body and rib ; and the co s
totransverse and intertransverse ligam ents are b e 
tw een the transverse p rocess and rib. T h e spinous 
p rocesses are long and slend er and overlap to the 
low er vertebral arches. T h e th o racic  co lu m n is m e
ch an ica lly  stiffer and less m obile  becau se o f the rib

attachm ent. T h e upper and m iddle th oracic vertebrae 
have in h eren t stability  against anteroposterior trans 
lation , and th e low er th o racic  vertebrae have greate 
stability  against ro tation  cau sed  by the orientation o 
the facet jo in t. T l  is aty p ical in  that it has a long her 
izontal transverse process, and the size o f the trans 
verse processes gradually decrease from  T l  to TlO 
The in ferior T 9 to T 12  vertebrae have tu bercles sim 
ilar to the lu m bar vertebrae. T h e p ed icle  o f the tho 
racic  vertebrae m easures approxim ately  10 m m  at T̂  
and 14 m m  at T 12  in  height and approxim ately  4.! 
m m  at T 4 and 7.8 mm at T 12  in  w idth (42). T he ped 
id e s  in c lin e  an terom ed ially  ranging from  0.3° at T i ;  
to 13.9° at T 4 . T he p ed icle  w all is th ick er medialh 
than  it is la tera lly  (27).

The vertebral body in  the lum bar spine is larges 
at L5, w h ich  transm its the body w eight to the base o 
the sacrum  (Fig. 1 .17). T h e p ed icles con n ect betweei

Vertebral
body

FIGURE 1.17.
Diagram of the lumbar vertebra A . Top view 
shows the larger vertebral body, pedicles that con
nect between the body, and the posterior elements 
The vertebral foramen is more triangular. B. Pos
terior view shows the lamina, pars interarticularis, 
transverse process, and articular processes. The 
pedicle region is outlined in oval shape
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the body and the posterior elem ents. T h e transverse 
pedicle w idth averages 18 m m  at L5 and becom es 
sm aller in  the upper lum bar spine and averages 9 m m  
at L l.  T h e m edial angulation or transverse p ed icle  
angle is about 30° at L5 and only  12° at L l  (49]. From  
the posterior aspect, the p ed icle  is located  about 1 
mm inferior to the tip o f the in ferior articu lar process 
or in the m iddle o f the transverse p rocesses h orizon 
tally, and the posterior-m ost p rom in en ce of the su
perior articular process vertically . Near the tran s
verse process and pedicle attachm ent, the accessory  
process is present as irregular bony prom inence.

The facet jo in ts in  the lum bar sp ine is oriented  
more sagittally to resist ax ial rotation. T he lu m bosa
cral facet is oriented m ore coron ally  to resist an tero
posterior translation. M am illary  p rocesses are prom 
inences on the posterior edge of the su perior articu lar 
processes. The lum bar sp inal can al is  oval in  th e u p 

per lum bar region  and becom es triangular in  the 
lowfer lum bar region.

Th e nerve root takes o ff from  the th ecal sac, 
courses under the lateral recess, and travels through 
a tu bu lar can al or the in tervertebral foram en (Fig.
1 .18A ,B ) (2). T h e lateral lum bar sp inal can al has 
been  subdivided into three anatom ic zones by Lee et 
al.: entrance zone, m id zone, and ex it zone (29). The 
entrance zone is the su barticu lar area m edial to the 
p ed icle  and is synonym ous w ith  the lateral recess 
area. T he m id zone is located  under the pars inter- 
articu laris and the p ed icle , and the ex it zone is syn
onym ous w ith  the in tervertebral foram en.

T h e entrance zone is located  u nderneath  the su 
perior articu lar process o f the facet jo in t and m edial 
to the p ed icle . T he entrance zone is the cep halad  as
p ect o f the m ore com m only  know n lateral recess, 
w h ich  begins at the lateral asp ect of the th eca l sac
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A Sacrum FIGURE 1.18.
Intervertebral foramen. A. Diagram of side 
view of the lower lumbar spine showing the 
intervertebral foramen. The foramen is shaped 
like an inverted teardrop and forms a tunnel 
that connects with the spinal canal. B. A sag
ittal cryomicrotome of the intervertebral fora
men. The foramen is bounded superiorly and 
interiorly by the pedicles of the adjacent ver
tebrae. The posterior boundary is formed by 
the pars interarticularis and the ligamentum 
flavum. The anterior boundary is formed by 
the postero-inferior margin of the superior ver
tebral body, the posterior margin of the inter
vertebral disc, and the postero-superior margin 
of the inferior vertebral body. The nerve root 
(2 and small arrows) is surrounded by fat (1). 
The soft tissue boundary of the foramen (large 
arrows) is smaller than the bony boundary. 
The bulging disc may narrow the foramen an
teriorly, and the facet and ligamentum flavum 
(curved arrow) may narrow the foramen pos
teriorly.
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Diagrams of the sacrum and sacroiliac articula
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promontory, sacral foramina, and articular sur
faces are shown. The coccyx consists of four ru
dimentary vertebrae. B. Posterior view shows the 
iliolumbar ligament, posterior sacroiliac liga
ment, and sacrotuberous ligament. C. Anterior 
view of the sacroiliac articulation shows the an
terior iliolumbar ligament, inferior iliolumbar lig
ament, vertical iliolumbar ligament, and superior 
iliolumbar ligament.
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and runs obliquely downward and laterally  tow ard 
the intervertebral foramen. A natom ically , the lateral 
recess is bordered laterally by the p ed icle , posteriorly  
by the superior articular facet, and anteriorly  by the 
posterolateral surface of the vertebral body and ad
jacent intervertebral disc. The m edial border o f the 
lateral recess is formed by the th ecal sac. T he narrow 
est portion of the lateral recess is betw een the su p e
rior border of the pedicle and the broad portion  of 
the superior articular facet. The nerve root in  th is re 
gion is covered by the root sleeve and is surrounded 
by cerebrospinal fluid. The lateral m argin o f the 
nerve root sleeve contacts the m edial co rtica l bone of 
the pedicle, and the m edial m argin o f the nerve root 
is surrounded by epidural fat tissue. T h e norm al la t
eral recess m easurem ent has been  w ell d elineated  by 
CT (7, 36, 41). A lateral recess height o f 5 m m  or m ore 
is normal. A height of 2 m m  or less is pathologic, and 
a height of 3 to 4 mm suggests lateral recess stenosis.

The mid zone is located under the pars interarti- 
cularis and just below  the p edicle. It is bounded an
teriorly by the posterior aspect o f the vertebral body 
and posteriorly by the pars in terarticu laris. T he m e
dial boundary is open to the central sp inal canal. The 
nerve roots norm ally run obliqu ely  dow nw ard 
through the lateral recess into the in tervertebral fo 
ramen. The nerve root travels around the subpedi- 
cular notch and contacts posteriorly  w ith  the ventral 
wall of the pars in terarticularis w here the ligam en- 
tum flavum is attached. The ex it zone is form ed by 
the intervertebral foram en. T h e lum bar in tervertebral 
foramen, w hich is shaped like an inverted  teardrop, 
forms a tunnel that connects w ith  the sp inal canal. It 
is bounded superiorly and inferiorly  by  the p ed icles 
of the adjacent vertebrae. T h e posterior boundary is 
formed by the pars in terarticu laris and the ligam en- 
tum flavum. The anterior boundary is form ed by the 
postero-inferior m argin o f the superior vertebral 
body, the posterior m argin o f the in tervertebral d isc, 
and the postero-superior m argin o f the in ferior ver
tebral body (Fig. 1 .18A ,B). T h e norm al foram inal 
height varies from 20 to 23 m m , and the w idth at the 
upper foraminal area varies from  8 to 10 m m  (22). 
The ventral and dorsal nerve roots occu p y 23 to 30%  
of the area of the foram en and lie  anterior to the dor
sal root ganglion (DRGJ. The DRG norm ally  lies 
within the superior lateral portion  of the lum bar in 
tervertebral foram en and d irectly  below  the p ed icle  
in 90% of lumbar levels. F oram inal height o f < 1 5  
mm and posterior disc height o f < 4  m m  is associated  
with nerve root com pression 80%  of the tim e (21).

Bony structures o f the sacrum  in clu d e the ala, 
promontory, sacral crests, sacral foram ina, and artic
ular surfaces (Fig. 1.19A ). T h e sacrum  is com posed 
of five fused sacral vertebrae, and it provides strength 
and stability to the pelvis, transm itting  the body

w eight to the pelvis. T he four pairs o f sacral foram ina 
con tain  ventral and dorsal d iv isions o f the sacral 
nerves. T he anterior sacral foram ina are larger than 
the dorsal sacral foram ina. T he m edian  sacral crest 
represents fused sp inou s p rocesses, and S5  has no 
spinous process. T h e in term ed iate sacral crests rep
resen t the fused articu lar p rocesses, and the lateral 
sacral crests are the tips o f the transverse processes 
o f the sacral vertebrae. T he sacral h iatu s leads to the 
sacral canal, w h ich  con tain s fatty con n ectiv e  tissue, 
the filum  term inale, the S5 nerve, and the coccygeal 
nerve. T he sacral cornu a is the in ferior articu lar pro
cess o f the S5 vertebra and p ro jects laterally . T h e c o c 
cyx con sists o f four ru dim entary  vertebrae. T h e c o c 
cygeal cornua articu lates w ith  the sacral cornua. The 
co ccy x  provides attachm ents for parts o f the gluteus 
m axim us and coccygeus m u scles and anococcygeal 
ligam ent.

T he sacro iliac  jo in t co n sists  o f the sacral articular 
p rocess w ith  h yalin e cartilage and the ilia c  surface 
w ith  fibrocartilage. T he sacro iliac  jo in t is stabilized  
by the in terosseous sacro iliac  ligam ent, p osterior sa
cro iliac  ligam ent, and anterior sacro iliac ligam ent 
(Fig. 1 .19B ,C ). C onnecting  ligam ents in  the lu m bo
sacral ju n ctio n  and the p elv is in clu d e the sacrotu- 
berous ligam ent from  the sacrum  to the isch ia l tu 
berosity , the sacrosp inous ligam ent that d ivides the 
p elv is in to greater and lesser sc ia tic  notch es, and the 
ilio lu m bar ligam ents that co n n ect the L5 transverse 
p rocesses to the ala o f sacrum . T he ilio lu m bar liga
m ents co n n ect the transverse p rocess o f the fifth lu m 
bar vertebra to the iliu m . T he ilio lu m bar ligam ent 
can  be d ivided into d ifferent parts based  on the an
atom ic location , su ch  as anterior, superior, posterior, 
in ferior, and vertical. The ilio lu m bar ligam ent is im 
portant in  resisting  forw ard tran slation  of the L5 ver
tebra on the sacrum .

Intervertebral Disc and Ligaments
T he intervertebral d isc is an avascular structure that 
in clu d es the n u cleu s pu lposu s at the in terior o f the 
d isc, the outer anulus iibrosu s, and the cartilaginous 
endplates ad jacent to the vertebral surfaces. The nu 
cleu s pu lposu s is derived from  the p rim itive n oto 
chord  and fu n ction s as a shock  absorber, and the an- 
nulus fibrosus m aintains the stability  o f the m otion  
segm ent along w ith  ligam ents and articu lations. The 
n u cleu s pu lposu s is clearly  bordered by the annulus 
fibrosus in  in fancy , but the m argin betw een the n u 
cleu s pu lposu s and annulus fibrosus becom es less 
d istin ct in  the adult (Fig. 1 .20A ) (3). A fter 50 years 
of age, the n u cleu s pu lposu s becom es m ore difficu lt 
to d istinguish  from  the annulus fibrosus, and the n u 
cleu s pu lposu s becom es a fibrocartilaginous m ass 
sim ilar to the in n er zone o f the annulus fibrosus (Fig. 
1 .20B ). T h e annulus has an outer collagenous layer
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FIGURE 1.20.
Sagittal cryomicrotome sections of the spine. A. A sagittal cryomicrotome of a skeletally immature cervical spine shows 
the intervertebral disc with a clear margin between the nucleus pulposus and annulus fibrosus. The arrow shows the 
synchondrosis between the odontoid process and the body. B. Sagittal cryomicrotome in an adult shows an indistinct margin 
between the nucleus pulposus and the annulus fibrosus as the nucleus pulposus becomes a fibrocartilaginous mass similar 
to the inner zone of the annulus fibrosus. C. Sagittal cryomicrotome section of the lower lumbar spine shows the degenerative 
disc with bulging annulus fibrosus and loss of height at L4-L5.

in  w h ich  the fibers are arranged in  oblique layers of 
lam ellae. T h e fibers o f lam ella  run perp en d icu lar to 
the fibers o f the ad jacen t lam ella. T h is  oblique ar
rangem ent can  offer resistan ce  o f m ovem ents in  all 
d irections. T he collagen  fibers in  the posterior por
tion  of the d isc run  m ore v ertica l than  oblique, w h ich  
m ay accou n t for the relative frequ ency  o f anular tears 
seen c lin ica lly . T he anulus fibrosus is attached  firm ly 
to the ad jacent vertebral endplates. T h e cartilaginous 
endplate is a layer o f h y alin e  cartilage resting on the 
su bchondral bone, and it serves as a barrier betw een 
the pressure o f the n u cleu s pu lposu s and the ad ja
cen t vertebral bodies. T h is  cartilage is a grow th plate 
and is resp on sib le  for end ochoral ossification  during 
growth. T h e cartilaginous endplates also allow  the 
insertion  o f the in n er fibers o f the annulus fibrosus 
and the d iffusion  of nu trien ts from  the su bchondral 
bone to the disc.

T he cerv ical in tervertebral d iscs allow  som e trans- 
latory m ovem ent in  the sagittal p lane, bu t the lateral 
m ovem ent is resisted  by the u ncin ate process. T h e 
u ncinate p rocess, w h ich  is located  in  the postero lat
eral asp ect o f the d isc, m ay prevent d isc hern iation  
in  th is area. D egeneration of the anulus fibrosus in  
the cerv ical region is sim ilar to the lum bar region in

that co n cen tric , transverse, and rad ial tears o f the an
ulus occur, and the rad ial tear in  the p osterior aspect 
of the d isc m ay be m ore c lin ica lly  significant (Fig. 
1 .20C ) (47, 38). T h e d iscs are th in n est in  the thoracic 
region and th ick est in  the lum bar region, w here they 
constitu te a th ird  o f its length. T he d iscs are th icker 
anteriorly  in  the lum bar spine because o f the lordotic 
curvature, and the vertebral endplates o f L3 are par
a lle l and horizontal (Fig. 1.20C ). T he lum bar discs 
are norm ally  concave or straight posteriorly , but the 
L 5-S1  d isc is n orm ally  slightly  convex.

T h e outerm ost fibers o f the annulus fibrosus are 
contiguous w ith  the anterior and p osterior longitu 
dinal ligam ents. T h e anterior longitud inal ligam ent 
is a strong band that attaches from  the skull as the 
anterior a tlan to o ccip ita l m em brane and continu es 
cau dally  over the en tire length of the spine down to 
the sacrum . T he anterior longitud inal ligam ent is 
th in n er and m ore clo sely  attached  at the in terverte
bral d isc m argins than  at the concave anterior verte
bral surfaces. T h e p osterior longitud inal ligam ent is 
w ider in  the upper cerv ica l sp ine than  the low er cer
v ica l sp ine, and w ider over the in tervertebral discs 
than  over the vertebral bod ies (33). In  the cerv ical 
sp ine, the posterior longitud inal ligam ent is double-
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FIGURE 1.21.
Ligaments of the spine. A. Diagram of the cervical spine in cross-section showing the anterior longitudinal ligament, layers 
of the posterior longitudinal ligament, and perineural sheath. B. The thoracic spine has the articular facets for the ribs that 
are located in the body and transverse process. The radiate and costovertebral ligaments are between the body and rib, and 
the costotransverse and intertransverse ligaments are between the transverse process and rib. The spinous processes are 
long and slender and overlap to the lower vertebral arches. C. The posterior longitudinal ligament is broad in the thoracic 
and lumbar regions where it is attached to the intervertebral discs.

layered, and the deep laj^er sends fibers to the anulus 
fibrosus and continu es la tera lly  to the region of the 
intervertebral foram ina (Fig. 1 .21A ) (23). T h e anterior 
longitudinal ligam ent also sw eeps around and en 
velops the lateral aspects of the vertebral bodies u n 
der the longus co llis  m u scle , and the lateral ex ten 
sion is continuous w ith  th e deep layer of the 
posterior longitudinal ligam ent in  th e region of the 
intervertebral foram ina (23). T h e su perficial, or m ore

dorsal, layer o f the p osterior loirgitudinal ligam ent is 
ad jacent to the dura m ater and con tin u es as a co n 
n ectiv e  tissu e m em brane that envelops the dura m a
ter, nerve roots, and the vertebral artery, suggesting 
that th is  m em brane m ay serve as a p rotective barrier. 
In  th e th o racic  sp ine, the transverse p rocess and the 
body have articu lation s w ith  the rib and connecting  
costotransverse ligam ents and th e radiate ligam ent 
(Fig. 1 .21B ). T h e th o racic  sp ine is inh eren tly  m ore
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FIGURE 1.21—continued
D. The ligamentum flavum is a short Ugament 
that joins the laminae of adjacent vertebrae. 
The ligamentum flavum attaches to the ante
rior surface of the lamina above and to the su
perior margin of the lamina below and extends 
laterally to the articular processes and contrib
utes to the boundary of the intervertebral fo
ramen (arrows). E. The ligaments between the 
vertebral arches include the interspinous liga
ment that connects adjacent spinal processes 
and the supraspinous ligament that stretches 
across the tips of the spinous process.
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stable th an  the cerv ical or lum bar spine becau se o f 
its attachm ent to the ribs. T h e p osterior longitud inal 
ligam ent is broad in  the th o racic  and lum bar regions 
w here it is attached  to the in tervertebral d iscs [Fig 
1.21C ). T h e p osterior longitu d inal ligam ent h elp s to 
prevent hyp erflexion  of the vertebral co lu m n and re 
sist p osterior protrusion  of the in tervertebral d isc. In 
the lum bar sp ine, lum bar dnral ligam ents have been  
reported, nam ely  the S p e n ce r’s ligam ent that courses 
from  the dural tube to the p osterior longitud inal lig 
am ent and the H ofm ann’s ligam ent that cou rses from  
the nerve root sheath  to the in ferior asp ect o f the p ed 
ic le  w ith in  the neural canal [24, 40). W iltse  et al. also

d escribe a peridu ral m em brane that lies anterior to 
the p osterior longitu d inal ligam ent at the lev el o f the 
vertebral body, and Y aszem ski and W hite describe 
the d iscectom y  m em brane that is betw een  the pos
terior longitu d inal ligam ent and the nerve root at the 
lev el o f the d isc [43, 46). T h ese m em branes are im 
portant to recognize, particu larly  during surgical ap
proaches.

T h e ligam entum  flavum  is a short ligam ent that 
jo in s the lam inae of ad jacen t vertebrae. T he ligam en
tum  flavum  attaches to the anterior surface o f the 
lam ina above and d irectly  on the superior m argin o f 
the lam ina below . It extends laterally  to the articular
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processes and contnbutes to the boundary of the in- 
tervertebral foramen (Fig 1 2 lD ) T h e hgam entum  
flavum consists prim arily o f elastic  fibers, bu t the 
elasticity weakens w ith aging, and anterior bu ckling  
or hypertrophy may contribute to sp inal stenosis A 
gap exists m the m idline of the hgam entum  flavum  
for the exit of vems

The ligaments betw een the vertebral arches in 
clude the interspm ous ligam ent that con n ects adja 
cent spinal processes and the supraspinous ligam ent 
that stretches across the tips of the sp inou s process 
(Fig 1 21E) The interspm ous ligam ent o f th e cerv i
cal spine IS thin and less w ell developed th an  it is in  
the lumbar region The interspm ous ligam ents attach  
m an oblique orientation from the p osterior superior 
aspect to the anterior inferior asp ect o f the spinous 
process The supraspinous ligam ent o f the th oraco
lumbar spine extends m  the cerv ical region as the 
hgamentum nuchae, w hich  spans from  the external 
occipital protuberance to the seventh  cerv ical verte
bra The hgamentum nuchae is a h b roelastic  septum  
for the attachment of ad jacent m u scles T h e supra
spinous ligament consists largely o f ten d in ou s fibers 
derived from the back m u scles It is better developed 
in the upper lumbar region and often is absent in  the 
lower lumbar region

Muscles, Fascia, and Related Structures
There are three groups of m u scles in  the b ack  su 
perficial, interm ediate, and deep (Fig 1 22) T h e su 
perficial group consists of the trapezius and latissi- 
mus dorsi m uscles, and the in term ed iate group 
consists of the serratus posterior, w h ich  is involved  
m respiration The trapezius originates from  the ex 
ternal occipital protuberance and the m edial n u chal 
line of C7 to T l2  spinous p rocesses, and it inserts on 
the spine of the scapula, the acrom ion, and the lateral 
aspect of the clav icle T h e trapezius is innervated  by  
the 11th cranial nerve and fu nctions to extend  the 
head The latissim us dorsi arises from  the lum bar 
aponeurosis, the posterior ilia c  crest, and the low er 
four ribs It inserts on the bottom  of the in tertuber 
cular groove of the hum erus to extend , adduct, and 
rotate the arm m edially  Its innervation  is the thor 
acodorsal nerve

The serratus posterior superior arises from  the 
lower part of the hgam entum  n u ch ae and the spinous 
processes of the seventh and upper th o racic  verte 
brae and it inserts on the upper second  to the fifth 
ribs The serratus posterior in ferior arises from  the 
lower thoracic and upper tw o lum bar sp inou s pro
cesses and inserts on the low er four ribs T he serratus 
posterior m uscles are innervated  by the ventral ram i 
of spinal nerves or in tercosta l nerves, and th e ir func- 
Uon IS to enlarge the thorax during resp iration  

The in trinsic m u scles are con cern ed  w ith  m ove
ments of the vertebral co lu m n  T he in trin sic  back

m u scles of the b ack  are d ivided into su perficial, in 
term ediate, and deep layers T h e p osterior m u scles 
o f the b ack  are innervated  by the dorsal ram i o f the 
sp inal nerves T h e su p erfic ia l m u scles are longer, 
spanning m any vertebrae, the deepest m u scles span 
only  one vertebral segm ent In the cerv ical spine, 
deep to the trapezius and the rhom boids, the sple- 
n iu s cap itis  and sp len iu s cerv icis  m u scles, u nlike the 
m u scles in  the th o racic  and lu m bar regions, arise m e
d ially  and pass la terally  as they are traced  upward 
T h ese  m u scles com p rise the su perficial group of the 
in trin sic  back  m u scles T h ese  m u scles originate from  
the sp inou s processes o f the low er cerv ica l and upper 
th o racic  sp ines and in sert on the transverse processes 
o f the upper cerv ical sp ine and the m astoid  process 
T h ese m u scles aid in  lateral bending and extension  
o f the head  and the cerv ica l vertebral colum n

In  the in term ed iate layer o f in trin sic  deep m u s
cles, the erector sp inal m u scles lie  w ith in  a fascial 
com partm ent betw een  the posterior and m iddle lay 
ers o f th e thoracolu m bar fascia  (Fig 1 22B) T he erec
tor spinae is  arranged in  three v ertica l co lu m ns il- 
lo co sta lis  laterally , longissim u s in term ed iately , and 
sp in alis m ed ially  T h e erector sp inae arises from  the 
p osterior part o f the ilia c  crest, the p osterior aspect 
o f the sacrum , the sacro iliac  ligam ents, and the sacral 
and in ferior lum bar sp inou s processes T he iliocos- 
ta lis m u scle  is subdivided  into lum bar, th oracic , and 
cerv ical portions T h e in term ediate longissim us 
arises from  the transverse processes of the thoracic 
and cerv ica l vertebrae and th e m astoid  p rocess of the 
sku ll T he longissim u s m u scle  is subdivided into 
longissim us th o racic , cerv icis , and cap itis T he sp i
n a lis  m u scle  is n ariow  and in sign ificant, and extends 
from  the spinous p rocesses o f the su perior thoracic 
region T h e erector spinae m u scle  is the prim ary ex
tensor o f the vertebral colum n

In the deepest layer o f the in trin sic  back  m u scles, 
several short m u scles are found betw een  the trans
verse p rocesses and sp inou s p rocesses, nam ely  sem i- 
sp in alis, m u ltifid us, and rotatores (Fig 1 22C) C ol
lectiv e ly , th is  deep group of m u scles is know n as the 
transversosp inalis m u scle  T h e sem isp in alis m u scle 
is divided into thoracis, cerv icis , and cap itis accord 
ing to the in sertio n  of the m u scle  bu ndles D eep to 
the sem isp in alis are the m ultifidus that span from 
one to three vertebral segm ents The m u scle  bundles 
run  upw ard and m ed ially  from  the transverse pro
cesses to the sp inou s p rocesses, covering lam inae of 
S4 to C2 vertebrae T h e rotatores m u scles arise from  
the transverse p rocess o f one vertebra and in sert into 
the base o f the spinous process o f the second  vertebra 
above T he in tersp in ales and in tertransversarii m u s
cles, also know n as short rotators, pass from  one ver
tebra to the n ext vertebra above

In the upper cerv ical sp ine, su b occip ita l m u scles 
a ttach  at the occip u t to second  vertebra R ectus cap-
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FIGURE 1.22.
Muscles of the back. A . Superficial layer.

itis posterior m ajor originates from  the C2 spinous 
process and inserts to the in ferior n u ch a l lin e  o f the 
occip u t, and rectu s cap itis  p osterior m inor originates 
from  the p osterior tu bercle  o f the atlas and inserts to 
the occipu t. O hliquus cap itis in ferior originates from  
the C2 spinous p rocess and inserts on the transverse 
process o f the atlas, and ohliquus cap itis  superior 
originates from  the transverse p rocess o f the atlas and 
inserts on the occip u t betw een  the superior and in 
ferior n u ch al lin es. M ost p osterior m u scles are in 
volved in  producing exten sion  of the n eck  and head, 
and som e m u scles produce rotation  and lateral flex 
ion. T h e p osterior deep m u scles are innervated  by 
the posterior prim ary ram i, and blood  is su pplied  by

the deep cerv ical vessels. T h e anterolateral m u scles 
of the n eck  in clu d e platysm a, sternocleidom astoid , 
hyoid  m u scles, strap m u scles o f the larynx, scalenes, 
longus co lli, and longus cap itis. T h e platysm a is a 
th in  m u scle  u nd erneath  the subcutaneous tissu e that 
spans from  the d elto id  and upper pectoral fascia, 
crosses over the c lav ic le , and passes obliqu ely  u p 
w ard and m edially  to in sert into the m andible, m u s
cles o f the lip , and the skin  o f the low er part o f the 
face. T h e platysm a depresses the low er jaw  and 
the lip , and ten ses and ridges the skin  of the neck. 
T h e stern ocleid om asto id  originates from  the sternum  
and the m edial c lav ic le  to the m astoid  process and 
the lateral h a lf  o f the superior n u ch al lin e  o f the oc-
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B. Intermediate layer.
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cipital bone. T he stern ocleid om asto id  is innervated  
by the second cerv ical nerve and the sp inal accessory  
nerve, and it serves to draw the head  tow ard the 
shoulder and rotate it, pointing  the ch in  cran ially  
and to the opposite side. T h e sternocleid om asto id s 
together flex  the head and raise the th orax  w h en  the 
head is fixed. T h is m u scle  m ay be involved  in  the 
pathogenesis o f the to rtico llic  posture o f the neck. 
Muscles that attach  to  th e hyo id  bone in clu d e the 
digastric, stylohyoid , m ylohyoid , geniohyoid , and 
omohyoid m u scles, and the strap m u scles o f the la r
ynx inclu d e the sternohyoideus and sternothyroid

m u scles. T hese m u scles do not control the cerv ical 
sp ine, but are im portant in  contro lling  the m ovem ent 
o f the hyoid  and larynx and are im portant landm arks 
in  the anterior approach to the cerv ical spine. The 
longus co lli and longus cap itis are the prevertebral 
m u scles o f the neck . T h e longus co lli spans from  C l 
to T3 and extends la tera lly  to attach  at the anterior 
tu bercles o f the transverse processes o f C3, C4, C5, 
and C6. T h e longus cap itis originates from  the ante
rior tu bercles o f the transverse p rocesses o f C3, C4, 
C5, and C6, and attaches on the in ferior surface o f the 
basilar part of the o ccip ita l bone. U nderneath  the Ion-
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FIGURE 1.22—continued
C. Deep layer

gus cap itis , the rectu s cap itis  anterior spans from  the 
lateral m ass o f the atlas to the base o f the occip ita l 
bone, and the rectu s cap itis la teralis spans laterally  
from  the transverse p rocess o f the atlas to the in ferior 
surface o f the jugular process o f the o ccip ita l bone. 
T he scalenu s anterior originates from  the anterior tu 
b ercles of the transverse p rocesses o f C3 to C6 and 
inserts on the first rib, and the scalenu s m edius orig
inates from  the p osterior tu bercles o f the transverse 
processes o f C2 to C7 and inserts on the first rib. A 
vascular im pingem ent o f the su bclavian  artery m ay 
occur as it runs betw een  the scalenu s anterior and 
scalenu s m edius, as seen  in  the th oracic outlet syn

drom e. T h e scalenu s posterior originates from  the 
p osterior tu bercles o f the transverse processes o f C4 
to C6 and inserts on the second  rib. The m u scles o f 
the n eck  are also arranged in  triangles. T h e posterior 
triangle is form ed by the sternocleidom astoid , c la v i
cle , and the trapezius m u scles, and the om ohyoid  
m u scle  divides it into the su praclavicu lar and the o c
cip ita l triangles (33) T h e anterior triangle is bounded 
by the m id lin e  of the n eck  anteriorly, the low er b or
der o f the m andible superiorly , and the stern o cle i
dom astoid  posteriorly . T h e anterior triangle is sub
divided by the su bm ental triangle, the m u scu lar 
triangle, the digastric triangle, and the carotid  tr ian 
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gle. These triangles are im portant landm arks for m ak
ing anterior approach to the cerv ical spine.

The fascia of the anterior part o f the n eck  invest 
the muscles and viscera in  separate com partm ents, 
and make the surgical approach m u ch easier. T h e su 
perficial fascia contains fat and areolar tissu e, in 
cluding the platysm a m uscle, external jugular vein , 
and the cutaneous sensory nerves. T he structures 
deep to the superficial fascia are com p artm entalized  
by the deep fascia, inclu ding the outer investing  layer 
of deep fascia, m iddle cerv ical fascia , and th e pre- 
vertehral fascia. The outer layer o f the deep fascia  
extends from the trapezius m u scle  over the posterior 
triangle and splits to enclose the sternocleid om asto id  
muscle. The m iddle layers o f the deep cerv ica l fascia 
enclose the strap m u scles and om ohyoid  and extend 
as far laterally as the scapula. T h e deeper m iddle 
layer is the visceral fascia  that surrounds the thyroid  
gland, larynx, trachea, pharynx, and esophagus. The 
alar fascia spreads beh ind  the esophagus and sur
rounds the carotid sheath structures laterally . T h e ca 
rotid sheath encloses the carotid  artery, in ternal ju g
ular vein, and vagus nerve. O n the right side, the 
recurrent laryngeal nerve m ay leave the carotid  
sheath at a higher level, and the surgeon m u st take 
caution during d issection , esp ecia lly  below  C6 (37). 
The recurrent laryngeal nerve u su ally  enters the tra
cheoesophageal groove w here the in ferior thyroid  ar
tery enters the low er pole o f the thyroid . It is also 
more common for the right in ferior laryngeal nerve 
to be nonrecurrent w here it travels d irectly  from  the 
vagus nerve and carotid  sheath  to the larynx. T h e in 
cidence of nonrecurrent laryngeal nerve on the right 
side is reported as 1%  (37). T he deepest layer o f the 
deep fascia is the prevertebral fascia , w h ich  covers 
the scalenus m uscles, longus co lli m u scles, and the 
anterior longitudinal ligam ent.

The anterior m u scles o f the abdom en and the d i
aphragm are im portant structures in  the anterior sur
gical approach to the thoracolu m bar spine. T h e d ia
phragm is a dom e-shaped m u scu lofibrous septum  
that separates the th oracic cavity  from  the abdom inal 
cavity. It originates from  the x ip h o id  process, costal 
cartilage, and lum bar vertebrae and inserts into the 
central tendon. Its innervation  is from  the p hren ic 
nerve of the cervical p lexus. T he diaphragm  is d i
vided frequently for the thoracoabdom inal approach 
to the thoracolum bar ju n ction .

Abdominal m u scles can  be d ivided into posterior 
muscles, including the psoas m ajor and m inor, ilia - 
cus, quadratus lum borum , and the anterolateral m u s
cles, including the rectus abdom inis, external 
oblique, internal oblique, and transversus abdom 
inis. These m uscles are divided or separated for the 
anterior approaches to the lum bar spine.

The aorta bifurcates into the com m on ilia c  arteries 
at the L4-5 disc level. The right com m on ilia c  artery

crosses the anterior su rface o f the L4-5 d isc and fixes 
the left com m on ilia c  b ran ch  of the vena cava against 
the vertebral colum n. D uring the anterior exposure 
of the L4-L5 region, the ilio lu m bar v ein  should  be 
identified  and ligated  to m obilize the great vessels. 
F or the approach to L 5 -S 1 , the m id lin e  w ith in  the 
vascu lar b ifu rcation , in  w h ich  the m iddle sacral v es
sels and the superior hypogastric p lexu s are located, 
should  be exposed. T h e sacral artery runs down 
along the anterior asp ect o f the sacrum  and is ligated 
frequ ently  for d istal sacral exposure. T h e presacral 
p lexu s o f p arasym pathetic nerves m u st be preserved, 
w h ich  is im portant to sexu al fu nction . T he left ureter 
crosses the le ft com m on ilia c  vessels over the sacro
ilia c  jo in t.

In sum m ary, th is chap ter ou tlines the anatom y of 
bon e and jo in ts , in tervertebral d iscs, ligam ents, m u s
cles, and related  structures o f the spine. A short re
view  of pertin en t anatom ic structures is presented 
here, and m ore d etailed  in form ation  is available in 
the literature. T h e know ledge of the anatom y is the 
first step tow ard a better u nderstanding of pathology 
of the sp ine, im aging studies, and surgical ap
proaches.
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CHAPTER TWO

Surgical Exposure and Fusion 
Techniques of the Spine

Howard S. An

Introduction
Successful sp inal surgery depends sign ificantly  on 
the techniques o f surgical exposure and fusion. Good 
exposure is the first step in  perform ing any sp inal 
operation and in clu d es decom pressive procedures, 
fusion, and various instru m entation . M any potential 
com plications are avoided w'ith careful and m eticu 
lous surgical approaches to the spine. T he surgical 
exposure depends on the nature o f the lesion , its lo 
cation, and the extent o f the pathology. In th is ch ap 
ter, operative tech n iqu es o f su rgical exposu re and fu 
sion of the cerv ical sp ine, th o racic  sp ine, and lum bar 
spine are d iscussed.

The Cervical Spine

Posterior Exposure of the 
Upper Cervical Spine
The upper cerv ical spine can  be approached either 
anteriorly or posteriorly , depending on the pathoan- 
atomy of the lesion . Several p osterior o cc ip ito cerv i
cal fusion tech n iqu es o f the upper cerv ical spine 
have been  described  in  the literatu re (38, 40 , 41 , 66, 
75 ,85). P osterior atlan toaxia l stab ilization  and fusion  
can also be accom p lish ed  w ith  w ires and iliac  bone 
graft in the m ajority  o f cases (14, 37 , 39). N ew er te ch 

niques use screw  fixation  betw een  the lateral m ass of 
C l and C2 (40, 41 , 54). C om p lications associated  
w ith  p osterior o cc ip ito cerv ica l or atlan toaxial fusion 
m ay be devastating. Care is required  during passage 
o f the w ires to prevent in ju ries to the brainstem  or 
sp inal cord. T h e vertebral artery m u st be protected  
during exposure and instru m entation . T he use of so
m atosensory  evoked poten tia l m onitoring is routine 
in  m y elop ath ic cases. Postoperative halo-vest exter
nal support is recom m ended in  the m ajority  o f w iring 
cases.

A halo-vest is generally  applied  preoperatively . 
A nesth esia  and in tu bation  m u st be done cautiously ; 
aw ake in tu bation  u sing fiberoptic light is recom 
m ended  in  all u nstable cases to m inim ize neck  
m anip u lation . If  traction  is not required  and preop
erative alignm ent is accep table , surgery can  be per
form ed in  the halo-vest on the routine operating ta
ble. If  traction  is required , or if  sp inal realignm ent is 
necessary  during the procedure, the halo ring should 
be attached  to a traction  d evice on the Stryker table. 
To facilita te  the exposu re o f the occip u t and the up
per cerv ical sp ine, a halo  ring w ith  a posterior op en
ing is recom m ended.

A  reverse Trendelenburg p osition  allow s venous 
drainage and less b leed ing  during the procedure (Fig.
2.1) (5). A m id lin e  in c is io n  is m ade from  the external 
o ccip ita l protuberance to the sp inou s process o f C2.
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FIGURE 2.1.
Diagram of operating position for posterior cervical procedures The Mayfield tongs and frame secure the head in position, 
and the reverse Trendelenburg position allows venous drainage and less bleeding during the procedure.

Su rgical d issectio n  on the o ccip u t and the ring of the 
atlas m u st be done in  a gentle m anner b ecau se excess 
pressure m ay resu lt in  a fracture or slippage o f the 
instrum ent. T h e ring o f the atlas should  not be d is
sected  m ore than  1.5 cm  laterally  becau se the v erte
bral artery is at risk  beyond  th is m argin. O ne should  
avoid d issecting  the foram en m agnum  from  the in 
ferior edge o f the foram en to prevent u ncon tro llab le  
venous bleeding. W iring  and other m ethods for sta
b iliza tio n  wrill be d iscu ssed  in  the chapter on cerv ical 
sp inal in stru m entation  (61].

Posterior Exposure of the Lower Cervical Spine 
and Fusion :
E xposure of the p osterior elem ents o f the low er cer
v ical sp ine is sim ple. E ith er M ayfield  tongs or Gard
ner W ells tongs are u sed  for position ing. A reverse 
Trendelenburg position in g  is u tilized . A m id lin e  in 
c is io n  is follow ed by su bperiosteal d issection , ex 
posing the spinous p rocesses, lam ina, and facet 
jo in ts. O ne should  expose only  the levels to be fused 
becau se creep ing fusion  exten sion  is com m on. For 
cerv ical lam inectom y procedure, the ju n ctio n  b e 
tw een the lam ina and facet is th in n ed  w ith  a pow er 
burr, and a sm all curette is u sed  to fin ish  the cut. 
M eticu lou s hem ostasis is m andatory to prevent h e 
m atom a form ation. P osterior fu sion  and stab ilization  
o f the cerv ica l sp ine is a w ell-estab lish ed  procedure 
(11, 59 , 65). T he standard trip le  w iring and fusion

w ith  bone graft is perform ed in  the m ajority  o f cases. 
If  lam in ectom y  has b een  perform ed, a lateral facet 
w iring, Luque rodding, or lateral m ass plating can  be 
perform ed (1, 9, 18, 30 , 39, 59 , 66).

Anterior Exposure to the Upper Cervical Spine
A nterior approaches to the upper part o f the cervical 
sp ine in clu d e d islocation  of the tem porom andibular 
jo in t (63), osteotom y o f the m and ible (42), transoral 
approach  (24, 25, 26, 34), and anterior retropharyn
geal approaches (28, 57 , 89). E ach  procedure has ad
vantages and disadvantages, and the surgeon should  
be thoroughly fam iliar w ith  the anatom y and p oten 
tial co m p lication s associated  w ith  the particu lar p ro 
cedure before undertaking th is form idable task.

T he transoral approach  allow s exposure o f the 
m id lin e  betw een  the arch  of the atlas and C2 (24, 25). 
T he exposure m ay be extended  cep halad  by dividing 
the soft and hard p alate to allow  access to the fora
m en m agnum  and low er h a lf  o f the clivu s (Fig. 2.2). 
T he transoral procedure is a tech n ica lly  dem anding 
operation  w ith  lim ited  su rgical in d ication s. A ny oro
pharynx or dental in fectio n s m u st be treated before 
e lectiv e transoral surgery. Som atosensory  evoked p o
ten tia l m onitoring , fiberoptic nasotrach eal in tu ba
tion , and a nasogastric tube are used. T he p atien t is 
p laced  in  the supine p osition  w ith  the head  held  in  
slight ex ten sion  using the M ayfield  fram e. T h e oral 
cavity  is clean sed  w ith  ch lo rh ex id in e, and p eriop 
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erative antibiotics w ith  an in travenou s cep h alosp o
rin and m etronidazole is institu ted  for 72 hours as 
prophylaxis against w ound in fection . T h e key sur
gical landm ark is the anterior tu bercle  on the atlas to 
w hich the anterior longitudinal ligam ent and longus

FIGURE 2.2.
Diagram of the transoral approach, which ahows exposure 
of the midline between the arch of the atlas and C2. The 
exposure may be extended cephalad by dividing the soft 
and hard palate to allow access to the foramen magnum 
and the lower half of the clivus.

co lli m u scles are attached. T h e vertebral artery is at 
a m inim u m  of 2 cm  from  th is p oin t in  the m idline. 
T he transoral retractors are th en  inserted , exposing 
the p osterior oropharynx. T he area o f the in c is io n  is 
in filtrated  w ith  1 :2 0 0 ,0 0 0  ep inep hrine. A m id lin e , 3- 
cm  vertica l in c is io n  centered  on the anterior tu bercle 
is m ade through the pharyngeal m u cosa and m uscle. 
T he m u cosa and m u scle  are later closed  in  separate 
layers. T h e tu bercle  o f th e atlas and anterior lon g i
tu d inal ligam ent are exposed  su bperiosteally , and 
the longus co lli m u scles are m obilized  laterally . A 
high speed bu rr m ay be used to rem ove the anterior 
arch of the atlas to expose the odontoid  process.

D eA ndrade and M acnab described  an anterom e- 
d ial retropharyngeal approach  to the upper cerv ical 
sp ine, w h ich  is an ex ten sion  of Sm ith -R obinson  ap
p roach  to  th e low er cerv ica l sp ine (28) (Fig. 2.3]. The 
n eck  is hyper extended , and the ch in  is turned to the 
opposite side. T h e degree o f n eck  h yp erextension  
should  be assessed  preoperatively  b ecau se too m u ch 
h yp erexten sion  m ay produce m y elop ath ic signs and 
sym ptom s. A  skin  in c is io n  is m ade along the anterior 
asp ect o f the stern ocleid om asto id  m u scle  and is 
curved tow ard the m astoid  process. T h e platysm a 
and th e su p erficial layer o f the deep cerv ica l fascia 
are d ivided in  the lin e  o f the in c is io n  to expose the

FIGURE 2 .3.
The anteromedial approach to the upper cervical by DeAndrade and Macnab. A. The dissection is a retropharyngeal ap
proach as an extension of the Smith-Robinson approach to the lower cervical spine. B. The longus collis muscle is retracted 
to expose the anterior tubercle of the atlas and body of the axis.
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anterior border of the sternocleid om astoid . T he ster
nocleidom astoid m u scle  is retracted  anteriorly , and 
the carotid artery is retracted  laterally . T h e superior 
thyroid artery and lingual vessels are ligated. T h e fa
cial artery is identified  at the upper portion  of the 
incision, w hich  helps to find the hyp oglossal nerve 
adjacent to the digastric m u scle. T h e superior laryn
geal nerve is in  close proxim ity  to the superior th y 
roid artery, and excessiv e re traction  of th is nerve 
causes hoarseness or in ab ility  to sing h igh notes. 
Stripping of the longus co lli m u scle  exposes the an
terior aspect o f the upper cerv ical spine and basioc- 
ciput.

A nother tech n iqu e of retropharyngeal anterior ex 
posure of the upper cerv ica l sp ine has been  described  
by M cAfee et al. (57) (Fig. 2 .4). A  right-sided  sub
m andibular transverse in c is io n  and d iv ision  of the 
platysma leads to the stern ocleid om asto id  m u scle 
and its deep cerv ical fascia. T h e m and ibu lar branch  
of the facial nerve should  be id entified  w ith  the aid 
of a nerve stim ulator, and the retrom andibu lar vein  
is ligated during the in itia l stage of d issection . The 
anterior border o f the stern ocleid om asto id  m u scle  is 
m obilized. T h e subm andibular salivary gland and 
the jugular digastric lym ph nodes are resected . Care 
should be taken  to suture the duct in  the salivary 
gland to prevent a salivary fistula. T h e digastric ten 
don is divided and tagged for later repair. T h e h y 
poglossal nerve is next id entified  and m obilized . To 
m obilize the carotid  con ten ts la terally , the carotid  
sheath is opened, and arterial and venou s branches 
are ligated. T h ese bran ch es in clu d e the superior thy
roid artery and vein , lingu al artery and vein , ascen d 
ing pharyngeal artery and vein , and facia l artery and 
vein, beginning in feriorly , progressing superiorly . 
The superior laryngeal nerve also is id entified  w ith  
the aid of a nerve stim u lator and is m obilized . The 
prevertebral fasciae are transected  long itu d inally  to 
expose and d issect the longus co lli m u scles.

The anterolateral retropharyngeal approach  de
scribed by W h itesid es and K elley  also provides ex 
posure o f the upper cerv ical sp ine but n ot o f the bas- 
iocciput (89) (Fig. 2 .5). T h is approach  involves 
dissection anterior to the sternocleid om asto id  but 
posterior to the carotid  sheath . T h e skin  in c is io n  is 
made from  the m astoid  along the anterior asp ect of 
the sternocleidom astoid . T h e external jugular vein  is 
ligated, and the greater au ricu lar nerve is spared if  
possible. T h e stern ocleid om asto id  and sp len iu s cap- 
itus m u scles are detached from  the m astoid , leaving 
a fascial edge for later repair. T h e sp inal accessory  
nerve should  be id entified  and protected . R etract the 
carotid contents along w ith  the hyp oglossal nerve an 
teriorly, w h ile  retracting  the sternocleid om asto id  
posteriorly. B lu n t d issection  leads to the transverse 
processes and anterior asp ect o f C l to C3. Poten tia l 
com plications o f th is approach  in clu d e in ju ries to

the sp in al accessory  nerve, the sym pathetic ganglion, 
and the vertebral artery.

Anterior Exposure of the Lower Cervical Spine
T h e anterior approach  to the low er cerv ical sp ine has 
been  w ell described  in  the literatu re (21, 63 , 64). The 
p atien t is p laced  in  a su pine and slight reverse T ren 
delenburg p osition  to m in im ize venous pooling in  
the surgical area (Fig. 2.6). T raction  is applied  to the 
head  using G ardner W ells tongs or halter device, and 
cau d ally  d irected  traction  to the shoulders is applied  
u sing adhesive tape. T h e right-handed surgeon pre
fers the right-sided  approach, bu t to m in im ize in jury  
to the recu rrent laryngeal nerve, the cerv ical spine 
often is approached  from  the left, p articu larly  for the 
C 6-TI region.

O n the right side, the recu rrent laryngeal nerve 
m ay leave the carotid  sheath  at a h igher level, and 
the surgeon m u st take cau tion  during d issection , es
p ecia lly  below  C6. A  h orizontal in c is io n  is used de
pending on the level. T h e hyoid  bone overlies the 
th ird  vertebra and the thyro id  cartilage over the C4- 
5 in tervertebral d isc space, and the crico id  ring is 
located  at the C6 vertebra (Fig. 2.7A ). P lacem ent of a 
need le on the skin  w ith  in traoperative radiograph or 
fluoroscopy m ay also guide the skin  in c is io n  in  the 
correct p lace. A  v ertica l in c is io n  anterior to the ster
n ocleid om asto id  m ay be necessary  in  cases in  w hich  
m u ltip le  levels need  to be exposed. T he transverse 
in c is io n  u su ally  is m ade in  lin e  w ith  the skin  crease 
from  the m id lin e  to the m iddle o f the stern ocleid o
m astoid  m u scle. T h e skin  and su bcu taneou s tissue 
are underm ined , follow ed  by d iv ision  of the p la 
tysm a m u scle . T h e stern ocleid om asto id  m u scle  is re
tracted  la tera lly  and strap m u scles are retracted  m e
d ially . T h e deep cerv ica l fascia  is d ivided betw een 
the stern ocleid om asto id  m u scle  and strap m u scles, 
and b lu n t finger d issectio n  is perform ed through the 
p retracheal fascia  along the m edial border o f the ca 
rotid  sheath  (Fig. 2 .7B ). A self-retain ing retractor is 
th en  p osition ed  to expose the prevertebral fascia  and 
longus co lli m u scles (Fig. 2.7C).

O ne m u st be carefu l not to enter the carotid  sheath 
la terally  to avoid in ju ry  to the carotid  artery, in ternal 
jugular vein , or vagus nerve. Great cau tion  should 
also be taken  m ed ially  b ecau se the strap m u scles sur
round the thyroid  gland, trachea, and esophagus. The 
surgical d issection  should  not enter the p lane b e 
tw een  the trachea and esophagus becau se the recu r
rent laryngeal nerve is at risk. A sharp self-retain ing 
retractor should  be avoided to prevent perforation of 
the esophagus m edially . It is also im portant to ch eck  
for the tem poral arterial p u lse w hen  the retractor is 
spread. Prolonged o cc lu sio n  o f the carotid  artery m ay 
cau se b rain  isch em ia  and stroke. T he superior thy 
roid  artery is en cou ntered  above C4 and the inferior 
thyroid  artery is seen  b elow  C6. T h ese vessels should
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FIGURE 2 .5.
Diagram of the anterolateral retropharyngeal approach (Whitesides and Kelley). A. The skin incision is made from the 
mastoid along the anterior aspect of the sternocleidomastoid B. This approach involves dissection anterior to the sterno
cleidomastoid but posterior to the carotid sheath. C. Neurovascular structures that are encountered in this approach include 
the carotid contents and branches, superior laryngeal nerve, hypoglossal nerve, and ansa cervicalis.

be identified  and ligated as necessary . O ne should 
also be aw are o f the th o racic  duct below  C7 during 
the left-sided  approach  (Fig. 2.7D ). Further d issec
tion  is perform ed by palpating the p rom inent disc 
m argins (“h il ls ” ) and concave anterior vertebral bod 
ies (“v a lley s”). A  bent, 18-gauge need le is p laced  in  
the d isc space, and a lateral radiograph is taken to 
confirm  the correct lev el (Fig. 2.7E). T h e bent need le 
prevents inadvertent penetration  to the sp inal cord. 
To m in im ize b leed ing and prevent in ju ry  to the sym 
pathetic ch ain , the prevertebral fascia  and the ante
rior longitud inal ligam ent m u st be d ivided in  the 
m id lin e , and su bperiosteal m obilization  of the lon- 
gus co lli m u scles are com pleted .

T h is anterom edial approach  to the cerv ical sp ine 
is used in  the m ajority  o f cases. H ow ever, in  sp ecia l 
circu m stan ces, lateral approaches d escribed  by 
H odgson and V erbiest m ay be used (47, 82). H odgson

described  an approach to the low er cerv ical area, d is
secting  posterior to the carotid  sheath  to expose the 
anterior and lateral asp ect o f the cerv ical sp ine (47). 
T h is approach avoids the thyroid  v essel, vagus nerve, 
and superior laryngeal nerve. V erbiest m odified the 
approach  for the exposure o f the vertebral artery; it 
involves d issecting  anteriorly  to the carotid  sheath  
and exposing the vertebral artery and nerve roots 
posterior to the transverse processes (82). T hese la t
eral approaches m ay be better in  cases in  w h ich  the 
lesio n  is lo calized  la tera lly  or in  w h ich  the vertebral 
artery m ust be exposed (Fig. 2.8).

A nterior cerv ical fusion  m ay involve interbody fu 
sion  at one or m ore levels or vertebrectom y w ith  strut 
fusion. T he proper tech n iqu es o f d iscectom y and fu 
sion  are cru cia l to su ccessfu l outcom es. N eurologic 
con sequ en ces m ay be devastating, and bone graft 
co m p lication s are com m on. Proper lighting and



CHAPTER 2: SURGICAL EXPOSURE AND FUSION TECHNIQUES OF THE SPINE 3 7

loupe m agnification of the surgical field  are essential 
during discectom y. A ll o f the d isc m aterial is re
moved, but the posterior longitud inal ligam ent is 
usually left alone. W hen the p osterior longitudinal 
ligament is perforated by the offending d isc m aterial, 
further decom pression should  be perform ed up to the 
dura. Use of an operating m icroscop e or lou pe m ag
nification and m icrosu rgical instru m ents is im por

tant during d issection  around the p osterior longitu 
dinal ligam ent and the dura.

T h e Sm ith -R obin son  interbody fusion  is found to 
be b iom ech an ica lly  superior com pared w ith  other 
counterparts, and c lin ica lly  su ccessfu l (10, 12, 74, 
86 , 87). T he graft should  be about 8 to 9 m m  in  height 
or 2 m m  greater in  h eight than  the degenerated d isc 
space to obtain  m axim al com p ressive strength and to

FIGURE 2.6.
Diagram of the supine position for the anterior cervical procedures. The patient is placed in a supine and slight reverse 
Trendelenburg position to minimize venous pooling in the surgical area. Traction is applied to the head using Gardner 
Wells tongs or halter device, and a bump in the upper thoracic area is placed to extend the cervical spine.

FIGURE 2.7.
The Smith-Robinson anteromedial approach to the 
lower cervical spine. A. Diagram of skin incisions for 
anterior cervical approaches. A horizontal incision is 
used at the level of the hyoid bone for C 3-4, the thyroid 
cartilage for C 4-5, and the cricoid ring for C6.
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FIGURE 2 .7 —continued
B. Division of the platysma muscle is followed by lateral retraction of the sternocleidomastoid muscle. The deep cervical 
fascia is divided between the sternocleidomastoid muscle and strap muscles, and blunt finger dissection is performed 
through the pretracheal fascia along the medial border of the carotid sheath. C, A self-retaining retractor is then positioned 
to expose the prevertebral fascia and longus colli muscles.
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FIGURE 2 .7—continued
D. Vital structures that are vulnerable to injury during this approach include recurrent laryngeal nerve, carotid contents 
and branches, thoracic duct, trachea, thyroid, and esophagus. E. Diagram of the needle placement for intraoperative radio- 
graphic confirmation of the level.
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Anterior
tubercle

FIGURE 2 .8.
Diagram of the lateral approach by Verbiest 
This approach exposes the transverse pro
cesses and the vertebral artery The dissec
tion is done anterior to the carotid sheath, 
exposing the vertebral artery and nerve roots 
posterior to the transverse processes.

FIGURE 2 .9 . J .
Diagram of the Smith-Robison technique of anterior cervi
cal fusion The graft should be about 2 mm greater in height 
than the degenerated disc space to obtain maximal com
pressive strength and to enlarge the neural foramina The 
endplates should be flattened with a power burr to maxi
mize the contact area with the graft and to enhance vas
cularity and healing of the graft Drill holes can be made in 
the middle of the endplate to enhance vascular flow.

enlarge the neu ral foram ina (4). T h e endplates 
should  be flattened w ith  a powrer burr to m axim ize 
the con tact area w ith  the graft and to enhance vas
cu larity  and h ealing  of the graft (33). D rill ho les can  
be m ade in  the m iddle o f the endplate to enhance

vascu lar flow  w ithou t jeopard izing the strength of the 
endplate (Fig. 2.9) (2, 3). D istraction  of the interver- 
tebral space can be achieved  by skull traction  and 
lam inar spreader. Graft extrusion  can be avoided if  
the graft is cou ntersunk 2 m m  under the anterior co r
tica l m argin o f the vertebral body (Fig. 2.9). E xact 
m easurem ent o f w idth and depth of the bon e graft 
slot should  be m ade using a ca lip er or ru ler in  each 
case. T h e tricortica l ilia c  crest graft m ay be inserted  
w ith  the cortica l m argin posteriorly  (the so-called  re
verse Sm ith -R obin son  techniqu e). T h is construct 
m ay en h an ce d istraction  o f the m iddle colum n, and 
c lin ica l resu lts have been  favorable (13).

V ertebrectom y w ith  strut grafting is perform ed fre
qu ently  for patients w ith  cerv ica l spond ylotic m y
elopathy, tum ors, or bu rst fractures (Fig. 2 .10) (10). 
The ilia c  crest bone is adequate in  m ost cases, bu t the 
fibula m ay be used in  m ore than three level verte
brectom y cases (Fig. 2 .10F ) (88). A pow er burr is used 
to rem ove bone dow n to the posterior longitudinal 
ligam ent (Fig. 2 .10B ). T h e body is prepared w ith  slots 
for the ends o f  the strut graft (Fig 2.10C ). The strut 
graft m u st be cou n tersu n k  to prevent graft dislodge- 
m ent (Fig. 2 .1 0 0 ). T h e graft m ay be slotted by m aking 
a w indow  during in sertio n  (Fig. 2 .10E). T h e bone 
graft is p laced  against the endplates to ach ieve 
greater stab ility  and to prevent kyphosis and co llap se 
(Fig, 2 .10E). I f  plating is used , the graft should  span 
from  the low er endplate o f the cephalad  vertebra and 
the upper endplate o f the low er vertebra so that the 
vertebral body is in tact for screw s.

P oten tia l com p lication s associated  w ith  anterior 
exposure o f the cerv ical sp ine are num erous (Table



FIGURE 2 .10 .
Corpectomy and fusion techniques of the cervical spine. A. Diagram of burst fracture and spinal cord compression. 
B. Corpectomy is performed by removing bone down to the posterior longitudinal ligament or dura. C. The body is prepared 
with slots for the ends of the strut graft. D. The strut graft must be countersunk to prevent graft dislodgement.

4 1
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FIGURE 2 .10 —continued
E. The graft may be slotted by making a window durmg insertion The bone graft is placed against the endplates to achieve 
greater stability and to prevent kyphosis and collapse. F. The fibular is used for more than three level construct.

TABLE 2.1.
Potential Complications of Anterior Cervical Fusion
Neural in jury 

Spinal cord injury 
Nerve root damage 
Dural tear 

Vascular in jury 
Carotid artery 
Internal jugular vein 
Vertebral artery 

Vocal cord damage (recurrent laryngeal nerve injury) 
Esophageal perforation 
Tracheal injury 
Homer's syndrome ^
Thoracic duct in jury ^
Pneumothorax 
Bone graft complications 

Extrusion 
Collapse 
Nonunion
Donor site complications 

Infection
Wound problems (hematoma, drainage, dehiscence)

2.1). The m ost devastating co m p licatio n  is n eu ro
logic deterioration. M ost sp inal cord or nerve root 
in ju ries are associated  w^ith te ch n ica l m ishaps The 
first consid eration  is anesth esia  and positioning. 
A w ake in tubation  w ith  the aid of a fiberoptic light is

help fu l to prevent ex cessiv e m an ip u lation  during in 
tubation. A w ake in tu bation  and som atosensory 
evoked poten tia l m onitoring should  be rou tine in  all 
m y elop ath ic cases. U tm ost care should  be taken 
w hen  rem oving osteophytes and d isc m aterial in  the 
lateral corner near the u ncovertebral jo in t to avoid 
nerve root in ju ry  T h e depth of the graft should  be 
m easured carefully , and gentle tapping is all that is 
n ecessary  for graft insertion . T h e stab ility  o f the graft 
should  be m aintained  by com p ressive force on the 
graft. If  neu rologic co m p lication s are discovered 
postoperatively , one should  adm inister dexam etha- 
sone and take a lateral radiograph to determ ine the 
position  of the bone graft. C om puted tom ography or 
m agnetic resonance im aging m ay be valuable in  de
term ining hem atom a or cord contusion . If  hem atom a 
or bon e graft is su spected  to be the cu lp rit of p ost
operative m yelop athy, exped itious reexp loration  is 
required.

D ysphagia after an anterior cerv ical surgery m ay 
be cau sed  by postoperative edem a, hem orrhage, de
nervation , or in fectio n  (84). If  p ersisten t dysphagia is 
present, barium  sw allow  or endoscop y should  be 
considered . Esophageal perforation  is a rare but se
rious co m p lica tio n  of anterior cerv ical spine fusion. 
Sharp  retractors m ust be avoided, and gentle h an 
dling of the m ed ial soft structures is m andatory. Use
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of a nasogastric tube m ay be help fu l in  identify ing  
the esophagus during surgery. If  esophageal perfo
ration is suspected during surgery, m ethylene blue 
can be in jected  for better v isualization . The perfora
tion is frequently not recognized u ntil the patient de
velops an abscess, tracheoesophageal fistula, or m e- 
diastinitis in  the postoperative period. T h e usual 
treatm ent consists o f intravenous an tib io tics, n aso 
gastric feeding, drainage, debridem ent, and repair. 
Early consu ltation  w ith  head  and n eck  surgeons is 
recom m ended.

M inor hoarseness or sore throat after anterior cer
vical fusion may be caused by edem a or endotracheal 
intubation and occurs in  nearly  on e-h alf o f such  pa
tients. However, recu rrent laryngeal nerve palsy  m ay 
be the cu lprit of persisten t hoarseness in  a sm all 
number of patients (17). T h e in c id e n ce  m ay be as 
high as 11%  (44). T he superior laryngeal nerve is a 
branch of the in ferior ganglion of the vagus nerve and 
travels along w ith the superior thyroid  artery to in 
nervate the cricothyroid  m u scle. Damage to th is 
nerve may result in  hoarseness, but often produces 
symptoms such as easy fatiguing of the voice. The 
inferior laryngeal nerve is a recu rrent b ran ch  of the 
vagus nerve that innervates all laryngeal m u scles ex 
cept the cricothyroid . O n the left side, the recu rrent 
laryngeal nerve loops under the arch of the aorta and 
is protected in  the left tracheoesophageal groove. On 
the right side, the recu rrent nerve travels around the 
subclavian artery, passing dorsom edially  to the side 
of the trachea and esophagus. It is vu lnerable as it 
passes from the su bclavian  artery to the right tra
cheoesophageal groove. T h e recu rrent laryngeal 
nerve should be located  w hen  w orking from  C6 
downward. The best guideline to its lo cation  is the 
inferior thyroid artery. T h e nerve u su ally  enters the 
tracheoesophageal groove w here the in ferior thyroid 
artery enters the low er pole o f the thyroid . It is also 
more com m on for the right in ferior laryngeal nerve 
to be nonrecurrent w here it travels d irectly  from  the 
vagus nerve and carotid  sheath  to the larynx. T h e in 
cidence of nonrecurrent laryngeal nerve on the right 
side is reported as 1%  (68). If  hoarseness p ersists for 
more than 6 w eeks after anterior cerv ical surgery, la r
yngoscopy should  be done to evaluate the vocal cord 
and laryngeal m u scles. T reatm ent o f in ferior laryn
geal nerve should  in clu d e w aiting at least 6 m onths 
for spontaneous recovery of fu n ction  to occur. F u r
ther treatm ent or surgery by the otolaryngologist m ay 
be necessary in  p ersisten t cases.

Injury to the sym pathetic ch a in  m ay resu lt in  H or
ner’s syndrom e. T he cerv ical sym pathetic ch ain  lies 
on the anterior surface o f the longus co lli m u scles 
posterior to the carotid  sheath. Su bp eriosteal d issec
tion is im portant to prevent damage to these nerves. 
Horner’s syndrom e is u sually  tem porary bu t m ay be 
perm anent in  som e cases. The in c id en ce  o f perm a

nen t H orner’s syndrom e is less than  1%  (36). O ph
thalm ologic con su ltation  m ay be needed  for treat
m ent o f ptosis.

Seriou s b leed ing co m p lication s after anterior cer
v ica l surgery is fortunately  rare. H em atom a m ay be 
resp on sib le  for airw ay obstruction  or sp inal cord 
com p ression  (69). T h e p a tien t’s head should  be e le 
vated in  the im m ediate postoperative period  because 
the source o f b leed ing is frequ ently  venous. M eticu 
lous hem ostasis and p lacem en t o f a drain should  be 
routine to prevent these com p lication s. A rterial 
b leed ing  from  either the superior or in ferior thyroid 
artery can  be prevented  by  careful id en tification  and 
ligation  during surgery. Great cau tion  should  be 
taken  not to d issect too far la terally  becau se the ver
tebral artery is in  danger along w ith  the nerve roots 
(73). T h e transverse foram en of the m ore cephalad  
cerv ical vertebrae are m ore m edial and m ore dorsal 
than the foram ina of the low er cerv ical vertebrae. 
H ence, the vertebral artery is m ore su scep tib le  to in 
jury in  the m id -cerv ical region than  in  the low er cer
v ica l region (81). Tears o f the vertebral artery should  
be repaired  by d irect exposure of the vessel in  the 
foram en rather than  m erely  packing the b leed ing  site. 
In ju ries to the carotid  artery or in ternal jugular vein 
are exceed ingly  rare.

A irw ay obstruction  after extubation  m ay occur in 
the postoperative period. O ne m ust be certain  that 
the p atient can exchange air prior to extubation . In 
cases in  w h ich  m u ltip le  vertebrectom y has been  per
form ed w ith  retraction  o f soft tissu es for a prolonged 
period  of tim e, in tubation  should  continu e for a few 
days u ntil retropharyngeal edem a subsides. C ortico
steroids m ay be used to decrease edem a in  those 
cases.

C om p lications associated  w ith  bone grafting and 
fu sion  are m ore com m on. E xtru sion  of graft u sually  
occurs anteriorly  away from  the sp inal cord and can 
be associated  w ith  dysphagia, tracheal obstruction, 
k yp hotic deform ity, or neu rolog ic sym ptom s. In this 
situation , the graft should  be rep ositioned  and better 
stabilized . Graft co llap se is another com p lication  that 
m ay or m ay not require active treatm ent. T he in c i
d ence of graft co llap se appears to be slightly  higher 
for allograft than  for autograft (5, 15, 90). If  graft co l
lap se resu lts in  a sign ificant kyphosis, rev ision  sur
gery m ay be required. F ailu re o f fusion  is reported to 
be greater using the dow el tech n iq u e , w hereas the 
keystone m ethod described  by  S im m ons had no 
cases o f non u n ion  in  one series (72). M u ltip le-level 
fusion  has also been  associated  w ith  a higher rate of 
n on u n ion  com pared w ith  single-level fusion  (5, 86). 
M any of these patients are asym ptom atic despite ra
d iographic ev id ence o f n on u n ion  and require no 
treatm ent. T h ose w ith  sym ptom atic n onu nions may 
benefit from  prolonged im m obilization  or rev ision  
surgery. P osterior foram inotom y w ith  posterior fu
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sion  is a good procedure follow ing failed  anterior cer
v ica l fusion  for u n ilateral rad iculopathy. R epeat an
terior fusion  m ay also be done in  these cases w ith  
good su ccess,

Cervicothoracic Junction_____________
Su rgical approaches to the upper th o racic  vertebrae 
present a challenge to the sp inal surgeon. A nterior 
exposure o f the upper th o racic  vertebrae m ay be ac
com p lished  through the low  cerv ical, su p raclav icu 
lar approach, sternu m -splitting  approach, or trans- 
th oracic approach  (7, 19). Low  cerv ical approach  is 
an ex ten sion  o f the anterom edial approach  to the 
low er cerv ical sp ine (35). A n oblique cerv ical in c i
sion  is m ade, beginning 4 cm  b elow  the m astoid  pro
cess and extending to the stern oclav icu lar jo in t or 
h orizontal in c is io n  at the base o f the neck . A fter d i
v ision  of the p latysm a m u scle , the d issectio n  is taken 
betw een  the sternocleid om asto id  m u scle  laterally  
and the esophagus and trachea m ed ially  to reach  the 
spine. T he in ferior thyroid  artery and vein  are l i 
gated. T h e recu rrent laryngeal nerve m u scle  m ust be 
identified  from  the right-sided  approach, w hereas the 
th oracic duct m u st be spared from  the left-sid ed  ap
pro ach.

T he su p raclavicu lar approach  entails a transverse 
in c is io n  above the c lav ic le  and a d issection  posterior 
to the carotid  sheath. A fter in c is io n  of the p latysm a 
m u scle, d iv ision  of the clav icu lar head of the ster
nocleidom asto id  is done (51). T h e in ternal jugular 
and su bclavian  vein s as w ell as the carotid  artery 
m ust be p rotected  from  in ju ry  during d iv ision  o f the 
sternocleid om asto id  m u scle. A fter d iv ision  of the 
sternocleid om asto id  m u scle , the fascia  ben eath  is d i
vided to re lease the om ohyoid  from  its pu lley . The 
su bclavian  artery and its b ranches, w h ich  in clu d e the 
th y rocerv ical trunk, su prascap ular artery, and trans- 
cerv ical artery, m ust be identified . T he suprascapular 
artery and tran scerv ical arteries m ust be identified. 
T h e su prascap ular and tran scerv ical arteries should 
be ligated as necessary . T h e dom e of the lung and the 
p hren ic nerve are in  close proxim ity  to the scalenu s 
anterior m u scle. T he p h ren ic  nerve should  be id en 
tified  and retracted  before the scalenu s anterior m u s
c le  is  d ivided. T h e  b rach ia l p lexu s and su p raclav ic
u lar nerves are m ore su perficial at the lateral border 
of the scalenu s anterior m u scle. D iv ision  of the sca
lenus anterior m u scle  exposes the S ib so n ’s fascia  in  
the floor o f the w ound, w h ich  covers the dom e of the 
lung. S ib so n ’s fascia  is d ivided transversely  using 
scissors, and the v isceral p leu ra and lung should  be 
retracted  in teriorly . T he trachea, the esophagus, and 
the recu rrent laryngeal nerve m ust be protected  dur
ing m edial retraction . T h e p osterior thorax, stellate 
ganglion, and upper th o racic  vertebral bodies are 
now  v isib le  looking from  above dow nw ard through 
the th oracic in let. The recu rren t laryngeal nerve

should  be id entified  and protected . L ikew ise, the in 
ferior thyroid  artery and vertebral artery should  be 
identified . T h e th o racic  duct should  be identified  if  
approached from  the left. I f  damaged, the th oracic 
duct should  be doubly ligated, both  proxim ally  and 
d istally , to p revent chylothorax.

T h e low  cerv ica l or su p raclav icu lar approaches 
u sually  allow  exposure of the low er cerv ical spine 
and the first and second  th oracic vertebrae, but the 
d istal extent o f the exposu re m ay be lim ited  by the 
size and p osition  of the anterior thorax. A d ditionally , 
obese or m u scu lar patients w ith  short necks w ould 
be poor cand id ates for these approaches becau se of 
lim ited  d istal ex ten t o f the exposure. Low  cerv ical or 
su p raclav icu lar approaches generally  do not provide 
an ex ten sile  exposu re of th e upper th o racic  sp ine. A ll 
the co m p lication s d iscu ssed  in  the anterom edial ap
proach  to the low  cerv ical sp ine apply to these ap
proaches, particu larly  the in ju ry  to the recu rrent la 
ryngeal nerve, the th o racic  duct, the lung, or the great 
vessels.

U pper th oracic vertebrae m ay also be approached 
through a standard thoracotom y that enters the chest 
through the bed  of the th ird  rib, but access to the low  
cerv ical region is restricted  by the scapula and re
m aining  lib s . T u rner et al. d escribed  a surgical ap
proach  to the upper th o racic  sp ine from  T1 to T3 (80). 
T h e right-sided  approach  is preferred to avoid the left 
su bclavian  artery, w h ich  is m ore curved than  the 
right b rach io cep h alic  artery. T h e in c is io n  is m edial 
and in ferior to the scapula. T h e scapula is retracted  
la terally  by d ivid ing the trapezius, latissim u s dorsi, 
rhom boids, and levator scap u lae m u scles. T h e p os
terior 7 to 10 cm  of each  of the second , th ird , fourth, 
and fifth  ribs are rem oved. If  T1 is involved, 2 to 3 
cm  o f the first rib are also excised . E xposure o f the 
vertebrae is m ade w ith  an L-shape in c is io n  in  the 
p leura and in tercosta l m u scles. Poten tia l co m p lica 
tions o f th is approach  m ay be restriction  of scapular 
m ovem ent and paralysis o f in tercosta l m u scles 
cau sed  by the m u scle-sp littin g  aspects o f th is d issec
tion.

T he sternu m -splitting  approach  provides better 
access to the cerv ico th o racic  ju n ctio n  from  C4 to T4, 
particu larly  in  the obese p atient (7, 46) (Fig. 2 .11). 
T h e  sk in  in c is io n  is m ade anterior to  th e le ft stern o
cleid om asto id  m u scle  and extends along the m id- 
sternal area dow n to the x ip h o id  process. A fter d i
v isio n  of the p latysm a m u scle  and su perficial 
cerv ical fascia, b lu n t d issectio n  is done betw een  the 
la terally  situated  neu rovascu lar bu ndle and m edial 
v isceral structures. T he retrosternal adipose and thy
m us tissu es are retracted  from  the m anubrium . M e
dian sternotom y should  be perform ed carefu lly  to 
prevent in ju ry  to the pleura. Sternohyoid , sternothy
roid , and om ohyoid  m u scles arc id entified  and tran
sected  as necessary . T h e in ferior thyroid  artery is l i 
gated and transected . B lu n t d issection  is perform ed
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FIGURE 2.11.
Diagrams of the sternum-splitting approach. A. The skin incision is made anterior to the left sternocleidomastoid muscle 
and extends along the midsternal area down to the xiphoid process. B. The neck dissection is same for the Smith-Robison 
approach. The retrosternal adipose and thymus tissues are retracted from the manubrium. Median sternotomy exposes the 
left brachiocephalic vem and the common carotid artery. C. Retraction of the left brachiocephalic vein and common carotid 
exposes from C4-T4.

from the cranial portion tow ard the caudal portion 
until the left b rach iocep h alic vein  is exposed. T h is 
vein may be ligated and transected  if  n ecessary , but 
postoperative edem a of the left upper extrem ity  m ay 
be a problem.

Great caution should be taken to avoid in ju ries to 
the sym pathetic nerves, the cu p ola o f the p leura, the 
great vessels, and the th oracic duct, w h ich  passes 
into the left venous angle betw een the su bclavian  ar
tery and the com m on carotid  artery. B ecau se there is 
a significant perioperative m ortality  associated  w ith  
this approach, m odified approaches to the cervico- 
thoracic ju nction  have been  reported (27, 50, 79). 
Sundaresan reported a less aggressive, T -shaped  in 
cision on the anterior chest w all (Fig. 2 .12) (79). D is
section is taken down to the level o f the body m a

nubrium  and c lav ic le  w ith  ligation  of the anterior 
jugular venous arch  and m edial su praclavicular 
nerves. T h e left-sid ed  approach is preferred because 
the recu rrent laryngeal nerve is less variable on the 
left and is farther from  the m id lin e  than  from  the 
right. A t the lev el o f the m anubrium  and clav icle , 
the sternal and clav icu lar heads of the stern ocle id o
m astoid  m u scle  are detached and retracted. The strap 
m u scles on the ip sila tera l side o f approach are sim 
ilarly  d etached  and retracted. A fter clearing  the fatty 
and areolar tissu es in  the suprasternal space, the ster
nal origin o f the p ectoralis m ajor is stripped laterally . 
T h e m edial h a lf  o f the c lav ic le  is then  stripped sub- 
p eriosteally  w ith  rem oval o f the m edial th ird  of the 
c lav ic le  w ith  a Gigli saw. A rectangular p iece o f the 
m anubrium  is rem oved along w ith  its posterior peri-
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FIGURE 2 .12 .
Modifiecl approach to the anterior cervico-thoracic junction by Sundaresan A T-shaped incision on the anterior chest wall 
B Dissection is taken down to the level of the body manubrium and clavicle C The sternal and clavicular heads of the 
sternocleidomastoid muscle are detached and retracted The strap muscles on the ipsilateral side of approach are similarly 
detached and retracted
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FIGURE 2A 2-^continued
D. The sternal origin of the pectoralis major is stripped laterally, and the medial third of the clavicle and a rectangular piece 
of the manubrium are removed, E. Dissection is continued between the left carotid artery on the left and the innominate 
artery, trachea, and esophagus on the right.

FIGURE 2.13 .
Diagram of the combined low cervical and transthoracic 
approach to the cervicothoracic junction for severe kypho
scoliosis.

osteum. At this point, the exposed  in ferior thyroid  
vein and, if  necessary, the inn om in ate v ein  m ay be 
ligated. D issection  is th en  continu ed  betw een  the left 
carotid artery on the left, and the in n om in ate artery, 
trachea, and esophagus on th e right. S p ecia l attention  
must be given to p rotection  o f the th o racic  duct and 
left recurrent laryngeal nerve. Kurz and Herkowdtz

presented  a m odified  anterior approach  to the cerv i
co th oracic ju n ctio n  by rem oving the m edial one third  
o f the c lav ic le  (50). T hey  reported  no com p lication s 
in  four patients w ith  tum ors, bu t one patient had re
cu rrence of tum or. A com bined  low  cerv ical and 
tran sth oracic approach  has also been  described  to 
gain greater access to the cerv ico th oracic ju n ctio n  in 
patients w ith  severe k y p h oscoliosis (Fig. 2 .13) (58).

Thoracic and Thoracolumbar Spine 

Posterior Approaches to the Thoracic  
and Thoracolumbar Spine
Posterior exposure o f the th o racic  and thoracolu m bar 
spine is relatively  sim ple, but m eticu lou s techniques 
are required  to avoid pseudarthrosis. T he patient is 
u su ally  p osition ed  on the four-poster or R elton-H all 
fram e (Fig. 2 .14). By  ad justing a ll posters w ith  regard 
to the p a tien t’s w idth  and height, pressure points are 
distributed  evenly  on the chest and p roxim al thighs, 
w h ile  obtaining som e red u ction  of the deform ity. 
O ne m u st avoid pressure on th e brach ia l p lexu s and 
u lnar nerves for obvious reasons. T h e abdom en m ust 
be free o f pressure to allow  venous drainage of the



FIGURE 2 .14 .
Diagram of the prone post for the posterior approaches to the thoracolumbar spine. The four-poster, or Relton-Hall, frame 
has adjustable posters so that pressure points are distributed evenly on the chest and proximal thighs.

FIGURE 2 .15 .
Diagram of decortication of the posterior elernent using a 
gouge.

low er extrem ities and to decrease b lood  loss during 
surgery. In itia l su bperiosteal d issection  is done w ith  
the Cobb elevator, exposing the sp inou s p rocesses, 
lam ina, facets, and the tips o f the transverse pro
cesses. F acet ex c is io n  can  be done w ith  instrum ents

su ch  as the osteotom e, L exce l rongeur, or pow er burr. 
D ecortication  should  also be done m eticu lou sly  u s
ing gouges, a rongeur, or a pow er burr (Fig. 2 .15). 
Pow er instru m ents should  be held  in  both  hands, 
resting both w rists or forearm s on the p atient to pro
vide proprioceptive feedback to the surgeon and to 
m in im ize the risk  of an u nexp ected  w ayw ard devia
tion  of these instrum ents.

O ccasion ally , lam inectom y m ay be in d icated  for 
ep idural lesion s or in tradural tum ors. T h o racic  lam 
inectom y should  be done by th inn ing  the lateral m ar
gins o f the lam ina using a pow er burr and fin ishing 
the cu t using a curet. T ransp ed icu lar approach is also 
u sefu l for b iop sy  or decom pression  in  the th oracic 
and thoracolu m bar spine. T ransp ed icu lar b iop sy  or 
d ecom pression  requires a thorough know ledge of the 
anatom y of the th oracic p edicle. T h e th o racic  p ed icle  
is located  by crossing a horizontal lin e at the m id 
portion  of the transverse process and a vertica l lin e 
at the ju n ctio n  betw een the lam ina and transverse 
process (Fig. 2 .16]. A  pow er burr is used to rem ove 
the outer cortex. A  p in  is p laced  to confirm  the lo 
cation  of the p ed icle  w ith  a roentgenogram . A n angle- 
tipped  curette can be used to rem ove tissu es from  the 
vertebral body. D ecom p ression  of the sp inal cord can  
be done by excisin g  the p ed icle  and by rem oving tis 
sues from  a p osterolateral d irection .

A nother posterior approach  to the anterior and la t
eral asp ect o f the th o racic  vertebra is the postero lat
eral costotransversectom y tech n iqu e (49) (Fig. 2 .17). 
T h is approach  is less extensive than  a form al thora
cotom y and m ay be preferred for lesion s in  the lateral 
aspect of the vertebral body, lesion s that do not re-
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FIGURE 2 .16 .
Diagram of the thoracic pedicle entry point. The 
thoracic pedicle is located by crossing a horizon
tal line at the midportion of the transverse pro
cess and a vertical line at the junction between 
the lamina and transverse process

Lung
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Pedicle
B

Transverse
process

FIGURE 2.17.
Diagram ot the posterolateral costotransversectomy technique A . A “C”-shaped curved skin incision is made along the 
paraspmous muscles, spanning approximately four to five ribs. B. The rib and transverse process are resected at one to four 
levels, depending on the extent of the lesion. The rib is excised approximately 3 5 inches lateral to the vertebra and is 
disarticulated at the costovertebral junction. Careful retraction of the pleura expose the vertebral bodies, pedicles, neural 
foramina, and spinal nerves.

quire a long strut graft, or for patients w ho cannot 
tolerate a formal thoracotom y. T h e patient is placed  
halfway betw een a lateral decubitu s and prone po
sition with a pad in the axilla , and the upper arm 
is extended slightly and supported securely . A “C ”- 
shape curved in c is io n  is m ade along th e parasp inous 
muscles, spanning about four to five ribs. T h e m iddle 
part of the in cision  should  be about 2.5 in ch es from  
the m idline at the parasp inal depression. B y  u nd er
mining the skin and subcutaneous tissu e, exposure 
of the paraspinous m u scles and posterior elem ents of 
the spine is com pleted. T h e trapezius and latissim u s 
dorsi m uscles are d ivided either long itu d inally  or 
transversely. The rib and transverse p rocess are re

sected  at one to four levels, depending on the extent 
o f the lesion . T h e rib is exposed su bperiosteally  and 
excised  approxim ately  3.5 in ch es lateral to the ver
tebra and is d isarticu lated  at the costovertebral ju n c 
tion. Careful retraction  of the pleura leads to the ver
tebrae. T h e p ed icles, neu ral foram ina, and spinal 
nerves should  be identified . For neural d ecom pres
sion , the p ed icles m ay be w idened  or excised  to ex
pose the dura. A strut bone graft m ay be applied  if 
necessary.

Sim ilarly , a p osterolateral approach can  be used to 
expose the anterolateral asp ect o f the vertebral body 
in  the thoracolu m bar region (52, 53] (Fig. 2 .18). The 
patient is p laced  prone or in  the lateral decubitus and
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FIGURE 2 .18 .
Diagrams of the posterolateral approach to the 
thoracolumbar spine A. The skin incision may 
be in a C or } shape to expose the dorsolumbar 
fascia and latissimus dorsi fascia. B. The erec
tor spinae muscle group is retracted medially 
from the surface of the eleventh and twelfth 
ribs. These ribs are isolated subperiosteally 
and resected. The transverse processes of L l 
and L2 may also be resected to gain exposure. 
The twelfth, or L l, nerve is identified and 
traced back to its foramen. The pedicle of the 
appropriate vertebra is resected for the expo
sure of the dura laterally. B

Latisimus 
dorsi m.

Dorsolumbar
fascia

12th rib

Transverse 
process of 
L2

is rolled slightly towrard the anterior side. A left- or 
right-sided approach can be done, depending on the 
pathoanatomy of the lesion. The skin incision may 
be in a C or J shape to expose the dorsolumbar fascia 
and latissim us dorsi fascia. These fascia are incised, 
and the erector spinae m uscle group is retracted m e
dially from the surface of the eleventh and twelfth 
ribs. These ribs are isolated subperiosteally and re
sected. The transverse processes of L l and L2 also 
may be resected to gain exposure. The twelfth, or L l, 
nerve is identified and traced back to its foramen. 
The pedicle of the appropriate vertebra is resected

using a K errison  p u nch , and the dura is exposed la t
erally. D iscectom y or vertebrectom y and fusion  is 
th en  perform ed.

Total sp ond ylectom y through the posterolateral 
approach  has b een  described  for lesion s that require 
en b loc excision  (67, 76, 77). T h is operation is a for
m idable procedure and should  be perform ed by those 
w ith  prior experience.

F or the posterior exposu re o f the lum bar sp ine, a 
k neeling  p o sitio n  is preferred to lessen  b lood  loss by 
redu cing the in tra-abdom inal venous pressure (Fig. 
2 .19A ). For lum bar fusion  cases, a m id lin e  in c is io n
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is made and subperiosteal d issection  o f the paraspi- 
nous m uscles is done, exposing the spinous process, 
lamina, facet jo in t capsules, pars in terarticu laris, and 
transverse processes. O ne m ust be carefu l n o t to de
stroy the facet capsule above the p lanned  fu sion  site. 
The facet joints to be fused should  be prepared m e
ticulously by excising the cartilage from  the jo in ts 
and removing the cortical bone from  the lateral por
tion of the superior articular process (Fig. 2 .19B ). D e
cortication of the transverse process, the lateral gut
ter, and the sacral ala are perform ed carefu lly  using 
a power burr. M orselized bone from  the ilia c  crest is 
placed in the prepared gutter. Posterior lum bar in - 
terbody fusion is a technique that involves in sertion  
of the bone grafts into the d isc  sp ace by  retracting  the 
nerve roots. Great care m ust be taken  to avoid  damage 
to the nerve roots.

T he tran sp ed icu lar approach  is u seful for b iop sy, 
d ecom pression , or screw  insertion . Know ledge of the 
anatom y o f the p ed icle  in  re lation  to neu ral stru c
tures is  cru cial. T h e p ed icle  entrance p oint is located  
at the crossing of tw o lin es (Fig. 2 .19C ). T he vertical 
lin e  is the ex ten sion  o f the facet jo in t in  lin e  w ith  the 
bony  crest com ing from  the in ferior articu lar facet. 
T he h orizontal lin e  passes through the m iddle o f the 
in sertion  of the transverse process, or 1 m m  below  
the jo in t line. T h e sacral en trance p oin t is at the 
low er p oin t o f the L 5-S1  articu lation . T he nerve root 
is situated  ju st m ed ial and in ferior to the p ed icle  as 
it exits in to  th e in tervertebral foram en. Therefore, 
one m u st avoid the area m edial and in ferior to the 
p ed ic le  to  p reven t dam age of th e nerve root. A  sm all 
rongeur or burr is u sed  to d ecorticate  the p ed icle  en 
trance. A Ste in m an n  p in  w ith  roentgenographic im 

FIG U R E2.19.
Posterior approach to the lumbar 
sp in e. A. The kn eelin g  position lessens  
blood loss by reducing the intra-ab
dominal venous pressure. B. For facet 
joint fusion, cartilage should be ex
cised from the joints and packing with 
bone graft
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FIGURE 2 .19 —continued
C. The pedicle entrance point of the lumbar spine is 
located at the crossing of two lines. The vertical line 
is the extension of the facet joint in line with the bony 
crest coming from the inferior articular facet. The hor
izontal line passes through the middle of the insertion 
of the transverse process, or 1 mm below the joint line. 
The sacral entrance point is at the lower point of the 
L5-S1 articulation.

aging can  be u sed  to confirm  the lo cation  o f the ped
icle . A b lu n t instru m ent is advanced carefu lly  
through the p ed icle  into the vertebral body. The 
am ount o f m edial angulation varies, depending on 
the level and on the entry point. Preoperative im ag
ing studies should  be u sed  to determ ine the exact 
angulations, depth, and size o f the p ed icle . Posterior 
exposure of the sacrum  and co ccy x  is done through 
a vertica l m id lin e  in cisio n . O ne m u st be carefu l to 
avoid dural tear in  the m id lin e , particu larly  in  pa
tien ts w ith  occu lt sp ina bifida. P osterior sacral foram 
ina are surrounded rich ly  by venous structures and 
can  be sources o f sign ificant b leed ing. Su bp eriosteal 
d issection  around the co ccy x  should  be done care
fu lly  to avoid in ju ry  to the rectu m  anteriorly. P oste
rior lam inectom y o f the sacrum  for exposures o f the 
nerve roots along w ith  anterior exposure o f the sa
crum  m ay be necessary  for resectio n  of certain  sacral 
tum ors.

O perative com p lica tion s associated  w ith  posterior 
and p osterolateral approaches o f the th o racic  and 
thoracolu m bar sp ine in clu d e sp in al cord in ju ry, du
ral tear, vascu lar in ju ry , v iscera l dam age, and pseud- 
arthrosis (8 j. A gain, som atosensory  evoked potential 
m onitoring is recom m ended for sco lio sis  surgery or 
if  d ecom pression  of the sp in al cord  is planned. 
Pow er d rills, cu rettes, or rongeurs should  be u sed  in  
a cau tious m anner becau se neu rovascu lar in ju ry  
from  use o f these instru m ents can  be devastating. 
Perforations o f th e dura can  lead  to  neu rolog ic im 
pairm ent, p seu d om eningocele form ation, cereb ro
sp inal fluid  fistula, m eningitis, or w ound healing  
problem s. D ural tears m ay o ccu r during ex c is io n  of 
the ligam entum  flavum , but they  occu r m ore com 
m only  during m an ip u lation  of the dural sac to free 
adhesions, p articu larly  in  a sten otic canal. G entle 
handling  of the dural sac largely  avoids th is co m p li

cation . D ural tears should  be p rim arily  closed  using 
a 6 :0  or 7:0 nonabsorbable suture in  su ch  a w ay as to 
avoid co n stric tio n  of the cauda equina. A  fascia l or 
free fat graft m ay be u sed  to augm ent the repair (32). 
T he paraspinous m u scle , overlying fascia, su bcu ta
n eous tissu e, and sk in  should  be closed  in  m u ltip le 
layers in  a w ater-tight m anner. Drains should  be 
avoided.

New instru m entation  system s have redu ced  the 
in c id en ce  o f pseudarthrosis, bu t fusion  procedures 
still require sound surgical techniqu es. A long-term  
good result depends p rim arily  on patient selection . 
T h e in c id e n ce  o f pseudarthrosis m ay be decreasing 
w ith  the cu rrent surgical devices, but it s till rem ains 
a m ajor problem  in  sp in al fusion  surgery. Thorough 
d ecortication , facet cartilage excision , use o f copious 
am ount o f autogenous bone grafts, and stable in stru 
m entation  are essen tia l in  achieving a solid  arthrod
esis. Cigarette sm oking has been  associated  w ith  
pseudarthrosis (16).

T he abdom inal structures anterior to the interver- 
tebral d isc are at risk  o f dam age if  the anterior an- 
nulus is v iolated  during d isc rem oval (43, 48 , 60) or 
i f  the p ed icle  screw  penetrates the anterior cortex  of 
the vertebral body or the sacrum . T he aorta b ifu rcates 
in to the com m on iliac  arteries at the L4-5  d isc level. 
T h e right com m on ilia c  artery crosses the anterior 
surface o f the L4-5 d isc and fixes the left com m on 
ilia c  bran ch  of the vena cava against the vertebral co l
um n. In  addition  to th is  vessel, th e bow el and ureter 
are also in  danger. T h e L5 nerve root courses anterior 
to the ala o f the sacrum , and thus the p ed icle  screw  
should  avoid th is area. Great cau tion  m ust be taken 
to avoid dam age to these v ita l structures. During dis- 
cectom y, the surgeon should  alw ays be aw are of the 
depth o f the instru m ent in  the d isc space. By  m ain 
tain ing  con tact w ith  the vertebral endplates, the sur-
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geon has better depth perception. The p itu itary  ron 
geur with a depth m arking is help fu l in  avoiding 
excessively deep penetration. Preoperative rad io
graphs and imaging studies should  also be review ed 
carefully to m easure the depth of the in tervertebral 
disc space.

Anterior Approaches to the Thoracic  
and Thoracolumbar Spine

Anterior Exposure of the Thoracic Spine
Exposure of the thoracic vertebral bodies is best a c 
complished by the anterior tran sth oracic approach 
(Fig. 2.20) (83). A right-sided thoracotom y is pre
ferred because the exposure o f the upper th oracic 
spine enables the surgeon to avoid the su bclavian  
and carotid arteries in  the left superior m ediastinum .

In the low er th o racic  sp ine, a left-sid ed  thoracotom y 
is preferred to avoid the liver. B ecau se d issection  is 
easier from  above dow nw ard, the rib at the one or 
tw o upper levels should  be rem oved, particu larly  if  
m u ltip le  levels are involved. For the thoracotom y ap
proach , p lace the p atien t in  the lateral decubitus po
sition , m oving the arm  forw ard (Fig. 2 .20A ). Insertion  
of a double-branched  end otracheal tube in to the right 
and le ft m ainstream  b ro n ch i h elp s allow  selective 
co llap se o f the lung. A n axillary  roll under the down 
arm  is im portant in  preventing com p ression  of a x il
lary neu rovascu lar structures. T h e sk in  in c is io n  is 
m ade along the rib in tend ed  for rem oval from  the an
terior m argin o f the la tissim u s m u scle  anteriorly  to 
the costoch on d ral ju n ction . T h e anterior asp ect of the 
latissim u s m u scle  can  be u nd erm ined  or m inim ally  
in cised , and the p osterior border o f the serratus an
terior m u scle  is m obilized  or transected  (Fig. 2 .20B).

Serratus anterior m
Teres major m

Infraspinatus
m.

Rhomboideus 
major m

Trapezius m

lliocostalis m.

FIGURE 2.20.

Anterior exposure of the thoracic spine. A . The patient is in the lateral decubitus position with a roll under the axilla. The 
skin incision is made along the rib intended for removal from the anterior margin of the latissimus muscle anteriorly to 
the costochondral junction. B. The anterior aspect of the latissimus muscle can be undermined or minimally incised, 
and the posterior border of the serratus anterior muscle is mobilized or transected. C. Rib resection is performed by incising 
the overlying periosteum and using a rib stripper to dissect off the intercostal musculature. Care is taken to not damage the 
neurovascular bundle that travels along the inferior margin of the rib.
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FIGURE 2 .20 —continued
D. Rib resection is followed by division of the 
pleura in the thoracic cavity E. The segmental 
vessels ligated as needed in the middle of the 
vertebral bodies.

T h e lateral m argin of th e trapezius m u scle  is m o b i
lized  and transected  if  necessary  (Fig. 2 .20C ). To ver
ify th e correct rib  level, p alp ation  of th e ribs is done 
betw een the rib cage and serratus anterior m u scle. 
R ib resectio n  is th en  perform ed by first in cisin g  the 
overlying periosteum  in  the m id  portion  of the rib 
using electrocau tery  (Fig. 2 .20C ). A  rib  stripper is 
th en  u sed  to d issect o ff the in tercosta l m uscu lature, 
and care is taken  n ot to dam age th e neu rovascu lar 
bu ndle that travels along the in ferior m argin o f the 
rib (Fig. 2.20D ). O nce th e rib has b een  exposed, it is 
d ivided at the costoch on d ral ju n ctio n  anteriorly , e l
evated, and resected  as far p osteriorly  as th e exp o
sure w ill allow . T h is rib can  th en  be saved for bone 
grafting. T h e ch est is th en  entered  sharply in  the ce n 
ter o f the rib bed, and the lung is retracted  anteriorly  
and in feriorly . T h e p leu ra overlying th e vertebral 
bodies is then  in c ised  and the segm ental vessels are 
ligated as need ed  in  th e m idd le o f th e vertebral b o d 
ies (Fig. 2 .20E). A  b lu n t d issection  is th en  perform ed 
beginning over the d isc sp aces, and a p lan e is d evel
oped that in clu d es the ligated  segm ental v essels to 
th e opposite p ed icle . A  m oist lap and m alleab le re 

tractor are p laced  on th e opposite side of th e vertebral 
body to retract and p rotect the great vessels and 
esophagus (Fig. 2 .20E).

Anterior Exposure of the Thoracolumbar Junction
Exposure o f the thoracolu m bar ju n ctio n  is best 
ach ieved  by a thoracoabdom inal approach, w h ich  
entails c ircu m feren tia l in c is io n  in  the m u scu lar por
tio n  of the diaphragm  ad jacen t to  th e costal m argin 
(Fig. 2 .21) (83). T h e p atien t is p laced  in  a lateral de
cu bitus p osition  w ith  th e  left side up. T h e left-sided  
approach  is preferred  to avoid the liver and vena cava 
on the right side. A  sk in  in c is io n  is  m ade over the 
ten th  rib from  the lateral border o f the paraspinous 
m u scu latu re to th e costal cartilage. T h e in c is io n  is 
curved anteriorly  to the edge of the rectu s sheath  (Fig. 
2 .21A ). T h e d issection  is extend ed  dow n to the m u s
cle  layers to the p eriosteum  o f the ten th  rib (Fig. 
2 .21B ). T h e key is to access th e retrop eritoneal space 
by  sp litting  the costal cartilage after rem oval o f the 
ten th  rib . A fter rem oving th e rib , the p leu ra is in cised  
and th e lung is  retracted. T h e costal cartilage is th en  
sp lit along its length. U nder th e retracted  sp lit tip s of
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FIGURE 2.21.
The thoracoabdominal approach for the exposure of the thoracolumbar junction A. The skin incision is over the tenth rib 
and IS curved anteriorly to the edge of the rectus sheath B. The dissection is extended down to remove the tenth rib After 
removing the rib the pleura is incised and the lung is retracted The costal cartilage is then split along its length, and the 
retroperitoneal space is dissected bluntly to mobilize the peritoneum from the undersurface of the diaphragm and abdominal 
wall The diaphragm is incised circumferentially 1 inch from its peripheral attachment to the chest wall C. The exposure 
can be extended from TIO to L5

costal cartilage, the retroperitoneal space is identified  
by the light areolar tissu e B lu n t d issectio n  is p er
formed to m obilize the peritoneum  from  the u nd er
surface of the diaphragm and abdom inal w all After 
the peritoneum is retracted, the external obliqu e, in 
ternal oblique, and the transverse abdom inis m u scles 
of the abdomen are divided one layer at a tim e The 
next step entails circu m ferential in c is io n  in  the m u s
cular portion of the diaphragm  ad jacen t to the costal 
margin The diaphragm is in cised  circu m feren tia lly  
1 inch from its peripheral attachm ent to the chest 
wall Marker stitches or clip s are p laced  for resutur 
ing the diaphragm later For the exposure o f the T 12 
L l region, the crus of the diaphragm  is cu t and m o
bilized The segm ental vessels are tied  and ligated as 
necessary to m obilize the aorta M alleable retractors 
are positioned to expose the thoracolu m bar ju n ction  

For the exposure o f the thoracolu m bar ju n ction , 
either the eleventh rib or tw^elfth rib approach  m ay 
be used w hile rem aining in  the extrapleural and ret
roperitoneal spaces (55) T hese exposu res en tail

splitting the tip of the costal cartilage, and the pari
etal pleura is m obilized carefully from the undersur
face of the rib bed The peritoneum  is mobilized an
teriorly, and the retroperitoneal space is bluntly 
dissected toward the spine These approaches give 
less extensile exposure of the thoracolum bar junc
tion compared with the thoracoabdom inal approach

Anterior Exposure of the Lumbar Spine
In  the low er lum bar region, a standard retroperito 
neal flank approach  is u sed  (Fig 2 22A ) [83] T h e pa
tien t IS p laced  in  the right lateral decubitus p osition  
w ith  the left side up T he retroperitoneal exposure 
uses the d iv ision  of the abdom inal m u scles and blu nt 
d issection  through the retroperitoneal sp ace tow ard 
the psoas m u scles and the sp ine (Fig 2 22B] T h e in 
cis io n  extends from  the m id axillary  lin e  to the edge 
of the rectu s sheath  T h e level o f the in c is io n  varies 
accord ing to the level o f the spine approached D is
sectio n  IS through the external oblique, in ternal 
oblique, and transversus abdom inis m u scles T he ret
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FIGURE 2 .22 .
The retroperitoneal flank approach to the lumbar spine A. The patient is placed in the right lateral decubitus position, and 
the incision depends on the level of exposure required. B. The retroperitoneal exposure uses the division of the abdominal 
muscles and blunt dissection through the retroperitoneal space toward the psoas muscles and the spine.

roperitoneal sp ace is  entered  la tera lly  by  identify ing  
the retroperitoneal fat, taking care to avoid penetra
tion  of the peritoneum  ju st lateral to the rectu s 
sheath. B lu n t finger d issectio n  anterior to the psoas 
m u scle  should  lead  to the sp ine. O ne should  id entify  
the genitofem oral nerve on the anterior surface o f the 
psoas m u scle  and the sym p athetic ch ain s m edial to 
the m u scle. Extrem e cau tion  m u st be u sed  to avoid 
in ju ries to the ureter, w h ich  can  be id entified  m ed i
a lly  along the und ersurface o f the peritoneum , and 
the pu lsating  aorta, w h ich  is easily  palpated. The 
aorta is m obilized  and a retractor is  p ositioned  
around the vertebral body. T h e segm ental vessels are 
ligated to expose the valleys o f the vertebral bodies. 
A t the L4-L5 region, the ilio lu m bar vein  should  be

id entified  and ligated to m ob ilize  the great vessels. 
For the approach  to L 5 -S 1 , the m id lin e  w ith in  the 
vascu lar b ifu rcation  should  be palpated  by  passing 
the finger over the le ft com m on ilia c  artery. T he left 
com m on ilia c  v ein  is retracted  to the left and ceph- 
alad, w h ile  the m iddle sacral vein  and the superior 
hypogastric p lexu s are retracted  to the right b luntly .

T h e param edian  retroperitoneal approach  m ay be 
used  for the exposu re o f the anterior asp ect o f the L3 
to S i  vertebrae. T h is approach  is done in  the supine 
position . T h e anterior exposu re o f the low er lum bar 
vertebrae and the sacrum  is better w ith  th is te ch 
nique than  the lateral approach. T h e lateral edge of 
the rectu s abdom inal m u scle  is  palpated , and a ver
tica l in c is io n  is m ade (Fig. 2 .23]. T h e length of the
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FIGURE 2 .23 .
The paramedian retroperitoneal approach is used for the 
exposure of the anterior aspect of the L3 to S i  vertebrae. 
This approach is done in the supine position. The skin 
incision is made on the lateral edge of the rectus abdom
inal muscle, and the rectus sheath is divided and the rec
tus abdominal muscle is retracted medially. The poste
rior rectus sheath is divided carefully from the arcuate 
line toward the top.

incision depends on the num ber o f vertebrae needed 
to be exposed. The d issection  is m ade to the lev el of 
abdominal fascia. The lateral border o f the rectu s ab
dominal m uscle is palpated, and an in c is io n  is m ade 
in the anterior rectus sheath  along the lateral edge of 
the muscle. The fibers of the rectu s m u scle  are re
tracted m edially to expose the posterior rectu s sheath  
and the arcuate line (Fig. 2 .23). T h e in ferior asp ect of 
exposure should not go beyond to the level o f in ferior 
epigastric vessels. Great cau tion  is taken  to preserve 
these vessels and to preserve any innervation  to the 
rectus abdominal m uscle. T h e arcuate lin e  divides 
the posterior rectus fascia  proxim ally  and the trans- 
versalis fascia distally. T h e p rep eritoneal space can 
then be entered, and blu nt d issection  leads to the ret
roperitoneal space and the anterior asp ect o f the 
spine. The peritoneum  is m obilized  m edially , and 
the dissection is carried down to the ilia c  vessels. 
The surgeon should identify  the psoas m u scle , aorta, 
iliac artery and vein, genitofem oral nerve, ureter, 
sympathetic chain, and the superior hypogastric 
plexus. For the exposure o f L3-L5, the psoas m u scle 
is mobilized laterally off the vertebral bodies, the left 
segmental vessels are identified  and ligated, and the 
aorta and iliac vessels are m obilized  m edially . The 
iliolumbar vein should be ligated for the exposure of

L4-L5. For the exposu re o f L 5 -S 1 , the aortic b ifu rca
tion  at the L4-L5 is d issected  further and the vessels 
are retracted  la terally  to enter the L 5-S 1  disc.

A  transp eritoneal approach  through a v ertica l or 
transverse in c is io n  in  the low er abdom en also pro
vides an ex ce llen t exposu re to the lu m bosacral ju n c
tion  (Fig. 2 .24A ]. T h e p atien t is in  the su pine p osition  
w ith  the lu m bosacral spine hyperextended. The 
transverse in c is io n  requires tran section  of the rectus 
abdom inis m u scle , and the v ertica l in c is io n  splits the 
rectu s abdom inis m u scles in  the m id lin e  lin ea  alba. 
A fter d iv ision  o f the anterior rectu s sheath , the co n 
jo in ed  fascia  o f the p osterior rectu s sheath  and ab
dom inal fascia  is opened to the peritoneum . The 
peritoneum  is d ivided carefu lly , and the bow el co n 
tents are m obilized  aw ay from  the aorta and iliac  ves
sels. T h e aortic b ifu rcation  is palpated  at the L4-L5 
region (Fig. 2 .24B ).

S a lin e  in filtration  of the tissu e over the anterior 
surface o f the sacral prom ontory m ay be done to e l
evate the p osterior p eritoneum  off the vascu lar stru c
tures. T h e p osterior p eritoneum  is opened and the 
L 5-S 1  d isc identified . T h e sacral artery runs down 
along the anterior asp ect o f the sacrum  and m ay be 
ligated for d istal exposure. Great cau tion  should  be 
taken  to p rotect the left ilia c  v ein  in  the aortic b ifu r
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B

FIGURE 2 .24 .
The transperitoneal approach to the lower lumbar spine and the sacrum. A. The skin incision is through a vertical or 
transverse incision in the lower abdomen. B. After division of rectus sheaths, the perineum is divided carefully. The bowel 
contents are mobilized away from the aorta and iliac vessels The aortic bifurcation is palpated and mobilized for the 
exposure of the L5-S1 intervertebral disc.

cation and to preserve the superior hypogastric 
plexus, which is important to sexual function. The 
electrocautery must be avoided to prevent damage to 
the hypogastric plexus. The left common iliac artery 
and left common iliac vein are retracted to the left, 
and the hypogastric plexus and right iliac vessels are 
retracted to the right. Retractors or Steinmann pins 
can be used to expose the L5-S1 region. Exposure can

be extended to the L4-L5 region by mobilizing 
the great vessels to the right after ligating the L4-5 
vessels, including the iliolumbar vein. Care must be 
taken not to injure the left ureter, wrhich crosses the 
left common iliac vessels over the sacroiliac joint.

The techniques of anterior interbody fusion in the 
lower lumbar spine vary widely among different au
thors (24, 91]. Nonetheless, the technique should
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consist of meticulous excision of the entire disc ma 
terial, preparation of the endplates to provide stabil
ity and vascularity, and insertion of biomechanically 
sound bone graft or spacer The graft or spacer should 
be biologically compatible to provide fusion of the 
construct

After discectomy or corpectomy, the defect must 
be reconstructed with a tncortical iliac crest bone 
graft or other graft materials that provide good axial 
stability and bone healing If the bone graft is used 
alone without a fixation device, the graft should span 
from the upper endplate above and lower endplate 
below with a countersinking technique If a fixation 
device is used anteriorly, the graft should extend 
from the lower endplate above and upper endplate 
below, and screws are inserted into the vertebral bod
ies Before inserting the graft, the operating room ta
ble should be flexed at the level that corresponds to 
the corpectomy site This technique provides more 
space for the graft to be inserted, and the table should 
be flexed back to the neutral position to lock the graft 
in the interspace

Potential complications during anterior dissection 
along the thoracolumbar spine include hemorrhage 
Irom great vessel injury, retrograde ejaculation and 
sterility from superior hypogastric sympathetic 
plexus injury, splenic injury, ureteral injury, sym 
pathectomy effect chylous leakage, and bowel injury 
(20 22, 31, 45, 70, 71) Penile erection is predomi
nantly under the parasympathetic system, and im
potence IS not anticipated after superior hypogastric 
sympathetic plexus injury, unless the patient also 
has advanced peripheral vascular disease The aorta 
or vena cava is at risk of mjuiy dming the anterior 
exposure of the thoracolumbar spine Thorough fa
miliarity of the patient’s anatomy is obviously im
portant Great caution should be taken when remov
ing the annulus To protect these vessels, an assistant 
should hold a malleable retractor between the vessels 
and the spinal column during disc removal Late 
hemorrhage caused by erosion, leakage, or false an
eurysm formation of the vessel is known, but this 
complication usually is associated with prominent 
metal implants (29)

Thoracoscopic and Laparoscopic Exposures o f the 
Thoracic and Lumbar Spine
Thoracoscopic diagnostic procedures have been used 
lor many years, and m recent years, more complex 
therapeutic procedures have been performed by the 
thoracic surgeon Thoracoscopic procedures can re
duce postoperative pain minimize respiratory difh- 
culties, shorten hospital stays, and improve shoulder 
girdle function early as compared to the formal tho
racotomy procedures These video thoracoscopic 
surgery techniques have been applied to treat mul 
tiple diseases of the thoracic spine, such as disc

herniation, vertebral abscess, tumor, fractures, and 
spinal deformities (62) The availability of an expe
rienced thoracic surgeon and modern thoracoscopic 
equipments are essential in performing these proce
dures

Surgical techniques include general anesthesia 
with a double lumen intubation The patient is 
placed in a lateral position, and the ipsilateral lung
IS collapsed The table is flexed to widen the inter
costal spaces The entire chest should be prepped to 
allow conversion to an open thoracotomy should the 
need arise during the procedure Typically, a 10-mm 
incision is made in the mid-axillary line over the 
sixth intercostal space The skm and the intercostal 
muscles are spread using a hemostat Blunt dissec
tion with a hnger creates an opening into the pleural 
space Any pleural adhesions should be released be
fore insertion of the trochar A 10-mm trochar is 
placed through the intercostal opening for insertion 
of the thoracoscope into the chest cavity Placement 
of the initial trochar is variable depending on the 
level of the thoracic spine to be accessed A 10 mm 
rigid 30° angled scope is placed, and exploratory tho
racoscopy IS then performed In those patients in 
whom complete resorptive atelectasis and lung col 
lapse does not occur, temporary CO2 insufflation can 
expedite and enhance collapse for better visualiza
tion Gravity by Trendelenburg or reverse Trendelen 
burg, or tilting the table forward, can also enhance 
retraction of the lung A fan retractor may be placed 
through a separate portal to retract the lung

Once the thoracic spine is visualized through the 
parietal pleura, the correct level is ascertained by 
counting the ribs and by radiograph with a laparo
scopic needle into the disc space The pleura is di
vided over the spine to be exposed Thoracoscopic 
electrocautery is used to divide the pleura The seg 
mental vessels are mobilized, clipped, and ligated 
Thoracic discectomy, corpectomy, fusion, and even 
instrumentation may be performed through this tho 
racoscopic approach

Laparoscopic procedures are common in general 
surgery, but laparoscopic lumbar spinal surgery is 
relatively new (91) The lower lumbar discs may be 
excised and fused through the laparoscopic tech
nique, and it may be advantageous in preventing pos 
tenor muscular dissection and hbrosis-associated 
posterior fusion procedures The upper lumbar spine 
may also be approached with an expandable balloon 
that dilates the potential retroperitoneal space The 
technique of laparoscopic spinal surgery is exacting, 
and complications may be devastating Furthermore, 
the long-term results of laparoscopic spinal proce
dures are not available, and strict indications for 
these procedures should be followed

The patient is supine in a 20- to 30° Trendelenburg 
position on the radiolucent table with a G-arm fluo
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roscope ready Lumbar lordosis should be main 
tamed, and draping is done widely Necessary equip 
ment include CO2  insufflation, 30° endoscope, and 
laparoscopic trocars with adaptors The hrst portal is 
typically placed at the umbilicus The incision is 
made with direct visualization, and CO2  insufflation 
to 15 mmHg is maintained The 30° scope is entered 
safely Working portals are lateral to the epigastric 
vessel The left trochar is used to mobilize the sig
moid colon from right to left, and two right-sided tro
cars are inserted in a way to avoid instrument crowd
ing

The dissection proceeds with monopolar endosh- 
ears to incise the peritoneum along reflection The 
sigmoid colon mesentery is approached from the 
right side and incised longitudinally The ureters are 
identified and protected Blunt spreading technique 
IS used to expose the aortic bifurcation The middle 
sacral artery is mobilized and ligated with hemoclips 
and divided The bifurcation of the inferior vena cava 
and inferior hypogastric sympathetic plexus must be 
protected to avoid retrograde ejaculation in males 
Monopolar coagulation must be avoided m this area 
Retraction of the right iliac vein and left iliac artery 
exposed the L5 S i  disc The suprapubic portal is di
rected to the L5-S1 disc space The access to L 4  5 disc
IS more difhcult, but the left common iliac artery and 
vein can be mobilized from left to right The iliolum
bar vein on the left must be identihed, ligated, and 
divided for mobilization of the great vessels Fluo 
roscopic discectomy and instrumentation can be per
formed in the disc spaces with the aid of the fluoro- 
scope

When the procedure is complete, the surgical held 
should be inspected thoroughly for bleeding as the 
CO2 insufflation is reduced to 10 mmHg The poste
rior peritoneum is closed with a running laparo
scopic suture The portals are examined for any 
bleeding and then closed with sutures

Complications associated with thoracoscopic and 
laparoscopic procedures include great vessel inju
ries, trocar site bleeding, injuries to the visceral struc
tures, and spine-related problems including epidural 
bleeding, dural tear, spinal cord injury, inadequate 
discectomy, and poor fusion constructs Postopera- 
tively, hypotensive episodes, ileus hemorrhage, and 
construct failure may occur
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CHAPTER THREE

Spine Biomechanics
Tae-Hong Lint and Howard 5. An

The spine is a flexible, yet relatively stable column 
with a multi-curved shape. It is straight and sym
metrical in the frontal view. In the lateral view, the 
spine has four normal curves: cervical lordosis, tho
racic kyphosis, lumbar lordosis, and sacral kyphosis. 
This curvature is due to the shape of the vertebrae 
and intervertebral discs. The kyphotic curves are pri
marily caused by the lesser height of the anterior ver
tebral borders compared with the posterior borders, 
whereas the lordotic curves are largely caused by the 
wedge-shaped intervertebral discs. This difference in 
anterior and posterior heights results in a greater de
gree of flattening of the cervical and lumbar lordosis 
compared with the thoracic kyphosis when the spine 
is distracted. The normal spinal curves are biome- 
chanically important in that they increase the flexi
bility and energy absorption capacity of the spinal 
column.

The spine consists of essentially similar motion 
segments that can be considered in isolation. The 
motion segment, sometimes called a functional spi
nal unit (FSU], consists of two adjacent vertebrae and 
the connecting intervertebral disc and ligaments. 
Two vertebrae are connected by a compound joint 
that is made of a three joint complex. The posterior 
two joints are the facet joints, and the anterior joint 
is the intervertebral disc. These joints and ligaments 
are highly specialized to accommodate basic bio
mechanical functions of the spine.

Basic biomechanical functions of the spine are 
support, mobility, and protection of neural struc
tures. The vertebral body, disc, and anterior and pos

terior longitudinal ligaments provide the major sup
port for the spinal column and absorb impact, while 
the mobility is provided by the intervertebral joint 
complex. The spine architecture protects the spinal 
cord and nerves. Trunk muscles and ligaments also 
provide spinal stability and postural control. Normal 
spine functions depend on the interplay among spi
nal structure, stability, and flexibility, as well as on 
muscular strength and endurance. A disruption of 
this interplay may result in a spinal disorder.

The role of various components in a normal or 
diseased spine has been investigated using well- 
established engineering principles. The surgeon is 
confronted with more and more biomechanically re
lated data as the surgical techniques are enhanced 
with the aid of advanced technologies, such as im
aging, material instrumentation, and spinal instru
mentation. A better understanding of the biomechan
ics of the spine is necessary to improve the diagnosis 
and treatment of spine disorders. This chapter re
views the biomechanical principles of surgery of the 
spine.

Kinem atics of the Spine
Kinematics is a branch of mechanics that studies the 
motion of rigid bodies without consideration of in
fluencing forces. A three-dimensional motion of a 
rigid body can be described as a combination of both 
translation and rotation with respect to a certain ref
erence frame. Translation is a motion of a rigid body 
along an axis in which a straight line in the body

6 3
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always remains parallel to itself, and rotation is a 
spinning of rigid body about an axis. An orthogonal 
or Cartesian system is widely used for the kinematic 
analysis.

In the spine, a vertebra can translate along and/or 
rotate about three-orthogonal axes and thus have six 
degrees of freedom. These motions are usually cou
pled. For example, in a flexion/extension movement, 
the vertebra rotates in the sagittal plane with simul
taneous anterior-posterior translation. The range of 
motion and the coupling characteristics are deter
mined by the various anatomic elements, such as lig
aments, facets, and intervertebral discs. Thus, the 
spinal kinematics can be described comprehensively 
by the range of motion for all six degrees of freedom, 
coupling characteristics, and functions of anatomic 
elements. A better understanding of kinematics is 
important for the diagnosis and treatment of spine 
pathology.

Kinematics of the Cervical Spine

Upper Cervical

RANGE OF M O TIO N A N D  COUPLING CHARACTERISTICS

The cervical spine can be divided into two regions: 
the upper cervical (occiput-Cl-C2) and the lower cer
vical (C2-C7) region. In the upper cervical spine, as 
listed in Table 3.1, both occiput-Cl and C1-C2 seg
ments demonstrate similar flexion/extension and lat
eral bending motions, whereas the lateral bending is 
less than flexion/extension in both segments. How
ever, the axial rotation of the C1-C2 joint is much 
greater than that of the CO-Cl joint. In fact, more than 
half of the axial rotation of the entire cervical spine 
occurs at the C1-C2 level (135, 186). The deep fit of 
the convex occipital condyles in the concave facets 
of C l is known to restrict the axial rotation. In con
trast, a convex orientation of both articular surfaces 
of the C1-C2 lateral masses in the sagittal plane al
lows considerable mobility. The absence of taut yel
low ligament connecting the posterior elements fur
ther enhances the axial rotational motion capacity. 
Instead, the posterior elements of the C1-C2 segment 
are connected by the loose, mobile atlanto-occipital 
membrane.

Translational motions in the upper cervical spine 
are small. There is insignificant translation between 
the occiput and C l. However, translation occurs be
tween C l and C2. The sagittal plane translations of 
the C1-C2 segment are minimal because of the snug 
fit of the ring of C l about the dens. Normal translation 
is 2 to 3 mm measured based on the distance between 
the anterior portion of the dens and the posterior por
tion of the ring of C l. Jackson (73) found that the 
distance for adults was constant in full flexion and

TABLE 3 .1 .
Representative (lower-upper limits) Values of Ranges of 
Rotational Motion of the Normal Spine

Region
Cervical

Thoracic

Lum bar

One Side One Side
Flexion/ Lateral Axial
Extension Bending Rotation

Level (cleg) (deg) (deg)
CO-Cl 25 (10-45) 5 (2-13) 5 (0-11)
C1-C2 20 (3-41) 5 (1-17) 4 0 (27 -49 )
C2-C3 10 (5-16) 10 (11-20) 3 (0-10)
C3-C4 15 (7-26) 11 (9-15) 7 (3-10)
C4-C5 20 (13-29) 11 (0-16) 7 (1-12)
C5-C6 20 (13-29) 8 (0-16) 7 (1-12)
C6-C7 7 (6-26) 7 (0-17) 6 (2-10)
C7-T1 6 (4-17) 4 (0-17) 2 (0-7)
T1-T2 4 (3-5) 5 (5 ) 9 (14)
T2-T3 4 (3-5) 6 (5-7) 8 (4-12)
T3-T4 4 (2-5) 5 (3-7) 8 (5-11)
T4-T5 4 (2-5) 6 (5-6) 8 (5-11)
T5-T6 4 (3-5) 6 (5-6) 8 (5 -1 1 )
T6-T7 5 (2-7) 6 (6) 7 (4-11)
T7-T8 6 (3-8) 6 (3-8) 7 (4-11)
T8-T9 6 (3-8) 6 (4-7) 6 (6-7)
T9-T10 6 (3-8) 6 (4-7) 4 (3-5)
T10-T11 9 (4-14) 7 (3-10) 2 (2-3)
T11-T12 12 (6-20) 9 (4-13) 2 (2-3)
T12-L1 12 (6-20) 8 (5-10) 2 (2-3)
L1-L2 12 (5-16) 6 (3-8) 2 (1-3)
L2-L3 14 (8-18) 6 (3-10) 2 (1-3)
L3-L4 15 (6-17) 8 (4 -1 2 ) 2 (1-3)
L4-L5 16 (9-21) 6 (3-9) 2 (1-3)
L5-S1 17 (10-24) 3 (2-6) 1 (0-2)

Data were obtained from  W hite and Panjabi, 1990

extension with a maximum of 2.5 mm, whereas a for
ward subluxation was often noted and the maximum 
distance was 4.5 mm for children. Lateral translation 
of the C1-C2 segment is controversial, but it is be
lieved that lateral displacement of up to 4 mm be
tween the dens and the lateral masses occurs during 
the axial rotation in the normal segment (186). Cl 
also can translate vertically while it rotates about the 
vertical axis. These translatory movements illustrate 
the coupling characteristics of the upper cervical 
spine.

FUNCTIONS OF A N A TO M IC  ELEMENTS

Skeletal contact between the anterior margin of the 
foramen magnum and the tip of the dens provide a 
check rein to flexion of the occiput-Cl joint, while 
the tectorial membrane limits the extension. The tec
torial membrane is also known to limit the flexion 
and extension movements at the C1-C2 joint (183, 
186). The ligaments limit the axial rotation of the oc
ciput relative to C l. The alar ligaments provide a 
check rein to this motion (38). The alar ligaments also 
control the lateral bending motions. For example, the 
right upper portions of the alar ligament, connected 
to the occiput, and the left lower component, con
nected to the ring of C l, provide a check rein to the 
left lateral bending. The osseous anatomy of the up
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per cervical spine limits the upper cervical spine 
motion.

Lower Cervical

RANGE OF MOTION A N D COUPLING CHARACTERISTICS

The ranges of rotational motion in three planes are 
listed in Table 3.1. Most of the Qexion/extension mo
tion occurs in the middle region, and the C5-C6 seg
ment has the largest range. Lateral bending and axial 
rotation become smaller in the lower levels. How
ever, no significant variation of the physical proper
ties is found with respect to the vertebral level (115, 
126).

The maximum anterior-posterior translation dur
ing flexion/extension was 2.7 mm with the represen
tative value of 2.0 mm (184). In a more recent study, 
Panjabi et al. (127) measured an average anterior 
translation of 1.9 mm and posterior translation of 1.6 
mm. White and Panjabi suggested 3.5 mm as guide 
for the upper limits of normal translation of the lower 
cervical spine. However, no data on the translational 
motions of the lower cervical spine in the other di
rections is available in the literature.

In contrast to the upper cervical spine, distinct 
coupling patterns exist in the lower cervical spine. 
The lateral bending of the lower cervical spine is cou
pled with the axial rotation. During the left lateral 
bending, for example, the spinous processes go to the 
right. Lysell (105) measured 2° of coupled axial ro
tation of C2 for every 3° of lateral bending as com
pared with 1° of axial rotation of C7 for every 7.5° of 
lateral bending. The axial rotations between C2 and 
C7 caused by lateral bending gradually decrease in 
the lower levels. Panjabi et al. (127) also noted a cou
pled lateral bending of 0.75° associated with a left 
axial rotation of 0.75°. Similarly, other investigators 
also observed coupled lateral bending to axial rota
tion (105, 115).

FUNCTIONS OF A N A TO M IC  ELEMENTS

The intervertebral disc provides the great resistance 
to horizontal translation. Its geometry and stiffness 
also dictate the rotational motion of the vertebra. For 
example, an intervertebral disc with greater height 
and smaller diameter allows a greater rotation. Liga
ments also affect the kinematics of the cervical spine. 
The yellow ligament has a significant role in resisting 
flexion because of its elastic content (131). The liga- 
mentum nuchae spans from the C7 spinous process 
to the external occipital protuberance. It is a dense, 
fibrous band and is believed to provide a major con
straint to excessive flexion of the cervical spine. 
Facet joint capsule effectively limits the flexion, and 
greater than 50% resection of the C5-C6 capsule re
sults in a hypermobility (196). Facet joint also pre
vents the horizontal translation of the vertebra (124).

Kinematics of the Thoracic Spine

RANGE OF M O TIO N A N D  COUPLING CHARACTERISTICS

The range of rotational motions of the thoracic mo
tion segments are listed in Table 3.1. Average flexion/ 
extension motions are about 4° in the upper levels 
(T1-T5) and 6° in the middle levels (T6-T10). In the 
lower segments (T11-T12 and T12-L1), each segment 
has 12° of flexion/extension motion. The lateral 
bending motions of the upper and middle segments 
are similar and increase in the lower segments to 
some extent (6° to 8-9°). In contrast, the axial rota
tional motions demonstrate a tendency for a smaller 
motion in the more caudal segments.

In the thoracic spine, lateral bending and axial ro
tation are coupled with each other as shown in the 
cervical spine. In the upper thoracic segments, the 
coupling of these rotations is strong. However, in 
the middle and lower thoracic spines, this coupling 
is not distinct, and the direction of coupling direc
tion is not consistent as well. For example, the spi
nous processes rotate either to the right or to the left 
responding to the left lateral bending (186).

FUNCTIONS OF A N A TO M IC  ELEMENTS

The intervertebral joints and spinous processes limit 
the extension motion in the thoracic spine. The pos
terior ligaments, particularly the ligamentum flavum 
and facet capsules, are believed to be the major struc
tures that resist axial rotational motion. The facet 
joint is not believed to resist the axial rotation in the 
thoracic spine because of the spatial alignment of the 
facet articulation.

Kinematics of the Lumbar Spine

RANGE OF MOTION A N D  COUPLING CHARACTERISTICS

The range of rotational motions of the lumbar motion 
segments are listed in Table 3.1. The range of flexion/ 
extension motion shows a gradual increase from the 
cephalad to caudal direction in the lumbar spine. For 
lateral bending and axial rotation, the average range 
of motion is approximately the same at each level 
between L l and L5, but becomes relatively smaller at 
the lumbosacral segment.

The sagittal plane translation that occurs during 
flexion/extension is an important component of lum
bar spine motion because it has been used frequently 
to determine instability. Pearcy (132. 133) suggested
2 mm anterior translation as normal for the lumbar 
spine based upon the stereoradiographic measure
ment. Posner et al. (139) suggested 2.8 mm of anterior 
movement as the upper limit of normal translation 
based upon their in vitro study. Average posterior 
translation measured in extension is 1 mm (SD = 1) 
in all lumbar levels (11). In the in vitro studies. Pan
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jabi et al. (130} observed that the application of the 
lateral bending moments produces lateral transla
tions (average 1.1 mm) in the same direction and very 
small upward translation less than 1 mm for all lev
els. The authors also noted small translational mo
tions (generally less than 1 mm) under axial rota
tional moment.

FUNCTIONS OF A N A TO M IC  ELEMENTS

The intervertebral disc permits considerable sagittal 
and frontal plane rotations and limits translational 
motion. The disc is also a major load-bearing struc
ture in the lumbar spine. The anterior and posterior 
longitudinal ligaments check the flexion/extension 
of a motion segment, but their contribution is not sig
nificant in limiting axial rotation, lateral bending, 
and horizontal translation. The facet joints limit ex
tension, axial rotation, and translation. The well- 
developed capsules of these joints resist the flexion 
and translational motions. The interspinous liga
ments are not significant in controlling the segmental 
motion, whereas the supraspinous ligaments are 
more important in limiting flexion. The ligamentum 
flavum may slightly resist flexion and axial rotation; 
its exact role has not yet been determined.

Spinal Instability____________________
The term “spinal instability” originates from Knuts- 
son’s radiologic observation of abnormal parallel dis
placements and tilting of the vertebra. Since then, 
spinal or segmental instability has been used as a 
clinical entity in the diagnosis of spinal disorders. 
The majority of spinal fusion and instrumentation is 
for the treatment of spinal instability associated with 
traumatic deformity and infectious, neoplastic, de
generative, and severely decompressed conditions. 
However, spinal instability is a very controversial 
topic among spine surgeons. For instance, there is no 
real consensus on the definition of spinal instability. 
It is also difficult to prove whether spinal instability 
generates back pain. The lack of consistent rules of 
measurement is another reason for the current con
troversial understanding of spinal instability. Thus, 
it is necessary to better understand the current 
knowledge of spinal instability for improving the di
agnosis and treatment of spinal instability.

Definition of Spinal Instability
In an engineering sense, instability represents a spe
cific state of a structure in which an addition of small 
load results in an excessively large displacement in 
an unpredictable or erratic manner. Accordingly, spi
nal instability should represent the condition in 
which a small load applied to the spine causes a cat
astrophically large displacement of the vertebrae.

Such an unstable condition can be found in the spine 
after trauma or excessive surgical removal of sup
porting structures. In contrast, an abnormally large, 
but not catastrophic, segmental motion can be de
fined by the term “hypermobility,” which represents 
a high flexibility or low stiffness as advocated by 
Ashton-Miller and Schultz (11).

Historically, however, the term spinal (or segmen
tal) instability has been used by clinicians to describe 
the hypermobile segments as well as the catastrophic 
spinal conditions. The early definition of instability 
has focused on translation in the sagittal plane. 
Knutsson (82) described both abnormal displace
ment and tilting of the vertebra as a sign of disc de
generation and termed it as segmental instability. 
Hirsch and Lewin (72) defined subluxation of L5-S1 
when the upper point of the superior facet of S i  was 
above the line along the inferior endplate of L5 in 
extension. Some investigators suggested abnormal 
anatomic features as a sign of instability. These ana
tomic features include disc space narrowing (175), 
osteophytes (spur) (106), and spondylo- or retro-lis- 
thetic deformities (76, 80, 106, 119, 144). Kirkaldy- 
Willis and associates (80) suggested four types of 
segmental instability. Type 1 is axial rotational 
instability, a fixed rotatory deformity and occasional 
translation that can be detected as malalignment of 
the spinous processes in AP radiograph. Type 2 in
stability includes abnormal translations and ana
tomic features as described by previous investigators 
(76, 82, 106). Approximately 3 mm subluxation was 
considered as a typical type 2 instability, particularly 
in female patients with L4-5 involvement. Type 3 is 
retrolisthetic instability that is observed most com
monly at the L5-S1 level. Type 4 is postsurgical in
stability secondary to the excessive removal of sup
porting structures. Spinal instability in these studies 
does represent a hypermobile segment, except for the 
postsurgical instability, which can induce either hy
permobile or catastrophic conditions.

Radiographs have been used most frequently to 
detect the presence of instability and its relation to 
symptoms. However, instability (i.e. hypermobility) 
appears to occur in asymptomatic subjects, and a 
question is raised whether the detected instability 
may be the source of pain. Kirkaldy-Willis and Farfan 
(81) postulated three stages of disc degeneration: 
temporary dysfunction, instability, and stabilization. 
They believed that instability is present when abnor
mal motion occurs due to the loss of stiffness as a 
result of damage beyond the capabilities of healing 
mechanism. The authors further specified cases in 
which pain results from the unstable motion segment 
as “clinical instability” because of the lack of corre
lation between abnormal motion and the presence of 
symptoms. Frymoyer and Selby (49) also defined spi
nal instability as a symptomatic condition in which
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a physiologic load causes abnormally large defor
mations of the mtervertebral joint, emphasizing that 
instability may be an incidental hnding unless it pro 
duces symptoms

Clinical instability has been defaned by White and 
Panjabi (186) as “the loss of the ability of the spine 
under physiological loads to maintain relationships 
between vertebrae m such a way that there is neither 
damage nor subsequent irritation to the spinal cord 
or nerve roots, in addition, there is no development 
of incapacitating deformity or pain due to structural 
changes ’ In this dehnition, incapacitating deformity
IS defined as a gross deformity that the patient finds 
intolerable, whereas incapacitating pain is pain un 
able to be controlled by non-narcotic drugs As the 
authors commented, clinical instability can occui 
from trauma, disease, surgery, or some combinations 
of the three Thus, clinical instability describes an 
abnormal (hypermobile) motion that produces inca 
pacitatmg pain as well as a catastrophic motion of 
the spine caused by trauma under physiologic loads 

Although spinal instability has been defined in 
various ways in the literature (49, 81, 137, 186), its 
common feature is an abnormally large motion or ab 
normal patterns of motion Abnormally large motions 
include not only erratic, catastrophic motions but 
also the substantial loss of segmental stiffness (or hy 
permobility) Particular controversy surrounds the 
diagnosis of hypermobility in the degenerated mo
tion segments that is directly related to the pain or 
progressive deformity Thus, a knowledge of normal 
behavior of the spine is a minimum requirement for 
detecting spinal instability

In Vivo Spinal M otion  
Measurement Methods
Efforts have been made to quantify spinal motion, but 
precise assessment of complex three dimensional 
spinal motion remains difficult In vitro biomechan 
ical studies (52, 53 130) have characterized the 
displacement patterns (including coupled motions) 
under various types of loading However, it is 
insufficient to establish a normal motion of the spine 
since m vivo loads resulting from muscular struc 
tures cannot be simulated properly in in vitro stud 
les As a result several methods have been developed 
and used to quantify the spinal motion in vivo 

Dynamic flexion/extension radiographs have been 
used most frequently to assess the abnormal spine 
motion (13, 15, 37, 39-43 105, 134, 139, 141) Plain 
radiographic findings that suggest segmental insta 
bility include disc space narrowing (175), osteo 
phytes (spur) (107), and spondylo or retro-listhetic 
deformities (76, 106, 119, 144) Greater importance 
has been placed on quantifying abnormal segmental 
motions in terms of rotation and translation Methods

for measuring segmental motion from lateral radio
graphs have been described by many investigators (8, 
13, 15, 37, 39-43 48, 92, 99, 105, 114, 141, 134, 180,
188)

These radiographs, however, provide a two-di- 
mensional (2-D) representation of the true 3 D mo
tion Because actual spinal motion is three-dimen 
sional and the instability may include significant 
changes in coupled motions, the accuracy of motion 
using planar radiographs is poor Other potential 
sources of error include the location of anatomic 
landmarks in the radiographs, distortion of the radio- 
graphic image in central projection, quality of the 
roentgenograms, and techniques used to measure 
translation Estimates of the measurement errors 
have been reported in previous spinal motion studies 
using 2 D lumbar spine lateral radiographs The er
rors associated with sagittal plane translational mo
tion measurement reported in the literature ranged 
from 1 to 4 mm (116, 129, 149) or 3 to 15% of the 
vertebral depth (33, 78 181) In a series of experi
ments designed to assess the consistency and accu
racy of various measurement protocols for measuring 
sagittal translation, Schaffer et al (150) reported very 
high reliability across roentgenogram quality, raters, 
and measurement In the same study, however, sur
prisingly high false-positive and false-negative rates 
(i e , when normal translations are categorized out 
side of the normal range and vice versa) were found 
with significant differences between measurement 
methods The method of using the anterior surface of 
the vertebra as a fundamental landmark (114) pro
duced the fewfest classification errors (up to 18% 
false-positive and 29% false negative rates in high 
quality roentgenograms) and was least affected by 
concomitant rotational motions Significant in 
creases in false-positive and false-negative rates with 
reduced film quality were also noted across all tested 
measurement methods

Some investigators have developed 3-D measure
ment systems using biplanar roentgenograms Bony 
landmarks have been used in these studies as refer
ence points (18, 169, 171, 187) Optimization tech
niques have been employed in all of these reports to 
minimize errors in the localization of bony land
marks Clinically valuable measurements have been 
made using these techniques (169, 187) The use of 
anatomical landmarks, however, is prone to error be 
cause of difficulties in accurately locating them in 
different radiographic views (169) Distortion of the 
radiographic image in central projection is also a po 
tential error source

In 1974, Selvik (156) developed a technique that 
avoided the inaccuracies inherent with the use of 
bony landmarks He implanted biocompatible metal 
he markers into a subject’s bone and then employed 
roentgen stereophotogrammetry to study longitudi
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nal growth (157, 158). The use of small metallic 
markers permitted accuracy of 0.1 to 0.2 mm. Al
though the literature suggests that roentgen stereo- 
photogrammetry combined with the use of radi
opaque markers provides a superior method of 
motion analysis, the technique is invasive, which 
renders it impractical for routine clinical diagnoses.

In 1987, Penning and Wilmink (135] reported on 
the use of computed tomography (CT) for the mea
surement of in vivo axial rotation in the cervical 
spine of normal subjects. Rapid sequence, 9-mm sec
tions and anteroposterior radiographs were used for 
the measurement of axial rotation, the degree of lat
eral flexion of the axis, and lateral displacement of 
the atlas. The pattern of motion was also investigated 
by trying to define an axis of rotation using CT scan 
slices. This method, however, had inherent inaccu
racies associated with bony landmark location, and 
was not adequate for complete 3-D cervical motion 
description.

To avoid the limitations associated with radio
graphs, several methods for direct measurement of 
motion have been developed. Transducers or mark
ers mounted on the skin or inserted in the spinous 
process have been used to measure vertebral motion 
(157, 126, 138). Panjabi at al. (126) and Pope et al. 
(138) used accelerometers mounted to pins inserted 
in the spinous processes to measure lumbar spine re
sponses to vibration and impact. However, the use of 
skin-mounted transducers suffers from inaccuracies 
caused by skin motion artifact, whereas the place
ment of markers into the spinous processes is inva
sive. Alund and Larsson (5) reported a clinical 
method of 3-D motion analysis of neck motion using 
an electrogoniometric technique. This method pro
vided good motion parameter description in 3-D 
space and afforded a more objective functional eval
uation of common neck disorders for supplementing 
the radiographic examination. However, the data was 
only applicable to the spine as a unit and was inca
pable of providing motion assessment of each motion 
segment.

Current methods of in vivo spinal motion mea
surement are insufficiently sensitive, not specific, or 
invasive. An ideal in vivo spinal motion analysis sys
tem should be capable of providing sufficiently ac
curate 3-D motion data of each vertebra based on 
noninvasive measurements.

Diagnosis of Spinal Instability
Several factors need to be considered for the diag
nosis of spinal instability. Structural integrity of an
atomic elements must be evaluated because it plays 
a signihcant role in preserving stability of the spine. 
Anatomy is also significant in terms of position and

space relationship between neural structures and po
tentially damaging structures. Motion characteristics 
of the spine also must be considered carefully in de
termining spinal instability. In the literature, many

TABLE 3 .2 .
Checklist for the Diagnosis of Clinical Instability
C0-C1-C2
Instability

One side C0-C1 axial ro ta tion  >  8°
C0-C1 trans la tion  (distance between the 
basin o f the  occ ipu t and the to p  o f the 
dens) >  1 mnn increase w ith  fle x io n / 
extension
Overhang C1-C2 (tota l rig h t and left)
>  7 mm
Oneside C1-C2 axial ro ta tion  >  45° 
C1-C2 trans la tion  (distance between the 
an te rio r bo rde r o f the dens and the 
pos te rio r border o f the ring o f C l )
>  4 m m
Distance between the poste rio r body C2
and pos te rio r ring C l <  13 mm

Elem ent Points
M iddle and • A n te r io r e lem ents destroyed or
Lower Cervical unable to  function 2
Instability • Posterio r e lem ents destroyed or

unable to  func tion 2
• Positive stretch test 2
• R ad iograph ic criteria 4

A F lexion/extension x-rays
1 Sag itta l plane trans la tion

> 3 5  m m  or 20% (2 pts)
2. Sag itta l plane ro ta tion

>  20°(2  pts)
OR
B. Resting x-rays

1. Sag itta l plane trans la tion
> 3 5  m m  or 20% (2 pts)

2. Relative sag itta l plane angulation
>  11°(2 pts)

• A bno rm a l d isc narrow ing 1
• D eve lopm en ta lly  na rrow  spinal canal 1

(Sagitta l dia <  13 m m  o r Pavlov's
ra tio  < 0  8)

• Spm al cord  dam age 2
• Nerve roo t damage 1
• D angerous load ing antic ipated 1

Total o f 5 or more pts =  Unstable

Elem ent Points
Thoracic and • A n te rio r e lem ents destroyed or
Thoracolum bar unable to  func tion 2
Instability • Posterior e lem ents destroyed or

unable to  func tion 2
• D isrup tions o f costovertebra l

a rticu la tions 1
• Radiograph ic Criteria 4

1 Sagitta l plane d isp lacem ent
> 2 5  m m  (2 pts)

2 Relative sag itta l plane angulation
>  5° (2 pts)

• Spinal cord o r cauda equina damage 2
• Dangerous load ing antic ipated 1

Total o f 5 or m ore pts = Unstable
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investigators have suggested several symptoms and 
signs that may indicate spinal instability. White and 
Panjabi (186) suggested the most comprehensive and 
objective system. They developed a checklist, giving 
point values to different individual criteria or com
ponents that can lead to the diagnosis of instability 
(Table 3.2).

At present, the diagnosis of spinal instability is 
limited by several issues. Detection of abnormal mo
tion requires a more sensitive but noninvasive im
aging technique for routine clinical usage. It is also 
important to determine if and w^hen abnormal motion 
causes pain (88).

Effects of Surgical Decompression 
on Spinal Stability___________________
Surgical decompression is indicated in the presence 
of spinal cord or nerve root impingement associated 
with tumors, trauma, infection, or degenerative 
changes. The goal of decompression is to remove the 
impinging structures to relieve pain and to prevent 
the neurologic problems. The extensive resection of 
spine structures may lead to spinal instability after 
surgical decompression, but the indication for fusion 
is controversial. For example, lumbar discectomy 
with a limited disc excision was found to be a safe, 
effective, and reliable method for the treatment of se
lected patients with herniated discs (167,185). How
ever, Frymoyer and Selby (49) found radiographic 
evidence of hypermobility of the segment with disc 
excision. Eie et al. (45) suggested posterior spinal fu
sion after discectomy because it provides better pro
tection against recurrent low back pain compared 
with simple removal of the herniated disc material. 
This controversy raised a clinical question to sur
geons: what extent of simple decompression proce
dures does not induce the instability that requires 
fusion? Consequently, controlled biomechanical 
studies have been performed to determine the effect 
of surgical decompression on the motion behavior of 
not only the involved level, but the levels adjacent 
to it as well. The results of these biomechanical stud
ies are reviewed in this section.

Lumbar Region
In the lumbar spine, the decompression is less exten
sive than in the other regions of the spine, and the 
neural elements can be decompressed through a pos
terior approach in the large majority of situations. 
One of the decompression procedures in this region 
is discectomy with partial laminectomy and/or par
tial dissection of the medial aspect of the lateral over
hang ot the involved facet joint to remove herniated 
discs. Another common decompression procedure

is bilateral laminectomy and facetectomy at the 
involved level(s) to relieve pain caused by spinal 
stenosis.

The effect of discectomy on spine stability has 
been investigated clinically and biomechanically. In 
a prospective study with biplanar radiography, Ti- 
brewal et al. (173) observed flexion/extension motion 
of 15 patients before and after discectomy by fenes
tration and minimal resection of the lamina. Up to a 
50% decrease in flexion/extension and increased 
coupled motions of lateral bending and axial rotation 
was found at the level above the discectomy in these 
patients. No change in the range of flexion/extension 
was caused by the surgery. Based on these results, 
they concluded that discectomy with minimal lami
nectomy did not produce instability. However, the 
evidence of hypermobility of the operated segment 
after disc excision at the L4-L5 level was found in the 
flexion/extension radiographs of patients, particu
larly in female patients with associated with traction 
spurs (48, 49).

The stabilizing role of the intervertebral disc has 
been investigated in many biomechanical studies (3, 
52, 53, 79 ,110 ,125 ,172). The major load-bearing role 
of the disc is in axial compression, flexion, and shear. 
The disc injury may significantly increase the major 
and coupled motions of the motion segment in all 
directions. However, the effect of most clinically sig
nificant disc injuries induced within a motion seg
ment at the most common site of herniation was in
vestigated by Goel and his colleagues (53).

The three-dimensional motion behavior was mea
sured when the ligamentous lumbar spine with and 
without discectomy was subjected to a maximum 
pure moment of 6.9 Nm in flexion, extension, lateral 
bending, and axial torsion. The tested cases included 
1) intact, 2) disc protrusion or herniation, an injury 
associated with low back pain prior to surgery, and 
3) a partial discectomy. The disc herniation was sim
ulated on the left side posterolaterally by cutting the 
left ligamentum flavum and the annulus horizon
tally. The nucleus pulposus was then gently teased 
out of the annulus so that the teased nucleus was not 
totally separated from its remaining part. The second 
simulated injury, partial discectomy, was created as 
suggested by Spengler (167). A small amount of nu
cleus pulposus was removed with a pituitary ron
geur, which was inserted into the incision already 
made during the first injury. The percentage of pri
mary motion changes caused by the injuries are 
shown in Figure 3.1. The flexion motion increased 
significantly with injury, whereas no significant mo
tion change was found in extension. The response to 
the sequential injuries in lateral bending loads also 
increased compared with the intact motion, but at a 
reduced level of significance; similar motion changes
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FIGURE 3 .1.
The percentage motion changes corresponding to a 6 9Nm 
moment in various directions The horizontal axis repre
sents the sequential injuries investigated INT = intact 
specimen HRN = herniation and PDS — partial discec 
tomy Adapted from Goel VK et al Mechanical properties 
of lumbar spinal motion segments as affected by partial 
disc removal Spine 1986 11 1008-1012

were observed in axial torsions However, the sec
ondary/coupled motion components did not show 
any significant changes in all loadmg modes These 
results indicate that partial discectomy can signifi
cantly increase the segmental motion in flexion, lat
eral bending, and axial torsion mode

Decompression procedures, such as laminectomy 
and facetectomy, disrupt the posterior spinal ele
ments and can alter the load-bearing and kinematic 
characteristics of the lumbar spine Numerous bio

mechanical studies have been performed to investi
gate the stabilizing role of the posterior elements The 
facet joints play a major stabilizing role m the lumbar 
motion segment and, partial or complete removal of 
the facet joints can signihcantly destabilize the spine 
(1, 2, 36, 52, 54, 102, 139, 153, 170, 180) Abumi et 
al (1) investigated the lumbar segmental instability 
after graded facetectomy using lumbar spinal func 
tional units Unilateral and bilateral medial facetec
tomy with division of supra- and mterspinous liga
ments increases the flexion motion, but not other 
motions However, total facetectomy, even created 
unilaterally, resulted in significant motion increase 
in flexion and axial torsion In an in vitro experiment, 
Goel et al (54) observed an increasing trend of flex 
ion lateral bending, and axial torsion motions at the 
injured level (L4 L5) m the presence of hemilateral 
partial laminectomy and facetectomy When the nu 
cleus pulposus was removed totally m addition to 
these partial hemilateral decompressions, signihcant 
increases in major rotational motions and transla
tional motions were noted in all loadmg modes as 
compared with the intact segments Bilateral lami 
nectomy and facetectomy also increased the flexion 
and axial torsional motion signihcantly at the injured 
level

In clinical observations, spinal instability (or hy- 
permobility) induced by laminectomy and facetec
tomy was not as clear as the results of biomechanical 
studies No instability was found m 33 patients with 
discectomy and facetectomy in a 2- to 5 year follow- 
up, although there was a chance for a different out 
come in the presence of multiple level decompres
sion (67) In the observations of 45 patients with lam
inectomy and facetectomy for the treatment of spinal 
stenosis, Johnsson et al (75) noted that postoperative 
slip of the vertebra was correlated with degenerative 
spondylolisthesis However, this correlation did not 
affect operative outcome They also showed that fac 
etectomy in addition to laminectomy did not change 
the surgical outcome, although a tendency toward 
less slipping was noted after a more limited laminec
tomy Sienkiewicz and Flatley (162) noted a distinct 
propensity to the forward slip of a L4 or L5 after lam
inectomy m the study of 8 women

As described, it is unclear to what degree decom
pression procedures induce postoperative instabil
ity However, it is clear that the segmental motion 
increase after decompression procedures is directly 
related to the extent and location of the spmal ele
ments removal at the surgery White and Panjabi 
(186), based on their own clinical experience and a 
review of the related clinical and biomechanical 
studies in the literature, suggest the following criteria 
for determining when to fuse decompression 1) The 
patient is less than 75 years of age, 2) The decom
pression requires removal of more than 50% of the
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total facet joints at one level, or 3) The decompres
sion required the removal of a signihcant portion [30 
to 40%) of the annulus hbrosus

Thoracic and Thoracolumbar Regions
In the thoracic spine, anterior decompression can be 
achieved through partial or total vertebral body re
section The anteriorly decompressed spine is unsta
ble because the vertebral bodies are major load sup
porting elements Stabilization of the decompressed 
spine using instrumentation for reduction and inter- 
body fusion is recommended following anterior de 
compression

Although highly controversial, laminectomies 
have been performed in the thoracic spine Laminec
tomies may induce instability through the removal of 
supporting structures of the spinal column and also 
may be associated with additional neurologic dete
rioration (186)

Cervical Region
In the cervical spine, spinal cord and nerve roots can 
be decompressed through either an anterior or a pos
terior approach Anterior approach involves discec- 
tomy and/or corpectomy Reconstruction with an in- 
terbody bone graft is usually accomplished after 
anterior decompression and this is sufficient if the 
posterior elements are intact Otherwise, the poste
rior elements should also be fused (186) Thus, post
operative instability is not a controversial issue in an 
anterior decompression of the cervical spine

In the posterior approach, laminectomy and fora 
minotomy are performed to decompress the spinal 
cord and nerve roots, respectively The common 
complications after posterior laminectomy include 
development of kyphotic deformity instability 
(spondylolisthesis) and inadequate decompression 
(21, 63, 69, 101, 189) Postlaminectomy kyphosis is 
seen most frequently in younger patients (21, 63,101,
189) The greater tendency for ligamentous stretching 
and secondary vertebral body wedging in children is 
believed to lead to a higher incidence of deformity m 
this group compared with adults (189) However, in 
adults with normal preoperative alignment and sta 
bility laminectomy usually is not associated with a 
significant rate of progressive kyphosis Biomechan- 
ical studies using ligamentous cervical spines also 
demonstrated that the cervical laminectomy did not 
significantly change the load displacement behavior 
of the injured level (55, 194)

When partial or total facetectomy is done during 
the posterior decompression procedures, it m aj in
duce acute instability of the cervical spine Several 
biomechanical studies demonstrate the importance 
of facet joint integrity to cervical spine stability Pan
jabi et al (124) found that the cervical motion seg

ment became unstable m flexion with disruption of 
all posterior structures and m extension with disrup
tion of all anterior ligaments They also noted a sig
nificant increase in the horizontal translation of the 
vertebra after removal of the facet joint Zdeblic et al 
(194) tested acute instability of the cervical spine af 
ter laminectomy and progressive staged foraminoto 
mies using cadaveric cervical spines They found 
acute hypermobility in flexion and axial torsion after 
resection of 75 or 100% of the facet, but no motion 
changes occurred after laminectomy alone or after re 
section of 25 or 50% of the facet for foraminotomy 
Thus, they suggested a stabilization of the segment if 
more than 50% of the facet must be resected for ad
equate decompression Zdeblic et al (196) also in
vestigated the effect of laminectomy and resection of 
the facet capsule alone without disruption of the 
bony facet to determine what degree of facet-capsule 
resection leads to acute instability A significant mo 
tion increase was found in flexion and axial torsion 
after more than 50% facet-capsule resection after 
laminectomy, indicating a significant stabilizing role 
of the facet capsule in the cervical segment with lam
inectomy Based on these results, the authors of the 
study recommended great care in exposing an unfu
sed facet to limit facet-capsule resection to less than 
50% of the capsule

The results of clinical and biomechanical studies 
demonstrate that fusion of the posteriorly decom 
pressed cervical segment may be required at the time 
of surgery when there is disruption of greater than 
50% of the facet joint integrity, or when the anterior 
elements are not intact Immediate fusion of the in
jured segment may not be necessary in the posterior 
decompression with minimal disruption of the facet 
joint and with normal anterior structures However 
laminectomy alone, especially in the younger patient 
or in patients who require multiple foraminotomies, 
may lead to a deformity and instability

Biomechanics of Fusion
Spmal fusion has been a commonly accepted proce
dure in spine surgery since Albee (4) reported the 
successful treatment of Pott’s disease using a fusion 
technique with a bone grafting procedure Spinal fu 
sion is used for the following reasons 1) to relieve 
pam by eliminating degenerated or unstable seg
ments, 2) to stabilize the spinal segments after de
compression, 3) to prevent progression of deformity 
of the spine, as in scoliosis, kyphosis and spondy
lolisthesis, and 4) to maintain correction after me 
chanical straightening or osteotomy of the spine 

Several biomechanical factors need to be consid
ered for the achievement of successful spinal fusion 
Biomechanical considerations of spinal instability 
were described in previous sections The adequate
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stabilization of the surgical construct is another im
portant factor to prevent failure of fusion (pseudo
arthrosis). Recently, numerous spinal fixation de
vices have been developed and used for this purpose. 
Details of this aspect will be discussed in the section 
on biomechanics of spinal instrumentation. The 
other factors that will be discussed in this section 
include biomechanical considerations of fusion in 
terms of material, strength, and size of fusion graft, 
enhancement of bone formation, and the evaluation 
of fusion constructs.

Biomechanical Considerations 
of Fusion Graft

Graft Materials
At present, autogenous bone graft is considered the 
best graft material. A bone graft can be obtained from 
fibula or tibia, but the small amount of cancellous 
bone and functional compromise of the mechanics of 
donor site may cause complications. Ribs are known 
as a good bone graft material, especially for arthrod
esis of the anterior thoracic spine, because they are 
readily available (47). They also have the advantage 
of reasonable strength with a structure consisting of 
a modest cortex and porous cancellous bone. In gen
eral, however, the iliac crest has been used as the best 
donor for autogenous bone grafts because of a num
ber of advantages: there is ample cortical and can
cellous bone; it is expendable; it can be harvested 
with the patient in either the prone or supine posi
tion; the structure allows the removal and carpeting 
of a variety of useful shapes and sizes; and the po
tential for functional compromise of the mechanics 
of donor site is less than with the tibia and fibula. 
Autogenous bone grafts have been osteogenic and 
well tolerated by the body. However, complications 
associated with the use and harvest of autografts are 
also significant. Younger and Chapman (192) re
ported a complication rate of greater than 20%. Some 
of the complications associated with autografts in
clude morbidity, pain, sepsis and/or reduced struc
tural integrity at the donor site, and a lack of suffi
cient graft material, particularly in patients with poor 
bone quality (32, 59, 192).

Allografts obtained from a donor of the same spe
cies are useful in many situations with the advantage 
of having no complications at the donor site. In the 
literature, several studies suggest that the infection 
rate is not increased (174) and the fusion rate for 
spine surgery is approximately as good with freeze- 
dried allografts as it is with autografts (23, 117, 140, 
198). However, allogeneic bone does not have the os
teogenic potential of autogenous bone (20, 32, 59) 
and the graft may give only temporary structural sup
port. Other disadvantages include the possible trans

mission of disease and the chances of an immuno
logic response to the allograft, which may cause 
complete resorption of the graft without concomitant 
deposition of bone.

The problems associated with bone grafts initiated 
much research focusing on developing synthetic 
bone graft substitutes, which are biocompatible and 
structurally sound. Of the materials that have been 
studied for use as bone graft substitutes, the class of 
calcium phosphate materials has shown superb bio
compatibility over all others. Using a canine model, 
Hanely (64) studied the use of porous tricalcium 
phosphate (TCP), a resorbable biomaterial that sup
ports bony ingrowth, as a synthetic bone graft for re
construction of segmental spinal co) imn defects. Ex
perimental data indicates that TC^ can promote 
osseous ingrowth and can subsequently be resorbed 
when placed within a segmental osseous defect in 
the thoracic vertebral column. The biomechanifcal ef
fect of this implant was similar to that of a rib strut 
graft at six months. Pintar et al. (136) reported a 30% 
fusion rate for dense hydroxyapatite (HA) blocks and 
a 40% fusion rate for autograft in a goat model at 12 
and 24 weeks. Also, encapsulation by new bone and 
maintenance of disc height occurred despite fracture 
of HA ceramic. In a similar study of a canine anterior 
cervical spine fusion model, bony apposition to the 
dense HA ceramic blocks was observed. The study 
also showed that the disc height was maintained 
with the dense HA ceramic, but significant height 
was lost with autograft (28). Zdeblic et al. (197) in
vestigated the use of coral HA blocks in a goat model 
and noted a 48% incorporation rate at 3 months with 
the porous ceramic. Ceramic incorporation was in
creased significantly to 71% with the use of an an
terior cervical plate. Most recently, Toth et al. (177) 
studied the use of 50/50 HA//3-TCP of 30, 50, and 
70% porosity for the cervical interbody fusion in a 
goat model. Histological analysis showed a union 
rate of 0% for autograft and 30% ceramic, 67% for 
50% ceramic, and 83% for 70% ceramic at 3 months 
after surgery. The union rate at 6 months was 67% 
for the 30, 50, and 70% porous ceramics, and 50% 
for autograft. These studies demonstrated the poten
tial use of TCP ceramic for spinal fusion. However, 
no clinical results using TCP have been reported in 
the literature, and further investigation is required 
for its clinical application because of possible com
plications associated with the fracture of ceramics.

M echanical Strength o f Graft Materials
The spine supports the weight of upper body and ex
ternal loads. Approximately 10% of total body 
weight is above T l and approximately 50% is above 
T12 (68, 146). Biomechanical studies also suggest 
that a lumbar motion segment may experience axial 
compressive loads ranging from 400N during quiet
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standing to as high as 7000N during lifting (113,155). 
With the introduction of these loadings, the load- 
bearing capacity of the grafts is required, particularly 
in the thoracic and lumbar regions. Inferior graft 
strength can lead to collapse, pseudoarthrosis, and 
recurrent symptoms.

Mechanical strength of bone grafts has been mea
sured and has been correlated with bone mineral 
density in a few experimental studies (7, 165, 176). 
Toth et al. (176) tested the compressive strength of 
bone grafts obtained from three different regions in 
the anterior, middle, and posterior superior iliac 
crests. Measured compressive strength ranged from 
7.1 to 40.9MPa with a mean of 16.2MPa. An et al. (7) 
reported a significant relationship between the com
pressive strength, of tricortical iliac crest grafts aird 
bone mineral density (BMD) of the iliac crest mea-

TABLE 3.3.
Mean and Standard Deviations of the Measured Bone 
Mineral Density of the Iliac Crest and Load to Failure 
and Compressive Strength of the Tested Grafts

Smith-Robinson A nterio r Iliac
(n = 12) Crest (n = 12)
Mean SD Mean SD

BMD (g/cm^) 0 35 0.10 0.42 0.12
Load to Failure (N) 1368.41 438.10 2167.96 693.70
Compressive strength 9.61 2.02 14.74 6.54

Data obtained from  An et al.

sured by dual energy x-ray absorptiometry (DEXA). 
In this study, BMDs were measured using DEXA in 
an area of 2 X 1 cm for typical anterior iliac strut graft 
(AIC graft) and in another area of 1 X l  cm for the 
Smith-Robinson (SR) type graft within the anterior 
region of the iliac crest. The pelvis was rotated 70° 
from the supine posture to avoid bone overlap and 
to aim the beam more perpendicularly to the iliac 
bone. Afterward, the corresponding AIC and SR 
grafts were dissected from each hemipelvis and un
derwent the compressive failure test for the measure
ment of load to failure and compressive strength. 
Mean and standard deviation values of measured pa
rameters are listed in Table 3.3, and the relationship 
between the load to failure and BMD of the iliac crest 
is illustrated in Figure 3.2. These results suggest that 
the mechanical strength of the iliac bone graft is very 
dependent on its bone mineral density, and DEXA 
has a potential clinical value in predicting iliac bone 
graft strength.

There are little data on the mechanical strength of 
bone graft substitutes, such as calcium phosphates 
and hydroxyapatite ceramics, although their osteo
genic capability for fusion has been investigated as 
interbody grafts for spinal fusion. Toth et al. (176) 
measured the compressive strength of HA//3-TCP ce
ramics with various porosities of 15, 22, 27, 32, 40, 
44, and 65% according to ASTM test C-773, which is 
a standardized test for ceramics. Mean compressive

Smith Robinson Ant. Iliac Crest

iBMD (g/cm/cm)

FIGURE 3 .2.
Load to failure (LF) of Smith-Robinson and anterior iliac crest bone grafts was correlated with the bone mineral density of 
the iliac crest (R = 0.89). This correlation was positive for both SR (R = 0.78) and AIC types of graft (R = 0.90). Adapted 
from An et al. Prediction of bone graft strength using dual-energy radiographic absorptiometry. Spine 1994;19:2358-2363.
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FIGURE 3.3.
Mean compressive strengths of the 50/50HA/b- 
TCP ceramics with various porosities. Error bar 
represents the standard deviations. Porosity (%)

strengths of the ceramics are shown in Figure 3.3. 
The compressive strength of HA//3-TCP ceramic wras 
found to decrease linearly (r = 0.96; p<0.05) as the 
porosity increased from 15 to 65% , and the mean 
compressive strengths of the ceramics with porosity 
less than 44% (32.2MPa) were significantly greater 
than that of the iliac bone grafts (16.2 MPa). The ce
ramics with 65% porosity was weaker than bone 
grafts.

However, the mechanical strength of ceramics 
needs to be studied further because of the fracture 
problems observed in animal studies. Shima et al. 
(159) reported ceramic fracture and anterior or pos
terior displacement of 70% of the /3-TCP implants 
and spinal cord compression in 55% of the cases of 
anterior cervical interbody fusion attempted in ca
nines. In the use of hydroxyapatite blocks for cervical 
interbody fusion in canines, Cook et al. (27) noted 
that most of the implants were fractured and 39% of 
the graft fracture was coupled with graft extrusion, 
which caused a loss of disc height and prevented 
fusion. Zdeblic et al. (197) reported a 29% collapse 
rate of coral hydroxyapatite used for anterior inter
body fusion of goat cervical spines. Toth et al. (177) 
also noted the fracture in approximately 50% of 
HA//3-TCP ceramics with 30, 50, and 70% porosity 
used for anterior fusion in goat cervical spines, as 
well as a 50% fracture of autografts. As such, these 
ceramics may not have sufficient compressive 
strength for the immediate clinical use in spinal fu
sion. However, the major advantage of using these 
ceramics over autogenous bone graft is the elimina
tion of surgery for harvesting bone grafts and thus 
eliminating the complications associated with the 
harvest at the donor sites. Further studies for en
hancing the mechanical strength of these materials

will increase the potential for clinical use in spine 
surgery.

Effect o f Graft Size
Only a few studies of the effect of graft size in spine 
fusion are available in the literature. However, the 
results of these limited studies suggest that a careful 
determination of the graft size is important, particu
larly in an interbody fusion. Although anterior cer
vical discectomy and fusion is a well-established 
procedure used in the treatment of degenerative disc 
disease, the appropriate thickness for the interbody 
graft had been controversial. For example, Robinson 
and Smith (142) originally determined that a 10- to 
15-mm graft was optimal, but White and Panjabi 
(185) and Rothman and Simeone (143) suggested 
smaller grafts (4 to 5 and 7 mm, respectively). Re
cently, however, An et al.(6) postulated that inter
body grafts should not be an absolute thickness, but 
should reflect the original dimensions or preopera
tive baseline height of the affected interspace. They 
conducted an experimental study to establish the op
timal thickness for Smith-Robinson anterior cervical 
fusion grafts. Anterior C4-5 discectomy and fusions 
were performed on six fresh, frozen cadavers. Plain 
radiographs and computed tomographic scans were 
then employed to correlate graft placement with 
changes in disc space height, foraminal height, and 
foraminal areas after 3-, 5-, 7-, and 9-mm interbody 
fusions. Moderate to high correlations existed be
tween baseline disc height and foraminal height and 
between baseline disc height and foraminal area. Sig
nificant correlations also existed between disc space 
distractions with sequential graft placements and the 
change in foraminal height and area at the same level 
(Table 3.4). However, no correlation existed between
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TABLE 3.4.
Correlation of Disc Space Distraction (DSD) at C 4-5 and 
Change in Foraminal Height (FA) and ForaminalArea 
(FA) at the Same Level

DSD vs. FH DSD vs. FA
Specimen Right (R =) Left (R =) Right (R = ) Left (R =)
1 0 93 0 91 0 92 0 92
2 0 59 0 48 0 70 0 64
3 0 75 0 90 0 91 0 68
4 0 56 0 26 0 93 0 72
5 0 96 0 98 0 99 0 96
6 0 95 0 97 0 93 0 95 
All 0 62 0 65 0 64 0 50

Data obtained from An et al 1993

disc space distraction at the C4-5 level and the effect 
on adjacent segments C3-4 and C 5-6 The ideal graft 
thickness appeared to be directly related to the pre
operative baseline disc height For a preoperative 
disc height of 3 5 to 6 0 mm, an interbody graft of 2 
mm above the baseline disc height ŵ as most appro
priate A thicker graft was required when the baseline 
disc height was smaller (2 mm), and a thinner graft 
was required when the disc height was larger (7 4 
mm) In a similar experimental study of anterior in- 
terbody fusion in the lumbar spine, Chen et al (22) 
noted significant increases m the neuroforamen areas 
(up to 29 0% at L4-L5 and 33 8% at L5-S1) caused by 
the anterior distraction of both levels with 13,15, and
17 mm BAK implants [Spinetech Inc , Minneapolis, 
MN), providing adequate space for the nerve root and 
improving neuroforaminal stenosis However, the 
ideal graft thickness for anterior lumbar interbody fu
sion was not determined in this study

A critical bone graft area for interbody fusion was 
investigated by Closkey et al (24) to better under
stand interbody fusion mechanics and the preven
tion of graft subsidence into the vertebral body that 
could cause serious problems, such as collapse of the 
disc space, recurrence of the spinal deformity, or fail
ure of the fusion First, the relationship between the 
vertebral body density determined by computed to
mography and vertebral trabecular compressive 
strength was determined to predict minimum graft 
area based on the density measurements and antici
pated physiologic loads The relationship was a = 
88 54 X where cr is the compressive strength 
(MPa) and p is the density (g/cm )̂ End-plate decor
tication and placement of a graft block between 30 
and 40% of total surface area was required to carry 
minimum thoracic physiologic loads (400 to 600 N) 
without trabecular subsidence

Enhancement o f Bone Formation
A double blind study of pigs revealed that electric 
stimulation can significantly increase osteoblastic ac
tivity with bone formation (118) In a prospectively 
controlled clinical study, Kane (77) also showed that 
electrical stimulation improves the success rate m

spine fusion A fusion rate of 81% was observed in 
the group of 31 patients with electrically stimulated 
fusion as compared with 54% in the control group of 
28 patients

The use of bone morphogenetic proteins (BMP) in 
spine fusion has been studied recently by several in
vestigators Boden et al (14) assessed the ability of 
bovine derived bone protein extract to serve as a bone 
graft substitute in a rabbit model for posterolateral 
lumbar spine fusion The animals underwent bilat
eral intertransverse process fusion at L 5-6 with one 
of three graft materials 1) autogenous iliac graft, 2) 
BMP delivered in a carrier of rabbit demineralized 
bone matrix (DBM) and type I collagen, or 3) DBM/ 
collagen carrier alone A 100% fusion rate (10/10) 
was found m the BMP group, whereas the fusion rate 
was reduced significantly in the autograft group 
(62%) and DBM carrier alone group (17%) Uniaxial 
tensile testing results demonstrated that the BMP fu
sion was the strongest and stiffest after fusions with 
autograft and with DBM carrier alone The histology 
also showed more mature fusions in the BMP ani
mals with corticalization and more advanced remod
eling and marrow formation In a similar study using 
canine models, David et al (34) tested the efhcacy of 
recombinant human bone morphogenetic protein 
(rhBMP-2 Genetics Institute, Cambridge, MA) m in- 
tertransverse process fusion Clinical and computed 
tomography (CT) evaluation of animals with various 
doses ofrhBMP-2 (54, 215, 860p,g) carried in a bovine 
type I collagen or a porous poly lactic acid sponge 
demonstrated a 100% fusion rate (12/12) regardless 
of the type of carriers, compared with a 33% fusion 
in animals with autografts CT images at 1 month 
postoperative showed the presence of large fusion 
masses whose dimension was proportional to the 
dose of rhBMP-2 delivered Sandhu et al (148) also 
reported that rhBMP-2 carried by an open cell poly- 
lactic acid (OPLA) vehicle is superior at both higher 
and lower doses (ranging from 57p,g to 23mg) to au
togenous iliac crest bone graft for inducing tiansverse 
process arthrodesis in the canine Results of these 
studies clearly demonstrated an efhcacy of using 
BMP in spinal fusion for enhancement of bone for
mation However, the dose of BMP for clinical ap
plication needs to be investigated because a dose- 
dependent response to the osteoinductive growth 
factor was noted in the rabbit intertransverse process 
fusion model (14)

Biomechanical Evaluation 
of Fusion Constructs
Mechanical characteristics of the spinal column can 
vary in the presence of fused segments depending 
upon the location of the graft material A spinal mo
tion segment has five different anatomic sites at 
which spinal fusion can be attempted They are the
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posterior spinous processes, the transverse pro
cesses, laminae, facet joints, and the disc space (46). 
Based on the site used for fusion, the fusion tech
niques can be termed anterior/posterior interbody fu
sion, bilateral fusion, or posterior fusion.

Lee and Langrana (90) investigated the altered ki
nematics and biomechanics of these three different 
types of spinal fusion through an in vitro test on ca
daveric spine specimens (L3-sacrumJ. Fusion in the 
L5-S1 level of the specimens was achieved with the 
use of PMMA. They showed that all types of fusion 
have a stabilizing effect on the fused segment, im
plied by an increase in axial and bending stiffness 
compared with that of the intact spine. The axial stiff
ness increased by 10% in the posterior fusion, 40% 
in the bilateral fusion, and 80% in the interbody fu
sion compared with that of the normal intact speci
men. In the flexion test, a loading frame attached to 
the L3 vertebra was rotated by 20°, and the resultant 
axial forces and moments at the bottom of the spec
imens were measured by a load cell. Compared with 
the intact specimen, the compressive load and bend
ing moment increased, respectively, by 21% and 
92% in posterior fusion, 11% and 48% in bilateral 
fusion, and 8% and 47% in the interbody fusion. In 
the extension test, the compressive load and bending 
moment increased by 31% and 13% in the posterior 
fusion, 20% and 25% in bilateral fusion, and 91% 
and 36% in the interbody fusion. Increased motion 
at the L3-L4 level and the L4-L5 level, caused by fu
sion at the L5-S1 level, was also observed during the 
testing. Furthermore, Lee and Langrana found 
through their mathematical model that the load on 
the facet joints increased when a fusion was per
formed. The posterior fusion caused a significant in
crease in the facet joint load compared with that of 
the anterior fusion. Based upon their investigations, 
they concluded that bilateral fusion presented the 
least amount of alteration in the mechanical proper
ties of the adjacent, unfused segment, while it pro
vided good stabilization on the fused segment.

Complications of Spinal Fusion
Complications associated with spinal fusion have 
been noted at both the fused and adjacent levels. A 
typical complication at the fused level is spinal ste
nosis. The incidence of spinal stenosis after spinal 
fusion has ranged from 11% to 41% (16, 107]. Bio
mechanical fusion studies on human cadaveric 
spines and mathematical analysis of the stress distri
bution caused by the various types of spinal fusion 
procedures revealed abnormal stress increase within 
the fused segment, particularly within the posterior 
bony element and fusion mass (56, 90). These higher 
stresses may induce the abnormal growth of the graft 
after the solid fusion, and thus stenosis could ensue 
at the stabilized segments.

Junctional degeneration above a lumbar fusion is 
a clinically recognized complication in the treatment 
of degenerative spinal disorders. The reported com
plications include degenerated or prolapsed inter- 
vertebral disc (94, 103, 178), spinal stenosis (71, 91,
93), segmental instability (93,152), and osteoarthritis 
of the facets (152). Although the pathomechanics of 
this phenomenon are not fully understood, some in
vestigators have demonstrated that segmental im
mobilization can lead to increased motion and loads 
at the adjacent segment (90, 140, 160). Such a con
centration of load can cause degeneration of the ad
jacent segment. Although these studies were per
formed using ex vivo models, the postulate was 
supported by the findings in clinical and in vivo an
imal studies of post-fusion mechanics of the lumbar 
spine (35, 48).

Biomechanics of Spinal 
Instrum entation
Over the last few decades, a number of spinal im
plants have been developed and have contributed to 
significant advancements in the field of spine fusion 
and instrumentation. These advances have improved 
the surgical techniques available to treat various spi
nal disorders, such as scoliosis, trauma, tumor recon
struction, and degenerative disease. A number of fix
ation devices have been developed and modified to 
achieve better treatment of spinal disorders by re
ducing the relevant complications. Each device has 
its own advantages and disadvantages, and it is cru
cial for the surgeon to choose a system based upon 
the particular needs and clinical situations. Selection 
of a proper fixation system requires a thorough 
knowledge of the capabilities of the fixation system 
and the disorder.

Review of Current Spinal Implants
Current spinal implants can be classified by the 
methods of attachment to the bony structure and by 
the implanting location. Based on these classifica
tions, advantages and disadvantages of various im
plants are reviewed in this section.

Cervical Spine Implants

ANTERIOR INSTRUM ENTATIO N

A nterio r Screw  fo r the Odontoid Fixation

Anterior screw stabilization of the odontoid is a pro
cedure advocated by many for acute fractures of 
the dens. Particularly, for a widely displaced type II 
fracture, early surgical stabilization may be con
templated to enhance both the potential for fracture 
healing and the patient’s functional recovery. The 
anterior screw fixation is useful in preventing un
wanted translation of the fragment while preserving
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axial rotation about C1-C2 articulation. However, the 
anterior screw fixation is a technically demanding 
procedure and has a potential for serious complica
tions.

Anterior Screw for C1-C2 Stabilization

Anterior C1-C2 screw or plate stabilization can be at
tempted for C1-C2 instability and fractures. This 
method can achieve relatively high stiffness fixation 
without passing laminar wire and is an alternative 
for patients with previously failed posterior pro
cedures and for patients with absent posterior 
elements. Bilateral exposures required for this 
technique are time consuming and technically 
demanding compared with posterior arthrodesis 
techniques, and complications mostly include those 
inherent to the surgical approach.

Plate and Screw Fixation

Anterior cervical plating can be used in reconstruc
tion of the spine after vertebral body resection or 
cases of fracture, spondylosis, tumor, or infection. 
Additional indications may include anterior liga
mentous disruption secondary to hyperextension in
juries with resulting instability and, less commonly, 
stabilization of interbody fusions after excision of the 
disc. Various types of plates, such as Caspar, 
Morscher, Orion®, and Ceri-lok®, are available for 
anterior cervical plating. Anterior plating potentially 
offers sufficient stability through a single surgical ap
proach and minimizes patient morbidity, although 
additional posterior fixation may be needed to 
achieve it. Potential complications directly referable 
to anterior instrumentation include iatrogenic neural 
injury caused by overpenetration of posterior cortex 
with screw, misplacement of the screw into the ad
jacent disc space, and hardware loosening and sub
sequent injury to surrounding vital structures and 
organs.

POSTERIOR INSTRUM ENTATIO N  

Wiring fo r C1-C2 S tabilization

The indications for posterior atlantoaxial stabiliza
tion include traumatic atlantoaxial instability with 
rupture of the transverse ligament type II odontoid 
fractures with high risk of nonunion, as in older pa
tients with a significant displacement, and late atlan
toaxial instability caused by nontraumatic disorders, 
such as rheumatoid arthritis (89). Posterior atlanto
axial stabilization can be achieved using wires and 
bone graft according to either the Gallie, Brooks, or 
modified technique (17, 51, 58). These wiring meth
ods can provide stable fixation in most loading 
modes but reduced stabilization against anterior 
translation. Additional disadvantages can include 
decreased axial rotation and risks of sublaminar wire 
passage.

Transarticu lar Screw  fo r C1-C2 Fixation

Another method of posterior atlantoaxial stabiliza
tion is Magerl’s transarticular screw fixation (109). 
This screw fixation provides better stabilization than 
the posterior wire fixation while avoiding sublaminar 
wire passage. However, this procedure requires thor
ough knowledge of surgical anatomy and meticulous 
technique to reduce risks of screw placement.

Interlam inar C lam p fo r C1-C2 Fixation

An interlaminar clamp is one method used for pos
terior atlantoaxial arthrodesis. These clamps may be 
used in selected cases in which sublaminar wiring 
would be difficult or dangerous to pass. The clamps 
have the advantage of easy application and stable 
posterior fixation. However, potential problems with 
interlaminar clamp fixation are implant slippage, dif
ficulty with bone grafting, less extension stability, 
and pseudarthrosis.

W iring fo r O ccipitocervical Fixation

Occipitocervical fixation can be achieved by using 
wires with bone graft or implant. These techniques 
can provide stable internal fixation with high stiff
ness in all loading modes, particularly in segmental 
wiring with Luque rod. However, potential compli
cations associated with sublaminar wiring in occip
ital and cervical regions prohibit routine use.

Plates and Screw s fo r O ccipitocervical Fixation

Screw fixation into the occiput has been described 
recently for occipitocervical fixation. The screw fix
ation provides stable internal fixation. This tech
nique may be advantageous in patients who undergo 
decompressive laminectomy or who require multiple 
fixation from the occiput to the lower cervical spine.

W iring fo r Lower Cervical Spine Fixation

Various cervical wiring techniques have been de
scribed in the literature. These wiring techniques 
have been shown to be safe and effective. The wiring 
procedure may provide adequate stability with effec
tive prevention of flexion. However, the segmental 
stiffness provided by the wiring techniques is rela
tively lower. The most common complication asso
ciated with the wiring procedure is loss of fixation 
and recurrence of deformity. Sublaminar fixation is 
generally not recommended in the lower cervical 
spine because of a greater risk of neurologic injury.

Plate and Screw s fo r the Low er Cervical Spine Fixation

Posterior stabilization of the cervical spine using 
screws and plates was pioneered by Roy-Camille 
(145). Louis uses a similar type of plate-screw fixa
tion onto the lateral mass (103). Magerl devised a 
plate-screw system for the cervical spine in which 
the inferior portion of the plate is a hook configura
tion (109). The plate-screw fixation can provide more
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rigid fixation than the wiring procedures, especially 
in extension and torsion (29). This fixation technique 
can be used in the presence of extensive laminec
tomy and can achieve fixation without passage of 
laminar wires. However, potential problems associ
ated with posterior plating with screws include in
jury of the vertebral artery or cervical nerve roots. 
Posterior plate-screw fixation must be done with 
thorough knowledge of lateral mass anatomy.

Thoracic and Lum bar Spine Implants

ANTERIOR INSTRUM ENTATION

During the 1950s, experience was gained in anterior 
interbody fusion. Anterior spinal instrumentation 
was pioneered by Dwyer in the late 1960s (44). The 
indications for anterior implants remain somewhat 
controversial, but anterior spinal surgery has some 
potential advantages. In many clinical situations, the 
pathology is anterior, such as in most tumors and 
burst fractures. Decompression of the spinal cord and 
cauda equina is thus direct and more efficient, and it 
may be safer, particularly in the thoracic spine. The 
anterior approach permits single-stage decompres
sion, segmental stabilization with adequate stability, 
and fusion of spinal injuries. However, anterior sur
gery is more extensive, and the risk of complications 
from operative trauma may be higher compared with 
the posterior approach. Considerable experience is 
also necessary before the surgeon can feel comfort
able with anterior approaches (193). Loss of fixation 
caused by the loosening or breakage of the vertebral 
screw is a complication associated with anterior in
strumentation, particularly in the three-column in
juries and in the osteoporotic spine.

Rod and Vertebral Screws

The rod-screw systems immobilize the spinal seg
ments with adequate rigidity and also permit either 
compressive or distractive forces to be applied across 
the injured segment. However, these rod-screw de
vices are somewhat bulky, making it difficult to ob
tain soft tissue coverage of the implant and increas
ing concerns of vascular injury.

Plate and Vertebral Screws

The plate-screw systems are of low profile and allow 
for nearly as rigid a stabilization as the rod-screw de
vices. A disadvantage of using these plate-screw de
vices is inability to employ reduction forces across 
the injured segment. However, recent devices, such 
as Z-plate and University Plate®, are designed to ap
ply either compression or distraction forces.

POSTERIOR INSTRUM ENTATIO N

The posterior approach of the spine is relatively sim
ple and has less potential for serious complications

compared with anterior approach. The first reported 
attempt of internal spinal fixation was Lange’s use of 
interspinous process steel bars (87). Use of posterior 
instrumentation has been expanded widely for the 
surgical treatment of various spinal disorders, such 
as deformity, traumatic injuries, and degenerative 
disease, since the introduction of Harrington instru
mentation in 1962 for the treatment of scoliosis (66).

Rods and Hooks

The rod and hook fixation devices were designed to 
apply distraction forces for the correction of the sco
liotic spine. Rod and hook fixation can offer a broad 
range of stiffness, but most systems are rigid enough 
to achieve fusion. However, rod and hook systems 
require longer fusion and instrumentation than the 
anterior devices. Hook dislodgement can occur be
cause of hook design and the lack of rotational con
trol, especially when the rods extend below L3. Hook 
failure may cause a neurologic injury. Although sup
plemental use of sublaminar wires or compression 
rods improves the flexion and torsional stability (10, 
50, 70), these modified constructs still cannot main
tain lordosis and torsional control completely (111). 
Neurologic complication is also a potential problem 
of sublaminar wiring.

Rods and Wires

Posterior segmental fixation can be achieved with a 
wire that encircles the lamina and a portion of a 
metal rod. This rod and wire fixation can provide a 
strong stabilization, particularly in axial rotation. 
However, sublaminar wiring is dangerous to neural 
structures and is technically demanding. Compres
sion or distraction force cannot be applied during 
this rod and wire fixation procedure.

Laminar Facet Screws

Fusion of the thoracolumbar spine can be obtained 
through a facet joint fixation using laminar facet 
screws that appear to be simple and easy to implant. 
This simple spine fusion construct rigidly immobi
lizes the spine (108), and it is associated with abetter 
fusion rate (83). However, use of laminar facet screws 
is not common, and more laboratory and clinical 
studies are needed for a more reliable evaluation.

Pedicle Screw  and Plates (or Rods)

Recently, various fixation devices using pedicle 
screws and plates (or rods) have been introduced. Re
gardless of the type of longitudinal linkage connect
ing the pedicle screws, intrapedicular fixation was 
known to provide sufficient rigidity to achieve short 
segmental instrumentation without involving fixa
tion of additional segments. This high rigidity also 
may negate the need for anterior fusion and stabili
zation procedures. Other advantages of these intra-



CHAPTER 3: SPINE BIOMECHANICS 7 9

pedicular fixation devices include universal appli
cation, ability to reduce abnormal translation, and 
ability to maintain normal sagittal contour. In con
trast, potential complications associated w îth intra- 
pedicular instrumentation are possibilities of neural 
injury, hardware failure, pseudoarthrosis, vascular 
injury, facet joint compromise, loss of correction, and 
infection.

Biomechanical Strength  
of Spinal Fixation
Hardware failure with a loss of fixation is a well- 
known complication that may result in pseudarthro- 
sis, loss of correction, or subsequent injury to sur
rounding vital structures and organs. Hardware 
failure can occur in two ways: breakage of device 
components or loosening failure at bone-device in
terface or at a junction between device components, 
such as a screw-rod junction.

Mechanical strength and fatigue life of a device 
component depend on its material properties and ge
ometry. The incidence of metal component failure 
has been reduced by the use of a stronger material 
and design changes for minimizing the stress con
centration. A surface treatment using nitrogen-ion 
implantation was also found to inhibit crack initia
tion and thus to increase the fatigue life (100). How
ever, careful fusion techniques are required to reduce 
metal fatigue susceptibility because all metal im
plants will eventually fail with failure of fusion.

On the other hand, failure at bone-implant inter
face can result from various reasons. For example, 
the wire fixation strength depends on wiring tech
niques. The bone-screw interface strength can be af
fected by screw design, screw insertion technique, 
and the bone quality. Many biomechanical studies of 
the fixation strength exist in the literature.

Strength of the Wire Fixation
Stainless steel wires have been used frequently in 
spine surgery to secure bone graft to the recipient site 
and to limit the motion of posterior elements. Various 
wire constructs are available, and a few biomechan
ical studies provide useful information for the sur
geon when making a decision about stainless steel 
wires (60, 122, 154).

Important findings of these studies are as follows: 
fastening twists were found stronger than knots or 
the Association for Study of Internal Fixation (ASIF) 
bend techniques, although square knots are accept
able; two twists are enough and additional twists do 
not improve the strength; two single-wire loops are 
better than a continuous double-wire loop; fatigue re
sistance of wire can be reduced by 63% by notching 
1% of the diameter, whereas bending, twisting, and 
knotting the wire had no serious effect; tension-

equalizing loop opposite fastening loop weakened 
the system by 10 to 15%; the wire wrap and the ASIF 
loop techniques were unacceptable.

In many spinal surgical procedures, sublaminar 
wiring has been used and known as one of the most 
effective methods for achieving a very stable fixation. 
However, intrusion into the canal was noted more 
times than desired in both cases of implantation and 
removal of sublaminar wires (12,120,151). Observed 
complications associated with sublaminar wiring in
clude hemorrhage, epidural adhesions, dural lacera
tions, cord indentations, and neurologic damage.

Strength of Screw  Fixation 

PEDICLE SCREW FIXA TIO N STRENGTH  

E ffect o f Screw  Design

The pedicle screw design can differ in its major and 
minor diameters, pitch, and tooth profile. As ex
pected, larger diameter screws can provide a greater 
pullout strength (104, 121, 163, 199). The effects of 
minor diameter, pitch, and the tooth profile on the 
pullout strength were insignificant (85, 163).

E ffect o f Screw  Placem ent M ethods

The method of screw insertion has a considerable ef
fect on the fixation strength. There are several vari
ables in insertion methods, such as depth of penetra
tion, angulation, hole preparation, and insertion 
torque.

Biomechanical studies have shown that deeper in
sertion of the screw can provide a stronger screw fix
ation (85, 199). Particularly, Zindrick et al. (199) 
found a significant increase in pullout strength in 
“through cortex” insertion compared with “to cor
tex” and “50 % depth” insertions. However, the pen
etration to the anterior cortex may increase the risk 
of damage to vital structures (84, 168).

The cephalad-caudal angulation of the pedicle 
screws was found not to significantly affect the fixa
tion strength (163). In contrast, anteromedial angu
lation of the pedicle screws was recommended for 
improving the fixation strength (85,108). The under
lying concept was that convergence of the pedicle 
screws produces a “toe nailing” or triangulation ef
fect that should substantially increase the pullout 
strength of a fully assembled construct. This concept 
was supported by a biomechanical study of triangu- 
lation of pedicle screw instrumentation (147).

The method of screw hole preparation, either 
probing or drilling, was found not to affect the screw  
insertion torque and ultimate pullout strength (31, 
195). In contrast, a positive linear relationship exists 
between the screw insertion torque and pullout 
strength (31, 195). The maximum screw insertion 
torque was also correlated with the screw tilting mo
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ment and the cut-up force (123). These studies sug
gested an importance of screw insertion torque mea
surement in prediction of the fixation strength. 
However, a minimum screw insertion torque for an 
adequate fixation strength has not been determined 
yet.

E ffect o f Bone Q uality

Advanced techniques, such as quantitative com
puted tomography (QCT) or dual energy x-ray ab
sorptiometry (DEXA), are recently available for mea
suring bone mineral density. Subsequently, the 
studies of a relationship between the bone mineral 
density (BMD) of the lumbar vertebra and the pedicle 
screw pullout strength have recently been reported 
in the literature.

A positive linear correlation between BMD and the 
pedicle screw pullout strength has been demon
strated in many studies (26, 147, 166, 190). Soshi et 
al. (166) suggested the use of bone cement to enhance 
the fixation strength in cases with moderate osteo
porosis, but the fixation was found to be poor in se
vere osteoporosis even with bone cement. Okuyama 
et al. (123) also conducted the tilting test to deter
mine the load required to tilt the screw approxi
mately 4° in the cranial direction and found a posi
tive relationship between the tilting moment and 
BMD. These studies demonstrated the importance of 
assessing BMD before surgery to achieve a proper spi
nal fixation. However, these studies did not provide 
a threshold BMD value that indicates an early fixa
tion failure at the screw-bone interface.

Anterior Vertebral Screw  
Fixation Strength
Lim et al. performed two biomechanical tests to in
vestigate the relationship among the anterior verte
bral screw fixation strength, BMD of the vertebral 
body, and screw insertion torque. The first test was a 
pullout test (97). A positive linear correlation was 
found between the screw pullout strength and the 
BMD. The relationship was F = 1032.62 X BMD -  
360.265 (r = 0.85; p <0.001), where F = pullout 
strength (N) and BMD = bone mineral density of the 
vertebral body (g/cm )̂. The pullout strength also was 
correlated with screw insertion torque (r = 0.473, 
p <0.001). The stepwise regression revealed that 
the most significant predictor of the pullout strength 
was BMD.

The other test was a cyclic fatigue test in which 
fatigue loosening of a vertebral screw was induced 
(98). The screw loosening was defined as 1 mm dis
placement of the screw relative to bone, and the num
ber of loading cycles to induce the loosening (NLC) 
was used as the screw fixation strength. NLC had a 
significant nonlinear relationship with the BMD val
ues of the vertebral body measured using a DEXA

unit (NLC = -1190*BM D + 3168*BMD", p = 0.80). 
NLC was also found to have a nonlinear relationship 
with the screw insertion torque (p = 0.51) but a 
weaker correlation than with BMD. Because of this 
nonlinear relationship, an attempt was made to de
termine a threshold value of BMD. For this purpose, 
the specimens were divided into two groups: one 
with larger BMD and the other with smaller BMD 
than the assumed threshold value. When the thresh
old value was 0.45 g/cm"̂ , a highly significant differ
ence in mean NLCs was found (18 vs. 270, p = 0.003). 
These findings suggest that there may be a signifi
cantly higher risk of anterior vertebral screw loos
ening failure in the patients with grade III osteopo
rosis or severe grade II osteoporosis. However, testing 
a greater number of specimens as well as a clinical 
study would be recommended to determine a reliable 
threshold BMD value. Additionally, the magnitude 
of loading on the screw can vary depending on other 
factors. Thus, this threshold value of 0.45 g/cm  ̂
should not be used as a clinical value at this time.

Biomechanical Evaluation 
of Spinal Instrum entation
Spinal fixation devices can be evaluated biomechan- 
ically using three different types of biomechanical 
tests: strength, fatigue, and stability tests (128). 
Strength and fatigue tests are destructive in nature 
and usually are performed to evaluate the overall 
strength of the fixation device itself or the instru
mented construct. Nondestructive stability tests have 
been performed to assess the stabilizing effect pro
vided by a spinal instrumentation system under 
physiological loadings.

Great care must be taken in the interpretation of 
these biomechanical testing results. For example, a 
fixation device with a longer fatigue life does not nec
essarily provide a greater stabilizing effect. Thus, a 
complete understanding of each testing method and 
its own specific purpose is necessary for better eval
uation of a spinal fixation device.

Strength and Fatigue Tests
In strength tests, the load is applied, using a material 
testing machine in most cases, until failure occurs. 
The strength test can provide the information of load 
to failure, energy absorbed to failure, and stiffness. 
For example, the fixation strength at the bone-screw 
interface has been evaluated in terms of the pullout 
strength (load to failure) using a strength test. 
Strength tests also have been performed to estimate 
the overall strength afforded by the use of a particular 
instrumentation (9, 19, 61, 62, 74, 86). In these stud
ies, ligamentous spine segments were injured to 
mimic clinically relevant injuries and then were sta
bilized. The stabilized segments were subjected to 
various types of loading, such as flexion, extension.
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lateral bending, or axial torsion until failure. The 
load and resulting displacement at failure were com
pared with similar data obtained from the intact 
spines. The results of these studies showed that most 
of the tested devices were effective in restoring 
strength and stiffness over the intact specimens, al
though the degree of effectiveness varies among dif
ferent devices. As such, strength tests help to char
acterize the overall stiffness and strength of the 
spinal construct as well as those of each component 
in an instrumentation system. Results of strength 
tests provided valuable information for the design 
and clinical application. Neither of these studies, 
however, provide an insight into the load-displace- 
ment behavior of the stabilized and adjacent levels 
separately.

In fatigue tests, the test specimen undergoes the 
load with cyclically varying magnitudes at a certain 
rate. The cyclic loading is continued until failure oc
curs. The number of loading cycles to failure defines 
the fatigue life of the device at that load magnitude. 
For example, Cunningham et al. (30) evaluated 
twelve different pedicle screw instrumentation sys
tems implanted in polyethylene cylinders. The mean 
number of cycles to failure was significantly higher 
for the instrumentation systems employing longitu
dinal rods than those using plates under a 600 N com
pression load at 5 Hz. Cyclic loading tests using 
human cadaveric spines were also conducted to 
evaluate five different pedicle screw fixation systems 
(Zielke, VSP, AO Fixator Interne, Luque plate, and 
AO Notched plate) (10). Spinal constructs were sub
jected to axial loading of ±  450 N at 2 Hz until failure. 
Classic fatigue fractures occurred at the pedicle 
screw-plate junctions in all cases in which failure 
was noted, except in the Zielke system, which failed 
at the longitudinal threaded rod on the anterior as
pect of the vertebra.

The fatigue characteristics of the implant should 
be evaluated because the implant must maintain its 
function without failure until a solid fusion occurs. 
However, the destructive nature of the tests also al
lows the test only a few selected loading modes. Fur
thermore, the fatigue tests cannot provide any in
formation on biomechanical characteristics of the 
injured and stabilized site under various physiolog
ical loading modes, which may attract the most clin
ical concern.

Stability Tests 

TESTING METHODS

Because the major purpose of spinal instrumentation 
is to stabilize the decompressed or injured spine un
til solid fusion occurs, the stabilizing effect of a spi
nal implant should be assessed under the nonde
structive physiological loads. Stability tests have 
been used for this purpose. In the literature, stability

tests were performed in two different methods: stiff
ness method and flexibility method. In the stiffness 
method, one end of the spinal construct is fixed to 
the test table while the other end is held fixed to the 
cross-head of a testing machine, e.g., Instron or MTS. 
In contrast, the flexibility method involves loading 
the superiormost vertebra of the spinal construct in 
an unconstrained manner so that the resultant dis
placements of the tested construct can be multidirec
tional. The resulting displacements of each vertebra 
are measured using a three-dimensional motion anal
ysis system. In both methods, load-displacement 
curves were obtained and used to determine the stiff
ness (load/displacement) or the flexibility (displace
ment/load) for both the intact and the stabilized 
cases.

Although a standard protocol for the biomechan
ical test of spinal fixation devices has yet to be estab
lished, Panjabi (128) advocated the flexibility 
method for the stability test because, in this method, 
a load is applied to a free vertebra and the displace
ments are measured. This method allows natural 
multidirectional movement of the spine to take place, 
whereas the stiffness method allows the movement 
along the loading direction only. This multidirec
tional analysis addresses the importance of physio
logic three-dimensional kinematics and kinetics of 
the patient’s spine. The application of pure moments 
was also suggested for the stability tests because it 
provides constant bending moment at each level of 
the spine implant construct (Fig. 3.4). Such an ap
plication of constant bending moment is important 
because the weakest points in the construct can be 
identified.

Another concern is how to describe the stabilizing 
capability of an instrumentation system. Differences 
in measured flexibility (or displacements responding 
to the same load) between the intact and stabilized 
segments can be used to represent the stabilizing ef
fect. However, the quality and biomechanical char
acteristics of intact cadaveric spine specimens vary, 
greatly depending upon size, age, or sex. Absolute 
values of the measured displacements may include 
these variations, and the direct comparison of these 
absolute values may decrease the statistical signifi
cance. These interspecimen variations can be re
duced by normalizing the measured displacements 
of the stabilized spine with respect to those of the 
intact spine as suggested by Goel et al. (54). This nor
malized data are the percentage change of motion at 
a specific load that in fact represents the stabilizing 
effect. Thus, the use of this normalized data is rec
ommended to evaluate the stabilizing capability of a 
spinal instrumentation system.

Experim ental Studies
Numerous biomechanical studies of the stabilizing 
effect provided by various spinal fixation devices us-
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FIGURE 3.4.
Bending moment diagrams for three different methods of producing bending of the construct. A. Shear force applied at th 
free end produces increasing bending moment towards the fixed end. B. An anterior eccentric compression force produce 
variable bending moment as the construct deforms. C. A pure bending moment results in the most uniform loading of th 
construct. Adapted from Panjabi MM. Biomechanical evaluation of spinal fixation devices: I. A conceptual framework 
Spine 1988;13:1129-1134.

ing either a stiffness or a flexibility method have been 
reported in the literature. The common findings of 
the biomechanical studies of thoracolumbar and 
lumbar spinal instrumentations can be summarized 
as follows: 1) Anterior and posterior fixation devices 
are similarly effective in providing sufficient stability 
beyond the intact spine in axial compression, flexion, 
extension, and lateral bending; 2) Pedicle screw in
strumentation systems can provide greater stiffness 
than hook and rod systems; 3) Stabilizing effect of 
anterior and posterior segmental fixation systems are 
similar; and 4) None of the tested devices were found 
to restore the axial rotational stability beyond the in
tact level.

Biomechanical tests of cervical spinal instrumen
tation systems are relatively less than those of tho
racolumbar fixation devices. Biomechanical studies 
of C1-C2 fixation showed that the Magerl bilateral 
screw fixation of the lamina of C2 to the lateral 
masses of C l is stiffer than the C1-C2 Gallie type wir
ing technique in both flexion and axial rotation (65). 
Ulrich et al. (179) compared anterior and posterior 
cervical fixation procedures using cadaveric C5-C6 
segments in flexion. The authors concluded that the 
hook plate alone appeared to provide stability, 
whereas the use of interlaminar alone or anterior 
plate alone did not provide adequate stability. Coe et 
al. (25) also observed that a posterior plate and screw 
fixation is more stable than anterior plate fixation.

Load Sharing Mechanism  
in Spinal instrum entation
As reviewed in the previous section, most spinal in
strumentation systems using screws and plates (or 
rods) provide a rigid fixation. However, these rigid 
devices may cause the stress-shielding of vertebral 
bodies within the stabilized segments, leading to 
stress-induced osteopenia. Although yet to be proven 
clinically, in vivo canine studies tend to support this

FIGURE 3.5.
A schematic diagram showing load shearing between spi 
nal device and decompressed segment. Immediately afte 
surgery, majority of the applied load (F) will be transmitte 
through the plate (Fp) because of the decreased segmente 
stiffness, but more load (F<a) will be shifted to the segmer 
as it heals.

notion (95, 96, 112, 164). This hypothesis seems rea 
sonable because the spinal instrumentation provide 
a bypass of the applied load on the stabilized seg 
ment as depicted in Figure 3.5. The amount of loai 
transmitted through the decompressed segment vai 
ies as a function of the rigidity of the fixation devic 
as well as the structural characteristics of the tissu 
in between the stabilized vertebral bodies, such a 
the interbody bone graft or a degenerated disc.

Knowledge of redistribution of loads enhances ou 
understanding of the interaction between the spin 
and the spinal implant. In an experimental protoco
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FIG U R E 3 .6 .
Finite element models of the L3-L4 segment. A. Intact. B. The motion segment stabilized using a pedicle screw instrumen
tation after total laminectomy and facetectomy. A degenerated but intact intervertebral disc was simulated in the stabilized 
model.

however, it is almost impossible to address all the 
parameters that can be varied w îthin a given system. 
It is also not realistic to quantify the loads being im
posed on the spinal elements. In contrast, the finite 
element techniques have been used widely to ana
lyze the mechanical behavior of complex structures 
like the spine. Lim (95) investigated the load sharing 
mechanism in the stabilized spinal segment using 
highly detailed finite element models (Fig. 3.6).

Load Sharing in the Intact and 
Stabilized Motion Segm ent
Load sharing characteristics of the intact motion seg
ment can be explained by the facet contact force. In 
the compression mode, for 400 N or more of axial 
load, the total contactfforce (normal to the surface) 
across the two facet joints was computed to be ap
proximately 13.7%. (The percentage was a bit higher 
at lower load magnitudes, and smaller for higher load 
values). This is in agreement with findings of Lorenz 
at al. (102) (—15%). In the intact model, the incli
nation of the facet to the horizontal axis is approxi
mately 72°, and the axial component of total load on 
the facet would be approximately 4% . This is in 
agreement with Yang and King (19) and Shirazi-Adl 
and Drouin (161). These authors found the percent
age to vary between 2 to 13%, depending on the mag
nitude of accompanying flexion rotation.

However, in response to the various axial com
pression loads of 200,413, and 700 N, the axial forces

transmitted through the VSP plates predicted from 
the stabilized model were 75.8, 157.3, and 264.3 N, 
respectively, when the degenerated intervertebral 
disc was assumed. These responses showed approx
imately 38% of the externally applied compressive 
loads.

E jfect o f Varying Axial Stiffness 
of the Spinal Segm ent
Changes in load sharing characteristics of the stabi
lized motion segment were investigated as the axial 
stiffness of the decompressed motion segment varies. 
The parametric changes in the axial stiffness were 
simulated by varying the material properties (elastic 
modulus, E) of the ground substances that had re
placed the nucleus pulposus in the intervertebral 
disc of the stabilized model. E values used for the 
parametric study were 4.2, 8.4, 1000, and 2000 MPa. 
The extreme variations were E = 0 in case of a severe 
discectomy and E = 3500 MPa in case of interbody 
fusion. The severe discectomy, including total den- 
ucleation and excision of the disc annulus from the 
posterior aspect, was simulated by removing the cor
responding elements from the stabilized model. The 
posterior interbody fusion was modeled by replacing 
these parts with the elements representing the bone 
graft, whose elastic modulus was assumed to be the 
same as that of the posterior bony elements.

Varying amounts of the axial forces transmitted 
through the VSP plates in response to the axial com-
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TABLE 3.5 .
Axial Compression Forces Transmitted Through the 
Plate as the Young’s Modulus of the Disc Varies When 
an Axial Compression Force of 413 N is Applied on the 
Stabilized Motion Segment

Axial Percentage
Young's Modulus (MPa) Force (N) Ratio
0.0 (Severe D iscectom y) 413.0 100.0
4.2 178.9 43.4
8.4 157.3 38.0
1000 0 44.8 10.9
2000.0 41.8 10.1
3500.0 (PIBF) 37.5 9.1

PIBF =  posterior interbody fusion w ith  VSP system.
Data obtained from  Lim.

pression of 413 N (estimated load on the spine during 
quiet standing [155]) are listed in Table 3.5. These 
results show that the variations in the axial forces 
transmitted through the plates are large when the 
elastic modulus of the nucleus aspects of the disc is 
less than 1000 MPa. The values of the elastic modu
lus may vary depending on the actual condition of 
the intervertebral disc at surgery, but it should be less 
than those of the cancellous bone (100 MPa) if the 
intervertebral disc has no osteophytes. This may in
dicate that the load sharing characteristics may vary 
greatly from patient to patient unless the interbody 
fusion is indicated. Conversely, the variations were 
marginal (9.1% to 10.9%) when the elastic modulus 
was larger than 1000 MPa. Such a marginal variation 
may imply that the stiffness of the interbody graft 
material may not change the load sharing character
istics significantly. In the case of the posterior inter
body fusion with the pedicle screw instrumentation, 
the collapse or the subsidence of the graft material 
should be of a greater concern than the load sharing 
characteristics because approximately 90% or more 
of the applied load would be transmitted through the 
vertebral column when the elastic modulus of the 
graft material is larger than 1000 MPa.

E ffect o f Varying Rigidity o f the 
Posterior Instrumentation System
As depicted in Figure 3.5, the load sharing charac
teristics may be changed when the rigidity of the ped
icle screw instrumentation system varies. Such vari
ations are made by simulating the VSP system made 
of 316L stainless steel (ST), aluminum (AL), or Plex
iglass® (PL). For this purpose, the material properties 
of the elements for the VSP system are replaced with 
those of each material, and a degenerated interver
tebral disc is modeled in each case.

Use of AL and PL results in the 59% and 98% de
crease in the flexural rigidity of the VSP system, re
spectively, as compared with the use of ST plates. 
The amount of axial force transmitted through the 
plates was predicted to decrease as the rigidity of the 
VSP system decreased (38.1% of the applied load

TABLE 3.6 .
Von-Mises Stresses (MPa) in Various Structures in the 
Stabilized Motion Segment When an Axial Compression 
Force of 413 N is Applied on the Stabilized Motion 
Segment
Structures INTACT ST AL PL
Cortical bone M ax 1 98 2.04 2.13 2 07

Ave 1.83 1.51 1.67 1.82
Cancellous bone Max 0 19 0.15 0.17 0.19

Ave 0.11 0.07 0.09 0 09
D isc (ground Max 0 29 0.18 021 0 23

substance) Ave 0.21 0.12 0.14 0.16
plates M ax — 29 23 15.65 2 49

Ave — 16.75 8.30 0 90
S uperio r screws M ax — 39,62 12.68 2.94

Ave — 1675 2.21 0.63
In fe rio r screws M ax — 42.20 14.34 2.86

Ave 7.24 2.86 0.62

Data obtained from  Lim.

through the ST plates, 27.3% through the AL plates, 
and 16.6% through the PL plates).

The stress distribution changes in the stabilized 
motion segment caused by the fixations with various 
rigidities also reflect the stress-shielding effect of the 
pedicle screw instrumentation (Table 3.6). As the ri
gidity of the VSP system decreased, average stresses 
in bone regions immediately inferior to the superior 
screws and the ground substance of the intervertebral 
disc were predicted to increase while the stresses in 
the plates and screws decreased, as expected. In par
ticular, the maximum stress in the screws showed a 
steep decrease (42.2 MPa in ST screws, 14,3 MPa in 
AL screws, and 2.9 MPa in PL screws). In all stabi
lized models, however, the average stresses in these 
bone and disc regions were predicted to be still less 
than those in the intact model.

These studies of load-sharing mechanism clearly 
demonstrate that both the spinal segment and fixa
tion devices are important load supporting compo
nents. Particularly, when the spinal segments are 
grossly unstable, the load on the implant may exceed 
its failure strength, and thus the proper use of graft 
material is important for the prevention of hardware 
failure. However, the use of an extremely rigid plate 
could result in failure of fusion because of the stress 
shielding that may cause too little load on the healing 
grafted area and subsequent resorption of the graft. 
There must be an optimum range of stiffness of the 
unstable spine-graft-implant construct for fast and 
solid fusion to occur, but this ideal stiffness is not 
known at present.
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CHAPTER FOUR

History and Physical Examination 
of the Spine

Lee H. Riley

Introduction Cervical Spine
The history and physical examination are the first 
critical steps in the diagnosis and treatment of dis
orders of the spine. Attention to detail in this part of 
the process leads to a thoughtful, directed inquiry 
that is time and cost effective and thorough. Despite 
the seminal importance of these early steps, they are 
often compromised by the busy clinician who either 
delegates the task to others or relies more heavily on 
later diagnostic studies to fill in the gaps. The inter
view process itself can yield a wealth of information 
on the patient’s concerns, limitations, expectations, 
and attitude that can have a critical impact on the 
overall outcome, but are not readily apparent and are 
more nuanced than the presenting problem. The high 
false positive rate of advanced imaging studies, such 
as MRI and CT, further underscores the need to use 
these studies only to confirm clinical suspicions 
based on a complete history and physical examina
tion; it also emphasizes the folly of operations based 
on radiographic findings alone (2, 3, 13, 29). This 
chapter reviews the basic points of the history and 
physical examination of the cervical and thoraco
lumbar spine.

Degenerative Disorders

Presenting Symptoms
Neck pain is a common but nonspecific presenting 
problem in patients who have degenerative disorders 
of the cervical spine. Because neck pain itself occurs 
commonly in the general population (12), further in
quiry is necessary to establish the diagnosis. Non- 
spinal causes include derangements of the shoulder, 
cardiothoracic abnormalities, and craniovertebral pa
thology (17, 26). Spinal causes include tumor, infec
tion, degenerative disorders, and muscle and liga
mentous strain (Table 4.1).

Pain can be described either by its character (me
chanical or nonmechanical) or its location (axial or 
radicular). Mechanical pain tends to be associated 
with activity. It is relieved by rest and is progressive 
over the course of the day. Nonmechanical pain is 
independent of activity, is often worse at night, and 
is not relieved by rest or immobilization. Axial pain 
can occur from the base of the occiput to the shoul
ders and can extend down to between the scapulae.

91
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TABLE 4 .1 .
Differential Diagnosis of Cervical Disc Disease
Neurologic
M ultip le  sclerosis 
A m yo tro p h ic  latera l sclerosis 
Hydrocephalus 
Cervical cord  tu m o rs  
S yryngom ye lia
Peripheral nerve en trapm en t neuropath ies
Brachial p lexus in ju ry  or N euritis
Thoracic ou tle t syndrom e
Inflam m atory
Rheum ato id  a rth ritis
F ibros itis  (trigge r po in t syndrom e)
Po lym yalg ia  rheum atica 
Neoplastic  
M etasta tic disease 
P rim ary bone tu m o rs  
Pancoast tum ors  
Infectious
Vertebra l os teom ye litis /d isc itis
Prim ary shoulder and upper ex trem ity  problems
S ubarcrom ia l burs itis  
Calcific te n d in itis  
Biceps te nd in itis
Im p ingem en t syndrom e o f the  shou lder 
Rotator cu ff tear 
G lenohum era l a rth ritis  
Reflex sym pa the tic  dys trophy  
Cardiac ischemia

It is usually diffuse and associated with complaints 
of nonspecific shoulder or arm discomfort. It is not 
typically associated with paresthesia, numbness, or 
weakness in a radicular distribution.

Radicular pain is characterized by pain, dysesthe
sia, paresthesia, or numbness in a dermatomal dis
tribution. A history of axial neck pain that proceeds 
and is superseded by arm symptoms is common in 
radiculopathy caused by disc herniation. Clinically 
evident weakness is often not noticed by patients 
at the time of presentation because of its insidious 
onset and one’s unconscious accommodation to 
it (22).

Myelopathy presents with poorly characterized 
pain (5 ,6). It can be associated with neck, arm or leg 
pain in a nondermatomal pattern or with pain in a 
cervical dermatome. Vague sensory and motor symp
toms over a long period of time are also common. 
Difficulty with ambulation often begins subtly with 
difficulty walking over uneven ground and problems 
performing upper extremity fine motor functions, 
such as fastening buttons. Gait is slow and wide 
based (6). Lower extremity dysfunction and spasti
city often precede upper extremity symptoms. Upper 
extremity involvement with little lower extremity 
findings, however, does occur, affecting touch, pain, 
proprioception, and motor function (9, 10, 16, 21],

Dysphasia is a less common problem associated 
with cervical spine disorders. It can be caused by an

anterior osteophyte, tumor, or inflammatory mass ir
ritating the esophagus as it passes the anterior aspect 
of the cervical vertebral bodies (11). A careful phys
ical examination, including examination of the an
terior neck for masses, tenderness, and lymphade- 
nopathy, needs to be done when such symptoms are 
present.

Neurocentral joint osteophyte formation can lead 
to occlusion of the vertebral artery and Wallenberg’s 
syndrome, which was first described in 1895 (28). 
This syndrome is characterized by symptoms of dys
phasia and ipsilateral palatal weakness caused by in
volvement of the nucleus ambiguous; homolateral 
pain and temperature impairment of the face caused 
by involvement of the descending root of cranial 
nerve V; Horner’s syndrome in the homolateral eye 
caused by involvement of the descending sympa
thetic fibers; cerebellar dysfunction in the ipsilateral 
arm and leg from restiform body and cerebellar in
volvement; and ipsilateral pain and temperature dis
orders of the trunk and limbs caused by spinotha
lamic tract involvement.

Physical Examination
Physical examination should begin with observation. 
Gait abnormalities can be grossly assessed as the pa
tient is brought into the room. The patient’s posture 
should also be examined for loss of normal cervical 
lordosis, torticollis, guarding of the cervical spine, or 
spontaneous posturing to relieve symptoms, such as 
the shoulder abduction relief position which is 
highly suggestive of a cervical radiculopathy (Fig. 
4.1). Active range of motion of the neck should also 
be noted. Any adaptive behavior in response to weak
ness, such as using the opposite limb to position the 
arm, may also be evident at this time. This type of 
behavior can be particularly evident when shaking 
the patient’s hand, an action that involves shoulder 
and elbow flexion, wrist and hnger extension, and 
grip.

Asymmetry or spasm in paraspinal muscles and 
shoulder girdle, neck webbing, and atrophy of the 
neck, shoulder complex, arms, or hands should be 
documented. Surgical scars from previous spine or 
head and neck surgery and skin lesions should also 
be noted. Active range of motion should be recorded. 
A patient with normal range of motion should be able 
to place his or her chin near the chest, achieving ap
proximately 45° of flexion, extension of 75°, axial ro
tation of 75°, which allows the patient to place the 
chin on either shoulder, and lateral bending of 40°. 
Range of motion should be checked for asymmetry, 
and specific positions of the neck that incite symp
toms should be noted.

Physical examination should then proceed to pal
pation of the structures of the neck. The atlas is lo-
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FIGURE 4.1.
Patients with cervical radiculopathy can obtain relief of 
their symptoms by holding their shoulder in an abducted 
position to relieve nerve root tension.

Gated at the angle of the jaw and styloid. The hyoid 
is at the level of the C3 disk space, the thyroid is at 
the level of C 4-5, and the cricoid is at the level of C6. 
The carotid tubercle is also palpable in most in
stances at C6 although some anatomic variation does 
exist. Anteromedial to the sternocleidomastoid mus
cle lies the anterior lymphatic chain. This chain may 
be tender or swollen with upper respiratory infec
tions, but it can also be enlarged because of metas- 
tases. The supraclavicular region should also be pal
pated for masses, fullness, and cervical ribs.

Provocative Tests
Provocative and alleviating neck positions and ma
neuvers are useful in establishing the diagnosis. Po
sitions that incite maximum neck discomfort and ra
dicular symptoms, as well as positions that alleviate 
symptoms, should be documented.

Cervical spondylolysis often causes pain with ex
tension and rotation to the affected side. Muscular 
and ligamentous strain causes pain with both passive 
stretch of the affected muscles as well as opposed 
firing of that muscle. Abnormalities of the atlanto- 
occipital joint often present as pain with rotation and 
can be associated with an occipital headache.

Radicular symptoms can be increased with axial 
rotation of the neck and extension to the involved 
side (Fig. 4.2). This is known as the Spurling’s sign, 
which narrows the involved foramen. Manual com
pression on the head that causes an increase in symp
toms and a distraction that relieves arm pain is also 
highly suggestive of nerve root compression. The

FIGURE 4 .2 .
Radicular symptoms can be reproduced or exacerbated by 
axial rotation and extension of the neck to the involved side 
(Spurling’s sign) in cases of cervical radiculopathy.

shoulder abduction test or sign is often associated 
with cervical radiculopathy and is indicative of ex
tradural compression of the cervical nerve roots (7). 
Patients report relief of their radicular symptoms by 
placing their hand behind their head and by flexing 
their neck. The Valsalva maneuver is thought to in
crease abdominal pressure, thereby increasing the ce
rebral spinal fluid pressure, which causes an increase 
in pressure about the nerve roots (11). This again will 
cause an increase in radicular symptoms.

The Adson test can be useful in distinguishing tho
racic outlet syndrome from cervical radiculopathy. 
The shoulder is abducted and extended and the arm 
is rotated externally while the examiner palpates the 
radial pulse. The patient is then instructed to turn
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FIGURE 4 .3 .
A diminution or loss of the radial pulse occurs when the 
arm is abducted externally rotated and extended and the 
patient turns his or her head to the involved side and takes 
a deep breath in a positive Adson test

FIGURE 4 .4 .
An electric shock sensation is produced throughout the 
body with positioning of the head and neck causing spinal 
cord compression

his or her head toward the arm being tested and to 
take a deep breath (Fig 4 3) Obliteration or dimi
nution of the pulse is considered a positive test This 
result suggests compression of the subclavian artery 
from an extra cervical rib, scalenus anticus and sea 
lenus medius muscle compression or other causes 
Patients with subtle spinal cord irritation or com
pression may report an electric shock sensation 
through the body with neck flexion or extension 
This shock IS known as the L’Hermitte’s sign (Fig
4 4)

Neurologic Examination
The eight cervical nerve roots exit through a separate 
foramen The first seven exit above the corresponding 
vertebral body Cervical eight exits above the first 
thoracic vertebrae An occasional cross-over inner
vation can occur, and variations m root contribution 
to sensory, motor, and reflex function does exist (1) 
Intrinsic muscles of the neck are innervated both by 
cranial nerves and by anterior primary rami from cer
vical roots Their individual function can only be de 
termmed by EMG testing Anterior strap muscles 
above the hyoid are innervated by the hypoglossal 
nerve Anterior strap muscles below the hyoid are 
supplied by the ansa cervicalis The trapezius and 
sternocleidomastoid muscles are supplied by the spi
nal accessory nerve

Upper cervical nerve roots have less distinctive 
motor findings, and the diagnosis of upper cervical 
pathology is based more heavily on subjective re
porting of radicular pain and the sensory findings on 
physical examination Motor examination of the up 
per extremities involves testing of roots from C5 to 
T l, which form the cervical contribution to the bra
chial plexus

Testing by Nerve Root
The C3 nerve root produces sensation in the distri
bution of the posterior neck to the mastoid It has no 
reflex and nonspecific motor findings The C4 root 
has a sensory distribution involving the posterior 
neck to the scapula and the anterior chest It also has 
no reflex and nonspecific motor findings

The C5 root has a sensory distribution involving 
the lateral arm to the elbow There is some contri 
bution to the biceps reflex, however, this reflex pre
dominantly involves C6 Motor function is to the del
toid muscle, which should be tested with arms 
outstretched to each side to prevent contribution of 
the long head of the biceps

C6 sensation involves the radial forearm to the 
thumb The biceps and brachio radialis reflexes in
volve primarily the C6 nerve roots Motor function 
testing involves the biceps and wrist extensors Ex
tensor carpi ulnaris is innervated by C7, whereas the
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extensor carpi radialis longus and brevis are inner
vated by C6.

C7 sensation involves the mid radial forearm to the 
middle and possibly the index and ring fingers. The 
triceps reflex is primarily a C7 reflex. Motor function 
involves the triceps and wrist flexion. The flexion 
carpi radialis is C7 innervated, whereas the flexor 
carpi ulnaris receives C8 innervation. Extensor digi- 
torum communis, extensor digitorum indicis, and ex
tensor digiti quinti are all C7 distributed.

C8 sensation extends along the ulnar forearm to 
the little and ring fingers. There is no associated re
flex. Motor function involves the intrinsics and finger 
flexors and is expressed most commonly in de
creased wrist grip strength. T l sensation involves the 
medial upper arm. There is no associated reflex, and 
motor distribution involves the hand intrinsics.

Reflex Testing
Deep tendon reflexes are an expression of the balance 
of upper and lower motor-neuron function of a spe
cific segment (14). Anterior horn cell and lower mo

tor neuron involvement abolishes or diminishes 
deep tendon reflexes to the involved segment. In
volvement of the corticospinal tracts exaggerates the 
deep tendon reflexes below the level of the lesion.

The jaw reflex is a stretch reflex mediated by the 
trigeminal nerve that involves the masseter and tem
poralis muscles. With the mouth slightly open in the 
resting position, a finger is placed over the mental 
area of the chin and the finger is lightly tapped with 
a reflex hammer (Fig. 4.5). This maneuver normally 
causes the jaw to close. An absent or diminished re
flex suggests fifth cranial nerve pathology. A brisk 
reflex suggests an upper motor neuron lesion at the 
level of the brainstem (11).

The Scapulohumeral Reflex (Shimizu) provides 
useful information about cord dysfunction cranial to 
the C3 body level (23). The major muscles involved 
in the reflex are the upper portion of the trapezius, 
the levator scapulae, and the deltoid. It is elicited by 
tapping at the tip of the spine of scapula or at the 
acromion in a caudal direction (Fig. 4.6). When there 
is elevation of the scapula and/or abduction of the 
humerus, the reflex is classified as hyperactive. There 
is no normal or hypoactive reflex response.

The inverted radial reflex is suggestive of com
pression at C5-C6. There is a depressed brachial ra
dialis reflex with reciprocal spastic contractures of 
finger flexors when the distal brachioradialis tendon 
is struck (Fig. 4.7). This reflex is caused by involve
ment of the motor neuron fibers that are involved 
with the brachioradialis reflex; it is also caused by

FIGURE 4.5.
The jaw reflex involves the masseter and temporalis mus
cles and the fifth cranial nerve. Hyperreflexia suggests an 
upper motor neuron lesion at the level of the brainstem.

FIGURE 4 .6 .
Tapping the tip of the spine of the scapula and the acro
mion in a caudal direction elicits the scapulohumeral 
reflex.



9 6 SECTION I; PRINCIPLES AND DIAGNOSTIC TESTS

involvement of the fibers of the corticospinal tract 
that mediate the tendon reflexes involved in the 
lower segment of the cord (14, 20, 24).

A positive Hoffmann’s sign is another pathologic 
reflex suggestive of an upper motor neuron lesion in 
the cervical spine. It is positive if reflex finger flexion 
is elicited by sudden middle finger DIP joint exten
sion (Fig. 4.8).

The cremasteric reflex is elicited by stroking the 
inner thigh with the back of a reflex hammer. This 
normally causes the scrotal sac to be pulled upward. 
Absence is abnormal when other upper motor neuron 
lesion pathologic reflexes are present. Unilateral ab
sence is most indicative of lower motor neuron le
sions between L l and L2.

Other pathologic signs that can be elicited include 
the finger escape sign (21). This sign is positive if the 
patient is unable to hold the fingers in adduction and 
extension. The little and ring fingers falling into flex
ion and abduction in 30 seconds or less suggests cer
vical myelopathy (Fig. 4.9). The grip and release test 
is also suggestive of myelopathy (21). The patient is

FIGURE 4.7.
Stretching of the brachioradialis tendon causes spastic fin
ger flexor contraction in the inverted radial reflex.

asked to make a fist and extend the fingers repeti
tively. This normally can be performed 20 times in
10 seconds. Patients who have cervical myelopathy 
often fumble or slow down rapidly after only a few 
attempts. A positive Babinski’s sign is extension of 
the great toe with light plantar stimulation; this is 
also associated with an upper motor neuron lesion. 
Oppenheimer’s sign also produces extension of the 
great toe when a finger is run along the crest of the 
tibia. This normally causes either no reaction or pain. 
Clonus can be elicited by a short upper thrust of the 
ankle and forefoot. This causes repetitive motion of 
the ankle joint.

Thoracolumbar Spine
Thoracolumbar spine deformity is a common reason 
for referral of an adolescent to a spine surgeon. The 
reason that the evaluation is being sought sho-uld be 
determined. Deformity and pain are the two most 
common problems reported at initial examination. 
Deformity is often discovered on routine school 
screening or physical examination in the absence of 
pain or other symptoms. A greater awareness of sco
liosis as a result of formal school screening programs 
has led many parents to discover deformities them
selves and bring them to medical attention.

Pain is another common presenting complaint. 
The circumstances surrounding its onset should be 
determined. Often, it will begin insidiously without 
any associated trauma, but any history of associated 
trauma should be determined. Other associated 
events, such as increased pain with menses, need to 
be elicited. Hematocolpos secondary to imperforate 
hymen (15) is an uncommon but reported source of 
pain in young women. Pain that is worse at night 
suggests a nonmechanical origin to the pain and sug
gests that investigation into other causes should be

FIGURE 4 .8.
Holding the middle finger extended and suddenly extending the distal interphalangeal joint produces reflex finger and 
thumb flexion. A positive Hoffman’s sign is suggestive of spinal cord impingement, especially if asymmetric.
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FIGURE 4 .10 .
Forward bending test. A. Normal. B. Rib or trunk prom
inence caused by scoliosis or rotational deformity.

ated disc, or an osteoid osteoma. Range of motion 
should also be documented, not only for its magni
tude but for its effect on the curve itself and the pain 
it elicits. Normal range of motion of the thoracolum
bar spine is 85° of flexion, 50° of extension, 40° of 
lateral bending, and 45° of rotation. Tanner stage 
should be noted and recorded [18, 19).

With the patient lying down, hip range of motion 
should be determined and any hip flexion contrac
tures noted. Leg length should be measured. Abdom
inal examination should be performed to rule out any 
intra-abdominal cause of back pain. With the patient 
lying prone with arms at the sides, the flexibility of 
a kyphotic deformity can be assessed by asking the 
patient to raise the shoulders and head off the table. 
The examiner can also apply compression to the apex 
of the scoliotic deformity to get a rough estimation of 
its flexibility. A complete neurologic examination 
should also be performed and positive findings 
should be explored further. Any positive findings on 
the physical examination should guide subsequent 
diagnostic studies.

Lumbar Spine

Introduction
Over one-half of the population experiences at least 
one episode of low back pain that temporarily inter
feres with normal activities (25). Low back pain with 
two week or greater duration occurs cumulatively in 
13.8% of the general population (8).

Although the precise cause of low back pain can
not be clearly delineated in most cases, a careful his
tory and physical examination is necessary to iden
tify a small sub-group of individuals who have a 
pathology that requires diagnostic evaluation and 
nonsurgical or surgical intervention. It is also impor
tant to consider other causes of low back pain as part 
of the differential (Table 4.2).

History
The history should focus on the onset, location, char
acter, and associated factors related to the primary 
report of pain. Whether the pain occurred acutely or
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TABLE 4.2.
Differential Diagnosis of Low Back Pain

Congenital defects
Facet trop ism
Lumbanzation or sacralization 
Dysplastic spondylo lithes is  
Neoplasms
Metastatic tum ors
Primary bone tum ors  (benign and m alignant)
Intraspinal tum ors  (spinal cord  and nerve roo t tum ors)
Infections
Osteomyelitis
Epidural abscess
Discitis
Inflammations
Seronegative spondy litis  (ankylosing spondy litis , Reiter's 

syndrome, psoria tic spondy litis , and in fla m m a to ry  bow el 
diseases)

Sacrolilitis
Isolated disc resorption 
Metabolic diseases
Osteoporosis or osteom alacia 
Paget's disease 
Hyperparathyroidism 
Gout
Neurological diseases
Neuropathies
Demyelinating diseases
Transverse m yelitis
Trauma
Muscle strain
Ligamentous sprain
Compression fractures
Spondylolysis and spondy lo lithes is
Degenerative diseases
Herniated disc
Spinal stenosis
Mechanical ins tab ility
Visceral diseases
Genitourinary d isorders
Uterine and ovarian diseases
Gastrointestinal d isorders
Vascular diseases and aortic  aneurysm
Miscellaneous diseases
Piriformis syndrom e
Iliolumbar syndrom e
Facet syndrome
Ouaratus lum borum  syndrom e 
Meralgia paresthetica 
Vertebral sclerosis 
Postsurgical problems
Osteolysis J
Arachnodmitis
Instability
Post-fusion stenosis 
Recurrent disc hern ia tion  
Psychosocial problems
Compensation or litig a tio n  invo lvem en t
Drug addiction
Hysterical conversion state

insidiously should be determined. Its location—mid- 
line, paraspinous muscle region, buttocks, legs, or ra
dicular—should be determined. Patients should be 
asked specifically about the distribution of pain, tin
gling, and numbness. Radicular pain occurs in spe

cific deimatomal patterns of motor weakness, reflex, 
and sensory changes. Referred pain should not be 
confused with radicular symptoms. Sclerotomal pain 
can extend into the buttock, hips, groin, or distal 
thigh in a nonspecific pattern that needs to be distin
guished from the dermatomal pattern of radicular 
pain. Whether the onset of pain was related to work 
or trauma, and whether the patient is involved in lit
igation or a Workman’s Compensation claim, should 
also be elicited at this time. It is important to deter
mine whether the pain is mechanical (which is as
sociated with activity and relieved by rest), progres
sive over the course of the day, or nonmechanical.

Constitutional symptoms should also be deter
mined. Any recent weight loss, history of fevers, 
chills, or recent infections should be elicited, be
cause tumors or infection are common but fre- 
quently-missed sources of back pain. Relieving and 
exacerbating activities and all successful or unsuc
cessful prior attempts at conservative treatments 
should also be determined.

Physical Examination
The physical examination begins with an assessment 
of gait. A toe and heel walk should be performed. Toe 
walking can be used as a general assessment of S i 
motor function, and heel walk is a gross measure
ment of L4 and L5 motor strength. A single knee bend 
is used to assess quadriceps strength, which can be 
decreased from L3 or L4 nerve root involvement. 
Subtle motor weakness or early fatiguing can often 
be elicited by repetitive muscle testing and can be a 
subtle sign of nerve root involvement.

Physical examination can then proceed to assess
ment of the overall alignment of the cervical, tho
racic, and lumbar spine. Palpation, both in the mid
line and paraspinous muscle region, should be 
performed to elicit tenderness or note malalignment. 
Any tenderness or spasm in the paraspinous muscle 
region and sacroiliac region should be determined.

Forward flexion and extension and left and right 
lateral bending should be performed, both to assess 
the overall range of motion and to determine if pain 
is provoked by any of these maneuvers. The type of 
pain—low back, referred, or sciatic—should also be 
noted. Pain elicited in forward flexion suggests disc 
pathology, and extension suggests facet joint arthritis 
or spinal stenosis.

A thorough motor examination should be per
formed (10). S i  function is assessed by plantar flex
ion and eversion of the foot. Extensor hallucis longus 
strength is an indicator of L5 root function. Tibialis 
anterior strength is associated with L4 motor func
tion. Quadriceps strength is decreased with L3 and 
L4 root involvement. Iliopsoas weakness suggests LI 
and L2 nerve root dysfunction.

Light touch to pin prick deficits should be deter
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mined. There can be overlapping sensory distribu
tion of lumbar nerve roots. The sensory distribution 
of the S i  nerve root involves the posterior calf, the 
lateral foot, and the sole. L5 root sensation is distrib
uted over the lateral calf and the first dorsal web 
space. L4 root sensation involves the medial ankle 
and anterior aspect of the shin. Perianal and perineal 
sensation should be tested for S2, 3, and 4 nerve root 
function. Proprioception of both the lower and upper 
extremities should also be noted. Proprioception is 
often lost in both cervical spinal stenosis and neu
ropathy. A rectal examination should be performed 
to assess sphincter strength. Abnormal anal wink is 
suggestive of a sacral root involvement.

Reflexes should be tested for evidence of asym
metry and then compared to the upper extremities. 
Hyper-reflexia, clonus, and Babinski’s sign are im
portant indications of upper motor neuron in
volvement. L4 and S i  nerve root function affects the 
knee and ankle jerk, respectively. The posterior tibial 
reflex is the most specific for the L5 nerve, but it is 
difficult to elicit and is absent bilaterally in more 
than 50% of patients.

Provocative tests, such as the contralateral straight 
leg raise and reverse straight leg raise test, are also 
useful. The straight leg test can be performed either 
sitting or lying down, with the knees extended and 
the pelvis in a stable, fixed position. The degree at 
which the straight leg raise reproduces radicular 
symptoms is noted, as are the symptoms that are pro
duced. The straight leg raise test is only positive if it 
elicits radicular symptoms; it should not be consid
ered positive when back or thigh pain is provoked. 
The contralateral straight leg raise is a more sensitive 
measure of nerve irritability. The asymptomatic leg 
is elevated and elicits radicular pain in the contra
lateral symptomatic leg.

The bowstring test is tested on the symptomatic 
leg. The straight leg raise is performed until radicular 
symptoms are elicited. The knee is then flexed until 
the symptoms are relieved. Compression of the pop
liteal fossa is then performed, which should repro
duce radicular symptoms if the test is positive.

The prone straight leg raise test or femoral stretch 
test is used to test specifically for nerve root irritation 
of L3 and L4. This test should be performed with the 
knee in extension and should reproduce pain in a 
radicular pattern. Peripheral pulses should also be 
noted. Their absence is suggestive of vascular clau
dication.

Nonorganic physical sign testing can be a useful 
adjunct in the overall assessment of patients who 
have low back pain. The Waddell signs provide a 
simple screening tool to identify individuals who re
quire more formal psychologic testing as part of their 
overall assessment. These signs can be useful in rec
ognizing individuals whose psychologic component

to their disease may compromise their ultimate sur
gical outcome (27). The five types of physical signs 
are tenderness, simulation, distraction, regional, and 
overreaction. Three or more positive types of signs 
are suggestive of malingering, secondary gain, or a 
significant psychogenic component.

Nonorganic tenderness is defined as superficial or 
nonanatomic tenderness. The two simulation tests 
are the axial loading test and the rotation test. The 
axial loading test is positive when vertical loads ap
plied to the top of the head elicit back pain. A posi
tive rotation test occurs when rotation of the shoul
ders and pelvis in the same plane produces back 
pain. In the presence of root irritation, this maneuver 
may cause leg pain—this does not constitute a posi
tive test for nonorganic pain. Findings that are pres
ent on formal examination but absent with casual 
observation or reexamination using a different pro
vocative maneuver can suggest a nonorganic com
ponent. The “flip” test is employed commonly to 
elicit such findings. The straight leg raise test per
formed in a supine position will be substantially 
worse than when tested sitting.

Regional disturbances are widespread sensory or 
motor disturbances that do not correspond to specific 
neuroanatomic lesions. Often, both motor and sen
sory disturbances involve the same location, such as 
an entire limb or half of the body. Weakness on for
mal testing is give way or partial cogwheel weakness 
involving multiple muscle groups in a random non- 
neuroanatomic pattern. Sensory disturbances are 
characterized by light touch, pinprick, and other sen
sory modalities in a nondermatomal pattern that is 
commonly stocking-glove in nature.

Overreaction, the last of the physical signs during 
examination, can take the form of collapsing, sweat
ing, tremor, disproportionate muscle tension, facial 
expression, and verbalization. Exaggerated response 
to venipuncture or myelography can also be signifi
cant. Overreaction is the physical sign most prone to 
observer bias and cultural variation. Therefore, its 
significance must be weighed evenly with the other 
nonorganic signs found on physical examination.

Conclusion
A careful, focused history and physical examination 
is critical to providing good, cost-effective health 
care. Imaging studies should be ordered only after a 
differential diagnosis has been generated to mini
mize unnecessary testing. Individual patient con
cerns and needs and nonorganic components should 
be recognized and addressed because these elements 
can have a significant influence on the overall out
come. Attention to detail throughout this process 
leads to thorough and efficient diagnosis and man
agement of disorders of the spine.
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CHAPTER FIVE

Diagnostic Imaging of the Spine
Marc J. Levine and Scott D. Boden

Introduction Imaging Modalities
Recent advances in diagnostic imaging have greatly 
enhanced the physician’s ability to accurately diag
nose and treat spine pathology. However, these very 
technical advances have also increased the poten
tial for patient mismanagement. The temptation to 
“over” image the spine can be particularly dangerous 
in terms of leading to inappropriate treatment deci
sions. In worst case scenarios, unnecessary surgery 
is performed or subtle pathology is clouded by ob
vious but clinically incidental findings.

A thorough history and physical examination 
leads to a preliminary clinical diagnosis, which then 
predicates both the selection and timing of imaging 
tests. An appreciation of the sensitivity, specificity, 
and accuracy of various imaging modalities in con
junction with different disease processes can greatly 
refine interpretive skills. Efficient use of diagnostic 
imaging not only allows effective and timely patient 
management but also minimizes costly medical ex
penditures.

This chapter is separated into two sections. In the 
first, the strengths, weaknesses, and basic theory of 
the different imaging modalities are discussed. Spe
cifically, these imaging modalities include plain 
films, plain film tomography, discography, myelog
raphy, computerized axial tomography, magnetic 
resonance imaging, and the bone scan. The second 
section addresses the rationale for ordering these 
tests based on a variety of clinical findings.

Diagnostic tests should be used to confirm informa
tion ascertained during a comprehensive history and 
physical examination. One should not go “fishing” 
for a diagnosis by ordering multiple imaging tests, 
but instead carefully select studies based on a core of 
clinical findings. In addition, the temporal sequence 
in which each test is ordered must be tailored to a 
working diagnosis. Irresponsible testing can lead to 
unnecessary complications from invasive proce
dures. Furthermore, although difficult to measure, se
vere anxiety can occur when patients anticipate and 
undergo a diagnostic evaluation. It is therefore im
portant to have a basic understanding of modalities 
that are commonly used and to appreciate their ap
plication in specific clinical settings.

Plain Radiographs
Plain radiographs remain the most commonly or
dered modality for diagnosing spine pathology. It is 
estimated that over 4 million cervical and 7 million 
lumbar spine examinations are performed yearly in 
the United States (65). Unfortunately, many of these 
tests are prematurely obtained in patients who have 
self-limiting processes.

When used appropriately, the plain radiograph 
can be the first and only test needed to treat a patient 
or confirm the lack of injury. In many instances, it is 
used as an adjunct to additional modalities, such as

1 0 3
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the bone scan. Plain radiographs can adequately be 
used to follow diseases that affect the bony structure 
or alignment of the spinal column.

The main limitation of plain radiographs is its in
ability to demonstrate intraspinal or extraspinal soft 
tissue pathology. Another limitation is the inability 
to display early bone destruction from a pathologic 
process. It has been estimated that bone destruction 
must exceed 30 to 40% to be detected by plain ra
diographs.

Although no immediate complications result from 
routine radiography, axial skeletal radiographs do in
cur a significant amount of radiation exposure com
pared with studies of other areas. Radiographic ex
amination of the lumbosacral region delivers one of 
the highest doses of radiation to the skin, bone mar
row, and reproductive organs (19, 33, 110). Gonadal 
radiation exposure from lumbarsacral films is ex
ceeded only by colon and urologic examinations 
(19). Radiation exposure to the bone marrow and 
lungs for examination of the cervical, thoracic, and 
lumbar regions is equivalent in men and women. 
However, gonadal exposure is significantly greater in 
females during examination of the lumbar and lum
bosacral spine (65). Proper technique with careful at
tention to centering, coning, and calibration can re
duce the number of “repeated” films performed and 
can decrease patient exposure. Specific views that 
the examiner needs should be ordered clearly; use of 
terms such as “routine series” should be avoided. For 
instance, in following a child with scoliosis in the 
absence of a severe sagittal deformity, follow-up ra
diographs should consist only of PA films, which re
quire 25% of the radiation used to obtain a lateral 
view (87).

Plain Film Tomography
Conventional pluridirectional tomography (CPT) 
represents one of the earliest advances of routine ra
diography for imaging the spine (4, 71). Although 
rectilinear tomography is considered inferior to plur
idirectional tomography, CPT is more readily avail
able because of economic factors. Both types of 
tomography allow for multisegmental displays of 
images in the sagittal and coronal planes. Tradition
ally, plain film tomography is oriented parallel to a 
longitudinal axis and is superior to computerized ax
ial tomography (CT) for evaluating axially oriented 
structures such as the dens (50). Littleton points out 
possible indications for plain film tomography to in
clude evaluation of: 1) the longitudinal plane; 2) fine 
details; 3) subtle fractures; 4) fractures believed to be 
in the same plane as a CT section; and 5) a fusion 
mass in follow-up (72). In the absence of CT and mag
netic resonance imaging (MRI), plain film tomogra
phy may be the only alternative available for cross- 
sectional imaging.

Tomographic images are based on an x-ray source 
moving in one direction and a receiver moving in the 
opposite direction. Successful image production 
largely depends on the anatomic knowledge and ex
pertise of the technician. As with plain x-rays, plain 
film tomograms are unable to define intraspinous and 
extraspinous structures. The resolution capacity of 
tomography is approximately five lines per millime
ter, which is slightly less than routine radiographs 
but superior to reconstructed CT and MRI images 
(72). Characteristic “blurs” seen with tomography 
require an experienced interpreter to avoid over
reading normal images.

Discography
A discogram is an injection of dye into the interver- 
tebral disc space, usually performed under local an
esthesia. An abnormal discogram occurs when the 
dye is not contained within the confines of the disc 
space on the radiograph and when the injection re
produces the patient’s typical back or neck pain, both 
in character and distribution. Discography has been 
used in the cervical spine since 1957, in the lumbar 
spine since 1948, and it remains a controversial di
agnostic modality. Proponents of discography claim 
that it is sensitive and accurate for identifying pa
tients who have axial pain caused by intrinsic disc 
pathology (so-called “internal disc derangement” or 
“discogenic pain”). Others question the validity of 
this diagnosis or, more accurately, question the abil
ity of their being able to make the diagnosis reliably. 
Even if this test is considered valid, the treatment 
remains somewhat uncertain and the results some
what unpredictable, thus the continued controversy 
of discography (12). Generally, cervical discography 
is less reliable than lumbar discography. Particularly 
in the older population, the relative weakness of the 
cervical annulus compared with the lumbar annulus 
becomes compounded and may be responsible for an 
increase in false positive results. The indications for 
obtaining a discogram are few and may be limited to 
persistent low back or neck pain with or without ra
dicular symptoms in the face of a negative myelo
gram.

Discography is a provocative test, reflecting symp
tomatic morphologic changes of the disc resulting 
from various pathophysiologic processes. The inter
pretation and reporting of results are critical for prop
erly incorporating findings into a treatment plan. The 
following information should be included in all re
ports; injection volume and endpoints, concordance 
or nonconcordance to clinical symptoms, location 
and intensity of pain, and information regarding disc 
morphology (97).

As with any invasive procedure, there are inherent 
risks for complications. These risks include infec
tion, headaches, radicular pain, and needle breakage.



CHAPTER 5: DIAGNOSTIC IMAGING OF THE SPINE 1 0 5

Low back pain post-discography is a self-limiting 
condition that may persist for up to 10 days (42).

Myelography
Myelography has long been the “gold standard” for 
measuring neural compression in both the cervical 
and lumbar spine. Dye is injected into the dural sac 
and mixes with the cerebrospinal fluid (CSF). The 
outline of the contents of the dural sac can be visu
alized on x-ray film. Any extradural mass, such as a 
herniated disc, shows up as an impression in the dye 
column, whereas an intrathecal mass may appear as 
an outwardly protruding filling defect. Myelography 
is unable to differentiate disc protrusion from bony, 
malignant, infectious, or other extradural encroach
ments of the dural sac. The diagnostic accuracy of 
myelography is also questionable in cases of far lat
eral disease and in the lumbar spine at the L5-S1 
level where the epidural space may be large.

Originally, myelography was performed with oil-

based dyes, introduced in 1921, that had a relatively 
high complication rate, including headache, nausea, 
vomiting, seizures, arachnoiditis, and intrathecal 
scarring of the nerve roots (66). More recently, water 
soluble dye and nonionic contrast materials have al
lowed the detection of subtle changes in the contour 
and location of nerve roots with a decreased risk of 
complication (Fig. 5.1).

The primary advantage of myelography over other 
modalities, such as CT and MRI, is that myelography 
is a dynamic test that measures the ability of CSF to 
flow around any potential extradural lesion. In other 
words, when there is a block on the myelogram, it 
implies a functional block in the ability of CSF to 
pass by the lesion and it raises the level of severity 
of neural compression. It is difficult to ascertain this 
dynamic information on static examinations, such as 
CT or MRI.

Complications from myelography can occur as a 
result of either dye reactions or technical consider
ations. lophendylate (Pantopaque), a formerly used

FIGURE 5.1.
A, Post-myelogram oblique radiograph of lumbar spine demonstrating a block of dye at the L2-L3 and L3-L4 levels with 
reconstitution of the dye pool cranially. B. An anteroposterior radiograph of the same patient also showing blocks at the 
L2-L3 and L3-L4 levels. The etiology of this block cannot be determined by this study.
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oil-based contrast agent, was associated with a 25% 
risk of arachnoiditis (48). Complications from me- 
trizamide (Amipaque), which until recently was the 
most commonly used nonionic water soluble con
trast agent, are a result of pathophysiologic pro
cesses. Meningeal irritation may cause nausea, vom
iting, dizziness, and headache (52). Radicular pain, 
hyperesthesias, and retention may result from nerve 
irritation. Catastrophic complications, including 
quadriplegia and death, have also been reported (74,
94). Newer nonionic water soluble contrast agents, 
such as iohexol, have even fewer complications.

Computed Tomography
Computed tomography (CT) is currently the most 
versatile and widely available noninvasive modality 
for evaluating abnormalities of the spine. Multiple 
cross-sectional (axial) images of the spine are made 
at various levels, and with reformatting, coronal, sag
ittal, and three-dimensional images may be created. 
The CT scan demonstrates not only the bony config-

FIGURE 5.2.
Post-myelogram computerized axial tomogram showing 
central canal stenosis at L3 secondary to degenerative os
teophyte formation.

uration, but also the soft tissue in graded shadings, 
so that ligaments, nerve roots, free fat, and the inter- 
vertebral disc protrusions can be evaluated as they 
relate to their bony environment.

The CT scan is particularly useful for distinguish
ing between hard discs (osteophytes) and soft discs 
(herniated nucleus pulposus). In addition, CT is use
ful for localizing and finding the extent of neoplastic 
or infectious involvement in the spine, particularly 
as it relates to bony destruction and residual stability. 
The primary weakness of CT scanning remains its 
unreliability in demonstrating intrathecal pathology 
without the introduction of an intrathecal contrast 
agent (Fig. 5.2),

A post-myelogram CT may be performed to give 
better visualization of the spinal canal and its con
tents. Extradural tissues are also better delineated 
with this technique. Overall, a post-myelogram CT 
scan provides a more detailed picture of nenroana- 
tomic structures in relation to bony structures and 
soft tissue pathology.

The risks associated with CT/myelograms are dic
tated by the introduction of contrast dyes as previ
ously discussed.

M agnetic Resonance Imaging
Magnetic resonance imaging (MRI) is the newest and 
most technically advanced modality currently avail
able. The strengths of MRI lie in its ability to provide 
excellent soft tissue resolution and to characterize 
tissue pathology, MRI provides multiplanar images 
and avoids complications that may be associated 
with ionizing radiation and contrast injections. De
spite its universal acceptance and casual use, it re
mains the least understood spinal imaging tech
nique.

Fundamentally, an image is obtained by detection 
of extremely small differences in proton density in a 
magnetic field bombarded with short pulses of radio 
waves, which cause atoms to vibrate in a specific 
manner. More specifically, hydrogen atoms (protons) 
align themselves uniformly once a magnetic field is 
applied. A radiofrequency is then applied, which 
causes excitation of the protons to a higher energy 
state. Once the radiofrequency pulse is discontinued, 
the protons return to their previous state and in doing 
so release energy. This energy release is detected as 
the magnetic resonance signal (29). Still aligned to 
the applied magnetic field, the delivery of a pulsed 
radiofrequency can be repeated or altered. Numerous 
advances have been made since the inception of MRI.
A rudimentary understanding of the physics upon 
which MRI is based allows a physician to better in
terpret and use MRI.

As already outlined, an MRI image is based on the 
energy released during the transition of a proton from
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an excited state, secondary to a pulsed radiofre- 
quency, to a baseline state. The absorption and re
lease of energy between states is termed nuclear mag
netic resonance. The transition from a higher energy 
state to a baseline state is termed relaxation and is 
characterized by two independent time constants; T l 
and T2. T l reflects the longitudinal relaxation time, 
and T2 reflects the transverse relaxation time. The 
exact physics behind T l and T2 relaxation time are 
not as important as the appreciation that these are 
both intrinsic properties of biologic tissue (18). The 
magnetic resonance image is therefore dependent on 
these intrinsic properties and on the proton density, 
another intrinsic property.

Once the magnetic field strength has been deter
mined (typically either a high field strength magnet 
of 1.5 Telsa or a mid field strength 0.4 Telsa), ex
ploitation of the differences between the T l and T2

TABLE 5.1.
Tissue and Body Fluid Signal Intensity on MRI

Tissue or Body Fluid Tl-Weighted T2-Weighted
Cortical bone Low Low
Tendons and ligam ents Low Low
Fibrocartilage Low Low
Hyaline cartilage In term ediate In term ediate
Muscle In te rm edia te In term ediate
Free water (CSF) Low High
Abscess In term ediate High
Adipose tissue High In te rm ediate -H igh
Hemorrhage Variab le Variab le

intrinsic properties of imaged tissue is accomplished 
in two ways. The repetition time (TR), or time be
tween radiofrequency pulses, and the echo time (TE), 
or the time between application of the radiofre
quency pulse and the time of recording the MR sig
nal, can be altered. Both TR and TE times are deter
mined at the time of image acquisition. Therefore, by 
varying the TR and TE intervals, images can be “T l- 
weighted,” “T2-weighted,” or any combination in 
between.

Tl-weighted sequences show fat-related struc
tures with high signal intensity (bright] on images. 
They are produced with short TR (400 to 600 m illi
seconds) and short TE (5 to 30 milliseconds) inter
vals. T2-weighted sequences show hydrated struc
tures with high signal intensity (bright) on images. 
They are produced with long TR (1,500 to 3,000 
milliseconds) and long TE (60 to 120 milliseconds) 
intervals. Structures that are bright on Tl-weighted 
sequences will be dark on T2-weighted sequences, 
the converse of which is also true (Table 5.1) (Fig. 
5.3).

Spatial resolution, signal to noise (S/N) ratio, and 
contrast resolution are the three parameters that de
termine the quality of an MR image. Any improve
ment in image quality represents a combination of 
increased spatial resolution, increased S/N ratio, or 
enhanced contrast resolution.

Contrast resolution is the ability to discriminate 
between different tissue based on the intrinsic T l 
and T2 properties and on the proton density of dif

FIGURE 5.3.
A. Large L4-L5 herniated nucleus pulposus seen on Tl-weighted sagittal MRI sequence. B. Same lesion visualized with a 
T2-weighted sequence. C. Axial MRI image showing large amount of disc material (arrowheads) in the canal compressing 
the cord.
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ferent tissue. This is accomplished by adjusting the 
TR and TE intervals (Table 5.1),

Spatial resolution is the ability to delineate fine 
detail. The smallest size detectable is determined by 
slice thickness, field of view (FOV), and the size of 
the acquisition and display matrices. Spatial resolu
tion is defined in pixel units. To achieve improved 
spatial resolution, thin slices (3 mm) should be used 
with a large matrix. Generally, an inverse relation
ship exists between improved spatial resolution and 
S/N ratio. One exception occurs with the use of pos
terior surface coils, which, because of the relatively 
superficial position of the spine, allow for improved 
spatial resolution without decreasing the S/N ratio.

The S/N ratio is the relatively useful signal di
vided by the extraneous and distorted signal present 
during image acquisition. One way to improve the 
S/N ratio is to image larger volumes that have greater 
proton densities; however, this inevitably decreases 
spatial resolution. Again, posterior surface coils al
low for an improved S/N ratio without negatively af
fecting the spatial resolution. In fact, surface coils al
low for MR imaging of almost the entire spine (48 cm 
in length) with an adequate spatial resolution and 
S/N ratio on a single image acquisition (70). There
fore, surface coils improve the S/N ratio by affecting 
the numerator. By decreasing the time to image ac
quisition artifact, patient motion can be minimized, 
leading to a reduction in noise and an improved S/N 
ratio. Significant advances have been made in this 
area of magnetic resonance imaging since its incep
tion; these advances are known as fast-scanning tech
niques.

Gradient-echo imaging was the first of the fast- 
scanning techniques developed. The technique is 
based on gradients rather than a 180° radiofrequency 
to refocus spins. Both flip time and TR intervals are 
decreased (70). Besides the rapidity of image produc
tion, its greatest advantage is the ability to obtain thin 
images (1 mm) and 3D-volumetric thin-section axial 
images that are particularly useful in the cervical 
spine. Conventional 2D spin echos provide only 3- 
mm slices. In the absence of 180° radiofrequency re
focusing, gradient echo is more susceptible to arti
facts from tissue and motion.

Fast spin-echo (FSE) imaging is another fast scan
ning technique. First proposed by Hennig and refined 
by Melki in 1990, it has had a significant impact on 
MR imaging (68, 69, 84). Also known as RARE (Rapid 
Acquisition Relaxation Enhanced), sequence varia
tions include fast spin-echo and turbo-spin-echo. 
FSE/RARE provides good T2-weighted contrast in a 
fraction of the time required for a true spin-echo ac
quisition, with better resolution and S/N ratios than 
previously possible. This image sequence takes only 
a few minutes to yield images that require 10 minutes

if formatted with conventional T2-weighted tech
niques.

Before undergoing the MRI examination, each pa
tient must be questioned to determine if any contra
indications to the study exist. Absolute contraindi
cations include ferromagnetic cerebral aneurysmal 
clips, cardiac pacemakers, metallic foreign bodies in 
the orbit, and ferromagnetic cochlear or ocular im
plants (62, 63). Artifact can be predicted from any 
metallic implant and is minimized most with tita
nium implants when compared with steel. Patients 
should be counseled and prepared to lie motionless 
for long periods of time in what many consider 
a claustrophobic environment. Sedation is often 
needed, particularly when imaging the pediatric 
population.

Radionuclide Imaging
Radionuclide imaging, or bone scintography, is a 
good technique for imaging bone abnormalities. This 
noninvasive process detects pathophysiologic dis
turbances based on variations of blood flow and bone 
metabolism. Any process that disturbs the balance 
and results in an increased bone turnover is associ
ated with a greater concentration of radionuclide 
tracer on the bone scan. Interruption of blood flow to 
the bone results in an absence (cold spot) of tracer on 
the scan. A number of radiotracers have been used, 
including technetium-99m phosphate, gallium, and 
indium.

Technetium-99m remains the most commonly 
used radiotracer. A triple bone scan classically con
sists of two early phase readings and a final delayed 
reading. Image acquisition generally begins 2 to 4 
hours after an intravenous bolus. The early phase im
ages represent a dynamic state based on blood flow 
and blood pooling to an area. Changes in these early 
phases often are secondary to inflammatory or neo
plastic processes. The final and delayed image phase 
represents a more static state based on the metabolic 
activity of bone. Processes such as degenerative joint 
disease, healing fracture, and well treated osteomy
elitis may have increased uptake on the delayed 
phase image with little or no activity on the two ear
lier phase images. The exact mechanism by which 
technetium-99m binds is largely unknown, although 
uptake has been seen with both immature collagen 
and metabolically active bone (Fig. 5.4).

Gallium-67 citrate was the first agent used to spe
cifically diagnose infection. When used as an adjunct 
to bone scintography, gallium presents diagnostic 
difficulties because of its somewhat nonspecific 
binding characteristics. Sites of accumulation in
clude serum proteins, bacterial cell surfaces, leuko
cytes, liver, spleen, bone, hematopoietic marrow,
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FIGURE 5.4.
A. Technetium bone scan with focal uptake in the right lumbar L5 region (arrowhead) B. CT scan with classic appearance 
of an osteoid osteoma (arrow).

breasts, and salivary and lacrimal glands (111). The 
primary disadvantage of gallium is its nonspecificity, 
which causes particular difficulty in distinguishing 
hepatosplenic pathology from neighboring spine 
pathology.

The indium-111-labeled leukocyte scan is com
monly used to help differentiate pyogenic states. 
Indium-WBC preparation requires approximately 50 
mL of autologous blood with a white blood cell count 
of at least 5000 cells/mm^. The preparation time is 
approximately 2 hours, after which the labeled white 
blood cells are injected intravenously. The specific
ity and sensitivity of this technique is generally su
perior to the gallium scan for determining acute in
fections. The only difficulty in diagnosing spine 
infections occurs in the presence of red bone marrow, 
which also has an affinity for the indium-labeled leu
kocytes (111). Indium scans should be performed 
before antibiotic therapy is instituted, and they 
may be difficult to perform in immunocompromised 
individuals.

General Imaging Considerations
The decision of when to order an imaging test is al
most as important as the decision of which test to 
order. The reason is that the vast majority of causes 
of acute neck pain, back pain, or radiculopathy tend 
to have a favorable natural history resulting in im
provement with nonoperative management within 6 
to 8 weeks. Accordingly, with the exception of acute

trauma or presence of a progressive neurologic defi
cit, most degenerative conditions should be treated 
for at least six weeks before examination with more 
aggressive imaging modalities. In fact, plain radio
graphs are not necessary for most neck and back 
strains, or even in cases of sciatica, for at least 4 to 6 
weeks. The exception to this rule would be in pa
tients less than age 20 or older than 50. Other excep
tions include patients with a history of malignancy 
or a clinical examination consistent with tumor or 
infection.

To assess the true clinical performance of any di
agnostic study, the physician must know its sensitiv
ity, which is a reflection of the false negative results, 
or the ability of the test to detect disease when it is 
present. More relevant to the avoidance of overtreat
ment is the specificity of a test, which is a reflection 
of the false positive results, or the ability of the test 
to remain negative in the absence of disease. The re
mainder of this chapter addresses the authors’ ration
ale of using the various modalities based on clinical 
symptom groups.

Cervical Spine
Axial IVeck Pain

Neurologic sequelae secondary to cervical spine pa
thology can be divided into three categories: axial 
neck pain, radiculopathy, and myelopathy. In the ab
sence of clinical findings suggestive of infection, tu
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mor, inflammatory arthritides, and trauma, most 
cases of axial neck pain arise from degenerative 
changes of the disc and facet joints. The differential 
diagnosis for axial neck pain includes a multitude of 
referred sources, including tension headaches and 
localized muscle strains. For this reason, the clini
cian must be cautioned about the overimaging of ax
ial neck pain.

After an unsuccessful 6- to 8-week trial of non
operative therapy, the initial radiographic evaluation 
of the cervical spine should begin with plain radio
graphs. Anteroposterior, lateral, open mouth, and 
oblique films provide an adequate look at the cervical 
spine. This study is often sufficient to rule out any 
missed underlying pathologies. Destructive pro
cesses, including tumor and infection, may be re
vealed. If there is any concern regarding instability 
by history or from the initial plain radiographs, flex
ion/extension films should be the next test ordered.

Each sub-axial cervical spinal motion segment 
consists of five articulations, two uncovertebral 
joints, two facet joints, and the intervening cervical 
disc. As seen in other joints in the body, degenerative 
changes of cervical articulations can cause pain. The 
continuum of degenerative cervical disease may re
sult in both disc and bony pathology. Degenerative 
disc disease is seen on plain radiographs by a de
crease in disc space. A “vacuum disc” is the phe
nomena of gas production (92% nitrogen) by degen
erating discs represented by lucencies in the disc 
space on plain radiographs (92). The pathophysiol
ogy associated with disc degeneration includes a de
crease in proteoglycans and, more specifically, a de
crease in the chondroitin sulfate:keratin sulfate ratio. 
This decrease in proteoglycans contributes to disc 
dehydration, which is characteristic of the elderly 
population. On MRI, corresponding changes include 
a decrease signal intensity on T2-weighted images 
and an increase on Tl-weighted images.

Osteophyte formation, sclerosis, and deformity are 
common findings in degenerative cervical spine dis
ease. Erosive endplate changes are suggestive of in
flammatory arthritides. Careful assessment of osteo
phytes may aid in the diagnosis of nondegenerative 
arthritides. The marginal syndesmophytes of anky
losing spondylitis should not be confused with the 
nonmarginal syndesmophytes of diffuse idiopathic 
sclerosing hyperostosis (DISH), or Forestier’s disease.

Although plain radiographs may indicate degen
erative disease, it is dangerous to rely on this test for 
determining the etiology of axial neck pain. Gore et 
al. used lateral radiographs to study 200 asymptom
atic men and women between the ages of 20 and 65. 
Subjects were divided into five age groups, and 95% 
of men and 70% of women had evidence of degen
erative changes on x-ray. The authors concluded that 
although degenerative changes may be seen on x-ray.

these changes do not necessarily correlate with 
symptoms (46).

In the absence of myelopathy or radiculopathy, 
MRI plays a limited role in the evaluation of general 
axial neck pain. The inherent oversensitivity and 
high false positive rate of this test often complicates 
appropriate management. Boden et al. prospectively 
studied cervical MRIs obtained from 63 asymptom
atic volunteers and compared them to scans of 37 
symptomatic patients. In 19% of asymptomatic pa
tients, an abnormality of either a herniated nucleus 
pulposus, bulging disc, or stenosed foramina was 
found. This finding occurred in 19% of volunteers 
younger than age 40 and 28% of volunteers older 
than age 40. A degenerated disc, as evidenced by de
creased signal on T2-weighted sequences, was seen 
in 25% of those younger than 40 and in 56% of those 
older than 40 (14).

A thorough clinical examination, a careful man
agement plan, and an appreciation of surgical clini
cal outcomes helps prevent the treatment of inciden
tal findings or self-limiting processes. This is not to 
say that an MRI is never indicated for axial neck pain. 
For instance, in the presence of persistent nonradiat
ing axial neck pain despite appropriate management 
often up to 6 months, an MRI may help rule out any 
soft tissue pathology or insidious bony process. How
ever, a slightly bulging disc without radicular distri
bution should not prompt a surgical procedure.

Cervical Radiculopathy
Cervical radiculopathy is a clinical diagnosis based 
on a dermatomal distribution of pain, motor, and/or 
sensory changes. Any process that causes nerve root 
compression may lead to a cervical radiculopathy. 
Impingement may be brought about by retropulsed 
disc material, osteophytes, facet hypertrophy, or tu
mor, as well as by soft tissue pathology. Numerous 
studies have been used to diagnose this problem. Af
ter appropriate physical examination and initial 
management, a physician needs to intelligently 
choose an imaging test that will aid in designing a 
comprehensive treatment plan.

The role of plain radiographs in cervical radicu
lopathy is somewhat limited because they do not al
low for visualization of neurologic structures. How
ever, plain films may confirm the presence of 
degenerative changes seen as osteophyte formation 
or a decreased disc space. Dynamic lateral flexion/ 
extension films may help diagnose radicular symp
toms secondary to instability. The oblique cervical 
radiograph is useful in visualizing osteophyte for
mation that causes foraminal stenosis. Although 
plain radiographs are accepted widely as an initial 
screening imaging modality, Friedenberg and Miller 
showed that by the fifth decade, 25% of their asymp
tomatic patients had evidence of degenerative
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changes, and by the seventh decade this number rose 
to 75%. In fact, when comparing 92 asymptomatic 
patients to a group of age-matched symptomatic pa
tients, the only radiographic difference was a higher 
rate of degenerative changes at the C 5-6 and C6-7 
spaces in the symptomatic population (36).

The most informative imaging studies for evalua
tion of cervical radiculopathy are myelography, com 
puterized axial tomography, and magnetic resonance 
imaging. A cervical myelogram is performed by in
troducing dye into the thecal sac. The radiopaque 
contrast agent may be injected at the C1-C2 inter
space, which allows for visualization of the cervical 
neural elements as the dye progresses caudally by 
gravity.

Easy visualization can be complicated by inherent 
risks of improper needle placement at this level, 
which may be either neurologic or vascular. If dye is 
injected at the lumbar region, patients must be posi
tioned in such a fashion so that the dye is able to 
overcome gravity and flow cranially. The complica
tions from improper lumbar needle placement are 
normally less catastrophic than with the cervical ap
proach; however, timely visualization is more difli- 
cuh. There is also a risk of neural toxicity if cranially 
flowing agents pass through the foramen magnum (9j. 
As with all imaging modalities, abnormal findings 
must be clinically correlated. Hitselberger and Wit
ten reported a 21% incidence of a cervical spine fill
ing defects in 300 asymptomatic patients undergoing 
myelography for evaluation of acoustic tumors (55).

Myelography provides for adequate visualization 
of neuroanatomic structures but has little value when 
used alone for determining the etiology of nerve root 
impingement. Disc disease and osteophyte formation 
lead to mechanical obstruction of the nerve roots and 
spinal cord but often are indistinguishable by this 
modality. The accuracy of the cervical myelogram 
has been reported in the literature to range from 67% 
to 92% (9). For these reasons, myelography is often 
combined with CT scanning. Axial images of dye- 
injected neural elements allow for excellent visual
ization of nerve roots in relation to their bony en
casement. CT scan also allows for some soft tissue 
visualization, including disc material. By itself, CT 
scan may give adequate bony and soft tissue images. 
Compared with myelography, CT scan provides im
ages beyond dye blocks and localizes hypertrophic 
changes that may lead to foraminal stenosis. Com- 
hining these two techniques can help clarify clini
cal findings and often are integral to preoperative 
planning.

Magnetic resonance imaging has had a significant 
effect on the radiographic evaluation of cervical ra
diculopathy. Immediate advantages include its non- 
invasive protocol and its ability to image the entire 
cervical spine in one sitting. The disadvantage is the

relative decreased image quality when compared 
with the lumbar spine. The inadequate visualization 
of lateral foraminal stenosis is perhaps the biggest 
shortcoming of cervical MRI.

MRI examination of the cervical spine should in
clude both Tl-weighted and T2- weighted sequences. 
Tl-weighted sagittal examination of the cervical 
spine provides an excellent survey of the cervical 
spine. Intervertebral discs, spinal cord, thecal sac, 
and posterior elements are seen with clarity. The ax
ial Tl-weighted image emphasizes paraspinal and in- 
traspinal pathology, including spinal cord morphol
ogy, intrathecal nerve root anatomy, vertebral bodies, 
and posterior elements. Low signal intensity on T l- 
weighted images makes differentiation of the follow
ing structures difficult: the vertebral body cortex, the 
posterior annular-posterior longitudinal ligament 
complex, and the CSF in the adjacent thecal sac. As
sociated pathology, including small disc herniations, 
calcified ligaments, and small posterior bony verte
bral body spurs, may be obscured by this technique. 
T2-weighted images in which the CSF has high signal 
intensity provide excellent delineation of these 
structures. The result is an MRI scan with a “myelo- 
graphic” view of the spinal cord. Specifically, a 
RARE (fast spin echo), T2-weighted sequence is com
monly used to reduce artifact/noise, which often 
complicates the longer T2-weighted image sequence.

Numerous studies have compared the accuracy of 
myelography, CT scan with or without dye, and MRI. 
Modic et al. prospectively compared the accuracy of 
MRI, myelography, and CT-myelography in evaluat
ing patients with cervical radiculopathy. In this 
study, MRI was as sensitive as CT/myelography in 
the identification of a diseased segment but not as 
accurate in the exact identification of the disease pro
cess. Myelography alone was inferior to both studies. 
The authors concluded that an MRI accompanied by 
a plain CT scan provides excellent visualization of 
the cervical spine (81).

In summary, the authors believe that radiographic 
examination of cervical radiculopathy should begin 
with plain radiographs and then proceed to the ap
propriate noninvasive MRI sequences for preopera
tive evaluation. If there is any question as to the mag
nitude of lateral stenosis, quality of MRI, or extent of 
bony changes, a myelogram with a post-myelogram 
CT scan is warranted for preoperative planning. 
There is little role for tomography, discography, 
or bone scan in the evaluation of cervical radicu
lopathy.

Cervical Myelopathy
The etiology of cervical myelopathy is often multi
factorial. Congenital narrowing may be associated 
with degenerative changes of the disc or thecal im
pingement from osteophyte formation and instabil-
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FIGURE 5.5.
A. AP radiograph of cervical spine with evidence of degenerative facet changes (arrowheads]. B. Lateral radiograph of 
cervical spine with decreased disc space at the C5-C6 level, C. Cervical myelogram with narrowing of the dye pool at both 
the C3-C4 and C5-C6 levels. D. Post-myelogram CT scan with a spondylotic bar causing central stenosis and compression 
of the spinal cord at C5-C6.
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FIGURE S .5— continued
E. Post- myelogram CT scan with soft disc protrusion causing impingement of contrast dye at the C3-C4 level. F. Sagittal 
MRI showing a small herniated disc at the C3-C4 level. There is a herniation at the C5-C6 level consisting of a free fragment. 
G. Axial MRI at the C3-C4 level showing a bulging soft disc on the left. H. Axial MRI at the C5-C6 level showing a large 
fragment of disc material compressing the spinal cord.



1 1 4 SECTION I: PRINCIPLES AND DIAGNOSTIC TESTS

ity. Compression of the cord is the common finding 
in any mechanical cause of myelopathy, although 
vascular compromise should also be ruled out.

The entity of degenerative cervical myelopathy 
represents a continuum of cervical changes known 
as cervical spondylotic myelopathy (CSM). Brain and 
Wilkinson defined CSM as a progressive degenera
tion of the cervical disks and all of the surrounding 
structures, including the zygapophyseal joints and 
the joints of Luschka, as well as the formation of 
chondro-osseous spurs and thickening with infold
ing of the ligamentum flavum (16],

Plain radiographs, including flexion and exten
sion views of patients with cervical myelopathy, are 
helpful for screening malalignment and instability. 
In addition, a decrease in disc space may be sugges
tive of degenerative disc disease. Evaluation of the 
AP canal diameter may be assessed by plain radio
graphs. With a 72-inch target-film distance, the com
monly accepted canal diameter is roughly 17 to 18 
millimeters (43). A measurement less than 13 m illi
meters is considered stenotic by definition. Oblique 
views may reveal posterior osteophytic spurs, which 
can narrow the space available for the cord and lead 
to stenosis.

After plain radiographs, CT/myelography or MRI 
may be used to determine stenotic changes lead
ing to myelopathy. Visualization of degenerative 
changes, which include hyperostotic spurring of the 
vertebral body end-plates, uncinate processes, facet 
joints along with hypertrophied ligamentum flavum, 
and anterior facet capsules, allows for precise surgi
cal and nonsurgical management. Many patients pre
senting with myelopathic findings also have a radic
ular component to their examination. The next test 
chosen to evaluate either myelopathy or myeloradi
culopathy should have the capability to illustrate 
these cervical changes with bony and soft tissue com 
ponents.

Before the development of MRI, myelography and 
CT-myelography were the gold standard for evalua
tion of cervical radiculopathy, myelopathy, and mye
loradiculopathy. In an effort to avoid the invasive na
ture of CT-myelography, much attention in recent 
years has been aimed at improving the accuracy of 
MR sequences. Some studies suggest that MRI has 
been as effective as CT-myelography in evaluating 
cervical myelopathy (21, 57). Brown et al. looked at 
256 patients who were screened for cervical radicu
lopathy and myelopathy by MRI. 34 patients with 50 
diseased segments subsequently underwent surgery 
with a preoperative evaluation that included CT, my
elography, and CT myelography. Disease defined as 
herniated discs, bony canal stenosis, and intradural 
lesions was predicted accurately by MRI in 88% of 
patients compared with 81% for CT myelography, 
58% for myelography, and 50% for CAT scan. The

authors pointed out that in two patients, herniated 
discs in the lateral root canals were visualized more 
readily by CT myelography than by MRI. The authors 
concluded that plain films along with MRI should be 
the first studies performed for surgical evaluation of 
cervical radiculopathy and myelopathy, while CT 
myelography is preferred for follow-up examination 
(20).

MRI evaluation of the cervical spine is more dif
ficult than imaging of the lumbar spine. Standard sag
ittal T l-  and T2-weighted sequences accompanied by 
newer axial 3D thin-section gradient echo sequences 
have provided improved insight into the exact eti
ology of cervical stenosis. MRI provides an unparal
leled image of the spinal cord, allowing for measure
ment of cord volume, which many site as the best 
predictor of surgical outcome (37, 38). Shortcomings 
of MRI, particularly in the cervical spine, include dif
ficulty delineating structures at the interface of the 
posterior vertebral body and thecal sac as well as in
ferior bony definition (Fig. 5.5).

The radiographic approach to cervical myelopathy 
is difficult and somewhat dependent upon the qual
ity of imaging modalities available. Initial plain ra
diographs are typically followed by MRI studies. If 
the treatment regimen requires surgery, computer
ized axial tomography should be performed to better 
define bony structures. Furthermore, in the event that 
an MRI is unable to establish a precise diagnosis, my
elography may be added to the CAT scan study to 
clarify soft tissue and bony relationships. A physi
cian should not confuse health care cost containment 
with compromised patient care. If surgery is war
ranted, the precise approach and diagnosis must be 
established preoperatively because there is little or 
no role for exploratory surgery.

Lumbar Spine
The lifetime incidence of low back pain has been es
timated at 60 to 80% and that of sciatica estimated at 
40% (8). Roughly 50% of low back pain patients re
cover in two weeks and 90% recover in three months. 
Similarly, 50% of patients with sciatica recover in 1 
month, and 95% recover in 6 months (8). With these 
promising recuperative statistics, the temporal se
quence of ordering tests is as important as which 
test to order. The discussion of low back pain imag
ing is divided into evaluation of low back pain pre
dominant (both acute and chronic) and leg pain 
predominant.

Acute Low Back Pain
As previously mentioned, the natural history of acute 
low back pain precludes early radiographic imaging. 
Except in patients less than 20 year of age or greater 
than 50 years of age, the relative indications for plain
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radiographs at the time of first presentation include 
history of, mahgnancy, trauma, neurologic deficits, 
infection, or constitutional symptoms After 6 weeks 
ot persistent symptoms, despite appropriate non- 
operative management, plain radiographs, including 
anteroposterior and lateral, are obtained At this 
point, tumor, infection, spondyloarthropathy, msta- 
bihty, hip disease, and pars mterarticularis defects 
should be ruled out If a pars defect is suspected, ap
propriate studies include oblique radiographs fol
lowed by a CT scan Although degenerative changes 
including osteophyte formation, disc space narrow
ing, and facet hypertrophy are commonly found on 
plain radiographs, numerous studies have shown a 
poor correlation of these findings with clinical symp 
toms (102, 105, 107)

Mechanical low back pain caused by instability 
may be identified on lateral flexion and extension 
plain radiographs The ability to accurately identify 
instability by this modality is confounded by the lim
itations of biplanar radiography In fact, many be- 
heve that plain radiographs are unable to identify 
lumbar instability (1) The currently accepted defi
nition of lumbar instability based on sagittal trans
lation on flexion and extension views is instability 
greater than 3 mm (15, 88) Excessive angular rotatory 
change also can be identified on radiograph, al
though this may be more difficult

After plam radiographs, radionuclide (technetium 
99) bone scan may be helpful in finding infection, 
tumor or fracture not identified on x-ray In a study 
by De Nardo et al , 40% of patients with known met
astatic disease had positive bone scan in the face of 
normal x-rays (31) Other studies have shown the 
value of a bone scan m the face of negative x ray ex
ams particularly for tumor and fractures of osteo
porotic bone (95 96) The sensitivity of bone scan 
rehes on its ability to detect bone turnover, which 
■ilso makes it a very nonspecific test 

In the presence of acute low back pain with neg
ative bone scan and radiograph, further diagnostic 
imaging should be performed only when a specific 
clinical diagnosis is suspected MRI is often overused 
for the evaluation of acute low back pain In fact, be
cause most surgical procedures for degenerative 
causes of low back pain are not performed until after 
at least 6 months of nonoperative treatments, early 
MRI scans are discouraged because findings can 
change drastically over time and therefore alter pre- 
operative planning or discogram level selection

Chronic Low Back Pain
If the patient fails to improve after 6 to 10 weeks of 
treatment the physician can rule-out occult tumor or 
infection by bone scan After 4 to 6 months of low 
back pain, the physician may evaluate extraspinal 
( luses of low back pain and the presence of disc de

generation A noninvasive MRI with its capability for 
mtraspinal and extraspinal imaging is the modality 
of choice Fractures of the pars mterarticularis are 
best seen on Tl-weighted images, on which they are 
apparent long before detection by conventional ra
diographs or computerized axial tomography (61, 
115) The Tl-weighted image shows a hypotense sig
nal m the area of the pars mterarticularis In addition, 
a marrow signal intensity may be seen in the marrow 
of the pedicle adjacent to the spondylitic defect In
stability of the lumbar spine despite a normal ap
pearing disc space is represented by more subtle mar
row MRI changes Toyone et al reviewed 74 patients 
who had degenerative lumbar disc disease and iden
tified two types of marrow changes in patients with 
hypermobility, 70% had a decreased marrow signal, 
whereas 16% had an increased signal (104)

The magnetic resonance scan is now regarded as 
the best modality for visualization of degenerative 
disc disease The T2-weighted image will have de
creased intensity at the levels of degenerative discs 
because of relative dehydration The most common 
level for degenerative disc changes is between the 
fourth and fifth lumbar levels, followed by fifth lum 
bar and sacrum A young healthy disc appears bright 
on T2-weighted images and progressively darkens 
and loses height as the degenerative process ad
vances (116) Clinical correlation of symptoms and 
MRI findings is imperative when planning care for 
degenerative disc disease The incidence of MRI pos
itive disc disease m asymptomatic patients is age 
specific but ranges from 35 to 93% (14, 59) The de
generative disc changes seen on MRI often are 
accompanied by changes in the bone marrow of ad 
jacent vertebral bodies Modic et al identified three 
patterns Type 1-decreased signal intensity on T l- 
weighted spin echo images and increased signal in
tensity on T2-weighted images. Type 2-mcreased sig
nal intensity on T l weighted images and a normal or 
slightly increased intensity on T2-weighted images, 
and Type 3-hypotense signals on both T l- and T2- 
weighted images (82, 83)

If MRI reveals one or two isolated degenerative 
disc levels, the physician must determine if provoc
ative tests, such as discography, will aid in managing 
the patient with chronic low back pain Discography
IS superior to CT scan without contrast or myelogra 
phy for the identification of disc degeneration and 
annular tears, and it may be superior to MRI for iden 
tification of annular tears (6, 47, 78, 117) Because 
discography is a provocative test, the most important 
reporting criteria is the concordance of pain with dis
eased segments and the absence of pain during injec
tion of normal disc spaces Studies by both Holt and 
Walsh have emphasized the importance of pain con 
cordance when interpreting discography (99, 109) 
There are no prospective studies that have correlated
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the incidence of positive discograms to successful 
lumbar fusions.

Leg Pain Predominant
The patient with sciatica, regardless of the presence 
of low back pain, is approached differently than is 
the patient with predominantly low back pain. The 
need for emergent imaging is based on clinical find
ings suggestive of tumor, infection, trauma, or cauda 
equina syndrome with bowel or bladder symptoms. 
Most patients can be treated without imaging for 6 to 
8 weeks. Clearly, the maiority of sciatic symptoms 
occur as a result of a herniated nucleus pulposus 
(HNP) or spinal stenosis.

Aside from ruling out other etiologies, plain radi
ographs add little to the evaluation of leg pain sec
ondary to either stenosis or HNP. In the 1980s, com
puted tomography replaced myelography as the 
modality of choice for diagnosing a lumbar HNP (51), 
Schipper et al. reviewed over 450 patients and found 
the sensitivity and specificity of CT scan to be 
roughly 10% better than myelography. Computed 
tomography has proven particularly useful in diag
nosing far lateral disc herniations (44, 101). The 
combination of myelography and computed axial 
tomography has exceeded that of either study alone 
(45, 54, 108).

MR! is now considered to be the most sensitive test 
for diagnosing herniated discs. The importance of

clinical correlation has been brought out in work by 
Boden et al. who showed a 28% prevalence of disc 
herniations in asymptomatic volunteers (14). The 
possibility of distinguishing symptomatic from 
asymptomatic discs by visualizing gadolinium en
hancement of nerve roots is currently under investi
gation (30, 60, 103). MRI is superior to other modal
ities not only for identifying herniated discs but also 
for distinguishing between sequestered and con
tained fragments (64, 75, 98). This added information 
may assist the surgeon in removing offending disc 
material (Fig. 5.6).

Evaluation of neurogenic claudication associated 
with leg pain may be accomplished best by a post- 
myelographic CT scan or MRI. The CT/myelogram 
study allows for optimal visualization of bony struc
tures in patients who have stenosis. Hard discs and 
hypertrophic spurs are displayed readily along with 
the secondary compression of the neural elements. 
In addition, pedicle anatomy can be studied for po
tential intraoperative instrumentation. The severity 
of stenosis may be ascertained by the presence of 
complete blocks on myelography. With respect to 
MRI and stenosis, some feel this modality overexag- 
gerates thecal sac impingement.

Two less common causes of predominant leg pain 
with or without low back symptoms are facet cysts 
and isthmic spondylolisthesis. MRI provides ade
quate images of both processes. Facet cysts most

FIGURE 5 .6 .
A. T2-weighted image of a herniated imcleus p-ulposus at the L2-L3 level. B. Tl-weighted image of a herniated nucleus 
pulposus at the L2-L3 level. C. Axial MRI image of the L2-L3 HNP (arrowheads).
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HHi

FIGURE 5.7.
A. T2-weighted sagittal MRI with a typical high signal facet cyst (arrow) at the L4-L5 level. B. Large right facet cyst (closed 
arrow) and smaller left facet cyst (open arrow) seen on Tl-weighted axial MRI.

commonly occur at the junction of the fourth and 
fifth lumbar vertebrae. On MRI they appear as a dor
sal epidural mass of varying intensity [58, 73, 114). 
In one study of 17 patients with isthmic spondylolis
thesis, the parasagittal MRI showed abnormal images 
in all patients (5) (Fig. 5.7].

The role of discography in patients who predom
inantly report leg pain is limited. A tear in the an- 
nulus without herniation of disc material may allow 
for extravasation of enzymatic fluids leading to a ra
diculitis. In this situation, a discogram may show in
jected dye leaking through an annular tear near the 
affected nerve root [76).

Imaging of the Postoperative 
Lumbar Spine_______________________
The failure rate after initial lumbar spine surgery has 
been estimated to be between 15 and 40% , repre
senting 25, 000 to 50, 000 failures per year [56], The 
constellation of postoperative symptoms, including 
persistent low back pain sciatica and impairment, is 
known as failed back surgery syndrome (FBSS). Im
aging of the postoperative spine presents a set of

unique obstacles that must be overcome to properly 
manage this challenging patient population.

Leg Pain Predominant
Once mechanical instability, bony stenosis, and 
arachnoiditis have been ruled out, the two most com
mon causes of leg pain in FBSS are secondary to re
sidual or recurrent disc and scar formation. It is 
therefore imperative to distinguish adequately these 
two entities because the surgical outcome of each is 
drastically different. Whereas patients with retained 
fragments may benefit from further surgery, those 
with scar formation tend to do poorly (35).

Computed axial tomography with and without in
travenous contrast has been used to image the post
operative lumbar spine. The distinction between scar 
and disc has been shown to be approximately 75% 
with a range in the literature from 67 to 100% [23, 
56), On CT scan examination, discs are seen as areas 
of decreased attenuation frequently with a rim of 
enhancement. Epidural fibrosis demonstrates homo
geneous enhancement with intravenous contrast 
agents. In general, the unenhanced CT scan can be 
used to study mass effects, morphology, location, and
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density of offending tissue. Abnormal tissue that is 
seen above or below a disk space with evidence of 
thecal retraction and a linear pattern is more likely 
to represent scar formation (56).

MRI has quickly become the modality of choice for 
distinguishing between scar and disk in the postop
erative spine. Unenhanced MRI is reported to have 
an accuracy equivalent to contrast enhanced CT 
scanning (76 to 89%) (22, 23, 100). The diagnostic 
accuracy of enhanced MRI has been reported to be as 
high as 100% with a range of 96 to 100% (27, 56).

Postoperative scarring typically presents on MRI 
as an extradural mass of irregular configuration with 
unsharp margination and without disc space conti
nuity (41). As Genant points out, signal intensity de
pends on a number of factors, including scar mor
phology, fat content, age of the scar, vascularity, 
location, and inflammation. Initially, scars appear 
hyperintense on T2-weighted images because of in
flammatory factors leading to a relatively high water 
content. As the scar matures, the T2 signal becomes 
less intense as the amount of fibrosis increases. With 
maturity, scars become hypointense on both T l- and 
T2-weighted images. Non-ionic contrast agents such 
as Gadolinium-DTPA/dimeglumine enhance abnor
mal soft tissue changes. Early images (those taken 
within 10 minutes of injection) tend to highlight scar 
formation. Delayed images tend to have a more ho
mogeneous signal. It is postulated that the increased 
vascularity of scar allows for an early pooling of the 
contrast agent followed by an equilibration phase. 
This would explain the benefit for early phase im
aging of scar formation after the introduction of a 
contrast media. Both human and animal investiga
tions have shown that the optimal time for early 
phase imaging is within 5 to 6 minutes of contrast 
introduction (39).

Unlike postoperative scar, the morphology of re
sidual disc material includes sharply marginated 
globules contiguous with the index disc space. Fur
thermore, in contrast to scar, residual disc material 
is relatively avascular and behaves as such when im
aged with MRI. On Tl-weighted images, contrast is 
seen between residual disc and the hyperintense epi
dural fat and hypointense thecal sac. On T2-weighted 
image, contrast is seen next to the hyperintense the
cal sac. A mass effect with compression of the thecal 
sac is more typical for recurrent disc material than 
for scarring. Early post-gadolinium images usually 
appear isotense or hypointense because of the rela
tive avascularity of disc material. Delayed-phase im
aging, greater than 30 to 40 minutes, generally shows 
an increase in signal intensity most likely from the 
eventual equilibration of contrast agents (41).

The incidence of abnormal findings in asymptom
atic postoperative patients is unfortunately high for

both computed tomography and MRI. CT studies 
have shown a 44% incidence of postoperative 
changes consistent with preoperative pathology in 
both symptomatic and asymptomatic individuals 
(28). Work by Boden et al. demonstrated the progres
sion of image changes on MRI that occur within the 
first 6 months following lumbar surgery. The authors 
concluded that despite the use of gadolinium, man
agement decisions based on MRI findings obtained 
within the first 3 to 6 months after surgery should be 
done carefully. There is a series of normal postoper
ative changes in asymptomatic patients after suc
cessful discectomy which may demonstrate a mass 
effect initially and then resolve over time (13).

Arachnoiditis, another postoperative finding 
which complicates lumbar spine surgery, may be vi
sualized by gadolinium-enhanced MRI. Three dis
tinct patterns have been described by Delamarter et 
al. (32). Contrast enhancement of thickened nerve 
roots in the dural sac is seen in patients who have 
documented arachnoiditis.

Back Pain Predominant
It is estimated that of the many spinal fusions per
formed each year for instability, as many as 30 to 
40% have recurrent pain (25). The diagnosis of pseu
doarthrosis is often very difficult to make using con
ventional imaging modalities. Plain radiographs, 
conventional pluridirectional tomography (CPT), 
and CT scan may be useful for imaging gross struc
tural patterns but have a limited role in determining 
the functional stability of an arthrodesis. Careful in
terpretation of coronal CPT and 3-D CT scan images 
have at times offered supportive findings in the clin
ically suspect pseudoarthrosis. Only MRI has the 
potential to indicate the functional stability of an 
arthrodesis. The initial source of a bone graft de
termines its appearance on early MRI images. Be
cause of their high fat content, autogenous bone 
grafts appear bright on Tl-weighted images, whereas 
allografts show low signal intensity on both T l-  and 
T2-weighted images. In a structurally intact arthrod
esis, the subchondral bone of adjacent vertebral bod
ies has an increased signal intensity on Tl-weighted 
sequences. As the transmission of load is cir
cumvented through the fusion mass, the decrease in 
load bearing of the adjacent vertebra allows for fat 
replacement and this characteristic MRI imaging pat
tern (41). MRI characteristics for an unstable spine 
secondary to pseudoarthrosis include neighboring 
endplates with a low signal intensity on Tl-weighted 
images and high signal intensity on T2-weighted im
ages. These characteristics occur as a result of a con
stant inflammatory cycle secondary to lumbar spine 
instability (67). Unfortunately, diagnostic imaging of 
a failed arthrodesis remains a difficult problem for
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even experienced physicians and often requires sur
gical exploration to obtain a definitive diagnosis.

Infection____________________________
Infections of the spine have for many years posed a 
complex issue for both diagnosis and treatment. 
Along with the rising number of cases of acquired 
immunodeficiency disease syndrome (AIDS) has 
come an increase in the number of reported spine 
infections. Ninety-two percent of infected spines will 
present with a history of back pain, and the most 
common location is the lumbar spine (85).

Plain radiography often does not show any evi
dence of infection for the first 2 to 8 weeks of the 
disease process. Often the earliest sign of pyogenic 
osteomyelitis is evidence of paravertebral soft tissue 
swelling. The temporal sequence of findings on plain 
radiographs according to Wisneski include the fol
lowing: end plate erosion and decreased bone den
sity adjacent to disc spaces in the early stage; bony 
destruction at 3 to 6 weeks; and destruction and nar
rowing with sclerosis of the endplates at 8 weeks 
(112). Modic et al. found plain radiographs to have a 
sensitivity of 82%, a specificity of 57% , and an ac
curacy 73% for diagnosing spinal infections (79).

Radionuclide studies can be very helpful in diag
nosing early spine infection. The sensitivity and 
specificity of bone scan for detection of infection has 
been as high as 95% and 92% , respectively, com
pared with 32% and 89% for plain radiography (86). 
In the two early phases of a technetium scan, repre
senting blood flow and blood pooling hot spots are 
seen in the hyperemia infected vertebral bodies. In 
the third phase, diffuse patterns seen on earlier 
phases become more focal. Patients who are clini
cally suspected of having a spine infection with a 
negative technetium scan should undergo a gallium 
scan. As discussed earlier, gallium-67 citrate has an 
affinity for polymorphonuclear leukocytes and bac
teria. This modality is particularly useful for follow
ing infection because images will return to normal 
with the eradication of infection. Finally, indium la
beled white blood cell scans are particularly useful 
for detecting infection penetrance into surrounding 
soft tissue (112).

Magnetic resonance imaging has become the mo
dality of choice for diagnosing spine infections. MRI 
has been shown to have a sensitivity of 96% , a spec
ificity of 92%, and an accuracy of 94% , which is 
roughly equivalent to technetium and gallium scans 
when used together (80). However, the soft tissue vi
sualization that MRI affords is unparalleled. These 
details unique to MRI may dictate treatment proto
cols and predict neurologic sequelae. Standard MRI 
sequences should include T l- and T2-weighted im

ages as well as T l post-gadolinium imaging. On T l- 
weighted images, signal intensity of disc and verte
brate decreases in the presence of osteomyelitis. 
Conversely, on T2-weighted images, both disc and 
involved vertebrate appear hyperintense. Gadolin
ium adds to the sensitivity of diagnosing infection 
and plays a useful role in following the infectious 
process once therapy has begun (91). In addition, 
gadolinium-enhanced MRI is the modality of choice 
for imaging intraspinal cord infections. An enhanced 
and enlarged discreet lesion is visualized readily 
with the help of gadolinium. Finally, gadolinium- 
enhanced MRI has become recognized as the modal
ity of choice for imaging spinal cord diseases in pa
tients with AIDS (90) (Fig. 5.8).

Although most of the necessary information is 
available from MRI, typical bone changes and gas for
mation from abscesses are seen more readily on CT 
scan (17). CT scan changes consistent with tubercu-

FIGURE 5.8.
Destruction of L2 and L3 with involvement of the interven
ing disc space secondary to tuberculosis (Pott’s disease). 
Extension of lesion has lead to cauda equina compression 
(arrows) and neurologic deficits. Also found incidentally 
were hemangiomas of Ll and L4 (arrowheads).
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losis include anterior vertebral body destruction with 
disc space involvement resulting in narrowing along 
with calcification of paravertebral masses (24). In 
comparison to pyogenic infections, tuberculous 
spondylitis is less likely to be sclerotic or osteophytic 
but more apt to have multiple vertebral segments in
volved with calcification of paraspinal abscesses 
(65). Fungal infections of the spine are typically 
found in the immunocompromised population. Early 
in the clinical course there is involvement of the ver
tebral body that usually spares disc spaces. Paraspi
nal abscesses are common late in the course, whereas 
epidural lesions are relatively rare (93). Findings on 
post-myelogram computerized axial tomography 
suggestive of arachnoiditis include a loss of nerve 
root sleeve filling with a matting of nerve roots. An 
“empty sac” appearance in the lumbarsacral region 
may occur as a result of nerve roots adhering to 
the thecal sac (93). CT scan can be used to assess 
the degree of bone destruction when making deci
sions about potential instability and reconstructive 
options.

Tu m o r Im aging
The spine is the most common place for skeletal me- 
tastases to occur. Roughly 5% of all patients with a 
malignancy will have metastatic disease to the spine 
(11). The most common metastatic tumors of the 
spine metastasize from the breast, lung, prostate, and 
lymphatic system. Along with multiple myeloma, 
these metastatic diseases represent 60% of metastatic 
disease in one review of 2800 cases (77).

The evaluation and staging of spine tumors gen
erally include up to four imaging modalities. Plain 
radiographs, radionuclide scans, CT scan, and MRI 
all play a role in diagnosing and treating tumors of 
the spine. The pathophysiology, clinical workup, 
and treatment protocol for specific tumors will be 
discussed in a later chapter.

Although the value of plain radiographs in spine 
tumor evaluation may be argued, it is typically the 
first imaging modality to be obtained. In the presence 
of gross vertebral destruction, plain radiographs may 
be helpful in making a diagnosis. Plain radiographs 
show spinal deformity such as progressive kyphosis 
resulting from collapse of vertebral bodies and can 
be monitored on serial studies. This information may 
be helpful in formulating a treatment plan; however, 
these changes occur later in the clinical course of 
metastatic disease. It has been theorized that because 
of the relatively rich vascular supply of the vertebral 
body, the preponderance of metastatic disease is 
found anteriorly. In contrast, most tumors of the pos
terior elements are benign or have primary charac
teristics. Osteoblastomas, aneurysmal bone cysts, 
and osteoid osteomas are three of the more common

benign tumors found in the posterior elements. The 
general guidelines presented here concerning ante
rior versus posterior lesions have many exceptions 
and should not supersede clinical suspicions. Radio- 
graphically, pedicle destruction and not vertebral 
body destruction is often the first radiographic evi
dence of metastatic disease. On an AP view of the 
spine, destruction of a single pedicle results in the 
“winking owl sign.” Because destruction of 30 to 
40% of the vertebral body is needed before detection 
by routine radiographs, the “winking owl” sign often 
is the first clue to the presence of metastatic disease 
(49).

In the absence of a neurologic deficit, the first two 
modalities ordered may be plain radiographs and ra
dionuclide imaging. Radionuclide imaging is a sen
sitive test that is part of the preliminary evaluation 
of persistent back pain in the absence of radiculop
athy and myelopathy. Patients suspected of having a 
spinal tumor, whether it be from a primary posterior 
element tumor (i.e., osteoid osteoma) or a metastatic 
process of the anterior column, are screened ade
quately with a technetium-99 bone scan. Focal up
take is seen in regions with an increase in bone turn
over, particularly in areas that have new bone being 
laid. This blastic process and the associated in
creased local vascularity produce “hot” scans (49). 
The focal uptake seen on the initial phase of bone 
scanning directly reflects this increased vascularity.

The formation of woven bone in response to tumor 
infiltration is responsible for the increased uptake 
seen in the second or delayed phase of technetium 
scintography. This pathophysiology on which tech- 
netium-99 scans are based allows for detection of 
tumors up to 18 months earlier than with routine 
radiographs (40). The false negative rate of ra
dionuclide imaging has been as low as 2% compared 
with 50% for plain radiographs. This highly sensitive 
test not only enables the physician to evaluate pa
tients with back pain, but also, through serial scans, 
allows the physician to follow patients with known 
primary malignancies predisposed to axial and ap
pendicular metastases. Initial bone scanning for back 
pain may also show focal uptake at the site of the 
primary organ malignancy, expediting comprehen
sive care of the patient and making technetium scans 
an excellent first line imaging modality.

Unfortunately, the very mechanism that provides 
bone scans with a high sensitivity is also responsible 
for the relative nonspecificity of this test. Any con
dition that is associated with an increased osteoblas
tic process and vascularity may portray a “hot scan.” 
Bone scans are therefore unable to differentiate be
tween tumor, infection, osteoarthritis, and fracture. 
Another disadvantage of bone scan is its inability to 
emphasize a specific “hot spot” as the source of pain 
or neurologic deficit when multiple areas of the spine
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show an increased uptake. Similarly, technetium 
scans cannot be used to follow the progression of a 
destructive process. False negative bone scans may 
occur despite the presence of a tumorous condition 
if there is little reactive bone formation or little in
crease in vascularity, which may occur with slow 
growing lesions. Certain malignancies routinely have 
a negative or “cold” scan. Multiple myeloma is the 
most common primary malignancy of the spine but 
has a cold scan in an estimated 40%  of lesions. A 
disproportionately greater amount of osteoclastic 
versus osteoblastic activity is responsible for this 
phenomenon (113).

Before the development of MRI, post-myelography 
CT scans were instrumental for evaluating spine tu
mors. The ability to delineate both destructive and 
reactive bony structures perhaps remains its biggest 
contribution in imaging spine tumors. Preopera- 
tively, a CT scan with axial and 3D reconstruction 
images is often useful for planning both surgical re
section and reconstruction. The limited field of view 
inherent to CT scan studies remains one of its biggest 
drawbacks. In a review of 62 patients with myelo- 
graphic evidence of cord compression, 6 patients had 
a second site of compression separated by an average 
of 12 vertebral segments (10).

MRI has become the modality of choice for local
izing spine tumors. For radiographic purposes, these 
tumors may be organized into four categories based

on location: 1] intramedullary, 2] intradural-extra- 
medullary, 3) extradural, and 4) osseous. Numerous 
studies have shown MRI to be the most accurate 
study for intramedullary pathology (53, 89). Because 
of differences between signal intensity of blood, cyst, 
and tumor, MRI is able to provide insight into the 
character of the lesion. Intramedullary cord tumors 
may be isointense or hypointense on Tl-weighted 
images and isointense or hyperintense on T2- 
weighted images. Intradural-extramedullary lesions 
are best imaged with the addition of gadolinium. Car- 
mody et al. found the specificity and accuracy of MRI 
and myelography to be approximately equal for in
tradural-extramedullary lesions. In the same study, 
however, a significant difference was seen between 
myelography and MRI when imaging extradural 
masses. The sensitivity and specificity of MRI was 
73% and 90% , respectively, versus 49%  and 88% 
respectively for myelography. The authors suggested 
MRI to be the preferred first imaging modality for 
studying cord compression (26).

MRI imaging of osseous lesions of the spine largely 
depends on the replacement and destruction of red 
and yellow marrow components. Red marrow is com
posed of 40%  water, 40% fat, and 20% protein, 
whereas yellow marrow is composed of 15% water, 
80% fat, and 5% protein. Tl-weighted images be
come hypointense in fat depleting processes. How
ever, it is the T2-weighted sequences that are used to

FIGURE 5.9.
A. CT scan of a well ciTcumscribed lytic lesion of the posterior elements of C2 consistent with an aneurysmal bone cyst.
B. Arteriogram of lesion revealing a prominent vascular supply (arrow).
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FIGURE 5 .10 .
A. Atraumatic compression fractures of T i l  and L l, B. Sagittal MRI with nonhomogeneous signals at the T i l  and L I levels. 
C. CT scan of T i l  revealing a destructive lesion causing cord compression (arrowheads) consistent with multiple myeloma.

best image pathologic tissue usually with a relative 
increased water content from inflammatory pro
cesses or increased vascularity. If the degree of bone 
destruction is not clear on the MR scan, then a CT 
scan will provide complementary information nec
essary for decisions about spine structural stability 
and reconstructive options.

The distinction between a simple compression 
fracture and a pathologic fracture secondary to tumor 
is particularly difficult. No current consensus exists 
as to the value of MRI for making this diagnosis. One 
study reported chronic benign fractures as having a 
homogeneous isotense signal on both T l  and T2 
weighted sequences. Pathologic vertebral fractures 
had a decreased signal intensity on T l images and an 
increased signal on T2 images. Acute benign frac
tures were also found to have increased signal inten
sity on T2 images but were inhomogeneous in their 
signal (7).

The differentiation between tumor and infection 
is another often difficult clinical and radiographic di
agnosis. An et al. reviewed the radiographic studies 
of patients who had proven spine infection or tumor 
and found MRI to be superior to other modalities for 
making this distinction. Based on their work, the au
thors made five observations regarding the use of MRI 
for distinguishing between tumor and infection. In
volvement of disc space and adjacent vertebral bod
ies with decreased signal intensity on Tl-weighted

images and increased signal intensity on T2- 
weighted images was the most consistent finding for 
vertebral osteomyelitis. End plate destruction was 
more common with infection than with tumor. Infec
tion processes were more apt to have contiguous ver
tebral involvement. Fat planes were regionally dis
rupted with infection while only focally disrupted or 
intact with tumor (3) (Figs. 5.9, 5.10).

Spine Traum a Im aging
Patients that present with an apparent traumatic 
spine fracture should have plain films obtained of 
their entire spine, including the sacral region. Sev
eral studies have shown an incidence of noncontig
uous fractures in patients who have apparent isolated 
traumatic vertebrate injuries (2, 106). The standard 
cervical spine films include anteroposterior, lateral, 
and open mouth views; some physicians prefer to 
add oblique views, particularly if facet disruption 
has occurred. It is important to visualize the entire 
cervical spine, from the occiput-Cl articulation to the 
C7-T1 articulation. If imaging of the cervicothoracic 
junction is difficult, a swimmer’s view or Twinning 
view allows evaluation of this region. Visualization 
of the thoracic and lumbar region is obtained ade
quately with anteroposterior and lateral radiographs. 
Again, some institutions advocate oblique films of 
the lumbar region. The role of dynamic plain radio
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FIGURE 5.11.
A. Lateral radiograph of an L3 burst fracture. B. CT scan of burst fracture with retropulsed bone resuUing in canal compro
mise (arrows).

graphs in the setting of acute trauma is somewhat 
dependent on the judgment of the physician. With
out evidence of cervical injury on plain radiographs 
and a low energy of injury, erect flexion/extension 
films may be obtained. However, if there is a mod
erate question as to cervical stability, despite normal 
radiographs, flexion/extension films can be obtained 
with the patient supine while sequentially altering 
head position with pillows. Alternatively, in patients 
with significant neck pain and a normal neck series, 
patients may be maintained in a cervical collar and 
imaged with flexion/extension views in 2 weeks dur
ing an ofirce follow-up. In the absence of a neurologic 
deficit, the next modality obtained should be a CT 
scan with 3-mm slices. CT scan examination should 
be performed as dictated based on plain radiographs 
and physical examination. These axial images along 
with 3D reconstruction are often the basis for non
operative and preoperative treatment protocols. Frac
tures of the dens often are better visualized with lon
gitudinal conventional pluridirectional tomography. 
In the presence of a neurologic deficit, MRI is the 
modality of choice for imaging the spinal cord. Cord 
compression from bony or soft tissue structures can 
be identified readily. Spinal cord pathology is best

visualized with T2-weighted sequences, although 
both T1 and T2 sequences should be obtained. Gra
dient echo sequences are the most sensitive for de
tecting hemosiderin deposits. In patients requiring a 
cervical reduction, some studies advocate MRI im
aging of the spine before any attempted reduction. 
MRI allows for the identification of traumatic herni
ated discs that may cause catastrophic complications 
if unrecognized before cervical reduction (34) (Fig. 
5.11).

Sum m ary_______________________________
Diagnostic imaging of the spine is perhaps second in 
importance only to taking a history and performing 
a physical examination for evaluating spinal pathol
ogy. The development and refinement of advanced 
modalities have provided for a vast improvement in 
the visualization of spine anatomy. In some cases, 
this very advancement has caused confusion as to 
what and when to order which test. To maximize im
aging of pathology and minimize unnecessary test
ing, it behooves the physician to have a basic under
standing of the advantages and limitations of each 
study ordered. The choice and temporal sequence of
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TABLE 5.2 .
Suggested Imaging Modality Utilization

M o d a lity
P a th o lo g y
Neck pain 
Cerv radic 
Cerv myel 
LBP (acute) 
LBP (chron) 
LBP/Leg 
Postop 
Infect 
Tunnor 
Trauma

X -ray

1
1
1
1
1
1

1
1
1

T om os M ye lo CT CT/M yelo MRI

3
2
2

2
2
Kgad)

D isco

4

BS

2

Suggested order in which modalities are ordered until a diagnosis is made The temporal sequence has been well outlined in this chapter Certain 
choices depend on specific clinical scenanos and presumed diagnoses For example, in the case of an odontoid fracture identified on plain films, 
the physician may order tomograms, particularly if CT scan 3 D reconstructions are not available In other cervical spine fractures, the CT scan
IS consistently the second image modality obtained

stu d y  is b ased  on th e  c lin ic ia n ’s w ell th o u g h t out 
w ork in g d iagn osis b ased  on p atien t sy m p to m ato lo g y  
B y h avin g  a g en eral u n d erstan d in g  of im aging m o 
d alities an d  se lectiv e ly  o rd erin g  tests , th e  p h y sician  
can  e xp ed ite  efficien t p a tien t care  in  an  eco n o m ic  
fash ion  (Table 5 2).
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CHAPTER SIX

Electrodiagnosis and Intraoperative 
Monitoring in Disorders of the 
Spinal Cord and Nerve Roots

Paul E. Barkhaus and Safwan S. Jaradeh

Electrodiagnosis

Introduction
Electrodiagnosis (EDX) is a general term that in
cludes evoked potentials (EPs), electroneurography 
(nerve conduction studies) and electromyography 
(EMG). Strictly speaking, EMG is the needle elec
trode examination of the muscles. In current par
lance, however, the term has also come to include 
electroneurography and is referred to as such in this 
chapter. Collectively, these techniques are used in 
the electrophysiologic evaluation of diseases of the 
spinal cord, nerve, and muscle. EDX procedures have 
been in clinical use for over 40 years and have con
tinued to evolve with advances in instrumentation 
and computerization.

Intraoperative monitoring (lOM) is not a diagnos
tic procedure per se. lOM is an EDX technique that 
most commonly uses somatosensory evoked poten
tials (SEPs) to monitor the electrophysiologic integ
rity of the nervous system (for our purposes here, the 
spinal cord and nerve roots) during surgery. Addi
tional monitoring techniques of the motor tracts may 
also he used, including magnetic stimulation and di
rect stimulation of the spinal cord. lOM is considered 
in more detail in a separate, final section.

The purpose of this chapter is to highlight the es
sential aspects of EDX techniques along with their 
clinical applications and limitations. For more infor
mation on methodological details, basic anatomy, 
and physiology, the reader is referred to one of sev
eral comprehensive reference texts on EDX (4 ,13 ,14 , 
27, 54). Many abbreviations commonly used in EDX 
are used in this chapter. They are discussed in the 
text and are listed again at the end of the chapter.

Usage o f EDX in Clinical Practice
Before discussing the traditional anatomy and phys
iology involved in EDX, a review the application of 
EDX in clinical practice is appropriate. Physicians, 
even within the same specialty, may vary in their ap
proach to the evaluation of clinical problems. EDX is 
no exception. Like any other test, maximum benefit 
is obtained when the physician who is managing the 
patient has reasonable knowledge of how EDX can 
improve his/her understanding of the clinical prob
lem. This becomes very important as external eco
nomic pressures on the physician increase to resolve 
clinical problems in the most cost-efficient manner 
possible, yet to maintain a high standard of care.

As a general principle, EDX should not be used to 
subsidize or supplant an incomplete history or phys

1 2 9



1 3 0 SECTION I: PRINCIPLES AND DIAGNOSTIC TESTS

ical examination of the patient. This only com
pounds the original incomplete understanding of the 
patient’s problem. The exception would be the pa
tient who, for whatever reason, cannot give an ac
curate history or on whom the physical examination 
is “non-physiologic” (e.g., apparent weakness on for
mal resistance testing yet reflexes are normal and ob
servation of the patient’s functional motor move
ments appear uncompromised) (95).

To further consider the use of EDX in clinical prac
tice, it may be helpful to fall back on the poet Rud- 
yard Kipling’s “six honest serving men” (55):
1. What specific EDX tests should be ordered? This 

answer varies with the clinical problem and the 
experience of the referring physician. For radicu
lopathies and similar lesions in which other pro
cesses such as neuropathies need to be excluded, 
a thorough EMG should be sufficient. In some lab
oratories, other EDX testing, such as EPs, may be 
employed (3, 4). In diagnostic testing, SEPs tend 
to be employed more in central disorders (i.e., spi
nal cord and brain). Anatomic structures with their 
EDX correlate are shown in Table 6.1.

In ordering an EMG, it is important for the phy
sician to specify precisely the clinical problem. 
Succinct requests such as “right arm” are not very 
helpful. Taken literally, this problem requires sim
ple observation rather than an EMG! On the re
verse end of the spectrum, there are the rare phy
sicians who meticulously specify every nerve 
conduction and muscle they wish studied. The 
findings on an EMG study cannot always be pre
dicted, and the electromyographer must have flex
ibility to formulate a complete study. A common 
example is when an EMG for a cervical radiculop
athy is requested. In performing the pre-procedure 
clinical examination and the actual procedure, ev
idence for a polyneuropathy may be found and 
additional nerves outside of the extremity in ques-

TABLE 6 .1 .
Anatomic Structural Levels of the Peripheral Nervous 
System and Their Electrodiagnostic Correlate
A n a to m ic  
S tru c tu re
M otor units 

• M otor axons

• Neuromuscular 
Junctions

• Muscle fibers 
Sensory axons

C o rre sp o n d in g  E le c tro d ia g n o s tic  
M e th o d s  o f  A ssessm en t
Needle electrode examination 
M otor nerve distal latencies and 

conductions (distal segments), F 
waves, H waves (proximal segments) 

Repetitive m otor nerve stim ulation, single 
fiber electromyography (jitter or 
stability)

Needle electrode examination 
Sensory nerve distal latencies and 

conductions (distal segments), H waves 
(proximal segments), somatosensory 
evoked potentials (proximal segments 
and central pathways)

tion might need evaluation. Finally, the referring 
physician should consult with the electromyog
rapher before requesting uncommon studies (e.g. 
nerve root stimulation): this is to ascertain 
whether the study requested can be done in that 
particular laboratory, and if so, whether reference 
(i.e., normal) data are available to allow adequate 
interpretation.

2. Why use EDX? The remarkable advances in imag
ing procedures of the spine and spinal cord would 
seem to relegate the use of EDX to disorders of the 
nervous system other than radiculopathy and my
elopathy caused by spine disease. Each has its 
unique niche: imaging elucidates the structural as
pects of the anatomy in question while EDX ad
dresses the functional or physiologic aspects of the 
spinal cord and nerve roots. Each is complemen
tary to the other. Apparent “abnormalities” are 
common in the spine, such as asymptomatic her
niated discs occurring as incidental findings (49, 
90). These incidental findings have prompted cau
tion in correlating structural findings with clinical 
symptoms. In other words, a “picture” of a pager 
does not necessarily imply that it is “beeping.” 
Finding evidence for active denervation in the 
myotome supplied by a structural spine abnor
mality, however, lends weight to the suspicion 
that the lesion is clinically significant.

EMG has another important role. EDX can also 
quantitate or determine the severity of the neuro
logic condition. For example, the presence of a 
herniated disc does not necessarily mean that a 
completely physiologically compromised root ex
ists. There is a spectrum of physiologic nerve dys
function ranging from mild neurapraxia to varying 
degrees of axonal loss. Such information can en
able the treating physician to better “quantify” or 
gauge the severity of the lesion and determine ap
propriate treatment options.

3. When should EDX testing be ordered? This de
pends on the questions being posed in light of the 
pathophysiology of the injury (67). Abnormalities 
in the needle electrode examination follow a fairly 
predictable course after a nerve or nerve root in
jury (see upcoming section on pathophysiology of 
denervation/reinnervation of motor nerve fibers). 
Based on the expected evolution of changes, one 
can approximate the chronicity of a lesion. Nerve 
conductions and SEPs are less helpful in dating 
lesions with respect to chronicity (see same sec
tion). If an axon is focally interrupted along its 
length, the distal segment may remain excitable for 
approximately 5 days depending on the length of 
the truncated segment. Excitability may remain 
slightly longer in proximal lesions and slightly less 
in distal ones (67). In otherwise uncomplicated
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cases (e.g., no polyneuropathy present), nerve con
duction studies should be delayed for 5 to 7 days 
to avoid spurious normal results.

In patients with a discrete injury, the clinician 
can time the EDX study apropos to the clinical 
questions posed. In a patient without a history for 
a discrete injury or cause, it may be more useful 
to wait until definite evidence for denervation 
(i.e., fibrillation potentials) would be anticipated 
so that only one EMG study need be done to pro
vide optimal localization. Some patients may be 
complicated by the presence of other disorders of 
the peripheral nervous system (e.g., polyneuro
pathy). In such cases, it may be preferable to per
form a baseline study immediately after injury be
cause the “baseline study” is expected to be 
abnormal for other reasons. When, for instance, 
denervation from a new lesion is expected to man
ifest, a limited repeat EDX examination can focus 
on “newer” changes among the “established” or 
chronic abnormal hndings.

Repeat studies in radiculopathy are seldom in
dicated. Such circumstances include the presence 
of other complicating neurologic disease as pre
viously mentioned, uncertainties in timing of on
set of the process (i.e., when did the denervation 
begin . . .  at time of injury?), or changes in the pa
tient’s clinical status. Serial studies to “monitor” 
the progression of a radiculopathy are uncom
monly indicated. In lesions of a plexus or periph
eral nerves, however, repeat studies may be indi
cated to assess reinnervation. This in turn may 
have important implications in management, i.e., 
timing of surgical exploration. The electrophysi- 
ologic changes expected in denervation/reinner
vation and how the motor unit remodels (84) are 
described later in the chapter and in Table 6.2.

4 How should EDX studies be ordered? The longer 
the chain of communication from the ordering 
physician to the EDX laboratory, the greater the 
chance for error or omission. If consult forms are

used, the physician ordering the procedure should 
take the responsibility for completing it or perhaps 
cross copy the EDX laboratory his/her written eval
uation of the patient, which could include details 
of the EDX testing desired.

5. W here should the laboratory for EDX studies be 
located? Current use of improved instrumentation 
makes the site of laboratory less prone to the id
iosyncrasies of an institution’s electrical system. If 
possible, EDX studies are best performed in an ex
perienced laboratory that has its own reference 
data (1). This also tends to reduce technical artifact 
and potential damage to equipment from unnec
essary movement.

“Portable” EMG studies can be performed at the 
bedside of a hospitalized patient. They should be 
avoided if at all possible to reduce technical prob
lems and potential damage to equipment. In cases 
in which a patient is bedridden and/or in traction, 
it may be better to request that the electrodiagnos
tic physician clinically evaluate the patient first to 
determine whether the timing of the study is op
timal vis-a-vis the questions posed and to ensure 
that the anatomy to be studied is accessible. Lim
itations in the latter situation caused by body po
sition, casting, or presence of other orthopedic in
strumentation may impose significant limitations 
on a proposed EMG study.

6. Who should perform EDX studies? The authors of 
this chapter defer to the guidelines as outlined by 
the American Association of Electrodiagnostic 
Medicine (1). The EDX study should be planned 
by a physician who has appropriate training and 
experience in EDX after the request/clinical infor
mation has been reviewed and the patient exam
ined.

Although technicians may assist in procedures 
such as the nerve conductions and EPs, the needle 
electrode examination should be performed by a 
physician with appropriate training in EDX. EDX,

TABLE 6.2.
Chronology of Neurogenic Changes (i.e., denervation/reinnervation) in the Needle Electrode Examination (EMG) of 
Muscle in Acute Radiculopathy with Axonal Loss

M o to r  U n it  A c t io n  P o te n tia ls
Time after In se rtio n a l F ib r illa tio n F a sc icu la tio n A m p litu d e /A re a /
Lesion A c t iv ity P o te n tia ls P o te n tia ls R e c ru itm e n t D u ra tio n C o m p le x ity S ta b ili ty
Preinjury Normal Absent Absent Normal Normal Normal Stable
Acute Increased Absent Rare Reduced Normal Normal Usually

(14-21 days) stable
Subacute Increased Present: Maximal Rare Reduced Normal Normal M ild ly

(>21 days) number unstable
Recent Normal to Present' Maximal Rare Reduced May see mild Mild Unstable

(1-3 months) mcreased Number increases increase
Chronic Usually Present Rare Reduced Variable increase in Increase M ild ly

(>6 months) normal 1 Number and size depending unstable
j  Am plitude on seventy to  stable



1 3 2  SECTION I: PRINCIPLES AND DIAGNOSTIC TESTS

particularly the needle electrode examination, is 
not the same as other electrodiagnostic tests where 
recordings can be placed on hard copy (e.g., paper 
print out] in a highly standardized manner for off 
line analysis by a physician. The EDX physician 
must be present to continually monitor the quality 
of the data acquired. EDX requires a constant as
sessment of the diagnostic hypothesis as each new 
piece of data is acquired. EDX may be considered 
an extension of the physical examination, and as 
such, within the purview of the practice of medi
cine.

The synthesis of the data obtained to generate a 
report and interpretation presumes a detailed 
understanding of the normal anatomy and phy
siology of the nervous system and an under
standing of the pathologic processes involved. In 
the authors’ experience, the most common reason 
for being asked to “repeat” a study has been 
that the original study was incomplete, with arti
facts posing as apparent pathology being a close 
second.

Applied Anatomy and Physiology
From an electrodiagnostic perspective, the funda
mental anatomic unit studied on the needle electrode 
examination is the motor unit (MU). The MU is com
posed of the anterior horn cell, its axon, the neuro
muscular junctions its terminal axonal branches 
form, and all the muscle fibers that these terminal 
branches innervate (2). The number of muscle fibers 
supplied by a single motor neuron is referred to as 
the innervation ratio. Estimates of this ratio vary 
widely between muscles. In extraocular muscles, 
it may be approximately 1:10 in contrast to prox
imal limb muscles, which have estimates of 1:500. 
There are also different functional types of MUs. In 
humans, there are three types of MUs based on re
cruitment threshold (16). In routine EMG, only the 
lower threshold MUs are typically recorded and mea
sured except when describing the recruitment/inter- 
ference pattern when the higher threshold MUs are 
activated.

A myotome refers to that group of motor axons 
emerging from a single spinal root that supply inner
vation to a number of muscles. Conversely, muscles 
typically receive variable numbers of motor efferent 
nerve fibers from 2 to 3 myotomes (i.e., roots) (53, 78). 
For purposes of clinical localization, Schliak (82) has 
proposed the concept of segmental pointer muscles. 
This concept involves the use of certain muscles, by 
virtue of their innervation, to precisely localize le
sions. It is thought that the most precise and consis
tent segmental root innervations are to the multifidus 
(i.e., the deep medial paraspinal musculature) and 
thoracic intercostal muscles (82). In practice, how
ever, neither of these muscle groups are segmentally 
identifiable by clinical examination, or by EMG

study, because of the inevitable overlap in segmental 
(i.e. myotomal) innervation in these muscles.

Byrne and Waxman (17) have proposed a modifi
cation of Schliak’s concept (82) using limb muscles. 
In addition to normal anatomic variations in myo
tomes (for a comparison chart on myotomes, see Ken
dall et al. [53]), there are also anatomic variations in 
peripheral nerve innervation to some muscles that 
can account for apparent atypical or “unusual” find
ings (40). For example, the brachial plexus may 
receive variable contributions from either the ro
stral spinal roots (e.g., C4) or the lower spinal roots 
(T l and 2), in which case the plexus is said to be 
prefixed or postfixed, respectively (29). Remember 
that localizations (either by clinical examination or 
by EMG) should not be based exclusively on one 
muscle.

The area within which the muscle fibers of a MU 
are distributed is referred to as the motor unit terri
tory. The muscle fibers within a MU’s territory are 
not contiguous, but are distributed in a “patchy” or 
checkerboard fashion. Hence, there is great overlap 
between MUs. In a low power microscopic field of a 
cross section of muscle, muscle fibers representing 20 
to 50 MUs may be present (16).

The motor unit action potential (MUAP) is the 
summation of the electrical activity of all of the single 
muscle fibers (i.e., their action potentials) comprising 
a MU as previously defined. This concept is more 
theoretical because the actual MUAP recorded on an 
electromyograph is actually defined by the recording 
electrode used. Different needle recording electrodes 
may record different electrical signals by nature of 
their physical characteristics, in addition to varia
tions in instrumentation settings on the actual elec
tromyograph. In routine EMG, most centers use ei
ther concentric or monopolar disposable needle 
electrodes. Because of their recording characteristics, 
these record from only a portion of the MU’s territory 
(13, 14, 21, 27, 54).

Sensation is often clinically organized by modality 
(i.e., position sense, rapidly adapting mechanorecep- 
tors [or vibration], pain [or sharp touch], tempera
ture). The first two examples are mediated by large 
diameter afferent axons, which are measured in stan
dard sensory nerve conduction studies. In a manner 
analogous to myotomes, peripheral nerves typically 
are composed of sensory fibers emanating from more 
than one dermatome. In addition to sensory nerve 
conductions, there is commercially available, dedi
cated equipment that quantifies such modalities as 
thermal threshold, tactile sensation, and vibration. 
This equipment is not widely used and there is no 
final consensus regarding its utility in EDX at pres
ent.

Although, conceptually, one should be able to re
cord nerve conductions from any motor nerve or sen
sory nerve, there are relatively few nerves that are
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routinely studied. This is because most clinical ques
tions can be addressed by assessing a set of standard 
nerves (complemented by the needle electrode ex
amination), extensive reference values are available 
for the commonly done studies, and uncertainties 
caused by variations in innervation can be kept to a 
minimum.

The segmental spinal cord roots are paired (i.e., 
right/left). The segments commonly affected by struc
tural spine disorders (i.e., radiculopathy) contain a 
dorsal (or afferent) root and a ventral (or efferent) 
root. Just distal to the emergence of the dorsal root, 
there is a dorsal root ganglion containing the soma or 
cell bodies of the sensory neurons. This observation 
is a point of EDX significance. In root avulsions, 
dense clinical sensory deficits may occur despite ap
parently “normal” peripheral sensory conductions 
(5). These deficits are caused by the preservation of 
the sensory neuron cell bodies within the dorsal root 
ganglia, allowing the peripheral processes of these 
neurons to remain physiologically intact.

The ventral roots contain the motor, or efferent, 
processes of the anterior horn cells. These merge 
with the dorsal roots to form the posterior and ante
rior rami. The former compose the sensorimotor 
nerve fibers supplying posterior axial sensation and 
motor innervation (i.e., the paraspinal musculature) 
with the latter composing what ultimately becomes 
the spinal nerves (i.e. compound mixed sensorimotor 
nerves) to the extremities, chest, and abdomen.

The autonomic nervous system is a diffuse, com
plex system that has recently been receiving more 
interest with respect to functional testing. The details 
of this are beyond the scope of this chapter and the 
reader is referred to more extensive reviews (65). Rel
atively few EDX laboratories offer extensive auto
nomic testing that assess function of the smaller di
ameter autonomic fibers mediating temperature, 
sweating, and vasomotor tone. Such testing may be 
useful in cases of reflex sympathetic dystrophy and 
other types of sympathetically mediated pain in 
which, in the absence of obvious nerve trauma, rou
tine EMG studies may be normal.

The spinal cord is the caudal portion of the central 
nervous system. It is composed of grey (neuronal) 
and white (tracts) matter. The former contains the 
paired (i.e., right/left) segmental groupings of dorsal 
afferent (sensory) and ventral efferent (motor) neu
rons. The white matter portion of the spinal cord is 
organized into a number of paired (i.e., right/left) as
cending (afferent) and descending (efferent) tracts 
(17,23, 24). These tracts have an internal topographic 
organization (or “lamina”) with the more caudal 
(e.g., lumbosacral) segments being represented lat
erally and the rostral (e.g., cervical) segments repre
sented medially. The reader is referred to more ex
tensive discussions (17, 27) of principles of spinal 
cord anatomy and physiology with respect to how

particular constellations of neurological symptoms 
and signs are produced by lesions located at different 
spinal cord levels and at different loci within a seg
ment (i.e., intramedullary, extramedullary).

Clinical neurophysiologic testing of spinal cord 
integrity is divided into two main categories: seg
mental testing and central conductions SEPs. The 
first deals with central segmental (i.e., myotome/der
matome) function, which is contingent on the pre
sumed integrity of its afferent and efferent nerve fi
bers peripheral to the root level. Examples of 
segmental testing include H reflexes and F waves 
(36).

The H reflex is the electrophysiologic analog of the 
tendon “stretch” reflex. The “H” refers to Hoffman 
who first described it. It is recorded most commonly 
from the soleus or gastrocnemius muscles (i.e.. S i 
root segment). The H reflex differs from the tendon 
reflex in that it is elicited by external electrical stim
ulation of the afferent nerve fibers rather than by me
chanical excitation of the spindles. Although it is 
technically more difficult to record H reflexes from 
the upper extremity, they may be recorded from the 
flexor carpi radialis muscle. H reflexes are recorded 
more easily in the presence of an upper motor neuron 
lesion.

The F wave is not a reflex. It is a long latency re
sponse mediated exclusively by the efferent motor 
fibers. The appellation “F ” derives from the German 
fuss or foot, the anatomic site at which the response 
was first recorded. F waves result from the bidirec
tional (i.e., orthodromic or distal and antidromic or 
proximal) excitation of motor fibers upon external, 
supramaximal stimulation of a peripheral nerve. The 
F wave specifically results from the latter, i.e., anti
dromic, stimulus, which travels proximally to the 
pool of anterior horn cells of the root segment. No 
synapse is therefore involved centrally in the spinal 
cord.

This stimulus evokes a discharge from an anterior 
horn cell which in turn sends back an orthodromic 
impulse to the muscle where the earlier, direct or
thodromic response has already been recorded. Be
cause the impulse producing the F response is pre
sumed to derive from a single anterior horn cell, the 
F wave is thought to represent the surface-recorded 
action potential of a single MU. The F wave is dis
cussed further in the next section under techniques. 
F waves, like H reflexes, are useful in assessing con
ductions in the proximal segments of the peripheral 
nerves and nerve roots.

SEPs can be recorded by stimulating compound 
mixed (i.e., sensorimotor nerves), sensory nerves or 
dermatomes. They measure central conduction times 
within the spinal cord between the segment stimu
lated to the cerebral cortex. SEP responses may be 
affected by peripheral abnormalities. If there is un
certainty about the integrity of peripheral nerve con
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ductions, they should be evaluated concurrently 
with the SEP s.

Techniques in Electrodiagnosis
Based on the preceding discussion, this section 
briefly reviews basic EDX techniques. For a complete 
discussion, the reader is referred to a more compre
hensive basic EDX reference (4, 13 ,14 , 27, 54], Table

6.1 summarizes some of these techniques with their 
anatomic correlate. Motor and sensory nerve con
ductions are customarily performed first because 
they are less “intimidating” than the needle elec
trode examination. Also, potential focal or diffuse 
neuropathies can be identified, which may explain 
completely, or in part, the findings on the needle 
electrode examination. By doing the nerve conduc-

S t l m u l u E
Artifact

Motor Nerve 
Conduction 

Velocity 
C (meters/second)

distance (millimeters)
proximal
latency

distal
latency

(milliseconds)

FIGURE 6.1.
A. Schematic for performing motor nerve conduction study. A pair of recording electrodes are placed over the muscle to 
be recorded and stimulation is performed at two points along the course of the nerve. The CMAPs are recorded (see B: 
tracings— t̂he upper trace is the distal response to stimulation and the lower trace represents the proximal response) and 
measured for latency (time from the stimulus artifact to the onset of the CMAP) and for negative amplitude (vertical distance 
dependmg on the sensitivity setting on the amplifier display between marker “ 1 ” and marker “ 2 ”). C. The motor conduction  
velocity is calculated according to the previous formula. For example, if the distance between the two points of stimulation 
is 275 m m  and the proxim al and distal latencies are 8.8 msec and 3.8 m sec, respectively, then the conduction velocity 
according to the above formula is 55 m m /m sec (= 55 meters/sec).
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tions i5rst, the EDX physician usually can be more 
efficient in the number of muscles that need to be 
examined with the needle electrode. Because SEPs 
are usually done for reasons other than radiculopa
thy, they are customarily tested at a separate time 
from the routine EMG. An EDX laboratory should 
have established reference values for all of the pro
cedures they perform.

Motor Conductions
The motor nerve conduction study is performed by 
placing an active recording electrode over the belly 
(and optimally the endplate zone) of a muscle that 
the nerve innervates. A reference electrode is placed 
over the tendinous insertion of the same muscle (Fig. 
6.1). Despite variations in size of muscles, the re
cording territory of the surface electrode within the 
muscle is relatively limited (10). See Table 6.3 for 
common terminology. A bipolar stimulator is used 
which has a negative (cathode) and a positive (anode) 
tip. The cathode is always placed closest along the 
nerve trunk toward the active recording electrode (re-

TABLE 6.3.
Commonly Used Electrodiagnostic Terms 
(2, 4 ,13 , 24, 54)

Conduction 
distance 

Conduction time

Conduction
velocity

Compound muscle 
action potential 
(CMAP)

Compound sensory 
action potentials 
(Compound 
SNAP)

Motor latency

Sensory latency

The distance between two points of 
stim ulation along a nerve trunk 

The difference in latency values between 
tw o points of stim ulation 

The common use is defined as 
maximum conduction velocity 
calculated by dividing the conduction 
tim e by the conduction distance, 
expressed in meters/second (m/s)

The summation of nearly synchronous 
muscle fiber action potentials 
recorded from  a muscle by 
stim ulating (directly or indirectly) the 
nerve supplymg it.

The summation of sensory axonal 
action potentials which should be 
evoked by stim ulating a sensory 
nerve. If derived from  stim ulating a 
mixed (i e m otor and sensory) nerve, 
then either the stim ulating or 
recording electrodes should be placed 
over a sensory branch of the nerve 

Time interval between onset of a 
stim ulus and onset of the resultant 
evoked CMAP When it refers to the 
distal position of the nerve (e.g , wrist 
to hand) it typica lly refers to the distal 
latency If so, it must be specified as 
the distal m otor latency 

Time interval between onset of a 
stim ulus and onset of the resultant 
evoked Compound SNAP. As in motor 
latency above, it typica lly refers to the 
distal latency, i e., distal sensory 
latency.

versing them can cause hyperpolarization of the 
nerve, i.e. anodal block).

An electrical stimulus is applied at distal and 
proximal sites along the course of the nerve being 
studied. Examples include the wrist and elbow for 
the median or ulnar nerves or at the knee and ankle 
for the common peroneal or posterior tibial nerves. 
Most EDX laboratories use a standardized distance 
between the active recording electrode and the distal 
stimulating electrode (cathode) to allow easier pool
ing of reference data. A supramaximal electrical stim
ulus is used to avoid artifacts in the latency, size, and 
configuration of the evoked response.

Refer to Figure 6.1 for further description on how 
conduction velocity is calculated. The distance be
tween the distal and proximal positions where the 
stimulating (cathode) electrode is applied is called 
the conduction distance. This distance is not stan
dardized and will vary between patients because of 
limb length. It is the segment over which the con
duction velocity is calculated. The conduction time 
for this segment is derived by subtracting the distal 
latency from the proximal latency. In subtracting the 
distal motor latency, the portion of the distal latency 
involving neuromuscular transmission time is elim
inated.

The response evoked from the muscle is termed 
the compound muscle action potential (CMAP). The 
amplitudes of the CMAPs are quantitated and have a 
large range in values in normal subjects. Although 
motor fibers to other muscles and sensory nerve fi
bers within the nerve are also excited, their contri
bution to the recording is negligible because the re
cording is made exclusively from a single specified 
muscle (i.e., that muscle over which the recording 
electrode is placed). In doing motor conductions, ad
ditional segmental stimulations may be performed at 
other points along the course of a nerve, such as 
when focal conduction blocks may be suspected. 
More proximal motor stimulations can be used, in
cluding near-nerve root stimulation. Magnetic stim
ulation can also be employed to elicit nerve re
sponses but is used in relatively few laboratories, 
primarily for EDX studies of the central nervous sys
tem (33).

Late Responses
Late responses include F and H waves (36). The F 
wave is typically easy to record from distal muscles. 
After the standard conductions for a motor nerve are 
performed, distal stimulation is again performed 
(Fig. 6.IB). At this time, the settings on the electro- 
myograph are altered (i.e., slowing the sweep speed 
and increasing the sensitivity setting). In Figure 6.2, 
the CMAP recorded distally appears shifted to the 
left and enlarged. F waves may not necessarily be 
recorded with every stimulation, and the latencies of
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FIGURE 6.2.
F waves. There are 5 sequential stimuli using electrode po
sitions similar to performing a distal motor latency as 
shown in the top tracing in Figure 6 .IB. The difference for 
their appearance is that the amplifier is set to a higher sen
sitivity by a factor of 10 (0.5 mV versus 5.0 mV in Figure 
6 .IB.) and the time line is slowed (5 msec versus 2 msec 
per horizontal division: see calibration marker). Hence the 
CMAP appears enlarged in amplitude and shifted to the 
left. The smaller amplitude responses occurring at the mid- 
portion of the trace are the F waves. The first three sweeps 
show easily discernible responses (going top to bottom) 
with the latency being measured from the stimulus artifact 
(to the left of the CMAP) to the onset of the F wave. The 
fourth sweep shows no evoked F wave, and the fifth shows 
a very low amplitude distortion of the baseline that prob
ably represents a response just outside the recording area 
of the active surface electrode. Note that the top three F 
waves differ slightly in shape and latency, indicating that 
they are recorded from different MUs. Such a difference is 
characteristic of F waves.

the F waves vary. There are different protocols for 
quantifying F waves, and the physician recording the 
F waves must be able to discriminate true F responses 
from random baseline noise, voluntary surface-re
corded muscle activity, and other types of late re
sponses.

As a true reflex, tlie H wave or H reflex uses both 
an afferent and efferent pathway. H waves can be elu
sive to record. Submaximal stimulation is used be
cause the afferent fibers have a lower threshold to 
stimulation than the efferent fibers, and eliciting F 
waves will be avoided as much as possible. To be 
certain that a response is a true H wave, the EDX phy
sician should record a series of responses at the same 
site, incrementally increasing the stimulus intensity 
to show the changes in H wave amplitude yet main
taining constant latency as the direct M wave ampli
tude increases [Fig. 6.3). The sine qua non of an H

FIGURE 6 .3.
H wave. The electrode configuration is similar to that for a 
motor nerve conduction as shown in Figure l.B , but here 
the recording electrodes are placed over the soleus muscle 
and stimulation is applied to the tibial nerve in the popli
teal fossa. Sequential stimuli from top to bottom show pro
gressively increasing stimulus intensity. The H wave or H 
reflex is easily seen in the top 6 of the 7 traces. Despite 
variable amplitude, the downgoing or positive initial onset 
remains the same (compare to the F  waves in Figure 6.3). 
With increasing stimulus intensity, more motor fibers are 
excited directly, producing an increasingly larger direct 
“M ” or muscle response (i.e., CMAP) to the left as shown 
in traces 3 -7 . As the CMAP approaches maximum, the H 
wave becomes smaller. The bottom CMAP is large, so the 
barely discernible, small amplitude late response is most 
likely a F wave. To ensure that the desired response is a H 
wave, a series using increasing stimulus intensity as shown 
here should be recorded.

reflex is that it should be present when the direct 
response or CMAP is absent, or at least be larger than 
the CMAP at submaximal levels of stimulation. At 
supramaximal stimulation, F waves typically replace 
the H wave.

H waves are classically recorded from the gastroc
nemius or soleus upon stimulation of the tibial nerve 
in the popliteal fossa. Therefore, this has practical 
application in processes affecting the S i  root. The 
cathode of the stimulating pair of electrodes is di
rected centrally (i.e., toward the spinal cord}. In this 
protocol, the H wave is the EDX analog of the ankle 
jerk. Although technically more difficult, H waves 
can sometimes be recorded from the flexor carpi ra- 
dialis muscle (upon median nerve stimulation at the 
elbow) in the upper extremity and from other mus
cles.

Sensory Conductions
Sensory conductions are made using surface or sub
cutaneous needle (i.e., “near-nerve”) electrodes
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along the course of the sensory nerve to be studied 
(Fig. 6.4). Sensory nerve action potentials (SNAPs) 
are among the smallest responses recorded in routine 
EMG and may also be one of the more difficult to 
obtain in a reproducible, qualitative way. Special 
techniques such as signal averaging may be required 
in cases in which baseline noise is excessive and/or 
the amplitude of the evoked response is reduced, 
such as polyneuropathy (Fig. 6.4C).

A bipolar stimulator is used in the same manner 
described for motor nerves. Stimulation is made at 
one or two points proximal to the recording elec
trodes. Such recordings are “antidromic.” Some lab

oratories prefer to make orthodromic sensory record
ings in which the electrode placements are the 
reverse of those previously described. In either in
stance, a standardized distance between stimulating 
and recording electrodes is used to allow pooling of 
reference data. In addition to latency and amplitude 
of the SNAP, conduction velocity may also be cal
culated.

N eedle Electrode Examination
The needle electrode examination is the most mem
orable, or perhaps the more notorious, of the EDX 
procedures (44). By performing the nerve conduc-

BIPOLAR
STIMULATION

Anode Cathode
RECORDING

ELECTRODES

FIGURE 6.4.
A. Schematic for performing (e.g., median) orthodromic sensory nerve conduction study. A pair of stimulating electrodes 
are placed at the digital cutaneous branch of the index finger and a pair of recording electrodes are placed proximally over 
the course of the nerve at the wrist at a specified distance. In an antidromic recording, the positions of the stimulating and 
recording electrode pairs would be reversed. Tracing 6.2.B shows a normal evoked SNAP in which the latency is measured 
along the horizontal time line from the stimulus artifact to the peak of the SNAP at marker “ 2 ”. The amplitude is measured 
along the vertical distance according to the sensitivity setting on the amplifier display between marker “ 1 ” and marker “2 ”. 
Figure 6.2.C shows a low amplitude SNAP (compare calibration marker to that of 6.2.B) in which the signal in the top trace 
is difficult to discern from baseline noise. The result of averaging 16 stimuli as shown in the lower trace reveals a small, 
but high quality SNAP that can be measured easily.
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tions first, experienced EDX physicians find that 
most patients will develop a rapport and sense of 
conhdence in them The MUAPs of a particular mus
cle are “surveyed” by inserting (i e , moving) the nee
dle recording electrode perpendicular to the skin sur
face from superhcial to deep along linear tracks or 
corridors The EDX physician tries to minimize over
lap betw^een the territories of those MUs activated at 
minimal effort At least 20 different MUAPs are sam 
pled per muscle

At low voluntary activation, the various features 
of individual MUAPs are measured (Fig 6 5], includ
ing the amplitude, area, duration, complexity, and 
recruitment (Fig 6 6A] (21) Complexity refers to the 
number of phases and turns in the MUAP A phase 
is dehned as a deviation from, and return to, the base
line A turn is a change in polarity of a segment of 
the MUAP (2) In most quantitative EMG methods, a 
MUAP having greater than 4 phases and/or greater 
than 5 turns is considered complex (69, 87) The ac
ceptable maximum percentage of complex MUAPs 
recorded in a muscle varies with different muscles 
and measurement techniques

The analysis of MUAPs in routine EMG is made 
subjectively by the EDX physician In addition, there 
are several computer-assisted programs available for 
electromyographs that may objectively quantitate the 
features of the acquired MUAPs (26, 69, 87) Deter
mination of whether the study of a muscle is “nor
mal” IS then based on the mean values of MUAP du
ration, amplitude, area, and percentage of complex 
MUAPs This objective quantitation is helpful when 
the routine examination is ambiguous Regardless of 
approach, accurate assessment of the MUAPs with 
the subjective or objective approach depends heavily 
on the skill and knowledge of the ED physician He/ 
she must be able to ensure the quality of the myo
genic signal (i e , that the MUAPs are recorded within

their respective MU territory [11] and that cannula 
signals are excluded)

The EDX physician also evaluates the insertional 
and spontaneous activity, either of which may be in
creased (abnormal) in neuromuscular disorders The 
foimer refers to that electrical activity which is gen
erated by the insertion or movement of the needle 
electrode (2) Examples include runs of positive 
sharp waves seen in early denervation and myotonic 
discharges Spontaneous activity refers to electrical 
activity recorded from a muscle at rest after the in
sertion activity has subsided and in the absence of 
voluntary activity (2) Fibrillation (Fig 6 7) and fas 
ciculation potentials would be examples of sponta
neous activity (i e , discharges) of single muscle fi
bers and single MUs respectively

Recruitment is dehned as the number of different 
MUAPs activated, as well as the rate at which they 
are discharging, at a given level of voluntary effort 
(i e , contraction) of the muscle being studied (Fig 
6 6A) (2) It IS assessed using the needle recording 
electrode at different sites within the muscle under 
study concomitant with assessment of the size and 
shape of the individual MUAPs Interference pattern 
is not synonymous with recruitment rate and is de
hned as the electrical activity of the muscle recorded 
at maximal effort (2)

Assessment of stability is essentially an assess 
ment of jitter The latter is a single fiber EMG term 
and generally refers to the integrity of neuromuscular 
transmission between a terminal motor axon and the 
muscle fiber it innervates It is dehned as ‘ the van 
ability with consecutive discharges in interpotential 
interval between two single muscle fiber action po
tentials belonging to the same MU’ (2) It can be vi
sualized subjectively or be quantitated (Fig 6 8) by 
adjusting the standard settings on the electromyo
graph

$

FIGURE 6 .5 .
Motor unit action potential (MUAP) showing its compo 
nent features Amplitude is the maximum negative (upgo 
ing) to positive (downgoing) vertical distance Duration is 
the initial deviation from to the final return to the base 
line The colored portion is defined as the area Turns (ar 
rows) are a change in polarity Phases (asterisks) are de 
fined as a deviation from and return to the baseline When 
the number ot turns and/or phases is increased a MUAP
IS considered complex Computer algorithms incorporated 
into some newer electromyographs can quantitate these 
features The subjective (i e on line visual) analysis on 
which most ED physicians base their impressions rely on 
amplitude duration and complexity
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B
500 {iV

10 msec

FIGURE 6.6.
A. Normal MUAPs from the biceps brachii firiiig at rela
tively low level of recruitment as shown at one needle elec
trode recording position on sequential traces (top to bot
tom). At least three different MUAPs can be seen. As 
MUAPs fire asynchronously, they may commonly overlap 
(see MUAP com plex “ * ” on bottom trace which represents 
an overlap of MUAPs 2 and 3), hence the importance of 
visualizing them at low effort with adequate baseline be
tween discharges. A MUAP discharge should be visualized 
at least three times before it is accepted for subjective anal
ysis. MUAP “ 3 ,” however, should be visualized at least two 
more times. Although it is seen twice, on trace three it over
laps with some low amplitude distant MUAPs so that the 
duration, phases, and turns cannot he resolved into their 
respective MUAPs. B. Neurogenic MUAPs from the same 
muscle and level of effort in a different patient using the 
same amplification display as in A. Note the prominent en
larged com plex MUAP firing without other well-defined 
MUAPs within the recording area of the needle electrode.

50 pV

20 msec

FIGURE 6 .7.
Fibrillation potentials discharging at one site as recorded  
by a needle electrode and displayed on sequential traces 
(top to bottom). Note the higher sensitivity setting (50 
;u,V/division) and slower sweep speed (20 msec/division) 
used to display these compared to Figure 6.6.
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200 iiV

B 1 mscc

FIGURE 6.8.
MUAP stability. A. Normal stability. B. Instability or in
creased jitter. An amplitude trigger and delay line with fil
ter modifications are used to allow the sequential super
impositions of the MUAP discharges. W ith such  
modification in recording, the MUAP is broken down or 
resolved into relatively sharp spikes representing single 
muscle fiber action potentials. See text for definition of sta
bility. The triggering potentials are denoted by arrows in 
both A and B. In A, the superimpositions are more congru
ent with a minimal amount of variability or normal stabil
ity/jitter seen in the interpotential intervals (e.g., interval 
between the spike trigger and potential to the right). In B, 
the number of individual muscle fiber action potentials 
seen at one site is increased, suggesting a greater than nor
mal number of muscle fibers within the immediate record
ing tip of the needle electrode. Greater interpotential vari
ability is seen between the triggering spike (arrow) and the 
peaks to the right (marked with suggesting incom 
plete reinnervation.

Whereas the needle insertion is usually uncom
fortable, the use of a sharp, high quality needle re
cording electrode in experienced hands requires only 
a few minutes to assess the MUAPs in most cases. 
Depending on the clinical question (e.g., radiculop
athy, neuropathy), adequate sampling of muscles of 
a myotome/motor nerve, extremity, or contralateral 
extremity must be made. For example, if a fifth lum
bar radiculopathy is suspected, then abnormalities 
should be noted in at least two muscles supplied by 
that myotome but innervated by different motor 
nerves (e.g., gluteus medius and anterior tibial mus
cles) (53). See the preceding section on segmental 
pointer muscles (17, 82).

The overlapping myotomes along the paraspinal 
muscles makes use of these for individual or segmen
tal myotome localization difficult. The benefit from 
doing these muscles is to establish the process as be
ing proximal (i.e., radicular) as opposed to distal 
(e.g., plexus) and to assess timing (Table 6.2). When 
a diffuse process such as motor neuron disease is sus
pected, abnormality should be observed in at least 
three muscles supplied by three different nerves or 
myotomes in three extremities (or two extremities 
and the bulbar muscles, the latter confirming the pro
cess to be rostral to the spinal cord).

Pathophysiology o f Denervation/Reinnervation 
in Motor N erve Fibers
In the acute phase of a lesion that disrupts the motor 
axon(s), there is a reduced number of normal ap
pearing, rapidly firing MUAPs. Depending on the 
length of the motor axon to the muscle, increased 
membrane irritability followed by fibrillation poten
tials (56) (Fig. 6.7) occurs between 2 and 3 weeks. 
This proceeds in a proximal to distal direction. In a 
single level radiculopathy, the earliest changes 
would be focal changes in the paraspinal muscles fol
lowed by denervation changes in the extremity mus
cles in a centrifugal pattern (27, 67).

Reinnervation begins relatively soon (within 
weeks) depending on the severity of the lesion (Table 
6.2). It usually is accomplished by collateral sprout
ing from terminal axons within the same muscle. 
These “sprouts” may derive from unaffected MUs 
from the same root in an incomplete lesion or from 
MUs supplied by a different root(s) within the same 
muscle. Depending on the specific etiology of a ra
dicular lesion, axonal regrowth may be possible but 
slow and insignificant (67). Denervation and rein
nervation may also be seen in chronic polyneuro
pathy or in focal entrapment neuropathy, but for dif
ferent pathophysiologic reasons. In such cases, the 
nerve conduction studies help distinguish these from 
radiculopathy. Discussion of polyneuropathies and 
focal entrapment neuropathies is beyond the scope
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of this chapter, and the reader is referred to more de
tailed discussions elsewhere (4, 13, 14, 27, 29, 54, 
81],

This “remodeling” of the MU via reinnervation 
means that the innervation ratio or number of mus
cles fibers being supplied by a motor axon increases 
proportionally to the degree of collateral sprouting 
(67, 84]. When the number of single muscle fiber ac
tion potential generators increases for a given MU, 
the standard recording needle electrodes reflect these 
changes as MUAPs which are increased in ampli
tude, area, duration, and complexity (see Fig. 6.6A 
versus 6.6B). This remodeling is considered to be 
permanent. Once MUAPs are enlarged, they do not 
revert to normal amplitude, area, and duration values 
if the pathologic process is arrested or reversed.

In activating or contracting a muscle affected by a 
chronic neurogenic process, there are a reduced 
number of MUAPs firing rapidly for any given level 
of voluntary effort. This is referred to as a reduced or 
decreased recruitment rate (Fig. 6.6B). The degree of 
reduction in number of MUAPs that can be recruited 
is proportional to the severity and chronicity of the 
lesion. Clinical weakness is not necessarily present 
when chronic reinnervation changes are established 
or occurring. In a chronic process of ongoing dener
vation and reinnervation, it is estimated that approx
imately one third of the motor neurons supplying a 
muscle may be lost before clinical weakness becomes 
manifest (96).

A total loss of axons innervating a muscle is rela
tively uncommon in single nerve root lesions. This 
generally suggests a multiple radiculopathy or a more 
distal process, at the level of the plexus or peripheral 
nerve. If axonal growth proceeds, reinnervation of 
the muscle fibers will begin commensurate with the 
time required for those growing axons to traverse the 
linear distance from the site of the lesion (i.e., ap
proximately 1 millimeter/day) (67).

The resulting “early reinnervation” or “nascent” 
MU has fewer muscle fibers than normal for that mus
cle (i.e., decreased innervation ratio). The MUAP re
flecting this degree of reinnervation appears as re
duced in amplitude, reduced in duration, complex, 
and unstable with a reduced recruitment pattern. 
Myopathies may show MUAPs of similar size and 
complexity, but the recruitment pattern shows an in
creased number of small MUAPs firing for level of 
effort (8). In the more chronic phase (many months 
or longer), neurogenic MUAPs increase in size, re
flecting the increase in innervation ratio beyond nor
mal for that muscle, with a persistently reduced re
cruitment pattern (84).

While instability or increased jitter is the hallmark 
of disorders of the neuromuscular junction (e.g., my
asthenia gravis), they also arise from changes at the

neuromuscular junction during denervation/reinner- 
vation (Fig. 6.8). Because denervation is a relatively 
brief process (a few days, particularly when the in
sult is known to be a monophasic event, e.g., acute 
trauma), this type of instability more often reflects 
reinnervation and has two main causes. The first is 
instability resulting from reinnervation of motor end 
plates, which resolves after about 6 months. The sec
ond possibility for instability is the reduced conduc
tion velocity along muscle fibers of smaller diameter 
such as occur in recently reinnervated muscle fibers 
(85). Stable, enlarged MUAPs of variable complexity 
would therefore suggest a remote (i.e., resolved) or 
slowly progressive process (84, 85). Such an obser
vation may have management implications, for ex
ample, in the timing of the surgical exploration of a 
traumatic lesion.

SEPs
SEPs are a series of waveforms that can be recorded 
from the nervous system in response to repetitive af
ferent stimuli (4, 27). In this chapter, our discussion 
of SEPs is restricted to those obtained from repetitive 
electrical stimulation of mixed nerve trunks. As in 
nerve conductions studies, a bipolar stimulator de
livering a square-wave pulse of either constant cur
rent (preferable) or constant voltage is used. Because 
the recorded signals are small in amplitude, repeti
tive stimuli are delivered to excite type I muscular 
and type II cutaneous afferent fibers. Because a mixed 
nerve is stimulated (e.g., median nerve at the wrist 
or tibial nerve at the ankle), the current intensity is 
adjusted to produce a visible motor twitch (e.g., me
dian-innervated thenar or tibial-innervated toe flex
ors). Thus, the stimulus intensity is just suprathresh- 
old to the motor fibers to ensure adequate stimulation 
of afferent nerve fibers. Many stimuli (hundreds) may 
be required to obtain a reproducible response that 
can be delineated from artifact or baseline noise.

These electric stimuli are transmitted proximally 
to the spinal cord where they travel through the pos
terior columns of the spinal cord towards the nuclei 
of the brainstem, thalamus, and ultimately the so
matosensory cortex. Extralemniscal pathways may 
also make a small contribution to some of the wave
forms. Recording electrodes are conventionally 
placed over more proximal nerve segments, the spi
nal cord, and the scalp. Various waveforms, both pos
itive (downgoing) and negative (upgoing), are re
corded. Table 6.4 describes the nomenclature of 
waveforms recorded with repetitive median and tib
ial nerve stimulation, and their accepted generator 
sources.

A recording electrode that is close to the source of 
the generated activity is termed “active.” A recording 
electrode placed remote or distant to the site of the



1 4 2  SECTION I: PRINCIPLES AND DIAGNOSTIC TESTS

TABLE 6.4 .
Nomenclature of SEP Waveforms Recorded in Median 
and Tibial Nerve Stimulation and their Accepted 
Generator Sources (4)

N erve W a v e fo rm * G en e ra to r
Median N9/P9 Afferent volley at brachial plexus

N11/P11 Spinal cord entry
N13/P13 Cervical dorsal column mterneurons
P14 Caudal medial lemniscus
N18 Upper brainstem/Thalamus
N20 Parietal cortex
P23 Frontoparietal cortex

Tibial N9/P9 Afferent volley at popliteal fossa
N21/P21 Spinal cord entry
N22/P22 Lumbar dorsal column mterneurons
N31/P31 Caudal medial lemniscus
N34/P34 Upper brainstem/Thalamus
P37 Parietal cortex
N45 Frontoparietal cortex

* N = negative-going wave, P = positive-going wave, numbers in
dicate latency value (msec) where waveform occurs

electric activity is termed “reference.” A recording is 
“bipolar” when the waveform is the difference be
tween two active recording electrodes. A recording 
is termed “referential” when it measures the differ
ence between an active electrode and a reference one. 
This latter pattern of recording is similar to how rou
tine motor and sensory conductions are made.

Electric activity of biologic origin generated near 
and far from the recording electrodes is termed 
“near-field” and “far-held” potentials, respectively. 
Near-held potentials use an active recording elec
trode close to the area under study with a reference 
electrode placed over a more “electrically quiet” area 
some distance (centimeters] away. Far-held record
ing methods are used in which the biologic signal 
generators are remote from the recording electrodes. 
Although exact placement of the recording elec
trodes is less important, they must be reasonably far 
apart to discriminate small amplitude potential dif
ferences between them (i.e., <l/u,V].

The arrangements of various electrodes, referred 
to as montages, vary between laboratories. Ideally, a 
recording montage should be consistent for any par
ticular laboratory, combining both referential and bi
polar connections. Because the difference between 
the two electrodes are fed into a differential ampli
fier, signals common to both electrodes are sub
tracted and canceled out. Therefore, a bipolar mon
tage reads the electrical activity generated near one 
of the recording electrodes, while referential mon
tages read the entire electrical activity generated by 
both close and remote neural sources (Table 6.4 and 
Fig. 6.9).

There are two main types of neural events respon
sible for the generation of EPs. The hrst type is syn
aptic potentials that result from the summation of 
individual action potentials related to neurons

clustered in groups. The second type is action poten
tials propagated through various pathways. These 
two types of neural events result in either a near field 
or a far field potential. Near field potentials usually 
have a regional distribution, their latencies increase 
at more distant sites, and they are present on both 
bipolar and referential montages. Far field potentials 
are stationary waveforms that are distributed widely, 
have latencies that usually are independent of the 
electrode position, and are seen only in referential 
montages because they tend to be canceled out in bi
polar ones (70).

The amplitudes of most SEPs are under 5 /aV. SEP 
amplitudes are therefore smaller than those obtained 
for SNAPs, which are recorded in routine sensory 
nerve conductions (typically > 5 ijlV). They are also 
substantially smaller than the amplitudes of sur
rounding “noise” generated by such volume conduc
tors as muscle tissue and brain EEG activity. There
fore, the identification of SEPs requires the averaging 
of multiple recorded responses. The recorded wave
forms are time-locked to a stimulus. To obtain a suf
ficient signal-to-noise ratio resolution, 250 to 500 re
sponses usually are required to define and to amplify 
reliable waveforms The signal-to-noise ratio is im
proved by a factor equal to the square root of the 
number of responses averaged, assuming no changes 
in the level of the random “electrical noise” present 
in the baseline.

The trial usually is repeated a second time to en
sure consistency. If muscle activity is excessive, se
dation before the test may be necessary. The reader 
is referred to more comprehensive sources for addi
tional methodological details such as filtering (4, 27).

EP amplitudes tend to vary between subjects and 
from one trial to the next. The latencies of the major 
peaks are relatively constant and measurements of 
these are the values used for interpretation (Fig. 6.9). 
The waveforms are named for their polarity (N = neg
ative or up-going; P = positive or down-going) and 
the latency at which they are recorded. For instance, 
the N9 potential is a negative waveform occurring at
9 msec after the stimulus artifact (see Table 6.4). Be
cause the latencies of the SEP waveforms are un
changed using consistent montages, central and spi
nal conduction times can be calculated. Spinal 
conduction time for the tibial nerve is calculated by 
subtracting the N22 from the P31 wave latency (see 
Table 6.4). Central conduction time for the tibial 
nerve is calculated by subtracting the P31 from the 
P37 wave latency; that of the median nerve is cal
culated by subtracting the P14 from the N20 wave 
latency (Table 6.4) (32).

The initial portion of a SEP waveform is termed a 
short-latency sensory evoked response. It occurs 
within 25 msec of median nerve stimulation, 40 msec 
of common peroneal nerve stimulation, and 50 msec
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FIGURE 6.9.
A. Normal niedian SEPs. The top through bottom traces are 
channels 1 through 4, respectively. The following describes 
the montage used. Channel 1: contralateral parietal cortex  
referenced to the ipsilateral parietal cortex. Channel 2: ip- 
silateral parietal cortex referenced to the contralateral Erb’s 
point. Channel 3: C5 spinous process referenced to contra
lateral Erb’s point. Channel 4: Ipsilateral Erb’s point refer
enced to contralateral Erb’s point. (EP = Erb’s potential, Cv 
= N13 Cervical potential; P14-N 18 and N 20-P23 are as de
scribed in the Nomenclature, Table 6.4j. Division markers: 
horizontal -  5 msec; vertical =  2 /xV. B. Normal tibial SEPs. 
Channels 1 -4  correspond to the order of tracings as in Fig
ure 6.5. A. The following describes the montage used. Chan
nel 1: midline Centro-parietal (Cpz) referenced to midline 
Frontal (Fz) Channel 2; Fz referenced to Cv. Channel 3; LP 
= Lumbar potential at level of conns medullaris (T12 spi
nous process referenced to ipsilateral iliac crest). Channel 
4; PF =  Popliteal fossa (Ipsilateral popliteal fossa refer
enced to an adjacent point a few centimeters away). P31- 
N34 and P37-N 45 are as in the Nomenclature, Table 6.4. 
Division markers: horizontal =  10 msec; vertical = 2.5 /aV. 
Note that time division markers in B are longer than A.

of tibial nerve stimulation (4, 27). These short latency 
EPs axe therefore the earliest portion of the total SEP 
waveform.

The segmental sensory nerve evoked potentials 
(SSEPs) are the EPs elicited from the stimulation of 
single cutaneous nerve trunks. Compared with 
mixed nerve SEPs, these have the advantage of iso
lating cutaneous nerve fibers emanating from specific 
dermatomes. Common nerves used in the lower ex
tremity are sural, superficial peroneal, and saphe
nous nerves, which represent the S i ,  L5, and L4 der
matomes, respectively. In the upper extremity, the 
ulnar nerve branches of the fifth digit, median nerve 
branches of the tMrd digit, and the median/radial 
branches from the thumb are stimulated to elicit 
responses from the C8, C7, and C6 dermatomes, 
respectively.

The montages for recording over the spine and 
scalp are similar to those for SEPs. In contrast to the 
latter, the latencies are slightly longer and the am
plitudes emaller because of the fewer axons stimu
lated peripherally. These conditions necessitate the 
use of sensitive recording equipment and a higher 
number of averaged responses. SSEPs provide infor
mation similar to that obtained from SEPs, but be

cause of their more restricted territorial derivations, 
and in turn, projections, they tend to be more reliable 
in determining the level of an affected root (31), 
When performed in a rigidly controlled manner, they 
have a higher sensitivity in diagnosing radiculopa
thies compared to SEPs (93) or in diagnosing primary 
sensory nerve injuries (e.g., lateral femoral cutaneous 
neuropathy) compared to nerve conduction studies 
(89).

Dermatomal evoked potentials (DEPs) differ from 
SEPs by virtue of the location of the stimulus, i.e., the 
skin of the dermatome to be studied is stimulated 
rather than a peripheral nerve. Recording montages 
are similar to those described ior SEPs. DEPs maybe 
technically more difficult to record than SEPs. Be
cause SSEPs and DEPs bypass the motor fibers within 
the peripheral nerves and nerve roots, other tech
niques, such as SEPs and EMC, are needed if motor 
pathways must also be studied.

Electrodiagnostic Findings in Diseases o f the 
Spinal Cord and N erve Roots
Chronic myelopathy primarily affecting the white 
matter without associated radiculopathy has few 
EDX findings on routine EMC studies (7, 57, 66). The
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motor and sensory nerve conductions are typically 
normal. In other types of myelopathy, the F and H 
wave latencies may vary, depending on the struc
tures affected and level of involvement (17, 27). F 
waves have been suggested to be of value in acute 
cervical myelopathy caused by anterior spinal artery 
syndrome (6).

In chronic spinal cord lesions affecting the ante
rior grey matter, F wave responses corresponding to 
that segment may be prolonged or absent. Where an
terior grey matter (i.e., motor neurons) is affected, the 
amplitudes of the CMAPs on the motor conductions 
may be reduced and the needle electrode examina
tion of muscles innervated by that myotome may 
show reinnervation changes. Study of adjacent, ip- 
silateral roots as well as that of the same root level 
on the contralateral side is necessary to optimally de
fine localization. Unless the dorsal root ganglia are 
affected, the sensory nerve conductions are normal 
as discussed previously. EDX studies do not differ
entiate intramedullary from extramedullary spinal 
cord processes.

In some cases of spinal cord pathology, the etiol
ogy of neurogenic changes in the muscles may be less 
obvious. Wasting in hand muscles may be seen in 
high cervical cord lesions rostral to the myotomes 
supplying these muscles. This is thought to have an 
ischemic basis (38, 60, 86). In very rostral lesions, 
such as foramen magnum tumors, EMG of the high 
cervical paraspinal muscles may be helpful (45). In 
the authors’ experience, study of the more rostral cer
vical paraspinal muscles is generally not helpful and 
can be a difficult exercise in localization of the level 
of the lesion because of overlap in the myotomes.

SEPs are helpful in the evaluation of cervical my
elopathies, particularly those caused by cervical 
spondylosis. Changes in the lower extremity SEP 
tend to occur early in the course of the disease (70). 
The degree of involvement of cervical roots versus 
grey matter within the spinal cord can be determined 
from comparison of near and far field potentials (79,
80). Although not in widespread use, at our institu
tion the authors also record cortical SEPs in neutral 
position of the cervical spine, followed by recording 
with the neck in flexion and in extension (20). The 
presence of significant changes (defined as an ampli
tude drop greater than 50% or latency increase 
greater than 10%) usually correlates with dynamic 
compromise to the cervical spinal cord as demon
strated on myelography.

In other nonstructural diseases of the spine affect
ing the spinal cord, such as in multiple sclerosis, me
dian and tibial SEPs are important in detecting sub- 
clinical lesions, particularly when MR scan of the 
brain is within normal limits. Diagnostic information 
may be obtained from lower extremity SEPs in dis
orders such as lumbar spinal stenosis, spinal cord

tumors, arteriovenous malformations, leukodystro
phies, HIV myelopathy, transverse myelitis, and 
spinocerebellar degenerations (4).

Conns medullaris lesions show variable degrees of 
sensory and upper and lower motor findings on clin
ical examination. The electrodiagnostic findings usu
ally show patchy, asymmetric involvement of the 
caudal lumbosacral nerve roots on needle electrode 
examination. The motor conductions are usually nor
mal as in myelopathy, but the late responses (F and 
H waves) may be prolonged or absent. Sensory con
ductions are normal if the lesion(s) is proximal to the 
dorsal root ganglion. In lesions of the cauda equina, 
the EDX findings are again variable depending on 
which roots are involved and where along the course 
of the nerve root the pathology is located (17, 27).

Radiculopathy, assuming the lesion truly is at the 
nerve root level and affects only one segment or root, 
does not affect the distal motor and sensory conduc
tions. This is due to the proximal location of the 
lesion and the multisegmental (i.e., greater than 
one dermatome/myotome) composition of most pe
ripheral nerves. The F and H late responses may be 
prolonged or absent in muscles receiving significant 
innervation from the involved root. If a single root is 
severed or avulsed completely, one may assume that 
all sensorimotor nerve fibers within that root are af
fected equally, i.e., completely interrupted. In other 
lesions of the nerve roots, sensorimotor nerve fibers 
within a given root may be affected to varying de
grees at the level of the lesion. Therefore, one should 
not assume that each sensorimotor nerve fiber is af
fected equally at the level of the lesion. Abnormal 
responses to repetitive motor stimulation suggesting 
myasthenia have been reported (37), emphasizing the 
importance of clinical interpretation of EDX tests and 
avoiding “phenomenological” interpretations inde
pendent of clinical findings.

Mixed nerve SEPs have not proven helpful in the 
routine evaluation of root lesions (3, 93). This finding 
is caused by the significant dermatomal overlap in 
the sensory fibers coursing within the nerve trunk. 
However, SSEPs may be beneficial in pure sensory 
radiculopathies because the sensory nerves stimu
lated have smaller territorial (i.e., dermatomal) pro
jections centrally (93). SEPs complement conven
tional EDX studies in brachial plexus lesions, 
particularly those caused by trauma where root avul
sion may also be suspected. The absence of consis
tent cervical responses, despite recordable, albeit 
small amplitude peripheral potentials, indicates root 
involvement (5, 50). Although SEPs theoretically 
should be of value in measuring conduction between 
the brachial plexus and cervical roots, its use in eval
uating neurogenic thoracic outlet syndrome remains 
uncertain (3, 5).

The needle electrode examination is considered to
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be the most helpful EDX study in radiculopathy (94). 
To establish this diagnosis, there should be neuro
genic changes in the muscles of the affected myo- 
tome(s) commensurate with the presumed duration 
of the process (Table 6.3). Patients may have other, 
coexistent peripheral neurologic problems. For ex
ample, some older patients with presumed carpal 
tunnel syndrome have more severe and proximal 
symptoms than what would be expected with simple 
distal median neuropathy. These individuals may 
also have a concurrent C6 radiculopathy, which has 
been called the “double crush syndrome” (74). 
Therefore, in patients being evaluated for radiculop
athy, it is useful to perform nerve conduction studies 
appropriate to that root(s).

In cases of structural spine disorders, interruption 
in the integrity of the nerve root is contingent on 
where the structural problem occurs. Hence, in the 
case of a ruptured intervertebral disc, the physiologic 
function of the disrupted root depends on the loca
tion of the lesion. In more laterally-placed lesions, 
the likelihood for acute compression with neurologic 
deficit is greater because the root is traveling in a

more confined space. More medial lesions may show 
more of a pattern of subjective pain and sensory dis
turbance where the root may be mechanically dis
torted but without significant compression. In the lat
ter situation, minimal to no axonal disruption may 
occur; consequently, denervation and related 
findings on the EMG may also be minimal to absent.

EMG studies in the patient who is already post
surgery (e.g., “failed back syndrome”) present a spe
cial problem (63, 83). EMG studies performed pre- 
operatively do not appear to help identify or predict 
such cases (35). Even so, it is helpful to have a reli
able preoperative study when confronted with such 
a situation. If the postoperative EMG of limb muscles 
is normal, the conclusion is less problematic than if 
reinnervation changes, suggesting a chronic radicu
lopathy, are present. In the latter instance, the ab
sence of fibrillation potentials and the presence of 
stable, enlarged MUAPs imply that the process is ei
ther slowly progressive, or more likely, remote (i.e. 
reinnervation completed).

Given the overlapping segmental innervation of 
paraspinal muscle, study of these muscles near an

TABLE 6.5.
Some Neurologic Conditions Not Associated with Structural Spine Lesions That May be Confused with Myelopathy or 
Radiculopathy due to Structural Spine Disease

Disorder
Acute transverse myelopathy 

(or myelitis)
Multiple sclerosis 
Vascular Myelopathy 
Lyme disease 
Old polio

Traumatic brachial plexopathy

Neuralgic amyotrophy 
(Parsonage Turner Syndrome)

Mononeuritis m ultip lex or 
multiple mononeuropathy

Thoracic outlet syndrome

Motor neuron disease (ALS) 

Post-traumatic amyotrophy 

Myopathy

Focal entrapment neuropathy

C o m m en t
This IS a syndrome in adults w ith  variable causes; infectious, dysimmune, paraneoplastic (17, 62)

May be seen in older individuals {>50 years) as a progressive myelopathy (72).
Thought to be due to arteriosclerosis and may be difficu lt to diagnose (17, 48).
May present as myelopathy, radiculopathy, and/or neuropathy (12, 41).
Asym m etric involvement w ith the disease process allegedly stable. Needle electrode

examination of such patients typically shows widespread involvement of clinically unaffected 
muscles; may need to differentiate from  post-polio muscular atrophy (30, 46).

M otor and sensory conductions typically abnormal w ith sparing of paraspinal muscles. Caveat: 
cervical root avulsions and necessary cranial neuropathy may also be seen in traumatic 
plexopathy (5, 18).

Commonly an upper brachial plexopathy, hence nerve conductions com m only normal; 
paraspinal muscles usually spared; may see more subtle widespread involvem ent of muscles 
in same lim b by needle electrode examination, as well as on the contralateral side (34).

Nerve conductions abnormal giving a pattern of patchy, widespread involvement which may not 
be clinically obvious. A lthough uncommon, this pattern may occur in diabetes, vaculitides, etc. 
(29, 81).

True neurogenic thoracic outlet syndrome is rare— characteristic nerve conduction findings are 
sensory involvem ent on the medial (ulnar) aspect of the hand and m otor on the lateral 
(median) aspect. Needle electrode examination findings occur in the territory of the low 
cervical roots w ithou t paraspinal muscle involvement (19).

May present w ith  subacute to chronic focal m otor deficit w ith sensory sparing (e.g., foo t drop); 
needle electrode examination shows widespread denervation in established cases (27).

Should have history of trauma. Weakness is typica lly lim ited to one or few myotomes. Process 
stabilizes in chronic phase (71).

Most myopathies are subacute to chronic symmetric processes, however, some, such as 
inclusion body myositis, may be asymmetric and effect distal upper extrem ity muscle more 
severely, thus suggesting nerve root disease (8, 9, 27, 64)

Diagnosis depends on site' e.g., a common peroneal neuropathy should have sensory 
conduction abnorm ality of the peroneal nerve, slowing and conduction block would be 
expected at the compression site (fibular head?), and there should on ly  be involvement of 
muscles supplied by this portion of the common peroneal nerve (i.e., distal to the lesion) and 
none in proximal or nonperoneal L5 innervated muscles (27, 88).
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operative site may be an interpretative challenge. 
Even considering the possibility of secondary 
changes in the paraspinal muscles as a direct result 
of prior surgical manipulation, the absence of fibril
lation potentials and presence of stable MUAPs au
gur a remote (radicular) process. Conversely, if such 
changes are diffusely present along the operative site 
bilaterally, one should suspect they resulted from di
rect surgical manipulation of the paraspinal muscle. 
These changes may persist for a few years after sur
gery (27, 56). Only highly focal findings compatible 
with ongoing reinnervation (e.g., fibrillation poten
tials and unstable MUAPs) correlated with clinical 
findings and abnormalities on imaging studies 
should be considered suspicious for an active radic
ulopathy.

The goal of this chapter is to deal with EDX find
ings in spine disorders. Patients may present, how
ever, with neurologic problems and deficits suggest
ing a single or multiple root process but lacking 
correlative findings on imaging studies. These ap
parent “anatomic” lesions may have a structural ba
sis, but not from spine disease. Diabetics may noto
riously present with radicular lesions (lumbosacral 
in particular) which are thought to be caused by isch
emia of the vaso nervorum (91). Other vasculitic pro
cesses (17) may show similar clinical patterns, as 
may herpes zoster (28). In zoster, the characteristic 
rash usually accompanies the sensorimotor deficit. 
Other neurologic nonradicular conditions that may 
be confused with myelopathy/radicular conditions 
are summarized in Table 6.5.

What To Do About a Normal EDX Study?
In general, the value of a test is contingent on the 
clinical acumen of the physician ordering it. Frustra
tion may be generated by a referring physician over 
a “normal” study. To the referring physician, a “nor
mal” EDX study may seem incompatible with the pa
tient’s clinical findings. Regardless of the results, the 
findings must be placed in the perspective of the pa
tient’s clinical problem.

If so, the referring clinician is recommended to re
view the study with the EDX physician. Clinicians 
often review scans and other imaging studies with 
the radiologist in the most minute detail. The authors 
'have rarely had clinicians request to review their pa
tients’ EDX studies. The reasons for this may include: 
1) a bias to place more confidence in anatomy over 
physiology; 2) training and practice patterns; 3) a rel
ative lack of appreciation of the value of EDX studies, 
and 4) perhaps a combination of these and other fac
tors.

In the case of suspected radiculopathy based only 
on pain and without evident neurologic deficit, EDX 
studies may be “normal.” The implication is that the

lesion is not producing compression or other me
chanical disturbance of the nerve root(s). We reem
phasize that a presumed clinically significant struc
tural abnormality seen on imaging study of the spine 
should correlate with an electrophysiologic abnor
mality with respect to level and side to imply a re
lationship between them. Conversely, there may not 
be an electrophysiologic abnormality present for 
every structural finding (“abnormality”?) observed 
on imaging studies (49, 90). The precise etiology for 
pain in this situation is not completely clear and does 
not always presume radicular involvement. All spine 
“pain” should not be inferred to arise from the nerve 
root per se.

Other reasons for “normal” studies may not be 
readily evident to the referring physician. Based on 
the description of what was done during the proce
dure, the referring physician may be able to at least 
infer one of the more common problems for a “nor
m al” or “inconclusive” study, which is an incom
plete study. For example, an insufficient number of 
muscles may not have been studied because of a pa
tient’s intolerance of the procedure to reliably deter
mine the presence or absence of a radiculopathy. 
Also, there may be an additional process present, 
such as a polyneuropathy, that precluded identifi
cation of the radiculopathy.

Another possibility for a “normal” EDX study is 
that the neurologic abnormality on clinical exami
nation is not amenable to conventional, and possibly 
not unconventional, EDX study procedures. An ex
ample would be meralgia paresthetica, or lateral fem
oral cutaneous neuropathy. This is a sensory branch 
of the femoral plexus that is variable in location and 
in the manner in which it branches distally over the 
lateral thigh. It is possible to do sensory conductions 
of this nerve, but it may be difficult to obtain results 
even in control subjects. In our laboratory, we do the 
unaffected side first before attempting the involved 
side. The remainder of our strategy in such a patient 
is to perform conventional nerve conductions to ex
clude a neuropathy and to study enough muscles on 
the affected side to exclude an upper lumbar radic
ulopathy, femoral plexopathy, or neuropathy. In this 
specific example, SSEPs, if available, may be useful 
to identify the lesion (89).

Having excluded the preceding considerations, 
one may consider other possibilities. Is the clinical 
problem accurately defined? In some patients, the 
pattern of pain may be of neurologic origin but may 
be misleading (e.g., lower extremity pain secondary 
to a cervical process [58]). Can the symptoms be 
caused by a referred pain problem? For example, 
could a patient’s hyperesthesia over the inferior por
tion of the right scapula be caused by cholecystitis 
(i.e.. Boas’ sign) rather than radiculopathy? Are the
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symptoms caused by a connective tissue problem 
(e.g., a myoligamentous strain) and therefore not a 
primary neurologic etiology? Careful inquiry into 
provocative factors, such as occupation, is often re
vealing (59).

If the preceding issues are considered and ad
dressed adequately, then the referring physician 
should be confident of the integrity of the peripheral 
nervous system based on the EDX studies. In patients 
whose history cannot be relied upon or in cases in 
which functional overlay may be suspect, EDX stud
ies are useful in reconciling dubious symptoms or 
“apparent” deficits. This is not alwrays so easy to es
tablish and must be done with great care by an ex
perienced EDX physician (95). SEP studies may be 
useful in demonstrating the integrity of the somato
sensory pathways in patients with hysterical sensory 
loss of one or more extremities.

In another example, a patient with a “foot drop” 
may offer no volitional activation in the anterior tib- 
ial muscle on direct examination, yet has no other 
convincing objective findings. This instance is sus
picious for a nonphysiologic deficit. If so, the EMG 
would be expected to show normal sensorimotor pe
roneal nerve conductions with spontaneous normal 
volitional activation of anterior tibial MUAPs when 
distracted. The latter may be difficult to achieve. In 
one of the authors’ cases, a recording needle elec
trode was placed in the nonfunctioning anterior tib
ial muscle. No MUAPs were recorded on volitional 
activation, but a normal recruitment pattern showing 
normal MUAPs was elicited easily as the patient 
went from a sitting to a standing position.

Intraoperative M onitoring of Evoiied 
Potentials During Spine Surgery______ 

Introduction
In the past one to two decades, EPs have been in
creasingly employed in the monitoring of spinal cord 
and other neural pathways during various surgical 
procedures. SEP monitoring is the most commonly 
used modality in spine surgery. Some of the many 
indications for lOM with EPs are summarized in Ta
ble 6.6. The main purpose of monitoring in these sit
uations is to prevent injury to neural structures while 
the patient is under anesthesia. lOM becomes partic
ularly important in the setting of a preoperative neu
rologic deficit. It is important for the EDX physician  
who is performing the monitoring to have adequate 
time to plan for the procedure. This planning in
cludes the ability to obtain baseline SEPs and to ad
dress any other special technical problems before the 
start of surgery. lOM is almost as large a time com-

TABLE 6 .6 .
Common Indications for Intraoperative Monitoring with 
Evoked Potentials (modified from Harper and Daube, 42)

S p in a l C o rd
S p ine  D iseases D iseases O th e r C o n d itio n s
Scoliosis Arteriovenous

m alformations
Dorsal rhizotomy

Degenerative
conditions

Syringomyelia Aortic aneurysms

Trauma Cauda equina Posterior fossa
surgery lesions

Tumors Tumors Peripheral nerve 
lesions 

Brachial/lumbosacral 
plexus lesions

mitment for the EDX physician as the procedure is 
for the surgeon.

M ethodology
Despite the electrical noise inherent to the operating 
room, the monitoring technique should be reliable 
and offer minimal interference with the surgical pro
cedure. Equipment with preamplifiers that can stand 
high current loads should be used. Table 6.7 lists sev
eral means to reduce the amount of noise and inter
ference from surrounding equipment (73). The fol
lowing paragraph emphasizes some points of 
methodology. The reader is also referred to more 
comprehensive reviews (4, 15, 22, 39, 42, 47).

Several factors may interfere with the signal to 
noise ratio of the responses, which in turn deter
mines the quality of the recorded EPs. These factors 
include the primary disease, the subject’s age, the 
depth of the anesthesia, the type of anesthetic agent 
(Table 6.8), how the agent is delivered, and the mean 
arterial pressure (42). Therefore, it is preferable to use 
recording equipment with the capability of concur
rently monitoring different EPs and EMG responses 
(i.e., multichannel recordings). This permits greater 
confidence in the recordings with minimal interfer-

TABLE 6.7 .
Strategies to Reduce Noise During Intraoperative
Monitoring (modiSed from Nuwer, 73)
1. Glue electrodes to skin w ith  collodion
2. Re-gel electrodes every few  hours
3 Keep recording electrodes close together and away from  the 

stim ulator
4. Avoid crossing or passing electrode wires near power 

cables
5. Use separate power outlets fo r m onitoring equipment
6. Use equipment that stops averaging during cautery
7. Adjust/reduce the am plifier sensitivity and increase the low 

frequency filte r as necessary
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TABLE 6.8 .
Effects of Major Anesthetics on Evoked Potentials (42, 51, 52, 77, 97)

A n e s th e tic
Etomidate
Fentanyl
Halothane
Isoflurane
Ketamine
Midazola m
Morphine
N2 O
Propofol
Thiopental

C o rtic a l SEP
0 or ft 
0 or
0 o r -I)- 

ii
0 or ft

U

U
fr
11.

S p ina l SEP
OorU

0
0 or 11 
0 or "O'

0
U
II
ft
0

C M A P
0
0
0

0
0
0
0
0
0

F o r H W ave
0
0
0
ft
0
0
0
0
ft
0

M o to r  EP
f t / f t

f t / f t

ft
ft

0 or ft 
ft 
0 
ft 
ft 
0

(0 = no change; ft = increase; ft = decrease; ft / ft variable change)

ence with the surgical procedure. The duration of the 
surgery is also not unnecessarily prolonged from do
ing excessive repetitions of EPs.

The methods of stimulation are similar to those 
described previously in routine SEPs. It is especially 
important to stimulate nerves that are most likely to 
be compromised, even if their baseline recording is 
technically more difficult to obtain. Although any 
nerve can be monitored, ulnar nerve responses usu
ally are more sensitive for cervical spine surgery (92). 
Tibial nerve responses are important for surgeries at 
any level below the cervical spine or for lesions ad
jacent to the midline in the cervical region. SEPs of 
both upper and both lower extremities may be re
corded concurrently.

Monitoring the spinal EPs can be obtained using 
rapid rates of stimulation. The cortical SEPs, how
ever, are usually more sensitive to the effects of an
esthetics and to other changes in the systemic cir
culation. This is particularly noticeable in younger 
patients (less than 20 years) or in the elderly (Fig. 
6.10B), in whom a slower rate of stimulation is nec
essary. Although baseline SEPs usually are obtained 
at motor threshold stimulation, the authors often in
crease the intensity of stimulation above this level 
during surgical monitoring. This increase ensures 
that all of the larger afferent fibers are being stimu
lated (i.e., supramaximal stimulation).

The scalp electrode montage for recording stan
dard SEPs is customarily used in lOM. For prolonged 
surgeries (i.e., longer thaji 6 hours), or when there is 
the risk of significant displacement of these elec
trodes, disposable needle EEG electrodes may be 
used to record from the scalp. Though less commonly 
used, surface electrodes can be applied to the spine 
and to various peripheral locations. If there is a pos
sibility of displacement of these electrodes, record
ings should be obtained from monopolar needle elec
trodes inserted along the length of the nerve trunk 
and over the spinal cord between various spinous 
processes. To minimize interference from electrical

“noise,” it is important to have both recording and 
reference electrodes of the same material aligned in 
parallel.

Other types of recording electrodes include small 
wicks. These wicks can record directly from the spi
nal cord or the cortex. Another variety of electrode is 
small epidural plastic plates that have several metal 
electrodes embedded in them which can be applied 
to the surface of the cortex or spinal cord (42). Al
though epidural electrodes usually give large ampli
tude recordings (50), they often are in the way of the 
surgeon. There is also a risk, albeit small, of infection. 
Nevertheless, they may be useful in spinal cord tu
mors or arteriovenous malformations. Should the EPs 
become lost, they allow direct and focal localization 
of the area.

Esophageal electrodes (25, 42) are used in several 
centers to obtain cervical cord potentials during the 
posterior approach to cervical spine surgery. An al
ternative that we have used in our center is the place
ment of an anterior cervical electrode over the thy
roid cartilage that records a cervical near field 
positive potential (P13). At some centers, including 
the authors’, electrodes linking both mastoid regions 
referenced to Fz (i.e., frontal midline of the scalp) 
may be used to help record near and far field poten
tials traveling across the foramen magnum and brain
stem. The authors have found the latter montage pri
marily helpful in high cervical surgery (i.e., above the 
C5 level).

lOM requires ongoing trains of stimuli to be ap
plied. As in routine SEP studies, sufficient numbers 
of stimuli are acquired to produce a well-defined 
tracing. This process is repeated throughout the sur
gery in continuous cycles, alternating nerves and 
sides being monitored. Hard copies (i.e., printouts) of 
the EPs are made at regular intervals for the record. 
If the EPs show alteration during the procedure, the 
EDX physician must be able to immediately trouble
shoot the problem, be it technical (e.g., loose elec
trode) or a true change in the physiologic status of
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A. Tibial SEP during lOM showing wide variability be
tween recordings of the SEP. Trial 1 (top trace 1 and 3] 
compared to trial 2 (traces 2 and 4). Trial 2 shows marked 
artifact from electrical surgical equipment. Montages are as 
in Figure 6.5B. (Divisions markers: horizontal = 10 msec, 
vertical = 0.5 /aV). B. Tibial SEP during lOM in an adoles
cent. There is marked suppression of the P3 7-N45 (cortical) 
potential (upper trace, arrow) immediately following an
esthesia. The P31-N 34 (cervical) potential is still clearly 
visible. Montages are as in Figure 6.5B. (Division markers: 
horizontal 10 msec, vertical = 0.5 /jlV.)

the spinal cord requiring appropriate confirmation 
(see later text).

Interpretation of Findings in iOiVI
During surgical monitoring, it is common to observe 
variability in the SEPs from one run to the next. Sev
eral factors contribute to this variability: intercurrent 
artifacts (Fig. 6.10A), fluctuations in blood pressure, 
change in levels of anesthesia (Fig. 6.10B), body po
sition (Fig. 6.11), and body temperature, to name a 
few. It is therefore critical to ascertain that a consis
tent alteration in the waveforms, not caused by tech
nical or physiologic factors, is confirmed before un
duly alerting the surgeon or anesthesiologist. A 
common rule of thumb is that any consistent drop of 
EP amplitude by greater than 50% or any increase in 
the EP latencies greater than 10% compared to pre
anesthesia baseline values, is alarming (39, 42). If 
waveforms recorded from one nerve or site become 
lost or abnormal, additional nerves and sites must be 
monitored. This ensures reproducibility in the mon
itoring before determination of abnormality is made 
with certainty.

The most common type of lOM abnormality is a 
fairly abrupt change in the SEP amplitudes with les
sor frequent change in latencies occurring immedi
ately, or within several minutes after, surgical ma
nipulation (Fig. 6.12). The change in the response 
usually is caused by slowing of the neural impulses 
or by manipulation of conduction block in the neural 
tissue. Such changes are often reversible once the 
problem is identified and corrected (39).

A second type of abnormality is a gradual loss of 
the EP amplitude or a gradual prolongation of the EP 
latency beginning more than 15 minutes after manip
ulation (Fig. 6.13). These changes continue to prog
ress, typically over the subsequent 30 minutes. This 
pattern of change suggests ischemia. If the pattern is 
identified quickly, recovery occurs in the majority of 
patients (39).

Abrupt and complete loss of SEPs independent of 
surgical manipulation is a worrisome sign and may 
indicate ischemia to the spinal cord. Should this oc
cur, it is important to continue nerve stimulation 
while recording from needle electrodes along various 
spinal segments. This allows localization of the site 
where the EPs are lost. A partially reversible cause 
(e.g., hematoma) is discovered occasionally and can 
be corrected. Recovery in these situations, however, 
is often incomplete.

The EDX physician should continue to monitor 
patients until they are awake. Some surgeons per
form a wake-up test in the middle of the procedure. 
Currently, however, the majority of surgeons rely 
solely on the lOM. After the surgeon closes and an-
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B

FIGURE 6 .11 .
Left tibial SEP during lOM monitoring A There is near absence of tlie P37 N45 (cortical) potential (top trace arrow) after 
left side stimulation In trace 2 the P31 N34 (cervical) potential is still visible as well as the LP (lumbar potential) in trace 
3 B The P37 N45 (cortical) potential is unremarkable after right side stimulation This suggested compromise of spinal 
cord conduction is caused by excessive rotation of the patient s head and emphasizes the importance of confirming this 
observation with contralateral stimulation C Once head position had been corrected the P37-N45 potential reappeared  
after left tibial stimulation The montages are as in Figure 5 9B (Division markers horizontal — 10 msec vertical — 0 5 jjN 
[Figures 6 11A and C] and 1 0 /xV [Figure 6 l lB ]  )

esthesia has been reversed patients are asked to 
move their extremities as a clinical confirmation of 
neurologic integrity

Studies (39] have shown that lOM is important m 
preventing intraoperative injuries Only rare cases 
are reported of postoperative deficit occurring de
spite the presence of otherwise normal EPs obtained 
from ostensibly uneventful lOM (61) In this setting, 
the neurologic damage has been located m pathways 
not directly monitored with the standard lOM tech
niques

The use of SSEPs and DEPs follow the same guide
lines as mixed nerve SEPs Their responses have typ
ically smaller amplitudes In the authors’ experience, 
they are somewhat more sensitive to various intra- 
operative changes compared with the mixed nerve

SEPs SSEPs and DEPs are not employed widely in 
lOM to date Several centers, including the authors 
are currently evaluating their specificity

A shortcoming of current SEPs techniques is that 
they fail to reliably evaluate the motor pathways Dif
ferent techniques have been devised to monitor mo
tor function It IS possible to insert nychrome wire 
electrodes into various muscles belonging to one or 
several myotomes that may be at surgical risk These 
electrodes can be connected to special preamplifiers 
and the spontaneous or evoked EMG activity re
corded during the surgery

Of the variety of patterns on ongoing EMG activity 
that may be seen, the presence of neurotonic dis
charges is the most important one to recognize These 
discharges are trains of impulses firing at a high rate.
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FIGURE 6.12.
A. lOM showing tibial SEP baseline run prior to rod and hook placement in the upper thoracic spine. B. During hook 
placement, there is a rapid, mild prolongation in the latencies and decrease in the amplitudes of the P37-N 45 (cortical) and 
P31-N34 (cervical) potentials (approximately 10% ). C . This decrease progressed as the hooks were tightened with an as
sociated increase in their latencies. D. These abnormalities reversed within 6 minutes after the tight hooks were loosened, 
suggesting transient conduction block of the neural pathways being monitored. Montage as in Figure 6.9B. Division markers: 
horizontal = 10 msec; vertical = 1.2 fxM.

they result from irritation or injury to the correspond
ing motor pathways. Although neurotonic discharges 
are an extremely valuable observation, their occur
rence declines gradually with increasing levels of 
neuromuscular blockade (particularly when the lat
ter exceeds 50%) (22).

Other means of monitoring motor pathways have 
therefore been devised. These include the assess

ment of the F and H waves in the manner described 
earlier in this chapter, recording both responses from 
the same electrodes. The F and H waves are sensitive 
markers for potential ischemia to the cord (6,43). The 
advantage of the F and H waves is their relative re
sistance to neuromuscular blockade because they can 
be recorded even at 80% neuromuscular blockade. 
An important caveat is that F and H waves can be
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FIGURE 6 .13 .
A. Tibial SEP baseline run before ligation of mid- 
thoracic arteries for hemostasis. B. During liga
tion, there is a gradual decrease in the ampli
tudes of the P37-N45 (cortical) and P31-N 34  
(cervical) potentials. C. This progressed and be
came associated with an increase in their laten
cies 10 minutes post-ligation. D. The abnormal
ities gradually reversed over 20 minutes after 2 
ligatures have been removed, with the bottom  
run (E) showing full recovery to baseline values 
(A). This is compatible with transient, reversible 
ischemia. Montages as in Figure 6.9B. Division 
markers: horizontal =  10 msec; vertical 0.5 jxV.

sensitive to induction and inhalation anesthetics, es
pecially in young or very old subjects. If they disap
pear during surgical manipulation when these agents 
are used, it may be necessary to reduce induction an
esthesia and record the F and H waves on narcotics

only. Table 6.8 summarizes the effect of various an
esthetic agents on lOM modalities.

A final category of lOM involves responses elicited 
from direct stimulation of the motor pathways (33, 
68, 75, 76). Magnetic or electric stimulation can be
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applied either to roots, spinal cord, or cortex. Mag
netic stimulation uses a primary current to induce a 
secondary one in an adjacent neural structure. In the 
cerebral cortex, this generates direct and indirect 
waves. Magnetic stimulation in the spinal cord re
sults in motor responses caudal to the level of stim
ulation. The recorded responses can be facilitated 
considerably by partial volitional activation of target 
muscles (68j. This feature is useful in an awake pa
tient but obviously not applicable during anesthesia.

Despite stable stimulus parameters, the latencies 
and amplitudes of the evoked responses may vary in 
magnetic stimulation. Even in normal subjects, the 
amplitudes of the evoked responses are small and 
tend to disappear at low levels of anesthesia. Mag
netic stimulation is overall highly sensitive to the 
level of anesthesia: certain anesthetics tend to reduce 
or cancel the motor EP despite the integrity of the 
motor pathways (Table 6.8) (51, 52). Magnetic stim
ulation of the cortex or spinal cord is used infre
quently and is considered experimental in most cen
ters.

Direct electrical stimulation of the cortex or spinal 
cord also elicits direct motor responses from muscles 
caudal to the level of stimulation. The recorded re
sponses are less variable than those evoked by mag
netic stimulation. Recorded responses also disappear 
with increasing neuromuscular blockade (Table 6.8) 
(39, 68). Partial controlled neuromuscular blockade 
may still be necessary, however, to reduce the motor 
artifacts generated by the contraction of the paraspi- 
nal musculature. With cortical stimulation, there is a 
small risk of activating an epileptic focus (68).

The authors thank James M. Gilchrist, M.D., Gary 
P. Jacobson, Ph.D., Joan K. Kappes, M.S., and John G. 
Kincaid, M.D. for their review and comments.

List of Abbreviations Used:
CMAP Compound Muscle Action Potential 

Cpz Centro-parietal (as in SEP montage)

DEP Dermatomal Evoked Potential 

EDX Electrodiagnosis 

EMG Electromyography
EP Evoked Potential, also Erb’s Point in  SEP 

montages

Fz Frontal (as in SEP montage)

fiY microvolt
mm millimeter

msec millisecond

MU Motor Unit

MUAP Motor Unit Action Potential

mV millivolt

SEP Somatosensory Evoked Potential

SNAP Sensory Nerve Action Potential

SSEP Short-Latency Somatosensory Evoked Po
tential
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SECTION 2

Pediatric Spine

CHAPTER SEVEN

Congenital Anomalies of the 
Cervical Spine

R an d all T. Loder

Congenital anomalies of the pediatric cervical spine 
are a result of aberrant growth and developmental 
processes. Understanding the normal embryology, 
growth, and development of the pediatric cervical 
spine is of paramount importance.

Normal Em bryology, G ro w th , 
and Development  

Embryology of the O cciput-A xis-A tlas 
Complex
The occiput is formed from four or five somites. All 
definitive vertebrae develop from the caudal sclero
tome half of one segment and the cranial sclerotome 
half of the next succeeding segment (87). These areas 
of primitive mesenchyme separate from each other 
during fetal growth, chondrify, and then subse
quently ossify. This chondrification and ossification 
is a passive process, following the blueprint laid 
down by the mesenchymal anlage. Because of this 
sequencing, the cranial half of the first cervical 
sclerotome remains as a half segment between the 
occipital and atlantal rudiments, and is known as the 
proatlas. The primitive centrum of this proatlas be
comes the tip of the odontoid process, while its arch 
rudiments assist in the formation of the occipital con

dyles (102). The vertebral arch of the atlas separates 
from its respective centrum, becoming the ring of Cl. 
The separated centrum fuses with the proatlas above 
and the centrum of C2 below to become the odontoid 
process and body of C2. The axis forms from the sec
ond definitive cervical vertebral mesenchymal seg
ment. The odontoid process is the fusion of the prim
itive centra of the atlas and the proatlas half segment. 
The posterior arches of C2 form from only the second 
definitive cervical segment.

Thus, the atlas is made up of three main compo
nents: the body and two neural arches. The axis is 
made up of four main components: the body, two 
neural arches, and the odontoid (or five components 
if the proatlas rudiment is considered).

Em bryology of Vertebrae C 3 -C 7
These vertebrae follow the normal formation schema 
of all vertebrae (86). A portion of the mesenchyme 
from the sclerotomal centrum creates two neural 
arches which migrate posteriorly and around the 
neural tube. This forms the pedicles, laminae, spi
nous processes, and a very small portion of the ver
tebral body. The majority of the body is formed by 
the centrum. An ossification center develops in each 
of the two neural arches and one in the vertebral cen
ter, with a synchondrosis formed by the cartilage be
tween the ossification centers.

1 5 7
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Norm al G ro w th  and Developm ent 

Atlas
Ossification exists only in the two neural arches at 
birth (82). These ossification centers extend posteri
orly toward the rudimentary spinous process to form 
the posterior synchondrosis, and anteriorly to form 
the facets. The neurocentral synchondroses form an- 
teromedial to each facet, joining the neural arches 
and the body; this occurs on each side of the expand
ing anterior ossification center. The body starts to os
sify between 6 months and 2 years, usually in a single 
center. By 4 to 6 years, the posterior synchondrosis 
fuses, followed by the anterior ones. The final inter
nal diameter of the pediatric C l spinal canal is de
termined by 6 to 7 years of age. Periosteal apposi- 
tional growth on the external surface leads to 
thickening and an increased height, but does not 
change the internal size of the spinal canal.

Axis
The odontoid develops two primary ossification cen
ters that typically coalesce within the first 3 months 
of life, and are separated from the C2 centrum by the 
dentocentral synchondrosis (83, 85). This synchon
drosis is below the level of the C l—C2 facets. It con
tributes to the overall height of the odontoid and to 
the body of C2. It is continuous throughout the ver
tebral body and facets, and coalesces with the ante
rior neurocentral synchondroses. These synchondro
ses progressively close, starting first in the regions of 
the facets, next at the neurocentral synchondroses, 
and finally at the dentocentral synchondrosis. This 
closure occurs between 3 and 6 years of age. The tip 
of the dens is comprised of a cartilaginous region 
similar to an epiphysis, called the chondrum termi- 
nale. When it develops an ossification center be
tween 5 to 8 years, it becomes the ossiculum termi- 
nale, which fuses to the remainder of the odontoid 
between 10 to 13 years of age.

The posterior neural arches are partially ossified 
at birth, joined by the posterior synchondrosis. By 3 
months of age, posterior growth of these arches forms 
the rudimentary spinous process, which by 1 year of 
age becomes ossified. By 3 years of age, the posterior 
synchondrosis has fused. Similar to the axis, the pos
terior and anterior atlantal synchondroses close by 
age 6, and there is again no further increase in spinal 
canal size after this age.

The posterior synchondrosis is at the junction of the 
two neural arches, and usually closes by 2 to 4 years 
of age. In the neonate and young child, the articular 
facets are quite horizontal, but become more verti
cally oriented as the child ages. They are also more 
horizontal in the upper cervical spine than in the 
lower cervical spine. The vertebral bodies enlarge 
circumferentially by periosteal appositional growth, 
whereas they grow vertically by endochondral ossi
fication. Secondary ossification centers develop at 
the tips of the spinous processes and the cartilagi
nous ring apophyses of the bodies around the time 
of puberty. These ring apophyses are involved in the 
vertical growth of the body. These secondary ossifi
cation centers fuse with the vertebral body around 
age 25.

Norm al Radiographic Parameters
Certain radiographic parameters indicate pathology 
of the cervical spine in adults but in children repre
sent normal developmental processes. These param
eters are the atlanto-occipital and atlanto-dens inter
val, pseudosubluxation and pseudoinstability, and 
normal cervical spine motion in children.

Atlanto-dens Interval (A D I) and 
A tlantooccipital M otion
These intervals are determined on lateral flexion/ex
tension views, which should be conducted volun
tarily with the patient awake. The ADI is the space 
between the anterior aspect of the dens and the pos
terior aspect of the anterior ring of the atlas (Fig. 7.1). 
An ADI of more than 5 mm on flexion/extension lat
eral radiographs indicates instability (58, 90). This

C 3 -7
At birth, all three ossification centers are present (34, 
184). The anterior synchondrosis (neurocentral syn
chondrosis) is slightly anterior to the base of the ped
icle; it typically closes between 3 and 6 years of age.

FIGURE 7.1.
(ADI) is the space between the anterior aspect of the dens 
and the posterior aspect of the anterior ring of the atlas 
Space available for the spinal cord (SAC) is between the 
posterior aspect of the dens and the anterior aspect of the 
posterior ring of the atlas.
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measurement is more than the 3-mm adult value be
cause of the increased cartilage content df the odon
toid and ring of the atlas in children, as well as in
creased ligamentous laxity in children. Iri extension, 
overriding of the anterior arch of the atl^s on top of 
the odontoid can also be seen in up to 20% of chil
dren (15).

A mild increase in this interval may indicate a sub
tle disruption of the transverse atlantal ligament. In 
adults, this ligament ruptures around an interval of
5 ram (35). In chronic atlantoaxial conditions (e.g., 
rheumatoid arthritis, Down’s syndrome, congenital 
anomalies] the ADI is less useful. In thej^e children, 
who are frequently hypermobile but do not have a 
ruptured transverse atlantal ligament, th? ADI is in- 
creasei'Deyond t'ne 3 to I) mm range. It is ’nereVnere 
the complement of the ADI, or the space available for 
the cord (SAC), is useful. This space is the distance 
between the posterior aspect of the dens and the an
terior aspect of the posterior ring of the atlas inflex
ion, or between the posterior aspect of the dens and

the anterior aspect of the C2 lamina or the foramen 
magnum in extension (Fig. 7.2). A decrease in the 
SAC to 13 mm or less may be associated with neu
rologic problems (107).

In these patients in whom there is an attenuation 
of the transverse atlantal ligament but without rup
ture, the alar ligament does provide some stability. It 
acts lilce a checlcrein (110), first tightening up in ro
tation, and then becomes completely taut as the 
odontoid process continues to move posteriorly a 
distance equivalent to its full transverse diameter. 
This safety zone betw^een the anterior wall of the spi
nal canal of the atlas and axis and the neural struc
tures is an anatomic constant equal to the transverse 
diameter of the odontoid. This constant defines 
‘stee'i’ s ru\e oi'fhirds: one-'i’m r i cord, one-'fnird odon
toid, and one-third space. The cord can move into 
this space (safe zone) when the odontoid moves pos
teriorly because of an attenuated transverse atlantal 
ligament. Here the alar ligament becomes taut, acting 
as a checkrein and secondary restraint, preventing 
further movement of the odontoid into the cord. In 
the chronic situation, it is important to recognize 
when this safe zone has been exceeded and the child 
enters the region of impending spinal cord compres
sion. In the case of trauma, the alar ligament is in
sufficient to prevent a fatal cord injury in the event 
of another neck injury similar to the one that caused 
the initial interruption of the transverse atlantal lig
ament.

Normal ranges of motion at the atlantooccipital in
terval are not well defined. In a series of 40 normal 
college freshmen, the tip of the odontoid remained 
directly below the base of the skull in both flexion 
and extension (29). Thus, the joint should not allow

FIGURE 7.2.
A. In flexion, SAC may become less between the posterior 
aspect of the dens and the anterior aspect of the C l  poste
rior ring. B. In extension, SAC may become less between 
tie pos'iefior aspect ot tne iens ani ftie a n te r io r  aspeCi eft 
the C2 lamina or the foramen magnum.

FIGURE 7 .3 .
The technique of Wiesel and Rothman: the vertical lines 
trom'i’ne cYivns anit'ne poSiefior aspect ott'ne anterior ring 
of the atlas should not translate > 1 mm.
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any horizontal translation during flexion and ex
tension. Tredwell et al. (116) feel that a posterior 
subluxation of the atlantooccipital relationship in 
extension of > 4 mm indicates instability. This 
subluxation can be measured as the distance between 
the anterior margin of the condyles at the base of the 
skull and the sharp contour of the anterior aspect of 
the concave joint of the atlas anteriorly, or as the dis
tance between the occipital protuberance and the su
perior arch of the atlas posteriorly. Another method 
to measure this posterior subluxation of the atlanto
occipital joint uses the technique of Wiesel and Roth- 
man (122) (Fig. 7.3). With this technique, occiput- 
C l translation from maximum flexion to maximum

extension should be no more than 1 mm in normal 
adults. However, norms for children have not been 
established for either of these techniques.

Pseudosubluxation
The C2-3 and, to a lesser extent, the C3-4 interspaces 
in children have a normal physiologic displacement 
(4). In a study of 161 children (15), significant ante
rior displacement of C2 on C3 was observed in 9% 
of children between 1 and 7 years old. In some chil
dren, the anterior physiologic displacement of C2 on 
C3 is so pronounced that it appears pathologic (pseu
dosubluxation). To differentiate this from pathologic

FIGURE 7.4.
The posterior line of Swischuk, showing the normal limits. A. Passing through or just behind the anterior cortex of C2. B. 
Touching the anterior aspect of the cortex C2.C. Coming within 1 mm of the anterior aspect of the cortex of C2. Reprinted 
with permission from Swischuk LE. Anterior displacement of C2 in children: physiologic or pathologic? A helpful differ
entiating line. Radiology 1977;122:759-763.
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subluxation, Swischuk has used the posterior cervi
cal line (Fig. 7.4) drawn from the anterior cortex of 
the posterior arch of C l to the anterior cortex of the 
posterior arch of C3 (112). In physiologic displace
ment of C2 on C3, the posterior cervical line may pass 
through the cortex of the posterior arch of C2, touch 
the anterior aspect of the cortex of the posterior arch 
of C2, or come within 1 mm of the anterior cortex of 
the posterior arch of C2. In pathologic dislocation of 
C2 on C3, the posterior cervical line misses the pos
terior arch of C2 by 2 mm or more.

The planes of the articular facets change with 
growth. The lower cervical spine facets change from 
55 to 70°, whereas the upper facets (i.e., C2-C4) may 
have initial angles as low as 30°, which gradually 
change to 60 to 70°. This variation in facet angula
tion, along with normal looseness of the soft tissues, 
intervetebral discs, and the relative increase in size 
and weight of the skull compared with the trunk, are 
the major factors responsible for this pseudosublux
ation. Because this pseudosubluxation is a normal 
physiologic condition, no “treatment” is needed.

IMormal Low er Cervical Spine M otion
Generally, the interspinous distances increase with 
age, being the smallest at C4-5 and the largest at C 6-
7, until 15 years of age, when it is the largest at C 5-
6 (90). The anteroposterior displacement from hy
perflexion to hyperextension decreases from C2-3 to 
C6-7. The angular displacement is highest (15°) at 
C3-4 and C4-5 for those children 3 to 8 years of age, 
highest (17°) at C4-5 for those aged 9 to 11 years of 
age, and highest (15°) at C 5-6 for those aged 12 to 15 
years of age.

Congenital Problems 

Torticollis
Torticollis is a combined rotatory and head tilt de
formity, and indicates a problem at C l-2  (because 
50% of the cervical spine rotation occurs at this 
joint). A head tilt alone indicates a more generalized 
problem in the cervical spine. The differential diag
nosis of torticollis is large (2), and can be either os
seous (e.g., basilar impression) or nonosseous (e.g., 
congenital muscular torticollis). This chapter dis
cusses only those that have a “congenital” basis.

Congenital Muscular Torticollis 
(Congenital Wryneck)
Congenital muscular torticollis is the most common 
cause of torticollis in the infant and young child. A 
disproportionate number of these children have a 
history of a primiparous birth, or of having a breech 
or difficult delivery. It has, however, been reported 
in children with normal births, and even in children

born by cesarean section (56, 62). Rarely is there a 
familial tendency (115).

There are several theories regarding the etiology of 
this disorder. The most common one is in-utero 
crowding because three of four children have the le
sion on the right side (57) and 20% have develop
mental hip dysplasia (46, 75, 121). Another theory is 
primarily neurogenic (101), supported by histopath
ologic evidence of denervation and reinnervation. 
The primary myopathy may be initially caused by 
trauma, ischemia, or both, and involves the two 
heads of the sternocleidomastoid muscle unequally. 
The most recent theory states that a compartment 
syndrome occurs as a result of venous outflow block
age from compression to the soft tissues of the neck 
at the time of delivery (22). This is manifested by 
edema, degeneration of muscle fibers, and fibrosis of 
the muscle body. Histology of resected surgical spec
imens suggests that the lesion is caused by occlusion 
of the venous outflow of the sternocleidomastoid 
muscle (11, 123). The muscle fibrosis is variable, 
ranging from small amounts to the entire muscle. It 
has been suggested that the clinical deformity is re
lated to the ratio of fibrosis to remaining functional 
muscle. If ample muscle remains, the sternocleido
mastoid will probably stretch with growth and the 
child will not develop torticollis; if fibrosis predom
inates, there is little elastic potential, and torticollis 
will develop. With the passage of time, the fibrosis of 
the sternal head may entrap the branch of the spinal 
accessory nerve to the clavicular head of the muscle, 
which can then lead to a later progressive deformity 
(101). The fact that it can occur in children with nor
mal birth histories or in children born by cesarean 
section disputes the perinatal compartment syn
drome theory, and supports the in-utero crowding 
theory. The fact that it can occur in families (sup
porting a genetic predisposition) also disputes the 
compartment syndrome theory. The sternocleido
mastoid muscle exhibited an abnormal MRI signal in
10 patients who had congenital muscular torticollis 
and were studied from 4 weeks to 5 years of age. In 
no case was a discrete mass seen within the sterno
cleidomastoid muscle (22). The muscle diameter also 
increased two to four times that of the contralateral 
muscle. In older patients, the signals produced were 
consistent with atrophy and fibrosis, similar to those 
encountered in compartment syndromes of the leg 
and forearm.

Contracture of the sternocleidomastoid muscle 
tilts the head toward the involved side and rotates 
the chin toward the opposite shoulder. The clinical 
features of congenital muscular torticollis depend on 
the time at which the physician evaluates the child. 
It is often discovered in the first 6 to 8 weeks of life 
(75). If the child is examined during the first 4 weeks 
of life, a mass or “tumor” maybe palpable in the neck 
(56). Although the mass may be palpable, it is unrec-
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paresthesias, speech disturbances, hoarseness, dip
lopia, syncope, auditory malfunction, and dysphagia 
(39, 120).

Standard radiographs are difficult to obtain be
cause of fixed bony deformities, overlapping shad
ows from the mandible, occiput, and foramen mag
num, and the patient’s difficulty in cooperating. An 
x-ray beam directed 90° perpendicular to the skull, 
rather than the cervical spine, usually gives a satis
factory view of the occipitocervical junction. Further 
studies (tomograms and/or CT scans) are usually 
needed. The anterior arch of Cl is commonly assim
ilated to the occiput, often with a hypoplastic pos
terior ring. The height of Cl is also variably de
creased, allowing the odontoid to project upward 
into the foramen magnum (primary basilar impres
sion). The position of the odontoid relative to the 
opening of the foramen magnum has been described 
by McRae, by measuring the distance from the pos
terior aspect of the odontoid to the posterior ring of 
Cl or the posterior lip of the foramen magnum, 
whichever is closer (68, 69). This should be deter
mined in flexion because this position maximizes the 
reduction in the space available for the cord. If this 
distance is less than 19 mm, a neurologic deficit is 
usually present. Lateral flexion/extension views of 
the upper cervical spine often show up to 12 mm of 
space between the odontoid and the Cl ring anteri
orly (69); associated C l-2  instability eventually de
velops in one-half of these patients (120). The odon
toid may also be misshapen or malpositioned 
posteriorly. Up to 70% of these children have a con
genital fusion between C2-3. Occipital vertebrae and 
condylar hypoplasia can also occur.

The MRI is used to image the neural structures. 
Posterior encroachment upon the upper spinal cord 
or medulla often occurs by a dural constricting band, 
with resultant neurologic findings. Compression 
from the posterior lip of the foramen magnum or du
ral constricting band can disturb the posterior col
umns with a loss of proprioception, vibration, and 
tactile senses. Nystagmus also commonly occurs be
cause of posterior cerebellar compression. Vascular 
disturbances from vertebral artery involvement can 
result in brain stem ischemia, manifested by syn
cope, seizures, vertigo, and unsteady gait. Cerebellar 
tonsil herniation can also occur (6). The altered me
chanics of the cervical spine may result in a dull, 
aching pain in the posterior occiput and neck with 
intermittent stiffness and torticollis. Irritation of the 
greater occipital nerve may cause tenderness in the 
posterior scalp.

The posteriorly projecting odontoid can cause an
terior compression of the brain stem or upper cervi
cal cord. This compression produces a range of find
ings and symptoms, depending on the location and 
degree of compression. Pyramidal tract signs and 
symptoms (spasticity, hyperreflexia, muscle weak

ness, gait disturbances) are most common, although 
cranial nerve involvement (diplopia, tinnitus, dys
phagia, auditory disturbances) can be seen.

Treatment is difficult because surgical interven
tion carries a much higher morbidity and mortality 
risk than with anomalies of the odontoid (6, 80,120). 
For this reason, nonoperative methods should be ini
tially attempted. Cervical collars, braces, and traction 
often help for persistent reports of head and neck 
pain, especially after minor trauma or infection. Im
mobilization may only achieve temporary relief if 
neurologic deficits are present. Those with evidence 
of a compromised upper cervical area should take 
precautions not to expose themselves to undue 
trauma.

When symptoms and/or signs of an unstable C l-
2 complex are present, a posterior C l-2  fusion is in
dicated. Preliminary traction to attempt reduction is 
used if necessary. If a reduction is possible and there 
are no neurologic signs, surgery has an improved 
prognosis (6, 39, 120). Posterior signs and/or symp
toms may be an indication for posterior decompres
sion depending on the evidence of dural or osseous 
compression. Results vary from complete resolution 
to increased deficits and death (6, 80). The role of 
concomitant posterior fusion has not yet been deter
mined, but if the decompression (whether anterior or 
posterior) could potentially destabilize the spine, 
then concomitant posterior fusion should be strongly 
considered.

Basilar Impression

Basilar impression occurs when the skull floor is in
dented by the upper cervical spine. The tip of the 
dens is more cephalad and sometimes protrudes into 
the opening of the foramen magnum. This may en
croach upon the brain stem, risking neurologic dam
age from direct injury, vascular compromise, or ce
rebrospinal fluid flow alteration (16, 113).

There are two types of basilar impression: primary 
and secondary. Primary basilar impression is a con
genital abnormality often associated with other 
vertebral defects (Klippel-Feil syndrome, odontoid 
abnormalities, atlantooccipital fusion, atlas hypopla
sia). The incidence of primary basilar impression in 
the general population is 1% (13).

Secondary basilar impression, the less common 
type, is a developmental condition attributed to soft
ening of the osseus structures at the skull base. Any 
disorder of osseous softening can lead to secondary 
basilar impression (23). These disorders include met
abolic bone diseases (Paget’s disease [30, 92], renal 
osteodystrophy, rickets, and osteomalacia [48]), bone 
dysplasias and mesenchymal syndromes (osteogen
esis imperfecta [43, 93, 97], achondroplasia [127] and 
hypochondroplasia [125], neurofibromatosis [150]) 
and rheumatologic disorders (rheumatoid arthritis, 
ankylosing spondylitis) (42, 64). The softening al
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lows the odontoid to migrate cephalad and into the 
foramen magnum.

These patients typically present with a short neck 
(78% in one series) (23), which is an apparent, rather 
than real, deformity because of the basilar impres
sion. They also show asymmetry of the skull and/or 
face (68%), painful cervical motion (53%), and tor
ticollis (15%). Neurologic signs and symptoms are 
often present (73). Many children will have acute on
set of symptoms precipitated by minor trauma (114). 
In cases of isolated basilar impression, the neurologic 
involvement is basically a pyramidal syndrome as
sociated with proprioceptive sensory disturbances 
(motor weakness [85%], limb paresthesias [85%]). In 
cases of basilar impression associated with Arnold- 
Ghiari malformations, the neurologic iiivolvem.ent is 
usually cerebellar (motor incoordination with ataxia, 
dizziness, nystagmus). In both types, the patients 
may complain of neck pain and headache in the dis
tribution of the greater occipital nerve, and cranial 
nerve involvement, particularly those which emerge 
from the medulla oblongata (trigeminal [V], glosso
pharyngeal [IX], vagus [X], and hypoglossal [XII]). 
Ataxia is a very common finding in children (114). 
Hydrocephalus may develop because of obstruction 
of the cerebrospinal fluid flow by obstruction of the 
foramen magnum from the odontoid.

Basilar impression is difficult to assess radio- 
graphically. The most commonly used lines are 
Chamberlain’s (16), McRae’s (67), and McGregor’s 
(65) in the lateral radiograph (Fig. 7.5). McGregor’s 
line is a line drawn from the posterosuperior aspect 
of the hard palate to the lowermost point on the mid
line occipital curve. It is the best method for screen
ing because the landmarks can be defined clearly at 
all ages on a routine lateral radiograph. Any odontoid 
tip greater than 4.5 mm above the line is concerning 
for basilar invagination. McRae’s line is helpful in 
assessing the clinical significance of basilar impres-

FIGURE 7.5.
McGregor line: upper surface of the posterior edge of the 
hard palate to the most caudad point of the skull (> 4.5 mm 
is abnormal). McRae line: odontoid protrusion into the fo
ramen. magnum. Chambeilain’s line-, from the posterior lip 
of foramen magnum to the dorsal margin of the hard palate.

sion because it defines the opening of the foramen 
magnum; in those who are symptomatic, the odon
toid projects above this line. Ghamberlain’s line is 
drawn from the posterior lip of the foramen magnum 
to the dorsal margin of the hard palate. No more than 
one-third of the odontoid should project above this 
line. Gomputed tomography with sagittal plane re
constructions can show the osseous relationships 
at the occipitocervical junction more clearly, and 
magnetic resonance imaging shows the neural ana
tomy. Occasionally, vertebral angiography is needed 
(89).

Treatment of basilar impression is difficult and re
quires a multidisciplinary approach (orthopaedic, 
neurosurgery, and neuroradiology) (71, 126). The 
symptoms can rarely be helped by custom made ox- 
thoses (47); the primary treatment is surgical. If the 
symptoms are caused by a hypermobile odontoid, 
then surgical stabilization in extension at the occip
itocervical junction will be needed. Anterior exci
sion of the odontoid is needed if it cannot be reduced 
(72, 98), but it should be preceded by posterior sta
bilization and fusion. If the symptoms are from pos
terior impingement, suboccipital decompression and 
often upper cervical laminectomy is needed. The 
dura often needs to be opened to look for a tight pos
terior band (6, 69). Posterior stabilization should also 
be performed. These are general statements, and each 
case should be considered individually.

Unilateral A bsence o f Cl
This congenital malformation of the first cervical ver
tebrae is in essence a hemiatlas, or a congenital sco
liosis of Gl. It was first described by Dubousset (27) 
in 1986. The problem is often associated with other 
anomalies common to children with congenital spine 
deformities

Two-thirds of the children present at birth, while 
the others develop a torticollis and are noticed later. 
A lateral translation of the head on the trunk with 
variable degrees of lateral tilt and rotation is a typical 
finding, best appreciated from the back. There may 
also be severe tilting of the eye line. The sternoclei
domastoid muscle is not tight, although regional 
aplasia of the muscles in the nuchal concavity of the 
tilted side is noted. Neck flexibility is variable and 
decreases with age. The condition is not painful. Pla- 
giocephaly can occur and increases as the deformity 
increases. Neurologic signs (headaches, vertigo, my
elopathy) are present in approximately one-quarter 
of the patients. The natural history is unknown due 
to the recent description of this anomaly.

Standard AP and lateral radiographs rarely give 
the diagnosis, although the open-mouth odontoid 
view may suggest it. Tomograms and/or GT scans are 
usually needed to see the anomaly. The defect can 
range from a hypoplasia of the lateral mass to a com
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plete hemiatlas with rotational instability and basilar 
impression. Occasionally the atlas is occipitalized. 
There are three types of this disorder. Type I is an 
isolated hemi-atlas. Type II is a partial or complete 
aplasia of one hemi-atlas, with other associated 
anomalies of the cervical spine (e.g., fusions of the 
third and fourth vertebrae, or congenital bars in the 
lower cervical vertebrae]. Type III is a partial or com 
plete atlanto-occipital fusion and symmetrical or 
asymmetrical hemiatlas aplasia with or without 
anomalies of the odontoid and/or lower cervical ver
tebrae.

Once the disorder is diagnosed, radiographs of the 
entire spine are needed to rule out other congenital 
vertebral anomalies. Vertebral angiography and MRI 
is needed if operative intervention is planned. Arte
rial anomalies are often found on the aplastic side 
(e.g., multiple loops, vessels smaller than normal, 
and abnormal routes between Cl and C2), and many 
of these children will have stenosis of the foramen 
magnum and/or an Arnold-Chiari malformation.

The deformity is observed for the presence or ab
sence of progression. This observation is primarily 
clinical because radiographic measurements are dif
ficult to obtain. Bracing does not halt deformity pro
gression. Surgery is recommended for severe defor
mities. Preoperative gradual correction with a halo is 
used. An ambulatory method of gradual cervical 
spine deformity correction has been recently de
scribed using the halo-Ilizarov technique (38). A pos
terior fusion from the occiput to C2 or C3 is then per
formed. Decompression of the spinal canal is 
necessary when the canal size is not ample, either at 
that time or if it is projected that it will not be able 
to fully accommodate the developed spinal cord. The 
ideal age for posterior fusion is between the ages of
5 and 8 years, when the canal reaches adult size.

Os Odontoideum ___________ ___________

Os odontoideum is an anomaly in which the tip of 
the odontoid process is divided by a wide transverse 
gap, leaving the apical segment without its basilar 
support (36, 124). It is quite rare; the exact incidence 
is not known. It most likely represents an unrecog
nized fracture at the base of the odontoid or damage 
to the epiphyseal plate during the first few years of 
hfe. Either of these causes can compromise the blood 
supply to the developing odontoid, resulting in the 
os odontoideum. Some authors believe that it may 
represent a congenital anomaly instead of occult 
trauma, and it is for this reason that it is included in 
this chapter on congenital anomalies.

These children usually present with local neck 
pain and, occasionally, transitory episodes of paresis, 
myelopathy, or cerebral-brain stem iscliemia caused 
by vertebral artery compression from the upper cer

vical instability. Sudden death can also occur, al
though it is rare.

Radiographically, an os odontoideum is seen as an 
oval or round ossicle with a smooth sclerotic border, 
of variable size, located in the position of the normal 
odontoid tip. On occasion, it can be located near the 
basioccipital area of the foramen magnum. The base 
of the dens is usually hypoplastic. It is often difficult 
to differentiate an os odontoideum from nonunion 
after a fracture. The gap between the os and the hy
poplastic dens is wider than in a fracture, and usually 
well above the level of the facets. Tomograms and CT 
scans are useful to further delineate the bony anat
omy, and flexion/extension lateral radiographs can 
identify instability.

The neurologic symptoms are caused by cord com
pression from posterior translation of the os into the 
cord in extension, or the odontoid into the cord in 
flexion. Increased motion at the C l-2  level can lead 
to vertebral artery occlusion/ischemia of the brain
stem and posterior fossa structures, resulting in sei
zures, syncope, vertigo, and visual disturbances. The 
long-term natural history is unknown.

Patients who have local pain or transient myelop
athies can expect recovery with cervical traction and/ 
or immobilization. Subsequently, only nonstrenuous 
activities should be allowed, but the curtailment of 
activities in the pediatric age group can be difficult. 
One must weigh the risk of a small insult leading to 
catastrophic quadriplegia/death.

Surgery is indicated when there is 10 mm or more 
of instability (ADI) or a SAC of 13 mm or less (107), 
neurologic involvement, progressive instability, or 
persistent neck pain. A Gallic fusion is recom
mended. The surgeon must be careful when tight
ening the wire so that the os is not pulled back pos
teriorly into the canal and cord; this has disastrous 
consequences. In small children the wire may be 
eliminated. In all children a Minerva or halo cast/ 
vest is also used in the postoperative period.

Other Syndrom es and Dysplasias 

Familial Cervical Dysplasia
This recently described atlas deformity (99) has an 
autosomal dominant genetic pattern with complete 
penetrance and variable expressivity. Clinical pre
sentation varies from an incidental finding, a pas
sively correctable head tilt, suboccipital pain, or de
creased cervical motion, to a clunking of the upper 
cervical spine.

Plain radiographs are difficult to interpret. Various 
anomalies of C l, most commonly a partial absence of 
the posterior ring of C l, are typically seen. Various 
anomalies ol C2 also exist, commonly as a shallow 
hypoplastic left facet. Other dysplasias of the lateral
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masses, the facets, and the posterior elements, and 
occasionally the spondylolisthesis, are seen. Occi- 
put-Cl instability is seen frequently, and C l—2 insta
bility is seen rarely. The delineation of this complex 
anatomy is often best seen with a CT scan and 3-di
mensional reconstruction. When symptoms of insta
bility are present, an MRI in flexion and extension is 
recommended to assess the presence and magnitude 
of neural compression. Neural compression at the oc- 
cipito-cervical junction is created by instability from 
the malformation(s).

Frequent observation (every 6 to 12 months) is rec
ommended to ensure that instability does not de
velop either clinically (e.g., progressive weakness 
and fatigue, or objective signs of myelopathy), or ra- 
diographically (lateral flexion/extension views). Sur
gery is recommended for persistent pain, torticollis, 
and especially neurologic symptoms. A posterior fu
sion from the occiput to C2 is usually required, with 
gradual preoperative reduction using an adjustable 
halo cast (38).

Klippel-Feii Syndrom e
The Klippel-Feil syndrome is a triad of a low poste
rior hairline, short neck, and limited neck motion 
(45, 53, 76, 105) resulting from congenital fusions of 
the cervical vertebrae. Other anomalies, both in the 
musculoskeletal and other organ systems, frequently 
occur. The congenital fusions result from abnormal 
embryologic formation of the cervical vertebral mes
enchymal anlages. This embryologic insult, although 
yet unknown, is not limited to the cervical vertebrae, 
which explains the other associated anomalies with 
the Klippel-Feil syndrome. The incidence of congen
ital cervical fusion is approximately 0.7% (12).

Limited neck motion of varying degrees is seen. 
Approximately one-third of these patients have an 
associated Sprengel’s deformity. The other anoma
lies associated with the syndrome are scoliosis (both 
congenital and idiopathic-like) (45), renal anomalies 
(28, 37, 70, 74, 95), deafness (66, 88, 108, 109), syn
kinesis (mirror movements) (5, 40), pulmonary dys
function (3, 17, 54), and congenital heart disease (32,
81). Varying degrees of vertebral fusion, ranging from 
simple block vertebrae to multiple and bizarre anom
alies, are seen radiographically. An associated scoli
osis often makes interpretation of the radiographs 
difficult. Flexion and extension lateral radiographs 
are useful to assess any potential instability. Any seg
ment adjacent to unfused segments may result in hy
permobility and neurologic symptoms (24, 41, 55, 
111). A common pattern is fusion of C l-2  and C3-4, 
leading to a high risk of instability at the unfused C 2- 
3 level (31).

A thorough evaluation should be undertaken to 
ensure that no congenital cardiac or other neurologic

abnormality exists (49, 77). Renal imaging should be 
done in all children; a simple renal ultrasound is usu
ally adequate for the initial evaluation (26, 63). The 
neural axis is visualized most easily with an MRI. An 
MRI should be obtained whenever any concern for 
neurologic involvement exists on a clinical basis, as 
well as prior to any orthopaedic spinal procedure 
(96, 119). Also, simple flexion-extension lateral ra
diographs should be taken before any general anes
thetic to rule out any occult instability of the cervical 
spine. When flexion-extension radiographs are diffi
cult to interpret (which is not uncommon because of 
the multiple anomalous vertebrae), a flexion-exten
sion CT scan can be useful, especially at the C l-2  
level.

The natural history of these children primarily de
pends on the occurrence of severe renal or cardiac 
problems. Instability of the cervical spine (91) can 
develop with neurologic involvement, especially in 
the upper segments or in patients who have inien- 
cephaly (91,103). Degenerative joint and disc disease 
develops in patients who have lower segment insta
bilities. Because children with large fusion areas are 
at high risk for developing instabilities, strenuous ac
tivities should be avoided, especially contact sports. 
Other nonsurgical methods of treatment are cervical 
traction, collars, and analgesics when mechanical 
symptoms appear, which is usually in the adolescent 
or adult patient. Surgical fusion is needed when neu
rologic symptoms arise from instability. The real di
lemma is whether prophylactic stabilization should 
be undertaken for asymptomatic hypermobile seg
ments; no guide lines exist for this problem. The need 
for decompression at the time of stabilization de
pends on the exact anatomic circumstance, as does 
the need for combined anterior/posterior versus sim
ple posterior fusions alone. Surgery solely for cos- 
mesis is unwarranted and risky (8, 25).

Sandifer's Syndrom e__________________
Sandifer’s syndrome is a syndrome of gastroesopha
geal reflux (often from a hiatal hernia) resulting in 
abnormal posturing of the neck and trunk, usually 
torticollis (78, 94). It is commonly seen in infancy or 
in children who have cerebral palsy. The torticollis 
is believed to be an attempt on the part of the child 
to decrease the esophagitis pain secondary to the re
flux. The majority present in infancy. On occasion 
the diagnosis may be delayed and not discovered un
til childhood. The abnormal posturing may also pre
sent as opisthotonos or neural tics, and often mimics 
CNS disorders. The diagnosis of symptom-causing 
gastroesophageal reflux is frequently overlooked 
(10). The incidence of gastroesophageal reflux is high 
(up to 40% of infants) (21), with the principal symp
toms being vomiting, failure to thrive, recurrent res
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piratory disease, dysphagia, various neural signs, tor
ticollis, and even respiratory arrest. Upon careful 
examination of these infants, the tight and short ster
nocleidomastoid muscle or its tumor is not seen, 
eliminating congenital muscular torticollis. Further 
work-up excludes skeletal dysplasias, congenital 
anomalies of the cervical spine, post-infectious 
causes, and CNS disorders (e.g., extraocular muscle 
or vestibular apparatus disorders, CNS neoplasms). 
In these situations, the physician should consider 
Sandifer’s syndrome in the differential diagnosis.

Plain radiographs of the cervical spine are needed 
to rule out congenital anomalies or skeletal dyspla
sias. Contrast studies of the upper gastrointestinal 
tract usually demonstrate the hiatal hernia and/or 
gastroesophageal reflux (51]. Esophageal pH studies 
may be necessary because many children (both 
asymptomatic and symptomatic) show evidence of 
gastroesophageal reflux (52). Medical therapy is the 
first treatment employed. When this fails, fundopli- 
cation can be considered. In otherwise normal chil
dren, this is usually curative (51).

Other Syndrom es______________________  

Fetal A lcohol Syndrom e
The teratogenic fetal alcohol syndrome is character
ized by CNS dysfunctions, growth deficiencies, facial 
anomalies, and variable major and minor malforma
tions. The children present with developmental de
lay, especially in motor milestones, failure to thrive, 
mild to moderate retardation, mild microcephaly, 
distinct facies (hypoplasia of the facial bones and cir- 
cumoral tissues), and congenital cardiovascular 
anomalies. Abnormal necks are not uncommon, and 
are similar to the Klippel-Feil syndrome. Fusion of 
two or more cervical vertebrae occurs in approxi
mately one-half of the children, resembling the Klip
pel-Feil syndrome (60, 79, 117). However, fetal al
cohol syndrome is distinctly different from the 
Klippel-Feil syndrome because the major visceral 
anomaly in the Klippel-Feil syndrome is the genito
urinary system, whereas in the fetal alcohol syn
drome it is the cardiovascular system (117).

Radiographic imaging and treatment recommen
dations regarding the cervical spine are the same as 
for the Klippel-Feil syndrome.

Craniofacial Syndrom es
Cleft lip and/or palate is the most common cranio
facial anomaly. It can be a solitary finding, or, more 
often, can be associated with other syndromes and 
anomalies. Children with cleft anomalies have a 13% 
incidence of cervical spinal anomalies, compared 
with the 0.8% incidence of children undergoing orth

odontia care for other reasons (non-cleft) (100). This 
incidence is highest in those with soft palate and sub- 
mucous clefts (45%). These anomalies are predomi
nantly in the upper cervical spine, and usually are 
spina bifida or vertebral body hypoplasia. The poten
tial for instability is not known, nor is the natural 
history. No documented information regarding treat
ment is available; however, the clinician should be 
aware of this association and make sound clinical 
judgements as needed.

Craniosynostosis Syndrom es 
(C rouzon's, Pfeiffer's, 
A p e rt's , Goldenhar's)
Craniosynostosis syndromes exhibit cervical spine 
fusions (neural arch, facet fusions, and block verte
brae), occipito-atlanto fusions, and butterfly verte
brae (44, 59, 104). Fusions are more common in 
Apert’s syndrome (71%) than in Crouzon’s syndrome 
(38%) (44). Upper cervical fusions are most common 
in Crouzon’s and Pfeiffer’s syndromes (104), whereas 
in Apert’s syndrome, the fusions are more likely to 
be complex and to involve C 5-6 (44). However, this 
syndromal variation is not accurate enough for syn
dromic differentiation. Congenital cervico-thoracic 
scoliosis is frequently seen in Goldenhar’s syndrome, 
usually from hemivertebrae (104).

The cervical fusions are “progressive” with aging; 
in younger children the vertebrae appear to be sep
arated by intervertebral discs, but as the child ages, 
the vertebrae fuse together. Recommendations for 
treatment are not specifically known. The author rec
ommends following the same principles as in the 
Klippel-Feil syndrome. One major problem is the po
tential difficulty with intubation in these children. 
Odontoid anomalies are rare; however, if any ques
tion exists regarding the stability of the cervical 
spine, lateral flexion/extension radiographs should 
be obtained.

Skeletal Dysplasias
Spondyloepiphyseal dysplasia, Morquio’s syndrome 
and other mucopolysaccharidoses, achondroplasia, 
pseudoachondroplasia, chondrodysplasia punctata, 
and multiple epiphyseal dysplasia have their own 
unique parameters regarding epidemiology, etiology, 
and clinical features. This chapter discusses only the 
cervical spine. Overall, 48% of individuals with skel
etal dysplasias show upper cervical anomalies (106).

The clinical features of upper cervical instability 
are often subtle and difficult to differentiate in chil
dren with skeletal dysplasias from pre-existing me
chanical problems in the lower limbs associated with 
joint laxity and epiphyseal malformation (e.g., genu 
valgum, loss of endurance, tiredness). Later, sleep ap
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nea and loss of hand-motor coordination can occur, 
with eventual paraparesis/quadriparesis and loss of 
urinary/bowel sphincter control

Odontoid hypoplasia with instability on lateral 
flexion/extension views is the most frequently seen 
problem Varying degrees of vertebral body dysplasia 
are also present The overall proportion of children 
who have upper cervical anomalies and skeletal dys 
plasias IS 100% for those with Morquio’s syndrome, 
75% for those with other mucopolysaccharidoses, 
83% for those with SED congenita, and 57% for those 
with pseudoachondroplasia

Flexion/extension CT scans and/or MRIs are often 
needed to better delineate the neuroanatomy The 
vertebral body and odontoid hypoplasia, as well as 
ligamentous laxity, leads to instability and myelop
athy The incidence and natural history for irrevers 
ible neurologic damage is unknown m most of these 
dysplasias, however, children with Morquio’s syn
drome are at a very high risk

All children with skeletal dysplasias should be 
screened for upper cervical instability before any sur 
gical procedure Those with Morquio’s syndrome 
should be screened routinely as early as possible, re
gardless of whether surgery and general anesthesia is 
planned in the near future, because of their very high 
incidence of instability When instability develops, 
upper cervical fusion, often from the occiput to C 3-
4, IS needed Halo-cast immobilization is often re
quired, instrumentation, except for interspmous wir 
ing, IS rarely indicated

Neurofibromatosis
Neurohbromatosis is the most common single gene 
disorder in humans The proportion of patients with 
neurohbromatosis and cervical spine involvement is 
difficult to assess (30% in the series of Yong-Hing et 
al [128], 44% of those with scoliosis or kyphosis had 
cervical spine lesions) The children are often asymp
tomatic (128) Symptoms, when they do occur, are 
diminished or painful neck motion, torticollis, dys
phagia, deformity, and neurologic signs ranging from 
mild pain and weakness to paraparesis/quadriparesis 
(19, 50) Neck masses constituted 20% of presenting 
symptoms in one study of neurofibromatosis patients 
(1)

Radiographic features of neurohbromatosis in the 
cervical spine are vertebral body dehciencies and 
dysplasia or scalloping (20, 128) This is often asso
ciated with kyphosis (lordosis being less common) 
and forammal enlargement Lateral flexion/extension  
radiographs are recommended for all neurohbroma
tosis patients before general anesthesia or surgery 
MRI is helpful for assessing the involvement of neu
ral structures and dnral ectasia CT scans are useful 
for evaluating the upper C-spine complex and bony 
definition of the neural foramen The natural history

regarding the cervical spine is unknown, but patients 
who have severe kyphosis often develop neurologic 
deterioration

Surgical indications are cord or nerve root com
pression, C l-2  rotary subluxation, pain, and neuro 
hbroma removal (19, 128) Halo-cast/vests usually 
are needed after fusions, with or without internal hx- 
ation, which is usually simple interspmous wiring 
Kyphosis generally requires anterior and posterior 
fusions If no indications for surgical treatment exist, 
then the patient should be observed closely Pseud- 
arthroses are frequent with isolated posterior fusions
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CHAPTER EIGHT

Sleuromuscular Scoliosis
John G. Thometz

General Principles
The early attempts at treatment of neuromuscular 
scoliosis involved manipulative therapy, frequently 
in patients with poliomyelitis. These techniques date 
back for hundreds of years, and a variety of rather 
involved manipulative techniques were employed. 
Spinal corsets and casts also were used in an attempt 
achieve some curve correction, but these early meth
ods were unsuccessful (Fig 8.1). The first bracing sys
tem that was thought to have some effect on curve 
progression was developed by Dr. Walter Blount. In 
addition to its use in treating idiopathic scoliosis, it 
was also used for treatment of poliomyelitis.

Bracing systems such as the Milwaukee brace or 
the Boston brace are considered “active” systems 
that require good torso strength and control, and a 
satisfactory righting reflex. These are requirements 
not present in severely involved neuromuscular pa
tients with scoliosis; therefore, “active” systems are 
contraindicated. Bracing systems that work best for 
these patients are considered “passive” systems, 
which are variations of a total contact TLSO.

Problems with the use of bracing in neuromuscu
lar patients are numerous. The total contact circum
ferential brace may compromise an already dimin
ished vital capacity. Prolonged brace wear causes 
pressure on the rib cage, which ultimately may lead 
to significant rib deformity. Patients who are mar
ginal ambulators may have their ability to walk neg
atively affected by the use of the brace. Patients who 
have a G-tube or problems with gastroesophageal re

flex may develop complications related to increased 
abdominal pressure. Those with a sensory deficit are 
prone to pressure sores.

The biggest concern regarding the use of the brace 
in many neuromuscular conditions revolves around 
whether the brace alters the natural history to any 
significant degree, particularly in entities such as 
muscular dystrophy, spinal muscular atrophy, Fried
reich’s ataxia, and even cerebral palsy. The brace 
may help those patients with very poor trunk control 
maintain an upright posture. Patients with severe 
scoliosis who unfortunately are not surgical candi
dates because of severe medical problems may be 
helped with a total contact brace or a total contact 
molded seating system.

The initial reports on the surgical treatment of 
neuromuscular scoliosis primarily relate to patients 
with poliomyelitis who underwent a posterior spinal 
fusion with cast immobilization (Fig. 8.2). Early in 
these series, a facet fusion was not performed. How
ever, even when facet fusion was included, most se
ries still reported a high pseudarthrosis rate with lit
tle improvement in the curve magnitude after fusion. 
Gucker (17), in 1956, reported a 60% pseudarthrosis 
rate, and Bonet (5), in 1965, reported a 40% pseud
arthrosis rate. In both series, there was a very poor 
rate of curve correction.

The development of Harrington’s instrumentation 
in the early 1960s was a significant advance. Har
rington instrumentation, when combined with pos
terior spinal fusion, achieved an improved correction 
in curve magnitude and also diminished the rate of

1 7 3
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Turnbuckle cast used to achieve correction of scoliosis. Reprinted with permission from Campbell W. Operative orthopae
dics. St. Louis: Mosby-Year Book: 1939, reprint 1942; Figure 775, p. 1042.

pseudarthrosis signiiicaiitly. Nonetheless, in the 
more severely involved neuromuscular patients, os- 
teopenic bone often led to loss of fixation. Further
more, the Harrington fusion still required a signifi
cant period of immobility.

A dramatic advance in the treatment of neuro
muscular curves came with the development of the 
Luque segmental spinal instrumentation, which 
achieved stability with the use of sublaminar wires 
at every level to be fused (4, 6,13, 40, 50). The system 
was rigid and fusion rates in neuromuscular patients 
increased dramatically. Anterior instrumentation 
systems such as the Dwyer were also helpful in pa
tients with neuromuscular scoliosis, particularly 
when combined with posterior instrumentation sys
tems such as the Harrington or Luque system. Since 
then, multiple systems using segmental fixation have 
been developed and are successfully used for the 
treatment of neuromuscular scoliosis. Although 
there are multiple systems, the ultimate goal is the 
same: to achieve a vertical torso over the pelvis. The 
goal is balance of the thoracic spine over the pelvis, 
not maximal correction of the scoliosis.

Patients who have neuromuscular scoliosis re
quire a careful preoperative workup. Subspecialty 
evaluation insures that the patient is a reasonable

surgical candidate from the pulmonary and cardiac 
standpoint. In addition, patients who have severe 
neuromuscular deformities also need assessment 
from the standpoint of their nutritional status. Pa
tients who are nutritionally depleted are at signifi
cantly higher risks for wound infections postopera- 
tively.

Fusions in the neuromuscular patients are often 
more extensive than those in the idiopathic patients, 
and the blood loss may be extensive. The appropriate 
candidate may predonate blood. The cell saver, the 
use of intraoperative hypotension, and intraoperative 
hemodilution are important methods for diminishing 
blood loss. There also are systems available for re
trieving blood in the postoperative period from the 
drain.

Hypothermia can be a problem with some pa
tients, and heated humidified anesthesia may be 
helpful in maintaining body temperature along with 
the use of heating blankets. Spinal cord monitoring 
is probably useful in most cases. The usefulness of 
somatosensory evoked potentials varies with the 
type of neuromuscular disorder. W ith the severely 
disabled neuromuscular patient, the quality of the 
cortical evoked potentials may be poor. Methods for 
the use of motor evoked potentials are improving to
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FIGURE 8.2.
For more severe cases, use of both the “spinal inlay” graft 
and the “prop” graft are advocated. Reprinted with per
mission from “The Alber Spine Fusion Operation in the 
Treatment of Scoliosis.” Surg Gynecol Obstet 1966; 
April:797-803. By permission of SURGERY, Gynecology & 
Obstetrics, now known as the JOURNAL OF THE AMERI
CAN COLLEGE OF SURGEONS.

diminish the possibility of a false negative result dur
ing surgery.

Patients who need both the combined anterior and 
posterior procedure traditionally had this done as a 
two-stage procedure. If the operation is staged a week 
or two apart, patients should have nutritional sup
port between the two stages. More recently, both 
stages have been performed during the same general 
anesthetic with satisfactory results. Swank (49) re
ported less complications with a one-stage combined 
anterior posterior fusion compared with the two- 
stage procedure. The author has experience with 16 
single-stage combined anterior-posterior fusions in 
neuromuscular patients M thout significant postop
erative complications.

As mentioned earlier, patients must be assessed 
preoperatively to make sure that they have an opti
mal nutritional status. Pretreatment with a gastros
tomy may be required in certain cases. Urinary tract 
infections may be precipitated by the prolonged use 
of an indwelling catheter. Patients who have a di
minished urine output postoperatively may have the 
syndrome of inappropriate anti diuretic hormone and 
may require assessment for this entity.

Ileus usually occurs after a major scoliosis fusion. 
Severe prolonged ileus may actually be a mechanical

obstruction caused by the superior mesenteric artery 
syndrome. This obstruction generally resolves with 
intravenous hyperalimentation and nasogastric suc
tion.

Atelectasis is a common postoperative problem in 
neuromuscular patients who often have underlying 
diminished pulmonary reserve. It is always impor
tant to initiate aggressive postoperative pulmonary 
treatment, which may require use of chest physio
therapy and the nebulizer. Patients also need to be 
observed for aspiration pneumonia, or severe atel
ectasis caused by the development of a mucous plug.

If a patient develops a superficial infection, it 
should resolve with intravenous antibiotics and local 
wound care. However, if there is a suspicion of a 
deep wound infection, then the wound must be 
opened, irrigated, and debrided, with multiple cul
tures taken for both aerobic and anaerobic speci
mens. The bone graft material is removed and irri
gated and then replaced, and the instrumentation is 
left in place. If the wound appears clean, the wound 
may be closed over drains. Severe wound infections 
occasionally require multiple debridements and then 
healing by secondary intention. If a late, low grade, 
chronic infection develops with a presentation of a 
draining sinus with no systemic signs, local care may 
be given until the fusion is solid; at that point, the 
instrumentation may be removed and antibiotics 
given. After an infection develops, the pseudoarthro
sis rate is increased.

Cerebral Palsy
The decision as to whether to treat a significant sco
liosis in a patient with severe cerebral palsy requires 
a careful assessment of the child’s mental status and 
functional capacity. The indications for extensive 
spinal surgery in the profoundly retarded patient 
have come into question in this area of limited health 
resources. If the child is a sitter, performing a scoli
osis fusion to preserve the child’s sitting ability is 
often worthwhile. Other indications for surgery may 
include: progression of a large thoracolumbar curve 
which may diminish pulmonary function, recurrent 
pressure sore formation in patients whose sitting bal
ance is poor, and pain. Assessing and localizing the 
source of pain in these patients, however, is difficult.

Treatment decisions also must include an under
standing of the curve’s natural history (30). In a study 
of the natural history of the progression of scoliosis 
after skeletal maturity in adults who have cerebral 
palsy, Thometz and Simons (50) noted that in pa
tients with a curve of over 50° at the time of skeletal 
maturity, progression was 1.4° per year (Figs.8.3 and 
8.4). Patients who had an early onset of structural 
scoliosis had a poor prognosis. Skeletal maturity was
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FIGURE 8.3.
Progression of scoliosis often skeletal maturing in ambu
latory cerebral palsy patients. Reprinted with permission 
from Thometz JG, Simon SR. Progression of scoliosis after 
skeletal maturity in institutionalized adults who have ce
rebral palsy. J Bone Joint Surg Am 1988;70 :1294 .

AGE (years)

FIGURE 8.4.
Progression of scoliosis after skeletal maturity in nonam 
bulatory cerebral palsy patients. Reprinted with permis
sion from Thometz JG, Simon SR. Progression of scoliosis 
after skeletal maturity in institutionalized adults who have 
cerebral palsy. J Bone Joint Surg Am 1988,'70:1294.

often delayed, and there were patients wJio were 
skeletally immature even in the third decade of life. 
Nonambulatory patients with spastic quadriplegia 
can show dramatic progression after skeletal matu
rity. Braces are not well tolerated in patients with 
severe cerebral palsy, and their efficacy in altering 
the natural history is unclear.

Lonstein and Akbarnia (28) have divided the curve 
patterns in cerebral palsy into two groups (Fig.8.5). 
The first group, the ambulatory children, develop a 
single or double curve typical to that seen in idio
pathic scoliosis. The second group, the nonambula
tory children, generally develop long thoracolumbar 
curves with associated pelvic obliquity. The pelvis

FIGURE 8.5.
Curve patterns in cerebral palsy. Top: ambulatory. Bottom: 
nonambulatory. Reprinted with permission from Moes 
textbook of scoliosis and other spinal deformities, 2nd ed. 
Philadelphia: WB Saunders, 1987; Figure 13.11, p. 293.
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may be included in the curve in this second group, 
or there may be a short compensatory curve at the 
lumbosacral junction wherein the sacral vertebrae 
are not part of the larger curve.

Lonstein and Akbarnia felt that ŵ ith this second 
group, fusion to the pelvis was mandatory to achieve 
a balanced spine. With the nonambulatory group, 
Lonstein felt that even patients with a curve similar 
to the ambulatory group would develop pelvic obliq
uity over time if fused only to the fifth lumbar ver
tebra. The authors concluded that all nonambulators 
should be fused to the sacrum. The indications for 
adding an anterior fusion followed evaluation of 
curve flexibility on the Risser Cotrel frame. If the rib 
cage could be balanced over the pelvis with this 
view, then a posterior fusion alone would be suffi
cient. Imbalance is unacceptable, as is pelvic obliq
uity greater than 10°. An anterior fusion should be 
performed when a large residual curvature is present 
even on the traction film. Patients who are signifi
cantly skeletally immature may develop the crank
shaft phenomenon; this may be another relative in
dication for performance of an anterior fusion.

Luque instrumentation provides excellent fixation 
for patients with severe cerebral palsy. When using 
Luque spinal instrumentation with sublaminar wir
ing, it is important to achieve proper wire contour to 
avoid injury to underlying spinal cord or nerve roots 
(Fig. 8.6). Zindrick (56] noted that a semi-circular 
shape resulted in less canal penetration than the pre
viously recommended rectangular shape, and he

n

FIGURE 8.6.
The top of the sublaminar wire must remain in contact with 
the undersurface of the lamina during passage.

noted that the larger the radius of the circle, the less 
the penetration into the canal. Goll et al. (15) video
taped the passage of sublaminar wires and docu
mented the depth of wire penetration in the spinal 
canal. They concluded that passage of the sublaminar 
wire must remain strictly in the midline, the bend at 
the tip of the sublaminar wire should not be greater 
than 45°, and the radius of curvature of the semi-cir
cular wire must at least equal the width of the lamina. 
Once the sublaminar wire has been passed, it must 
be stabilized to avoid trauma to the underlying neu
ral elements.

Yngve (55) described a useful technique for wire 
stabilization (Fig. 8.7). The wire is passed from a cau
dal to cranial direction with the tip of the wire con
tacting the undeisurface of the lamina as the wire is 
advanced. Once the tip of the wire is visible at the 
proximal end of the lamina, the wire is grasped and 
gently pulled until about 6 cm of wire is exposed.

FIGURE 8.7.
A. Kocher clamp may be used to help advance sublaminar 
wire. B. The tails of the sublaminar wire are brought prox- 
imally over the lamina; the tip of the sublaminar wire is 
brought distally; and one strand is placed on each side of 
the spinous process.
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FIGURE 8.8.
Each end of the wire is bent and twisted about the lamina 
to prevent the wire from migrating down the canal.

The tip of the wire is then brought over the lamina 
with one strand of the wire placed on each side of 
the spinous process. It is contoured closely to the 
lamina. After this, the tails of the wire are brought 
proximally over the lamina in a cephalic direction 
and also contoured against the lamina. The tails are 
then bent laterally out of the wound (Fig. 8.8). The 
Luque rod is then modified as needed to achieve the 
appropriate contour, particularly in the sagittal plain. 
Cross links must be used when two separate rods are 
involved.

Broom (6) found that cerebral palsy patients had 
better results with instrumentation using .25 inch 
Luque rods rather than the smaller rods. Rinsky et al. 
(40), when reviewing their results with Harrington 
rods, unlinked Luque rods, and the unit Luque rod 
found far and away the best correction and least com
plications with the use of the unit rod (Fig. 8.9). The 
use of postoperative immobilization with an orthosis 
for 4 to 6 months postoperative is generally recom-

FIG U R E8.9.
Correction achieved through use of unit rod. Reprinted 
with permission from Rinsky L. Scoliosis management in 
cerebral palsy. Clin Orthop 1990 ;253 '104 .

mended. The most popular method for achieving pel
vic fixation is the Galveston method of Allen and Fer
guson (1). Stabilization of the pelvis is accomplished 
by driving a segment of the rod into each ilium. The 
amount of purchase into the ileum should be at least
6 cm.

The pelvic component of the rod is designed to fit 
between the cortices of the wing of the ileum. The 
rod is contoured to achieve the most stable fixation 
in a position of approximately 1 to 1.5 cm above the 
sciatic notch. Intraoperatively, the surgeon places 
his/her finger in the sciatic notch to obtain appropri
ate orientation. The precontoured unit rod may sim
plify placement of the rod for the Galveston 
technique, but individual patients who have a very 
large rigid curve or severe lumbar lordosis may re
quire a more individualized rod configuration.

Additional techniques are available for distal fix
ation only to the sacrum, particularly in larger pa
tients in whom the bone is not osteopenic. Sacral 
screws can be inserted into the ala laterally, into the 
ala directly anteriorly, or into the vertebral body and 
sacral promontory.

The use of segmental spinal fixation has dimin
ished the pseudarthrosis rate. These longer fusions 
also need bone bank bone to obtain a satisfactory fu
sion. The most common areas to develop a pseudar-
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throsis are in the region of the thoracolumbar spine 
and the lumbosacral spine. If a pseudarthrosis de
velops and there is evidence of continued curve pro
gression or pain, then repair is warranted.

Careful postoperative management is necessary to 
prevent significant respiratory complications in chil
dren with severe cerebral palsy. Severe atelectasis 
may develop, and pneumonia may lead to a prema
ture death. Postoperative ileus may develop (partic
ularly in patients who have had an anterior release), 
which may lead to the necessity for nutritional sup
port.

Myelomeningocele— Kyphosis 
and Scoliosis
The natural history of kyphosis in myelomeningo
cele tends to be one of unremitting progression. This 
progressive kyphosis can lead to several problems, 
including recurrent pressure sores over the promi
nence, difficulty sitting, the potential risk of respi
ratory problems, and difficulty eating. The kyphosis 
limits available space for the abdominal contents, 
which are then pushed up against the diaphragm.

Lindseth (26) has divided kyphosis in myelome
ningocele into three patterns. The first type is col
lapsing kyphosis. Although occasionally these 
curves may be stable, more often they show evidence 
ot significant progression. Brace management may be 
attempted for a very mild curve at a very early age, 
but the brace may exacerbate the problems with di
minished pulmonary reserve or cause feeding prob
lems. Therefore, if progression is noted, early surgi
cal treatment is warranted. Instrumentation without 
fusion may be attempted but often results in instru
ment failure. Combined anterior/posterior fusion 
leads to an exceedingly small spine when performed 
at an early age.

Therefore, Lindseth (26) developed a technique 
which can be used at any age, from birth on (Fig 
8.10). His procedure involves decancellation of the 
vertebral bodies above and below the apical vertebra. 
The posterior elements are removed first, after which 
the ossific nucleus of the vertebral body is removed, 
but the epiphysis is left intact as is the cortical bone 
anteriorly. After the cortex of the vertebral bodies is 
removed posteriorly and laterally, the apical verte
bral body is pushed anteriorly. When the kyphosis is 
corrected satisfactorily, it is stabilized by using a ten
sion band wiring technique between the pedicle of 
the vertebral body above the apex, the apical verte
bral body and the vertebral body below the apex. Sat
isfactory growth of the lumbar spine can provide 
room for the abdominal cavity.

The functioning epiphyses allow for further cor
rection of kyphosis into lordosis. In the child older 
than 1 year, Lindseth recommends adding Luque in-

F IG U R E  8 .1 0 .
Correction of C-shaped kyphosis by removal of ossific nu
cleus from vertebra. Reprinted with permission from Lin- 
seth R Spine deformity in myelomeningocele. American  
Academ y of Orthopaedic Surgeons Instruction Course Lec
tures, Vol XL, 1991-276.

strumentation posteriorly to stabilize the spine as 
part of a posterior spinal fusion.

In dealing with the surgical attempts at correcting 
kyphosis, one must keep in mind the anatomy of the 
abdominal aorta in children with a congenital lumbar 
kyphosis. Loder et al. (27) noted that in aortagrams 
of these children, the abdominal aorta bridges the 
lumbar kyphosis and, therefore, attempts to force
fully elongate the spine through the area of the lum
bar kyphosis could result in aortic rupture. The more 
severe S-shaped kyphosis requires excision of verte
bral bodies for correction (Fig. 8.11).

Treatment of the spinal deformity in myelomenin
gocele is particularly complex. Early surgical reports 
were notable for high infection rates, poor curve cor
rection, and frequent pseudarthroses. Shurtleff (46) 
studied the progression of scoliosis in patients with 
myelomeningocele over time and noted that by the 
age of 1 year, only 3% had a curvature. In general, 
the less severe the neurologic involvement, the less 
a problem there was with scoliosis. The incidence of 
scoliosis increases over time (20). Eighty-eight per
cent of thoracic patients develop significant scoliosis.
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Correction of rigid S shaped kyphosis by excision of ver 
tebrae between apex of kyphosis and the lordosis Re
printed with permission from Morrisey RT Lovell and 
W inter’s pediatric orthopaedics 3rd ed Philadelphia JB 
Lippincott, 1990,522 Bernie Kida Illustrator

Only 9% of the sacral level patients have a significant 
curve by skeletal maturity Scohosis is present m 
90% of children with myelomeningocele over the age 
of 10 years

Scoliosis in myelomeningocele is frequently pro
gressive With each visit, a careful neurologic exam
ination must be performed The patient must be as
sessed to ensure that no progressive motor or sensory 
loss exists The gait pattern must be monitored for 
deterioration The child’s low êr extremities should 
also be evaluated for evidence of spasticity, and the 
hips should be checked for progressive hip flexion 
contractures

The patient with a progressive curvature needs a 
careful preoperative assessment in conjunction with 
the neurosurgical team to rule out lesions which are 
known to cause a progressive spinal curvature

The tethered cord syndrome is a well-known 
cause associated with progressive spinal curvature 
This may be associated with diastamyelia or lipoma 
With the tethered cord syndrome, the spinal cord re
mains bound down to the region of the myelomenin
gocele Therefore, the distal end of the spinal cord

cannot migrate proximally as it normally does with 
age, leading to neurologic deficit and curve progres
sion Early recognition of the tethered cord with suc
cessful release may be successful m slowing or stop
ping curve progression in the milder curves

Other entities can cause a progressive change The 
development of hydromyelia may be related to a non- 
functioning shunt The nonfunctionmg shunt may 
not cause the usual clinical significance of hydro
cephalus If hydromyelia or syringomyelia is recog
nized early and treated, this may inhibit curve pro
gression Patients with a progressive curvature in 
spina bifida need assessment with the use of mag
netic resonance imaging to rule out not only the pos
sibility of tethered cord and hydromyelia, but also 
the possibility of malformations such as the Arnold 
Chiari or the presence of dermoid cysts Considerable 
judgment is required by the neurosurgeon because 
several of these abnormalities may be present on the 
magnetic resonance scan

There are relatively few reports of brace treatment 
for scoliosis in myelomeningocele The goal of the 
brace is to delay surgical intervention until sufhcient 
spinal growth has developed Patients with curva
tures over 20° should be treated with a brace Pres
sure sores may be a problem, and over time, defor
mities of the rib cage caused by compression may 
develop The use of the soft Boston brace can be help 
ful in diminishing any tendency towards pressure 
sores Muller et al (34] conhrmed that bracing works 
best in patients with spina bihda when initiated with 
a curve of less than 45° The curves often are paralytic 
collapsing curves that initially show signihcant flex
ibility and good curve correction in the brace Muller 
et al found that the use of the brace did dimmish the 
rate of scoliosis progression sigmhcantly, pressure 
sores were rarely a problem The brace can be valu
able as an aide in treating these milder, flexible 
curves

Muller et al noted that patients with larger cur
vatures tend to progress more rapidly (34) Shurtleff 
found that the risk for scoliosis curve progression 
was high in patients beyond the age of 10 years 

Patients who undergo unsuccessful brace treat
ment and have continued curve progression are can
didates for fusion It is better to fuse the curve at an 
early age rather than wait for the scoliosis to reach a 
huge magnitude at a later date before attempting cor
rection Parents of ambulatory patients should be 
counseled that the fusion may negatively affect the 
child’s ambulatory capacity (31)

Patients who are nonambulatory often have their 
sitting balance improved with the surgical proce 
dure These nonambulatory patients generally re
quire fusion to the pelvis Pseudoarthrosis of the 
lumbosacral junction, however is common because 
of the lack of the posterior elements Lumbar curves 
must be well corrected, if the child is fused and sig-
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niticant pelvic obliquity remains, recurrent ischial 
pressure sores may be a problem. Lindseth recom
mends that the residual pelvic obliquity be less than 
15°. McMaster (29) noted that improved fusion rates 
are obtained wrhen a combined anterior-posterior ar
throdesis is performed, particularly in the region 
where the posterior elements are missing. Anterior 
release and fusion follov^ êd by posterior instrumen
tation may be performed, or anterior instrumentation 
systems may be combined with posterior instrumen
tation to supplement the fixation.

Fixation to the pelvis is difficult in these patients 
because ot the thin wall of the ilium. Other methods 
besides the Galveston techniques have been de
scribed to improve distal fixation. In Dunn’s tech
nique (12), the rods are wrapped around the sacral 
ala and a transverse rod connector is used to prevent 
migration of the rods. Until recently, Luque instru
mentation has been the most common system for 
achieving segmental spinal stabilization. Hybrid sys
tems which are able to use compression and distrac
tion with the use of pedicle screws and hooks are all 
alternative methods for achieving segmental stabili
zation of the spine.

In addition to the typical collapsing neuromus
cular scoliosis, patients who have myelomeningocele 
often have a congenital scoliosis. As in the neurolog- 
ically intact child, early treatment is warranted be
fore gross deformity develops. In the lumbar spine 
where the posterior elements are lacking, combined 
anterior/posterior fusion is the preferred treatment.

For the posterior approach, the skin must be as
sessed carefully. If there is significant scarring in the 
region of the dural sac, an inverted “Y ” incision 
down to the sacrum can be used. Plastic surgery con
sultation can be helpful, and the use of a free flap to 
obtain satisfactory skin coverage may be necessary. 
As with all long fusions in neuromuscular scoliosis, 
both coronal and sagittal alignment must be main
tained with appropriate thoracic kyphosis and lum
bar lordosis.

Duchenne's M uscular D ystrophy
Duchenne’s muscular dystrophy is usually evident 
clinically when a child is around 2 to 3 years of age, 
although there may be some history of mild devel
opmental delay before this age. Genetic research has 
identified that the gene defect has been localized to 
the short arm of the tenth chromosome. This gene 
produces dystrophin, which is a component of the 
plasma membrane system in normal muscle fibers. 
Patients who have Duchenne’s muscular dystrophy 
have significant deficiency of dystrophin. In patients 
with Duchenne’s dystrophy, the dystrophin level is 
generally less than 3% of normal. Hip extensors are 
the first muscles involved, resulting in an increased 
pelvic tilt with ambulation along with increased lum

bar lordosis. Both Gower’s and Meyron’s signs are 
helpful in demonstrating the proximal muscle weak
ness (53). Hip and knee flexion contractures along 
with equinus contractures may develop over time. At 
the age of 10 years, the children are generally not 
ambulatory. It is once the children become nonam
bulatory that rapidly progressive curves may de
velop.

Natural History of the Spinal 
D eform ity in Duchenne's 
M uscular D ystrophy
Progressive scoliosis leads to significant pelvic obliq
uity and problems with sitting balance; the scoliosis 
may exaggerate their respiratory compromise or lead 
to problems with back or leg discomfort. In addition, 
seating difficulties may cause feeding problems or in
hibit a child’s upper extremity function. Progression 
of the curvature may be delayed by the use of bracing, 
but bracing ultimately fails to prevent curve progres
sion.

The natural history of the scoliosis in muscular 
dystrophy was analyzed by Wilkins and Gibson (54). 
These authors thought that scoliosis in muscular dys
trophy can be divided into two pathways: the “sta
ble” pathway and the “unstable” pathway. The “sta
ble” pathway establishes an extension posture of the 
lumbar spine. If this lordotic posture of the lumbar 
spine can be maintained, a severe scoliosis rarely de
velops. In the “unstable” pathway, thoracolumbar 
kyphosis develops and subsequently a severe cur
vature develops. Oda et al. (36), in a recent review of
46 patients with Duchenne’s muscular dystrophy, 
concluded that patients who had a lumbar extension 
posture did not develop a significant curve and 
thought that these patients should not be surgically 
stabilized.

Other natural history studies, however, reveal that 
the incidence of a progressive scoliosis in Du
chenne’s muscular dystrophy is close to 100%. Gam- 
bridge and Drennan (9) noted that in 95% of their 
patients, scoliosis with an average of 75° developed 
during the nonambulatory phase, even in patients 
who used a spinal orthosis. Smith et al. (48) studied
51 patients with Duchenne’s muscular dystrophy, all 
of whom developed scoliosis. In a review by Hsu (19) 
of 8 patients, all developed significant curvatures.

Patients with Duchenne’s muscular dystrophy un
dergo a progressive deterioration in their pulmonary 
function. The forced vital capacity diminishes when 
the children become wheelchair bound. Whether op
erative stabilization of the spine slows the progres
sion of the decline in the pulmonary function has 
been the subject of some debate. Miller et al. (32) 
noted no difference in the rate of decline of pulmo
nary function between patients who had undergone 
spinal stabilization and patients who did not. How
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ever, Galasko (13) found that in the surgical group, 
the forced vital capacity remained stable for the first
3 years after surgery, after which there was a slight 
deterioration. The nonoperative group had a progres
sive decline.

Early surgical stabilization of the scoliosis while 
the child’s pulmonary function is satisfactory is the 
procedure of choice. Because of the striking inci
dence of progressive curves, Jenkins et al. (22) 
thought that it was important to operate before the 
forced vital force fed capacity was less than 35% of 
normal to minimize postoperative pulmonary prob
lems. Brace management has been abandoned be
cause it is effective only in delaying but not stopping 
the progression of the curvature.

Surgical stabilization must be done using segmen
tal spinal instrumentation. The greatest experience 
has been with the use of Luque instrumentation. The 
Luque system achieves segmental stabilization with 
the use of sublaminar wiring and avoids the need for 
postoperative brace. The Luque technique was mod- 
iiied by Dr. Mosley with the creation of a unit rod, 
which is contoured to achieve satisfactory sagittal 
alignment and fixation to the pelvis. As with all neu
romuscular collapsing curves, the fusion must ex
tend proximally to the first or second thoracic ver
tebra, Distally, it was initially thought that all 
patients needed fixation to the pelvis. There was con
cern that patients who did not have fixation to the 
pelvis would over time develop significant pelvic 
obliquity and seating problems. Sussman (48) in
1984 analyzed a group of patients who underwent 
early fusion with the distal extension to the fifth lum
bar vertebra. The patients had a satisfactory result, 
except for one patient who preoperatively had a 96° 
curve. This patient had increasing pelvic obliquity 
and curve progression. Mubarek et al. (33) reviewed
12 patients who had a fusion to the pelvis, and 10 
patients who had fusion to the fifth lumbar vertebra. 
These patients had a minimal follow-up of 5 years. 
The authors found, in general, very satisfactory re
sults with fusion to L-5 if the instrumentation was 
performed at a very early age (when the patient’s cur
vature was still mild). One patient with a significant 
postoperative pelvic obliquity after fusion to L-5 was 
a patient whose preoperative curvature was 50°. Mu
barek feels that if the scoliosis curvature is less than 
40° and the pelvic obliquity is less than 10°, fusion 
to L-5 only will give satisfactory long-term results.

Spinal M uscular A tro p h y
Spinal muscular atrophy is a condition of progressive 
flaccid paralysis that results from atrophy of the an
terior horn cells throughout the spinal cord. Spinal 
muscular atrophy is an autosomal recessive condi
tion. Gene studies have noted that both the acute and 
the chronic forms of spinal muscular atrophy are

linked to regions of chromosome 5. The clinical pre
sentation of this disorder has been subdivided into 
the acute infantile form (Werdnig-Hoffman) disease, 
and more chronic childhood forms (such as Kugel- 
berg-Welander disease). In the infantile form, the on
set begins shortly after birth, and the patients have 
such muscle weakness that they never develop the 
ability to sit or walk. Muscle weakness leads to res
piratory insufficiency, recurrent pneumonia, and, ul
timately, death. However, the more chronic forms 
have a more benign course with patients surviving to 
the second or third decade of life. Recently, some au
thors believe that some of these more benign chronic 
forms may in fact be nonprogressive.

The severity of this scoliosis is a relative function 
of the severity of the disease. The natural history 
studies by Philips et al. (38), Schwentker and Gibson 
(44), and Drennan and Russman (42) show that the 
vast majority of patients do develop a progressive 
scoliosis. As with Duchenne’s muscular dystrophy, 
the nonambulatory patients develop the rapidly pro
gressive curves (16, 18). The pattern of scoliosis 
tends to be a large, long collapsing curve. Initially, 
the curve is flexible; it develops more structural char
acteristics with time. Patients with spinal muscular 
atrophy may show varying degrees of structural ky
phosis over time also, but this tends to be mild. If the 
scoliosis develops at a relatively early age, bracing is 
reasonable in an attempt to buy time and delay per
formance of the spinal fusion until there is a greater 
torso height. However, if that curve progression con
tinues, it is better to perform an earlier fusion rather 
than wait until a gross deformity develops and per
form fusion at a late date. Anterior releases have been 
done before the posterior fusion in spinal muscular 
atrophy in an attempt to gain greater correlation. In 
patients with severe pulmonary compromise, the 
risks often outweigh the benefits.

A soft TLSO may be helpful with maintaining sit
ting balance and, therefore, the functional status; a 
rigid spinal brace is often uncomfortable. Care must 
be taken that the brace does not worsen the patient’s 
respiratory difficulties. If the respirator)/' capacity is 
diminished, this may necessitate discontinuation of 
the brace. The brace is minimally effective in pre
venting curve progression in the nonambulatory pa
tient. In these patients, segmental spinal fixation is 
necessary to provide satisfactory fixation of the spi
nal curvature (45). Brown et al. (7) noted that the 
Luque segmental spinal instrumentation system pro
vided superior fixation to the Harrington systemic 
patients undergoing spinal fusion for spinal muscu
lar atrophy. Stabilization techniques with the Har
rington system have a relatively high complication 
rate, and initially there was poor attention to sagittal 
contours to provide satisfactory seating tolerance (2).

Piasecki et al. (39) found very satisfactory results 
in a long-term follow-up study of spinal fusion in
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spinal muscular atrophy He concluded that the pro
cedure significantly improved the quality of life in 
these patients

Spinal fusion helps m aintain the patient’s respi 
ratory reserve by arresting the progression of the cur
vature and provides for improved seating balance 
When the fusion is done early, there is a relatively 
low incidence of com plications These patients must 
have careful preoperative evaluation by pulmonary 
physicians and the anesthesiologist Patients with a 
vital capacity of 50%  or greater generally do w ell in 
the postoperative period Great attention must be 
paid to the patient’s respiratory care to avoid severe 
atelectasis or pneumonia It is also helpful to have a 
physical therapist involved early m  the postopera
tive treatment of these patients to help ensure that no 
degeneration in their function occurs from the stand
point of their activities of daily living

It IS controversial whether patients with spinal 
muscular atrophy have functional improvement after 
spinal fusion Philips et al (38] noted improved sit
ting balance and endurance, and Piasecki et al (39) 
noted that m their group of long term survivors, there 
was improved sitting balance and greater indepen
dence m the use of hands However, Brown et al (7) 
noted some decrease in functional activities, such as 
self feeding, after the procedure Postoperative phys
ical therapy may inhibit this tendency towards the 
loss of some functional status

Friedreich's Ataxia
Friedreich s ataxia is a progressive disorder charac
terized by spinal-cerebellar degeneration There is a 
signihcant loss of large m yelinated hbers w hich is 
very striking in the posterior colum ns The cerebel
lum has a noticeable loss of myelinated hbers to the 
dentate nucleus It is generally inherited as an auto
somal recessive trait with onset between the ages of
5 and 20 years Recent studies by Chamberlain (10) 
have identihed the gene on chromosome nine by ge
netic linkage Patients usually present w ith an ataxic 
gait, and later they develop a cavus foot (37) Fried
reich’s ataxia also leads to a progressive hypertrophic 
cardiomyopathy

The natural history of scoliosis m  Friedreich’s 
ataxia is not as straightforward as the typical col
lapsing neuromuscular scoliosis In a study of 56 pa- 
hents with a mean age of 20 years, Labelle et al (25) 
found a scoliosis of more of 10° m  100%  of patients, 
and a hyperkyphosis in 66%  of patients Cady and 
Dubechko (8) also noted that the incidence of scoli
osis m Friedreich s ataxia was extrem ely high These 
authors noted that scoliosis in  patients w ith Fried
reich s ataxia is not always progressive, therefore, 
there are an appreciable number of patients who may 
not need treatment

The patients who did have a progressive scoliosis

generally had an onset of a curvature before the ad
olescent growth spurt Labelle felt that the curvature 
behaved more like an idiopathic curve than a neu
romuscular curvature (23, 25)

His study concluded that curves less than 40° 
could be observed and curves more than 60° should 
be treated surgically Those curves between 40 and 
60° could be treated depending on the age of the pa
tient at onset of the disease and progression of the 
curve Cady et al also agreed that larger progressive 
curves should be stabilized surgically All authors 
who have discussed brace management in  the treat
ment of scoliosis in Friedreich ’s ataxia note that the 
brace has been generally ineffective in inhibiting fur
ther curve progression In addition, the brace often 
has a negative effect on the patient’s gait These con
siderations make the use of the brace for this condi
tion very questionable In Friedreich s ataxia, non- 
operative management has been unsuccessful in 
preventing further progression of the scoliosis (21) 

Labelle et al (24) also studied the sagittal plane 
abnormalities in patients with Friedreich’s ataxia In
creased kyphosis has been reported, but the authors 
conhrmed that the apparent kyphosis is really a 
“pseudokyphosis” that is secondary to vertebral 
body rotation The authors used a three-dim ensional 
computer generated graphic representation from ra
diographs of patients with Friedreich’s ataxia and 
demonstrated that on a true lateial radiograph the 
lateral thoracic spine is hypokyphotic with evidence 
of hypokyphosis from T 1 to T-6 (in a patient who 
was noted to have a right thoracic curve from T 7 to 
L-1) This must be taken mto consider ation during 
surgical planning so as not to exacerbate a proximal 
junctional kyphosis

Good results have generally been reported using 
Harrington, Harrington-Luque or Luque instrumen
tation As with fusions in other ambulatory patients, 
mstrumentation to the sacrum should be avoided be
cause of its negative effect on those patients with 
marginal ambulation However, long curves with as
sociated pelvic obliquity must have the pelvis in 
eluded in the fusion

Rett's Syndrom e
Rett’s syndrome is a progressive neurologic disorder 
that develops in the second year of life Early mile
stones are normal, but regression begins, resulting in 
gait apraxia, autism, and typical hand wringing 
movements with progressive mental and physical de
terioration Scoliosis IS the most common ortho 
paedic problem Scoliosis in this entity appears to 
occur at a higher prevalence as the child ages By 
skeletal maturity, most scoliosis is present to some 
degree in essentially all patients Bracing is of ques
tionable efhcacy but perhaps worth a trial in the 
younger child Surgical stabilization with segmental
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instrumentation is best for those with relentlessly 
progressing curves.

Poliom yelitis
Poliomyelitis is a viral infection that results in the 
destruction of the motor neurons of the anterior horn 
cells of the spinal cord and the brain. This may result 
in total loss of function of the individual motor neu
ron. As one might expect, the more severe the 
involvement, the greater the likelihood of the de
velopment of the scoliotic curve. In addition, 
contractures about the hip may lead to pelvic obliq
uity, which may induce a curvature. Irwin held that 
the iliotibial band contracture was an important 
cause of creating pelvic obliquity associated with a 
scoliotic curve. Also, muscle imbalance and hip flex
ion contractures may also result in distortion of the 
spine. With flexible curves, judicious release of these 
contractures may help with spinal balance.

Continued curve progression may result in the 
need for spinal instrumentation and fusion. The ini
tial descriptions of the attempts at scoliosis fusion 
were in patients with poliomyelitis. These were often 
fusions with postoperative immobilization with a 
cast only, resulting in a very high pseudoarthrosis 
rate with loss of correction. These curves generally 
require segmental fixation with attention to correc
tion of the pelvic obliquity.

A rthrogryposis
Scoliosis is also a common problem in arthrogrypo
sis. Arthrogryposis is a generic term for a broad group 
of disorders that are characterized by multiple joint 
contractures. The most common form of arthrogry
posis is amyoplasia. Amyoplasia is characterized by 
multiple contractures of the shoulders, elbows, and 
upper extremities, resulting in internal rotation and 
adduction of the shoulder, flexion or extension or the 
elbow, and wrist flexion and forearm pronation. The 
hips are abducted and externally rotated; the knees 
may be either flexed for extended. Frequently, the 
feet are severely equinovarus. Scoliosis may develop 
over time, but curves may be present in infancy be
cause of contracture of the muscles of the trunk. Con
tractures about the hip also may aggravate pelvic 
obliquity, but releasing contractures generally fails to 
halt curve progression. Progressive curve progression 
may require early combined anterior posterior fu
sion.

C harcot-M arie -T ooth
Scoliosis may also occur in patients with Charcot- 
Marie-Tooth disease. Charcot-Marie-Tooth disease is 
divided into two subtypes. The hereditary motor and 
sensory neuropathy type I, or the axonal form, more

com m only has spinal involvement. There also is a 
neuronal form of hereditary motor and sensory neu
ropathy (type II). Initially, it was thought that the in
cidence of scoliosis in this entity is low. A more re
cent study by Walker et al. has shown that the 
incidence may approach 50% . Nonetheless, the 
number of curves that require treatment is low.
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CHAPTER NINE

Surgical Treatment of Pediatric 
Idiopathic Scoliosis

Keith H. Bridwell

Clinical Evaluation

The clinician/surgeon should examine the standing 
patient from the front and from the back. Standing 
from the back, the surgeon gets a perception of the 
patient’s translatory deformity and trunk shift. Also, 
the clinician should look at w hich shoulder is higher. 
By looking at the patient from the front, the clin ician  
often gets a better idea of shoulder asymmetry be
cause patient hair often covers up the spine from be
hind. When the patient flexes forward, then the c li
nician gets a perception of the axial plane deformity. 
Having the patient side bend to the right or left then 
affords a perception of the flexibility of the patient’s 
curves. Also, by putting the patient prone on an ex
amining table and pushing on the apices of the ap
propriate curves, the clin ician  best assesses the flex
ibility of the deformity.

Radiographic Evaluation

Radiographic evaluation includes standing long cas
sette coronal and sagittal radiographs. Also, long cas
sette right and left side benders are necessary. A long 
cassette coronal supine film shows the surgeon just 
how the patient w ill look on the table. This author 
also finds the so-called long cassette push-prone ra
diograph to be helpful. This radiograph is taken by 
putting the patient prone and then pushing on the

apex of the principal curve that is going to be instru
mented. If the surgeon is thinking of instrumenting 
just the thoracic curve and not the lumbar curve, then 
this film is valuable because it reveals how m uch cor
rection is likely in the thoracic spine and shows how 
the correction w ill affect patient balance and the 
lumbar curve below it. The push-prone radiograph is 
a substitute for the Moe traction film on a Risser table. 
It is easy and quick to do in the office. For those pa
tients who have a significantly kyphotic component 
to their deformity, a long cassette supine hyperexten- 
sion film w ith a soft bump over the apex of the de
formity shows the flexibility of the deformity in the 
sagittal plane.

Decision-M aking Regarding 
Indications for Surgical Treatm ent

The principal considerations when deciding on sur
gical treatment are the magnitude of the deformity 
and the patient’s proxim ity to skeletal maturity. As 
Lonstein clearly showed (52), the likelihood of pro
gression of the deformity is related to the size of the 
curve and to the amount of growth left at presenta
tion.

Usually, surgeons consider surgery on curves that 
have a Cobb measurement between 40 and 50°. This 
measurement is considered a “grey zone,” in that
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FIGURE 9.1.
A and B. Long cassette coronal and sagittal radiographs preoperatively showing a Type II curve pattern. The spine is in 
lordosis from T l2  to L2. There is no thoracolumbar kyphosis. The thoracic curve is bigger than the lumbar curve in terms 
of Cobb measurement, apical vertebral deviation, and apical vertebral rotation. C and D. Long cassette coronal and sagittal 
radiographs upright at ultimate follow-up. E and F. The patient’s clinical appearance at ultimate follow-up. Note her flex
ibility.
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some curves with measurements in the 40s need op
erative treatment and some do not. As a general rule, 
however, ail curves that are 50° and higher are sur
gical candidates.

More than just the Cobb measurement has to be 
considered. The amount of trunk shift, the size of the 
rib hump, and the curve type all are factors. If the 
patient has a 43° right thoracic curve, has a significant 
trunk shift, and is decompensated to the right, then 
it makes sense to instrum ent and fuse that curve. 
However, if the patient has a w ell-balanced double 
major curve pattern with both curves measuring 42° 
that would require a T4 to L4 instrum entation and 
fusion, then it might be better not to treat that patient 
surgically, especially if  the patient has reached skel
etal maturity.

Curve Classification___________________

The curves that are discussed in this chapter are as 
follows: false double major, single thoracic, long tho
racic, double thoracic, double major, lumbar/thora- 
columhar, and left thoracic.

False Double M ajor Curve
This curve pattern generally is referred to as a Type 
II curve. It was initially described by King et al. (42). 
Subsequent to that, there have been numerous re
ports debating how to define this particular curve 
pattern (16, 45, 46, 75, 82, 87). This type of curve is 
a pattern in which both a thoracic and a lumbar curve 
exist. The lumbar curve crosses the midline and does 
have some structural component to it, but the struc
tural component to the thoracic curve exceeds that 
of the lumbar curve. In most cases, it is possible to 
selectively instrument the thoracic curve without 
having to include the lumbar curve (Fig. 9.1).

The patients who are the best candidates for selec
tive thoracic fusions are those who are skeletally ma
ture. On examination, the principal area of clinical 
deformity should be in the thoracic spine. If there is 
a significant lumbar “hump” or waistline asymmetry, 
the surgeon is probably dealing with a double major 
curve and not a false double major curve.

Some debate exists among authors as to whether 
it is more important to look at the standing radio
graphs or the flexibility radiographs. Most feel that 
the thoracic curve should be somewhat bigger than 
the lumbar curve on the standing film. Certain au
thors have attempted to define what “bigger” is. Cer
tainly the lumbar curve should be much more flexi
ble than the thoracic curve. The flexibility index was 
described by King (41, 42), who stated that the per
cent flexibility of the lumbar curve should be greater 
than that of the thoracic curve. However, this index

can be misleading because with true double major 
curves, the lumbar curve often is more flexible.

If there is no thoracolumbar kyphosis preopera- 
tively, it is often possible to instrument posteriorly 
to T12 or L I, w hichever is the stable vertebra. If there 
is any thoracolumbar kyphosis (T12 to L2 sagittal 
Cobb in kyphosis), then it is better to instrument and 
fuse down to L2 or, more commonly, L3. It is reason
able to stop at L3 if that segment is neutral in rotation.

One group thought that the best indicator of a Type 
II curve pattern was judged on standing films, where 
the apical deviation of the thoracic curve should be 
one and a half times greater than the lumbar curve 
(46). Also, the lumbar curve should be under 60°, and 
there should be no thoracolum bar kyphosis.

Exactly where the fine line is drawn between a 
Type II curve and a true double major curve is still a 
matter of conjecture and dispute. However, without 
question, there are Type II curves and it is, at times, 
possible to selectively instrum ent only the thoracic 
curve even though the lumbar curve does cross the 
m idline and has some structural component to it.

Single Thoracic  Curve
Single thoracic curves usually are referred to as King 
Type III curves (42). The apex is usually at T9 or TIO. 
The stable vertebra is usually L2. Usually, instru
m entation and fusion posteriorly is performed from 
T4 to L l or L2. The lumbar segments below have no 
rotation to them and they do not cross the m idline. 
Single thoracic curves are the most straightforward 
type of idiopathic curve to treat (Fig. 9.2).

Long Thoracic  Curve
This curve is a King Type IV curve (42), w hich has 
an apex at TIO, is longer, and extends all the way 
down to L4. L4 is the first stable vertebra, and instru
m entation and fusion is usually necessary down to 
L4. If the curve is particularly flexible and L3 is neu
trally rotated, then it is possible to stop a level higher 
at L3 (15, 47) (Fig. 9.3).

Double Th o racic Curve
A double thoracic curve is a curve pattern in which 
there are two thoracic curves. In most cases, there is 
a high left thoracic curve and a low right thoracic 
curve. Usually, the low right thoracic curve creates 
the trunk shift deformity and translation. It also has 
the bigger rib hump. However, the upper thoracic 
curve determines shoulder height. Therefore, if  a pa
tient w ith a large right thoracic curve has a high left 
shoulder, that is a clin ical tip-off to a double thoracic 
curve pattern. Radiographically, if the upper thoracic 
curve does not correct to less than 20° in the left side



FIGURE 9 .2 .
A and B. Upright coronal and sagittal radiographs preoperatively. A Type III curve pattern. C and D. Upright coronal and 
sagittal radiographs at ultimate follow-up.

FIGURE 9.3.
A and B. A long Type IV thoracic curve. The apex is TlO. Coronal and sagittal radiographs preoperatively demonstrate the 
deformity. C and D. Upright coronal and sagittal radiographs in the patient at ultimate follow-up. Selective segmental forces 
and rod rotation maneuvers were performed to address the coronal and sagittal deformities. The patient’s upper thoracic 
spine was kyphotic. The lower thoracic spine was hypokyphotic, and the lumbar spine was hypolordotic.

1 9 0
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FIGURE 9.4.
A and B. Upright coronal and sagittal radiographs preoperatively. Note the structural characteristics of the high left thoracic 
curve. This is a double thoracic curve pattern. C and D. Upright coronal and sagittal radiographs on the patient postoper- 
atively. On the left side, a rod rotation maneuver was performed, then a domino ŵ as added, and then compression forces 
were applied to the convexity of the upper curve. In most instances with a double thoracic curve, the lower curve will be 
hypokyphotic and the upper curve will be somewhat kyphotic. Therefore, the convexity of the upper curve is approached  
with compression forces first. If the spine was hypokyphotic all the way up to T2, then it would make more sense to approach  
the concavity of that upper curve first. More often than not, however, the upper curve is relatively hyperkyphotic.

bender, it probably should be included in the instru
mentation and fusion. The push-prone radiograph 
can be beneficial here also. If pushing on the lower 
right thoracic curve does not change the balance of 
the shoulders over the pelvis, then the surgeon is 
probably dealing w ith a single thoracic curve. How
ever, if it pushes up the left shoulder, then the sur
geon is probably dealing with a double thoracic curve 
(43, 51) (Fig. 9.4).

Double M ajor Curve
This type of curve usually follows a right thoracic/ 
left lumbar curve pattern. C linically, the surgeon 
finds that the rib hump of the thoracic curve and the 
hump of the lumbar curve are about equal with sig
nificant waistline asymmetry. W ith a double major 
curve, the thoracic and lumbar curve usually have 
roughly equal apical deviation from the plumb line, 
roughly equal apical rotation, and roughly equal 
Cobb measurements. Often, w ith posterior fusion for 
this curve pattern, instrum entation and fusion is 
needed from T4 to L4. At times, it is possible to stop 
at L3 if the lumbar curve is very flexible and if L3 is

relatively neutral in rotation (15, 47) (Fig. 9.5). At 
tim es, a high left thoracic curve may exist with dou
ble major curves. Therefore, it is necessary at times 
to instrument and fuse from T2 to L4.

Lum bar/Thoracolum bar Curves
These curves have an apex at T12 or below. Usually, 
a thoracolum bar curve is considered one with an 
apex at T i l ,  T12, or L l, and a lumbar curve has an 
apex below  that. W ith most thoracic curves, an ele
m ent of hypokyphosis exists. W ith most thoracolum 
bar and lumbar curves, there is an elem ent of hypo- 
lordosis. There are differing opinions as to whether 
it is better to treat lumbar curves anteriorly or pos
teriorly.

Usually w ith hook constructs, it is necessary to 
fuse longer posteriorly than it is anteriorly with 
screw constructs. Posterior pedicle screw only con
structs are being investigated, but the results of this 
treatment are not clearly known at this time. It is gen
erally believed that anterior instrum entation of lum
bar curves allows the surgeon to fuse fewer segments 
and to get better correction and derotation (18, 25,
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29, 32, 54, 60, 63, 67, 68, 77). However, the estab
lished literature states that anterior instrum entation 
is somewhat kyphogenic and is associated w ith a 
somewhat higher pseudarthrosis rate (39, 54, 64). 
Also, if anterior instrum entation is stopped short of 
the neutral and transitional vertebra distally, then the 
surgeon may see a “jacked up” appearance to the disc 
below.

The author found that by using structural grafts or 
cages anteriorly, the problem of Zielke instrum enta
tion kyphosing the spine can be negated (19). For 
structural grafts, fresh frozen tricortical iliac wedges 
are used. They are then wedged into the anterior disc 
space after the disc has been removed. The disc space 
is opened up initially  with a with a laminar spreader, 
and then that graft is put in before instrumenting the 
vertebral bodies with screws placed in the posterior 
third of the vertebral bodies. Another alternative is 
to use a construct of a solid rod anteriorly and to per
form a 90° rod rotation maneuver (71). The rod rota
tion maneuver applies to lumbar and thoracolumbar 
curves that are under 60°. For curves over 60°, it is 
not always feasible to perform 90° rod rotation ma
neuvers anteriorly with a solid rod (Fig. 9.6).

Left Thoracic Curve
Left thoracic curves are uncommon. They are, at 
tim es, associated with syringomyelia (22, 65). Any 
patient with a left thoracic curve should have a very 
careful neurologic exam ination. A ll patients with left 
thoracic curves coming to surgery should probably 
have an MRI study preoperatively to rule out a 
syrinx. If, in fact, there is no associated syrinx or 
other spinal cord anomaly, then these curves are gen
erally different from right thoracic curves. They tend 
to be hyperkyphotic rather than hypokyphotic. 
Therefore, they are probably best treated with com
pression to the convexity before distraction to the 
concavity. The left thoracic curves also seem to be 
associated w ith a greater degree of axial plane rota
tion (Fig. 9.7).

Principles of Where to Start 
and Stop the Fusion 
The stable vertebra is the vertebra bisected by a line 
w hich bisects the sacrum and is perpendicular to the 
sacrum and the ilium . The stable zone should be bi-

FIGURE 9.5.
A and B. Coronal and sagittal long cassette standing radiographs preoperatively. Note that the thoracic and lumbar curves 
have roughly equal Cobb measurements, apical vertebral deviation, and apical vertebral rotation. L3 is still rotated signifi
cantly. L4 is the first neutral vertebra. C and D. Coronal and sagittal standing radiographs at ultimate follow-up. Maintenance 
of lumbar lordosis.
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f  —coTitinued
E and F. Clinical photos of the patient preoperatively. G and H. Clinical photos of the patient postoperatively.
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FIGURE 9 .6 .
A and B. Upright coronal and sagittal radiographs 
preoperatively. C and D. Upright coronal and sag
ittal radiographs postoperatively. Solid rod system  
and cages were used to maintain her lumbar lor
dosis.

seated by the center sacral line. The stable zone refers 
to the zone w ithin two vertical lines drawn up from 
the S i  pedicles and perpendicular to the sacrum (10). 
Ideally, the distal end of a fusion should be w ithin 
the stable zone, and the last instrumented vertebra

should be bisected by the center sacral line and, 
therefore, be “stable.”

A neutral vertebra is one w ith neutral rotation. If 
a spine fusion is carried below  L2, it is ideal for that 
segment to be not only stable but also neutrally ro-
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FIGURE 9.7.
A and B. Upright coronal and sagittal radiographs preoperatively. Note that this is a left thoracic curve and that it is 
hyperkyphotic rather than hypokyphotic. C and D. Upright coronal and sagittal radiographs at ultimate follow-up. Com
pression forces were applied to the convexity first to correct the kyphotic component of the deformity. A thoracoplasty was 
also performed.

tated. Rotation can be judged by the Nash-Moe 
method or by the use of a Perdriolle template (74). 
The Perdriolle template gives finer measurements, 
but the Nash-Moe method is more reproducible and 
less influenced by inter-observer error.

Sagittal Considerations_______________  

Higli Thoracic Kyphosis
With double thoracic curve patterns, the lower tho
racic curve usually tends to be lordotic and the upper 
thoracic curve to be kyphotic. Therefore, it usually 
makes sense to correct the upper thoracic curve by 
compression from the left side and the lower thoracic 
curve by distraction and rod rotation from the left 
side (78],

M id-Thoracic Hypokyphosis
Most right thoracic curves are hypokyphotic. If they 
are treated posteriorly, it makes sense to perform a

rod rotation maneuver on the concavity to deliver ad
ditional kyphosis to the spine. Another option is us
ing Luque rods or square Harrington rods contoured 
w ith kyphosis and sublaminar wires. The other al
ternative is to treat the curves anteriorly with anterior 
com pression instrum entation, w hich tends to natu
rally kyphose the spine (8).

Thoracolum bar Kyphosis
Most thoracolumbar curves are, at the least, hypolor- 
dotic. Therefore, if they are treated posteriorly, it 
makes the most sense to perform a rod rotation ma
neuver on the convexity. If they are treated anteri
orly, then the derotation achieved can negate some 
of the thoracolumbar kyphosis.

Lum bar Hypolordosis
Most lumbar curves are somewhat hypolordotic. If 
they are treated from the posterior approach, it is nec
essary to compress and instrument the convexity 
first. A surgeon should never apply a distraction
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force across the lumbar spine concavity until the 
spine is fixed on the convexity. If the surgeon is treat
ing a lumbar curve anteriorly, then it is necessary to 
increase segmental lordosis. This increase can be 
accom plished to some extent w ith a rod rotation 
maneuver with a solid rod anteriorly, and also by the 
use of structural bone graft or cages.

Concom itant L5/S1 Spondylolisthesis
Som e patients present with Type IV curves or double 
major curves and a concom itant L5/S1 isthm ic spon
dylolisthesis. In most cases, the spondylolisthesis is 
low grade and should be left alone. If possible, the 
surgeon should fuse higher than L4. Often it is nec
essary to fuse down to L4. The long-term prognosis 
in a patient with spinal fusion to L4 and an L5/S1 
isthm ic spondylolisthesis has never been defined in 
the literature. However, it is particularly important 
for such a patient to have the last instrumented ver
tebra be perfectly parallel to the sacrum, centered on 
the sacrum, and w ith physiologic segmental lumbar 
lordosis.

Th o racic Hyperkyphosis
Thoracic hyperkyphosis often exists in conjunction 
with a left thoracic curve. Therefore, for this curve 
pattern, com pression forces should be applied on the 
left side of the curve first (Fig. 9.7).

Indications and Techniques 
of the Posterior Approach  

Rod Rotation Maneuver
W ith a rod rotation maneuver, translational correc
tion is achieved, and some change in the sagittal ori
entation is possible (1 1 ,1 2 ,1 4 , 48). The actual degree 
of axial correction is lim ited (44).

For a right thoracic curve that is hypolordotic, the 
rod rotation maneuver is performed on the left side. 
For a double major curve that is a right thoracic/left 
lumbar curve, the rod rotation maneuver is also per
formed on the left side. This approach has the effect 
of kyphosing the thoracic spine and lordosing the 
lumbar spine. If the lumbar spine alone is being in
strumented, it is important to perform the rod rota
tion maneuver from the convex left side first to lor- 
dose the spine. These maneuvers all apply to curves 
that are relatively flexible.

Three Rod Technique
This method is useful for large, stiff thoracic curves, 
or a curve that is over 75° and corrects to no more 
than 40 to 50°. The three rod technique consists of

initially  applying a distraction rod across the apical 
three to four segments and then a longer distraction 
rod over the whole length of the curve. This author 
has found that it usually is helpful to have a two seg
m ent com pression claw on the top and bottom seg
ments to prevent overdistraction. Selective distrac
tion of both rods and then translation of the small rod 
to the long rod w ith a device for traction achieves the 
correction. A third rod is applied to the convexity. 
The rod on the convexity is principally a holding and 
stabilizing rod (Fig. 9.8).

Translation w ith  Segm ental W iring
By fixing a solid rod to the top and bottom of the 
curve and then using either sublaminar wires or in- 
traspinous wires to pull the spine to the rod, a trans
lational correction can be achieved. This can be ac
com plished with Harrington instrum entation w ith a 
square-ended Moe rod that is contoured appropri
ately, com bined with sublam inar wires or W isconsin 
wires, or this can be performed with the Texas Scot
tish Rite or Isola systems (1). Some correction of sag
ittal deformity can be achieved. The hypokyphotic 
spine can be given some additional kyphosis with 
this technique.

Orientation of the Hooks
Using purely a rod/hook construct such as CD or 
Texas Scottish Rite, it is necessary to change the ori
entation of the hooks as the discs reverse (2, 11, 12,
20, 81). Therefore, for a Type III curve, if  we are to 
assume that the instrum entation is being carried out 
from T5 to L2, then the orientation of the hooks usu
ally w ill be as follows: the hook at T5 on the left side 
w ill be in a distraction mode w ith a claw to prevent 
m edial displacem ent; the hook at T7 w ill be an up- 
going hook; the hook at TlQ w ill be downgoing hook; 
the hook at T12 w ill be a downgoing hook; and fi
nally, the hook at L2 w ill be an upgoing hook. 
Usually betw een T12 and L I , the disc spaces w ill 
start to change their orientation in the coronal plane. 
In the sagittal plane, they w ill change their orienta
tion from kyphosis to lordosis. Hence, hooks should 
change their orientation as the discs change their ori
entation in both the coronal and sagittal planes. On 
the convexity, the orientation of the hooks should be 
the reverse of what it is on the concavity.

The Role of Pedicle Fixation
The surgeon has the choice of using either pedicle 
screws or hooks in the lumbar spine. Some surgeons 
prefer pedicle screws, thinking that better derotation 
and control of the sagittal plane can be achieved in 
this manner. Before using pedicle screws on the con-
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FIGURE 9.8.
A and B. Upright coronal and sagittal radiographs preoperatively. C and D. Upright coronal and sagittal radiographs at 
ultimate follow-up. Thoracic releases, followed by halo traction, followed by posterior fusion and three rod technique, were 
employed. E. The patient’s clinical appearance preoperatively. F. The patient’s clinical appearance at ultimate postop 
follow-up.
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FIGURE 9.9.
A and B. Upright long cassette coronal and sagittal radiographs preoperatively. Note that the lumbar curve is hypolordotic. 
C and D. Upright long cassette coronal and sagittal radiographs at ultimate follow-up. Instrumentation was carried to the 
first neutral vertehra. Note that a significant amount of lumbar lordosis has been added.

vexity of a lumbar curve, the surgeon should be sure 
that the pedicles are big enough to accept screws. The 
pedicles may be dysplastic, especially on the con
cavity. At least theoretically, the use of pedicle fixa
tion offers the surgeon an opportunity for better con
trol o f the sagittal plane and better rotational 
correction than can be achieved with posterior hook 
constructs (34, 59] (Fig. 9.9).

Very, Very Short A nterior 
Instrum entation
For most thoracolumbar and lumbar curves, the in 
strumented levels should be the levels that are tilted 
within the curve. The most cephalad and most cau- 
dad vertebrae instrumented should be the ones that 
are most tilted into the curves. The top and bottom 
vertebrae included should be of roughly neutral ro
tation. At tim es, for very flexible thoracolumbar 
curves, it is possible to instrum ent even shorter. This 
technique has been popularized by Hall, M illis, and 
Emans (32, 60) in Boston. Shorter can mean one disc 
space above and one disc space below  if  the apical 
segment is a vertebra. If an apical segment is a disc, 
then this means including that apical disc plus one

disc above and one disc below. It is necessary to ac
tually overcorrect the apical segments to achieve this 
very short instrum entation and fusion, w hich applies 
more to thoracolumbar curves than to lumbar curves. 
There is a bit of kyphosing tendency with this tech
nique, so it is more applicable at the thoracolumbar 
junction than at the m id or distal lumbar spine (Fig. 
9.10).

Instrum entation W ithout Fusion
This technique applies to curves that are not ame
nable to bracing or that have exceeded the capacity 
of bracing in skeletally immature patients. The con
cept is to instrum ent the spine and then lengthen the 
instrum entation every 6 to 12 months until the pa
tient is big enough and skeletally mature enough to 
perform a fusion [43, 57, 62). It is easiest to perform 
iirstrumentation w ithout fusion on single curves 
without m uch sagittal deformity. There is a tendency 
to see increasing kyphosis at the end segments with 
additional lengthenings. Also, stable fixation at the 
top and the bottom often is problematic because 
these patients are young and generally do not have 
good bone stock. This technique applies more to tho
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FIGURE 9.10.
A and B. Upright coronal and sagittal radiographs preoperatively. The thoracolumbar curve is bigger than the thoracic 
curve. Both have structural components. If treated posteriorly, one would probably do a T4 to L4 Harrington instrumentation 
and perhaps stop ŵ ith TSR or CD instrumentation at L3. The patient’s left thoracolumbar curve was extremely flexible on 
the left side bender. G and D. Upright coronal and sagittal radiographs at ultimate follow-up after instrumentation and fusion 
from just T12 to L2. The Hall-Millis technique was used. The patient has excellent clinical balance. Although her thoracic 
curve measures 40°, the thoracic deformity is imperceptible.

racic curves than it does lumbar curves or double ma
jor curves and works better in a spine that is some
what lordotic or hypokyphotic than it does in a spine 
that is relatively kyphotic. If some type of two seg
ment claw could be achieved on the top and bottom 
of the construct, its stability would be greater than 
simply one hook on the top, one hook on the bottom, 
and distraction in between.

Indications for A n te rio r Approach 
and Anterior Instrum entation 

Determining the Fusion Levels
This technique has some application in  both the tho
racic spine and the lumbar spine. One of the potential 
advantages of anterior instrum entation is that levels 
usually can be saved over what is needed posteriorly. 
The levels that should usually be instrumented are 
simply the levels that are w ithin the curve. There
fore, instrumentation from transitional vertebra to 
transitional vertebra is usually appropriate. The tran
sitional vertebra is defined as the one on the top and 
the bottom of the curve that is the most tilted into the 
curve. Also, the last disc space tilted into the curve

occurs at the transitional vertebra, and then the disc 
spaces just above proxim ally and just below  distally 
w ill start to turn the other way.

A nterior Instrum entation 
Alternatives for Th o ra cic  Curves
A small rod and com pression forces with either 
Harms or Zielke instrum entation has been advocated 
(8). So far, solid rod systems have not gained popu
larity for the thoracic spine. There is some natural 
kyphosing of the hypokyphotic spine by shortening 
the anterior colum n (Fig. 9.11].

A nterior Instrum entation 
Alternatives for Thoracolum bar/ 
Lum bar Curves
In the lumbar spine, either Dwyer or Zielke instru
m entation can be used. Dwyer instrum entation is 
now obsolete. Zielke instrum entation, if used, should 
be com bined with structural grafting anteriorly so 
that the spine is not kyphosed. Traditional Zielke in
strumentation is now contraindicated in the lumbar 
spine because it takes away segmental lordosis. E i
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FIGURE 9 .11 .
A and B. Upright coronal and sagittal radiographs preoperatively. C and D. Upright coronal and sagittal radiographs at 
ultimate follow-up. Note the broken Zielke rod. However, there has been no loss of correction since this occurred, and the 
patient has been asymptomatic.

ther structural grafting or placem ent of cages before 
instrum entation can segmentally lordose the spine 
with anterior instrumentation. Another option is a 
solid rod/screw system. What has most commonly 
been used is Texas Scottish Rite screws with a Texas 
Scottish Rite rod. Another option, however, is to use 
CCD screws with a 6-mm CCD rod, A third option is 
to use Texas Scottish Rite variable angle screws with 
a 6-mm CCD rod. W ith all of these techniques, cor
rection is achieved w ith a 90° rod rotation maneuver 
w hich converts kyphosis to lordosis and scoliosis to 
no scoliosis. The solid rod systems are most appli
cable to curves under 60° (Fig. 9.6).

Use of Structural Grafts or Cages
The authors found that with anterior instrum entation 
of the lumbar spine, we can actually lordose those 
segments. First, take out the discs back to the poste
rior longitudinal ligament. Then, open up the inter
val w ith a laminar spreader and place either a large 
fresh frozen tricortical iliac graft or cages into the an
terior concave portion of the disc spaces. It is impor
tant to place the vertebral screws in the posterior 
third of the vertebral bodies. This has the effect of 
compressing the posterior disc space but distracting

the anterior disc space. The overall effect is that of 
opening up the anterior disc space, closing down the 
posterior disc space, and also locking the grafts and/ 
or cages into place w ith the anterior instrumentation 
(Fig. 9.12).

Thoracic Curves
Certainly, double thoracic curves are not ideal can
didates for anterior instrumentation. Anterior instru
m entation of one of the double thoracic curves wors
ens shoulder asymmetry. However, anterior 
instrum entation may afford better coronal, axial, and 
sagittal correction. The pseudarthrosis rate with this 
technique is not w ell known at this point. It may have 
a role in Type III curves. Type IV curves, and also 
some Type II curves— nam ely those Type II curves 
without m uch thoracolumbar kyphosis.

Thoracolum bar and Lum bar Curves
Thoracolumbar and lumbar curves are best instru
mented and fused from transitional vertebra to tran
sitional vertebra, fusing the entire curve and not be
yond. It is possible to stop at L3 instead of L4 if  L3 
is rotated neutrally. However, if  L3 still has signifi-
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A CORONAL

C CORONAL D SAGITTAL

FIGURE 9.12.
Structural grafts to enhance lordosis. A and B. Coronal and 
sagittal depiction preoperatively. C and D. Coronal and sag
ittal depiction postoperatively. The posterior disc height is 
shortened but the anterior disc height is lengthened.

cant rotation, then it is better to instrum ent down to 
L4 either anteriorly or posteriorly. Most commonly, 
the principal graft used is autogenous rib graft. This 
can be supplemented w ith either fresh frozen allo
graft or cages to enhance lordosis. If the surgeon tries 
to fuse short of the transitional and neutrally rotated 
vertebra, there is potential to see a “jacked up” effect 
on the disc below.

Indications and Techniques of 
Anterior and Posterior Approach

Crankshaft
The Texas Scottish Rite group has defined an open 
triradiate cartilage as the principal risk factor for con
tinued progression of deformity in spite of a solid

posterior fusion (76). This occurs as a result of crank
shaft, w hich refers to continued anterior vertebral 
body growth in spite of a solid posterior fusion (23). 
In a study done in St. Louis, the authors found that 
idiopathics between the age of 10 and 12 do not seem 
to crankshaft even though their triradiate cartilage is 
open (33). A very young idiopathic scoliosis patient 
(age 10 or younger) whose triradiate cartilage is open 
and who has a large deformity may be at risk for 
crankshaft. The precise set of factors that place an 
immature idiopathic patient at risk for crankshaft 
still requires further definement. Relatively few ad
olescent idiopathics should have anterior fusions to 
prevent crankshaft. Juvenile/infantile scoliosis pa
tients who require spinal fusions are almost all at risk 
for crankshaft. Almost all of them  who require fu
sions should have anterior fusions to prevent crank
shaft (Fig. 9.13).

Th o ra cic  Curves Requiring A nterior 
Releases
The literature varies as to when it is advisable to do 
an anterior thoracic release before a posterior fusion 
for thoracic scoliosis. If the curve exceeds 100°, this 
is advisable. Betw een 75 and 100° is somewhat of a 
grey zone. W hether an anterior release is needed in 
this range depends on how flexible that particular 
curve is.

Fixed Thoracic Lordosis
Both Bradford (9) and W inter (90) have shown that 
patients with a fixed thoracic lordosis often suffer 
from significantly reduced pulmonary functions. For 
those patients, a two-stage procedure is recom 
mended. The first stage involves performing kyphos- 
ing vertebral body wedge resections through the disc 
spaces. This stage is followed by contouring a solid 
rod and using sublaminar wires at each level poste
riorly. W ith this technique, the spine is gradually 
translated to the kyphotic rod (9). For stiff and fixed 
thoracic lordosis, this technique provides a greater 
reconstitution of normal kyphosis than simply a rod 
rotation maneuver performed posteriorly (Fig. 9.14).

Fixed Th o ra cic  Hyperkyphosis
Left thoracic curves often are hyperkyphotic. Usu
ally, they are flexible enough that the sagittal defor
mity can be corrected w ith a posterior-only proce
dure. Doing a supine long cassette lateral 
hyperextension film  over a bump provides the sur
geon with information regarding whether the kypho
sis is flexible. If it is inflexible, it may be advisable to 
perform anterior releases before the posterior instru
m entation and fusion. The principles are the same as 
those with Scheuerm ann’s kyphosis. This is only
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FIGURE 9 .13 .
A and B. A skeletally immature, small patient with a progressive right thoracic curve. Her triradiate cartilage is open. The 
size of the thoracic curve plus concern regarding potential crankshaft made concomitant anterior releases and fusion ad
visable. C and D. Upright coronal and sagittal radiographs postoperatively on the patient. She had anterior discectomies 
and fusion in the thoracic spine, and then posterior instrumentation and fusion as appropriate.

necessary if  the thoracic kyphosis exceeds 75° and 
does not correct to 40° on the supine hyperextension 
lateral.

Fixed Lum bar Kyphosis T1 2  
to the Sacrum
Most patients have between 45 and 65° of lordosis 
(T12 to the sacrum) (7). The normal range is wide. 
The amount of lumbar lordosis needed depends on 
how m uch thoracic kyphosis the patient has. W ith 
less thoracic kyphosis, the patient does not need as 
m uch lumbar lordosis. However, every lumbar seg
ment from T12 to the sacrum should be in some lor
dosis. The majority of lumbar lordosis resides within 
the disc spaces (83).

If a patient does not have segmental lumbar lor
dosis, then it behooves the surgeon to surgically cre
ate physiologic segmental lordosis. In most cases, 
this can be accom plished w ith a one-stage approach. 
The long cassette hyperextension lateral radiograph 
over a soft bump indicates whether restoration of seg
m ental sagittal lordosis can be accom plished in a sin- 
gle-stage procedure. If that film suggests that the sag
ittal deformity is not flexible, this may be an 
indication for an anterior release before posterior in
strumentation and fusion. If the segmental sagittal

Cobb angle from T12 to L3 or T12 to L4 exceeds 30° 
of kyphosis, then an anterior release procedure 
should be done, followed by a posterior instrumen
tation and fusion to accom plish physiologic lordosis. 
If the sagittal plane is off the norm by this great a 
degree, adequate lordization cannot be achieved with 
a posterior-only or an anterior-only surgery even 
w ith a rod rotation maneuver and placem ent of struc
tural grafts.

Bone Grafting Techniques

Three possibilities for bone grafting include allograft, 
autogenous iliac bone, and autogenous rib bone ob
tained with a thoracoplasty.

Most surgeons would not suggest using allograft in 
idiopathic adolescent scoliosis patients. Allograft 
seems reasonable for certain paralytic patients in 
whom it is difficult to obtain adequate autogenous 
harvesting in a safe fashion because of either reduc
tion of pulmonary functions or because of limited 
bone stock. In the idiopathic population, the pseud- 
arthrosis rate should be under 5%  and perhaps as low 
as 1% . The morbidity associated with autogenous 
harvesting in this patient population is low.

Posterior autogenous iliac harvesting is the gold 
standard for bone graft in idiopathic scoliosis pa
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FIGURE 9.14.
A and B. Upright coronal and sagittal radiographs preoperatively showing a frankly lordotic thoracic curve. This did not 
correct significantly on sagittal flexibility radiographs, C. Ultimate upright sagittal radiograph showing the correction of the 
sagittal deformity. The patient had wedges taken through her disc spaces anteriorly and then had correction posteriorly 
with sublaminar wires and precontoured square Harrington rods. D. The postoperative coned-down sagittal view of her 
spine.

tients. Usually, if  the posterior fusion is to L2 or 
above, the surgeon harvests the iliac bone graft 
through a separate vertical incision  over the posterior 
ilium. If the instrum entation and fusion is to L3 or 
L4, the surgeon usually extends the skin incision  a 
bit further and then raises a skin flap above the fascia 
over to the right ilium. The iliac fascia always should 
be closed over hemovacs to prevent hematomas and 
to reduce the incidence of w^ound infection. Persis
tent complaints regarding the bone graft site in  ado
lescents are, in the author’s experience, rare.

For patients who have significant thoracic defor
mity and thoracic axial rotation, thoracoplasty is a 
reasonable alternative (79, 80]. Usually with harvest
ing six to eight ribs posteriorly, thoracoplasty pro
vides an adequate bone graft supply for the fusion.

We usually perform the thoracoplasty after the de
finitive instrum entation and fusion are done. A flap 
is raised under the thoracolumbar fascia and under 
the latissimus dorsi m uscle over to the rib cage. Next, 
several pieces of rib are taken, starting at the apex 
and working proxim ally and distally. A longer piece 
of rib usually is taken at the apex than at the end 
segments. It is necessary to osfeotomize the rib all the 
way to the transverse process medially. Failure to get 
to the transverse process creates an unsightly medial

ridge. The author used to go somewhat beyond the 
apex of the rib and center the rib osteotomy on the 
apex. Now, however, it often is sufficient to oste- 
otomize the rib at the level of the apex. Since doing 
this, the author sees fewer pulmonary com plications, 
and the cosm etic result is satisfactory (Fig. 9.15).

W hen we first started doing thoracoplasties, the 
patient’s pulmonary functions were studied preop
eratively, im m ediately postoperatively, and at inter
vals posfoperatively (49). Frequently, a chest tube 
would be placed because many of the patients 
seemed to develop either sympathetic effusions or 
retropleural intrafhoracic hematomas. In the idio
pathic population, it is rare to violate the pleura 
when taking the ribs. The periosteal envelope is thick 
and, therefore, this com plication is rare.

At present, we do not do as extensive a thoraco
plasty, and chest tubes are seldom used. The study 
of pulmonary function tests is continued. We found 
that with most idiopathics in our initial series, pul
monary functions were reduced im mediately post
operatively and took about one year to return to 
normal (49). The effect of the less extensive thora
coplasty is yet to be determined. After harvesting the 
ribs, we do repair the rib beds. We also advance the 
latissim us m uscle m edially to help push the ribs



FIGURE 9 .15 .
A and B. Coronal and sagittal radiographs in the patient preoperatively, C and D, CatariAl Wi
patient postoperatively. Three rod technique and a thoracoplasty was performed.
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FIGURE 9 .15 — continued
E and F. The patient’s coronal and axial clinical appearance preoperatively. G and H. The patient’s coronal and axial 
appearance postoperatively. The improvement in the axial plane is a result of the thoracoplasty. The improvement in the 
coronal plane is caused by the instrumentation of the spine.

down, and we approximate them to the transverse 
processes so that such large segments of ribs do not 
have to be taken.

Usually, the supply of rib bone that we obtain is 
adequate for a fusion from T4 to L2. Som etim es it is 
not an adequate supply for a T4 to L4 fusion. Remem
ber also that rib bone is almost all cortical. The os
teogenic potential of rib bone may not be as good as 
iliac bone because there is not as m uch trabecular 
hone. However, in the pediatric idiopathic popula
tion, we have yet to see a pseudarthrosis in w hich rib 
bone was used exclusively. We do have at least one 
case of a pseudarthrosis in a young adult patient who 
was treated w ith rib bone only that was harvested by 
thoracoplasty.

As has been shown by Geissele et al., the cosm etic 
result and patient satisfaction from thoracoplasty is 
high (28). To date, no anterior or posterior instru
mentation has been conclusively shown to signifi
cantly improve axial rotation in the thoracic spine. 
However, the axial deformity can be improved with 
the thoracoplasty procedure.

Postoperative M anagem ent 

Immediate Postop
With most idiopathic adolescent patients who are 
treated with present-day posterior segmental spinal 
instrumentation systems (Cotrel-Dubousset, Texas 
Scottish Rite, Isola, M oss-M iami), it is possible to

quickly m obilize the patient postoperatively without 
the need for a brace. Often, the patient is stood at the 
bedside for the first postoperative day. For an idio
pathic adolescent, the time in the hospital usually is 
a total of 5 days. For the first 3 days, the patients 
usually are managed w ith a patient controlled anal
gesia system (PGA). M ost commonly, a morphine 
PGA is used. Side effects from this include nausea, 
abdominal distention, and itching. If these side ef
fects becom e marked, the patients are at times 
switched over to Toradol in an effort to reduce the 
amount of morphine that they need. However, we 
generally have been hesitant to use Toradol too ex
tensively because of its effect on platelets. Usually, 
for the first 3 days after the surgery, the patient re
tains her Foley catheter and hemovac drains. We usu
ally give the patient one dose of A ncef right before 
the surgery and then continue that until the hemo- 
vacs are removed. Usually, by the tim e the Foley 
catheter is removed, the patient is passing gas and is 
eating and drinking fairly well. Most patients retain 
fluid for 48 hours and then diurese spontaneously. 
This act represents a transient inappropriate ADH 
syndrome (6). The tem ptation to treat marginal urine 
output in a healthy idiopathic patient with fluid bo
luses should be resisted. Usually, blood replacement 
is not needed intraoperatively (especially if  con 
trolled hypotensive anesthesia [58, 70] is used), but 
it may be advisable w ithin 48 hours of the surgery. 
Hence, preoperative autologous blood donation 
should always be encouraged (3).
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Usually, on the third or fourth postoperative day, 
the intravenous narcotics are stopped and the patient 
is switched to oral narcotics. Upon discharge, the pa
tient is usually sent home with an ample supply of 
Darvocet and a moderate supply of either Tylenol 
w ith codeine or Percodan. We find that teenagers are 
usually able to go back to school w ithin 2 to 4 weeks 
after surgery.

Post-Hospitalization and Beyond
Patients frequently want to know how quickly they 
can return to their preoperative activities. This is all 
arbitrary, but we usually suggest that bicycling on 
level surfaces, stationary bicycling, and swimming 
are okay at approximately 3 to 4 months postopera
tive. At 7 months postoperative, we allow a “ friendly 
game” of tennis. Usually, by 1 year postoperative, we 
allow patients to go back to water skiing or snow ski
ing. Finally, at 2 years postoperative, we generally 
allow the patients return to most everything that they 
were doing before the surgery. There are some excep
tions to this guideline, however. We are more con
servative with the long fusions (T4 to L4) than we are 
w ith the shorter fusions (T4 to L2). Usually with the 
longer fusions, we tend to discourage contact sports, 
high level gymnastics, or com petitive diving sports, 
w hich all put increased loads on the segments below 
the fusion. We encourage general physical fitness and 
encourage aerobic activities.

We believe that it is mandatory to observe patients 
closely for at least 5 years postoperatively. We expect 
detection of pseudarthrosis to be later in this patient 
population now that more stable forms of segmental 
spinal instrum entation are being used. At 5 years fol- 
low-up, we then recom m end that patients continue 
to see us every 5 years thereafter.

Com plications 

W ound
Recent reports suggest that the incidence of wound 
infection is higher w ith present-day systems. Du- 
bousset, Shufflebarger, and Wenger (24) reported a 
1%  incidence of late infections. The Texas Scottish 
Rite institution recently reported a 10%  incidence of 
deep wound infection (73). In our series of adoles
cent idiopathic scoliosis cases done since 1985, we 
have had only one case of a delayed deep wound 
infection in a primary idiopathic scoliosis surgery. 
However, concerns that present-day systems are too 
bulky and represent too m uch of a nidus for hem a
togenous seeding are reasonable.

Our cases of deep wound infections w ith recon
structive spinal surgery have been in the adult and 
revision population. If a deep wound infection does

occur, the appropriate treatment is to debride the 
wound and close the tissues over tubes. We find that 
Jackson Pratt drains stay in longer than do standard 
hemovac drains. Therefore, with deep wound infec
tions, we tend to use the Jackson Pratt drains and 
leave them in for 7 to 10 days. After this step, IV 
antibiotics for 4 to 6 weeks are advisable. Then, when 
the sedim entation rate is returned to normal, oral an
tibiotic suppression is advisable. It is important to 
leave the instrum entation in place for at least 1 year, 
if not 2 years, postoperatively until the surgeon is 
relatively sure that the spine fusion is solid. In most 
cases in w hich a deep wound infection does occur, 
it is possible to preserve the implants for 1 to 2 years. 
In most instances, it is eventually necessary to re
move the im plant to “cure” the patient of the infec
tion. Removing the im plant at an early stage is not 
advisable and is fraught w ith disastrous com plica
tions.

Pseudarthrosis
In our first 100 cases of Cotrel-Dubousset instrum en
tation, we did not have any pseudarthroses (48). Sub
sequent to that, we have had a few. One patient was 
associated with a deep wound infection. Another pa
tient was associated w ith instrum entation pull-out 
proximally. Our incidence of pseudarthrosis with 
Zielke instrum entation alone anteriorly was high 
(19)— in excess of 15% . We do not have enough fol- 
low-up w ith the solid rod systems anteriorly to be 
able to com m ent on the incidence there. Our in ci
dence of pseudarthrosis with com bined anterior 
Zielke instrum entation and fusion with posterior seg
m ental instrum entation over the same levels has 
been 0%  (19).

W ith posterior segmental instrumentation, the ar
eas of pseudarthrosis usually occur most commonly 
at the thoracolumbar junction, then at the very top or 
bottom of the construct. Pseudarthrosis at the very 
top of the construct may not result in m uch progres
sion of deformity. However, a pseudarthrosis at the 
end of the construct or at the thoracolumbar junction 
is more likely to lead to progression of deformity and 
should be treated with repair, reinstrumentation, and 
re-bone grafting.

Decom pensation
The main risk in decom pensation comes in the Type 
II curves in w hich one is selectively fusing the tho
racic curve and not including the lumbar curve (4,
13, 87). W henever the surgeon selectively instru
ments the thoracic curve in this curve pattern, he/ 
she should inform the parents that there is a risk that 
the lumbar curve w ill need to be added at a later date. 
That risk is higher if  the patient is skeletally imma
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ture. That risk is also higher if the lumbar curve has 
a significant amount of rotation or a significant 
amount of apical vertebral deviation from the plumb 
line. When managing a Type II curve, one should ei
ther stop at the stable vertebra, stay com pletely out 
of the lumbar curve, or instrum ent and fuse the entire 
lumbar curve. It is a mistake to instrum ent to the apex 
of the structural lumbar curve.

If a thoracolumbar kyphosis exists in a Type II 
curve, this curve pattern is better treated as though it 
were a true double major curve pattern. If a thora
columbar kyphosis exists and an instrum entation 
and fusion is stopped at L I , then very often a junc
tional kyphosis w ill ensue at L1/L2. Therefore, a 
junctional kyphosis seems to be an indicator and pre
dictor of the structural nature of the lumbar portion 
of the deformity.

We therefore only selectively instrum ent a tho
racic curve if the lumbar curve is under 60°, if  there 
is no kyphosis between T12 and L4, and if  the ratios 
of thoracic to lumbar Cobb m easurements, apical ver
tebral rotation, and apical vertebral deviation all ex
ceed 1.5 (46).

If a decompensation problem does occur, then 
treatment consists of extending the instrum entation 
and fusion into the lumbar curve to address both the 
coronal and sagittal im balances. W hether this should 
be done all posteriorly or anteriorly and posteriorly 
with anterior instrum entation depends on the spe
cific circumstances of the case involved (Fig. 9.16].

The incidence of sagittal decom pensation has 
been reduced significantly with the use of present- 
day posterior segmental spinal instrum entation sys
tems. It is important to always compress the convex
ity of a lumbar curve before applying any distraction 
to the concave side. Any rod rotation maneuver 
should be performed on the convex side of the lum 
bar curve. Failure to do so may cause a reduction in 
the patient’s lumbar lordosis. Most lumbar curves are 
somewhat hypolordotic, and it is important to pre
serve or enhance lordosis.

Using Zielke or Dwyer instrum entation in the tra
ditional sense almost always reduces segmental lor
dosis. In the future, this' could be every bit as dis
abling as iatrogenic flatback caused by posterior 
Harrington instrumentation. Hence, any Zielke in 
strumentation anteriorly should be used in conjunc
tion with either fresh frozen structural tricortical il
iac allografts or cages to effectively increase anterior 
column height. Using a solid rod system and a rod 
rotation maneuver anteriorly without placem ent of 
structural graft anteriorly may be another option. Our 
preference is to always place something structural 
anteriorly. Either fresh frozen tricortical iliac grafts 
or cages work well. They provide a biom echanically 
stable construct that ensures that anterior colum n 
height is lengthened, not shortened.

Neurologic
The incidence of neurologic deficits after surgical 
treatment of idiopathic adolescent scoliosis is rela
tively low. However, the incidence is not zero. The 
standard of care throughout North America is to pro
vide some form of spinal cord m onitoring during sur
geries. One option is a Stagnara wake-up test (31). 
With this wake-up test, the patient is lightened sev
eral minutes after the instrum entation has been ap
plied. The patient is then asked to move his/her 
lower extrem ities. This works w ell if the anesthesi
ologist is experienced and if  the patient is emotion
ally stable. However, many patients are not cooper
ative enough to perform such a test. At this point, 
the value of somatosensory evoked potentials and 
motor evoked potentials comes into play (17, 26,
27, 69).

To have an effective spinal cord monitoring team, 
it is necessary to m onitor cases on a weekly, if  not a 
daily, basis. In this way only can a service work ef
fectively. It is necessary to have ongoing com m uni
cation between the spinal cord monitoring techni
cians and the anesthesia team. Trying to monitor 
only a handful of cases per year w ill simply not work. 
It is necessary to m onitor several cases every week to 
m aintain the expertise of the technicians and to fa
cilitate ongoing com m unication between them and 
the anesthesiologists so that anesthetic agents that in 
terfere with the m onitoring potentials are not being 
given.

For any kind of spinal deformity surgery, both 
Stagnara wake-up tests and somatosensory and mo
tor evoked potentials should be employed and con
sidered. We rehearse the Stagnara wake-up test with 
the patients preoperatively. If the electrical m onitor
ing potentials are totally stable throughout the sur
gery (both the somatosensory and the motor poten
tials) then we w ill not perform a Stagnara wake-up 
test, but we always rehearse it w ith the patient pre
operatively. In our years of using evoked potential 
monitoring, we have never had a false negative if 
both somatosensory and motor evoked potentials 
have been reproducible.

Over the last 10 years, we have had one case of 
iatrogenic neurologic deficit in a patient who was 
truly an idiopathic scoliotic. We have had others in 
the non-idiopathic population. This patient was a 
girl with a thoracic curve over 100°. The neurologic 
deficit was identified im m ediately with the spinal 
cord monitoring. It was confirmed with the Stagnara 
wake-up test. As a consequence, the incom plete neu
rologic deficit did resolve by a few weeks postoper- 
atively because the instrum entation was removed 
immediately. Sublam inar wire techniques remain 
more popular for neurom uscular deformities than for 
idiopathic scoliosis because of the inherent neuro-
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FIGURE 9 .16 .
A and B. Coronal and sagittal radiographs before treatment. C and D. Upright coronal and sagittal radiographs after initial 
treatment. The patient was decompensated to the left. This did not resolve 1 year after treatment. E and F. Revision was 
performed with anterior instrumentation and fusion and also concomitant extension of the posterior instrumentation. This 
all was done easily in one anesthesia. Fresh frozen tricortical iliac grafts were used anteriorly to enhance her lumbar lordosis.
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logic risks (40, 88). However, sublaminar wire tech
niques do have a role for certain severe thoracic de
formities.

Instrumentation Prom inence
In thin patients, the instrum entation is often prom i
nent and somewhat unsightly. The crosslinks or 
DTTs are usually the most prominent portion of the 
instrumentation. After that, the next most prominent 
portion of the instrum entation usually is the hooks 
in the proximal thoracic spine. It is unusual for hooks 
or pedicle screws in the lumbar spine to be promi
nent. As a consequence, most manufacturers are 
working on developing lower profile systems, and it 
was one of the driving forces to the development of 
the Moss-Miami system. This system is sim ilar to the 
Cotrel-Dubousset system, but it has a lower profile 
and is easier to remove.

Summary
The first evolutionary step for surgical treatment of 
idiopathic scoliosis was the actual fusion technique 
(38, 61]. Next came the concept of correction with 
instrumentation (35, 36, 37, 72). Subsequently, sev
eral evolutionary steps have been made to improve 
the capabilities of the implant. Present-day systems, 
such as GDI, TSR, Isola, and M oss-M iami, do allow 
for high patient satisfaction with their scoliosis sur
gery (50).

Although we now know more about the etiology 
of idiopathic scoliosis (5, 56), its natural history (85, 
86), and nonoperative techniques (53, 89), a role for 
surgical treatment still exists. The effects of various 
surgical techniques are appreciated better in  the co
ronal and sagittal planes than in the axial plane (84, 
91). Further investigation on long-term results (>  20 
years) is still sorely needed, especially for patients 
having long fusions (21, 30, 55). Before surgically 
treating a patient, it is very important to exclude any 
spinal cord anomalies (66) and to perform a “safe” 
surgery with low neurologic risk.
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CHAPTER TEN

Congenital Spine Deformities
fohn E. Lonstein

Introduction
Spine deformities caused by anomalous vertebral de
velopment are defined as congenital. Although the 
anomaly is always present at birth, the deformity 
may not be. In general, children w ith congenital 
spine deformity tend to have a curvature noted much 
earlier in life than the typical patient w ith idiopathic 
scoliosis.

This early development of the deformity has re
sulted in a tendency for the young child  with con
genital scoliosis to receive less than optimum care. 
Congenital curves tend to be rigid and resistant to 
correction. The curves are frequently allowed to 
progress and, because of all the years of growth re
maining, large deformities can result. These curves 
must not be allowed to progress. In many cases, early 
fusion is necessary, whioh is preferable to allowing 
severe curves to develop. Early fusion does not stunt 
the potential vertical growth because the area of the 
anomalies and the area that needs to be fused cannot 
grow in a normal vertical m anner because of the de
fective growth potential.

Classification
Congenital deformities are classified in a number of 
ways, including: 1) the specific type of malformation,
2) the pattern of deformity (scoliosis, kyphosis, ky
phoscoliosis, lordoscoliosis and lordosis], and 3] the

area of the spine involved (cervical, cervicothoracic, 
thoracic, thoracolumbar, lumbar, and lumbosacral)’.

The vertebral anomaly is classified as abnormali
ties of segmentation, abnormalities of formation, or a 
mixture of problems that can occur at any part in the 
vertebral ring (anterior, anterolateral, lateral, postero
lateral, or posterior). The vertebral anatomy is laid 
down in a m esenchym al anlage during the first 6 
weeks of intrauterine development, and this is the 
tim e in w hich the vertebral anomalies occur. Once 
the m esenchym al anlage (either normal or abnormal) 
is established, the cartilaginous and bony stages are 
passive, being formed on the m esenchym al mold. De
pending on where the growth potential in the verte
bral ring is lost, the resulting deformity can be pure 
scoliosis, kyphosis or lordosis, or a com bination of 
scoliosis plus kyphosis or lordosis.

Defects in the segmentation of the m esenchymal 
tissue are either a failure of segmentation or an error 
of segmentation. The failure can involve the whole 
vertebra (block vertebra) or be localized to a part of 
the vertebral ring (unsegmented bar). A lateral defect 
of segmentation causes scoliosis; a posterolateral de
fect causes lordoscoliosis; an anterior defect causes 
kyphosis; and a posterior defect causes lordosis (see 
Fig. 10.10). A block vertebra or an unsegmented bar 
causing scoliosis or lordoscoliosis are the most com
mon failures of segmentation seen. An error of seg
m entation involves the failure of the two hemimeta- 
meres to pair and form a vertebra over a number of
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Failure of Segmentation

Scoliosis Lordosis

Bloc Vertebrae

Failure of Formation

Kyphoscoliosis Scoliosis

FtG U R E IO .1. "
Diagrams showing the vertebral ring, the site of the congenital abnormality, and the relation to the deformity that results. 
A . Failure of segmentation. The area of the vertebral ring that is unsegmented is shaded. B, Failure of formation. The portion 
of the vertebra that is formed is shaded.
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segments; this error gives paired contralateral hem- 
ivertebrae—the so-called hem im etam eric shift or 
hemimetameric segmental displacement.

Failure of formation occurs when a portion of the 
vertebral ring does not develop norm ally, giving a 
wedge vertebra or a hemivertebra. Remember that a 
hemivertebra is not an extra vertebra, but rather the 
remainder of an incom pletely developed vertebra, 
and it is this absent bone and growth potential that 
gives the deformity. If the absent vertebral tissue is 
lateral, scoliosis results. If the vertebral body is com 
pletely or partially absent with norm ally developed 
posterior elements, kyphosis results. If the formation 
defect is lateral and anterior leaving only a postero
lateral quadrant of vertebra, this produces true ky
phoscoliosis caused by the posterior quadrant hem 
ivertebra (Fig. 10.1).

Hemivertebrae are classified as segmented, sem i
segmented, and nonsegmented depending on their 
relationship to the adjacent vertebrae, as determined 
by the presence or absence of an intervening disc 
(and thus growth potential). A fully segmented 
hemivertebra has a disc on either side of the hem iv
ertebra; a semisegmented hemivertebra has a disc on 
only one side, w hich is being fused on the opposite 
side to the adjacent vertebra; and a nonsegmented 
hemivertebra is fused to both of the adjacent verte
brae, In addition, in scoliosis, the hem ivertebra is 
classified as incarcerated or nonincarcerated, de
pending on its relation to the spine. An incarcerated 
hemivertebra is “tucked into” the spine, its pedicle 
falling in line with the adjacent pedicles, whereas a 
nonincarcerated hemivertebra (generally fully seg
mented) protrudes from the spine with its pedicle 
lying out of the line of the adjacent pedicles. The lat
ter scenario has the worse prognosis.

There can be one or more hemivertebrae, and the 
prognosis is poorer when they are on the same side 
of the spine than when they are on opposite sides. 
They can be adjacent to each other or separated. In 
addition, they can be com bined w ith a segmentation 
defect on the opposite side— this is the most m alig
nant anomaly.

The mixed group of anomalies consists of failures 
of formation and segmentation occurring in  the same 
area of the spine. The anomaly and thus the anatomy 
can be clear cut with a clear cut prognosis, as in the 
case of a unilateral unsegmented bar w ith a hem i
vertebra on the opposite side. In general, the anomaly 
is not as clearly seen w ith a prognosis that is un
known, and thus the case has to be followed to see 
whether it is progressive.

The vertebral anomaly thus results in a spine de
formity caused by the growth disturbance that oc
curs. The com bination of the absent growth potential 
in the area of the anomaly and the growth in the re
mainder of the vertebral ring causes the deformity. 
The magnitude of the deformity, its behavior, and its

rate of progression depend on the type of anomaly 
and the growth potential of the vertebrae in the area.

Genetics
The possible genetic origin of congenital spine de
formities is intriguing. Wynne-Davies, in a study of 
337 patients with congenital spinal anomalies, found 
that an isolated hemivertebra or sim ilar localized de
fect were sporadic with no risk to subsequent siblings 
or offspring (46). Patients w ith m ultiple anomalies, 
however, carried a 5 to 10%  risk to subsequent sib
lings. These findings could not be confirmed at our 
center in over 1200 congenital deformities, in which 
only about 1%  of patients w ith congenital spinal de
formities have a known relative with the problem
(36). Most studies of identical twins show one with 
the congenital defect and the other without (11, 26). 
There are rare reports of both twins w ith congenital 
anomalies (1).

There is only one type of congenital spine anom
aly that has a positive family history. This s}mdrome 
consists of m ultiple levels of bilateral failures of seg
m entation, with m ultiple fused ribs and often m iss
ing segments, and goes under many names: spondy- 
lothoracic dysplasia, spondylocostal dysplasia, 
spondylovertebral dysplasia, and Jarcho-Levin syn
drome (5 ,1 5 , 29). Some of the children w ith this syn
drome die early because of respiratory failure. Both 
recessive and dominant forms of inheritance have 
been reported.

Patient Evaluation '
Patients w ith congenital spine anomalies frequently 
have congenital anomalies involving other organs or 
systems (3). It is thus extrem ely important that these 
patients receive a com plete evaluation, not one re
stricted to the spine alone.

II

G enitourinary
The most common associated congenital anomaly is 
found in the genitourinary tract (3). Studies by 
M acEwen and colleagues of patients w ith congenital 
scoliosis revealed a 20%  incidence of urinary tract 
anom alies on routine intravenous pyelography (21), 
whereas Hennsinger’s study on cervical anomalies 
found a higher rate of 33%  (12). This finding is not 
surprising from an embryologic point of view be
cause the same undifferentiated m esenchym e w ill 
differentiate into the vertebra m edially and the me
sonephros ventrolaterally, the latter forming the kid
ney and the urinary tract. Many of the anomalies 
noted do not demand urologic treatment (e.g., uni
lateral kidney, cross-fused ectopia) because they are 
anatomic variations w ith normal renal function. 
However, 6%  of the patients in the study by Mac-
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Ewen and associates were noted to have a life-threat- 
ening urologic problem— usually an obstructive 
uropathy. Thus, all patients diagnosed as having a 
congenital spine anomaly must have a renal tract 
evaluation. Historically, this evaluation has been 
done using an intravenous pyelogram (IVP], but re
cently renal ultrasound or an MRI scan is used, the 
latter used prim arily to evaluate the spinal canal in 
these patients. If an obstructive uropathy is detected 
during this screening, an IVP followrs with appropri
ate urologic procedures performed before instituting 
orthopaedic treatment of the spinal deformity.

Cardiac
A second area of great concern is cardiac anomalies 
(3), As many as 10 to 15%  of patients with congenital 
scoliosis have congenital heart defects (12, 28). These 
defects may have previously been undetected. Mur
murs should never be attributed to the scoliosis and 
must be evaluated thoroughly. It is tempting to blame 
murmurs on distortion of the thorax caused by the 
scoliosis, but in actuality, scoliosis does not produce 
murmurs.

Neurologic
Neurologic problems can accom pany the congenital 
spine deformity. Congenital kyphosis caused by fail
ure of vertebral formation can in itself result in para
plegia. In fact, this is the most common noninfectious 
spinal deformity that can result in paraplegia caused 
by the deformity alone. In addition, there may be ab
normal development of the neural elem ents with 
neurologic findings. A com plete neurologic exam i
nation is thus an integral part of the assessm ent of 
anyone with a congenital spine deformity.

Spinal Dysraphism
The development of the spinal cord and vertebrae are 
closely associated, and therefore m alformations often 
coexist. The spine deformity is recognized easily, but 
the intraspinal anomaly is difficult to recognize. 
These abnormalities of the spinal cord often restrict 
the normal m obility of the neural elements. W ith sur
gery and correction of the deformity, stretch can be 
placed on the tethered neural elem ents with resultant 
neurologic com plications. Exam ination of the back 
and extrem ities for evidence of a hidden neurologic 
disorder is important.

The term spinal dysraphism is used to refer to 
these intraspinal anomalies. The prevalence of dys
raphism in patients with congenital scoliosis was 
low in previous studies (10, 14, 23, 37), but w ith the 
use of routine MRI scans, it has shown an incidence 
of intraspinal lesions of 40%  (4, 6,39). Diastemato- 
m yelia is the most common anomaly. This is a sag
ittal split in the spinal cord w ith a bony, fibrocarti
laginous, or fibrous spur extending from the vertebral

body through the split (Fig. 10.2). This spur restricts 
the m otion of the spinal cord. Other anomalies can 
tether the spinal cord or cauda equina; these include 
a tight filum term inale, fibrous bands, and ectopic 
nerve roots. Other intraspinal anomalies are found 
alone or in com bination with the previous ones; 
these include degrees of hindbrain herniation 
through the foramen magnum (Chiari malforma
tions), fluid filled cavities w ithin the spinal cord (sy
ringomyelia), lipom as, epidermoid, or dermoid cysts 
and teratomas.

These neural canal abnormalities are associated 
frequently with cutaneous changes (hair patches, 
dimples, skin pigmentation, or hemangiomata), and 
various abnormalities on the examination of the 
lower extrem ities. These abnormalities include flat- 
feet, cavus feet, vertical tali, clubfeet, and more sub
tle changes, such as slight atrophy of one calf, a 
slightly sm aller foot on one side, or asymmetrical re
flexes. However, it is possible for a patient to have

FIGURE 10.2.
An MRI scan in a severe congenital scoliosis showing the 
midline bony spur of the diastematomyelia. (Additional 
scans on the same patient are seen m Figure 10 11 ]
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one of these intraspinal anomalies and no associated 
findings. The physician must carefully evaluate the 
radiographs for any interpediculate widening or m id
line bony spicules. The use of MRI scans has greatly 
aided the evaluation of dysraphism. This imaging 
should be obtained in any patient having neurologic 
findings, foot deformities, bladder or bowel m alfunc
tion, cutaneous changes overlying the spine, or in pa
tients in whom corrective spinal surgery is being 
planned. In larger spinal deformities, it is sometimes 
difficult on the MRI scan to adequately assess the 
whole spinal canal. In these cases, a myelogram is 
performed to adequately image the spinal canal.

Respiratory
Patients with congenital spine deformities must be 
evaluated for respiratory problems, w hich may pre
sent as a history of pneumonia or dyspnea. These 
problems can be caused by rib fusions w ith abnormal 
pulmonary m echanics and restrictive disease, severe 
thoracic or thoracolumbar deformities w ith torso dis
tortion and a raised diaphragm, and reduced lung 
space, or severe thoracic lordosis with reduced lung 
space and abnormal rib m echanics. In some cases of 
congenital deformities, the pulmonary problem may 
be fatal (e.g., spondylocostal dysplasia or posterior 
failure of segmentation with resultant lordosis.)

Miscellaneous
Other congenital anomalies can occur and must be 
sought. Klippel-Feil syndrome refers today to any 
congenital fusion in the cervical spine, without the 
other originally described clin ically  features of a 
short neck, low hairline, and restricted range of mo
tion. This occurs in 25%  of cases (12 ,42 ) and a strong 
correlation exists between K lippel-Feil syndrome, 
cervicothoracic congenital scoliosis, and Sprengel’s 
deformity. Other anomalies include preauricular ear 
tags, mandibular hypoplasia, cleft lip, cleft palate, 
anal atresia, absent uterus or vagina, and Sprengel’s 
deformity (congenital elevation of the scapula).

f
Radiographic Evaluation
An accurate radiologic evaluation is essential. Su
pine radiographs should be obtained on all children 
who are unable to sit or stand unaided. In addition, 
this view is obtained in older children to accurately 
visualize the vertebral anatomy, with the upright 
views showing the m axim al deformity. The convex 
growth is important as m entioned previously, and 
thus the quality of the bone and disc spaces on the 
convexity must be clearly visualized and inspected. 
If the disc spaces are present and clearly defined and 
the convex pedicles are clearly formed, there is a pos
sibility of convex growth, and the prognosis is poor. 
However, if the convex discs are not clearly formed,

and the convex pedicles are poorly demarcated, there 
is less convex growth potential, and the prognosis is 
improved. It must be remembered that in the first 
year to two of life, cartilage forms a significant part 
of the vertebra, and thus prognostication is not as ac
curate as in the older child.

Routine coronal and sagittal views are in itially ob
tained to appreciate the deformity in both planes, 
subsequent exam inations depending on the defor
mity that exists. It is important to visualize the whole 
spine on both views because m ultiple anomalies are 
common, and they may be on opposite ends of the 
spine (e.g., one cervical and one lumbosacral). In ad
dition, both views are necessary to appreciate where 
the anomaly is situated in the vertebral ring. A com 
mon exam ple is an obvious unsegmented bar causing 
scoliosis. The lateral radiograph shows a localized 
area of slight lordosis in the area of the bar. This in 
dicates that the failure of segmentation is not only 
lateral but extends posteriorly.

Coned down views or special projections are 
sometimes necessary to clearly define the vertebral 
anatomy. In the lum bosacral area, a Ferguson view 
demonstrates the area in an anteroposterior projec
tion. A Ferguson view is a coronal radiograph with 
the patient supine and the x-ray beam directed par
allel to the L5-S1 disc, usually with the tube tilted 
35° cranially. W hen significant rotation is present at 
the apex of the scoliosis, it is im possible to delineate 
the vertebral anatomy clearly. A true anteroposterior 
projection of this apex is obtained with the derotated 
view of Stagnara (32).

Once the anomalies of the vertebrae and ribs have 
been identified, the curves are now measured. A c
curate vertebral landmarks need to be selected on the 
end vertebrae of the curves measured, this varying 
from upper or lower end plate of the vertebra to the 
upper or lower margins of the pedicle. Exactly the 
same landmarks on the same vertebrae are used for 
subsequent measurements, ensuring the reliability of 
this evaluation. In addition, the vertebral anatomy is 
scrutinized; the size of the disc spaces and the clarity 
of the pedicle need evaluation because both give an 
indication of the possible growth potential of the 
concavity versus the convexity of the curve.

The radiologic evaluation thus clearly delineates 
the vertebral anomaly, its location in the vertebral 
ring, the quality of the convex growth potential, and 
the type and magnitude of the spinal deformity pro
duced. This, com bined with a knowledge of the nat
ural history, determines the treatment plan.

Scoliosis_______________________________  

Natural History
The natural history of congenital scoliosis is w ell de
scribed in the literature. The earliest article is that of
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Kuhns and Hormell in 1952 who reviewed 85 ch il
dren and found that only 13 (15% ) did not progress, 
with 32 (38% ) progressing significantly. The most 
progressive cases were those w ith thoracic curves 
and m ultiple unbalanced anom alies (17). Later stud
ies (20, 27, 41, 34, 25, 33, 24} give sim ilar figures, 
10%  being nonprogressive, 15%  being slightly pro
gressive, and 75%  progressing significantly. The best 
review is that of M cM aster and Ohtsuka who re
viewed 202 patients that were observed past the age 
o f 10 years without treatment. They found that the 
final severity depended on a number of factors: 1) the 
type of vertebral anomaly; 2) the site of the anomaly; 
and 3) the age of the patient at diagnosis (24) (Table 
10.1).
1) The type of vertebral anomaly. As noted previ

ously, the growth discrepancy produced by the 
anomaly and the health of the opposite growth 
plates are important. An unsegmented bar (failure 
of segmentation) has no growth, and w ith healthy 
growth, plates opposite produce a predictably pro
gressive curve, progressing at 5° per year. Addi
tional growth on the convexity w ith the addition 
of a hemivertebra adds to the growth discrepancy, 
giving the most progressive anomaly. Thus, the 
worst anomaly is an unsegmented bar with a con
vex hemivertebra, followed by a unilateral unseg
mented bar, double convex hemivertebrae, a single 
fully segmented hemivertebra, a wedge vertebra, 
w ith the least progressive being a bloc vertebra 
(24). Congenital scoliosis produced by m ixed 
anomalies is difficult to predict and the patient 
needs to be observed for progression.

Congenital scoliosis caused by failure of for
m ation is difficult to predict; some are nonpro
gressive and others progress at a rate of up to 5° 
per year. The prognosis depends on the presence 
of healthy growth centers adjacent to the hem i

vertebra, i.e., w hether it is fully segmented, semi
segmented, or unsegmented. Often, this is not 
clearly evident, and the child  must be observed for 
progression. Contralateral hemivertebrae (hemi- 
m etam eric segmental displacem ent or hemimeta- 
m eric shift) when balanced often may not progress 
and thus do not require treatment. W hen separated 
by several segments, a double curve is produced, 
and both curves may progress and require fusion.

2) The site of the anomaly. For any anomaly, the rate 
of deterioration is worse in the thoracic and tho
racolumbar regions, and is less severe in the upper 
thoracic or lumbar regions. However, small curves 
in the cervicothoracic or lumbosacral areas result 
in more significant clin ical deformity (head tilt, 
shoulder elevation, decompensation) because 
there is less ability of the adjacent spine to com
pensate for the anomaly.

3) The age of the patient at diagnosis. In general, the 
earlier the age at diagnosis, the worse the progno
sis, because Lhis indicates marked growth im bal
ance. This excludes the cases detected on a neo
natal radiograph taken for another reason. It must 
be remembered that the times of rapid growth in 
the child  are the first two years and the adolescent 
growth spurt. During these times, curves progress 
more rapidly, w ith severe curves progressing even 
after skeletal maturity.

Although it is possible to associate a certain prog
nosis w ith a certain anomaly, this is not always fea
sible. It is best to consider the curve in its general 
character and to see what problem it produces and 
whether it is progressive, regardless of the specific 
type of anomaly. Thus, careful documentation of the 
deformity and the magnitude of the curve by high- 
quality radiographs and photographs is necessary on 
the first exam ination. Subsequent serial photography

TABLE 10.1.
Median Yearly Rate of Deterioration (in degrees) Without Treatment For Each Type of Single Congenital Scoliosis in 
Each Region of the Spine (187 Patients)

Type o f  c o n g e n ita l an o m a ly

S ite  o f 
c u rv a tu re

B lo ck
ve rte b ra

W edge
ve rte b ra

H e m ive rte b ra U n ila te ra l U n ila te ra l un seg m ente d  bar

S in g le D oub le
unsegm ented
bar

and c o n tra la te ra l 
he m ive rte b ra e

Upper thoracic < r - r ★-2° 2 -2 .5 ° 2°-4° 5“-6°

Lower thoracic < r - r
' “ ! y

2o_3„ 5“-6.5° 6°-7°

Thoracolumbar < r - r 1 5“-2° 5 ° -^ 6°-9°

Lumbar < r - * < 1 ° - * ★ > 5 ° - * ★

Lumbosacral ★ ★ < r - i . 5 ° 1 * ★ ★

n  No treatm ent requested H  May require spinal surgery □  Require spinal fusion ★ Too few or no curves 
Ranges represent the degree of deterioration before and after 10 years of age.
Modified from  McMaster M), Ohtsuka K. The natural history of congenital scoliosis. J Bone Joint Surg Am 1982;64:1144. (Reproduced w ith 
permission.)
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and radiology are important. Children should be ob
served at 6-month intervals and must be observed un
til the end of their growth. Many patients have mild 
curves that are stable for many years and then sud
denly become severe w'hen the adolescent growth 
spuit begins. Some curves never progress at all and, 
after being observed for many years, do not result in 
any significant deformity. These patients, of course, 
do not require any treatment, and it is foolish to ap
ply an orthosis or perform a fusion for a condition 
that is not progressive and not disabling.

Nonoperative Treatm ent

Observation
The objective in the treatment of congenital scoliosis 
is to obtain a spine as straight as possible in balance 
over the sacrum at the end of growth. Because gen
erally the anomaly has absent or dim inished growth 
on the concavity of the curve and it is not possible to 
create growth on this side, the treatment for progres
sive curves is surgical. Early diagnosis with prompt 
identification of progression and early surgical inter
vention is the treatment of choice. The aim of surgery 
is to balance the growth by elim inating the deforming 
growth potential on the convexity of the curve. This 
elimination results in a shorter, straighter spine, 
which is preferable to a slightly longer but markedly 
crooked spine.

In the m ajority of cases, the prognosis is not well 
defined and these children need to be observed for 
progression. Supine radiographs are obtained until 
the child can easily stand unaided; all films should 
show the whole spine. To fully appreciate the anom
aly and deformity in three dim ensions, routine co
ronal and sagittal views are always obtained on the 
first visit with repeal lateral views in the presence of 
abnormal sagittal contours (kyphosis or lordosis]. 
Once the anomaly has been identified and the growth 
plates assessed, the child  is observed for progression. 
Radiographs are repeated every 4 months during the 
early growth spurt in the first 2 years of life. After 
this stage, films every 6 to 12 months are appropriate 
once no progression is seen. Careful measurement of 
the same landmarks on the same vertebrae is essen
tial for accuracy and consistency. In addition, the 
current radiograph must always be compared to the 
earliest radiograph available, and also the film of 
the previous visit. Because the curve may progress 
slowly and unpredictably, it is easy to not detect pro
gression, attributing small differences to measure
ment error rather than detecting the real change from 
the original radiograph.

Orthotic Treatment
Because the primary deformity in congenital scolio
sis occurs in the bones rather than in the soft tissues, 
the curves tend to be rigid and thus not as amenable

to orthotic treatment as idiopathic or paralytic 
curves. Nevertheless, there are definite, but few, in
dications for orthotic treatment of congenital spine 
deformities. The orthosis of choice is the Milwaukee 
brace. Underarm braces, although they provide effec
tive curve control, do so at the expense of thoracic 
com pression and a reduction of vital capacity— un
desirable side effects.

A study by W inter and colleagues indicated that 
certain patients did well in the M ilwaukee brace for 
many years, and a few could even be treated perma
nently in an orthosis, avoiding surgery (44). The best 
results were found in patients who had mixed anom
alies that were flexible, and who had a progressive 
secondary curve. The patients who did w ell had flex
ible curves w ith the anomalous vertebrae making up 
only a part of the curve. The vertebral anomalies 
were in the cranial, center, or caudal portion of the 
curve, with the curve m uch longer than the anoma
lous area and the other vertebrae being normal. The 
brace is thus effective with a flexible deformity, and 
has no role in a rigid deformity. Progressive second
ary curves need to be controlled, and the Milwaukee 
brace is the best method to achieve this.

The other role for orthotic treatment in congenital 
scoliosis is for the treatment of coronal imbalance, 
w hich may be coronal decom pensation or head tilt. 
W ith coronal decom pensation with single or m ulti
ple anom alies, the M ilwaukee brace can be effective 
in correcting the m alalignment, allowing the spine to 
becom e balanced w ith growth. W ith head tilt in the 
young child with cervicothoracic or upper thoracic 
anomalies, the M ilwaukee brace with a posterior au
ricular occipital pad can correct the head tilt.

The physician must recognize the role of the or
thosis when it is used, and must m onitor its use to 
ensure that it accom plishes its goal. The orthosis 
must control the curve with acceptable spine align
ment. Careful monitoring, both clinically  and radio- 
graphically, is necessary. The area of the anomaly 
and the overall curve in some cases need to be mea
sured separately. If the patient’s curve progresses de
spite the orthosis, fusion must be performed without 
further delay. The orthosis should only be continued 
if it successfully controls the curve.

The most common error in the treatment of con
genital scoliosis w ith a Milwaukee brace is the at
tempt to treat a curve that requires surgery. The sec
ond most common mistake is the failure to recognize 
that the orthosis is not doing an adequate job of con
trolling the curve, thus allowing curve progression to 
occur. The current radiograph must always be com 
pared to the radiograph of the last visit as w ell as with 
the earliest radiograph available. Because curve pro
gression is slow, if the current radiograph is only 
compared to the radiograph of the last visit, any 
slight difference can be ascribed to measurement er
ror, and progression w ill be missed.
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Surgical Principles
Surgery is the most common treatment of severe or 
progressive congenital spine deformities. It is im pos
sible to insert growth potential where it is absent. It 
is only possible by surgery to stop the abnormal 
growth potential, thus balancing the growth in the 
area of the anomaly. This balance is achieved w ith a 
fusion, com bined in some cases w ith removal the de
forming growth potential on the convexity of the 
curve. In some young patients w ith sm aller curves, 
the remaining concave growth is sufficient to achieve 
curve correction— an epiphysiodesis effect. In addi
tion, in larger curves w ith a decompensated spine, 
the deformity must be corrected and the correction 
maintained with a spinal fusion to achieve the u lti
mate goal: a stable balanced spine.

Several types of operative procedures are available 
in the treatment of congenital deformities. Two fun
damental questions emerge: What is the best proce
dure? and W hat is the best age for surgery? These 
questions are addressed under each subsequent de
formity.

Surgical Treatm ent of 
Congenital Scoliosis
In congenital scoliosis, there is no sim ple answer to 
these two questions. The operative treatment chosen 
must be tailored to that specific patient. The treat
ment plan depends on the age of the patient; the type 
of deformity (scoliosis, kyphosis, lordosis, or a com 
bination); the severity of the deformity; the area of 
the deformity; the rigidity of the deformity; the curve 
pattern; the natural history of the deformity; and the 
presence of other congenital anomalies. The ideal 
plan chooses the right procedure for the child  insti
tuted at the right age.

The indications for surgery are, first, an anomaly 
on presentation that has a guaranteed poor progno
sis— a unilateral unsegmented bar with healthy con
vex growth, especially in the presence of a convex 
hemivertebra. In addition, double convex unseg
mented hemivertebrae show severe progression. 
These anomalies should usually be treated fairly 
promptly without waiting for progression. The ex
ception is the child  under 9 to 12 months. In this 
case, surgery is planned for 12 to 18 months of age 
because surgery is easier at this age; the vertebrae are 
larger and less cartilaginous.

In the majority of cases, the anomaly is m ixed in 
type, a com bination of failure of segmentation and 
formation. A decision for surgery is made once pro
gression occurs. This rule applies especially to the 
very young in whom the anomaly may be unclear 
because the vertebra is m ainly cartilage. In these 
cases, the crispness of the pedicle outlines gives an 
indication of the vertebral anatomy and growth po

tential. Any progressive curves should be treated sur
gically, especially if they do not respond to orthotic 
treatment. If a 2 5-degree curve in a 3-year-old child 
progresses to 35° by age 6 years, the curve requires 
surgical treatment. The tendency is to avoid surgery 
at this age for fear of “stunting the ch ild ’s growth”. 
In reality, the child w ill grow taller if the curve is 
fused, rather than allowing the deformity to progress 
because the area of the anomaly is devoid of normal 
vertical growth potential.

There are four basic procedures for the surgical 
treatment of congenital scoliosis: posterior fusion, 
anterior and posterior fusion, convex growth arrest 
(anterior epiphysiodesis and posterior hemiarthro- 
desis], and hemivertebra or wedge excision. The fu
sion (posterior or combined] can be in-situ or with 
correction by traction, casting, bracing, or instrum en
tation. The aim of surgery in these cases must be kept 
in m ind— to prevent further progression of the curve 
and to achieve a spine and torso balanced on a level 
pelvis with a non-tilted head and level shoulders. 
W ith small curves, correction is usually unnecessary 
to achieve these aims, and thus any correction de
pends on the flexibility of the curve. W ith larger 
curves and an unbalanced torso, correction is essen
tial to achieve the surgical aims. Because fusion in 
congenital scoliosis is performed at a m uch earlier 
age than in other types of scoliosis, instrumentation 
becom es an adjunct to the procedure rather than an 
integral part of the fusion, playing a role in m aintain
ing any correction rather than obtaining the correc
tion. In addition, in cases of fusion of the young hav
ing congenital scoliosis, the patient must be observed 
closely until the end of growth because further sur
gery may be necessary to keep the spine balanced.

Posterior Fusion
The aim of posterior fusion is not curve correction, 
but rather curve stabilization w ith the prevention of 
further curve increase (43). Generally, congenital 
curves tend to be rigid and thus there is little chance 
of significant correction unless extensive anterior 
and posterior releases are performed. The fusion 
must cover the entire measured curve and extend to 
the “central gravity lin e .” Abundant autologous iliac 
bone graft should be added because a wide, thick fu
sion mass is necessary to avoid possible bending of 
the fusion by the intact anterior growth plates. Where 
autologous and local bone is of insufficient quantity, 
cancellous allograft is added. Correction and immo
bilization are best obtained w ith a carefully molded 
Risser cast or with a w ell fitting M ilwaukee brace.

In the past, bracing of the young child with a fu
sion was continued for many years to protect this fu
sion. There is no scientific evidence for this ap
proach. It is a fact that the fusion is solid in the young 
after 4 to 6 months. Although solid, however, the fu
sion is immature and weak because it is biologically
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plastic. The best results come with protection of the 
fusion in a Milwaukee brace for 12 to 18 months. 
Thus, if the postoperative im m obilization is a cast, it 
is removed after 4 to 6 months and a Milwaukee brace 
is fitted, or the postoperative bracing is continued. 
The immobilization is continued until the child out
grows the brace— usually after 12 to l8  months. At 
this point the fusion is mature enough to resist bend
ing forces.

This procedure historically was the fnost common 
method of treatment of congenital scoliosis. The re
ported results are good (40, 43) with cUrve stabiliza
tion; the failures are caused by curve increase, w hich 
in turn is caused by bending of the fusion mass (the 
“crankshaft effect”) in 14%  of cases or by curve 
Wg'itieTimg. C-mve bending ‘(cranks’naSl') is  a result oS 
continued anterior growth in the presence of a solid 
posterior fusion with the anterior growth resulting in 
rotation of the vertebral bodies around the solid pos
terior fusion. Curve increase is treated by a subse
quent anterior fusion with ablation of the anterior 
growth potential, or prevented w ith the use of the 
combined anterior and posterior approach initially. 
Lengthening of the curve is treated by an extension 
of the fusion.

Today, a posterior fusion alone is reserved for an 
older child with a moderate deformity that is still

relatively flexible or is well balanced on presenta
tion. The child  must be old enough, usually over 10 
years, so that the crankshaft effect is not a possibility 
(Fig 10.3). In these cases, correction is obtained and 
m aintained with instrum entation, with external im
m obilization in a cast or brace being added when the 
fixation of the instrum entation is less than optimal. 
A posterior fusion alone is also used in cases of pro
gressive m ixed anomalies in w hich the anterior 
growth potential on the convexity of the curve is 
poor. A thick wide posterior fusion stabilizes the 
curve and prevents subsequent anterior growth and 
bending of the fusion. In some of these cases a rein
forcement of the fusion is performed at 6 months to 
increase the size of the fusion mass. If the convex 
anterior growth potential is good, especially in a 
younger child, it is better to stabilize the curve with 
the com bined anterior and posterior approach.

The other role of a posterior fusion alone is in  the 
case of cervicothoracic anomalies, w hich are usually 
m ixed in type and result in shoulder elevation on the 
convexity of the curve, and head tilt. These anoma
lies tend to present in the young, or during the ado
lescent growth spurt. In the young, there is head tilt 
and facial asymmetry. The deformity is still flexible 
and the head tilt can be corrected as seen clinically  
by the use of gentle head traction in the supine child

FIGURE 10.3.
A. D B presented at the age ot 13 years and 3 months with a right thoracic curve of 44° B. Coned down view of the apex 
ol 'ibe curve shows the unilateral un segm ented  bar at one level The patient underwent a posterior fusion and instrumen
tation using a Harrington distraction rod C. Three years later the fusion is solid and the postoperative correction is main
tained
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In these cases posterior fusion of cervicothoracic 
curve is followed by im m obilization in  a M ilwaukee 
brace with a head support behind the ear to correct 
the head tilt. The brace is worn until the head tilt 
corrects and the correction is stable— usually a num 
ber of years. In these children, it is advantageous to 
fit the brace preoperatively and to allow the child and 
family to adapt to the brace before surgery, usually a 
period of 2 to 4 weeks. This makes the surgical pro
cedure easier because the child  is im m ediately 
placed in the brace to w hich he/she has already 
adapted. In the older child, the head tilt may be rigid. 
In these cases the fusion is performed, with a halo 
being applied under the same anesthetic. Postoper- 
atively, the halo is placed in traction with a lateral 
force to correct the head tilt. Once the head tilt is 
corrected, the head position is m aintained w ith the 
incorporation of the halo in  a halo cast, w hich is used 
for 4 to 6 months until the fusion is solid.

The use of traction to gain correction is reserved 
for curves in w hich it is desired to slowly correct the 
curve with the patient awake, allowing careful and 
constant neurologic monitoring, rather than to get 
more rapid correction w ith instrumentation. It is 
used after preliminary removal of a tethering struc
ture like a tight filum term inale or a diastematomy- 
elia, or after osteotomy of an unsegmented bar. The 
traction is either halo-gravity or w ith the use of a fem 
oral pin with pelvic obliquity, w ith the pin used on 
the side of the high pelvis. Once the correction has 
been obtained, it is held w ith a cast and the patient 
is kept nonambulatory for the first 3 to 4 months post- 
operatively, or the correction is m aintained w ith in
strumentation if  the child  is old enough and the ver
tebrae are of sufficient size. The use of traction with 
a posterior fusion alone used to be the most common 
method for achieving correction in congenital sco li
osis, but in the past 10 years the com bined anterior 
and posterior approach has been more commonly 
used (43).

Instrumentation is an adjunct to the posterior fu
sion. used to obtain or m aintain correction. Correc
tion with instrum entation is appropriate for curves 
in which it is safe to obtain correction in one proce
dure with the patient under anesthesia. There must 
be no evidence of spinal dysraphism, and the curve 
must be small enough and the child  old enough that 
an additional anterior approach is not necessary to

improve the correction or to ablate the anterior 
growth plates w ith the disc excision. Because there 
are many types of instrum entation available today, 
the surgeon should choose the system that best fits 
the child, the deformity, the safety factors, and the 
surgeon’s experience.

A preoperative MRI scan is necessary when any 
correction is planned or the use of instrumentation 
is anticipated. This rules out any tethering problems 
and any localized spinal stenosis (39). In addition, 
spinal cord monitoring with the wake-up test is man
datory w ith the use of instrum entation in congenital 
spine deformities. Electronic monitoring can be used, 
but it augments rather than replaces the wake-up test.

Combined Anterior and Posterior Fusion
This has becom e an increasingly performed proce
dure for congenital scoliosis. It is used for thoracic, 
thoracolumbar, or lumbar curves with a poor prog
nosis, i.e., good convex growth potential. The m ul
tiple discectom ies and fusion give an anterior growth 
arrest w hich reduces or elim inates any bending of the 
fusion ( “crankshaft effect”). In addition, correction 
is improved because the m ultiple disc excisions are 
actually m ultiple convex wedge excisions. Because 
of the com bined anterior and posterior fusion, the 
pseudarthrodesis rate is lower. This approach obvi
ously adds the risks of an anterior procedure, even 
though these risks are small.

In recent tim es, the two procedures usually are 
performed sequentially under the same anesthetic. 
The anterior fusion is performed first with a thora
cotomy or thoraco-abdom inal approach, and the ap
proach is from the side of the convexity of the curve. 
The discs are excised, including the cartilage end 
plates, and care is taken during the excision to pre
serve the bony end plate because this reduces the 
blood loss. The disc spaces are then fused by decor
tication of the bony end plates (usually with a cu
rette) and packing of the spaces w ith rib bone cut into 
small chips. If this graft is of insufficient quantity, it 
is augmented w ith cancellous allograft, w ith the 
cubes of bone being crushed into smaller pieces for 
the disc spaces. After closure of the anterior exposure 
the child  is repositioned, and the posterior fusion of 
the whole measured curve is now performed (Fig. 
10.4).

As with a posterior fusion alone, the correction

FIGURE 1 0 .4 .
This girl was first seen at the age of 8 days with a congenital scoliosis of 63°. She was placed in a Kallabis splint. A. At 8 
months of age, a supine radiograph shows the bony anomalies consisting of concave rib synostoses associated with a concave 
unilateral unsegmented bar, and multiple convex hemivertebrae. There is interpediculate widening in the lumbar spine 
and the midline bony spur of the diastematomyelia is well seen. B. At the age of 11 months she underwent neurosurgical 
excision of the diastematomyelia, followed 2 weeks later by an anterior and posterior fusion at the apex of the curve and a 
cranial and caudal convex anterior and posterior hemiepiphysiodesis from T7 to L3. A Milwaukee brace was used post- 
operatively to achieve correction and immobilization. C. Two years later the fusion was solid with correction to 38°. D. Five 
years postoperatively, due to the convex fusion at the ends of the curve, there was curve improvement to 20°. (See previous 
page]
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can be obtained externally w ith traction, a cast or 
brace, or internally with instrum entation. The choice 
depends on the nature, magnitude, and flexibility of 
the deformity, the alignment of the spine (decompen
sation, head tilt), and the size and age of the child. 
In more severe deformities, a com bination of these 
methods is applicable, e.g., m ultiple discectom ies to 
increase flexibility, halo gravity traction to safely ob
tain correction with the patient awake and to achieve 
a balanced spine, and a cast to m aintain this correc
tion. The young child is kept nonambulatory for 3 to
4 months to elim inate the greatest deforming force 
on the spine: gravity. At this time, the cast and halo 
are removed, a M ilwaukee brace is fitted, and the 
child is ambulatory, w ith brace wearing continuing 
for 12 to 18 months as m entioned earlier.

Convex Growth Arrest (Anterior Epiphysiodesis 
and Posterior Hemiarthrodesis)
Convex growth arrest is not new, first being described 
by M acLennan in 1922 (22), and subsequently by 
Roaf and others (2, 30, 35, 38). It is achieved by an
terior and posterior convex fusion (anterior hemi- 
epiphysiodesis and posterior hem iarthrodesis), and

was designed to arrest excessive convex growth and 
allow the concave growth to occur and hopefully cor
rect the deformity. It is thus indicated in cases with 
a progressive scoliosis, or moderate scoliosis on pre
sentation w ith single or adjacent convex hemiverte- 
brae and a chance for concave growth with normal 
or near normal concave growth plates. To be suc
cessful, the surgery must be performed when there 
are a sufficient number of years of growth remaining 
(i.e., under age 5) and is contraindicated if  there is 
any kyphosis in the area of the anomaly. Another in
dication for convex growth arrest is in cases with a 
marked potential for bending of the fusion (i.e., a 
young patient w ith healthy convex growth). In these 
cases, removal of the convex growth forces is essen
tial to achieve the best result.

The anterior and posterior procedures are per
formed under the same anesthetic. It is essential to 
address the whole measured curve, sometimes add
ing a normal level to the convex fusion to increase 
the possibility of curve improvement by concave 
growth. Anteriorly, the convex half of the disc is ex
cised with hem iepiphysiodesis and is done with in
terbody fusions using small chips of rib bone with or

FIGURE 10.5.
A. This 10-month-oId girl had a L4 hemivertebra with a 21-degree curve and marked pelvic obliquity. She underwent an 
anterior and posterior convex growth arrest with postoperative immobilization in a body cast with bilateral leg extensions.
B. Four months later the convex fusion is solid with correction of the curve and pelvic obliquity. C. Ten years later the 
curve is 0° with correction of the pelvic obliquity. Note that no overcorrection has occurred.
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without the addition of an inlay rib strut graft. The 
posterior hemiarthrodesis is done opposite the area 
of the anterior surgery, care being taken to only ex
pose the area of the proposed fusion because any ad
ditional exposure in a child  cranially or caudally, or 
exposure of the concave side, may in itself result in 
arthrodesis (Fig. 10.5).

The child is placed in a postoperative body cast 
(with leg extensions added with lumbar curves) be
cause correction can usually be obtained in the seg
ments adjacent to the hemivertebra. The cast is 
trimmed appropriately so that the chest tube (in
serted more anteriorly than normal) can be removed 
from under the cast. The child  is kept nonambulatory 
for 3 to 4 months, the cast is removed, and the child 
is placed in a w ell fitting M ilwaukee brace w hich is 
worn full-time for 12 to 18 months. This use of an 
orthosis after fusion in  a young child  is necessary 
because at 4 month postoperatively the fusion mass 
is continuous but immature, and continued support 
is necessary to achieve a strong mature solid fusion. 
This protection is actually necessary in all cases of 
fusion in the young child.

Convex growth arrest surgery can give two possi
ble results. Gradual improvement of the curve over a 
number of years can result because of the concave 
growth. The surgery can give a fusion effect, w hich 
occurs where the concave growth potential is m is
judged; poor concave growth actually is present with 
no possibility of concave growth w ith curve im prove
ment. The addition of an obviously healthy disc to 
the fusion area cranially and caudally increases the 
chance of a true epiphysiodesis effect. In some cases, 
the curve may increase, either im m ediately or years 
later. This is caused by residual convex growth and 
indicates a pseudarthrosis, w hich m ust be treated 
with repeat arthrodesis.

Hemivertebra or W edge Excision
Hemivertebra excision is essentially an anterior and 
posterior wedge osteotomy that is com bined with 
correction and fusion. It is used for rigid angulated 
scoliosis in w hich com pensation cannot be achieved 
with other methods (18). It is usually applied in  the 
lumbosacral area for a lum bosacral hemivertebra, 
which causes decom pensation because there is no 
mobile spine below the hemivertebrae to allow com 
pensation (9, 13, 16, 31). There is no way to achieve 
a balanced spine other than by a wedge excision. The 
procedure is best performed before age 5, before the 
secondary curve above has developed structural 
changes. The hemivertebra and the adjacent discs are 
excised using a lumbotomy approach, and a corre
sponding wedge of the hemivertebra and the pedicle 
are removed posteriorly with a fusion of the adjacent 
vertebrae (Fig. 10.6). Depending on the age of the 
child and the size of the vertebrae, the correction is

m aintained with a body cast w ith a leg extension or 
w ith the use of internal fixation, usually a compres
sion system on the convexity of the excised segment, 
w ith the use of hooks and/or pedicle screws. The use 
of internal fixation is preferable (Fig. 10.7). Postop
eratively, the child  is im m obilized in a body cast, 
usually with a leg extension, and is nonambulatory 
for 3 to 4 months.

In rare cases, there are dysplastic changes at the 
level of the hemivertebra with insufficient bone stock 
for com pression instrum entation. In this case, a pre
lim inary convex hem ifusion is performed posteri
orly, followed by excision of the wedge 9 to 12 
months after the hem ifusion is solid and can support 
the instrumentation.

Hemivertebra excision or a wedge excision are 
also used in more severe and rigid deformities or in 
reconstructive surgery in  w hich discectom ies alone 
would be inadequate to achieve a balanced spine. 
The approach is from the convexity of the curve as 
above, followed by discectom ies, Correction is ob
tained with excision of a wedge of the adjacent end 
plates converting the discectom y into a wedge oste
otomy, In addition, any significantly deforming hem 
ivertebra is excised, and in  reconstructive cases a 
wedge of bone is excised, the line of bone removal 
being marked with clips. The posterior procedure is 
now performed under the same anesthetic. With 
wide discectom ies, the facets and adjacent laminar 
edges are excised to allow correction. W ith a 
hemivertebral or wedge excision, a wedge of bone is 
removed posteriorly, w hich m atches the anterior ex
cision using the anterior clips as a guide. M ultiple 
wedges are preferable to a single wedge for correction 
because this allows a little correction at multiple lev
els rather than all the correction occurring at one 
level. M ultiple wedges are safer neurologically, and 
in addition, a single large wedge makes the spine 
more unstable, thus increasing the chance of neuro
logic problems.

At the com pletion of the posterior releases, there 
are two choices. Either the spine can be fused with 
decortication and the addition of abundant autolo
gous iliac bone graft, or the wound can be closed with 
a planned return after traction to fuse the spine with 
possible stabilization w ith instrumentation. The pa
tient is now placed in halo gravity or halo femoral 
traction to obtain slow traction with the patient 
awake, allowing careful neurologic monitoring while 
correction occurs. Traction continues until the cor
rection is obtained with restoration of spinal balance, 
usually after 2 to 3 weeks. At this stage, reoperation 
with fusion and possible insertion of instrumentation 
occurs. It must be remembered that the instrum en
tation is used to m aintain the correction obtained in 
traction, and not to obtain any additional correction.

This treatment plan usually is performed in small
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A

FIGURE 1 0 .6 .
Technique of hemivertebra excision. The procedure involves two stages, an anterior and posterior removal, under the same 
anesthesia. An anterior approach is performed on the convexity of the curvature (thoracotomy, thoraco-abdominal, or 
lumbotomy) and the hemivertebra is identified by direct visualization, by subperiosteal exposure of the curvature and 
hemivertebra area, or with an intraoperative radiograph. In the thoracic spine, the rib head at the level of the hemivertebra 
is removed. Using subperiosteal dissection the hemivertebra and adjacent discs are visualized (A). The discs are excised  
back to the posterior annulus and across the spine to the opposite side, leaving only the opposite lateral annulus as a 
stabilizing structure. After removal of the discs, the hemivertebra is removed to the posterior cortex with rongeurs and 
curettes, the latter used in a transverse rotating manner so that the hard posterior cortex of the vertebra is exposed but not 
penetrated (B) The spinal canal must now be entered. This is done best through the posterior cortex of the hemivertebra 
rather than through the posterior annulus. A diamond-tipped burr or fine gouges and curettes are used to make this opening, 
which is enlarged gradually with curettes and/or rongeurs (C). The dissection is carried cranially and caudally to
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remove the annular tissue. This is hest done in the midline first, and carried across to the far side, leaving the near side 
bone to be removed last. The low^er portion of the near bone is removed in the area of the foramen so that the exiting nerve 
root is seen. The pedicle is now removed. The posterior cortex is gradually nibbled upw/ards from the foramen and laterally 
from the midline until jast the pedicle remains (D). The base of the pedicle is now nibbled off, proceeding posteriorly to 
the waist of the pedicle, with the remainder of the pedicle to be removed from the posterior approach (E). Bone chips from 
the removed hemivertebra are placed in the space over thrombin-soaked Gelfoam or a fat graft against the dura. With the 
patient prone, the spine is exposed in the area to be fused, and the levels are identified with a radiograph in the operating 
room. The ligamentum flavum is removed above and below the hemivertebra, extending the removal laterally and removing 
the superior and inferior facets so that the nerve roots can be seen exiting at the foramina (F). In the lumbar spine the 
transverse process can be transected at its base and the lateral portion left in place, and in the thoracic spine the whole 
transverse process is excised. The remaining laminar bone is now removed with a Kerrison rongeur so that only the pedicle 
remains (G). The stump of the pedicle can now be removed by grasping it with a fine tipped rongeur with one jaw inside 
and the other jaw outside the pedicle. The pedicle is gently twisted and rotated with careful dissection of the periosteum  
on its outer surface so that it comes out as a single piece. If this does not occur, it can be removed with bites of a fine tipped 
rongeur and a curette. The wedge is closed with cast correction in the very young, or when the bone size is sufficient, with 
instrumentation (the pediatric hooks, two pedicle screws, or a hook and a screw). Reprinted with permission from Winter 
RB, Lonstein JE, Denis F, et al. Atlas of spinal surgery. Philadelphia: WB Saunders, 1995.
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FIGURE 10.7.
A. This girl presented at the age of 4 years and 7 months with a right L5 hemivertebra with trunk translation to the left and 
a compensatory 40-degree left lumbar curve. This curve progressed and, at the age of 6 years and 10 months, she was 
referred to Dr. Winter who performed an anterior and posterior hemivertebra excision with fixation using hooks and a small 
Harrington compression rod. B. Postoperatively the curves were improved with correction of the torso shift. C. Seven years 
postoperatively the fusion is solid, the torso is in balance, and the curve correction is maintained.

children in whom the instrum entation v r̂ould not 
add anything and allow ambulation; thus decortica
tion and fusion is usually performed as part of the 
original posterior procedure. The patient is now 
placed in  a halo cast or a Risser body cast w ith leg 
extensions. The im m obilization used depends on the 
age of the child  and the site of the curve. The patient 
is kept nonambulatory for 3 to 4 m onths, at w hich 
time the halo and cast are removed. A Milwaukee 
brace is now fitted, the patient is ambulatory, and 
bracing continues for 12 to 18 months as m entioned 
previously.

Kyphosis_______________________________  

Natural History
Kyphotic deformities are less common than scoliosis, 
but they can have serious consequences if left un
treated, like causing paraplegia. Paraplegia is more 
common with failure of formation, which gives a 
sharp angular kyphosis. It also is more common with 
kyphosis in the upper thoracic area because this is 
the part of the spinal cord with the poorest collateral 
circulation— the so-called watershed area of the

blood supply of the spinal cord. The paraplegia may 
occur early, but is more common during the adoles
cent growth spurt with rapid increase in the un
treated kyphosis, and may occur after minor trauma 
(7, 19, 45).

Congenital kyphosis can be caused by a failure of 
formation or a failure of segmentation, the former be
ing more common. The failure of formation can be 
purely anterior resulting in kyphosis (Fig. 10.8), or 
anterolateral with a posterior corner hemivertebra re
sulting in kyphoscoliosis. In addition, the failure can 
involve more than one level, and there may be a sag
ittal translation in these cases— the so-called congen
ital spondylolisthesis. In addition, in rare cases, there 
may be a congenital narrowing of the spinal, termed 
segmental spinal dysgenesis (8). In general, kyphosis 
caused by failure of formation is universally progres
sive and can lead to paraplegia if untreated, as noted 
previously. The progression is caused by the growth 
imbalance and the mechanical effect of kyphosis.

Kyphosis with any hemivertebra is thus important 
because it gives a different prognosis with progres
sion and the danger of paralysis. The possibility of a 
hemivertebra seen on a coronal view that is postero
lateral and not only lateral must always be consid-



CHAPTER 10: CONGENITAL SPINE DEFORMITIES 2 2 9

FIGURE 10.8.
Examples of congenital kyphosis A. Failure of anterior formation of T i l  with a posterior hemivertebra causing an angular 
kyphosis. B. Failure of anterior segmentation with an anterior bar and a rounded kyphosis

ered. This emphasizes the need to obtain coronal and 
' sagittal views on all congenital deformities to appre
ciate the anomaly and deformity in three dimensions.

Defects of anterior segmentation causing kyphosis 
are less common. They may involve single or multi- 

, pie levels, and may result in a rounded kyphosis with 
little risk of paraplegia. Commonly, the kyphosis 
caused by the defect of segmentation starts in the late 
juvenile years w ith progressive ossification of the 
disc space anteriorly (Fig.10.8B). In the very early 
stages differentiation from Scheuerm ann’s disease 
can be difficult, but with tim e the progressive ante
rior ossification becom es obvious. W ith the anterior 
bar and continued posterior growth, progressive ky
phosis results. The rate of progression is less than 
that with a formation failure because the bar forms 
in the late juvenile years and the growth discrepancy 
is not as great.

IMonoperative Treatm ent
There is no role for nonoperative treatment of con
genital kyphosis. The natural history indicates a uni
versally poor prognosis and thus the treatment is sur
gical.

Surgical Treatm ent
In congenital kyphosis, the choices are between a 
posterior approach and a com bined anterior and pos
terior approach. Because the defect is defined clearly, 
it is easier to discuss the treatment with respect to 
the vertebral anomaly.

D efects o f Segmentation
The choice of treatment depends on the magnitude 
of the deformity and whether correction is desired.
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POSTERIOR FUSION

If the defect is detected early with an acceptable ky
phosis with no need for correction, a posterior fusion 
extending at least one vertebra cranial and one cau
dal to the segmentation defect is ideal. The fusion 
must include the whole of the abnormal sagittal 
curve. Abundant autologous iliac bone graft is added 
to achieve as thick a fusion as possible. Because the 
deformity is rigid, instrumentation is not used unless 
the congenital kyphosis is part of a longer kyphosis 
that requires treatment and fusion. This posterior fu
sion removes the posterior deforming growth forces.

ANTERIOR OSTEOTOMY A N D  FUSION 
AND POSTERIOR FUSION

When the kyphosis presents later w ith a significant 
deformity that needs correction, the com bined ap
proach is best. Anteriorly, the unsegmented areas are 
osteotomized with section of the anterior longitudi
nal ligament and removal of any residual disc pos
teriorly. The posterior annulus is left intact and the 
spinal canal is not entered. An anterior fusion is now 
performed by packing the disc spaces with small 
chips of rib bone, extending the fusion to include any 
additional levels that need to be included in the fu
sion area. A sequential posterior fusion is now per
formed under the same anesthetic, thus ensuring that 
the full extent of the kyphosis is addressed. Instru
mentation and bone graft are added. The choice of 
instrumentation depends on the curve and the ex
perience and preference of the surgeon.

Failure of Formation
The treatment plan depends on whether the kyphosis 
is detected early or late, and if late, whether neuro
logical loss, such as paraparesis or paraplegia, exists.

POSTERIOR FUSION (EPIPHYSIODESIS)

The best procedure is an early posterior fusion that 
extends one normal level cranial and caudal to the 
anomalous area. This procedure is best done on pa
tients under age 3 years and w ith kyphoses under 55 
to 60°. Postoperatively, the child  is placed in a hy
perextension cast and the child  is kept nonam bula

tory for 4 to months. In the very young (under 18 
months) or in whom a pseudoarthrosis is detected, a 
repeat posterior procedure is performed to reinforce 
the fusion and/or repair the pseudarthrosis. It is gen
erally recom m ended that routine exploration and 
graft augmentation be performed at 6 months to ob
tain a thick fusion. The child is im m obilized in a 
brace or cast and ambulated, the total time of addi
tional im m obilization being 18 months until the fu
sion is solid and mature.

The early posterior fusion allows anterior growth 
with a slow steady improvement in the angle of the 
kyphosis— a true epiphysiodesis effect. In their re
view of 17 cases of congenital kyphosis fused poste
riorly alone before the age of 5, W inter and Moe 
found im provement in  the kyphosis in  12 patients 
(71% ) w ith an average 9-year follow-up (40).

In children older than 5 with less severe kyphosis, 
under 50 to 55°, a posterior fusion alone can be suc
cessful in controlling the kyphosis and stabilizing the 
curve. Many of these cases are kyphoscoliosis, and 
instrum entation is added where possible to obtain 
any correction allowed by the flexibility of the defor
mity, and to stabilize the curve during the fusion pro
cess.

ANTERIOR A N D  POSTERIOR FUSION

For kyphosis greater than 55 to 60°, an anterior and 
posterior fusion is necessary. It is important to in 
clude the whole extent of the kyphosis in  the fusion, 
not lim iting one’s approach to the area of the anom
aly. Anteriorly the tether is the abnormal cartilage in 
the area of the hemivertebra, the anterior longitudi
nal ligament, and the annulus fibrosis. They all need 
to be removed. The discs are excised com pletely over 
the whole extent of the kyphosis back to the posterior 
annulus and to the opposite side. At the apex of the 
kyphosis in the area of the anomaly, care is taken to 
excise all the anterior cartilage and fibrocartilage, and 
any disc between the hemivertebra and the adjacent 
vertebrae (Fig .l0.9A ).

After the anterior release, correction can now be 
obtained by gentle distraction on the head by the an
esthesia staff to stabilize the spine while the surgeon

FIGURE 10.9.
Technique of anterior fusion in congenital kyphosis caused by a failure of anterior formation, i.e., hemivertebra, A. The 
extent of the whole kyphosis is visualized with subperiosteal exposure of the vertebrae. The discs are excised over the area 
of the proposed fusion with removal of the anterior tether: the anterior longitudinal ligament, the anterior annulus, and the 
fibrocartilage in the area of the hemivertebrae. In kyphoses of moderate degree correction is obtained with longitudinal 
traction combined with pressure applied by the surgeon over the apex of the kyphosis. In an angular kyphosis, an anterior 
distractor (Santa Casa) is inserted to gradually elongate the concavity with correction of the kyphosis. This correction is 
obtained slowly and patiently, with spinal cord monitoring or a wake-up test being done during or after the distraction (B). 
C. After obtaining maximal correction, posterior fibular struts are inserted into slots in the vertebral bodies. D. The anterior 
distractor is removed, followed by insertion of an anterior fibular strut bridging the anterior extent of the kyphosis. The disc 
spaces and all the area between the fibular struts is filled with bone— autologous rib, iliac crest augmented with allograft 
cancellous bone when necessary. Reprinted with permission from W inter RB, Lonstein ]E, Denis F , and Smith MD. Atlas 
of spinal surgery. Philadelphia: WB Saunders, 1995. (See previous page)
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corrects the kyphosis w ith posterior pressure. In 
older children and adults with larger vertebrae, an 
anterior distractor can be used (Santa Casa or Slot] to 
obtain this correction (Fig.10.9B). Correction is m ain
tained with an anterior fusion w ith chips of bone in 
serted in the disc spaces. In addition, rib struts are 
added, bridging the kyphosis anteriorly and restoring 
the anterior support. In larger kyphoses w ith bone of 
adequate size, an anterior graft of autogenous fibula 
is inserted to m aintain the correction. The anterior 
strut is inserted in slots curetted in  the vertebral bod
ies, with the anterior strut being inserted w hile cor
rection is being obtained w ith pressure over the apex 
of the kyphosis The principle is to build an anterior 
bridge, filling the concavity of the kyphosis with 
bone (Fig. 10. 9C and D].

A posterior fusion is now performed, usually se
quentially under the same anesthetic Compression 
instrum entation is added, w hich stabilizes the ky
phosis and allows any possible correction at the ends 
of the curve. This is the safest force for the neural 
structures in these cases because it actually relaxes 
the spinal cord. Historically, the Harrington com 
pression system was used for kyphosis, or combined

with a distraction rod for kyphoscoliosis. This has 
been replaced by the third generation m ultiple hook 
rod systems, but the principles are unchanged. The 
choice of instrum entation depends on the experience 
and choice of the surgeon (Fig. 10.10).

W ith the use of instrum entation and secure fixa
tion, the child  is ambulatory without immobilization 
If the fixation is not secure or is in question, addi
tional external protection in a cast or brace is best. In 
the young patient m  whom instrumentation is im
possible or would not add sufficient stabilization, the 
child  is placed in  a hyperextension cast and kept 
nonambulatory for 3 to 4 months. At this time, a 
brace is fitted and worn for 12 to 18 months until the 
fusion is mature.

It is tempting in these cases to obtain correction m 
traction, either halo-gravity or halo-femoral This can 
be obtained either preoperatively or between the an
terior and posterior procedures. The use of traction 
in these cases carries a high incidence of paraplegia. 
The apex of the kyphosis is rigid with the spinal cord 
stretched over the apical vertebral bodies. Traction 
corrects the ends of the curve, pulling the cord 
against the apical bone with resultant neurologic

FIGURE 10.10.
A. This 14-year, l-montb-old male presented with a congenital kyphosjs of 60'’ B. On hypeiextension, it corrected to 40° 
The anomaly caused by a hemivertebra combined with an anterior unsegmented bar— a m ixed deformity C. This deformity 
was treated with an anterior fusion with rib strut grafts followed by posterior hision Cotrel-Dubousset instrumentation, with 
correction to 40°
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loss. Traction thus plays no role in the treatment of 
congenital kyphosis (45).

Treatment of Congenital Kyphosis and 
Neurological Loss (19)
As mentioned previously, congenital kyphosis 
caused by failure of formation can be com plicated by 
paraparesis or paraplegia due to the deformity alone. 
The spinal cord is stretched over the anterior bone at 
the apex of the deformity. W ith growth, especially 
the adolescent growth spurt, the kyphosis increases, 
worsening this stretch. Interference with cord func
tion and neurologic loss can result caused by growth 
alone or combined with m inor trauma. This result is 
more common with kyphosis in the area of poor cord 
blood supply, the upper thoracic area, w hich is the 
watershed area of cord blood supply.

The neurologic loss can range from mild, with m i
nor weakness, reflex change, and bladder symptoms, 
to frank paraparesis or paraplegia. A ll these patients 
should have imaging of the spinal canal. Historically, 
this imaging has been done using large volume my
elography, but today the MRI scan is used most often 
because of the excellent visualization of the spinal 
canal and its contents. Large volume myelography 
with CT is still used in cases of severe deformity 
where it is impossible to visualize the spinal canal 
and cord adequately with an MRI scan. In cases with 
minor loss, the bladder function is best evaluated 
with a cystometrogram and a bladder neck EMG so 
that any neurologic effects of the cord com pression 
on the bladder can be detected.

In patients who present with m inor neurologic def
icits with congenital kyphosis, the kyphosis is 
treated with a combined anterior and posterior fusion 
as described previously. In these cases, the straight
ening of the apex during the anterior procedure has 
the effect of releasing the com pression of the apical 
bone against the spinal cord. In cases of m ild para
paresis with a flexible apex as shown on a hyperex
tension film, the patient is placed on bed rest. In 
some cases this bed rest w ith the apex in hyperex- 
tension results in improvement in the paraparesis. 
The bed rest is continued as long as there is neuro
logic improvement— usually a number of weeks. If 
the recovery is normal or to a residual minor loss, the 
improved position is stabilized w ith a com bined an
terior and posterior fusion as m entioned previously.

In cases w ith more marked neurologic loss or in 
which the bed rest does not result in neurologic im 
provement in m ild paraparesis, an anterior spinal 
cord decompression is performed. The anterior ap
proach and releases are performed as described pre
viously. The anterior bone compressing the spinal 
cord is now removed, ensuring that the removal cov
ers the whole area of com pression that was identified 
on the preoperative imaging study. After removal of

the anterior compressing bone, the dural sac and cord 
move anteriorly into decompressed area. An anterior 
fusion is now done with interbody fusion and the 
insertion of rib and fibula strut grafts as described 
previously.

A posterior fusion with or without instrum enta
tion is now performed. It can be under the same an
esthetic, or in cases in w hich there is excessive blood 
loss w ith the decom pression, the posterior fusion is 
staged and performed 1 to 2 weeks later. The patient 
is kept nonambulatory for 2 to 4 weeks to allow m ax
imal cord recovery and allow the postoperative 
edema in and around the cord to subside. Further 
treatment as regards external im m obilization and an 
addition period nonambulatory depends on the use 
of posterior instrum entation, and the security of its 
fixation as discussed before.

A

Lordosis________________________________
Congenital lordosis is the least common of the con
genital spine deformities and is caused by a failure 
of posterior segmentation. The cases with failure of 
posterior formation are extremely rare. The unseg
m ented bar can be only posterior, causing pure lor
dosis, or posterolateral, resulting in lordoscoliosis. 
Its position in the vertebral ring determines whether 
scoliosis or lordosis is the prominent feature. The 
predominantly scoliosis cases are discussed in  pre
vious text, w hile those w ith lordosis as the major de
formity are discussed here. The area of segmentation 
loss usually extends over m ultiple levels, and the de
forming force is the anterior growth. W ith increasing 
lordosis there is reduction of the spine-sternal dis
tance and alteration in the rib m echanics in respira
tion with resultant respiratory restriction, respiratory 
failure, and even early death.

Nonoperative Treatm ent
There is no role for any nonoperative treatment in 
congenital lordosis because the natural history is pro
gressive. The treatment in all cases is thus surgical.

Surgical Treatm ent
The deforming force in these cases is anterior growth; 
therefore, all cases need an anterior approach. The 
only method to correct the congenital lordosis is os
teotomy of the unsegmented bar; thus, any case re
quiring correction needs a com bined anterior and 
posterior approach. As these patients have pulm o
nary restrictive disease, an anterior approach has 
greater risks. If there is already an elem ent of pul
monary failure, these risks increase. If pulmonary ar
tery hypertension is already present, surgery is prob
ably contraindicated due to the high m ortality in 
these cases.
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FIGURE 10.11.
A. This 13-year, 1-monlh-old girl presented with 140° congenital scoliosis, and as a routine preoperative evaluation, an MRI 
scan was done to exclndc spinal dysraphism. B. This sagittal MRI cut shows a Chiari I abnormality (a) and a syrinx in the 
cervico-thoracic cord (b). C. A split spinal cord is seen in the thoracic area, with the diastematomyelia shown in Figure 
10.2 .D. This sagittal cut in the lumbar area shows a low lying conns (a) and a tight filum terminale (b). Because of the severe 
scoliosis, numerous MRI cuts are necessary to visualize the whole spinal canal. Because of this, and to confirm the anatomy, 
a myelogram was also performed on this patient. A sample CT cut of the myelogram shows better visualization of the split 
spinal cord and the marked vertebral rotation (E).
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Anterior Fusion
In early cases in w hich correction is not necessary, 
an anterior fusion is performed w ith disc excisions, 
removal of the cartilage end plates, and packing of 
the disc spaces with bone chips. This removes the 
anterior growth potential and gives an anterior fusion 
opposite the unsegmented bar. This is the ideal pro
cedure, but is rarely performed because of the rarity 
of this anomaly and the usual presentation w ith a 
larger lordosis.

Anterior and Posterior Procedure
Generally the cases present later where correction is 
necessary, involving anterior closing wedges and os
teotomy of the bar posteriorly. Anteriorly, the discs 
are excised over the whole area of the lordosis, and 
thin wedges of the adjacent vertebral end plates are 
excised, converting the disc excision into an osteot
omy that is wider anteriorly. The disc spaces are not 
packed with bone chips because the wedges need to 
lose anteriorly.

Posteriorly, the bar is exposed and m ultiple oste
otomies are performed, with exposure extending to 
all the vertebrae to be fused considering the coronal 
and sagittal curves. The best method for correction is 
with the passage of sublaminar wires and approxi
mation of the spine with these wires to a kyphotically 
contoured rod: Harrington, Luque, or one of the third 
generation multiple hook rod systems. In addition, it 
may be necessary to perform rib resections bilaterally 
to prevent the spine correction from being hampered 
by the ribs. This is performed in two stages: an inter
nal thoracoplasty w ith rib resections performed dur
ing the anterior approach; and the opposite side re
sections performed during the posterior procedure. 
In some in w hich the lordosis is not too great, the 
same effect can be achieved w ith bilateral transverse 
process osteotomies during the posterior procedure. 
This process allows some spinal correction without 
the restriction imposed by the ribs.

Treatment o f Spinal Dysraphism
The common feature in spinal dysraphism is tether
ing of the spinal cord to some degree by the intraspi- 
nal anomaly. This tethering results in neurologic se
quelae, e.g., small foot, cavus foot, calf atrophy, 
alteration in bladder function, and, rarely, pain. The 
diagnosis of dysraphism may be confirmed by inves
tigating one of these signs or symptoms in a spine or 
foot clinic. In addition, the lesion may be detected 
during an evaluation of a congenital scoliosis with or 
without external [skin dimple, hair patch) or radio- 
graphic findings (bony spur, widened interpedicu- 
late distance). A high index of suspicion is necessary 
in all cases of congenital spine deformities to exclude 
these intraspinal anomalies (Fig. 10.11).

Surgical treatment consists of releasing the cord 
tethering, and the exact procedure is tailored for the 
specific anomaly. A tight filum term inale is sec
tioned, a diastematomyelia is removed, a Chiari m al
formation is treated w ith fourth ventricle decom
pression, syringomyelia is shunted, and lipomas and 
teratomas are excised. This treatment should be per
formed by a neurosurgeon who is skilled and expe
rienced in this area. The procedure includes the use 
of m icroscopes, bipolar cautery, and electronic neu
rologic monitoring. The most com plex problem to 
treat is a lipom a in w hich the nerve rootlets are in
tertwined w ith the lipom atous tissue, often making 
safe and complete removal of the lipoma difficult, if 
not im possible. Neurologic deterioration can follow 
the neurosurgical procedure, and this m ust be kept 
in mind while planning and counseling regarding 
surgery.

The question is whether all these lesions should 
be removed surgically once detected. A considerable 
amount of controversy still exists in this regard. 
There is no argument in the case of a lesion w ith ob
vious signs and/or symptoms. The discussion in 
volves the lesion detected during routine screening 
of a congenital spine deformity. Some neurosurgeons 
advocate removal of all lesions once detected, while 
others advocate a more conservative approach, the 
latter being the author’s preferred treatment plan. If 
any correction of the spinal deformity by any method 
(releases, traction, instrum entation) is planned, the 
dysraphic lesion is treated. The neurosurgical pro
cedure is best performed first as a separate surgery, 
and then the spinal fusion is performed 2 or more 
weeks later using careful neurologic monitoring. The 
safest way to achieve correction in these cases is with 
traction, bracing, or serial casts. These methods allow 
careful neurologic monitoring with the patient awake 
during the correction.

In cases in w hich no neurologic deficit exists and 
no correction with stretching of the spine is planned, 
the dysraphic lesion does not need to be treated be
fore the spinal fusion. Continued neurologic m oni
toring continues in these cases and in cases with a 
dysraphic lesion, no neurological deficit, and no sur
gery. This monitoring continues past the end of 
growth into adulthood because symptoms have been 
seen presenting later at any age from 20 to 60 years.

Sum m ary
All patients with a congenital spine deformity need 
a com plete evaluation to exclude other congenital 
anom alies, especially those involving the spinal ca
nal and its contents. Complete and accurate radio- 
graphic assessm ent in the coronal and sagittal planes 
is essential so that the type of vertebral anomaly and 
its anatomic position in the vertebral ring is estab-
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lislied as w ell as the associated deformity and its 
magnitude. What is important is the growth distur
bance produced by the anomaly, and the growth po
tential of the remainder of the vertebral ring; this im 
balance results in the deformity and determines its 
rate of progression. As the natural history of congen
ital deformities is w ell established, this assessment 
points to the prognosis and determines the treatment 
plan.

In general principle, the treatment is fairly 
straightforward. Observation for curve progression is 
used for those deformities and anom alies in w hich 
the natural history and prognosis is not clear. Non- 
operative treatment by bracing plays a lim ited role; 
it is reserved for congenital scoliosis to improve spi
nal balance (including head tilt) and to control com 
pensatory curves. It has no role in the treatment of 
rigid curves, congenital kyphosis, or congenital lor
dosis.

The principle of surgery is to balance growth, thus 
preventing curve progression. It is im possible to in
sert growth. Therefore, the only thing that can be 
done is to remove the growth in the vertebral ring 
opposite the anomaly w ith an appropriate fusion. In 
some cases, it is possible to perform a convex fusion 
where there is concave growth potential and suffi
cient growth remaining so that the concave growth 
corrects the curve (the epiphysiodesis effect). In 
other cases, curve improvement is obtained with re
leases and correction, with the safest correction ob
tained in traction. It is also safer to shorten the con
vexity of a curve than to lengthen the concavity. 
Many surgical procedures are available— there is no 
ideal or correct procedure for a specific anomaly or 
deformity. The procedure and treatment plan chosen 
is tailored for the patient and depends on the anom
aly, the deformity produced, its natural history, the 
patient’s age, and the presence of other congenital 
anomalies, especially neurologic.
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CHAPTER ELEVEN

Juvenile Kyphosis
Serena 5. Hu and David S. Bradford

Introduction
Juvenile kyphosis was first defined in 1920 by 
Scheuermann, who described radiologic findings of 
wedging of the vertebral bodies and endplate irreg
ularities (38). These radiologic changes suggested 
disturbances of the vertebral epiphyses that were 
similar to Legg-Calve-Perthes disease of the hip (38], 
Others have noted the herniations of disc material 
into the endplates, and suggested refining the defi
nition of juvenile kyphosis, Including wedging of 5° 
or more of three adjacent vertebra (4, 40, 42],

The incidence of Scheuerm ann’s disease in the 
general population is reported to be 0.4 to 8%  (2 ,1 4 , 
42], One study from New Zealand, examining 500 
students aged 17 to 18 years, found an incidence of 
radiographic changes typical of Scheuerm ann’s dis
ease (mild to severe endplate changes, with or w ith
out Schm orl’s nodes) in 56%  of the m ales surveyed 
and 30% of the females (17). Data on the incidence 
in males versus females varies, with some studies re
porting a higher incidence in m ales, others reporting 
a higher incidence in  females, and still others re
porting an equal distribution among males and fe
males (15, 17, 38). Fam ilial incidence im plies auto
somal dominance in at least some of the cases (16,
21, 28).

Pathogenesis
A number of factors have been im plicated in the 
pathogenesis of juvenile kyphosis. Several research

ers have noted that such patients have lower bone 
densities than their unaffected peers (8, 24). It has 
been unclear from these studies, however, whether 
the osteoporosis was the primary condition or an as
sociated factor that may predispose to increased ky
phosis, Schm orl’s nodes, and vertebral wedging. His
tology obtained during anterior fusion in young 
patients with Scheuerm ann’s has demonstrated ir
regular endplates and endplate disruption, along 
with herniation of disc material into the vertebral 
body, w hich is thought to suggest vertebral osteopo
rosis (10).

An anterior extension of the affected vertebral 
bodies in cadaver specim ens has also been observed; 
these findings are consistent w ith Scheuerm ann’s 
(14, 39). The authors of this study suggested that the 
anterior extension im plied an abnormality of endo
chondral ossification sim ilar to that seen in  patients 
with Blount’s disease. Histologic studies have re
vealed abnormal and loose-appearing cartilage in the 
vertebral endplates as w ell as irregular m ineraliza
tion and ossification (19, 20). Faulty ossification, 
with resultant wedging and irregular vertebral bod
ies, resulted. Also, Schm orl’s nodes formed at the 
failed junction between the weakened cartilage 
plate and the nucleus pulposus. Another hypothesis 
is that the primary etiology is an abnormality in 
collagen aggregation because autopsy specim ens 
of patients with juvenile kyphosis appear to have 
regions w ithin the endplate that are devoid of colla
gen (3).

2 3 9
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Diagnosis
Patients w ith juvenile kyphosis often present be
cause of concerns about poor posture on the part of 
parents or health care professionals. Patients gener
ally develop the condition in preadolescence, al
though they may present somewhat later. It is im 
portant to differentiate Scheuerm ann’s disease from 
postural roundback. Patients with postural round- 
back demonstrate a gently rounded thoracic kyphosis 
that is flexible clinically . They do not have the radio- 
graphic findings described for patients w ith Scheuer
m ann’s. Patients with Scheuerm ann’s kyphosis, 
when viewed from the side or on a lateral radiograph, 
have a more abrupt curve that is relatively rigid upon 
hyperextension (Fig. 11.1)

Increased thoracic kyphosis generally is accom 
panied by hyperlordosis of the lumbar spine. The re
sultant increased stress on the pars interarticularis 
may account for the increased incidence of spondy
lolysis reported in these patients (33). In a number of 
studies, varying degrees of scoliosis have also been 
found in 39%  to 70%  of patients observed for 
Scheuerm ann’s kyphosis (7, 11, 12, 29, 38). Pain is 
uncommon as a presenting problem in adolescents 
and preadolescents w ith kyphosis; it appears to be 
more common with thoracolumbar involvement and 
in skeletally mature patients (1, 5, 47). One large sur
vey reported a significant association between back 
pain lasting more than 1 week and radiographic 
changes associated with Scheuerm ann’s disease (17).

The diagnosis of Scheuerm ann’s disease is made 
if there is radiographic evidence of: 1) vertebral body 
endplate irregularity; 2) disc space narrowing; 3) one 
or more vertebral bodies with wedging of at least 5°; 
and 4) increased thoracic kyphosis (normal is defined 
as 25° to 40°) (Fig. 11.2) (2, 42). Scheuerm ann’s dis
ease can also affect the thoracolum bar and lumbar 
spine. Clearly, any degree of kyphosis in these

FIGURE 11.1.
Lateral photograph of patient with juvenile (Scheuer
mann’s) kyphosis during forward bending. Note the sharp, 
angular curve.

FIGURE 11.2.
Radiographic changes include vertebral body wedging, 
endplate irregularity and Schmorl’s nodes.

regions is considered abnormal and is a possible in
dication of Scheuerm ann’s disease. Severe Scheuer
m ann’s kyphosis can result in cosnaetic deformity, 
back pain, or neurologic deficit (6). Kyphosis greater 
than 65 to 70° is usually noticeable and may progress 
after skeletal maturity (6, 9, 11).

Neurologic deficits are rare, although several case 
reports in the literature describe gradual and pro
gressive lower extremity weakness with long tract 
signs developing in patients who have had radio- 
graphic findings consistent w ith juvenile kyphosis 
(9, 22, 44, 48). The deficit is generally secondary to 
thoracic disc herniation but can also occur because 
of tenting of the spinal cord over the curve apex or 
by the presence of extradural spinal cysts.

Limited data exists on the natural history of 
Scheuerm ann’s kyphosis. Murray et al. recently re
viewed patients a m inimum of 10 years after diag
nosis (average follow-up, 32 years), comparing them 
with an age-matched control group (31). In their se
ries, kyphosis patients tended to have more intense 
back pain, less strenuous jobs, decreased range of 
m otion of the trunk, and different pain from the con
trols. The subjects demonstrated no significant dif
ferences from controls with respect to self-conscious
ness, self-esteem , pain interference with activities of 
daily living, use of pain m edication, or participation
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in recreational activities. Patients with kyphosis 
greater than 100° had restrictive lung disease. The 
effect of pain on activities correlated highly with se
verity of the kyphosis and a more cephalad level of 
the apex. Only 57% of the patients diagnosed during 
the period in question participated in this study.

IMonoperative Treatm ent______________

Skeletally immature patients who have kyphosis 
measuring greater than 45 or 50° and radiographic 
evidence of Scheuerm ann’s kyphosis (endplate 
changes and vertebral body wedging) may be candi
dates for brace treatment. Historically, many patients 
have been treated initially  w ith Risser antigravity 
casts or even traction. Such treatm ents ate not used 
frequently at the present time, however. Bracing for 
thoracic kyphosis requires use of a M ilwaukee brace. 
Pads are placed over the apex of the kyphosis par- 
aspinally and corrective forces axe applied, coun
tered by the pelvic mold and neck piece (Fig. 11.3). 
Full-time brace wear is preferred. Many orthopedic 
surgeons recommend an exercise regime designed to 
decrease lumbar lordosis and correct the thoracic ky
phosis through stretching of the pectorals and hy
perextension exercises. Patients are observed at 
four-month intervals, lateral radiographs are taken in 
the brace at each follow-up visit, and the brace is ad
justed as needed. Weaning from brace wear, begun 
as the patient nears skeletal maturity, proceeds grad
ually and may be slowed if correction is lost.

FIGURE 11.3.
Back [K] and ftoYil (Bi ¥\ews of M\lwa\ikee btace -witla api
cal pads for correcting Scheuerm ann’s kyphosis.

Milwaukee brace treatment has been effective in 
decreasing overall kyphosis in patients who have sig
nificant growth remaining. In general, brace correc
tion was sim ilar to that seen on hyperextension ra
diographs obtained at the beginning of treatment. 
Approximately 50%  correction can be expected in i
tially in these patients. After brace wear is discontin
ued, some loss of correction can also be expected. In 
the m ajority of patients, however, the kyphosis is im 
proved and/or the correction is m aintained at follow- 
up as compared to the deformity when treatment was 
initiated (29, 37). Vertebral body wedging can also be 
improved, perhaps secondary to the unloading of the 
anterior endplates achieved w ith bracing (29, 37). 
Also, patients with poor brace com pliance and those 
with, curves greater than 75° were more likely to have 
deformity progression requiring surgical correction
(37).

Sachs et al. reviewed the results of 120 patients 
who were treated using the M ilwaukee brace for their 
kyphosis (37). Patients began brace treatment at an 
average age of 12 years and completed treatment at 
an average age of 16 years. They were observed for at 
least 5 years after com pletion of treatment. Seventy- 
six of the patients who were com pliant with brace 
wear demonstrated improvement of their kyphosis at 
follow-up, relative to their deformity at presentation, 
whereas 24 were worse despite brace wear. Seven of 
these patients went on to surgical correction for in
creasing deformity greater than 60°. (The majority of 
these had initial curves measuring greater than 74°.) 
Of the 10 patients who were noncom pliant with 
brace wear, 8 had increased kyphosis.

The M ilwaukee brace was also used to treat a se
ries of 62 patients w ith Scheuerm ann’s kyphosis re
ported on by Montgomery and Erwin (29). Average 
initial curve was 62° and the corrected curvature av
eraged 41°. The authors' patients were treated for an 
average of 18 m onths, beginning at a mean age of 14 
years. Follow -up for at least 18 months after brace 
discontinuation showed an average 15° loss of cor
rection.

Surgical Treatm ent

Patients may be considered for surgical intervention 
if their kyphosis progresses despite brace treatment 
or if  they are skeletally mature and their deformity is 
substantial. Severe pain localized just distal to the 
apex of the kyphosis or kyphosis greater than 70° may 
be other indications for surgery. M ild to moderate 
degrees of pain accom panied by moderately severe, 
nonprogressive kyphosis can be treated conserva
tively with such measures as physical therapy and 
antiinflammatories.

Posterior spiual fusion using compresslQU instru
mentation with Harrington rods has been described



2 4 2 SECTION II: PEDIATRIC SPINE

by several authors (11, 34, 43, 45, 46). The technique 
involves bilateral placem ent of Harrington com pres
sion rods, w ith at least three hooks on each side 
above the deformity and three on each side below the 
apex. Upper hooks are placed over the lam ina or 
transverse processes, w hile distal hooks are placed 
under the lamina. Compression is applied across the 
apex to correct the curve. Standard bone grafting and 
fusion is performed.

The largest of these series was that of Speck and 
Chopin, who reported on 59 patients with an average 
age of 17 years, and follow-up over four years (43). 
The average preoperative kyphosis was 77°, w hich 
had improved to 41° at final follow-up. Seven of 12 
skeletally mature patients had an anterior fusion as 
w ell, generally 2 to 4 weeks after the posterior fusion. 
Loss of correction of 10° or more occurred in  9 pa
tients, presumably because the fusions were per
formed over too short a segment in most cases. The 
authors noted that among skeletally mature patients, 
those who had had a com bined anterior and posterior 
fusion lost only 1° of correction, whereas skeletally 
mature patients who had had a posterior fusion alone 
lost an average 14° of correction. C linical appearance 
improved significantly for all of their patients. 
Twenty-eight reported significant thoracic or lumbar 
pain preoperatively. Only 10 patients had back pain 
at follow-up; four of these noted only mild pain that 
did not interfere with work.

Bradford et al. reviewed a series of 22 patients 
treated with Harrington instrum entation (11). The 
presenting com plaints were cosm etic deformity in all 
patients and pain in 10 patients. One patient pre
sented with spastic paraparesis secondary to cord 
com pression at the curve apex. Mean age at surgery 
was 17 years. Risser antigravity casts were worn for
5 to 18 months after surgery. Average kyphosis was 
70° at the time of surgery and corrected to an average 
26° in patients whose curves averaged less than 70° 
preoperatively; at follow-up the average kyphosis 
was 38°. In patients whose preoperative curve was 
greater than 70°, the average kyphosis was 36° post- 
operatively and 55° at follow-up. All patients in the 
latter group lost at least 5° of correction during the 
follow-up period, whereas only half of those in 
the former group lost correction. A ll patients felt that 
their deformity had been improved by the procedure, 
although their surgeons felt that four of these patients 
had an unsatisfactory cosm etic result. The 10 pa
tients who had presented with pain experienced re
lie f  of this symptom after the surgery.

Taylor’s series of 27 patients produced sim ilar re
sults (46). His group included patients whose average 
age was 17 years and whose mean preoperative curve 
was 72°. Their average loss of correction was 6° at a 
mean follow-up of over 2 years. These patients were 
kept on a Stryker frame for 2 weeks after surgery and 
then wore body jackets.

Use of larger diameter Harrington compression 
rods in flexible but significant curves greater than 65° 
is preferred by some surgeons (34, 45). For the 10 
young patients studied by Otsuka et al., successful 
pain relief and deformity correction from 71° to 38° 
was accom panied by an average loss of correction of 
8° at follow-up. Sturm et al., whose patients ranged 
from 12 to 37 years of age, reported sim ilar results 
(34, 45). They thought that the technique was useful 
in adults as long as anterior bony bridging was not 
present. *

The frequently observed loss of correction, as well 
as the presence of increasing curve stiffness when 
patients are treated during adulthood, has prompted 
increased use of com bined surgical approaches for 
the treatment of Scheuerm ann’s kyphosis. It was 
hoped that the addition of an anterior release and 
fusion would permit better curve correction in stiff 
or severe curves and that an anterior fusion would 
decrease the posterior tensile forces and thus de
crease the loss of correction often found. Bradford et 
al. reviewed a series of 24 skeletally mature patients 
who underwent anterior release and fusion followed 
by posterior fusion with Harrington com pression in
strumentation (7). Sixteen of their patients were 
placed in traction between stages and all were placed 
in Risser casts postoperatively for 9 to 12 months. 
Their patients averaged 21 years of age and follow- 
up ranged from 2 to 5 years. Deformity and pain were 
the presenting problems in nearly all their patients. 
Average kyphosis measured 77° preoperatively and 
41° postoperatively. The average loss of correction 
was 6°; those who experienced the greatest loss of 
correction did so below the fusion; it was thought 
that this was secondary to a too-short posterior fu
sion. A ll patients w ith operative pain reported sig
nificant pain relief. It was concluded that despite a 
significant com plication rate, a com bined approach 
should be considered for skeletally mature, symp
tomatic patients whose curves are greater than 70°.

Sim ilar results were noted by Herndon et al. in 
their series of 13 patients (18). Traction between sur
gery stages did not preserve the correction achieved. 
Their analysis also suggested that failure to fuse all 
the involved levels was the most common reason for 
loss of correction exceeding 6°. Nerubay and Katz- 
nelson, reviewing their results in 14 patients, includ
ing 10 patients who were in traction between surger
ies, found that traction did not improve the overall 
correction (32). Lowe used double Luque rods for the 
posterior stage for those who underwent a combined 
procedure (25). He used traction between stages but 
no regimen of postoperative im m obilization. Despite 
a somewhat increased average initial kyphosis (84°) 
as compared to the other studies, correction was 
comparable and was m aintained at follow-up.

The surgical technique for anterior fusion includes 
a thoracotomy, ligation of the segmental vessels on the
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side being exposed, and exposure of the disc spaces at 
the apex and stiffest portion of the curve. The surgeon 
can perform the thoracotomy on either side. If there is 
a coexisting scoliosis, however, the approach is gen
erally easier on the side of the convexity. The expo
sure must be adequate to permit com plete discectom y 
and removal of the anterior longitudinal ligament. 
This ligament becom es contracted and thickened in 
severe Scheuerm ann’s kyphosis and, if  not com 
pletely released, it w ill act as a tether preventing cor
rection. Osteophytes can com pletely bridge the inter
space, preventing correction, and m ust be resected 
during the anterior release. Certainly, if  thoracic discs 
or bony canal com pression exist and are associated 
with neurologic compromise, anterior decom pres
sion can be done at this time [23]. After com plete dis
cectomy, bone graft from the rib harvested from the 
thoracotomy, supplemented by local bone, should be 
placed loosely into the disc spaces. Many surgeons 
have found it helpful to place a portion of the rib graft 
as a structural graft w ithin the disc space, notching the 
vertebral endplates slightly to permit opening of the 
space and secure placem ent. The structural graft

helps to m aintain distraction across the disc space and 
facilitates correction.

More recent use of the Cotrel-Dubousset instru
m entation has shown good results (26). Thirty-two 
patients w ith initial deformities measuring greater 
than 75° underwent anterior release and fusion, fol
lowed by posterior fusion w ith CD instrumentation. 
Their average kyphosis was 85° preoperatively and 
43° at follow-up. Average loss of correction was only 
4° at a m inimum follow-up of 2 years. Proximal junc
tional kyphosis was seen in 10 patients; this was as
sociated w ith greater than 50%  correction of the ky
photic deformity. Distal junctional kyphosis was 
seen in nine of the patients and was thought to be 
secondary to failure to include the first lordotic disc. 
Nearly all the patients were satisfied with their post
operative appearance. Of the majority of patients 
who preoperatively reported back pain as interfering 
with daily activities, 65%  noted mild postoperative 
pain with vigorous activity. For variable hook-rod 
systems such as CD instrum entation, the basic con
figuration is two or more claw constructs above the 
apex of the curvature and at least one and one-half

FIGURE 11.4.
Diagram of Double domino—instru
mentation construct, used with vari
able hook systems in the surgical cor
rection of juvenile kyphosis. A. 
Compression and cantilever bending 
forces on the two rods. B. The two rods 
are linked together by the double dom
ino devices. C. Claw constructs on both 
rods are shown. B
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claws below the apex. The proximal claw construct 
is a down-going lam inar or transverse process hook 
placed over the transverse process at the most prox
im al vertebra to be fused; it is clawed w ith an up- 
going pedicle hook at the adjacent level. If fixation or 
osteoporotic bone is a concern, a sublaminar hook 
may be used for the top hook instead. At least one 
additional claw consisting of a down-going hook over 
the transverse process of the vertebra one to two lev
els below the first claw, and an up-going pedicle 
hook at the level below is necessary above the apex

of the curve. Distal to the apex, an up-going hook 
should be placed one or two levels below the apex of 
the kyphosis, followed by a claw construct one to two 
levels below this hook. The two end claws should 
have closed hooks. The authors, as w ell as others, 
have found that pedicle screws can improve the fix
ation distally when fusing into the lumbar spine (26). 
The rod is contoured to the desired kyphosis and ma
neuvered into place, levering against the apex of the 
kyphosis to facilitate correction and permit seating 
of the rod into the hooks. Compression is applied

FIGURE 11.5.
Preoperative (A) and postoperative (B) lateral radiographs show correction of this 16-year-old female’s Scheuermann’s 
kyphosis. Because of her skeletal immaturity and flexible curve, isolated posterior instrumentation and fusion was sufficient.
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across each claw and the entire construct is placed 
in compression (13). Alternatively, a temporary con
tralateral rod can be used as a lever as one maneuvers 
the first rod into place (41]. We have found that using 
two shorter overlapping rods on each side of the 
spine facilitates rod placem ent and permits better 
control of the amount of correction (Fig. 11.4). The 
shorter rods are linked using the CD domino; addi
tional compression can be placed across the apex at 
this time. We have found this double domino— tech
nique to be technically easier and to produce results 
equivalent to those achieved via single-rod tech
niques (Fig. 11.5). The bulkiness created by the two 
dominos, which tend to lie at or near the apex, can 
be problematic in thin patients, however. Also, the 
bulk of the implant can jeopardize the grafting pro
cedure and, hence, the posterior spinal fusion. This 
should be taken into account when selecting an im 
plant. The presence of significant coexisting scoliosis 
affects the sequence of rod application and hook seat
ing. In some instances, the hook configuration may 
need to be altered to account for the application of 
corrective forces to the kyphosis and how this would 
affect the coronal deformity.

Surgical Com plications________________
The complications inherent to spinal deformity sur
gery are no less frequent when the deformity is in the 
sagittal plane than w hen it is in  the coronal plane. 
Because of the forces placed at the ends of the instru
mentation, hook pullout is common, either at the 
time of surgery or later. Many sm aller studies report 
occasional hook pullouts; larger series have doc
umented hook pullout in 11 to 18%  o f these kyphosis 
cases (11, 43, 45). The m ajority of the pullouts were 
proximal, and they frequently occurred, and were 
corrected, during surgery. Hook pullouts can occur 
either secondary to osteoporotic bone or w ith inad
equate hook placement. This com plication occurred 
more often with posterior fusion alone; it has been 
reported only sporadically in series studying com 
bined surgery. Hardware failure can occur either in 
the presence of a pseudarthrosis or because of addi
tional trauma. The reported incidence of hardware 
failure varies; m eta-analysis produces an overall rate 
of 4 to 5% for all patients, and slightly less for com 
bined procedures (7, 11, 25, 36, 46, 43, 45). The 
length of follow-up for these reports ranged from 1 
year to more than 5 years. The reported incidence of 
pseudarthrosis in patients who have undergone sur
gical correction of their Scheuerm ann’s kyphosis var
ies widely among different studies. It has been re
ported to occur in 2 to 18%  of cases (7, 10, 32, 45, 
46). However, some studies noted hardware failure 
but did not always operate or describe exploration of 
the fusion at the time of hardware removal (43, 45).

Others, as noted previously, noted loss of correction 
but did not document whether addition investigation 
was undertaken to determine the presence of a 
pseudarthrosis. Given the rate of late hardware fail
ure and high incidence of loss of correction, the true 
pseudarthrosis rate seems higher than specified in 
the literature. In Bradford et al.’s series of posterior 
fusion patients, all patients who had hardware 
failure were surgically explored specifically for 
pseudoarthrosis; they reported an 18%  incidence 
(11).

Wound infections may be either superficial or 
deep. Superficial infections often can be cared for lo
cally, using appropriate antibiotics. Deep infections, 
however, require com plete irrigation and debride
ment as w ell as appropriate intravenous antibiotics. 
The wound infection rate in the literature varies from 
0%  to 9%  (7, 11, 25, 46, 43, 45). Instrumentation may 
need to be removed if the infection becom es chronic 
or is diagnosed after a delay.

The risk of neurologic compromise with kyphosis 
surgery may be greater than that experienced with 
scoliosis surgery because of the risk to the anterior 
spinal artery and therefore the blood supply to the 
spinal cord. However, cord injuries have only rarely 
been reported in the literature. When anterior fusion 
is necessary to treat a rigid deformity or a mature pa
tient, care must be taken to not divide the segmental 
arteries bilaterally as well as to avoid coagulation of 
bleeders within the foramen. With posterior fusion 
and instrumentation, introduction of the rod can 
lengthen the anterior column and place stretch on the 
spinal cord and its blood supply. Traditional spinal 
cord monitoring, which monitors somatosensory 
tracts, does not-monitor anterior columns and there
fore may provide false negatives because loss of mo
tor function can occur before the somatosensory 
tracts are affected. Wake-up tests, although they do 
not produce false negatives, are not continuous and 
are an all-or-none test. Motor-evoked potentials may 
eventually provide reliable and continuous monitor
ing of anterior column integrity.

Speck and Chopin had one patient out of a series 
of 65 who developed Brown-Sequard syndrome 4 
hours after his posterior fusion for Scheuermann’s 
kyphosis (43). His instrumentation was promptly re
moved and he had complete neurologic recovery. 
Lowe reported 4 of 24 patients who noted painful 
paresthesias after sublaminar wire instrumentation 
and fusion (25). Nerubay had one patient develop 
paraparesis and numbness after staged combined an
terior and posterior fusion (32). She was still able to 
walk and her motor power returned to normal after 
six months, although she noted continued bilateral 
numbness. Her 84° kyphosis had been corrected to 
60°. Herndon et al. reported one patient, out of a se
ries of 13, who developed temporary weakness of the
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right ankle and toe extensors after her anterior fusion 
(18). The 1993 Morbidity and Mortality report of the 
Scoliosis Research Society noted 15 cases of cord in
jury in a cohort of 8000 spinal reconstructive surger
ies of all types (30). All but one of these were partial 
cord injuries with partial recovery. Five of these cord 
injuries were in kyphosis cases, three among them in 
patients with Scheuermann’s kyphosis. Only three 
were in scoliosis patients, despite the fact that there 
were more than seven times as many scoliosis cases 
as kyphosis cases.

Other reported complications include painful bur
sae over prominent hardware, treated either with par
tial hardware removal or extension of fusion, pres
sure sores under casts, deep vein thrombosis (11), 
pulm.onary embolism, psychiatric problems, pneu
mothorax or hemothorax, coagulopathy with resul
tant death, and other cardiopulmonary problems (7,
11, 18, 25, 34, 45, 46). Gastrointestinal problems, 
such as duodenal compression, can occur secondary 
to secondary stretch or superior mesenteric artery 
compression, as seen with scoliosis patients. This 
problem can be treated with nasogastric aspiration or 
even hyperalimentation. On rare occasions, duode
nojejunostomy may be required (7, 11, 46).

Thoracoscopy__________________________

Thoracoscopy is a promising new technique in the 
correction of kyphosis. An endoscope, such as that 
used by thoracic surgeons to perform lung and other 
resections, is used for visualizing the thoracic spine. 
Early reports show a significant learning curve with 
this technique but decreased pain and perioperative 
morbidity compared w ith open thoracotomy in  an
terior release (27, 35). Most spine surgeons have pre
ferred to work, at least initially, with a general sur
geon experienced in thoracoscopy. These authors 
have reported on 27 thoracic discectom ies, 27 ante
rior releases for scoliosis, and 2 anterior releases for 
Scheuerm ann’s kyphosis. After discectom y and re
section of the anterior longitudinal ligament, morsel- 
ized rib graft can be placed in the disc space. These 
two series included three cases of paraparesis, all of 
w hich resolved. Intercostal neuralgia was a common 
com plication, but it resolved in the m ajority of cases. 
The authors reported shorter hospital stays and fewer 
intensive care days, compared with open thoracot
omy procedures. Follow-up time was short, however; 
as of yet there are no available data evaluating fusion 
rates or comparing curve correction or loss of correc
tion in deformity patients.

Thoracoscopy appears particularly promising for 
patients with Scheuermann’s kyphosis when the 
anatomy is relatively undistorted and the cleaned 
disc spaces are small and easy to bone graft. It may 
be a viable and useful technique if adequate curve

correction and fusion rates can be achieved in these 
patients. Although we have had little experience thus 
far with this technique as applied to kyphosis, review 
of others’ cases leads us to question the adequacy of 
the anterior fusion that can be achieved using this 
technique.

Pulm onary Function

The effect of severe idiopathic kyphosis on pulmo
nary function, if  any, is unclear. In a 1975 study of 
22 patients by Bradford et al., half had had pulm o
nary function tests prior to surgical intervention (11). 
Only 2 of those 11 had abnormal pulmonary func
tion. One 16-year-old had a 128° kyphosis, a vital ca
pacity of 50%  of predicted, and a m axim um  breath
ing capacity of 43% . Studies were not repeated after 
surgical correction in this patient. A 23 year old had 
a 62° deformity and a vital capacity of 65%  of pre
dicted, with a maximum breathing capacity of 56% . 
After surgical correction, his vital capacity increased 
by 400 m illiliters, to 75%  of predicted. Surgery did 
not adversely affect patients whose pulmonary func
tion was normal preoperatively. Herndon et al. per
formed pulmonary function testing in 11 of their 13 
patients, all of whom had normal parameters preop
eratively (18). Eight of their patients were re
evaluated after surgery. Average preoperative values 
were 103%  of predicted vital capacity and 105%  of 
predicted total lung capacity; these figures decreased 
to 94%  and 96%  respectively after surgery, w hich 
was statistically significant. The interval of time that 
elapsed before postoperative pulmonary testing was 
not specified, however. One patient had impaired 
pulmonary function postoperatively, w ith 68%  of 
predicted vital capacity and 75%  of predicted total 
lung capacity. Unfortunately, this patient had not 
had preoperative studies. An analysis of pulmonary 
function in 52 patients w ith Scheuerm ann’s kypho
sis was performed by Murray et al. (31). The majority 
of patients had measurements at or above predicted 
values. After adjusting for age, lower inspiratory ca
pacity was found to be related to a kyphotic curve of 
greater magnitude. Patients who had kyphotic curves 
greater than 85° had a significantly lower inspiratory 
capacity than did those w ith lesser degrees of kypho
sis. The former group of patients still had scores 
greater than 75%  of predicted, however. Murray 
noted in a study of the natural history that patients 
w ith kyphosis greater than 100° tended to have re
strictive lung disease (31).

Conclusions

Juvenile kyphosis is a relatively common condition 
that responds to conservative measures in many 
cases. M ilwaukee bracing is effective at improving
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the deformity in skeletally immature patients with 
flexible curves, although some loss of correction may 
be seen over time. Braces are less likely to be suc
cessful when the patient’s initial curve is greater than 
74° or when the patient is noncom pliant w ith brace 
wear.

Surgical correction may be indicated for progres
sive kyphosis unresponsive to bracing in a growing 
child or symptomatic kyphosis measuring greater 
than 70°. If surgery is indicated, posterior fusion with 
instrumentation is generally satisfactory for skele
tally immature patients, the m ajority of whom have 
flexible spines. Anterior fusion, com bined w ith pos
terior fusion with instrum entation, is preferred for 
skeletally mature patients or for patients with stiff 
curves. Although Harrington com pression rod instru
mentation has been satisfactory in the past, newer 
variable hook-rod systems have good early follow-up 
and appear to permit greater correction. Any surgical 
plan must include fusion and instrum entation of all 
kyphotic segments. W ithout this, curve progression 
in the unfused region is likely. Com plications can be 
significant. Back pain and clin ical appearance can be 
improved, however, in the m ajority of patients symp
tomatic for this condition.
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CHAPTER TWELVE

Lumbar Spondylolisthesis
Chun-sing Yu and Steven R. Garfin

Introduction
Spondylolisthesis is the forward displacem ent of a 
vertebral body on the one below it. It is derived from 
the Greek word “olisthanein,” w hich means “to 
slip.” The diagnosis of lumbar spondylolisthesis usu
ally is made on plain radiography in the course of 
evaluating a patient w ith low back pain and/or leg 
pain. Subsequent management depends on the age of 
the patient, the severity of symptoms, the pathogen
esis and natural history of the slip, and assessing the 
riskibenefit ratio of the available treatment m odali
ties.

Classification
The widely used classification described here, origi
nally proposed by W iltse et al., is based on etiology 
and anatomy. It is clin ically  useful as a guide to treat
ment and prognosis (135).

Congenital Spondylolisthesis
Congenital spondylolisthesis is defined as spondy
lolisthesis that occurs at the level of a congenital ver
tebral abnormality. W iltse and Rothman distinguish 
3 subtypes (136):

Subtype A
In this subtype, the L5-S1 facet joints are dysplastic 
and axially (horizontally] oriented (Fig. 12.1). Hence,

they are unable to resist forward translation of L5 on 
S i  when the lumbosacral spine is subject to the loads 
of an erect posture.

Subtype B
In this subtype, the facet joints are m alorientated in 
the sagittal plane so that they are almost parallel to 
each other (facet trppism) (Fig. 12,2). Again, the abil
ity of the facet joints to resist forward translational 
forces is diminished.

Subtype C
In this subtype, other congenital anomalies of the 
spine, such as a hemivertebra and/or congenital ky
phosis, predispose to spondylolisthesis (107, 139).

Isthm ic Spondylolisthesis
In isthm ic spondylolisthesis, bilateral defects of the 
pars interarticularis effectively “disconnect” the in
ferior articular processes from the superior articular 
processes and pedicles, thus allowing the latter ver
tebral elem ents and the attached vertebral body to 
translate forward. Three subtypes are distinguished, 
based on the pathogenesis and nature of the pars de
fect:

Subtype A
In this subtype, a break exists in the pars interar
ticularis (spondylolysis) (Fig. 12.3) that is caused by

2 4 9
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FIGURE 12.1.
Congenital spondylolisthesis. Axially oriented facet joints.

repeated episodes of relatively m inor trauma (fatigue 
fracture) (137). An inherited weakness in the pars is 
suggested by the high incidence of spondylolysis 
seen in  some fam ilies. This subtype represents the 
most common form of spondylolisthesis.

Subtype B
In this subtype, repeated occurrence and healing of 
spondylolysis, in association with gradual forward 
slippage of the vertebral body, results in the forma
tion of an elongated, but intact, pars.

FIGURE 12.2.
Congenital spon dy lo listhesis. Sagittally m alorien ted  Facet 
joints.

FIGURE 12.3.
Isthmic spondylolisthesis.

Subtype C
Rarely, severe trauma can cause an isolated acute 
fracture of the pars (25).

Degenerative Spondylolisthesis
Degenerative changes in the facet joints and inter- 
vertebral disc allow m ild forward slippage of the su
perior vertebra to occur. The pars interarticularis is 
intact. The extent of slippage usually does not exceed 
30% .

Traum atic  Spondylolisthesis
Severe trauma can cause fractures of parts of the ver
tebra other than the pars, notably the articular pro
cesses and the pedicles (135). Forward slippage of 
the affected vertebra occurs gradually. This type is to 
be distinguished from an acute fracture-dislocation, 
although the structural defects may be almost the 
same.

Pathologic Spondylolisthesis
Disorders of bone and/or soft tissue weaken the sta
bilizing structures of the spine and predispose to 
spondylolisthesis. Generalized disorders that may 
lead to spondylolisthesis include arthrogryposis, os
teopetrosis, M arfan’s syndrome, and osteogenesis 
imperfecta (119, 140). Localized disorders include 
varying types and degrees of infection and tumor.

Post-surgical Spondylolisthesis
During posterior decompressive surgery of the spine, 
excessive resection of the facet jo ints may destabilize 
the corresponding vertebral segment and allow grad
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ual forward slippage to occur, unless fusion of the 
affected segment is concom itantly performed.

Natural History___________ _____________  

Congenital Spondylolisthesis
Congenital spondylolisthesis is uncom m on and ac
counts for 14 to 21%  of spondylolisthesis cases (14, 
80). The female-.male ratio is approximately 2:1 (135). 
The presence, or absence, of an intact neural arch can 
determine the natural history and clin ical presenta
tion of congenital spondylolisthesis. If there is no 
spina bifida, or just a narrow spina bifida in the pres
ence of a normal pars, slip progression beyond 25 to 
35% can cause significant cauda equina com pression 
(135, 136). Severe hamstring tightness and altered 
gait are then likely to result, as w ell as bowel and/or 
bladder dysfunction. If there is a wide spina bifida 
and/or an associated pars defect, slippage tends to 
occur earlier and to becom e more severe, but with 
relatively less hamstring spasm and neurologic dis
turbance.

Subtype A
This subtype is associated frequently with a wide 
spina bifida. The slip occurs in  childhood and can 
become severe during the adolescent growth spurt, 
the period in  w hich the patient usually presents 
(136).

Subtype B
The slip is usually m ild and symptoms occur in 
adulthood (136).

Isthmic Spondylolisthesis
Istlimic spondylolisthesis is the most common form 
of spondylolisthesis. Approxim ately 50 to 70%  of pa
tients with spondylolysis develop spondylolisthesis 
(34, 137). The femaleimale ratio is about 1:2, w hich 
is reversed from the congenital type (34, 122).

Fredrickson et al. prospectively studied 500 ran
domly selected first grade students for 20 to 25 years 
(34). They found a 4 .4%  incidence of spondylolysis 
at age 6 years. By adulthood, this incidence had in
creased to 6% , although only 34%  of the original 500 
patients were available for follow-up at age 18. No 
patient with a pars defect was lost to follow-up once 
the defect was discovered. The m ale:fem ale ratio was 
2:1 at age 6 and rem ained the same into adulthood. 
The vast majority of cases involved the fifth lumbar 
vertebra. Most pars defects occurred bilaterally. Two 
patients w ith unilateral defects subsequently devel
oped bilateral defects. Healing of the spondylolysis 
was demonstrated in only one patient, a 6-year-old 
girl with a unilateral defect at L5, w hich healed

sometime between the ages of 12 and 28. Spondylo
listhesis occurred in 13 of the 19 patients whose pars 
defects were detected at age 6, and in 20 of the 27 
adults with pars defects. It did not develop in pa
tients with a unilateral defect.

In most patients, the slip was detected at about the 
same tim e that the pars defect was demonstrated. The 
overall amount of slip did not exceed 30%  in any of 
the young patients. Progression of slip was uncom 
mon, w ith the largest change occurring during the 
early teenage years. The average increase was 16%  
in m ales and 14%  in females. Only 4 of the 27 pa
tients with spondylolysis had low back pain during 
follow-up. Subsequently, one patient underwent 
lam inectom y and discectom y for a herniated disc. 
Spina bifida occulta occurred more frequently in  pa
tients w ith a pars defect than in those without a de
fect.

In an ancillary study, the radiographs of 500 nor
mal neonates were reviewed. Because the pars inter- 
articularis is cartilaginous in  the neonate, only a 
spondylolisthesis, if present, could be demonstrated. 
However, no such cases were found.

Genetic Factors i
Inheritance plays a significant role in the develop
ment of spondylolysis, but the specific mode of in
heritance is unknown. W ynne-Davies and Scott ra- 
diographically surveyed the first-degree relatives of 
35 patients w ith pars defects and found that 15%  
were affected sim ilarly (142). Interestingly, the in ci
dence was even higher (33% ) among first-degree rel
atives of 12 patients w ith congenital spondylolisthe
sis. Albanese and-Pizzutillo made sim ilar findings in 
222 first-degree relatives of 70 index patients with 
pars defects (1). They also found a high incidence 
(61 % j of spina bifida occulta in the index patients.

There are variations in the incidence of spondy
lolysis and spondylolisthesis among different races. 
Stewart reported a 50 to 60%  incidence in  Eskimos 
(117). Rowe and Roche found an incidence of 6.4%  
in white Am erican men, 2 .8%  in black men, 2.3%  in 
white women, and 1.1%  in black women (94).

Envirom ental Factors
The development of spondylolysis and spondylolis
thesis in a genetically predisposed individual ap
pears to occur only in the presen ce  of the appropriate 
environmental influences. A pars defect at birth has 
never been found on gross and histologic exam ina
tion of stillborn infants (6, 94). Rarely, spondylolis
thesis has been reported in infants (12). Pars defects 
almost invariably occur only after walking begins, 
suggesting that an erect posture increases stress on 
the pars.

Spondylolysis is more common in gymnasts, foot
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ball players, and other athletes (9, 55, 74). A ctivities 
that require repeated hyperextension of the spine 
likely place excessive stress on the pars.

Patients w ĥo have excessive lumbar lordosis 
caused by disorders such as spastic diplegia and 
Scheuerm ann’s kyphosis are also at increased risk of 
spondylolysis (44, 84). Nonambulatory patients, 
however, do not develop the lesion (93).

Slip Progression
It is presently not possible to reliably predict future 
slip  progression  based  on clin ical and rad iolog ic  pa
rameters (27, 105). In most cases, the amount of dis
placem ent initially  detected rem ains relatively static 
(27, 9 6 ,1 0 5 ). The factors that predispose to the severe 
slips seen in some patients are unknown.

Progression, if  it does occur, usually takes place 
during the growth spurt of early puberty (ages 9 to 12 
in girls, 11 to 14 in boys) (8, 34, 77, 105). Patients 
with higher slips (greater than 20 to 30% ) at initial 
diagnosis have been reported to have a higher risk of 
slip progression (8, 77, 105, 133). Although female 
gender and spina bifida are associated more fre
quently with severe slips, ihey are of no statistical 
value in predicting slip progression (8, 14, 27, 105, 
106).

Pregnancy does not increase signiiicantly the risk 
of slip progression, nor do severe slips significantly 
increase the risk of com plications during pregnancy 
(97).

Saraste et al. found the lumbar index (a measure 
of L5 vertebral body wedging) to be valuable in pre
dicting slip progression, but other authors have dis
agreed (34, 96, 105).

Risii of Sym ptom s
Most patients w ith spondylolysis or m ild spondylo
listhesis are asymptomatic (34). Saraste found that 
the risk of low back pain and sciatica was higher in 
patients with at least 15 mm of slippage than in those 
with less than 15 mm of slippage (98). Additionally, 
patients with L4 spondylolysis had significantly 
greater intensity and frequency of low back pain 
compared w ith patients with L5 spondylolysis (95). 
Other authors have found that the risk of back pain 
does not increase with higher grades of spondylolis
thesis (40, 122).

Clinical Evaluation_____________________
Complete evaluation involves obtaining a thorough 
history and physical exam ination followed by radio- 
graphic and other studies, if  indicated. Because most 
patients present w ith back pain and/or leg pain, the 
initial part of the evaluation should be as for any pa
tient who presents with these symptoms. Character

istic clin ical features of patients w ith spondylolis
thesis are described below.

Presenting Com plaints

Back Pain
Back pain is the most common presenting symptom 
(122j. It is typically m echanical in nature, i.e., it is 
interm ittent, aggravated by strenuous activity and re
lieved with rest. If this symptom persists for more 
than 1 to 2 weeks in a child, an organic cause should 
be exclu ded . Hensinger, in a study of 100 skeleta lly  
immature patients who had back pain for at least 2 
months, found that 18 had an infection or a tumor 
(52). In addition, 66 patients had evidence of occult 
fracture, spondylolysis, spondylolisthesis, kyphosis, 
or scoliosis.

L eg  Pain
Leg pain is uncom m on (in children and adolescents), 
and is usually referred from the back (122). The pain 
occurs in the buttocks and posterior thighs, but does 
not go below the knees. O ccasionally, adolescents 
may report pain only in the greater trochanteric area 
(131). In adults, however, leg pain is a frequent com 
plaint and may be sciatic or claudicant in  nature (26).

Neurologic Symptoms
Radicular symptoms (pain, numbness, and/or par- 
aesthesia in a dermatomal distribution) are more 
common in the adult patient. Rarely, severe spon
dylolisthesis can give rise to significant leg weakness 
and sphincter disturbances secondary to cauda 
equina com pression (81).

Abnormal Posture/Gait
Some patients are first brought to m edical attention 
because of postural and/or gait abnormalities.

Physical Findings

Local Signs
Tenderness may be elicited by deep palpation of the 
spinous process above the level of slip (typically the 
L4 spinous process in a lum bosacral slip). A spinous 
process step-off can often be felt im mediately above 
the level of higher grade slips (grade 2 or higher). 
Paravertebral m uscle spasm can accompany symp
tom atic spondylolisthesis and lim it forward flexion 
of the trunk.

Hamstring Tightness
Hamstring tightness can develop regardless of the 
grade of slip but is more com m only associated with 
severe slips (5, 81). It is m anifested as dim inished 
straight leg raising and lim ited forward flexion of the
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trunk. This finding is believed to represent either an 
attempt by the body to control the unstable spondy
lolisthetic level (typically L5-S1), or an attempt to 
rotate the pelvis into a more vertical position to help 
restore the patient’s center of gravity (5, 81). A her
niated disc in association w ith spondylolisthesis 
may also give rise to sim ilar symptoms (positive 
straight leg raising interpreted as hamstring tight
ness).

Lumbosacral Kyphosis
Bony remodeling at the L5-S1 junction frequently oc
curs in severe slips (grade III or higher) that have 
been present for a while. The L5 body becom es 
wedge-shaped and the superior part of the S i  body 
becomes dome-shaped. This allows L5 to rotate an- 
tero-inferiorly over S i ,  producing a kyphotic defor
mity at the lumbosacral junction (Fig. 12.4). This de
formity pushes the body’s center of gravity anterior 
to the hip joints. To stand upright, the patient has to 
rely on several compensatory m echanism s. These 
mechanisms include contracting the hamstrings to 
rotate the pelvis into a more vertical position, in 
creasing the lordosis of the upper lumbar spine, and 
flexing the hips and knees.

Lumbosacral kyphosis also makes the iliac wings 
appear wider and the buttocks appear flat, producing

J
FIGURE 12.4.
Severe spondylolisthesis. Prominent lumbosacral kyphosis 
on forward flexion of the trunk.

the characteristic heart-shaped pelvis when viewed 
posteriorly.

Trunk Shortening
Trunk shortening is caused by the com bination of L5 
slipping antero-inferiorly, lumbosacral kyphosis, 
and compensatory lumbar hyperlordosis. It is asso
ciated w ith loss of the waist line and the appearance 
of anterior and flank creases in the abdominal wall. 
In very high grade slips, the lower rib cage may even 
abut the iliac crests.

Gait Abnormalities
An abnormal gait may be observed (in patients with 
severe slips), characterized by flexed hips and knees, 
a shortened stride, and a wide base of support (5, 81).

Neurologic Deficits
The nerve roots exiting adjacent to a pars defect (typ
ically the L5 roots in L5-S1 spondylolisthesis) can be 
compressed by three pathologic structures: 1) the hy
pertrophic fibrocartilage that fills the defect; 2) os
teophytes arising adjacent to the defect; and 3) de
generative hypertrophic facets caudal to the defect 
(32, 40, 133). In addition, the sacral roots can be 
stretched as they pass over the postero-superior cor
ner of the sacrum in L5-S1 spondylolisthesis. In se
vere slips, this stretching can potentially give rise to 
bladder and bowel dysfunction.

Im aging Studies_______________________
The initial films for evaluating a patient with sus
pected spinal pathology include anteroposterior (AP) 
and lateral radiographs of the lumbosacral spine. The 
upper lumbar spine should also be included in the 
radiographic evaluation (69). Because most cases of 
spondylolysis occur in  the lower two lumbar seg
ments, there is a tendency to miss lesions in the up
per lumbar spine.

Although a significant hereditary component is 
present in congenital and isthm ic spondylolisthesis, 
routine radiographic screening of asymptomatic fam
ily members is not recommended.

Anteroposterior Radiograph
In severe slips, the L5 vertebra can be viewed end-on 
through the sacrum, giving the so-called “upside- 
down Napoleon’s hat” sign (Fig. 12.5). Other asso
ciated findings include spina bifida occulta, 
scoliosis, and lum barization or sacralization.

Lateral Radiograph
The severity of spondylolisthesis is measured on the 
lateral radiograph. To reliably measure the radio- 
graphic parameters of spondylolisthesis, it is neces-
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FIGURE 12.5.
Severe spondylolisthesis. Anteroposterior radiograph dem
onstrating upside-down Napoleon’s hat sign.

saiy to obtain a standing lateral radiograph focused 
at the level of the slip (Fig. 12.6). Lowe et al. have 
found that 26%  of their 50 patients with spondylo
listhesis or bilateral spondylolysis demonstrated 
more than a 2-mm  increase in displacem ent when 
standing radiographs were compared w ith supine ra
diographs (68].

Displacem ent and angulation are the two most 
w idely used radiographic parameters for describing 
the severity of spondylolisthesis.

Displacem ent
M eyerding’s method of measuring displacem ent di
vides the antero-posterior diameter of the upper sur
face of the inferior vertebral body into four quarters 
(Fig. 12.7) (78). Slippage of the superior vertebral 
body is then graded as I, II, III, or IV for anterior dis
placem ents of one, two, three, or four quarters, re
spectively. Taillard's m ethod is more precise (120). 
It measures anterior displacem ent of the superior ver
tebral body as a percentage of the AP diameter of the 
upper surface of the inferior vertebral body (Fig. 
12.7). Other authors have proposed various methods 
to overcome m easurement difficulties caused by 
bony remodeling and osteophyte formation (14,138). 
Displacem ent is considered severe if it is grade III or 
higher (50%  or more).

Angulation
Angulation refers to the angular relationship b e
tween the L5 and S I  vertebrae, and it quantifies lum 
bosacral kyphosis. It is also referred to as slip angle 
or sagittal rotation. Amundson et al. have described 
a m odification of the m ethod proposed by Speck et

FIGURE 12.6.
Isthmic spondylolisthesis. Lateral standing radiograph fo
cused at L5-S1. Arrows indicate spondylolytic defect.

FIGURE 12.7.
Displacement: M eyerding’s method of measuring antero
posterior displacement. Displacement: Taillard’s method 
of measuring anteroposterior displacement. Angulation: 
Am undson’s method of measuring lumbosacral kyphosis.
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FIGURE 12.8.
Longstanding spondylolisthesis. Disc space narrowing at 
L5-S1 and osteophyte formation at the posteroinferior cor
ner of the L5 body.

al. (3, 111). It involves measuring the angle formed 
between a line drawn along the superior endplate of 
L5 and the perpendicular of a line drawn along the 
posterior cortex of the S i  and S2 vertebral bodies 
(Fig. 12.7). A high slip angle (especially if greater 
than 40 to 50°) is associated w îth potentially greater 
instability, greater risk of slip progression, and lower 
chances of successful surgery (obtaining a solid fu
sion and good functional results) (14).

Adaptive Changes
In severe L5-S1 spondylolisthesis, bony remodeling 
results in a trapezoidal L5 body and a dome-shaped 
cranial surface of S i .  In long-standing spondylolis
thesis, disc degeneration leads to disc space narrow
ing at the involved segment (Fig. 12.8). Some slip 
progression usually occurs as the disc space narrows, 
but ultimately this process, with its associated osteo
phyte formation, has the effect of stabilizing the 
spine.

Oblique Radiographs
If spondylolysis is suspected, but the lateral radio
graph is equivocal, oblique views can be obtained. 
These views classically demonstrate the pars defect 
as a break in the “neck” of the “Scottie dog” (Fig. 
12.9). Technical expertise is required for producing 
good oblique views.

Dynam ic Radiographs
The role of dynamic radiographs in  the evaluation of 
spondylolisthesis has not been established. Traction- 
compression radiographs, as described by Friberg,

\

FIGURE 12.9.
Spondylolysis. Oblique radiograph demonstrating break in 
the “Scottie dog’s neck” (arrows).

were shown to be more sensitive than flexion-exten- 
sion radiographs or standing-recumbent radiographs 
in detecting translatory m otion in spondylolisthesis 
(35, 59). Patients with symptomatic spondylolisthe
sis have greater amounts of translatory motion (6.7 ± 
3.7 mm) than those with asymptomatic spondylolis
thesis (1.9 ±  2 mm) (36). Roentgen stereophotogram- 
metry is highly accurate and sensitive in the detec
tion of intervertebral m otion but has practical 
lim itations in a clin ical setting.

Radionuclide Scanning
Some patients with back pain and spondylolysis 
demonstrate increased activity at the pars defect on 
technetium  bone scanning (124). This finding is be
lieved to indicate ongoing healing of the pars defect 
and suggests that such patients may benefit from a 
period of im m obilization. However, there is a lack of 
evidence to support this proposed role for radionu
clide scanning.
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Single photon em ission computerized tom o
graphic (SPECT) scanning has been compared with 
plain bone scanning and found to be more sensitive 
in detecting increased activity in symptomatic pa
tients with spondylolysis and/or spondylolisthesis 
(24). It permits more accurate localization of the area 
of increased activity. However, the activity on SPECT 
scanning varies with the duration of spondylolysis 
and the grade of spondylolisthesis (70).

M yelography
Myelography has becom e less popular because of its 
invasive nature and the availability of more infor
mative imaging m odalities, such as CT and MRI.

Com puterized To m ogra p h y (C T )
Computerized tomography has been useful in the di
agnosis and evaluation of spondylolysis and spon
dylolisthesis (Fig. 12.10). Teplick et al. have de
scribed a number of characteristic CT features of 
spondylolysis that permit its recognition, even 
though this lesion can sometimes be difficult to dis
tinguish from the adjacent facet joint (121). The most 
Ivelpful ?ea\.\iie is  the \ocatioiv oi llie  pais deiect on 
the CT slice just cephialad to the neural ioiam ina. 
Normally, this slice shows the pedicles and lamina 
forming an intact ring.

CT can demonstrate specific sites of neural com 
pression in patients with neurologic problems (73). 
Although the neural elements are better defined if  CT 
scanning is com bined with myelography, this has the 
disadvantage of being invasive.

CT can also demonstrate other co-existing pathol
ogy (e.g., herniated disc, degenerative stenosis) at the 
same or another level.

FIGURE 12.10.
Spondylolysis. Axial CT scan demonstrating breaks in the 
pars interarticularis (arrows).

M agnetic Resonance im aging (MRI)
W ith the increasing availability and capabilities of 
MRI, as w ell as greater experience in its use and in
terpretation, this modality may replace CT for the in
dications listed previously.

Sagittal Tl-w eighted images can best demonstrate 
spondylolysis, spondylolisthesis, and any associated 
nerve root impingement w ithin the neural foramina 
(57). Axial images, however, can be indeterminate or 
misleading.

IMonoperative Treatm ent
For the asymptomatic patient w ith spondylolysis or 
mild spondylolisthesis, no activity restriction or 
treatment is recommended (134). For the asymptom
atic patient w ith spondylolisthesis of grade III or 
higher, activity restriction and even surgical treat
m ent has been recommended, although no general 
agreement exists.

Symptom atic patients should in itially be treated 
nonoperatively if the following criteria are met: 1) 
slip is less than 50 percent; 2) slip is not progressive; 
and 3) neurologic deficits are absent.

R est. acti\ity lestxictioB.. and slioxt-teim pain oi 
anti-inflammatory m edication form the mainstays of 
nonoperative treatment. Normal activities can be re
sumed when symptoms have resolved. If symptoms 
are severe, the use of a corset, brace, or body cast may 
be beneficial (7, 116). Physical therapy is recom
mended to improve the flexibility of tight hamstrings 
and, more importantly, the strength of deconditioned 
back m uscles. Sinaki et al. found that flexion back 
strengthening exercises were more effective than ex
tension exercises in relieving symptoms related to 
spondylolisthesis (109).

Nonoperative treatment is successful in the vast 
m ajority of patients w ith symptomatic spondylolysis 
or m ild spondylolisthesis (9, 89).

Operative Treatm ent__________________
The goals of operative treatment for spondylolysis 
and/or spondylolisthesis should include: 1) relief of 
back pain and leg pain; 2) restoration of spinal sta
bility; 3) recovery of neurologic deficit; and 4) im
provement of posture and gait.

Indications
Operative treatment can be considered in the follow
ing situations:

1. Failure of nonoperative treatment to provide sig
nificant long-term relief of the patient’s symptoms

2. Significant or progressive neurologic deficit
3. Slip of 50%  or greater
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4. Documented slip progression beyond 25 to 50%
5. Associated development and progression of a sco

liosis that is typical for spondylolisthesis (long 
“C”-shaped curve originating at L5)

With the exception of significant or progressive neu
rologic deficit, none of the other indications should 
be considered as absolute. Selection of surgical can
didates should also take into account the age of the 
patient and the risk-benefit ratio of surgery. In adult 
patients especially, it can be difficult to attribute 
chronic low back pain to spondylolysis or spondy
lolisthesis.

Classification of Operative  
Techniques
The various operations that have been described for 
spondylolysis and/or spondylolisthesis can be clas
sified into the following broad categories: 1) pars de
fect repair; 2) decom pression without fusion; 3) fu
sion in situ; 4) closed reduction; and 5) open 
reduction.

Pars Defect Repair
Repair of the pars defect has been proposed for spon
dylolysis and Grade I isthm ic spondylolisthesis to 
avoid fusing the involved intervertebral m otion seg
ment. It consists of local bone grafting of the pars 
defect and the use of a screw or wires to achieve re
duction and fixation of the defect. B uck’s technique 
involves the insertion of a screw across the pars de
fect (18). Morscher et al. developed a hook-screw de
vice (79). Scott proposed wire fixation of the trans
verse processes to the spinous process of the same 
vertebra (17, 82). So far, the reported series have been 
retrospective and contain relatively small numbers of 
patients (17 ,42 , 79, 82, 86, 9 2 ,1 4 1 ). They suggest that 
pars defect repair benefits relatively young patients 
who have not yet developed disc degeneration. Pa
tients with degenerated discs are believed to be at 
risk for persistent back pain despite successful pars 
fusion (17).

Decompression Without Fusion
Laminectomy was the first operation reported for 
spondylolisthesis (64). Later, Gill et al. described ex
cision of the loose lam ina and decom pression of the 
nerve roots by removal of the hypertrophic fibrocar- 
tilage in the pars defect (40). They performed this 
operation in 18 adult patients in whom the most com
mon m echanism of pain was believed to be L5 nerve 
root compression. After long-term follow-up of 43 pa
tients, it was concluded that in adults, postoperative 
slip progression occurred in relatively few patients, 
was limited, and did not necessarily cause symptoms 
(39, 41). Despite having only two children in their 
series. Gill and W hite thought that their procedure

did not contribute to postoperative slip progression 
in younger patients.

Davis and Bailey found that patients with minimal 
or no arthritic changes (disc space narrowing, end- 
plate sclerosis, hypertrophic bone formation) at the 
level of the spondylolysis or spondylolisthesis had 
better postoperative results than patients with mod
erate to severe arthritic changes (28).

Osterman et al. performed decompression without 
fusion in patients less than 20 years old only if they 
had neurologic symptoms and total slippage (they be
lieved that the totally olisthetic vertebra was usually 
stable) (87). They recommended that surgical treat
m ent for patients less than 30 years old should con
sist of posterior or posterolateral fusion, with 
concom itant decompression only if  neurologic 
symptoms or signs were present. Decompression 
without fusion was m ainly indicated for patients 
over 40 years old with nerve root symptoms. The au
thors noted a deterioration in their initial results 
when 75 patients were reevaluated 5 or more years 
after surgery. Slip progression was noted in 27%  of 
the patients, although this did not affect the clinical 
results of surgery. Poorer outcomes occurred mostly 
in patients who demonstrated increasing disc degen
eration.

Vestad and Naes also found that the extent of post
operative slip progression did not correlate with 
symptom relief (128). In their series, there was a 30% 
failure rate in patients who underwent decompres
sion alone compared with 6%  in patients who had 
concom itant fusion.

Fusion In Situ.

POSTEROLATERAL FUSION

Posterolateral fusion is the most widely used surgical 
treatment for spondylolisthesis. It refers to fusion of 
the “lateral gutters,” w hich consist of the transverse 
processes, articular processes, and/or sacral ala (130). 
In children and adolescents, a high rate of success in 
achieving solid fusion (80 to 100% ) and symptomatic 
relief (80 to 100% ) has been reported in many stud
ies, even for patients with severe slips (45, 66, 90, 
134).

In adults, however, the results of posterolateral fu
sion in situ are less satisfactory. The reported fusion 
rate in adults varies between 67 and 100% , and is 
lower than that for adolescents w ith the same degree 
of slip (62, 88, 112, 123). Haraldsson and W illner 
found that only 57%  of their adult patients, as op
posed to 95%  of their teen-aged patients, were com 
pletely free of symptoms postoperatively (45). All 
their patients had radiographically solid fusions. 
Hanley and Levy (43) analyzed variables affecting re
sults in the surgical treatment of 50 patients with 
grade I to III spondylolisthesis. The factors associated
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w ith an unsatisfactory outcome included com pen
sation cases, pseudarthrosis, middle age, male gen
der, smoking, and radicular symptoms.

In general, for L5-S1 spondylolisthesis, a single 
level fusion is adequate. However, for 50%  or greater 
slippage, an L4-S1 fusion is recom m ended because it 
offers a better m echanical advantage when healed, 
and the L5 transverse processes are technically  dif
ficult to access in high grade slips (134].

Postoperative slip progression can occur despite 
radiographically solid fusion, especially in patients 
with severe slips. The amount of progression is usu
ally small (up to 1 Meyerding grade) and ceases after 
the second postoperatve year (14, 26, 49, 58, 104).

Concomitant decom pression of the cauda equina 
and affected nerve roots has been recommended for 
patients who show evidence of neurologic com pro
mise, including motor, reflex and sensory changes, 
tight hamstrings, and gait abnormalities (87, 122, 
126). However, other authors believe that decom 
pression is seldom indicated and that solid fusion of 
the unstable segment is sufficient for neural recovery 
(13, 14, 134). It is thought that stabilization elim i
nates abnormal stretching and irritation of the nerve 
roots. It has also been suggested that the fibrocartilage 
mass at the pars defect decreases in size after suc
cessful fusion (134). Despite the controversy, it is 
generally agreed that neural deompression is ind i
cated in patients with bladder and bowel dysfunction 
or w ith a motor deficit that affects normal walking 
(14). It is also strongly indicated in patients with con
genital spondylolisthesis who have an intact neural 
arch. In such a situation, the L5 lam ina slides forward 
and compresses the cauda equina against the postero- 
superior aspect of the body of S i .  These patients can 
have severe hamstring tightness that may not resolve 
after in situ fusion alone. They are also at risk of de
veloping a cauda equina syndrome.

Decom pression may increase the risk of slip pro
gression during the healing period of the fusion mass, 
particularly in patients w ith severe slips (13 ,134 ). In 
such cases, it is necessary to consider prolonged bed 
rest, cast or brace im m obilization, and/or internal fix
ation.

Although neurologic com plications are rare with 
fusion in situ and/or decom pression by the posterior 
approach, there are reports of cauda equina deficits 
after these procedures in patients w ith severe spon
dylolisthesis (72, 102). The cause is believed to be 
related to the transm ission of forces exerted during 
decortication w ith m allet and osteotome (72).

The use of various pedicular screw fixation de
vices has been advocated to improve the clin ical re
sults and union rate after posterolateral fusion in situ 
for spondylolysis and spondylolisthesis (1 1 ,6 7 ,1 1 4 ). 
However, in a prospective randomized study by 
McGuire and Amundson, no statistically significant 
increase in the fusion rate was demonstrated when

plate and pedicle screw fixation was added to decom 
pression and posterolateral fusion for patients with 
grade I and II spondylolisthesis (75).

POSTERIOR FUSION

Posterior fusion essentially consists of fusion of the 
lam inae and/or spinous processes by a variety of 
techniques (2, 13, 53). The facet joints may be fused 
as w ell (53). Symptom atic relief is reported in 65 to 
95%  of patients, with solid fusion obtained in 60 to 
100%  (49, 58, 6 5 ,1 1 8 , 122). Despite these results, the 
procedure is presently not popular because it neces
sitates extending the fusion to include the vertebra 
above the spondylolisthetic vertebra. This occurs be
cause fusing to the loose posterior elem ent of the 
spondylolytic vertebra w ill not afford fixation of the 
anterior elements.

POSTERIOR INTERBODY FUSION

Cloward described the use of posterior lumbar inter
body fusion (PLIF) in the treatment of spondylolis
thesis (23). The technique involved complete re
moval of the neural arch and intervertebral disc at 
the spondylolisthetic level, distraction of the disc 
space by means of a “vertebra spreader,” and inser
tion of m ultiple corticocancellous bone grafts into 
the disc space. Of 93 patients surveyed, 89%  were 
com pletely free of back and leg pain at 4 to 30 years 
postoperatively. However, solid bony fusion was 
radiographically demonstrated in only 71%  of 97 
patients. Despite the biom echanical advantages, 
tliis technique has not been popular because of its 
relative difficulty (101). An attempt to sim plify the 
procedure by using only two tricortical bone grafts 
and no disc space distraction produced dismal re
sults (127).

For patients with severe L5-S1 spondylolisthesis 
and spondyloptosis, Bohlm an has described the in
sertion of a fibular dowel graft from the posterior as
pect of the sacrum, across the L5-S1 disc space, into 
the L5 body (10). A bilateral posterolateral fusion is 
performed at the same time. This method provides 
stable fixation without instrum entation and also 
avoids the need to fuse to L4 in such cases. The po
tential com plications include graft dislodgement, sa
cral fracture, and neurovascular injury.

ANTERIOR FUSION

In 1932, Capener suggested that the ideal operation 
for the prevention of slipping in spondylolisthesis 
would be an anterior interbody fusion but thought 
that the operation would be technically  im possible 
(21). In the following year, however. Burns recorded 
the first anterior interbody fusion for spondylolisthe
sis (20).

Anterior interbody fusion for spondylolisthesis 
can be done either with strut grafts inserted into the 
decorticated disc space, or w ith a fibular dowel graft
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inserted through the L5 vertebral body, across the 
disc space, and into the body of S i .  Anterior lum 
bosacral console fusion, as described by Verbiest, 
consists essentially of placing tibial cortical grafts 
and cancellous bone between the inferior surface of 
a severely slipped L5 body and the anterior surface 
of the sacrum (126).

Many studies on the use of anterior interbody fu
sion in spondylolisthesis have included patients 
with different types and grades of spondylolisthesis 
and some who have had previous posterior surgery 
(38, 61, 125, 132). These studies report a fusion rate 
of 86 to 96%  and a clinical success rate of 69 to 
100%. Cheng et al. however, studied 20 adult pa
tients with spondylolysis or mild isthmic spondylo
listhesis and no previous surgery. They reported a 
solid fusion rate of 75% , with 95%  having excellent 
or satisfactory clinical results (22).

Using anterior lumbosacral fusion in 11 patients 
with severe spondylolisthesis, Verbiest was able to 
achieve solid fusion in 10 patients and freedom from 
symptoms and signs in 9 (126).

Reduction of Spondylolisthesis
Reduction of severe spondylolisthesis and spondy- 
loptosis is an attractive concept in  terms of anatomy, 
biomechanics, and cosm esis. The potential advan
tages of reducing the spondylolisthetic deformity in 
clude: 1) preservation of adjacent uninvolved m otion 
segments by reducing the need to fuse to these levels 
in severe slips; 2) prevention of slip progression and 
enhancement of graft union by reducing the tensile 
and bending forces working against the fusion mass; 
3) restoration of body posture and m echanics by cor
recting lumbosacral kyphosis and height loss; 4) im 
provement of appearance and self-image; and 5) de
compression of neural structures by relieving stretch 
over the postero-superior aspect of the caudal verte
bral body.

Because of these substantial advantages, much at
tention has been focused on the development of tech
niques to achieve reduction safely and to maintain 
the resultant correction with the least possible mor
bidity.

Bradford has suggested the following criteria for 
the selection of candidates for reduction of spondy
lolisthesis: 1) slippage of greater than 60% ; 2) slip 
angle greater than 50°; 3) symptoms uncontrollable 
by nonoperative means; and 4) between 12 and 30 
years of age (16). He did not consider previously 
failed posterior surgery to be a contraindication to 
reduction.

Closed Reduction
Closed reduction refers to the use of primarily exter
nal devices to achieve reduction. The procedure can 
be initiated either before or after the fusion operation.

Scherb, in 1921, was the first to report the reduc
tion of spondylolisthesis. He managed to achieve in 
traoperative reduction by m anually repositioning a 
very mobile L5 in  a 14-year-old girl (100). Unilateral 
posterior fusion w ith a unicortical tibial autograft 
was then performed and reduction was reported to 
be m aintained at one year.

Jenkins, in 1936, described the use of longitudinal 
traction and a pelvic sling to achieve partial reduc
tion (56). An anterior interbody fusion with a tibial 
dowel was subsequently performed.

Harris, in 1951, reported the use of longitudinal 
femoral pin traction combined with anterior traction 
through anterior iliac crest tongs to flex and translate 
the sacrum (50). Traction was applied both before 
and after posterolateral fusion. The iliac crest tongs 
were subsequently incorporated in a pantaloon cast 
for 3 months. Lance later used Steinmann pins in
stead of tongs for improved iliac fixation (63). He also 
described neural decompression by removing the 
posterior prominence of the body of the first sacral 
vertebra.

Scaglietti et al. used serial plaster casts to achieve 
and maintain reduction. Reduction was achieved by: 
1) applying longitudinal traction to the spinal col
umn; 2) hyperextending the hips to rotate the pelvis 
and thus correcting lumbosacral kyphosis; and 3) 
pushing the sacrum anteriorly by direct pressure 
(99). In 6 patients below 20 years of age, serial plaster 
casting was applied for at least 4 months before pos
terior fusion by the Hibbs’ method. In 14 patients 
older than 20 years, preoperative serial casting was 
applied for 3 to 4 weeks. The authors believed that 
progressive reduction over a prolonged period was 
necessary to allow 'the lumbosacral neurovascular 
structures to adapt themselves to their new anatomic 
relationships. The authors subsequently found that 
posterior fusion without instrumentation resulted in 
loss of reduction of up to 50%  despite 10 months of 
postoperative cast protection. Hence, internal fixa
tion was added to help achieve and maintain reduc
tion.

Snijder et al. believed that preoperative reduction  
was unnecessary and described the use of a traction 
apparatus using wires through the spinous processes 
to achieve reduction (110). This apparatus was 
spring-loaded and mounted on a modified Milwau
kee brace. The patient remained in bed until an an
terior interbody fusion was considered solid.

McPhee and O’Brien described the use of halo- 
femoral traction after laminectomy and alar-trans
verse fusion (76). This was followed by an anterior 
interbody fusion. O’Brien et al. later reviewed the 
long-term results of this technique in 22 patients and 
reported that 20 patients were asymptomatic and 
only 2 had lost their reduction (83).

Ohki et al. combined halo-pelvic or halo-femoral 
traction with spinous process traction wiring and an
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anterior interbody fusion (85], They achieved sound 
fusion with com plete rem ission of symptoms in all 
five of their patients.

Bradford reviewed the use of various closed re
duction techniques w ith posterolateral fusion in 22 
patients (15]. He was able to obtain a two-thirds re
duction in average slip angle but could not change 
appreciably the slip percentage.

Burkus et al. compared the results of in situ pos- 
tejolateral fusion with those of posterolateral fusion 
followed by closed reduction using the technique of 
Scaglietti et al. (19, 99). They found that reduction  
did not result in increased functional capability, im
proved cosmetic appearance, or neurologic improve
ment. However, patients who were reduced had a de
creased rate of late progression of the lumbosacral 
deformity. They also had a lower rate of pseudar- 
throsis, although this finding was not statistically sig
nificant.

Closed reduction techniques have the disadvan
tages of prolonged bed rest and im m obilization, fre
quent failure to achieve or m aintain satisfactory cor
rection, and significant risk of neurologic injury. In 
general, reduction is m aintained more reliably by an
terior fusion than by posterolateral fusion.

Open Reduction
Open reduction refers to the use of an intraoperative 
device to achieve reduction. The reduction device 
may or may not be a part of an instrum entation sys
tem used for internal fixation.

Operations involving open reduction can be clas
sified into: 1) posterior procedures; and 2] combined 
anterior-posterior procedures.

Posterior Procedures
Harrington and Tullos, in 1969, were probably the 
first to report the open reduction of spondylolisthesis 
(47). In two teen-aged patients w ith severe spondy
lolisthesis, they placed distraction rods and hooks 
between the L l lam inae and a transiliac sacral bar. 
Reduction occurred spontaneously upon the appli
cation of distraction. The rods were then wired to 
pedicle screws inserted into L5. Their technique was 
able to achieve nearly com plete correction of slip
page but caused transient cauda equina syndrome in 
one patient. Later m odifications to their original tech
nique included placem ent of the sacral bar anterior 
to the spinal canal, om ission of the pedicle screws, 
and addition of posterior interbody fusion (46, 48). 
In their series of 24 patients with severe spondylolis
thesis, Harrington and Dickson reported “a very de
sirable amount of reduction,” improvement in  symp
toms and signs, and successful fusion in all patients 
(46).

Scaglietti et al. supplemented their closed reduc

tion technique w ith open reduction and internal fix
ation by distraction rods and hooks (99). They de
signed “rider” hooks for fixation to the sacral ala, and 
cup-shaped hooks for fixation to the inferior articular 
processes of the second or third lumbar vertebra. Af
ter early failure of their instrum entation in one pa
tient, they recommended a second-stage anterior in
terbody fusion to prevent loss of reduction in cases 
in w hich the shape of the S i  body provided inade
quate support anteriorly.

Vidal et al. com bined Harrington rod distraction 
w ith posterior interbody fusion in 16 patients (129). 
Although they were able to achieve average slip re
duction of 75 to 80% , they encountered appreciable 
difficulties w ith m aintaining sagittal alignment. 
These difficulties included horizontalization of the 
sacrum and loss of normal lumbosacral angulation.

Kaneda et al. reviewed 53 patients with isthmic 
spondylolisthesis treated by distraction rod instru
m entation and posterolateral fusion (60). They ob
tained solid fusion in 91%  and excellent or good 
clin ical results in  93%  of patients. However, they 
were only able to correct the average slip from 26 ± 
11%  to 21 ±  10%  at follow-up. The average slip angle 
actually worsened from 4 ±  7%  to - 3  ±  7%.

The development of more rigid pedicle screw in
strumentation systems provided new possibilities for 
spondylolisthesis reduction.

Schollner developed a one-stage posterior proce
dure w hich consisted of: 1) discectom y with or with
out sacral dome resection; 2) insertion of a Cobb el
evator into the L5-S1 disc space to lever L5 
superiorly; 3) insertion of dual-threaded pedicle 
screws into L5; 4) pulling L5 posteriorly by tighten
ing a nut on the pedicle screws against a slotted plate; 
5) posterior interbody fusion com bined with 
posterolateral fusion; and 6) pedicle screw-plate 
fixation (71). Matthiass and Heine later reported on 
the use of this procedure in 51 patients (71). Com
plete slip reduction was achieved in 18 patients 
and partial slip reduction in 17 patients. Steffee 
and Sitkowski treated 14 patients w ith severe slips 
using a sim ilar technique and were able to m ain
tain com plete reduction in 11 patients (115). Three 
patients who did not have an interbody fusion lost 
reduction.

Sijbrandji suggested that bone grafting was unnec
essary after reduction and that interbody fusion 
could occur by bony contact between the decorti
cated surfaces of the L5 and S i  vertebral bodies (108). 
In his series of nine patients with severe slips, he 
achieved and m aintained complete reduction in 
seven patients. In the two remaining patients, the slip 
percentages after operation were 15 and 25% , re
spectively, with no loss of correction at follow-up. 
Lumbosacral kyphosis could also be corrected, al
though follow-up values were not reported.
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Edwards and his associates in the Spinal Fixation 
Study Group developed the concept of gradual in
strumented reduction of spondylolisthesis without 
the need for extensive release procedures (3). Using 
rods, pedicle screws, and a special reduction device, 
they were able to sim ultaneously apply the corrective 
forces of distraction, posterior translation, and sacral 
flexion. These forces were applied over several hours 
to obtain viscoelastic stress-relaxation of contracted 
soft tissues without the need for disc excision or an
terior release. Posterolateral fusion was then per
formed and routine interbody fusion avoided. Sacral 
screw fixation at both S i  and S2 enabled greater ro
tational forces to be applied to restore lumbosacral 
lordosis, and also provided more secure m aintenance 
of reduction. Edwards, in a prospective sfudy o f 25 
patients treated w ith this technique (Fig. 12.11], re
ported an average slip correction of 91% , an average 
lumbosacral kyphosis correction of 88% , and an av
erage trunk height increase of 32 mm (33). Sim ilar 
results have been reported for 180 patients with L5-

S l  spondylolisthesis treated by other members of the 
Spinal Fixation Study Group (3). Complications in
cluded transient radiculopathy in 3% , permanent 
neurologic deficit in  1% , infection in 1% , and S2 
screw pull-out in 2%  of patients. Solid fusion was 
achieved in 88%  of patients at 1 year.

Schw end et al. used sublaminar wires and a rec
tangular rod to obtain reduction and fixation in 20 
children w ith severe lum bosacral spondylolisthesis 
(103). Eight patients also had preoperative hyperex
tension casting because of lim ited L5-S1 motion on 
extension radiographs. Four of these patients also 
had anterior lum bosacral release because the L5-S1 
junction was assessed to be particularly rigid. The 
average slip percentage improved from 76%  preop- 
eratively  to 55% postoperatively , and the average 
slip angle improved from 25° to 5°. Patients could 
ambulate w ithin the first postoperative week and 
solid fusion without slip progression was attained in 
all patients. Seven patients had transient neurologic 
com plications.

FIGURE 12.11.
A and J8. Severe spondylolisthesis: Pi-eoperative (A) and postoperative (B) radiographs of an adolescentmale who underwent 
internal reduction and fixation with Edwards instrumentation.
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Com bined Anterior-Posterior 
Procedures
A variety of surgical regimes have been described 
which employ both the anterior and posterior ap
proaches to achieve reduction, fixation, and fusion. 
In general, these major reconstructions have been 
performed only in adolescents w ith severe spondy
lolisthesis or spondyloptosis.

Denecke, in 1956, described the use of both the 
posterior and trans-coccygeal approaches to obtain 
reduction and fixation (29). After lam inectomy, the 
trans-coccygeal approach was used to resect the in 
ferior aspect of the L5 vertebral body. The posterior 
route was used again to resect the sacral dome and 
insert reduction devices bilaterally into the disc 
space. Finally, the trans-coccygeal route was used to 
insert a pin or screws axially from the sacrum to L5 
or L4, and to perform interbody fusion.

DeWald et al. used the posterior approach to per
form lam inectomy, sacral dome resection, reduction 
with Harrington distraction rods, and posterolateral 
fusion (30). The anterior approach was then used for 
discectom y, further reduction, and interbody fusion. 
Postoperatively, patients wore a pantaloon cast and 
stayed in bed for 3 months. The distraction rods were 
removed after 6 to 12 months. At follow-up, complete 
reduction was m aintained in 8 of 14 patients, and 
partial reduction in 5. Cauda equina syndrome de
veloped in one patient and reduction was lost after 
removal of instrumentation.

Dick and Schnabel first performed anterior release 
and interbody fusion w ith bone paste harvested from 
the posterior iliac crest using an acetabular reamer 
(31). Reduction was then performed w ith pedicle 
screws and rods. No bone grafting was carried out 
posteriorly. In 2 of their 15 patients, they also used 
percutaneous pedicle screws and external fixation 
for initial distraction and kyphosis correction before 
the procedures previously described. They reported 
an average slip improvement of 46%  and an average 
kyphosis improvement of 20°. Despite permanent 
neurologic com plications in tlaree patients, complete 
relief of pain and significant improvement in func
tion was achieved in all patients.

Poussa et al. compared the results of reduction and 
in situ fusion in 22 adolescents who had severe spon
dylolisthesis (91). Reduction was accom plished in 11 
patients using pedicle screws and rods in com bina
tion with an external fixator. Fusion was then carried 
out posterolaterally and anteriorly. In situ fusion was 
performed in 11 patients using a variety of tech
niques, including posterolateral fusion alone, pos
terolateral fusion com bined w ith anterior fusion, and 
anterior fusion alone. The authors found no differ
ences between the two groups of patients in terms of 
pain relief and functional status. However, four pa

tients in the reduction group were dissatisfied with 
the final appearance of their backs as compared to 
none in the group that had in situ fusion. Reduction 
procedures were also associated w ith more com pli
cations and re-operations. No neurologic com plica
tions, however, occurred in the reduction group, 
whereas one patient who was fused in situ postero
laterally and anteriorly developed unilateral L5 root 
paralysis.

Gaines and N ichols described performing a com
plete L5 vertebrectomy in two patients with spon
dyloptosis (37). This was followed by posterior in
strumented reduction of L4 onto the sacrum. 
Shortening the spine allowed relaxation of the soft 
tissues and cauda equina so that reduction was facil
itated and the risk of neurologic injury minimized. 
Postoperatively, bed rest in a spica cast lasted from 
3 to 7 m onths. Published reports indicate that this 
technique is able to significantly improve the slip 
percentage and lumbosacral kyphosis in the majority 
of patients (4, 37, 54). Trunk height also can be in 
creased despite com plete vertebrectomy.

Combined anterior-posterior reduction proce
dures have a high com plication rate w ith neurologic 
injury reported in up to 30%  of patients. Hardware 
failure and pseudarthrosis have occurred in 10 to 
20%  of patients.

Conclusion
Spondylolysis and spondylolisthesis are frequent 
findings in children and adolescents who present 
w ith back pain and/or leg pain. W hen it is reasonably 
certain that this abnormality is responsible for the 
patient’s symptoms, nonoperative measures are suc
cessful for most low-grade slips. W hen indicated, 
surgical treatment for grade I and II slips is relatively 
straightforward and predictable. For higher grade 
slips, surgery is more com plex and less rewarding. 
The development of safer and more effective reduc
tion and fixation techniques w ill, hopefully, improve 
the surgical results for patients with severe slips.
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CHAPTER THIRTEEN

Pediatric Spine Injuries
Roger M. Lyon

Introduction
The care of spinal injuries in the pediatric age group 
is very challenging even for the most well-trained 
spine surgeon. Fortunately, spinal injuries in ch il
dren are much less common than in  adults. In fact, 
even if patients up to 18 years old are included, most 
major trauma centers only care for a fewr of these in 
juries per year. Reasons for this include anatomic dif
ferences in the spine of children and behavioral dif- 
feiences. Of the few large published series on 
pediatric spine injuries, most of the patients are in 
the 12 to 18-year-old age group (13, 16, 38, 43, 70, 
85 ,100). Because the older child  (> 12 years old] has 
spinal characteristics that more closely resemble the 
adult spine, to make generalizations about the care 
of spine injuries in children less than 10 or 12 years 
old based on most of these studies would be m is
leading.

Unlike the adult spine, the ch ild ’s spine is con
stantly changing in terms of anatomic features, size, 
and composition. As it is growing larger, its propor
tion of cartilage to bone is decreasing, its growth 
plates are closing, and its m echanical properties are 
changing. These continual anatomic changes make 
evaluation of the ch ild ’s spine an especially difficult 
task, particularly in the cervical spine. Most of the 
anatomy has to be understood as it relates to radio- 
graphic anatomy and specifically w ith the presence 
of m ultiple radiolucent lines representing cartilagi
nous plates (physeal plates). The dates of epiphyseal 
appearances and disappearances may vary with age.

and are often expressed as an age range. It is therefore 
essential to have a thorough understanding of the ra
diographic features of a ch ild ’s spine to accurately 
identify abnormalities.

For most purposes, the pediatric age group is de
fined as newborn to 18 or 20-years-old. In the case of 
spinal development, different aspects of the spine 
reach their adult form at different ages. For instance, 
the level of the conns m edullaris achieves its adult 
relationship with the vertebral bodies just a few 
months after birth. However, the ring apophyses may 
not fuse w ith the primary ossification centers (espe
cially in males) until age 20 to 22 (12). However, for 
practical purposes, the ch ild ’s spine takes on most of 
the adult characteristics by age 10 or 12.

For purposes of this chapter, the discussion of pe
diatric spine injuries w ill be lim ited, except where 
stated, to the below  12 year old age group.

Etiology
The causes of pediatric spinal injuries reflect the ac
tivities in w hich children are often involved. The ma
jority of these injuries result from motor vehicle ac
cidents (especially in patients older than 16 years), a 
somewhat lesser amount from falls, and a small per
centage (10% ) from sports (9, 24, 43, 60, 74).

Other less common m echanism s of injury include 
penetrating trauma (including gun shot wounds and 
knife wounds), birth injuries, and child abuse (3, 4, 
111). Spinal injuries account for less than 2 to 3%  of 
all injuries to children. Most injuries involve the tho-

267
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racic spine, with the lumbar, cervical, and sacral ar
eas being involved less often and in that order. Iso
lated sacral injuries are rare. They are associated 
more commonly with pelvic fractures.

Spinal injuries tend to occur m ainly in two differ
ent age groups. 5 years old or younger and older than 
10 years. Approxim ately 50%  of these patients have 
associated injuries, and 20%  have an associated neu
rologic injury (6, 9). Overall spine injuries increase 
in  frequency around the tim e of adolescence and into 
early adulthood (70). In terms of injuries unique to 
the child, most of these occur in children from birth 
to age 10. Injuries in  children over age 10 are sim ilar 
in m echanism  and fracture patterns to those in the 
adult, and for the most part have no significant dif
ferences in their management.

A n a to m y_______________________________
The first two cervical vertebrae are unique in their 
development and the remaining five cervical verte
brae all develop similarly (91) The atlas at birth is 
composed of three ossification centers, one for the 
body and one for each of the two neural arches (Fig.
13.1). The center for the body is usually not present 
at birth. It may appear during the first year of life, but 
may remain entirely absent throughout life. The neu
ral arch usually closes by the third year, although it 
can remain open into adulthood. The posterior ring 
of the atlas may develop partially, or remain com 
pletely absent. The synchondroses between the body 
of the atlas and the neural arches are best seen on the 
open mouth view. The synchondroses usually close 
by the seventh year of life, and they are occasionally 
mistaken for fractures.

Failure of segmentation of the atlas from the skull 
can occasionally lead to narrowing of the foramen 
magnum and signs of neurologic dysfunction that 
may not appear until the second or third decades of 
life. This anomaly may put the child at risk for spinal

FIGURE 13.2.
Four ossification centers of the axis

cord injury, even with minor trauma, by narrowing 
of the foramen magnum, which results in excessive 
motion or instability in the upper cervical spine.

The second cervical vertebrae (the axis) has four 
ossification centers at birth- one for each neural arch, 
one for the body, and a fourth for the odontoid pro
cess (Fig. 13.2). In an open mouth view, the odontoid 
process is sandwiched between the neural arches 
(Fig. 13.3). Its ossification center is present at birth 
and sits on top of the ossification center of the body 
of the axis, and it is separated from it by a synchon
drosis. Below this are the synchondroses between the 
body and the neural arches. The epiphysis and syn
chondroses combine to form a letter “H” shape. The 
epiphysis, of the odontoid runs across the apparent 
base of the odontoid, but at a level well below that of

FIGURE 13.1 .
Three ossification centers of the atlas

FIGURE 13.3.
An open mouth view showing the odontoid process (arrow) 
between Cl and C2 neural arches (arrowheads)
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the level of the articular processes of the axis. This 
line is occasionally mistaken for a fracture of the 
odontoid in both children and adults. However, most 
odontoid fractures occur at the level of the articular 
facets.

The odontoid fuses with the neural arches and the 
body of the axis between three and six years of age, 
essentially the same time the body joins the neural 
arches. Occasionally, this synchondrosis is present 
in the axis on the open mouth view in a child up to 
age 11.

The cartilage anlage of the odontoid process ossi
fies from two independent centers, one on either side 
of the m idline during the fifth fetal month. These are 
usually fused in the m idline at birth. Persistence of 
this vertical line is sometimes confused w ith a frac
ture. The tip of the odontoid is not ossified at birth. 
The small ossification center at the tip of the odon
toid (os terminale) appears between 3 and 6 years of 
age and fuses w ith the m ain portion of the odontoid 
by 12 years of age. W hen it persists, it is occasionally 
confused w ith a fracture. The third to the seventh 
cervical vertebrae each ossify from three centers: one 
from the body and one from each neural arch (Fig. 
13.3). The neural arches close between the second 
and third year. The neural central synchondroses be
tween the neural arches and the body fuse between 
the third and the sixth year of life. On lateral radio
graphs, the ossified part of the vertebral bodies in 
young children are wedge shaped until they become 
more square at about age 7.

The joints of Luschka (uncovertebral articulations]

usually seen on the AP radiograph in the adult cer
vical spine are not present in the developing spine 
under 8 to 10 years of age. The apophyseal rings in 
the upper and lower surface of the vertebral body os
sify late in childhood and fuse to the vertebral body 
by age 25. These ring apophyses are secondary ossi
fication centers and as such they do not contribute 
significantly to vertebral body height. The thoracic 
and lumbar vertebrae have a common ossification 
pattern (Fig. 13.4). One ossification center develops 
in each of the two neural arches, from w hich one os
sification center forms in the vertebral centrum. The 
cartilage separating the ossification center from the 
neural central synchondrosis is slightly anterior to 
the anatomic base of the pedicles and ossifies be
tween the age of three and six years.

Secondary ossification centers develop at the tips 
of the spinous, transverse, and m ammillary processes 
during puberty and represent apophyses. The lateral 
and anterior portions of the central epiphysis remain 
thicker than the rest of the epiphyses and appear ra- 
diographically and histologically as a groove extend
ing around the developing vertebral body. Between 
7 and 8 years of age, small linear foci of ossification 
develop in the end plates. By 12 to 15 years of age, 
these foci coalesce to form the ring apophysis, w hich 
can be seen on radiographs. The ring does not extend 
around the entire circum ference of the vertebral 
body, but only around the centrum (11).

The longitudinal growth of the vertebral body is 
by endochondral ossification with the vertebral end 
plate similar to that of other physes in the body (12).

FIGURE 13.4.
Three ossification centers of the tlioracic and lumbar vertebrae.
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As the child gets older, these ossification centers en
large and the cartilage :bone ratio gradually decreases 
[14). Adult proportions are reached by age 10. The 
bodies enlarge radially by perichondrial and perios
teal bone apposition, w ith the lumbar vertebrae 
growing to a greater degree in width after age 2 years. 
The neural arches and pedicles enlarge by the same 
m echanism . Radiographically, the intervertebral 
spaces widen in relation to the vertebral bodies.

In the infant, the lateral radiograph usually dem
onstrates a horizontal conical shadow of decreased 
density extending inward from the anterior and pos
terior walls of the vertebral bodies, w hich occasion
ally can be confused w ith a fracture. The posterior 
notch results from indentation of the posterior ver
tebral wall at the point of entrance and emergence of 
the posterior arteries and veins. The indentation is 
present in all vertebrae and all ages. In the infant, the 
anterior conical shadow is more obvious than the 
posterior shadow, and results from the presence in 
this area of large sinusoidal space w ithin the verte
brae. The anterior notch is not permanent and dis
appears with ossification of the anterior lateral walls 
of the body, usually w ithin the first year of life. The 
vertebral disc in children consists of three m ain com 
ponents: the annulus fibrosis, the nucleus pulposus 
and the vertebral cartilaginous end plate.

The nucleus pulposus in children has a water con
tent of 88% , w hich is higher than in adults. This high 
percentage allows the disc to be m uch more deform
able and less susceptible to injury. In infants and 
children under age 7 and 8, trauma often can lead 
to end plate fractures instead of disc ruptures. 
Schm orl’s nodes are often noted. As the nucleus pul
posus matures, the incidence of both osseous and 
disc injuries increases. In the fetal period, the spinal 
cord initially ends at the sacral level. At birth, the 
level of term ination of the spinal cord is L3 and 
achieves the adult level of L l to 2 at about 2 months 
after birth.

The sacral segments do not fuse to form a single 
bone until the fourth decade of life. The five sacral 
vertebrae are separated initially by four atypical in
tervertebral discs. The middle two discs ossify first, 
then the fourth disc, and the first disc is the last to 
ossify. Thus, in a child, fractures of the sacrum may 
occur through an intervertebral disc.

Biom echanics  

Bone Properties
Fractures that are significant in adults may be less so 
in  children who have more elastic soft tissue, the po
tential for remodeling, and normal m ineralization of 
their bones. Certain injuries are unique to children, 
including periosteal sleeve injuries, most cases of

spinal cord injury without radiographic abnormali
ties (SCIWORA), and child abuse. The cervical region 
is the most flexible area of the spine, and is more so 
in children. This flexibility makes separating out nor
mal from abnormal motion especially difficult. To 
date, most of the biomechanical studies done on the 
spine have been done on the adult spine, and may 
only have limited application in the child less than 
10 years of age. Throughout the child’s growth, there 
are continual changes in the ability of the spine to 
sustain loads. By age 10, the biomechanical differ
ences between the spine in the child and the adult 
are probably minimal.

The ch ild ’s spinal colum n is quite flexible and can 
reportedly stretch approxim ately 2 cm prior to any 
significant injury of the structure itself. Unfortu
nately, the spinal cord itself is less extensible than 
the ch ild ’s spinal column, and only can stretch ap
proxim ately 5 to 6 mm before it sustains significant 
injury (80).

The relatively large size of the head in the younger 
children (less than 8 years old) along with a relatively 
poorly developed cervical musculature allows the 
cervical spine to be at risk for significant injury. This 
situation is extreme in the case of the newborn; at 
this stage the child is incapable of even supporting 
the head and therefore is unable to protect the spine 
from external forces. There has been little work on 
the biomechanics of different motion segments in the 
spine of children.

A biom echanical study done to examine the sag
ittal plane m otion of C l on C2 found that anterior/ 
posterior force caused displacem ent, namely, ante
rior displacem ent of the atlas on the axis up to 3 mm 
prior to rupture of the transverse ligament. Once the 
transverse ligament was ruptured, there was between 
3 and 5 mm of translation. Translation over 5 mm 
between C l and C2 is an indication of gross instabil
ity w ith all the ligamentous structures having failed. 
Because of the larger cartilaginous spaces in ch il
dren, the actual measurement between the front of 
the odontoid and the anterior ring of C l (posterior 
cortex) may be slightly larger.

Pathom echanics  

Mechanism s of Injury
To understand many spine injuries it is helpful to 
understand the column concept of the spine as de
scribed by Holdsworth (two columns) and by Denis 
(three columns) (67, 32). This concept was developed 
for the adult thoracic and lumbar spine, although it 
has been extrapolated to children and adolescents 
with adjustments for anatomic and biomechanical 
differences.

The column system permits injuries to be divided
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into four major types; 1) the com pression fracture, 
which is a failure of the anterior colum n w ith an in 
tact middle column; 2) a burst fracture, w hich is fail
ure under compression (usually axially) of both the 
anterior and middle colum ns; 3) a seat belt fracture, 
which is a compression injury of the anterior col
umn, with distraction of the middle and posterior 
columns through either bony or ligamentous ele
ments; and 4) a fracture dislocation, in w hich all 
three columns fail (Fig. 13.5).

Spinal stability has many different definitions, but 
Denis (33) groups instability into three main types: 
1) first degree instability, w hich is a m echanical in 
stability with risk of kyphosis; 2) second degree in 
stability, which is a neurologic instability such as 
collapsing “stable” burst fracture; and 3) third degree 
instability, w hich is both m echanical and neurologic 
instability, such as an unstable burst fracture or a 
fracture dislocation. Because of the unique anatomic 
features of the upper cervical spine, the colum n con
cept does not apply in that area.

Harris et al. classified cervical spine injuries ac
cording to their m echanism  of injury w hich has been 
attributed to predominant force vectors acting on the 
spine (63). The predominant vectors include flexion, 
extension, vertical com pression, or com binations of 
these.

A flexion force can result in anterior subluxation, 
bilateral facet dislocation, simple wedge compres
sion fractures, clay shoveler fractures, and flexion

FIGURE 13.5.
A fracture-dislocation with failure of all three columns.

tear drop fractures. Flexion rotation injuries can re
sult in unilateral facet dislocations. Extension rota
tion injuries can result in pillar fractures. Vertical 
compression force can result in Jefferson burst type 
fracture of the atlas, or the classic burst fracture.

A primary hyperextension force can result in hy
perextension/dislocation, avulsion fracture of the an
terior arch of the atlas, extension tear drop fracture 
of the atlas, fracture of the posterior arch of the atlas, 
a laminar fracture, traumatic spondylolisthesis, or 
hyperextension fracture/dislocation. A lateral flexion 
force can result in an uncinate process fracture (not 
usually seen in the child less than 10 years old). Non
specific mechanisms can result in atlanto-occipital 
disassociations, as well as odontoid fractures.

These classification systems seek to establish a 
mechanism of injury based on the appearance of the 
fracture pattern on plain radiographs and comput
erized tomography. What is not evident from these 
mechanisms and from the classification schemes is 
the amount of soft tissue injury in the area, including 
ligaments, tendons, muscles, and the spinal cord and 
neural elements. One main goal of classification sys
tems is to establish a particular injury as stable or 
unstable.

There are minor spinal fractures that are not cov
ered by the usual classifications schemes; these are 
fractures of spinous and transverse processes very of
ten encountered with blunt trauma. At times the as
sociated injuries can be severe, but the fractures 
themselves are relatively minor and usually do not 
need any specific treatment. Transverse process frac
tures in the thoracic region may be associated with 
significant chest trauma; those in the thoracolumbar 
region may be 'associated with significant renal in
jury; and those in the lower lumbar spine may be 
associated with unstable pelvic fractures.

Diagnosis______________________________

Significant force is necessary to cause spinal injuries 
and fractures. Therefore, most patients with pediatric 
spine injuries are true multi-trauma patients. They 
may have significant head, chest, abdomen, pelvis, 
and extremity injuries in addition to their spinal in
jury. Any initial evaluation should involve a thor
ough history.

Establishing a mechanism of injury is extremely 
important because it allows determination of the en
ergy involved. High energy injuries, such as most au
tomobile accidents, usually involve more significant 
injury than low energy injuries, such as falls. If the 
history does not correlate with what the findings are 
in the child, child abuse must be considered and ap
propriate steps must be taken.

Many times the child cannot provide specific de
tails surrounding the incident. These details should
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be sought from other individuals who may have been 
involved in, or witnessed, the incident to try to arrive 
at some judgement about risk for spinal injury. A 
high level of suspicion for a significant spinal injury 
would include anyone with a significant head injury, 
any high energy injury with multiple fractures, or 
any altered or loss of consciousness.

It is also important to elicit any history of transient 
neurologic deficit even in children who appear neu- 
rologically normal. They may have occult instability, 
which has to be investigated thoroughly before 
“clearing” the spine.

The importance of the physical examination can
not be overemphasized. As with any multiple trauma 
patient, the initial evaluation should be directed to 
the usual ABCs of trauma management. Once this is 
done and the patient is thought to be stable, evalua
tion of the spine should be performed. Before the ex
amination, any trauma patient should be assumed to 
have a spine injury until proven otherwise.

In a cooperative, verbal child, any area of pain 
should be identified first. Usually the patient is su
pine on a back board and the back is not readily ac
cessible. If there is a high suspicion of a spine frac
ture, a cursory neurologic exam should be performed 
to make sure the patient is moving all four extremi
ties appropriately and that the sensation is intact on 
all four extremities to at least light touch and pin
prick. If the patient can lift each of the limbs off of 
the bed on his or her own, at least a certain level of 
baseline neurologic function has been established. 
With an uncooperative or comatose child, one must 
proceed as though an unstable spine injury is pres
ent.

It may be wise to get an initial lateral radiograph 
of the cervical spine before any moving of the patient 
if there is a high degree of suspicion of cervical spine 
injury. The neck should be examined first because it 
is the most accessible in the supine position. While 
someone is stabilizing the neck and head, the neck 
can be palpated anteriorly, posteriorly, and on both 
sides without motion of the neck. If the palpation 
does not reveal any significant areas of pain and the 
patient is alert, the patient may be instructed to raise 
his head or her off of the bed and rotate the head to 
either side; if this is done without pain, the patient 
can then be log-rolled into the decubitus position for 
visual inspection and thorough palpation of the en
tire spine from the occiput down to the sacrum.

In the comatose or uncooperative patient with a 
high degree of suspicion for spinal injury, a complete 
set of spine radiographs should usually proceed mov
ing the patient. The skin over the back and abdomen 
should be evaluated carefully for any skin breaks, ec- 
chymosis, or swelling. Any deformity should be 
noted, including localized swelling and widening of 
spinous processes. Localized areas of tenderness

should be radiographed with extra suspicion for in
juries. A more thorough neurologic evaluation can be 
done at this time— testing reflexes (bulbocavernosus 
reflex if other reflexes absent), sensation (including 
perianal sensation), and strength of the major muscle 
groups (including rectal exam for sphincter tone).

Every attempt should be made to perform a com
plete neurologic examination, even though this can 
be very challenging in the very young patient with 
other painful injuries. A rectal examination should 
be performed in all patients. Patients with apparent 
complete cord injury, either paraplegia or quadriple- 
gia, should have the bulbocavernosus reflex tested to 
determine whether they are in a period of spinal are- 
flexia or “spinal shock.” This test aids in the overall 
prognosis for potential return of neurologic function 
to the areas of neurologic compromise.

Determining the extent of neurologic injury in the 
infant is difficult at best. Even in the presence of pa
ralysis, the child may have a reflex mass flexion with
drawal which may be indistinguishable from the re
sponse in an otherwise normal child. The lack of 
voluntary motor function and sensory loss confirms 
the diagnosis of spinal cord injury. Any patient with 
a compromised clinical assessment (i.e., comatose, 
altered consciousness, combative, uncooperative, or 
unable to communicate) needs continued spine pre
cautions and repeat examinations until adequate as
sessment can be assured. With added attention to de
tail and very thorough precautions in the injured 
child, missed or delayed diagnosis of spinal injury 
can be minimized.

The entire patient should be examined carefully 
for any other associated injuries, particularly abdom
inal injuries'if the patient was involved in a motor 
vehicle accident as a restrained passenger using a lap 
belt. Children have a high incidence of abdominal 
injury, visceral rupture, and flexion distraction in
jures of the lumbar spine.

All patients with significant spinal injuries should 
have bladder catheterization initially. A more thor
ough evaluation of bladder function is made on a 
more delayed basis. Associated injuries, such as car
diac contusion, pneumothorax, hemothorax, aortic 
injury, abdominal visceral ruptures, and renal and 
bladder injuries are life-threatening injuries that can 
accompany significant spinal injuries. These injuries 
may not manifest themselves in initial trauma eval
uation, but may present on a slightly delayed basis. 
Appropriate evaluation to rule out these injuries is 
important in the initial and subsequent care of these 
patients.

Im aging of Spinal Fractures___________
Accurate diagnosis in the case of spinal injuries re
lies heavily on the use of appropriate spinal imaging
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modalities. The major imaging studies to evaluate 
spinal injuries are plain radiography, tomography, 
computerized tomography, MRI, myelography, and 
technetium bone scintigraphy. These modalities, 
when used appropriately, identify the location and 
severity of the injuries, including assessm ent of spi
nal alignment, stability, and the extent of any canal 
comprise.

Plain radiography remains the initial imaging 
study of choice for any spinal injury. Initial evalua
tion of the cervical spine should include a lateral x- 
ray of the cervical spine from the occiput down to 
and including the top of the T l  body. W hen assessed 
appropriately, this study is highly sensitive for cer
vical spine injuries. In addition to the lateral, an AP 
of the cervical spine and open mouth odontoid view 
should be obtained. Oblique views of the cervical 
spine can aid w ith diagnosis although they are not 
needed on every patient.

If the initial screening radiographs are normal and 
the patient still has significant neck pain, flexion ex
tension views can be helpful in ruling out cervical 
spine instability. The lateral cervical spine radio
graphs should be exam ined closely for occipital C l 
alignment by determining Powers ratio. Despite 
“normal” radiographs, a significant spinal injury is 
possible. No spine can be “cleared” on radiographs 
alone. The spine must be cleared on both a radio- 
graphic and clinical basis before discontinuing spine 
precautions. For the spine to be cleared clinically , 
the patient must not have significant pain in the area 
and must have a full range of motion.

Careful assessment of the C l- 2  articulation is im 
portant, checking the atlantodens interval, w hich 
measures up to 5 mm in children, and also checking 
the space available for the cord in using the rule of 
thirds (10). The open mouth view visualizes the 
odontoid and the lateral masses of C l to further check 
the articulation of C l and C2 for any potential injury. 
The distance between the lateral masses of the C l 
should be checked, fracture of the odontoid should 
be ruled out, and any significant rotational deformity 
should be identifiable (95).

Initially, the soft tissues in the anterior aspect of 
the vertebral column should be checked. In a resting 
non-crying child, the soft tissues on the anterior as
pect of C2 should not measure more than 7 mm, or 
two-thirds the width of C2 vertebral body. On the 
lower cervical spine, anterior to approximately C6, 
the soft tissues can measure as m uch as 14 mm in 
width without being pathologic (49). Any significant 
alterations in thickness of the soft tissues anterior of 
the spine should raise suspicion of significant spinal 
injury.

Next, the bony articulations from C2 down 
through the top of T l  should be inspected carefully, 
noting the bone quality itself, the alignment of the

anterior portion of the vertebral bodies, the shape of 
the vertebral bodies, the height of each disc space, 
posterior vertebral line, the facet joints, the posterior 
lam inar line, and posterior elements. These should 
all be checked for alignment and for evidence of frac
tures.

The normal spine in young children differs con
siderably from that in adults, especially in the cer
vical region. Lack of awareness of the normal radio- 
graphic appearances may lead to misdiagnosis. 
Common transient developmental features and more 
unusual normal variants may be mistaken for spinal 
trauma in children as listed previously. The multiple 
primary and secondary ossification centers and their 
intervening synchondroses are often m istaken for ev
idence of fracture or avulsion fragmentation.

In young children, the lateral radiographs of the 
thoracic and lumbar spine may occasionally show a 
vertically oriented radiolucent cleft. This cleft may 
represent a more anteriorly positioned neurocentral 
synchondroses. A sim ilar cleft may also represent a 
bifid vertebrae. M orphologic variations in the lum
bosacral region are common. Lumbarization of the 
first sacral segment to form a sixth lumbar vertebrae 
or bilateral or unilateral fusion of the L5 to the sa
crum is often seen.

Incom plete osseous fusion of the neural arch of L5 
or S i  is present in up to 50%  of some populations. 
A gradual decrease in this percentage occurs 
throughout childhood, but remains high even in ad
olescence.

Variations caused by displacem ent of vertebrae 
may resemble subluxation and can be a major area of 
concern. Significant anterior displacem ent of the sec
ond or third cervical vertebrae resembling a true sub
luxation is common in children between 1 and 7 
years of age. This probably occurs in a frequency of 
approximately 20% . Less frequently similar dis
placem ent would even be seen between the third and 
fourth cervical vertebrae. This localized area of in
creased spinal m otion can only be correctly called 
pseudosubluxation in the asymptomatic child or a 
child  in whom other studies of significant spinal col
umn injury are negative.

On lateral radiograph, an increased atlantodens in
terval occurs in about 20%  of normal children. There 
may be no lordosis in the cervical spine in approxi
mately 50%  of children. The absence of uniform an
gulation, absence of cervical lordosis, and absence of 
flexion curves have been reported in high percentage 
normal asymptomatic children. All of these appear 
to suggest, but do not necessarily indicate, ligamen
tous injury. Normal anterior wedging of the imma
ture vertebral bodies may appear like a compression 
fracture. Spinous process, secondary ossification 
centers may be confused w ith avulsion fractures.

In the young child, radiographic diagnosis is com
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plicated further by the relative elasticity of the car
tilaginous spine and supporting ligamentous struc
tures, w hich may allow severe cord damage in the 
absence of significant radiographic findings (64, 65). 
Burke studied 7 children 13 months to 12 years of 
age and noted that 5 of the younger children sus
tained flexion rotation injuries with a preponderance 
of thoracic spine involvem ent in extensive longitu
dinal traction injuries extending over several levels 
(24). Even in the three children in whom the vertebral 
injury could be radiographically demonstrated, ac
tual cord involvem ent extended several segments 
above the osseus involvem ent (8, 25, 29).

Hyperextension injuries may reduce spontane
ously, causing radiographs to look benign. Soft tissue 
swelling of the perivertebral fat stripes may be the 
only indication of this type of injury. Another indi
cation of such an injury may be a small piece of bone 
pulled away from the anterior inferior edge of the 
ossifying vertebral colum n at the point of separation 
of the end plate, anterior longitudinal ligament, and 
annulus. Difficulties in measuring the sagittal and in- 
terpedicular diameters of the cervical spine canal on 
plain radiographs in children is a known problem.

Naik’s values can be consulted for the interpreta
tion of spinal canal’s sagittal diameters (88). Addi
tional imaging m odalities may be helpful in both 
cases of established spine injury as w ell as high sus
picion injuries w ith normal plain radiographs.

Norm al Variance
The following normal radiographic findings have
been m isinterpreted as injury:

1. The apical ossification center of the odontoid.
2. The secondary ossification center at the tips of 

the transverse and spinous processes.
3. Incom plete ossification, especially of the odon

toid process with apparent superior subluxation 
of the anterior arch of C l.

4. Persistence of the synchondrosis at the base of the 
odontoid.

5. Anterior wedging of a young ch ild ’s vertebrae 
misinterpreted as a com pression fracture.

6. Findings associated w ith hyperm obility, pseudo 
subluxation, especially at C 2-3 .

7. Increase in the atlanto-dense interval of > 4  mm.
8. Absence of the ossification center of the anterior 

arch of C l in the first year of life suggesting pos
terior displacem ent of C l on the odontoid.

9. Physiologic variations in soft tissue width ante
rior to the cervical spine.

10. Overlying anatomy, such as ear, braided hair, 
teeth, or hyoid bone.

11. Angulation of the odontoid seen in 4%  of all ch il
dren.

12. Horizontally placed facets in the younger child 
creating the illusion of Pillar fracture.

13. Congenital anomalies, such as osteoid odonto- 
ideum, spina bifida, and non-segmentation.

Plain To m ograph y

Good quality plain tomography can help define cer
tain injuries. Injuries in the transverse plane usually 
can be seen quite readily with good quality plain to
mography. Plain tomography may be the modality of 
choice for flexion distraction (seat belt) injuries. W ith 
the wide availability of CT scans and sagittal recon
structions, however, plain tomography is used less 
and less, although it still can provide extremely use
ful information.

C T  Scanning
Computerized tomography is one of the m ain stays 
for evaluating spine injuries. It is an important ad
junct to the plain radiographies in all but the most 
simple of spine fractures. The CT scan should be 
used when bony injuries are suspected or known to 
exist to help determine the extent of bony injury, ca
nal com prise, and to assess overall spinal stability. 
Vertebral end plate fractures are imaged better by this 
m odality than any other. O ccasionally the addition 
of contrast intravenously or m yelographically can 
enhance the imaging of the canal or neuroforamen.

The use of three-dim ensional reconstructions in 
the CT images can help conceptualize these injuries 
in a more straight forward three-dim ensional image. 
This is extremely helpful in planning of both surgical 
and nonsurgical treatment of these injuries.

M agnetic Resonance Im aging
The MRI is also an adjunct to the plain radiographs 
for imaging of spinal injuries. It is rapidly becoming 
an indispensable part of evaluating severe spinal in
juries. Its main indications are for evaluation of the 
soft tissue injuries associated with spinal fractures, 
including herniated discs, neuroforaminal encroach
ment, hematomas, spinal cord edema, post-traumatic 
spinal cord cysts, and extent of damage to ligaments 
and other soft tissue that surrounds in the spinal col
umn. Any child with a neurologic deficit should have 
an MRI of the spine in addition to any other imaging 
modality.

M yelography
Myelography has a very lim ited role in children’s 
thoracic and lumbar fractures and is not used unless 
MRI is either unavailable or contraindicated.
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Bone Scintigraphy
Radionuclide imaging using technetium -99 phos
phate can be helpful in diagnosing more occult in 
juries of the spine and establishing an approximate 
location. This is especially true in spondylolysis of 
the pars intra articularis. It is helpful when com bined 
with laboratory studies in differentiating trauma 
from other etiologies that might present as back pain, 
such as infection or tumor. It is also useful in eval
uating children who are the victim s of non-acciden
tal trauma. The single photon em ission computed to
mography (SPECT) scan is an important adjunct to 
the diagnose of stress fractures, especially of the pars 
intra articularis, because it may be positive even in 
the presence of normal bone scans.

A clinical exam ination and knowledge of the 
pathophysiology of spine trauma determine w hich 
imaging modality is used. Because of the inherent 
elasticity of the soft tissues in childrens’ spines, 
trauma can cause damage that w ill not be evident on 
plain radiography.

Other factors, such as the need for anesthesia for 
MRIs in young children, exposure to radiation, and 
the cost of these studies, must also be considered 
when imaging spine injuries. The determination of 
spinal alignment, displacem ent, and extent of canal 
comprise is the goal of these imaging m odalities and 
should occur with a judicious use of tests.

Differential Diagnosis
Whenever a child is being evaluated for a spinal in 
jury, one must keep in mind that there is a long list 
of diagnoses that tend to look as though they are the 
result of acute trauma, but actually represent an un
derlying condition. Congenital spine abnormalities 
are not common but certainly can confuse the issue 
when the patient has been involved in trauma. A l
though congenital hemi-vertebrae would not be pain
ful, generalized back pain with a wedge-shaped ver
tebra on spine radiographs could be confused with 
an acute traumatic injury. Congenital spine abnor
malities do have a typical appearance and would not 
be associated with pain either by history or by phys
ical examination. If doubt about the abnormality still 
exists, a bone scan would be normal and would con
firm the diagnosis of a congenital problem.

Klippel-Feil syndrome may also be confusing in 
interpretation of the C-spine radiograph after trauma. 
Fused vertebrae can also lead to some m inor spinal 
alignment variations that can be m istaken for trau
matic instability.

Infection
A spinal infection can occasionally be misinter
preted as a fracture. As in a fracture, a spinal infec

tion can result in acute onset of back pain. Typically, 
there w ill be no history of significant trauma. (Oc
casionally a pathologic fracture can occur through an 
infected vertebral body.) In cases of infection, wedg
ing can also occur in adjacent vertebrae due to dis- 
kitis (116). Plain radiographs often demonstrate nar
rowing of the intervertebral discs.

Patients with vertebral osteomyelitis are typically 
very ill, but this is not always the case. There is often 
fever, leukocytosis, and an increased erythrocyte 
sedimentation rate. A blood culture is often positive. 
A bone scan may not differentiate among the fracture, 
tumor, or infection. MRI may show replacement or 
edema of the marrow elements. Occasionally a bi
opsy is needed to obtain the correct diagnosis.

Neoplasm______________________________
Primary tumors, both benign and malignant, involve 
the spine. As the marrow and cancellous bone 
becom e replaced by tumor, the vertebral body is 
widened and pathologic fractures can occur. These 
fractures can be differentiated by history and 
radiographic features. Usually there is only minimal, 
if any, history of trauma. Radiographically, the bony 
elem ents of tumor w ill be abnormal with evidence of 
prior bone destruction, formation, or abnormal frac
ture pattern. Often, other imaging m odalities, includ
ing an MRI or CT scan, are used to support the di
agnosis (62). Biopsy is often necessary to confirm the 
diagnosis.

M etabolic Disease
Any of the metabdlic diseases that lead to osteopenia 
can significantly weaken the vertebrae so that minor 
trauma can lead to a pathologic fracture. Osteogene
sis imperfecta patients often have spinal fractures at 
different levels. The m ucopolysaccharidosis often in 
volve the spine and can result in vertebral body frac
tures. Morquio syndrome is characterized by in
volvem ent of all the vertebrae.

The radiographic appearance is similar to spon
dyloepiphyseal dysplasia with platyspondylisis. A 
careful history and physical examination as well as 
laboratory investigation usually help make the diag
nose of metabolic bone disease.

Spondyloepiphyseal Dysplasia
Occasionally the abnormalities in spondyloepiphy
seal dysplasia which include flattening of the verte
bral bodies relative to the normal height can mimic 
fractures. Radiographic findings of epiphyseal and 
vertebral body dysplasia along with the usual family 
history and short stature can confirm the diagnosis 
of spondyloepiphyseal dysplasia.
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Scheuerm ann's Disease

Sclieuerm anii’s disease is chaiacterized by wedging 
of m ultiple thoracic vertebrae. These patients have 
characteristic round back deformity w ith chronic 
thoracic back pain and ridged kyphosis. The radio- 
graphic picture is one of narrow disc space increased 
anterior posterior diameter of the apical thoracic ver
tebrae, loss of normal height of the involved verte
brae, and end plate irregularity (30). Schm orl's nodes 
may be present but are not necessary to make the di
agnosis. Classically, the wedging is described as 
three consecutive vertebrae w ith wedging of at least 
5°. The clin ical and radiographic presentation of 
Scheuerm ann’s disease usually elim inates trauma as 
etiology for the wedging of the vertebral body.

Early M anagem ent

Whenever a spine injury is suspected, the patient 
must be handled appropriately. Immediate immobi
lization to allow transportation is key to avoid further 
neurologic injury to the patient. Spinal injuries 
should be considered whenever a patient is uncon
scious after trauma or reports numbness, weakness, 
and neck or back pain. Even transient neurologic 
symptoms after trauma warrant immobilization until 
instability can be ruled out. Spinal immobilization 
usually requires use of a back board combined with 
devices designed specifically to immobilize the head 
and neck. Combinations of tape and sandbags pro
vide much more effective immobilization of the head 
and neck than can be achieved with a hard collar 
alone. Positioning of children less than 10 years old 
on a standard backboard tends to force the cervical

spine into relative kyphosis because young children 
have large heads in com parison to the rest of their 
body (Fig. 13.6). Therefore, the use of a mattress to 
raise the torso relative to the head or a recess to ac
commodate the occiput is recommended (66). This 
discrepancy between the circum ference of the head 
and the circum ference of the chest attains 50%  of its 
adult size.

A thletic injuries are a common cause of cervical 
spine injuries in older pediatric patients. A spine 
board should always be present in playing fields and 
gymnasiums where high risk sports like football and 
gymnastics take place.

In helm eted sports, the patient should be trans
ported wilb. tke in  place, bu t tiae iace mask 
should be cut away, allowing access to the airway. A 
high spinal cord injury commonly has compromised 
respiratory function that requires endotracheal intu
bation. The helm et is then removed in the emergency 
room w hile the head is stabilized manually. Atten
tion must be directed to the ABCs: airway, breathing, 
and circulation.

The recommended technique to establish an air
way in a spinal cord injury patient is controversial, 
and no studies have specifically addressed this issue 
in the pediatric patient. Cervical collars do not ade
quately im m obilize the spine during orotracheal in
tubation. In line traction does tend to m inim ize spi
nal m otion during intubation, but has some 
theoretical danger of overdistracting the rare case of 
highly unstable cervical spine injuries (7, 84).

C linical studies of cervical spine fractures that un
derwent oral intubation compared to those patients 
intubated nasally found no patients w ith neurologic 
deterioration attributed to intubation technique (68,

FIGURE 1 3 .6 .

A. Positioning of a child on a standard backboard produces 
the cervical spine into a kyphotic position. B. The use of a 
mattress to raise the torso accommodates the child’s large 
head to provide safer lordotic cervical spine alignment.
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110). Fiberoptic guided intubation tends to m inim ize 
spine motion during intubation.

Children with spinal injuries should remain on a 
backboard during initial transport and assessment. It 
is reasonable after the initial physical exam ination 
and radiographic assessment to remove the patient 
from the spine board with the usual precautions to 
an appropriate hospital bed to accommodate the spe
cific injuries. The patient should be removed from 
the backboard as soon as it can be done safely be
cause it only takes 1 or 2 hours to produce a full 
thickness skin breakdown in a neurocompromised 
patient from pressure necrosis.

Children with an unstable cervical spine injury 
should be immobilized initially using a Gardner- 
Wells tong and traction, or a sufficiently rigid brace.

Cervical Spine Injuries_________________

Cervical spine injuries are uncommon in children. 
When they do occur, they occur in  the child  less than 
age 8, most often in the upper cervical spine (above 
C4). In the child greater than age 8, they usually occur 
below C4.

Obstetrical Traum a
Obstetrical trauma has been reported as the cause of 
serious and occasionally fatal cervical spine injuries. 
Atlanto-occipital and atlanto-axial dislocations, 
odontoid fractures, and cord transections have all 
been reported (104a), and m ost of these injuries occur 
in forceful breech extractions. Forceful breech ex
tractions appears to be the most common cause of 
cervical spine injuries in  newborns, but can also be 
seen in cephalic presentations.

Hyperextension of the neck in utero w ith the fetus 
in breech position w ill result in an estimated 25%  
incidence of spinal cord transection if  the child  is 
delivered vaginally (1, 19]. Obviously, cesarean sec
tion is recommended in these cases.

Spinal cords removed from newborns who have 
died from obstetrical trauma demonstrate injury over 
long segments, suggesting that longitudinal traction 
is the major injuring factor (103a). However, in 
adults, spinal cord injury is usually w ell localized to 
a short segment of the cord. The large percentage of 
cartilage in the skeletal elem ents of neonates is dif
ficult to evaluate radiographically, and significant in 
jury may be missed easily because it may involve the 
cartilaginous portion of the vertebral body and spare 
the bony elements. (Radiographs can remain normal 
despite significant spinal cord injury in  newborns.) 
Any newborn suspected of having a spinal injury or 
neurologic deficit should be evaluated w ith plain ra
diographs and a MRI of the spine. Cast im m obiliza

tion using a M inerva type cast should be used until 
adequate healing can be seen radiographically— 
usually 6 to 8 weeks. Operative treatment is rarely, if 
ever, indicated.

Occipoatlantal Dislocations
Traum atic dislocation of the occiput from the atlas 
occurs com m only in fatal cranial spinal injuries. Few 
children survive this injury because of the neurologic 
deficit that results from injury to the upper cervical 
cord, brain stem, and cranial nerves. Dislocation is 
usually the result of high energy trauma commonly 
involving a motor vehicle (Fig. 13.7) (21). Severe as
sociated injury is common. Survival w ith this injury 
is being reported w ith increasing frequency, in part, 
because of better emergency care results in early car
diopulmonary resuscitation and ventilatory support 
for these patients, who previously would not have 
survived.

Bucholz and Burkhead reported an incidence of 
8%  in  victim s of fatal traffic accidents, making it the 
single most common injury encountered (20). The in
jury was more than tw ice as frequent in the pediatric 
age group— 15% , compared with 6%  in adults. This 
finding is consistent with a higher incidence of upper 
cervical spine injuries in children as compared to 
adults.

The degree of neurologic injury in  patients who 
survive occipito atlanto dislocation varies. Patients 
rarely present with normal neurologic examinations 
or w ith m inim al deficit. In a series of Montane et al., 
two patients presented w ith minor weakness and hy- 
per-reflexia, and one patient had a more severe neu
rologic injury,'only retaining anti-gravity strength in 
her extrem ities unilaterally (86). The latter patient 
also sustained several episodes of heart block and 
respiratory arrest, suggesting injury to the cardiore
spiratory centers in the brain stem. A fourth patient 
who did not survive suffered a complete cord tran
section at C l and a severe head injury.

A patient presented by Zigler et al. survived with 
a com plete paralysis at the C l level, as w ell as 
palsy of the spinal accessory nerve (121). This re
sulted in a flail neck, w hich necessitated fusion 
from the occiput to the thoracic spine to avoid 
the need for external support. The patient also 
required tracheostom y because he was ventilatory 
dependent.

Ogden described an 8-year-old girl w ith irregular 
pulse and respiration, w hich resolved on extension 
of the neck (92), Page et al. described a patient with 
a C5 quadriplegia and palsy of the tenth and twelfth 
cranial nerves on initial presentation, w ith assent to 
a C2 level (93). Evarts described a patient with left 
hem iparesis and palsies of the sixth, ninth, tenth, 
and tw elfth cranial nerves (44).
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FIGURE 13.7.
A. A child with an atlanto-occipital instability following a motor vehicle accident. B. This patient underwent occiput-C2 
fusion with wiring.

Radiographic diagnosis of occipito atlanto dislo
cation may not be apparent until traction is applied 
to the skull. It is important to check lateral radio- 
graphic and cervical spine im m ediately after apply
ing traction to avoid overdistraction of this or other 
ligamentous injuries.

Several radiographic parameters are helpful in  de
termining the extent of injury in the occipito atlanto 
articulation. The distance betw een the basion and the 
dens should not exceed 5 mm in  adults and 10 mm 
in children (117). The greater distance in children 
has been attributed to incom plete ossification of the 
dens.

The Powers ratio should also be evaluated (97). 
This ratio is the distance betw een the basion and the 
posterior arch of the atlas divided by the distance 
between the opisthion and the anterior arch of the 
atlas (Fig. 13.8). Values greater than 1.0 are definitely 
abnormal, and values less than 0.9 are definitely nor
mal. The advantage of this ratio is that it is dimen- 
sionless, and thus unaffected by magnification on the 
radiograph.

If the landmarks are not identified easily on a lat
eral cervical spine radiograph, they can be measured 
on a m idline sagittal reconstruction of a CT scan. The

ratio is sensitive to anterior occipito atlanto disloca
tion because one line (BC) parallels the direction of 
the dislocation, w hile the second (OA) is almost per
pendicular to it. The Powers ratio may be insensitive 
to posterior occipito atlanto dislocation, as described 
by Eism ont and Bohlm an (39). It is invalid if there is

FIGURE 13.8.
The Power’s ratio (BC/OA) >1 is abnormal: The distance 
between the basion and the posterior arch of the atlas di
vided by the distance between the opisthion and the ante
rior arch of the atlas.
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a fracture of the atlas or congenital abnormality of the 
foramen magnum.

Another measurement that can be used to evaluate 
the stability of the occipitoatlanto joint is horizontal 
translation on flexion/extension. The basion should 
not translate more than 1 mm relative to the odontoid 
(102, 118). This value has only been established for 
adults and has not been validated in children. How
ever, flexion/extension radiographs should never be 
done on an unresponsive patient or if  evidence of 
spinal instability exists on routine radiographs.

Treatment of occipitoatlanto dislocation is contro
versial. Immobilization in a halo or M inerva cast has 
been advocated by some authors (92). Most recent 
authors advocate operative treatment w ith posterior 
occipitocervical fusion (55), Because traction can 
distract the occipitocervical junction, traction is con
traindicated. Halo im m obilization is recommended 
as soon as the injury is identified. It provides the 
most secure stabilization available, and should be 
placed preoperatively. Nontraumatic instability has 
also been described in children at the occipitoatlanto 
junction. Most often it is associated with congenital 
fusions of the upper cervical spine or other anoma
lies of the cervical spine. If severe instability is doc
umented and neurologic findings are present, poste
rior occipitocervical fusion from the occiput to C l is 
indicated (55).

Gilles et al. proposed that occipitoatlanto instabil
ity may be a factor in infant sudden death syndrome 
(56). In a cadaver study, Gilles demonstrated that 
during extension of the head, the atlas invaginates 
into the foramen magnum, resulting in  bilateral ver
tebral artery compression and cerebral ischemia.

Atlas Fractures
Burst fractures of the C l ring are uncommon in ch il
dren. The m echanism  of injury is thought to be a 
blow to the head. This blow  transmits a compressive 
force to the occipital condyles, w hich displaces the 
lateral masses of the atlas laterally. If the force is se
vere enough, the transverse ligament ruptures or is 
avulsed at its point of attachment. In the child under 
age 7, the fracture may occur through the neurocen
tral synchondroses. The child  usually w ill have a se
vere headache and lim itation of neck rotation. The 
CT scan is usually diagnostic. It is important not to 
confuse the normal appearing synchondroses or 
anomalous ossification centers of the anterior arch 
with fractures. Neurologic deficits are uncommon.

Treatment of C l fractures should include immo- 
bihzation for 3 to 6 months w ith either a M inerva cast 
or halo, followed by a brace. Healing can be followed 
using serial CT scans. Stability of the atlanto axial 
articulation should be confirmed on flexion/exten- 
sion radiographs before discontinuing treatment. A l

len and Ferguson advocate an initial 4- to 6-week 
period of traction if more than 4 mm lateral displace
ment of the lateral mass is seen (5). Generally these 
fractures heal without com plications, and surgery is 
rarely indicated.

A tlanto  Axial Segm ent
Lesions occurring at the atlanto axial interval in ch il
dren can be separated into traumatic and atraumatic 
instabilities. These lesions are then further divided 
as being either rotational or translational. Stability at 
this joint is almost entirely dependent on ligaments 
that must sim ultaneously protect the articulation and 
allow for extensive mobility. Although the primary 
motion is rotation, small amounts of flexion/exten- 
sion, vertical translation, and lateral slide also occur.

Approximately 50%  of cervical rotation takes 
place betw een the first and second segments around 
the anterior odontoid process. Therefore, the lateral 
w all of the vertebral foramen of C l rotates to a con
siderable extent, across the canal at C2, physiologi
cally decreasing the opening of the spinal canal be
tween the two segments. The spinal canal of C l is 
large compared with the other cervical segments and 
safely accommodates this degree of rotation and 
some degree of pathologic displacem ent without 
cord pressure. According to Steel, the cord moves 
into this free space when there is a displacem ent of 
C l on C2 (109). The canal at C l is occupied equally 
by the cord, the odontoid, and free space. This is 
commonly known as Steel’s rule of thirds. Anterior 
displacem ent of the atlas exceeding the thickness of 
the odontoid may place the adjacent segment of the 
cord in jeopardy.

The significance of trauma in this highly mobile 
articulation lies in the fact that it houses the vulner
able cervical medullary portion of the spinal cord 
that can be damaged by C l on C2 displacement. The 
vertebral arteries w hich supply a significant amount 
of blood to the upper cord and cerebellum  are fixed 
in the foramen transversarium of C l and C2, and can 
be carried forward and compressed by an atlanto ax
ial shift with subsequent ischem ia to neuro tissue.

Atlanto  Axial Instability  
(Translational Instabilities)
Traumatic atlanto axial subluxation/dislocation in 
children secondary to transverse ligament rupture is 
an extremely uncommon injury. A dislocation of the 
atlanto-axial joint without a fracture occurs when the 
transverse ligament of the atlas is torn. This allows 
the spinal cord to be compressed between the intact 
odontoid and the posterior arch of the atlas. Usually 
it is a lethal injury.

Fielding recom m ends 8 to 12 weeks of im m obili
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zation for  treatment of acute traumatic rupture o f the 
transverse ligament, but no clin ical series in children 
has been reported to evaluate the efficacy of non- 
operative treatment (48). Treatment can be done in a 
halo or M inerva cast w ith the head in slight exten
sion. Any nonoperative treatment should be fol
lowed by stress films of the cervical spine. If the 
displacem ent persists, posterior C1-C2 fusion is 
recommended.

Nonlraumalic instability is associated with, a va
riety of developmental disorders, including Down 
syndrome, K lippel-Feil syndrome, and many of the 
skeletal dysplasias. This association may be caused 
by the laxity of the transverse ligament or hypoplasia 
of the odontoid. In Down syndrome, the incidence of 
instability has been reported to be as high as 20% . 
These patients are at risk for catastrophic injury after 
trivial trauma, and they should be screened routinely 
for instability, even if asymptomatic, at age 5 and on 
a yearly basis thereafter. If the atlanto dens interval 
(ADI) is greater than 5 mm, they should avoid high 
risk activities and should undergo repeat C-spine ra
diographs on a yearly basis. C l-2  fusion is indicated 
if  ADI is greater than 10 mm or if  signs of myelopathy 
are present. A small number of patients have no ob
vious predisposing factors.

The normal ADI is 3 mm in children. If an ADI 
greater than 5 mm is encountered, the patient should 
avoid contact sports and other activities that carry a 
high risk of flexion injury. If ADI is greater than 10 
mm, or if  the patient has  any symptoms or signs o f  
spinal cord com pression, C1-C2 posterior spinal fu
sion is recommended. A C1-C2 fusion in Down syn
drome is fraught w ith com plications, and this should 
not be taken lightly.

A tlanto  Axial Rotatory Subluxation
Rotatory instability of the atlanto axial joint is com 
mon in the pediatric population. Although it can oc
cur as a result o f  m inor or  m ajor trauma, its etiology  
is com m only atraumatic.

Grisel described this condition in 1930, w hich re
sulted in the term G risel’s syndrome (57). Various 
causes include upper respiratory and throat infec
tions, tuberculosis, and rheum atoid disease. A small 
number of patients have no obvious predisposing fac
tors. G risel’s syndrome is thought to develop when 
infectious agents are carried to the area of the liga
ments that support the atlanto axial com plex via the 
venous plexus, w h ich  drains the posterior  superior 
nasal pharynx resulting in inflammation and second
ary ligamentous laxity. If ligamentous laxity exists, 
rotation of the neck can result in subluxation of the 
atlanto axial joints.

A com bination of m uscle spasm, sw ollen capsular, 
and synovial tissue are believed to be responsible for

blocking the subluxation from reducing spontane
ously. Patients present w ith torticollis and neck pain 
w hich varies from m ild discom fort to severe pain. 
The torticollis can be differentiated from congenital 
m uscular torticollis by the position of the head with 
the chin pointing to the side of the m uscle spasm. 
Neurologic deficit is uncom m on, but quadriparesis 
has been caused by this condition.

Standard radiographs can be used to confirm the 
diagnosis, bu t interpretation is difficnltbecanse of ro
tation o f  the  head and neck. Dynamic CT with the 
head turned m axim ally to the right and left is the best 
way to confirm a diagnosis, by showing a loss of nor
mal rotation betw een C l and C2. Once other injuries 
have been ruled out, treatment protocols are the same 
regardless whether the onset was traumatic or atrau
matic. Treatment should be tailored to the degree of 
severity in each case. If symptoms have been present 
for a week or less, cervical collar im m obilization, bed 
rest, and analgesic m edication may be adequate to 
a llow  resolution o f  the m uscle spasm and torticollis. 
If symptoms persist for more than a week, cervical 
traction w ith a head halter or Gardner-Wells tongs 
should be used until spasm resolves and subluxation 
is reduced. Fielding recom m ends an arbitrary maxi
mum weight of 6.8 kilograms in children (48). A M i
nerva type brace/cast or halo should be used for 6 or 
9 more weeks to allow adequate healing of inflamed 
tissues. It is thought that after reduction and immo
bilization for this period of time, the lesion w ill heal 
without instability even i f  the cause o f  the  original 
inflammation continues.

If symptoms have been present for more than a 
month, reduction w ith traction is unlikely. This is 
referred to as rotatory fixation by Fielding and Haw
kins (50). In their patients, there was an average delay 
of diagnosis of over 11 months. They recommend an 
initial period of traction, followed by posterior cer
vical fusion of C l on C2. If reduction is not achieved, 
fusion should be in  situ, rather than risk neurologic 
deficit by  attem pting a reduction  under  general an
esthesia.

O dontoid Fractures____________________
In  children below age 11, C l on C2 displacem ent al
m ost always results from a fracture of the odontoid 
at the level of the growth plate between the odontoid 
and the axis body. This fracture tends to “decom
press” the cord and result in less cord injuries than 
the true atlantoaxial d islocation . The lateral C-spine 
radiograph usually demonstrates the anteriorly dis
placed odontoid process w ith a normal ADI but re
duced SAC.

Treatm ent for fracture of the dens at its base de
pends on the displacement. Traction on the cervical 
spine in slight extension usually results in reduction
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of the displaced or angulated odontoid. The fracture 
usually heals promptly when stabilized in a Minerva 
cast or halo for 8 to 12 weeks. Post-treatment stability 
should be checked w ith flexion, extension, and lat
eral radiograph of the cervical spine. Failure to rec
ognize this injury may lead to resorption of the bas
ilar portion of the odontoid. This resorption 
produces the appearance of the absent odontoid or 
an os odontoid. In the case of C1-C2 instability, a pos
terior C1-C2 fusion is indicated.

Fractures of the odontoid in young children al
most always occur as an epiphyseal separation of the 
growth plate at the base of the dens. Most cases result 
from severe falls or motor vehicle accidents, but sep
aration of the growth plate can occur w ith minor 
trauma as well. Usually the dens is displaced forward 
with the atlas and does not compress the spinal cord. 
The atlanto dens interval is not increased on a lateral 
radiograph; however, the space available for the cord 
is reduced depending on the degree of displacement. 
Neurologic deficit is uncommon.

In a series by Sherk et al., only patients with as
sociated head injury had a neurologic deficit (103). 
Fracture displacement of at least 50%  was universal 
in Sherk’s reported cases, but if  displacem ent is not 
present, identification of the fracture on radiographs 
may be difficult. Tomograms may show widening of 
the growth plate. Anterior angulation of the odontoid 
fragment is an almost constant finding and may help 
identify the m inim ally displaced fracture. As in other 
cervical spine injuries, occipital pain, m uscle spasm, 
and limited neck motion are common findings.

Reduction and casts or Halo im m obilization are 
appropriate treatment for this injury. S ix  to eight 
weeks of imm obilization are required. W hen appro
priately immobilized nonunion is rare, so is avascu
lar necrosis or growth distiu’bance of the odontoid 
fragment. Fracture of the odontoid occurring in  older 
children at the base of the dens after closure of the 
growth plate is extremely uncommon. W hen it oc
curs, it follows the same pattern seen in  adults. It is 
important not to confuse epiphyseal scar at the base 
of the odontoid with a fracture.

Failure to recognize odontoid fracture in child
hood may be responsible for the clin ical syndrome 
of os odontoideum. Previously, it was believed that 
os odontoideum was a congenital abnormality 
caused by failed fusion of the odontoid process to the 
vertebral centrum. Several case reports in the litera
ture document the os odontoideum or the absence of 
the odontoid process occurring after trauma to the 
cervical spine. There are nine reported cases of de
velopment of an os odontoideum after injury with 
preinjury documentation of normal radiographs.

Fielding believes that injury to the blood supply 
combined with retraction of the dens by the alar lig
aments contributes to creating a nonunion of the

odontoid (48). Os odontoideum leads to atlanto axial 
instability because the odontoid is no longer attached 
to C2.

In a symptomatic or asymptomatic patient with 
documented instability, treatment is by C1-C2 pos
terior cervical fusion (83). Controversy exists regard
ing the asymptomatic patient w ithout radiographic 
instability. Some authors advocate observation and 
repeated exam ination, w hile others recommend fu
sion to prevent neurologic injury w ith minor trauma.

C2 Pedicle Fracture
The so-called “hangman’s fracture” has been re
ported in  an infant as young as 7 weeks old. No data 
exists regarding the m echanism  of injury in children, 
but it is believed to be sim ilar to that in adult hang
m an’s fractures. In m ost reported series, there has 
been no neurologic deficit. W eiss and Kaufman re
ported the case of a hangm an’s fracture in a 12- 
m onth-old child  w ith central cord syndrome, and 
Pizzutillo et al. had only one of five patients with a 
neurologic deficit (96, 115).

Radiographic evaluation of this injury is com pli
cated by two factors. The neural central synchondro
ses can m im ic a fracture on oblique radiographic 
views and can persist beyond the age of 7 years, at 
w hich time it is usually closed. The more difficult 
problem in radiographic evaluation is differentiating 
the physiologic subluxation at C2-3 from pathologic 
subluxations, secondary to horizontal orientation of 
the pedicles and facet joints of C2. Pseudosubluxa
tion of C2-3 is present in 50%  of children up to age
8. It is secondary to physiologic ligamentous laxity 
and horizontally oriented facet joints in  this age 
group.

Sw ischuk’s posterior cervical line is useful in 
evaluating hyperm obility at this level (112). The pos
terior laminar line is identified at the base of the spi
nous process at C l, 2, and 3 in a line drawn con
necting this landmark at C l and C3. The posterior 
laminar line of C2 should lie w ithin 1 mm of this line. 
If it lies more than 1.5 mm posterior to Sw ischuk’s 
line, one should becom e suspicious of a fracture sep
arating the anterior body and posterior lam ina (112). 
If the distance is more than 2 mm, a fracture is almost 
certainly present.

If the lateral radiograph view is normal, the same 
criteria should be applied to the flexion radiograph. 
A true lateral radiograph view is essential for this 
technique to be used reliably. Treatment of Hang
m an’s fractures in an infant is sim ilar to treatm ent in 
an adult. If the body of C2 is not displaced signifi
cantly on C3, im mobilization in a rigid collar or cus
tom fabricated splint (SOMI or M inerva type) should 
be adequate. If there is more than 3 mm anterior dis
placem ent of C2 on C3, a more rigid imm obilization
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is indicated. A M inerva cast or halo is most appro
priate (78). Surgery is rarely indicated on an acute 
basis.

Subaxial Injuries
Subaxial injuries are distinctly different in children 
below age 8 and those over age 8. In the younger 
group, injuries are visually above C4. In the older 
group, the injuries are usually below  C4 and result 
in injury patterns sim ilar to those seen in adults. 
Flexion injuries predominate. Complete dislocations 
appear to be uncommon until late adolescence. Com
pression fractures are the most common injury. Re
sidual kyphosis, following flexion injury, m aybe less 
w ell tolerated in the growing child  than in adults. 
Some authors advocate posterior fusion to prevent 
late disability.

Most commonly, posterior interspinous wiring 
and fusion of the involved levels is sufficient. They 
should be accom panied by a brace for 2 to 3 months 
postoperatively. Subaxial injuries in infants and 
young children may have normal radiographic ap
pearance in the face of serious cervical instability 
and neurologic deficit.

One important type of subaxillary injury in young 
children is separation of the vertebral end plate from 
the vertebral body. This usually occurs through the 
epiphysis, sim ilar to a physeal injury in a long bone. 
Salter Harris Type I injuries occur in infants and 
young children, and Type III injuries occur in older 
adolescence, as the physis begins to close. It usually 
results from flexion injuries causing subluxation or 
dislocation of the facet joints. It does not result in 
rupture of the intervertebral disc as it does in adults 
with this injury. True incidence of this injury is not 
known because it is difficult to identify on radio
graphs. This injury is most common at the C2-3 level. 
The fracture may recoil after injury and return to nor
mal alignment, making radiographic identification 
im possible. The most likely radiographic finding is 
widening of the intervertebral disc space.

Physeal separation may play an important rule in 
injuries where neurologic deficit has occurred but no 
radiographic abnormality is seen. In the cervical 
spine, this usually involves the inferior end plate. 
Salter Harris Type I injuries are extremely unstable. 
If these injuries are identified in a child, Ogden ad
vocates operative stabilization (92). A single level 
posterior instrum entation and fusion is adequate. 
Posterior intraspinous wiring can be used for fixa
tion. Postoperative bracing or casting for 2 to 3 
months is recommended. In contrast, Type III in ju 
ries do not com pletely separate the physes from the 
vertebra. Therefore, if  stability is m aintained, these 
injuries w ill heal quickly if im m obilized in a M i
nerva cast or halo brace.

Ogden states that surgical treatment is rarely nec
essary in young children with C spine com pression

fractures even with ligamentous instability. He ad
vocates reduction and traction, followed by rigid im
m obilization. Treatm ent of fractures or dislocations 
of the lower cervical spine should consist of reduc
tion of the fracture or dislocation w ith skeletal trac
tion and then stabilization of the spine in a halo or 
M inerva cast.

Surgical stabilization is indicated in children only 
if  there is a progressive neurologic deficit, severe un- 
reducible deformity, and delayed spinal instability 
(108). If canal decom pression is indicated, an ante
rior approach is needed. Posterior decom pression is 
usually suboptimal, and lam inectom y may result in 
increased instability (107). M ultiple level lam inec
tomies (more than 4 or 5) in children result in pro
gressive late kyphotic deformity and require prophy
lactic fusion. If posterior fusion is required, 
autogenous bone graft should be used because the 
use of allograft is associated w ith an unacceptably 
high rate of pseudoarthrosis.

Th o racic and Lum bar Spine Injuries
In a three colum n system, injuries of the thoracic and 
lumbar spine can be divided into four major types: 
com pression fracture, w hich is failure of the anterior 
colum n with an intact middle column; a burst frac
ture, w hich is failure under com pression of both an
terior middle colum ns; a seat belt fracture, w hich is 
a com pression injury of the anterior column with dis
traction of the middle and posterior columns to ei
ther bony or ligamentous elem ents (flexion distrac
tion); and a fracture/dislocation witli all three 
columns failing compression, rotation shear of the 
anterior colum n distraction, shear of the middle co l
umn, and distraction w ith rotation shear of the pos
terior column.

Flexion (Com pression) Fractures
The normal kyphotic alignment of the thoracic spine 
predisposes it to compressive (flexion) injuries. Com
pression fractures of the thoracic spine are relatively 
common and those involving the lumbar spine are 
uncommon. The vertebral bodies typically have a 
wedge shape on lateral radiographs with the poste
rior cortical height m aintained. Anterior vertebral 
bony com pression is usually 20%  or less, and com
monly occurs at several levels. Fortunately, most 
compressive fractures of the thoracic spine are stable 
injuries with additional support from the rib cage, 
w hich prevents excessive translational movements 
during trauma.

The anterior colum n is compromised with the 
m iddle and posterior columns intact. The end plates 
may be involved in the fractures. The superior end 
plate sustains injury tw ice as often as the inferior end 
plate. Even in those fractures with 50%  compression.
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posterior elem ents are often not involved. Although 
there may be pain and tenderness in the posterior 
spine, there is usually no palpable w^idening of the 
interspinous distance. Neurologic findings are rare.

Vertebral body wedging in  the sagittal plane usu
ally remodels with reconstitution of the vertebral 
height, especially in  children less than 10 years old 
(69). Frontal (coronal) plane wedging does not cor
rect as well. If the end plates are fractured, there is 
usually no correction with growth, presumably be
cause of disruption of the growth centers and partial 
growth arrest. Slight axial deviations (less than 10°) 
can be corrected by asymmetric growth of adjacent 
vertebral bodies.

Compression fractures that do not have posterior 
involvement or apophyseal ring fractures are usually 
stable, both m echanically and neurologically. If there 
is any middle or posterior colum n involvem ent, there 
is potential for instability. A CT scan is usually in 
dicated in com pression fractures w ith more than 
30% loss of anterior vertebral body height or any loss 
of posterior vertebral body height to rule out a burst 
fracture with middle colum n instability.

Nonoperative Treatm ent
Most compression fractures, except for some severe 
compressions and m ultiple fractures in the thoracic 
spine, are stable injuries and can be treated nonoper- 
atively in an extension thoracolum bosacral orthosis 
(TLSO). Compression fractures heal in  6 to 8 weeks, 
and they do not tend to progress (46). If the com 
pression is mild, the patient can be treated symptom
atically with rest, with or without external support. 
Children are usually asymptomatic in 1 to 2 weeks. 
Posterior tenderness at the level of the fracture may 
continue for several weeks, but it responds to symp
tomatic treatment. In an end plate fracture or disc 
herniation, symptoms may persist a little longer. The 
outcome of nonoperative treatment with casting and 
bed rest has been satisfactory. Compression fractures 
less than 50%  loss of anterior body height are good 
candidates for nonoperative treatment.

Acute fractures w ith significant angular kyphosis 
or significant pain should be treated in an extension 
type TLSO for 6 to 8 weeks or until pain is gone.

Severe Com pression Fractures
Compression fractures rarely require surgery. W hen 
there is more than 50%  loss of anterior height or if 
there are multiple com pression fractures leading to 
increased kyphosis, posterior instrum entation is nec
essary. Contoured Harrington rods or any of the 
newer m ultiple hook rod systems may be used. In
strumentation should be long enough in the thoracic 
spine to encompass the kyphosis and apply com 
pressive forces. Patients who have m ultiple com 

pression fractures should be watched closely because 
further deformity in both coronal and sagittal planes 
can develop.

Burst Fractures
W hen a vertical (axial) com pression force is applied, 
the vertebral end plate fractures, and the nucleus of 
the disc is forced into the vertebral body, w hich ex
plodes and shatters. Burst fractures usually occur in 
the lower thoracic region, thoracolumbar junction, 
and lumbar region, where axial loading is possible.

By definition, these injuries are unstable in that 
they involve the anterior and middle columns si
multaneously. These burst fractures are m echani
cally unstable w ith collapse and painful kyphosis; 
they also are neurologically unstable both acutely 
and chronically with a retropulsed bone into the spi
nal canal (36). The extent of bursting cannot always 
be appreciated on plain radiography. CT scanning 
has proved invaluable in  the evaluation of burst frac
tures, both as an aid to diagnosis and as a guide to 
further treatment.

If the fracture involves the end plates, progressive 
deformity may result. Compensation for this defor
mity by asymmetric growth of neighboring vertebra 
seldom cancels out the deformity com pletely. Chil
dren should be observed carefully for this com pli
cation. Spontaneous, interbody fusion seldom oc
curs, and should not be relied on to provide 
long-term stability. Satisfactory results in burst frac
ture w ith or without nem-ologic deficit have been re
ported following nonoperative treatment.

For a burst fracture of the thoracic spine, the 
length of instrum entation may be sim ilar to that for 
com pression fractures, without compressive force. 
Contouring of the rods and achieving three point fix
ation helps reduce the deformity and restore the spi
nal alignment. In the lumbar region, instrumentation 
can be short one level above and one level below the 
fractured vertebra using pedicle fixation. After re
duction, if loss of anterior body height is greater than 
60% , anterior grafting from either posterior/anterior 
approach may be required.

It may be possible to use one pedicle screw at the 
fracture level. This w ill aid in the strength of the con
struct. If the patient requires decompression, espe
cially in the lower lumbar spine, this can be accom 
plished through the other pedicle. Occasionally, 
lim ited anterior body bone grafting can be accom 
plished posteriorly through the pedicle, Harrington 
instrum entation can be used for longer instrum enta
tion levels w ith contoured rods and application of 
three-point fixation, distraction, and short fusion.

Thoracolumbar junction fractures w ith severe an
terior angulation of the vertebral body require instru
mentation w ith a Kanada device or other similar 
instrum entation, w hich allows reconstitution of
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FIGURE 13.9 .
Flexion distraction injury through L3 A An anteroposteiior radiograph showing the fracture through the pedicles (arrows) 
B A lateral radiograph shows the angulation and fracture through the posterior arch and the pedicle (arrow) C. A sagittal 
MRI shows soft tissue disruption through L2-L3 interspinous ligaments (arrow)
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vertebral height or short fusion, one vertebrae above 
and one vertebrae below .̂ In a case of neurologic def
icit, the anterior decom pression is possible at the 
same time.

Flexion Distraction Injuries
Chance described three fractiu’es of the lumbar spine 
in which the fracture goes through the neural arches 
and pedicles and exits through the vertebral body an
teriorly (Fig. 13.9) (27). He thought that the fracture 
was secondary to a flexion injury. It is now accepted 
that a combination of flexion and distraction are the 
cause of this type of fracture (98, 105).

Gumley suggested a classification based on loca
tion of the fracture of the posterior elem ents of the 
vertebra (58). Type I extends through the spinous 
process and travels sym m etrically forward through 
all the posterior bony elem ents to emerge in a vari
able position in the vertebral body. Type II is iden
tical except that the fracture line transverses the pos
terior elements between the spinous processes. Type 
III is asymmetric, involving the posterior elements 
more on one side than the other, w hich is possibly 
associated with a rotational force occurring around 
the seat belt strap.

Children are particularly susceptible to the seat belt 
flexion distraction injury because of their high center 
of gravity and poorly fitting seat belts for their body 
size (2, 23) (Fig. 13.16). Bony chance fractures are best 
treated with an extension cast or rigid TLSO for 2 to 
3-month full-time wear. If acceptable sagittal align
ment cannot be achieved by closed means, operative 
reduction by a posterior approach is indicated (72).

If reduction is not achieved by nonoperative m eth
ods of postural reduction and casting, operative re
duction and fixation may be indicated. Posterior 
compression force is required to reduce the fracture. 
This can be achieved by interspinous wiring in small 
children, or by standard hook rod systems in  patients 
over age 6 or 7. Instrum entation and fusion is usually 
extended one level above and one level below the 
injury. A postoperative brace (TLSO) is highly rec
ommended.

Soft tissue chance injuries can occasionally be 
treated nonoperatively in children. A periosteal 
sleeve injury can heel well and result in long-term 
spinal stability (13).

Fracture Dislocation Injuries
These fractures usually occur at the thoracolumbar 
junction. They are often associated neurologic inju
ries of either the conus medullaris or nerve roots. 
This injury is always unstable, requiring operative 
stabilization (17 ,18 ). Injuries that have bony stability 
may only require posterior instrumentation and fu
sion. Significant bony instability usually necessitates

anterior and posterior spinal instrumentation and fu
sion.

Fracture dislocation injuries are very unstable, 
and they require rigid fixation with long instrumen
tation levels and multiple anchors starting close to 
the fracture level (26). Long instrumentation assures 
increased stability. In addition, if the patient has 
complete neurologic deficit, longer fusion and instru
mentation may be needed to prevent subsequent par
alytic spine deformity. If short segmental instrumen
tation is used, it should be extended at least two 
levels above and two levels below with the addition 
of postoperative bracing. A rigid TLSO is optimal.

Decompression is dictated by the individual pa
tient’s clinical presentation. Decompression is indi
cated in patients with significant canal compromise 
who have incomplete cord or cauda quina injuries 
(37).

M inor Spinal Fractures
Fractures of the spinous and transverse processes are 
often encountered with blunt trauma to the back; al
though the fractures themselves may be minor, the 
associated injuries may be severe. Transverse process 
fractures of the thoracic region may be associated 
with significant pleural cavity trauma; those in the 
thoracolumbar region may be associated with renal 
damage; and those in the lower lumbar region may 
accompany unstable pelvic fractures. These associ
ated injuries must be investigated thoroughly before 
these minor injuries are treated symptomatically.

Sacral Fractures
Isolated sacral fractures are rare in children. They 
usually occur along with significant pelvic injuries 
which are themselves uncommon in children. They 
also occur in association with more obvious thora
columbar spine fractures.

Fractures of the sacrum may involve the sacral 
nerve roots and cause neurologic deficit (14). High 
level sacral injuries S i  to S2 or S2 to S3 are more 
likely to cause bladder problems than lower injuries 
such as S4 to S5. Foraminal entrapment of S3 and S4 
is less likely than that of S i  or S2 because of the size 
of the nerve root relative to the foramina at these lev
els. If sacral fractures are undiagnosed and untreated, 
they may result in neurologic symptoms and deficits 
in the lower extremities and lead to urinary, rectal, 
and sexual dysfunction, as well as perianal and gen
ital sensory loss. Neurologic problems often remain 
the major chronic sequelae after the more obvious 
pelvic trauma is healed.

Denis et al. studied 263 patients with sacral frac
tures and a series of 776 patients with pelvic injuries 
and introduced a new classification scheme (34). He 
divides sacral fractures into three zones (Fig. 13.10): 
Zone I, alar zone, involves a fracture through the ala
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FIGURE 13.10.
Sacral fracture zones by Denis.

without any damage to either the foramen or the cen
tral sacral canal. Zone II, foraminal zone fractures, 
involves one or several foramina. It also goes through 
the ala without impinging on the central sacral canal. 
Zone III, central zone, involves prim arily the central 
sacral canal. The fracture line may involve two 
zones, or in the case of transverse fractures, all three 
zones. Any fracture involving m ultiple zones and the 
central canal is considered a Zone III fracture because 
the central canal is the most significant com ponent 
of the injury. The m ajority of sacral fractures are not 
associated w ith neurologic deficit. More serious se
quelae result from fracture dislocation of the sacrum 
before synostosis of the sacrum has occurred.

Zone I fractures are rarely associated w ith neuro
logic deficit, although they may occasionally involve 
L5 nerve root or the sciatic nerve. Vertical shear type 
fractures may compress the L5 root betw een the ala 
and the transverse process of L5. Initial traction may 
help reduce the com pression, but if displacem ent 
and neurologic deficit continue, open reduction may 
be necessary. If the sacral fracture has been displaced 
vertically 2 cm or more for more than 72 hours, re
duction is difficult because the paravertebral m us
culature w ill have contracted.

Zone II fractures may involve one or several foram
ina. Neurologic injuries are found in 28%  of these 
fractures; they may include bowel or bladder dys
function and L5, S i ,  S2, and nerve injuries. If the CT

scan shows reduction of sacral foramen size of at 
least 50% , early surgical decom pression may be in
dicated. In a case of unstable fractures, open reduc
tion posteriorly in  conjunction w ith anterior pelvic 
external fixation may be required.

Zone III fractures involve prim arily the sacral ca
nal. Neurologic damage results in more than 50%  of 
these cases and involves the bowel and bladder in 
the m ajority of the cases. It may also involve L5 and 
S i  nerve roots independently or in combination. 
Transverse sacral fractures may be associated with 
thoracolumbar burst fractures. Treatment of Zone III 
fractures w ithout neurologic deficit is aimed at pelvic 
stabilization. Neurologically involved patients re
quire careful evaluation, including CT scan with thin 
cuts, tilted gantry, and sagittal reconstruction. Post
void bladder residuals are also helpful in determin
ing bladder function pre- and postoperatively.

Decompression of sacral roots in the acute phase 
may be necessary to improve neurologic function. 
Delayed decompressions are often difficult, and they 
may not lead to significant recovery.

Vertebral Apophysis Fractures
Fractures involving the vertebral apophyseal end 
plate are unique injuries to the developing spine (13, 
106). The strength of the intervertebral disc and its 
attachments in children and adolescents allow ex
cessive forces involved in spinal trauma to be trans
mitted to the relatively weak cartilaginous vertebral 
apophysis end plate. Severe trauma to the spine in 
the younger child  (less than 10 years old) frequently 
results in a com plete separation of the vertebral 
apophysis from the primary spongiosa of the verte
bral body without failure of the intervertebral disc or 
annulus fibrosis (Fig. 13.11). The actual fracture is 
through the hypertrophic zone of the growth plate. 
The inferior growth plate is involved tw ice as often 
as the superior growth plate. This type of fracture 
may spontaneously reduce and may not be seen on 
plain radiographs. If the injury was severe enough to 
cause a spinal cord injury, the SCIWORA syndrome 
w ill be present.

The injury to the posterior elements in this type of 
fracture is usually through soft tissue attachments to 
bone, creating a periosteal sleeve type fracture. These 
fractures heal readily w ith closed reduction as 
needed and cast im m obilization. Post-treatment sta
bility should be documented with flexion extension 
films.

If open reduction is required, it can usually be ac
com plished using a posterior approach. Fracture re
duction is then usually m aintained with a cast or 
brace until adequate healing has been achieved. Un
stable spine injuries in children can heal and become 
sufficiently stable to justify not using internal fixa
tion and fusion.
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FIGURE 13.11.
Separation of the vertebral apophysis from the vertebral 
primary spongiosa.

An uncommon cause of back pain in adolescents 
is a fracture of the vertebral ring apophysis, usually 
referred to as a vertebral lim bus fracture or slipped 
vertebral apophysis (Fig. 13.12) (82). This fracture 
usually involves the lumbar vertebra and occurs most 
often as a result of sports activity, such as gymnastics 
or weight lifting (61, 81, 82). Usually it is not asso
ciated ŵ ith high energy trauma. The overriding com 
plaint is back pain— sensory or motor loss is rare. 
Several distinct types occur (Fig. 13.13) (113). The 
inferior end plate is usually involved. Plain films 
may be normal. CT scan is usually diagnostic. Sur
gical excision through a posterior approach is rec
ommended (41, 42). MRI may be helpful to rule out 
other causes of back pain prior to surgery.

Fractures Resulting from  Child Abuse
The true incidence of spinal injuries as a result of 
child abuse is not known, but the range is from 0 to 
3% in large series (51). One of the reasons for this 
discrepancy may be from a lack of consistency in ob
taining a skeletal survey in child  abuse victim s 
among different institutions. Most radiology depart
ments include an anterior, posterior radiograph of 
the entire spine and skeletal series, but the lateral 
radiograph is often not included. Furthermore, in

abused children, spinal injuries occasionally show 
m ild kyphosis, but most patients do not have signif
icant clin ical findings referable to their spines. It is 
not unusual that many of these injuries go unrecog
nized, and they may be more common than what is 
reported in the literature.

Because these injuries are likely to be associated 
w ith extremely violent assaults, routine evaluation of 
the spine is mandatory. In a study of child  abuse by 
Kleinm an, in 45 children with 85 spinal fractures, 
the average age of injury was 22 months (75). Most 
of the spinal fractures resulting from child  abuse in
volve the vertebral bodies. Posterior elements are in 
volved only occasionally. Varying degrees of anterior 
com pression are seen. There may be anterior notch
ing of the vertebral body near the superior end plate. 
There may be decreased disc space caused by disc 
herniation.

Severe injuries, such as fracture dislocations with 
or without neurologic deficit, have also been re
ported. Spinal cord hematoma may be seen without 
bony involvement. Significant fracture dislocations, 
especially those not associated w ith neurologic def
icit, may go unrecognized and result in significant 
spinal deformity later in life. Fracture dislocations in 
most cases result from hyperflexion, extension, or a 
com bination of the two. M ultiple com pression frac
tures are not unusual findings.

FIGURE 13.12.
A vertebral limbus fracture.
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B

FIGURE 13.13.
Types of vertebral limbus fracture. A. A thin margin of the apophysis is separated. B. A small fragment of the apophysis is 
separated. C. A large piece consisting of the apophysis and vertebral body is separated.

Fractures of the upper extrem ities may be seen as
sociated with spine fractures. For example, if a child 
is held above a table or counter and his/her buttocks 
are slammed down, he/she can use his/her out
stretched arms to break the im pact, causing fractures 
of the upper extrem ities. Most fractures are in the 
region of the thoracolum bar and lumbar spine. Frac
tures and fracture dislocations of the cervical region 
are also seen.

In evaluating the changes in the vertebral bodies 
and the disc spaces in child  abuse, one should con
sider developmental changes or infection. Disc space 
narrowing caused by infection is usually more severe 
than that caused by trauma and disc herniation. The 
value of the bone scan in detecting spinal injuries in 
cases of child  abuse is not clear. Standard radio

graphic studies generally are the primary method of 
detecting spinal trauma in child  abuse.

According to Kleinm an, vertebral body fractures 
and subluxations are fractures with moderate speci
ficity for child abuse, but if  the history of trauma is 
absent or inconsistent with injuries, they become 
high specificity lesions (75). Once child abuse is de
tected, the principles of diagnosis and treatment of 
child  abuse victim s should be followed.

Treatm ent of Pediatric 
Spinal Fractures
Management of thoracic and lum bar spine fractures 
in children have sim ilar goals: namely, a stable spine
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without significant deformity w hich accommodates 
the neural elements, is function and free of pain (31). 
There are some factors that lead to more severe de
formities than would be seen in an adult w ith the 
similar injury. An asymmetric injury to the vertebral 
end plate in a child can result in progressive angu- 
latory deformity typical of partial growth arrests. If a 
kyphotic deformity is allowed to remain after treat
ment of spine fractures, it may spontaneously prog
ress. This progression occurs more often when there 
has been a crushed vertebral body and end plate.

On the positive side, the continued growth of a 
vertebral body may help in remodeling of the defor
mity and reconstitution of the vertebral body. This is 
often seen in compression fractures. The spinal canal 
compromise seen in burst fractures has more poten
tial for remodeling in a child than in an adult. Frag
ments that have not caused neurologic deficit may be 
left alone. Further remodeling can be expected if the 
spine is otherwise stable.

Operative Treatm ent
Operative treatment is indicated most often in unsta
ble spine injuries. The alternatives in surgical man
agement of spine fractures in children are reduction, 
fusion, decompression, and instrumentation. The as
sessment of a child’s spine should include evaluation 
of spinal alignment, stability, and degree of canal 
compromise. If the initial imaging studies show that 
the alignment of the spine is satisfactory, there is no 
displacement of the fracture site, and the spinal canal 
has not been violated by bony or disc fragments, no 
reduction is necessary.

The need for surgical stabilization depends on the 
degree of stability. In the case of a neurologic deficit, 
the spinal canal should be evaluated by imaging, 
such as MRI or CT contrast studies. A patient with 
complete neurologic deficit who has no apparent spi
nal fracture or whose spine is aligned and stable does 
not require surgical intervention. Patients with in
complete neurologic deficit and spinal canal com 
promise and patients who are worsening neurologi- 
cally are candidates for spinal canal decompression.

Thoracic and Lum bar Spine Fractures
The goal of operative treatment of spine fractures is 
threefold: To provide an environment for maximal 
neurologic recovery, preserve maximal spinal mobil
ity, and provide long-term stability and a balanced 
spine. In the thoracic spine, arthrodesis and instru
mentation can be extended a few levels above and 
below the fracture. A longer posterior instrumenta
tion may be necessary to correct an angular kyphosis 
in this region. In addition, mobility of the thoracic 
spine is not significantly affected by longer instru
mentation and fusion.

In the lumbar spine, shorter instrumentation is de
sirable to preserve maximal mobility and lessen long
term degenerative changes. Pedicle screws may be 
beneficial for the lumbar spine in the adolescent pa
tient. However, in the younger child, the pedicles 
may not be of sufficient size.

Thoracolumbar fractures, especially those associ
ated with increased kyphosis and neurologic deficit, 
may be approached with an anterior decompression, 
grafting, and instrumentation or posteriorly by a pos
terolateral decompression, posterior interbody graft
ing, and posterior instrumentation. If the loss of an
terior vertebral height is significant, anterior strut 
grafting is preferable to posterolateral interbody fu
sion. In the case of a burst fracture, decompression 
can be done anteriorly, posteriorly, or laterally.

The surgical approach and the choice of instru
mentation depend on the type of fracture, location, 
neurologic deficit, and surgeon’s experience.

Decom pression________________________
The indications for decompression in patients with 
spinal fractures who are neurologically intact are 
controversial. There is significant potential for re
modeling of the spinal canal in children. Therefore, 
decompression in neurologically intact patients who 
have spinal canal compromise may not always be 
necessary. If patients require anterior grafting for cor
rection of kyphosis, decompression should be done 
at the same time. Children who have neurologically 
incomplete lesions and who have plateaued or are 
getting worse n.eurologically are candidates for de
compression.

There is evidence that early anterior decompres
sion may lead to improved neurologic recovery. 
There are several methods that allow anterior decom
pression of the spinal cord. Posterolateral decom
pression includes removal of the entire pedicle at the 
fracture level and the disc superior to the level of the 
fracture, as well as an eggshell procedure of the ver
tebral body to allow room for the fragments to reduce. 
Special instruments are necessary to accomplish this 
goal. Anterior decompression through an anterior ap
proach involves removal of the entire vertebral body 
at the offending level and usually necessitates the use 
of an anterior strut graft. Most often this is then fol
lowed by posterior surgery for stabilization.

With the exception of birth fractures, in which an
terior surgery is required to remove bone fragments 
compressing the spinal cord, anterior fusion is gen
erally avoided in the growing child. Anterior fusion 
destroys the anterior growth potential if posterior 
growth continues and a kyphotic deformity can re
sult. If posterior fusion is required, autologous bone 
graft should be used. Use of allograft bone is associ
ated with a high rate of pseudoarthrosis. In posterior
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fusions, iliac crest bone graft is routinely used, taking 
care to m inim ize injury to the cartilaginous iliac 
apophysis.

Traum atic  Spondylolysis______________
It was once thought that spondylolysis at the L5 level 
was secondary to congenital anomaly of the spine. 
However, there is significant evidence to suggest that 
the trauma is the actual etiology. Spondylolysis is 
rare before the age of five, and it is often first seen in 
children who are 8 to 9 years old. A review of the 
history of these patients and all the studies demon
strate that there is no one major severe trauma, but 
rather m ultiple m inor insults to the back. The etiol
ogy of spondylolysis is unknown. W iltse suggests 
that there is a stress fracture of the pars interarticu- 
laris (119). Rowe and Roche believe that normal hip 
flexion contractures may accentuate lumbar lordosis 
and allow increased force through the pars interar- 
ticularis leading to fracture (99).

Jackson et al. found an incidence of spondylolysis 
in  female gymnasts that was four tim es higher than 
that of the normal population (71). Interior football 
linem en also experienced an increased incidence of 
spondylolysis.

Although the preponderance of evidence favors a 
traumatic origin, there are several studies that dem
onstrate a familial tendency towards spondylolysis 
and spondylolisthesis. An increased incidence of 
spondylolisthesis in patients with spina bifida oc
culta may result from lack of development of the 
proximal sacrum.

The clin ical presentation of traumatic spondylo
listhesis is usually pain localized to the lower back 
that is aggravated by strenuous activities such as 
gymnastics or weight lifting. The child  may have 
hamstring tightness, although there is usually no 
other evidence of nerve root irritation. The pain may 
be exacerbated by twisting movement. O ccasionally, 
tenderness may be elicited at the level of the L5, S i  
region posteriorly.

Radiographs, including anterior, posterior, lateral, 
and oblique views, are often very specific in the di
agnosis of spondylolisthesis. However, because of 
the overlying bone structures involved, no fractures 
may be noted. In these cases, technetium  bone scans 
or SPECT scans may be necessary to fully evaluate 
the child  w ith low back pain. A CT scan through the 
area can also be helpful in demonstrating these in
juries.

Sherman et al. described 11 patients who had re
active sclerosis and hypertrophy of a single pedicle 
of the lumbar vertebra with a contralateral spondy
lolysis in the same vertebral segment (104). They be
lieve that this was a physiologic response to stress on 
the opposite neural arch. The sclerotic pedicle can 
be confused with the sclerosis of an osteoid osteoma.

Therefore, further studies should be undertaken be
fore an excision of this lesion is performed because 
the spine could be rendered unstable with spondy
lolysis of the opposite side.

The treatment of spondylolysis is usually non
operative because the defect heals in  most children. 
The back should be mobilized w ith either a corset or 
lumbosacral orthosis. The child should be restricted 
from vigorous activities, and therapy should be in
stituted for stretching of the abdominal and ham
string m uscles. If nonoperative treatment fails to re
lieve symptoms w ithin 6 to 9 months, surgical 
treatment may be indicated. This treatment can con
sist of bilateral lateral colum n fusion from L4 or L5 
to S i .  Direct bone repair with a screw or wiring of 
the defect with bone grafting with repair with a ped
icle  screw and wire above the spinous process has 
been described with some success (22).

The Gill procedure or lam inectom y should never 
be performed in children without fusion because re
moval of the posterior elements may lead to in
creased instability.

Halo A pplication_______________________
The halo-brace (cast) has been used successfully in 
children and infants as young as 7 months of age (89). 
Custom-made components usually w ill be needed 
depending on the size of the patient. The steps for 
fitting the halo-brace are as outlined in Mubarak et 
al. (87). A preapplication CT scan of the skull can

FIGURE 13.14.
Halo application in the child: up to 10 to 12 pins can be 
apphed with 2 inch/lbs.
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help locate the halo pins in areas of thicker bone. The 
ring is usually placed under a general anesthetic just 
below the equator of the skull. Ten to twelve standard 
halo pins can be used and tightened to 2 in/lbs cir- 
cumferentially (Fig. 13.14). The vest and suprastruc- 
tare are then applied (53).

Routine daily pin care is needed. If pin sites be
come infected, oral or intravenous antibiotics m aybe 
needed. Persistent infections in  the face of aggressive 
treatment may require pin removal (45, 52, 87). Extra 
care must be taken in the use of the halo-brace in 
patients under 2 years of age. Incom plete fusion of 
cranial sutures, open fontanels, and deformable cra
nial bones can be significant problems. These diffi
culties are minim ized by short periods of halo use, 
custom fitted rings, and a high number of low tongue 
pins (76, 87).

Disc Herniation
Although not as common as in adults, lumbar disc 
herniation does occur in children and adolescents. 
Presenting complaints are sim ilar to adults with leg 
pain in a typical sciatic distribution (15, 35). The 
straight leg raise test is highly sensitive and specific 
for the presence of a herniated lumbar disc in ch il
dren (15, 35, 40, 54, 73, 77, 101). Nonoperative treat
ment with bed rest, activity restriction, and analge
sics are usually sufficient treatment. Trauma is a 
significant factor in causing disc herniation in  ch il
dren. Associated structural abnorm alities that may 
predispose to herniated discs include spina bifida oc
culta, sacralization of L5 and 6, and lumbar vertebra 
(15, 35, 40). MRI is helpful in establishing the diag
nosis and level of compression. The results of surgi
cal management of lumbar disc herniation in ch il
dren is excellent. Discectom y using a lam inectomy 
without fusion is the procedure of choice (15, 35, 40,
54, 73, 77 ,101). Recurrence rate at the operative level 
is 6% and twice that at another level (35).

SCIWORA
Spinal cord injury without radiographic abnormality 
(SCIWORA) occurs almost exclusively in children 
and is common in younger children, infants, and 
newborns (28). It occurs most com m only in the cer
vical spine, specifically the cervicothoracic junction, 
but also occurs in the thoracic and lumbar spine. A 
higher percentage of these injures are complete in 
juries. Children less than 8 years old have a lower 
incidence of neurologic recovery. Onset of symptoms 
can be delayed up to 4 days post injm-y (94). A MRI 
is indicated in all these cases to define the specific 
lesion. Causes include physeal end plate fracture 
with instability, stretch injuries, infolding of the lig- 
amentum fiavum, infarction of the cord (^most com 

mon at the T4-L1 level), acute thoracic disc hernia
tion, and protrusion of cartilaginous end plate into 
the canal. Nonoperative im m obilization for 1 to 3 
weeks is the treatment of choice. Operative decom
pression is not effective unless progressive neuro
logic deterioration occurs and a specific lesion can 
be identified (120).

Return to A ctivities (Sports)
The physician who is treating the child with spinal 
injuries is concerned about the ch ild ’s injury and 
when treatment can be finished. However, usually 
the child  is more concerned over w hen he/she can 
return to regular activities. This is always a challenge 
for any physician but especially for those dealing 
with children. Often tim es, the child who is nearing 
the end of treatment w ill be active despite the pres
ence of a halo brace, M inerva cast, or body jacket. 
Once these devices are removed, an elem ent of pro
tection against reinjury is eliminated. At the same 
time, the child feels unleashed. This is not a good 
tim e to let the child  go. The child  and parent need to 
be counseled as to the need for restraint and the pos
sibility of reinjury. The child  should not be allowed 
to return to normal activities (i.e., sports) for 6 to 12 
weeks after discontinuing treatment. Rarely is formal 
physical therapy needed unless there is a persistent 
lim itation of m otion or weakness. The child should 
not return to unrestricted activity until the injury has 
healed, the spine is stable, and there is no significant 
pain or loss of motion. Return to activities should be 
done on a graduated basis.

Injury Prevention
Prevention of spinal injuries in  children is every
one’s responsibility. Although not all of these in ju
ries are preventable, there are many ways to decrease 
their incidence. Children are unaware of their deci
sions that put them at risk of having a spine injury. 
It is the responsibility of adults and ultim ately par
ents to m inim ize the risk of spinal injury in their ch il
dren. The physician can and should be an advocate 
for child  safety, usually through education of the par
ents and children. Parents should be informed as to 
what activities are high risk for spinal injuries and 
what active role they can take to protect their child 
w hile not overreacting.

Com plications_________________________  

Late Deform ity
Significant long-term posttraumatic deformities of 
the spine do occur in  children and should be treated 
aggressively. Growth of adjacent vertebra rarely cor
rect the primary deformity completely. The amount
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of reconstitution of height in fractured vertebral bod
ies is not predictable.

Severe deformity always results in com pensation 
by adjacent parts of the spine, w hich leads to a sec
ondary deformity. This process can lead to overload 
symptoms in the spine, w hich are very difficult to 
resolve.

Paraplegia or Quadriplegia
Fortunately, severe spinal cord injury is not common 
in young children. Complete cord lesions in children 
carry a prognosis sim ilar to those in adults with no 
real chance of recovery. For incom plete lesions seen, 
the return of neurologic function is quite variable and 
a com plete return is possible. For those patients un
fortunate enough to have a com plete cord lesion as a 
child  (preadolescent), nearly 100%  w ill develop a 
significant progressive spinal deformity. Most, if  not 
all, of these patients w ill require operative spinal fu
sion with instrumentation. The young child  (less 
than 10 years old and Risser 0) w ill need a combined 
anterior discectom y and fusion and posterior instru
m entation and fusion to the pelvis to obtain a stable, 
balanced spine.
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SECTION 3

Spinal Trauma

CHAPTER FOURTEEN

Spinal Cord Injury and Lower 
Cervical Spine Injuries

Paul A. Anderson

Introduction
Recent advances in research, patient assessment, 
early resuscitation, and rehabilitation have greatly 
improved the outcome of many patients v̂ îth spinal 
and spinal cord injuries. Unfortunately, the means to 
achieve reversal of complete spinal cord injury still 
remains enigmatic. Preventive efforts aimed at public 
education, the use of safety restraints, and elimina
tion of drunk driving has resulted in decreased rates 
of injuries from sports activities and vehicular 
trauma. Unfortunately, the incidence of spinal cord 
injury in the population has not changed due to in
creases in spinal cord injuries related to firearms. 
Newer surgical techniques to allow decompression 
and stabilization of the cervical spine have increased 
the interest of surgeons in the care of patients with 
spinal trauma. In this chapter, the principles of pa
tient assessment and the classification of injury as 
well as the treatment of cervical spine and spinal 
cord injuries are discussed.

Evaluation of tiie Spinal 
Injured Patient
The initial assessment of traumatized patients fo
cuses on maintenance of their airway, breathing, and 
circulation. If required, intubation can be performed 
while an assistant holds the head straight with gentle

traction. Spinal cord injured patients w ill have a par
adoxical diaphragmatic breathing pattern, and pa
tients w ith higher neurologic levels of injury may de
teriorate over the first 24 to 48 hours and require 
m echanical ventilation. Cervical cord injured pa
tients frequently have neurogenic shock caused by 
loss of sympathetic tone. Hemodynamically, they 
present with hypotension and bradycardia. Although 
blood loss from other causes should be excluded, 
neurogenic shock is best treated with vasopressors 
and atropine. Because the autoregulation of spinal 
cord blood flow is lost after trauma, it is important to 
m aintain systolic pressure to at least 90 mm Hg. After 
the primary assessment, the secondary examination 
to exclude other life-threatening injury is performed. 
During the secondary exam inations, the spinal col
umn and neurologic status of the patient is assessed 
carefully.

Physical Exam ination
A history of the mechanism of injury is important to 
identify the magnitude and direction of forces that 
may have caused skeletal injury. Additionally, po
tential associated injuries, such as bowel injury in 
seat belt related trauma or facial fracture in patients 
with cervical extension injures, can then be identi
fied. Inspection of the patient for contusions and lac-
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eration of the head or neck or abdominal abrasion 
from seat belts helps to identify forces imparted to 
the spinal column. To com plete inspection, the pa
tient should be log-rolled with the help of an assis
tant and the collar removed so that the entire spinal 
column can be visualized. Contusions about the 
spine, dorsal swelling, or gibbus deformities are 
likely indications of significant spinal injuries. W hile 
the patient is in the log-rolled position, the spine 
from the occiput to the sacrum is palpated, checking 
for tenderness, swelling, and gaps between spinous 
processes. Reproducible focal spinous process ten
derness is a sensitive indication of spinal colum n in 
jury even when radiographs are negative. In poly
traumatized patients, we have discovered occult 
fractures in 40%  of patients w ith focal tenderness but 
negative radiographs. Palpable gaps betw een spinous 
processes indicate distractive injuries to the posterior 
elements and in most cases represents an unstable 
spine that is best treated surgically.

After palpation, the patient is placed supine and 
a complete neurologic exam ination is done (7). The 
neurologic exam ination includes testing of the motor 
and sensory and reflex functions of the patient. Each 
dermatome is tested for pin prick, light touch, and 
position sensation. This is best done by starting at the 
head and neck and proceeding caudally. Grading of 
sensation is normal, impaired, or absent. The motor 
system is assessed by m anual m uscle grading from 0 
to 5 of each m uscle group in both the upper and 
lower extremities. Because sacral sparing m aybe the 
only retained function indicating an incom plete spi
nal cord lesion, perineal function must be assessed 
carefully. A digital rectal exam is performed, noting 
the anal tone and the ability to voluntarily contract. 
Testing is performed for the bulbocavernosus reflex 
and perianal pinprick sensation. Deep tendon re
flexes and pathologic reflexes, such as clonus, Babin- 
ski, and Hoffman’s sign, are tested. Prompt recording 
of the neurologic exam in the m edical record is es
sential to allow accurate determ ination of the pa
tient’s progress.

The Am erican Spinal Injury A ssociation (ASIA] 
has developed standards for assessing and classifying 
spinal cord injuries (7). An assessm ent form (Fig.
14.1) allows detailed recording of a com plete neu
rologic examination. Functionally, patients may be 
assessed by the ASIA Impairment Scale, w hich is 
modified from Frankel (Table 14.1). The level of neu
rologic function is defined by ASIA as the most cau
dal level with at least Grade 3 motor function. The 
overall motor function of the patient can be quanti
fied using the motor score. The motor score ranges 
from 0 to 100 and is determined by the summation 
of bilateral manual m uscle test score for ten key m us
cle groups. These m uscle groups include: elbow flex
ors (C5), wrist extensors (C6), elbow extensors (C7), 
finger flexors (C8), hand intrinsics (T l), hip flexors

TABLE 14.1.
Modified Frankel Impairment Scale
A. Complete. No m otor or sensory function below the level of 

in jury including sacral segments
B. Incomplete. Some sensation but no m otor function.
C. Incomplete. Preserved m otor function. The key muscle 

groups are less than grade 3.
D. Incomplete. Preserved m otor function. The key muscle 

groups are greater than or equal to grade 3.
E. Normal.

(L2), knee extensors (L3), ankle dorsiflexors (L4), 
long toe extensors (L5), and ankle plantar flexors 
(SI).

Radiographic Exam ination
All traumatized patients require antero-posterior 
chest, pelvic, and lateral cervical radiographs as part 
of in itial assessment. To properly clear the cervical 
spine, antero-posterior cervical and open mouth 
odontoid radiographs are also obtained. The entire 
cervical spine from the occiput to T l  should be vi
sualized. Commonly missed fractures are odontoid 
fractures, facet fractures, and injuries at the cervico- 
thoracic junction (24). If the entire cervical spine can
not be w ell visualized with routine radiographic 
views, then additional special techniques, such as 
lateral “sw im m ers” and trauma oblique radiographs, 
can be obtained. In some cases, CT scans may be re
quired to adequately assess the cervical spine. If a 
spinal fracture is found, then a com plete spinal se
ries, including the cervical, thoracic, and lumbar 
spine, is obtained; 10 to 15%  of patients w ill have 
noncontiguous spinal injuries (67).

A CT scan is recommended in the majority of pa
tients with identifiable fractures or dislocations on 
plain radiographs, although fractures in a transverse 
plane may be seen poorly (i.e.. Type II odontoid frac
tures or horizontal fractures through facets). Mag
netic resonance imaging may have increased benefits 
because of its ability to determine the soft tissue com 
ponent of the injury and predict the prognosis of neu
rologic recovery in some patients (36, 85). Early di
agnosis of soft tissue injuries, such as traumatic disc 
herniations, may allow surgeons to treat patients 
more appropriately and achieve com plete neural de
com pression (47). The presence of ligamentous in
juries can be determined accurately using fat sup
pression MRI techniques (T2 weight or STIR 
sequences).

Pathophysiology of Spinal 
Cord Injury
Early treatment in the first few hours after injury may 
lead to significant neural recovery and improved
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long-term function. Therefore, patients with spinal 
cord injuries should be evaluated rapidly to allow 
early institution of treatment. To better understand 
the importance of initial therapy, the pathophysiol
ogy of spinal cord injury and experim ental treatment 
methods are reviewed here.

Experim ental and clin ical observation have iden
tified two phases of spinal cord injury. The primary 
insult is the initial trauma directed to the cord that 
causes irreversible nerve cell and axonal loss. The 
severity of the initial trauma is directly related to the 
kinetic energy transferred to the neural tissue (15, 
44). In most cases, the forces are directed to the ven
tral surface of the cord due to crushing from retro- 
pulsed bone and disc fragments or from excessive 
traction forces due to vertebral colum n lengthening 
from distraction on kyphotic angulation. Assen- 
m acher and Ducker found that in primates, a 300 gm/ 
cm force resulted in incom plete neural injuries, 
whereas a 500 gm/cm force was associated with com 
plete neural deficits (15). C linically, the magnitude 
of the forces in humans cannot be determined accu
rately to aid physicians caring for patients. Also, ra
diographs poorly correlate with displacem ent that 
occurs transiently during injury (32).

Histologic studies have demonstrated that im m e
diately after experim ental injury, the structure of the 
cord is intact (44). Later w ithin the first 24 hours, a 
progressive disruption and necrosis of the neural tis
sue occurs. This progressive destruction has been 
termed the secondary injury, and the m echanism  and 
method to mitigate its effects are the subject of exten
sive research.

Immediately after injury, a failure of axonal repo
larization caused by potassium leakage blocks spinal 
cord conduction (11). Ischem ia caused by disruption 
or com pression of intramedullary vessels and the 
loss of autoregulation of spinal cord blood flow ex
acerbates this condition (44). Histologic exam ination 
im m ediately after injury shows m inim al changes. 
W ithin 3 to 5 m inutes, petechial hemorrhage appears 
in the central grey matter w ith m inim al changes in 
the white axonal matter. Throughout this process, the 
grey matter is always affected more severely than the 
white matter. W ithin 30 m inutes, the petechial hem 
orrhage coalescences into hemorrhages, and neuro
nal necrosis appears. The axons are sw ollen but still 
intact. W ithin 4 hours, significant changes are appar
ent in the white matter consisting of oligodendritic 
necrosis and axonal swelling although structurally 
they are still intact. At 8 hours following injury, ax
onal necrosis and maximal swelling are observed. 
The pathophysiologic m echanism  responsible for 
this progressive neuronal destruction, especially of 
the white matter, is the subject of investigation (62, 
64).

Previously, the secondary injury was thought to be

secondary to vascular ischem ia (12). However, more 
significant biochem ical alterations have been iden
tified. After injury, there is a rapid depletion of aden
osine triphosphate (ATP) that results in failure of cal
cium dependent membrane transport systems and 
enzymes (64, 102, 103). This allows the accumula
tion of intracellular and intram itochondrial calcium, 
thereby uncoupling oxidative phosphorylation fur
ther depleting ATP. Enzymes such as phospholipase 
A2 are activated, w hich cause lysis of membranes 
and myelinated tissues. A rachidonic acid is released 
and metabolized to various prostaglandins and 
thromboxane structures, w hich have adverse effects 
such as vasoconstriction, platelet thrombosis, and 
lyosomal enzyme release. Significantly, lipid perox
ide free radicals are formed, causing chain reactions 
and breakdown of membranes and myelin. A circular 
cascade is created, w hich leads to progressive de
struction (Fig. 14.2).

Attempts to lim it the abnormal biochem ical pro
cesses of secondary injury has led to pharmacologic 
management of spinal cord injury (10, 27). The two 
agents with proven clin ical efficacy in humans are 
corticosteroids and gangliosides. Methylpredniso- 
lone is a corticosteroid w ith a preferential ability to 
lim it lipid peroxidation in traumatized central ner
vous systems (27). Bracken et al. reported the results 
of the National Spinal Cord Injury Study 2 (NSCIS 2) 
(26). Three drugs— a placebo, naloxone, and high 
dose m ethylprednisolone— were compared in a mul
ticenter, randomized, double-blinded study of 476 
patients. No differences in  neurologic outcomes were 
observed between the placebo and naloxone groups. 
The group that was administered methylpredniso
lone had statistically significantly increased motor 
and sensory scores although clin ically  the results 
were only modest. Only patients who had the drug 
given w ithin 8 hours of injury benefited. Both incom
plete and com plete patients showed improvement 
when given m ethylprednisolone.

Other steroid m olecules have been investigated 
and show activity at altering abnormal biochemical 
processes (59). An aminosteroid, trilazoid, without 
any glucocorticoid activity has been shown to pro
mote neural recovery in head injury models. This 
agent is currently undergoing testing in the NSCIS 3 
study.

Gangliosides are naturally occurring large glyco
protein m olecules w ith high density in neural tissues 
(81). They appear to aid in membrane transport func
tion and m aintenance of structure. In cell cultures 
they have cytogenic and trophic effects. Animal stud
ies demonstrated efficacy of gangliosides in head in
jury models. Geissler et al. compared ganglioside 
G M l to placebo in a randomized double-blind study 
of spinal cord injury patients (52). Statistically sig
nificant increased functional recovery was seen in
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Biochemical changes that occur in central 
nervous system after traumatic injury ATP = 
adenosine triphosphate, PMN = polymor
phonuclear leukocyte, PLA2 = phospholi- 
pase A2. Reprinted with permission from 
Slucky AV, Eismont FJ Treatment of acute 
injury of the cervical spine Instructional 
Course Lectures 1995;44'67-80.

FIGURE 14.3.

A. A tlnrty-iive-year-old male construction worker sustained the C5-B bilateral facet dislocation shown on the lateral cervical 
radiograph On examination forty-five minutes after injury, he was a C5 complete quadriplegic Reduction was achieved 30 
minutes later. He noted an immediate return of sensation in his extremities and within 1 hour he had regained motor 
function. B. Lateral radiograph after reduction. Seventy-two hours later, the patient was nenrologically intact and underwent 
a Bohlman triple wire arthrodesis.
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the group given GM l ganglioside. To be effective, the 
drag can be admmistered up to 72 laouis afteT .
Presently, gangliosides are also undergoing clin ical 
testing in a m ulticenter study.

M echanical factors have received less attention 
but are of great interest to physicians caring for spinal 
cord injuries. Trauma renders the spine unstable 
whereby the spinal cord becom es injured. Because of 
persistent instability, the potential for recurrent neu
ral injury exists. Ducker et al. convincingly demon
strated the value of skeletal stabilization w hen they 
evaluated a variety of pharmacologic agents and their 
effect on neural recovery (45]. They foiind simple im 
m obilization of the injured spine more important 
than any of the experim ental drugs. Breig has shown 
that residual kyphosis or anterior cord com pression 
creates increased tension on axonal tracts and de- 
creased cord perfusion (28). Additionally, com pres
sion of nerve roots may decrease segmented radicular 
blood Row, increasing cord ischemia. The abnormal 
tensile forces can he corrected by fracture reduction 
and com plete decompression.

In many cases, viable nerve tissues remain follow 
ing injury but have lim ited recovery because of per
sistent cord com pression. Bohlm an and Anderson 
have documented recovery of these tissues up to 12 
months from injury (11, 22). Other studies show an 
inverse relationship between time from injury to neu
rologic recovery (42, 78). Additionally, a short w in
dow of opportunity may exist in some patients in 
whom an immediate decom pression may reverse the 
spinal cord injuTy and prevent any secondary insults. 
Delamarter et al, created spinal cord injuries in bea
gles using a constricting band, creating 50%  occlu
sion of the spinal cord (39). Anim als who had the 
band im m ediately released or after 1 hour made full 
clin ical recovery. Animals in w hich the band was left 
in  place for 6 or 24 hours developed complete para
plegia. In humans, we have observed four cases of 
immediate reversal of quadriplegia by fracture reduc
tion w ithin two hours of injury (Fig. 14.3).

Early treatment of spinal cord injuries is not w ith
out risks. M arshall et al. reported a m ulticenter study 
of 283 patients of whom 14 developed neurologic de
terioration (71). Four patients were in the surgically 
treated group, all of whom had surgery w ithin the 
first 5 days. No patients having surgery after 5 days 
experienced deterioration. However, a slightly 
higher percentage of patients deteriorated w ithin the 
first 5 days during nonoperative treatment. Early sur
gery has been associated w ith decreased morbidity 
and hospitalization costs (63, 86).

Classification__________________________
Many classification systems have been described to 
assess cervical injuries, but none have been univer

sally acceptable. An accurate classification system is 
\Tnpoi\aEi\ \o tOTiTmoTi iiaclxixE; paWeins, de
term ine prognosis, assist in  planning reduction ma
neuvers that reverse  injury vectors, and help  deter
m ine proper treatment methods. The basic concept 
of stability was emphasized by Nicoll (75). He eval
uated 152 m iners who sustained fractm-es of the thor- 
aco-lumbar spine. Stable fractures included anterior 
or lateral wedge fractures and fractures of the neural 
arch above L4. These fractures were characterized by 
having intact intraspinous ligaments. The patients 
w ith stable fractures did not develop progressive de
formity or neurologic deficits and were able to return 
to mining. Unstable fractures were associated with 
injury to the posterior osseous-ligamentous structure 
and were associated w ith increasing deformity and 
disability. Such fractures included fracture subluxa
tion w ith post-elem ent damage, all fracture disloca
tions, and posterior elem ent fractures at L4 or L5. 
Holdsworth confirmed the observations of Nicoll 
(61). He furthered the understanding of fractures by 
dividing the spinal colum n into two columns: the an
terior and posterior columns. Stable fractures had in
juries associated to only one column, whereas unsta
ble injuries had two colum n injuries. He emphasized 
the importance of evaluation of the posterior osse
ous-ligamentous com plex by both physical exami
nation and careful review of radiographs. Today, MRI 
with fat suppression techniques can accurately de
term ine the presence of occult posterior ligamentous 
injury in the sub-axial cervical spine.

W hite and Punjabi used cadaveric testing to de
termine parameters that could be used to determine 
clin ical instability (99). They define instability as a 
“loss of ability of the spine under physiologic loads 
to m aintain relationships in such a way that there is 
neither damage nor subsequent irritation to the spi
nal cord or nerve roots and, in addition, there is no 
development of incapacitating deformity or pain.” In 
the cadaveric specim ens, they progressively sec
tioned ligaments from anterior to posterior and from 
posterior to anterior. After each sectioning, the spine 
was loaded and deformations were measured. They 
found significant m otion occurred when all posterior 
ligaments and a single anterior ligamentous structure 
or all anterior ligamentous and a single posterior lig
amentous structure were sectioned. The deformation 
measured was 3.5 mm of antero-posterior translation 
and 11° of kyphotic angulation. To aid in the clinical 
evaluation of stability. W hite has recommended use 
of a checklist (Table 14.2) (99). Each elem ent of the 
checklist is assessed and the total positive values are 
summated. If the value is greater than five, then the 
spine is probably unstable. This checklist is to be 
used prim arily for the evaluation of acute trauma. Pa
tients w ith values greater than five do not necessarily 
require surgery but usually, at a minimum, are
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TABLE 14.2.
Checklist for the Diagnosis of Clinical Instability
Element P o in t V a lue
Anterior elements destroyed or unable to 2 

function
Posterior elements destroyed or unable to 2 

function
Relative sagittal plane translation >3.5 mm 2
Relative sagittal plane rotation >11° 2
Posterior stretch test 2
Cord injury 2
Root injury 1
Abnormal disc narrowing 1
Congenital spinal stenosis 1
Dangerous loading anticipated 1

>5  = Clinical Instability

TABLE 14.4.
Classification of Cervical Injuries
1. H yp e rfle x io n  In ju rie s

Posterior ligamentous injuries 
Unilateral facet dislocation 
Bilateral facet dislocation

2. A x ia l Load ing
Compression fracture 
Burst fracture

3. A x ia l Load ing  F lex ion
Tear drop fractures

4. E x ten s ion  In ju rie s
Isolated fractures of posterior ligaments 
Anterior longitudinal ligament rupture 
Central cord syndrome 
Traumatic retrolisthesis

treated with a halo-vest. Although not uniform ly ac
cepted, this checklist provides an objective frame
work to assess cliiaical instability.

Allen and Ferguson and their colleagues devel
oped a comprehensive classification system based on 
six different fracture m echanism s that were deter
mined from analysis of radiographs (Table 14.3) (6). 
Each fracture type is associated with subtypes w hich 
vary according to the severity of the injury. This sys
tem is excellent for use in in-vitro studies, but has 
limited clinical applications. The system is cum ber
some and in many patients it is difficult to reliably 
determine its fracture phylogeny. Denis expanded 
the ideas of Holdsworth by introducing the three col
umn concept (41). The third colum n is the middle 
column consisting of the posterior vertebral body 
wall, the posterior longitudinal ligament, and the 
posterior third of the disc and annulus. Although ar
tificially created, the middle colum n is clearly im 
portant because it is most often the site of neural im 
paction. McAfee et al. emphasized the im portance of 
the middle colum n and described six thoracolumbar 
fracture types based on forces directed to the middle 
column (72). Although useful in the classification of 
thoracolumbar fractures, the three colum n theory has 
little applicability in cervical injuries.

The AO group has developed a classification sys
tem based on primary force vectors (53). Type A in 
juries are com pression injuries. Type B are distrac-

TABLE 14.3.
Allen and Ferguson Mechanistic Classification of 
Cervical Injuries

Stages
Compressive flexion 1-5
Vertebral flexion 1-S
Distractive flexion
Compressive extension 1 - i
Distractive extension 1^2
Lateral flexion 1-2

tive injuries, and Type C are m ultiplanar instabilities 
caused by rotation or shear. Subtypes in each group 
represent a continuum  of progressive severity. This 
classification system strongly correlates w ith stabil
ity and the incidence of neurologic deficits as one 
progresses from Type A to Type C. However, at the 
present time, this system has not been used in the 
United States for cervical injuries.

Because of the lack of an accepted classification 
system, we w ill define fractures in broad groups 
based on fracture m echanism  and then in sub-groups 
using common names associated w ith fracture mor
phology (24) (Table 14.4). To properly classify a spi
nal injury, the physician must carefully exam ine the 
patient for tenderness, swelling, and gaps between 
the spinous processes. A m eticulous neurologic ex
am ination must be performed. The plain radiographs 
are assessed for anterior and posterior colum n in ju
ries, fractures, and subluxations. Posterior ligamen
tous injury is often subtle and radiographs should be 
scrutinized for interspinous widening. In the major
ity of cases, a CT and/or MRI should be obtained. The 
MRI is especially useful in identifying disc hernia
tion and ligamentous injuries.

Hyperflexion Injuries 

Ligam entous Injuries
Hyperflexion and distractive forces created in the 
posterior osseous ligamentous com plex during rapid 
head acceleration or deceleration can result in tensile 
failure of these structures (79). A progressive liga
mentous injury occurs from posterior to anterior. 
C linically, a variable degree of soft tissue injury is 
present. Initially, it is often difficult to differentiate 
minor from severe injuries. Minor sprains may be 
painful but present little long-term significance. Ma
jor ligamentous disruptions are highly unstable and 
require aggressive treatment to dim inish risk of long
term pain and neurologic deficits.
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A. Lateral radiograph of 73-year-old female who reported neck pain after a motor vehicle accident. Wide separation of C5-6 
spinous processes is present but was overlooked. B. Interspinous widening is seen on anteroposterior radiograph. C. A CT 
scan was performed and was interpreted as negative for fracture. D. This flexion-extension radiograph performed by the 
patient without assistance demonstrates a complete C5-6 dislocation. Initially, the patient was neurologically intact. After 
flexion-extension, she developed a central co)-d syndrome. She was treated with methylprednisolone, immediate reduction, 
and delayed posterior fusion. After reductiori, she rapidly recovered the lost neurologic function.
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FIGURE 14.5.
A. Lateral radiograph of sixteen-year-old female after a vehicular crash. She reported neck pain and was tender focally at 
C3'C4. Subluxation and interspinous widening is seen at C3-4 and C4-5. B. MRI demonstrates increased signal in soft tissues 
indicative of ligamentous injury. C. The patient was treated with hard collar immobilization. Twelve weeks after the injury, 
she had increasing neck pain, recurrent subluxation, and kyphosis and was treated by a posteiioi ceivical aithxodesis.

Patients w ith ligamentous injuries present with 
pain and difficulty moving their head and neck. The 
pain is often not present im m ediately after the 
trauma but is noted several days later after an inflam 
matory response ensues. The diagnosis is delayed 
frequently because the initial radiographs are inter
preted as negative. A consistent physical finding in 
acute cases is repeatable focal tenderness in the ab
sence of radiographic change. A palpable gap be
tween spinous processes is rarely identifiable in  the 
cervical spine compared to the tlioracolnm bai spine.

Plain radiographs may show only subtle abnor
malities (Fig. 14.4A ,B). Local kyphosis, angulation of 
the adjacent endplates at a single disc level, or inter
spinous widening may be present. O ccasionally, ab
normalities w ill not be present because patients are 
positioned supine w ith their necks in extension, thus 
reducing any deformity. Interspinous widening is of
ten more obvious on the antero-posterior image. Flex- 
ion-extension radiographs are recommended fre
quently to assess the severity of injury and stability 
but can cause dislocations and spinal cord injury. We 
have observed two such cases done utider controlled 
conditions in w hich the patients flexed their own 
necks; we have, therefore, abandoned this study

(Fig.l4.4C ,D ). CT w ith sagittal reconstruction, espe
cially at the cervico-thoracic junction, can be useful 
when the posterior elements may not be visualized. 
Facet joint diastasis on axial images and interspinous 
widening or facet joint subluxations are indicative of 
posterior ligamentous injuries. MRI with fat suppres
sion techniques is useful in identifying posterior lig
amentous injuries. Findings include high intensity 
signals in  the interspinous spaces or facet joints and 
discontinuity of hypointense vertical lines that rep
resent ligamentous structures (Fig. 14.5). The W hite 
criteria is used to quantify the overall severity of in
jury. If the point value is less than five, then the in 
jury is treated as a m inor sprain, and if  greater than 
five, it is treated as a major ligamentous disruption.

Unilateral Facet Dislocation____________
Unilateral facet dislocations arise typically from a 
hyperflexion-rotation force (79). Although many au
thors believe that these are stable injuries, a signifi
cant ligamentous injury occurs biom echanically, 
resulting in unilateral facet dislocations. In cadaver, 
unilateral facet dislocations were associated with in-
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FIGURE 14.6.
A Three weeks after a motor vehicular crash a twenty-eight-year-old presented with a lateral radiograph showing a C5 6 
subluxation Neurologically the patient had weakness in left arm and leg B Anteroposterior views which demonstrate 
rotational deformity of the C5 lateral mass Both the C4 5 and C5 6 facet joints are visualized because they are rotated into 
the plane of the x-ray beam C Fractures of both the pedicle and lamina are piesent, rendering the lateral mass free to rotate 
Roy-Gam\Ue b.as teim ed feacto e  separation of the lateral mass D. A tiaumatvc C5 6 disc herniatiQii with spinal
cord compression is seen on MRI He was treated by anterior discectom y and fusion with M orscher plate
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jury to the supra- and interspinous ligaments, disc 
annulus, ipsilateral joint capsule, and ligamentum 
flava. Thus, these injuries have the potential for sig
nificant instability.

Unilateral facet dislocations can be classified into 
three types: pure unilateral facet dislocation, unilat
eral fracture dislocation, and fracture separation of 
the lateral mass (70). The radiographic hallmark is a 
25% anterior vertebral body subluxation. On lateral 
radiographs, local kyphosis or interspinous w iden
ing may be seen but is often absent. The anteropos
terior radiograph demonstrates rotation of the spi
nous process towards the side of dislocated facet. 
Also, the articulation may becom e abnormally v isi
ble as the radiographic beam is now abnormally in 
the plane of the facet. In unilateral facet fracture d is
locations, articular fractures may be seen but often 
require CT for visualization. Fracture separation of 
the lateral mass results from fracturing of the pedicle 
and lamina on one side, w hich creates a free-floating 
lateral mass (Fig. 14.6). On the lateral view, the in 
volved lateral masses appears malrotated compared 
to its contralateral pair and the adjacent levels. On 
the antero-posterior view, a fracture of the pedicle is 
present along w ith the very obvious malrotated lat
eral mass. Because the lateral mass has two articu
lations, this injury involves two m otion segments. 
MRI imaging demonstrates a 10 to 20%  incidence of 
disc herniation in patients w ith unilateral facet dis
locations (Fig. 14.6D).

Clinically, patients present with m inim al neuro
logic findings, although in patients with congenital 
spinal stenosis, significant cord injm-ies may be pres
ent. Isolated radiculopathies of the root passing out 
the neuroforamena of the level involved are over
looked frequently but present in greater than 50%  of 
cases. Pure unilateral facet dislocations are the most 
stable and may be difficult to reduce. After reduction, 
the upward slope of the facets prevents redislocation. 
In fracture dislocations and fracture separation of 
this lateral mass redisplacem ent, frequently occurs 
despite closed reduction and halo-vest im m obiliza
tion. f

Bilateral Facet Dislocations_____________
Bilateral facet dislocations result from tensile failure 
of the posterior osseo-ligamentous com plex during 
hyperflexion often com bined w ith small amounts of 
rotation (79). In more severe cases, distraction of all 
ligamentous structures may result in com plete sepa
ration of the motion segment except for the neural 
and vascular tissue. Bilateral facet dislocation is 
highly unstable and is associated w ith ligamentous 
injury to all posterior structures, the posterior longi
tudinal ligament, and the disc annulus. Often the 
only intact structure is the anterior longitudinal lig

ament, which helps to realign the dislocation during 
traction reduction. The soft tissue injury is extensive 
and is associated with traumatic disc herniation in 
30 to 50%  of cases (43, 47). Spinal cord injury is pres
ent in the majority of cases secondary to tension cre
ated in the neural tissues and to crushing between 
the caudal vertebral body and the cranial lamina. Pa
tients occasionally present neurologically intact be
cause of the fracturing of the lamina or the presence 
of large spinal canals. Radiographically, a minimum  
of 50%  anterior vertebral body translation is present, 
although this is occasionally overlooked at the cer- 
vico-thoracic junction. Local kyphosis or interspi
nous widening are variably seen. Abnormal disc nar
rowing may indicate the presence of associated 
traumatic disc herniation behind the cranial verte
bral body. Fractures of the posterior elements, in
cluding bilateral laminar spinous process and facet 
fracture, are seen in greater than 50 percent of cases. 
Vertebral artery occlusion has been documented by 
angiography in 50 to 60%  of patients with facet dis
location but is of unknown clinical significance 
(101). When translation is greater than 50%  or when 
distraction is present, the patients often have higher 
levels of spinal cord than skeletal injury or are at risk 
for ascension of their neurologic deficits.

Axial Loading Injuries____________________
Pure axial loading injuries result in fracturing of the 
vertebral body. With smaller amounts of compres
sion or hyperflexion, a wedge compression fracture 
is created, and with larger amounts, a burst fracture 
is created. Radiographically burst fractures have re- 
tropulsed bone fragments that are similar morpho
logically to those at the thoraco-lumbar junction. 
Stability of these injuries is determined by the 
associated injury to the posterior elements.

In the tear-drop fracture, flexion axially loading 
forces cause fracture of the vertebral body, shearing 
across the intervertebral disc, and retrolisthesis of the 
vertebral body into the spinal canal (Fig. 14.7) (87). 
Tensile failure of the posterior osseous ligamentous 
complex creates interspinous separation and fractur
ing of the lamina and spinous processes in the m a
jority of cases. These are highly unstable injuries and 
are associated frequently with spinal cord injuries. 
The posterior longitudinal ligament usually is pre
served and guides realignment during fracture re
duction. They should be differentiated from an avul
sion fracture of the anterior inferior corner of the 
vertebral body caused by hyperextension, usually a 
more benign fracture. This “avulsion teardrop” frac
ture at first glance can be confused with the flexion 
compression teardrop fracture. This could result in 
inappropriately treating an unstable flexion teardrop 
for the more stable avulsion type.
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FIGURE 14.7.
A. A teardrop fracture of Schneider is seen on the lateral radiograph. This 19-year-old male was an incomplete quadriplegic. 
The teardrop fragment from the anterior inferior corner of the C6 vertebra is seen. More importantly, the posterior aspect 
of vertebral body is rotated into the cord and osseous ligamentous injury is present in the posterior elements denoted by 
(x). B. Cervical tong traction of forty pounds resulted in successful reduction. C. The patient was treated with anterior 
decompression iliac strut hision and placem ent of M orscher plate. D, Postoperative antero-posterior radiograph.
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Extension Injuries
Forced hyperextension is a common m eclianism  of 
injury in patients who im pact their heads forward 
into windshields or in elderly patients who fall. 
These injuries may be m issed on plain radiographs 
and result in long-term pain and disability. Minor

fractures from a stability standpoint include ruptures 
of the anterior longitudinal ligament and isolated 
fractures without facet or vertebral body subluxation, 
such as spinous process lateral mass and laminar 
fractures. Jdnsson at al. exam ined 22 consecutive vic
tims of traffic accidents who had sustained skull frac
tures using a cryoplane technique (66). Twenty of the

FIGURE 14.8.
A. During forced hyperextension in patients with narrow  
spinal canals, the cord can become pinched between the 
bulging disc and infolded ligamentous flava. Reprinted 
with permission from Bohlman HH, Ducker JB, Lucas JT. 
Spine and spinal cord injuries. In- Rotherman RH, Si- 
meone FA, eds. The spine, 2nd ed. Philadelphia: WB 
Saunders:682. B. Anatomic factors that are associated  
with central cord injuries caused by hyperextension, (l) 
Infolding of the ligamentum flava. (2) Bulging of the in- 
tervertebral disc. Also frequently seen is 1 to 3 mm of 
retrolisthesis. (3) Compression of the spinal cord be
tween lamina and posterior margin of the vertebral body 
occurs. Reprinted with permission from White AA III, 
Panjabi MM. Practical biomechanics of spinal trauma. 
In: White AA, Panjabi MM, eds. Clinical biomechanics 
of the spine. 2nd ed. Philadelphia: JB Lippincott, 
1990:239.
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twenty-two had trauma directed to the face or frontal 
bone. Radiographs were negative but m uhiple occult 
findings were present. Findings included preverte- 
bral hematoma (4 cases), paravertebral hematoma (4 
cases), ligamentum flava disruption (8 cases), facet 
joint injuries (69 cases), longus colli disruption (2 
cases), uncovertebral hematoma (77 cases), disc dis
ruption (36 cases), cartilaginous endplate avulsion (2 
cases), and occult fractures (4 cases). They concluded 
that current routine plain radiographic evaluation of 
patients subjected to trauma greatly underestimates 
the m usculoskeletal injury especially, in hyperexten
sion injuries.

Hyperextension in a patient with congenital spinal 
canal stenosis or cervical spondylosis can result in 
shortening of the spinal Gokm n and infolding of the 
posterior disc annulus and ligamentum flava (Fig. 
14 .8A) (88). The spinal cord is thus pinched, result
ing in central cord necrosis and a central cord syn
drome. The major axonal tracts w ithin the spinal 
cord are lam inated w ith cervical tracts located cen
trally and lumbo-sacral tracts located laterally. In a 
central cord syndrome caused by an extension injury, 
the grey matter and cervical anterior horn cells are 
damaged, creating the neurologic picture of relative 
sparing of the lower extrem ities and more severe in 
volvement of the upper extrem ities. Prognostically, 
patients w ith central cord syndromes generally re
cover the ability to ambulate but have poor return of 
hand function.

Radiographically spinal canal size can be assessed 
by the Pavlov method, w hich is determining the ratio 
of the midsagittal diameter of the spinal canal to an- 
tero-posterior diameter of the vertebral body (94). If 
the ratio is less than 0.8 then the spinal canal is prob
ably stenotic. A more accurate determination can be 
made on CT or MRI. In patients with central cord 
syndromes, radiographs usually demonstrate spon
dylosis, osteophyte formation, and disc space nar
rowing. Sm all amounts of retrolisthesis is seen at the 
site of cord trauma and is often thought to be pre
existing (Figure 14 .SB). However, in many cases, this 
retrolisthesis is traum atically induced by the hyper
extension. Sm all amounts of residual retrolisthesis 
can greatly narrow the spinal canal, creating persis
tent cord compression. This observation has been 
confirmed by MRI in w hich acute disco-ligamentous 
disruptions can be documented in patients with ex
tension injuries. Tong traction is effective in reduc
ing these subluxations as w ell as stabilizing the spine 
and should be used in all cases.

General Treatment________________________  

History
Ancient civilizations recognized the poor prognosis 
of spinal cord injuries and recommended no treat

ment because patients would all inevitably die. Hip
pocrates described closed reduction techniques for 
thoracolumbar fracture (2). He applied traction to the 
prone patient using arm and leg straps attached to 
turnbuckles. Once spinal colum n length was re
stored, manual reduction was performed by the sur
geon or by levers. He assailed others whom he called 
charlatans who made public spectacles when they 
strapped patients to ladders and literally hung them 
upside down in the town center. In the second cen
tury, Galen proposed the idea of removal of the neu
ral arch to decompress the marrow. Paul of Aegina 
in the seventh century may have been the first to ac
tually perform the laminectomy. Ambrose Pare, a 
15th-century Parisian surgeon, performed an unsuc
cessful lam inectom y on a spinal-injured patient. 
Hadra is thought to be the first to apply internal fix
ation when in 1891 he circlaged the spinous process 
with a silver wire loop in an open wound. Harvey 
Cushing, the father of neurosurgery in the United 
States, recommended decom pression of the spinal 
cord via laminectomy. This practice unfortunately 
continued until very recent times. Davies and Bohler 
astutely realized that fracture reduction rather than 
lam inectom y achieved decompression of the spinal 
cord (20, 38). Rogers in 1942 reported a simple safe 
technique of fusion using interspinous wires, which 
resulted in a high rate of success (82). Modifications 
of the technique have been developed, although in
terspinous wire fixation and bone graft remains the 
standard technique for posterior fusion today (25). 
Sm ith and Robinson developed an anterior tech
nique to decompress the neural surface of the spinal 
cord (90). Bailey, Cloward, and Verbiest applied the 
anterior approach to patients with fractures (16, 33, 
98). New techniques using anterior and posterior ti
tanium  plates have been developed to achieve in
creased rigidity for traumatic applications.

Controversies and Current Trends
Controversies regarding the role of surgery have ex
isted until recently. Guttmann and Bedbrook found 
that the surgically treated patients had less neuro
logic recovery and were more likely to have ascen
sion of their lesion (17, 50, 58). At the time, laminec
tomy was the procedure of choice, but today it is 
condemned and rarely indicated. Current treatment 
is to decompress the neural elements in patients with 
neurologic deficits and to stabilize the spine with as 
few as possible motion segments permanently stiff
ened. The philosophy is based on several important 
principles and confirmed by animal studies. How
ever, clinical data to support this aggressive philos
ophy are lacking. Another controversy is the effect of 
timing and its relation to neurologic recovery.

The choice of treatment of cervical spine injuries 
is based on many factors. Most importantly is the
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fracture type and stability. Once properly classified, 
a patient can be treated according to an algorithm 
based on fracture type as described later. The treat
ment choice should counteract the abnormal b io
mechanics of injury. An important secondary factor 
is the presence of residual cord or root com pression 
in patients with neurologic deficits. Decom pression 
appears to increase recovery if performed w ithin 
twelve months (11, 22). W hether the injury is pri
marily bony or ligamentous is of primary importance. 
In general, bony injuries treated nonoperatively often 
heal, whereas ligamentous injuries have a poor ca
pacity for healing and are best treated surgically. 
Other factors determining treatment include patient 
age, bone density associated injuries, and postoper
ative bracing lim itations. In patients who are neuro- 
logically intact, the surgeon must remember that the 
final outcome cannot be any better than a neurolog- 
ically intact patient. The choice of treatment methods 
of lower cervical injuries includes nonoperative 
treatment with orthosis or halo-vest and operative 
treatment with either anterior or posterior decom 
pression and fusion with instrumentation.

The goals of treatment of cervical spine fractures 
and dislocation are to protect the neurologic struc
tures, reduce and stabilize fractures and dislocations, 
and provide a long-term stable painless spinal col
umn. Initial treatment in most cases is stabilization 
and, if required, reduction by tong traction. Once 
physical and radiologic exam inations are complete, 
definitive treatment can be planned. In some cases, 
the degree of instability may not be in itially apparent 
and therefore definite treatment may be changed over 
time. This treatment is not necessarily poor or inad
equate, but it is appropriate and prevents unneces
sary overtreatment. In this section, treatment algo
rithms will be described for the fracture types 
previously described. The initial management of spi
nal cord injuries is also reviewed.

Nonoperative Treatment_________________
The soft collar provides little stabilizing effect on in- 
tersegmental forces but does lim it overall range of 
motion and gives comfort. This method may be ap
propriate in stable injuries, especially in older pa
tient populations. The hard collar, when properly fit
ted and worn, gives sufficient im m obilization to treat 
many injuries. However, patients poorly tolerate the 
Philadelphia collar because of sweating and skin 
maceration. Also, achieving a good fit is often diffi
cult. We have found the M iami J collar to have im 
proved patient tolerance because it has a Gortex lin 
ing and is more easily adjustable to patients. This 
orthosis is excellent for patients who have stable frac
tures or postoperative management.

Cervico-thoracic braces, such as the Minerva, 
Yale, or Guillford braces, achieve fixation from up

right bars that attach to anterior and posterior tho
racic pads. The pads are stabilized by straps that pass 
under the arm and over the shoulders. Some orthoses 
have exchangeable pads so that patients may shower 
w hile wearing the brace. These braces offer enough 
comfort and sufficient im m obilization so that they 
can be used successfully for many fracture patterns.

The halo-vest provides the greatest degree of cer
vical im m obilization. Satisfactory results have been 
achieved in patients with upper cervical injuries, ex
cept those with type II odontoid fractures. The halo- 
vest appears to be less suited for patients with unsta
ble lower cervical injuries. W hitehill reported five 
patients w ith bilateral facet dislocation who lost re
duction in a halo-vest (100). Sim ilarly, Glaser and 
Bucholz and their colleagues documented loss of re
duction in 10%  of all patients and 37%  of patients 
with facet subluxations (30, 55). Although often m i
nor, up to a 57%  com plication rate has been reported 
(51). These com plications are prim arily related to the 
skull pins and include loosening, infection loss of 
fixation, skull penetration and brain abscess. Less 
w ell known is the lack of stability of intersegmental 
m otion afforded by the halo-vest. Anderson et al. ob
tained supine and upright lateral radiographs in pa
tients with unstable cervical injuries (14). They 
found that an average of 1.7 mm translation and 7° of 
angulation occurred at the fracture site during the po
sition change. Additionally, the halo-vest is poorly 
tolerated because of its restriction of activities of 
daily living.

Biom echanic and kinem atic studies have com 
pared the im m obilization effect of various orthoses. 
Johnson et al. found that little reduction in overall 
cervical range of motion occurred from the soft cer
vical collar (65). The Philadelphia collar results in 
71%  restriction of range of m otion in flexion-exten- 
sion but only 54%  in rotation. The cervico-thoracic 
braces resulted in 88%  dim inished flexion-extension 
m otion and 82%  in rotation. The halo-vest restricted 
flexion-extension by 96%  and rotation by 99% . In
tersegmental m otion was not as affected in all braces 
because of the snaking effect in w hich one segment 
would flex w hile the next would compensate with 
extension.

Treatment of Spinal Cord Injury
Patients who have spinal cord injuries caused by 
fractures and dislocation of the cervical spine require 
rapid evaluation and treatment. The first goal is to 
protect the spine from further injury. This goal is ac
com plished by the use of extraction collars, place
m ent of patients on backboards, and the use of tape 
and sandbags. Once a spinal injury is documented, 
tong traction is applied to m aintain alignment, thus 
preventing further trauma. Supplem ental oxygen is 
given via nasal cannula and the blood pressure is
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maintained to at least 90 mm Hg. High dose methyl- 
prednisolone is administered for acute spinal cord 
injuries w ithin 8 hours of trauma. A loading dose of 
30 mg/kg and a m aintenance dose of 5.4 mg/kg/hr for 
23 hours is administered.

Fractures and dislocations are reduced as rapidly 
as possible. Although some authors recom m end ob
taining imaging studies before fracture reduction, 
this can result in delays that can be harmful to the 
remaining viable neural tissue. Fracture reduction 
has been recognized as the sim plest method to “de
com press” the spinal canal. Delays, especially in the 
first hours after injury, may result in  perm anence of 
neurologic injury. Many controversies exist, includ
ing how traction should be applied, the timing of re
duction, and the maximum amount of weight that 
can be used safely. Recent studies document the 
safety and efficacy of even very large traction weights 
when used in a rigid protocol (35, 56, 91). The ap
plication of cranial tongs, such as Gardner-W ells, is 
sim ple and relatively free of com plication. Skull frac
tures or craniotom y defects are relative contraindi
cations to tong placem ent. The tongs are placed 1 cm 
above the pinna in line with the external auditory 
meatus. Shaving is not required. The skin is prepared 
with antiseptic solution and local anesthetic down to 
the periosteum. The skull pins are tightened sym
m etrically until the skull pin tensionom eter indicates 
that sufficient tension has been applied when the 
plunger backs out 1 mm. Initially, 5 to 10 lbs. of trac
tion weight are applied w ith the head in a neutral 
position. A lateral radiograph is checked and a repeat 
neurologic exam ination is performed. If the fracture 
has not reduced, then 10 to 15 lbs. are added and a 
repeat neurologic check is performed and a radio
graph obtained. The radiograph is scrutinized for 
fracture alignment and signs of overdistraction, in 
cluding disc space or facet joint diastasis. If these 
signs are present, the process is stopped. Addition of 
traction weight continues until the fracture is re
duced or there is an adverse change in neurologic 
status or signs of overdistraction. Traction weights 
equal to 70%  of body weight have been used safely 
and efficaciously (35, 91). Once the fracture has been 
reduced, the weight can be decreased except in burst
ing type fracture. The use of MRI com patible tongs is 
recommended, although they do not withstand as 
high traction weights as w ell as do stainless steel 
tongs. Once the fracture is reduced, the patient can 
undergo neural imaging.

If the fractures cannot be reduced, strong consid
eration should be given to performing an open re
duction and internal fixation (89). The surgical ap
proach depends on fracture type and direction of 
neural compression. Although not based on any sci
entific studies, early surgery is recommended in 
these cases.

The next com ponent of treatment is stabilization. 
In patients with unstable fractures and neurologic def
icits, this usually w ill be performed surgically. The 
choice of treatment depends on fracture type as de
scribed later in the chapter. The timing of surgery is 
controversial. Early surgery w ithin the first 5 days 
may be associated w ith increased chance of neuro
logic deficit (71). However, early surgery allows rapid 
patient m obilization and has decreased the overall 
morbidity, hospital stay, and cost of treatment (63,
69, 86).

A major goal of the surgical procedure is to achieve 
adequate neural decom pression and stabilization. 
Preoperatively, patients are imaged with MRI. If com
pression is anterior, then an anterior approach is rec
ommended. For the rare posterior compressive le
sion, lam inectom y w ith or without foraminotomy is 
performed. Sufficient internal fixation should be 
used to allow rapid m obilization and avoidance of 
the halo-vest in quadriplegics, if  at all possible.

Treatment of Specific Fracture Types 

iViinor Fractures
Stable injuries, such as spinous process fractures, 
lam inar fractures, lateral mass fractures without sub
luxation, vertebral body com pression fractures, and 
avulsion fracture of the anterior longitudinal liga
ment, can be considered m inor fractures. These in
juries are isolated to one side of the spine and are not 
associated with any narrowing of the spinal canal. In 
questionable cases, patients are evaluated by the 
W hite Criteria (Table 14.2). Treatment of these minor 
fractures includes sim ple im m obilization in a hard 
collar or cervico-thoracic brace for 6 to 8 weeks. After 
placem ent of the orthosis, upright lateral radiographs 
are obtained to assure that the injury is stable before 
the patient is discharged from the hospital. The pa
tient is then assessed biweekly with repeat radio
graphs. Increasing pain or neurologic symptoms in
dicate fracture site motion. The treating physician 
must always be ready to alter his/her initial diagnosis 
of a stable injury and change treatment as required. 
After the period of im m obilization, fiexion-extension 
radiographs axe obtained to assess healing. Other sur
geons initially  recom m end fiexion-extension radio
graphs to assess stability. We believe that these may 
be hazardous and therefore prefer to treat the patient 
and provide serial follow-up to assess healing and 
alignment.

Hyperflexion injuries

Ligamentous Injuries
Hyperfiexion ligamentous injuries can be classified 
as minor or severe. The minor injuries have a White
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criteria of less than iive and are not associated with 
vertebral body subluxation or intradiscal disruption. 
These mild ligamentous injuries may be expected to 
heal with immobilization as described previously for 
minor fractures. The severe hyperflexion ligamen
tous injury represents an unstable injury w ith poor 
heahng capacity. Additionally, during closed treat
ment, loss of reduction has been reported frequently 
(30, 55, 100). Therefore, the treatm ent for the severe 
ligamentous injury is a posterior fusion w ith a Bohl- 
man triple wire technique. If a spinous process or 
lamina fracture is present, fixation using lateral mass 
plates or an anterior plate can be performed. W hen 
the severity of ligamentous injury is uncertain, we 
recommend initial conservative treatment with fre
quent follow-up.

Unilateral Facet Dislocations
The treatment of unilateral facet dislocations is con
troversial. Although a significant ligamentous injury 
is present, many authorities believe that these in ju 
ries are stable after reduction. However, during non
operative treatment, these rotationally unstable in 
juries have frequently lost reduction, especially in 
the presence of a facet fracture. Factors that may in 
fluence the treatment include difficulty of reduction, 
presence of a fracture, and extent of reduction. Long
term outcome has demonstrated that the best func
tion is achieved when an anatomic alignment is pres
ent at the end of treatment, regardless of treatment 
(18, 83).

The following treatment algorithm for patients 
with unilateral facet fracture dislocation is recom 
mended. Patients with pure dislocations and difficult 
reductions are treated in a halo-vest for 8 to 12 weeks. 
Dm'ing follow-up, the aligrunent is monitored care
fully. Patients who redislocate are reduced and 
treated by a posterior fusion. Patients w ith unilateral 
facet fracture dislocation or who are reduced easily 
are treated primarily by a single level posterior fu
sion. Because of the facet fracture with loss of rota
tional control, interspinous wire fixation is fre
quently inadequate. Supplem entation w ith an 
oblique facet wire as described by Anderson, Ed
wards, Levine, and their colleagues, or by lateral 
mass plates is recommended (9, 46). Before surgery, 
an MRI or CT-myelogram is assessed for presence of 
a disc herniation or displaced facet fractures that nar
row the neuroforamina. If they are present, decom 
pression by anterior approach or a foraminotomy 
should be performed if  warranted by the patient’s 
neurologic state. Anterior interbody fusion w ith plate 
fixation appears to be an adequate method of treat
ment for patients with unilateral facet dislocation 
who have been reduced by closed means (3, 13). In 
the rare case of failure of closed reduction, an open 
reduction by levering the facets, m anipulating the

spinous processes, or removing a small amount of the 
superior articular facet can be done. After arthrode
sis, the patient is im m obilized in  a hard collar for 6 
to 8 weeks.

Bilateral Facet Dislocations
Bilateral facet dislocations are highly unstable and 
are best treated by closed reduction and surgical ar
throdesis. Attempts at halo-vest management results 
in greater than 50%  incidence of loss of reduction 
(100). Also, these patients are usually quadriplegic, 
and avoidance of the halo vest can speed their reha
bilitation and lessen the risk of pulmonary com pli
cations.

The controversy in the management of bilateral 
facet dislocations relates to the associated interver- 
tebral disc herniation and the timing of reduction 
(47, 96). MRI studies have demonstrated a 10 to 42%  
incidence of disc herniation in patients with bilateral 
facet dislocations. Theoretically, during reduction 
the intervertebral disc can remain posterior to the 
cranial vertebral body, causing further neurologic in
jury. Eism ont et al. reported six cases of associated 
disc herniation, three of w hich worsened after re
duction (47). In these three cases, reduction occurred 
during surgery after an unsuccessful closed attempt. 
Tribus reported a sim ilar case of traumatic disc her
niation associated with bilateral facet dislocation 
treated successfully by an anterior discectom y and 
fusion. Risk factors for this catastrophic com plication 
include abnormal disc narrowing, irreducibility or 
difficult reduction, worsening of the neurologic state 
during reduction, and operative versus closed reduc
tion. Eism ont et al. and Tribus recom m end MRI stud
ies in patients who are neurologically intact or who 
have incom plete deficits before reduction (47, 96). If 
an anterior disc herniation is present, an anterior 
discectom y should be performed before any attempt 
at reduction. The disadvantage of this approach is the 
difficulty in obtaining an emergent MRI on trauma 
patients resulting in a delay in fracture reduction. 
The management of patients w ith bilateral facet dis
location thus depends on the neurologic status and 
availability of MRI.

Patients who have com plete or significant incom 
plete neurologic deficits should have immediate at
tempt at closed reduction aimed to rapidly and in 
directly decompress the neural tissues. After 
reduction, an MRI is obtained. If spinal cord com 
pression secondary to a disc herniation is present, an 
anterior discectom y and interbody fusion with au
togenous bone graft and plate is performed. Patients 
without associated disc herniation are treated by pos
terior fusion with interspinous wire or plate tech
niques.

Patients with m inim al deficits should have MRI 
before attempts at reduction are made. The patient is
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kept on the back board w ith the extraction collar and 
placed in the scanner. For patients who have disc 
herniation, an anterior discectom y is done before re
duction. After disc removal and distraction, a reduc
tion can be attempted by the closed technique aided 
by fluoroscopy or with the use of disc distractor. If 
reduction is achieved, anterior fusion with plate fix
ation can be performed. If the reduction is unsuc
cessful, a bone graft is placed in the disc space and 
an open reduction and posterior fusion is performed. 
The interbody graft may migrate and require replace
ment after the posterior procedure.

Axial Loading Injuries
The hallmark of axial loading injuries is the com m i
nution of the vertebral body and retropulsion of bone 
into the spinal canal. Stable axial loading injuries in
clude burst fractures without significant posterior 
colum n involvement. These injuries usually occur at 
C6 or C7 levels. These fractures are reduced easily 
w ith tong traction and can be treated in a halo-vest. 
For patients with associated neurologic deficits, a 
surgical approach is recom m ended to facilitate re
habilitation and decrease the likelihood of recurrent 
injury. Because the pathology is located anteriorly, 
an anterior corpectomy and reconstruction with iliac 
crest strut graft and anterior plate is recommended. 
If flexion or extension is com bined with axial load
ing, then the posterior osseo-ligamentous structures 
are injured, resulting in an unstable pattern. The tear
drop fracture of Schneider is a usual example. These 
fractures can be reduced with traction, although large 
weights may be required. Optimal definitive treat
ment is anterior corpectomy and reconstruction with 
iliac crest strut graft and an anterior plate. Burst frac
tures associated with facet dislocation may require 
com bined anterior and posterior arthrodesis.

Extension Injuries
Classically, extension injuries causing central cord 
syndromes were thought to occur from degenerative 
or congenital stenosis and were not associated w ith 
instability. Careful review of radiographs, however, 
show that these patients often have 2 to 3 mm of re- 
trolisthesis in the m id-cervical spine [22], Sm all 
amounts of retrolisthesis in narrow canals can be as
sociated with significant cord compression. Re
cently, MRI has documented the presence of acute 
annular disruption and increased signal in the inter- 
vertebral discs, suggesting that the subluxation is 
acute and not from spondylosis. Although these ex
tension injuries stabilize over time, the initial treat
ment of all extension injuries with cord injury is tong 
traction. The goal of traction is to stabilize the spine, 
indirectly reduce the luxations, and lengthen the spi

nal colum n, pulling the bulging disc and infolded 
ligamentum flavum out of the spinal canal.

Definitive treatm ent of patients with central cord 
syndrome is controversial (22). Many patients are 
treated successfully by a short (3 to 5 day) period of 
traction and then im m obilization in  a collar. Patients 
are then assessed regularly and those not improving 
neurologically are evaluated by MRI or CT-myelo- 
gram. If cord com pression is present, then a decom
pression is performed. Although recovery can occur 
for up to 1 year, we prefer to perform decompression 
w ithin 3 to 4 weeks. The choice of anterior versus 
posterior decompression depends on the number of 
levels involved, site of com pression, and overall 
alignment of the cervical spine. In most cases of one 
to three level involvem ent from anterior disc disease, 
an anterior decom pression and fusion can be per
formed. In patients with m ultilevel disease and lor
dotic cervical spines, a posterior lam inaplasty or 
lam inectom y may be indicated. In trauma cases, we 
always perform an adjunctive posterior fusion with 
lateral mass plates and screws. O ccasionally, for 
com bined anterior-posterior compression, a two 
stage anterior-posterior approach is needed. A rare 
type of extension injury is the traumatic retrolisthesis 
in w hich vertebral body subluxation is 50%  or 
greater. These injuries are difficult to reduce and are 
best treated by an anterior vertebrectomy and plate 
stabilization.

Surgical Treatment 

Anesthesia Considerations
Patients who'have unstable cervical spinal columns 
must be managed carefully to avoid iatrogenic neural 
injury during intubation and positioning. To avoid 
neck motion, an awake nasotracheal technique aided 
by fiberoptic scope is done w hile the patient is main
tained in skeletal traction. Immediately after intuba
tion, the neurologic function is tested and the patient 
is transferred to a turning frame. If a posterior ap
proach is to be used, the patient is turned prone on 
the turning frame and the neurologic function is 
again tested. At this tim e, general anesthesia is in
duced and a lateral radiograph is obtained to check 
alignment. V isualization is aided by pulling down
ward on the shoulder with tape. Alignment correc
tions are made by adjusting the position of the face 
piece before skin incision. After positioning, the bra
chial plexus is palpated to assess w hether excessive 
traction is present. The face is checked for excessive 
pressure points. No pressure should be applied to the 
orbits.

The anesthesiologist should avoid succinylcho- 
line in  patients w ith acute neurologic deficits be
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cause this is associated with m assive leakage of po
tassium from muscle cells and cardiac arrest. 
Somatosensory evoked potentials are used only in 
cases in which an intraoperative reduction is to be 
performed and when decompression of a high grade 
stenotic lesion is to be decompressed.

Anterior Decompression and Fusion
Residual spinal cord com pression may im pair func
tion of viable neural tissue, preventing m axim al re
covery (21). Because the m ajority of patients have 
ventral compression, decom pression of retropulsed 
bone or disc fragments theoretically offers the best 
chance for neurologic recovery. Other advantages of 
anterior decompression include ease of positioning 
of patients with unstable cervical spines and a simple 
splitting approach using tissue planes, w hich avoids 
the more extensive soft tissue stripping of the pos
terior paraspinal musculature. O ccasionally, in cases 
of fractures of the posterior elem ents, fewer segments 
can be arthrodesed by choosing an anterior approach.

Disadvantages prim arily relate to stability and soft 
tissue swelling in the anterior neck. In acute trau
matic cases, an anterior cervical plate can be applied 
to achieve sufficient stability to allow m obilization 
of the patient. For late cases, anterior decompression 
and arthrodesis without fixation appears satisfactory 
unless there is persistent posterior ligamentous in 
stability or laminectomy. Complete quadriplegic pa
tients have lim ited respiratory capacity and often 
cannot overcome the retropharyngeal soft tissue 
swelling that occurs after anterior decompression. 
Complications such as aspiration pneum onia and 
respiratory arrest can be m inim ized by keeping pa
tients intubated for 2 to 3 days after surgery.

Bohlman and Anderson reviewed the results of 
late anterior decompression in 109 patients w ith spi
nal cord injuries who had reached a neurologic pla
teau in recovery (11, 22). All patients had residual 
cord and/or root compression. The average tim e from 
injury to surgery was a mean of 14 m onths. The fol
low-up averaged 5.6 years w ith a range of 2 to 14 
years. The patients were divided into two groups 
based on neurologic function at the tim e of surgery. 
Fifty-eight patients had incom plete motor quadriple- 
gia (Frankel Grade C and D) and 51 had com plete 
motor quadriplegia (Frankel A and B). Twenty-nine 
of the 58 patients w ith incom plete motor quadriple
gia became ambulators, and another 6 improved sig
nificantly on their preoperative ambulation ability. 
Noteworthy improvement in upper extremity func
tion was seen in  39 of the 58 patients. In the group 
with complete motor quadriplegia, only one patient 
regained the ability to ambulate. However, upper ex
tremity root recovery and improvement in activity of

daily living as measured by the Bartel Index occurred 
in 31 of the 58 patients. Predictors of success were 
age of patient less than 50 years, greater degree of 
preoperative neural function, and surgery w ithin 12 
months of injury. Thus far, no study had addressed 
adequately the efficacy of acute anterior decompres
sion w ithin the first few days.

Anterior decom pression and fusion is indicated in 
patients w ith residual ventral cord or root com pres
sion and persistent neurologic deficits. The timing of 
treatment is controversial, although most surgeons 
now recom m end early treatment rather than the 
older approach of waiting for patients to achieve neu
rologic plateau. Patients who are neurologically in 
tact do not require “prophylactic” decompression, 
although if  they have an unstable injury that requires 
surgical stabilization, an anterior approach may be 
warranted. Sim ilarly, patients who have a burst of 
teardrop fractures that have been reduced may be 
treated by an anterior approach. In most cases of 
acute trauma, adjunctive anterior plate fixation is rec
ommended.

Surgical Technique—Anterior Decompression 
and Fusion
Preoperatively, patients have had attempted reduc
tion w ith cranial tong traction and are evaluated with 
MRI or CT myelography. They are brought to the op
erating room in  traction and have an awake naso-tra- 
cheal intubation. After a neurologic check, the pa
tient is transferred to the operating table in traction 
and placed under general anesthesia. A small roll is 
placed under the shoulders and the arms are taped 
downwards. A lateral radiograph is obtained to check 
alignment.

A left-sided Sm ith-Robinson approach is used 
(90). A transverse incision extending from the m id
line to the anterior border of the sternocleidomastoid 
m uscle is made at an appropriate level above the 
clavicle. The platysm a and superficial layer of the 
deep cervical fascia are divided transversely. The 
sternocleidom astoid is dissected free from the m id
dle layers of the deep cervical fascia. By blunt dis
section between the trachea and carotid sheath, a 
plane is developed throiigh the alar to the preverte- 
bral fascia. This membranous structure is divided, 
exposing the ventral bodies and disc spaces. Local
ization of the level is confirmed radiographically. 
Complete disc removal back to the posterior longi
tudinal ligament of the cranial and caudal disc is per
formed (Fig. 14 .9A). An operating m icroscope or 
loupes and a head lamp can facilitate visualization. 
The vertebral body is removed from an anterior to 
posterior direction using rongeurs and an air driven 
burr (Fig. 14 .9B). Bony decom pression continues un
til only a thin shell of posterior cortex remains,
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FIGURE 14.9. f .
A. Lateral view of burst type fracture with rotropulsion of bone and disc into spinal canal. Reprinted with permission from 
Bohlman HH. Acute fracture and dislocation of the cervical spine: an analysis of 300 hospitalized patients and review of 
the literature J Bone Joint Surg Am 1979;61 ;123 . B. In an anterior decompression, the disc and vertebral body are removed 
back to the posterior longitudinal ligament. The vertebral body is resected with rongeurs and an air driven burr. Reprinted 
with permission from Bohlman HH, Eismont FJ. Surgical techniques of anterior decompression and fusion for spinal cord 
injuries. Clin Orthop Related Res 1981 ;154 :60 . C. Vertebral body resection continues until only a thin posterior wall remains. 
This wall can be removed easily with curettes. Reprinted with permission from Bohlman HH, Eismont FJ. Surgical tech
niques of anterior decompression and fusion for spinal cord injuries. Clin Orthop Related Res 1981;154:60. D. Realignment 
is achieved with traction or use of distraction pins. Mortices are made in the endplate. An appropriate length iliac crest 
graft is harvested and made into a T-shape creating tenons. The tenons are seated into the mortices. Reprinted with per
mission from Bohlman HH. Acute fracture and dislocation of the cervical spine: an analysis of 300 hospitalized patients 
and review of the literature. J Bone Joint Surg Am 1979;61:123.
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w hich can then be removed with curettes (Fig. 
14 .9C). In patients with associated disc herniation, 
the posterior longitudinal ligament is removed to as
sure adequate cord decompression. Decompression 
is carried out laterally until the dura or posterior lon
gitudinal ligament appears convex— this is usually 
12 to 15 mm in width. Care must be taken to m aintain 
orientation to the m idline, thus avoiding extending 
the decom pression laterally into the vertebral artery. 
In patients w ith kyphosis, traction or the use of a Cas
par disc distraction can allow correction by increas
ing anterior colum n length.

The endplanes of the remaining cranial and caudal 
vertebrae are removed. M ortices in endplates are cre
ated with a burr or curette and measurements for the 
length and depth of bone graft are taken (Fig. 14 .9D). 
A tricortical autogenous iliac crest graft is harvested 
with an ossicating saw and m achined into a T-shape 
creating tenons to fit in the previously prepared mor
tices. Under traction, the graft is keyed into the mor
tices caudally and gently tapped downward cranially 
until the tenons lock into the m ortices. In the m ajor
ity of trauma cases, supplemental fixation as de
scribed later are added. The traction is released and 
the graft is tested for fit. A lateral radiograph is ob
tained before wound closures. A small Penrose drain 
is placed and the platysma and skin are closed in 
layers. Patients w ith neurologic deficits are m oni
tored in the intensive care unit overnight. Postoper- 
atively, patients are im m obilized in a cervico-tho- 
racic brace for 8 to 12 weeks.

Anterior Cervical Plate Fixation
Anterior decom pression and fusion decreases overall 
spinal stabilization by removal of the anterior longi
tudinal ligament and intervertebral discs (49, 92). In 
trauma cases, this can be associated w ith loss of re
duction or graft dislodgment, especially in the pres
ence of posterior osseo-ligamentous damage (11, 22, 
92]. Also, pseudarthrosis rates after discectom y and 
fusions have been reported to occur from 10 to 50% . 
To decrease failures and increase the chance of bony 
union, the anterior cervical plate was developed. Nu
merous biom echanical studies have shown the infe
riority of anterior fixation compared with posterior 
fixation (34, 73, 93, 97). Abitbol et al. determined that 
the anterior cervical plate was only 25 to 50%  as stiff 
in resisting flexing (1). Anterior fixation was signifi
cantly better in resting extensions than posterior fix
ation. However, clin ical studies of patients treated 
with anterior cervical plates are in disagreement with 
these in vitro biom echanical studies (3, 13).

Bohler first used an anterior cervical plate and re
ported his results in 1967 (19). Orozco developed an 
AO/ASIF cloverleaf or H-plate that is affixed with

3.5-m m  screws (Fig. 14.10) (76). This technique 
proved to be sim ple, effective, and lo w -co st. Ripa et 
al. reported the outcome of 92 patients with spinal 
injuries treated by the anterior decompression with 
the Orozco plate (77). A ll but one patient healed the 
fusion. Twelve patients had less than ideal hardware 
placem ent, including disc penetration, plate m alpo
sition, and adjacent disc and poor graft technique. 
Four patients had screw loosening, one of w hich re
quired removal for dysphagia. Caspar et al. improved 
the instrum entation and popularized his trapezoidal 
plate (31). The screws in the Orozco and Caspar sys
tems are not fixed to the plate and, therefore, have a 
tendency to loosen. Under load, the screws are sub
ject to cantilever bending and can toggle and back 
out. To m inim ize this com plication, most investiga
tors recommend screw engagement of the posterior 
cortex. However, this step has been associated with 
iatrogenic neural injury and has decreased the enthu
siasm for this technique. Rigidly locked screw-plate 
systems have been developed to allow unicortical 
screw purchase without risk of loosening. M orscher 
et al. used Thorpe screws (developed for maxillo-fa- 
cial smgery) placed into a cloverleaf titanium  plate 
(74). The screw has a special hollow  head that, after 
insertion in the vertebral body, is expanded against 
the edge of the plate hole by an expansion set screw. 
B iom echanically, the unicortical M orscher plate has 
equal stiffness to the Caspar plate with bicortical 
screw purchase (95). Anderson et al. examined the 
efficacy of the cervical spine locking plate in patients 
w ith com bined anterior and posterior injury (13). 
Thirty seven patients were treated who had a follow- 
up of 1.5 years. Thirty four patients had uneventful 
healing, one'patient was found to have an asymptom
atic fibrous union, and one patient with plate fracture 
had a symptomatic non-union. The remaining pa
tient had early failure when the screws pulled out of 
the caudal vertebral body. This patient was treated 
successfully by revision and a posterior cervical fu
sion. This and other studies demonstrate clinically  
that anterior cervical plating is efficacious in over 
90%  of patients, despite the adverse in-vitro biom e
chanical results.

Surgical Technique— Orozco Plate Fixation
Anterior decompression and fusion with autogenous 
iliac crest graft is performed as described previously. 
The cranial and caudal vertebral bodies are subper- 
iosteally exposed. Any osteophytes that would inter
fere with plate placement are resected. Orozco plates 
are available in several plate lengths with different 
hole spacings. The best fitting plate is chosen and 
positioned over the spine. Lateral C-arm fluoroscopy 
is used to check plate position to avoid positioning 
over unfused intervertebral discs. The plate holes
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FIGURE 14.10.
A. A fifteen-year-old wrestler was dropped onto his head and sustained a unilateral facet fracture dislocation seen on lateral 
radiograph Note the abnormal disc narrowing indicating possible herniation into the spinal canal. Neurologically, the 
patient was an incomplete quadriplegic. B. MRI demonstrates a herniated disc with cord compromise. The patient was 
treated by an anterior discectoray and application of Orozco plate. C. Postoperative lateral radiograph.
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should be positioned so that they are located near the 
middle of the vertebral body, For longer constructs, 
the plate is contoured to m atch cervical lordosis. 
Proper drilling and screw placem ent are critical to 
avoid iatrogenic com plications. To dim inish the 
chance of loosening and increase construct rigidity, 
screws should engage to posterior vertebral cortex. 
Initial screw length is selected by measuring the mid- 
sagittal antero-posterior height of the body before 
graft placement. A 2.0-m m  drill or K wire with an 
adjustable drill guide is advanced, angling slightly 
upward and m edially. C-arm fluoroscopy is used to 
check drilling depth. Using the adjustable drill guide 
allows the drill to be advanced by small increm ents 
until the posterior cortex has been reached. Once the 
posterior cortex has been perforated, the screw length 
is checked from the adjustable drill guide. The near 
cortex is tapped and cortical 3.5 mm AO/ASIF 
screws are inserted again using fluoroscopy. Screws 
are not placed in the bone graft. After all screws are 
inserted, they are tightened sequentially. Postopera- 
tively, patients wear a M iami J or cervico-thoracic 
brace for 8 to 10 weeks.

Surgical Technique— Cervical Spine  
Locking Plate (Fig. 14.11)
The cervical spine locking plate has plate length 
available in  sizes ranging from 16 to 55 mm. Longer 
plates are available but must be used with caution 
because large forces are concentrated at the points of 
caudal fixation and may be subject to failure. Screw 
sizes are 4.0 and 4.35 mm in 14-mm lengths. The 
screw heads are hollow  so that a second expansion 
screw can be inserted into the head, causing it to ex
pand. When inserted in  vivo, the screw rigidly locks 
to the plate.

Anterior decompression, grafting, and preparation 
are as described before. The selected plate is placed 
on the spine and checked for position and length ra- 
diographically. The plate holes should lie in the mid 
position of the vertebral bodies and the plate should 
not overlie an unfused disc. The plate is held firmly 
and a hoe is drilled w ith a stopped 3.0 mm drill and 
drill guide. The drill is angled m edially and 12° cra- 
nially in the superior vertebra and m edially and

straight downward in the inferior vertebrae. The drill 
autom atically stops at a depth of 14 mm. The near 
cortex is tapped and screws are inserted loosely. The 
process is repeated at the other holes. Once all screws 
are inserted, they are tightened sequentially. The 
small set screws are inserted into the head of the ver
tebral body screws and tightened. A lateral radio
graph is taken and the wound is closed. No screws 
are inserted into the strut graft. Postoperatively, pa
tients are im m obilized in a M iami J brace for 8 to 10 
weeks.

Posterior Decompression
Posterior decom pression via lam inectom y is rarely 
indicated except in cases of depressed lamina frac
tures or for m ultilevel spondylosis in patients with 
extension injures and central cord syndrome. Bio- 
m echanically, lam inectom y has little decompressive 
effect on a ventral lesion, whereas it significantly in
creases spinal instability [5). In trauma cases, lam i
nectom y should always be com bined with arthrode
sis with facet wiring or the lateral mass plate 
technique. In the spondylitic spine, a m ultilevel lam 
inectom y can allow some posterior displacem ent of 
the cervical cord as long as the spinal alignment re
m ains lordotic (48). Unfortunately, C5 or C6 radicu
lopathies can occur secondary to increased root ten
sion as the cord displaces posteriorly.

Before any surgery, the assessment of patients 
with traumatic injmies should include the patency 
of the neuroforamina. Patients with facet injuries 
may have displaced fractures or disc herniations that 
create foraminal stenosis. Foraniinectomy may be 
warranted and can be performed at the time of pos
terior fusion.

Surgical Technique—Laminectomy
The patient is positioned prone and the lamina is ex
posed as described later for posterior fusion. A lam 
inectom y is performed by bilateral vertical osteotomy 
at the junction of the lam ina and lateral mass using 
a 3- to 4-m m  high speed burr. As the inner cortex and 
canal is approached the cutting burr is changed to a 
diamond-tipped burr to avoid dural laceration. Care

FIGURE 14.11.
A. The Morscher AO/ASIF system consists of a plate with specially designed screws and screw holes that allow rigid 
connection between plate and screw. The screws angle medially to give a triangulation effect that resists plate disengage
ment. After other screws are inserted, a small locking screw is inserted into the screw head, which expands the head and 
creates a rigid interlock. Reprinted with permission from Aehi M, Webb JK. The spine. In: Allgower, ed. Manual of internal 
fixation, 3rd ed. Berlin: Springer Verlag, 1 9 9 1 :6 2 7 -6 8 2 . B. Drilling using a 3-mm stopped drill allowing 14 mm of depth. 
Only tapping of the near cortex is required. Reprinted with permission from Aehi M, Webb JK. The spine. In: Allgower, ed. 
Manual of internal fixation, 3rd ed. Berlin: Springer Verlag, 1991:655. C. This drawing shows screw insertion and application  
of locking screw.
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FIGURE 14.12.
A. A foraminotomy is performed with a 3 to 4 ram high speed burr. Drilling starts along the inferior surface of the cranial 
lamina at the facet joint. Only one-third to One-half of the facet joint can he sacrificed. B. The exiting nerve root is located 
deep and slightly cranial to the facet joint, ff necessary, the root can be retracted upward exposing the disc. The foramen 
is checked for patency with small nerve hooks. Reprinted with permission from Cusick }F , Larson SJ. Foramenotomy. In: 
The Cervical Spine Research Society, ed. The cervical spine: an atlas of surgical procedures. Philadelphia: JP Lippincott, 
1994:217.
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is taken not to disrupt joint capsules or resect any 
portion of the facets. Once the lam ina are divided, 
the interspinous ligaments and ligamentum are di
vided while pulling upward on the spinous pro
cesses until the entire lam ina is freed. Care is taken 
to release any dural adhesions. After lam inectomy, a 
posterior fusion with lateral mass plates is per
formed.

Surgical Technique—F oram in otom yfF ig. 14.12)
Biomechanical studies have shown that up to 50%  
of the facet joints can be removed without develop
ment of instability (104). In traumatic situations, the 
possibility of instability is greatly increased and 
therefore an arthrodesis is always performed. From 
the dorsal approach, the lower cervical spine fora
men are located directly below and slightly cranially 
to the facet joint. A foraminotomy is performed pri
marily with a burr and curettes. Kerisone rongeurs 
are avoided because their foot can traumatize the 
nerve roots. The burr is used to remove bone along 
the caudal edge of the superior vertebra at the ju nc
tion of the lateral mass with the lam ina going out
wards to the m idpoint of the facet. Drilling proceeds 
downward until the edge of the dura and the take off 
of the nerve root is visualized. This visualization is 
facilitated by using the diamond burr and curettes. 
The neuroforamina is decompressed laterally until 
small nerve hooks or probes can be passed outward. 
After foraminotomy, a posterior fusion is performed.

Posterior Cervical Fusion
The posterior cervical fusion is the utilitarian surgi
cal procedure in the management of cervical spine 
injuries. The procedure is highly effective and safe 
with excellent long-term outcome. In the majority of 
cases of cervical instability, a simple posterior fusion 
technique should be used. Newer techniques using 
rigid fixation can potentially overcome inherent bio
mechanical weaknesses of standard interspinous 
wire techniques but are associated with increased  
complications and cost.

Biom echanical studies have helped to clarify the 
roles of various posterior cervical fixation techniques 
(1, 34, 73, 93). The interspinous wire and the Bohl- 
man triple wire technique provide sufficient stability 
in hyperflexion injuries. To be stable, these tech
niques require an intact neural arch and facet artic
ulations. Halifax clamps perform poorly in  cyclical 
loading secondary to screw loosening or hook dis- 
lodgment and should be avoided. There is little role 
for sublaminar wire fixation because it provides sta
bility only equal to interspinous wire techniques and 
it unnecessarily invades the spinal canal. Fixation 
with plates and screws to the lateral masses or ped
icles is gaining popularity. Biom echanically, lateral

mass plates are associated with increased resistance 
to rotational and axial loading forces and overall pro
vide the stiffest cervical constructs (9). In a compre
hensive biom echanical study, Abitbol et al. evalu
ated four posterior biom echanical plates (AO plates, 
Modular Fixation System, Haid plates. Harms plate), 
an interspinous wire technique and two anterior 
plates (Cervical Spine Locking plate and Caspar 
plate) (1). In torsion and axial loading, the lateral 
mass plates were significantly stiffer compared with 
the wire or anterior plate. In flexion, the AO plate, 
M od-Fix, and interspinous wire were equal and had 
a significantly greater flexural stiffness. In extension, 
the anterior plate constructs were significantly stiffer.

The choice of w hich technique depends on the pa- 
thoanatomy, surgeon’s expertise, and biom echanic 
requirements. In the majority of cases, sim ple tech
niques using interspinous wires and autogenous 
bone grafts w ill suffice. Indications for posterior cer
vical fusion include unstable fractures that do not 
require anterior decom pression and have significant 
posterior colum n injury. These fractures include 
most hyperflexion injuries and some axial loading in
juries. Posterior fusion can be used as an adjunct to 
anterior decompression or for the treatment of ante
rior pseudarthrosis. The following surgical tech
niques w ill be reviewed: Bohlm an triple wire, facet 
wire, and lateral mass fixation with AO reconstruc
tion plates.

Interspinous Wire Technique
Rogers initially  described a technique by passing 
wires through drill holes in the base of the spinous 
process (82). Autogenous bone grafts were wedged 
under the wires. He reported excellent long-term out
come in 37 patients. Two patients developed non
union and one patient had a loss of reduction. To 
increase construct rigidity, Bohlm an et al. added a 
second and third wire passed through holes in the 
spinous processes, w hich affixed cortico-cancellous 
plates of bone graft (23). Biom echanically, the Bohl
man triple wire technique greatly increases flexural 
and rotational rigidity (34).

Surgical Technique—Bohlman
Triple Wire(Fig. 14.13)

After prone positioning, the spine is exposed via a 
m idline incision. A cuff of interspinous ligament and 
ligamentum nuchae is protected during dissection to 
decrease the risk of iatrogenic extension of the fusion 
or instability. Drill holes are placed with a 3-mm air 
driver burr at the base of the spinous processes. The 
hole is enlarged with a towel clip or Leween clamp. 
A 20-gauge wire is passed through the holes and 
looped around the spinous process and passed back 
through the hole. The free ends are tightened and the
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spifiotis pcoGBm

FIGURE 14.13.
A. Bohlman triple wire technique. Three milHmeter drill holes are placed in the base of the spinous processes with an air 
driven burr. A 20-gauge wire is double looped around both spinous processes and tightened. B. Second and third 22-gauge 
wires are passed through corticocancellous bone grafts and through the holes previously placed in the spinous process.
C. The wires are twisted, compressing the bone grafts against the spinous processes. Reprinted with permission fxom 
Delamarter R. Wire fixation of the lower cervical spine. Tech in Ortho 1994;9:68-74.
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alignment is checked radiographically. Plates of cor- 
tico-cancellous bone grafts are harvested and drill 
holes are placed to accept wires. Twenty-two gauge 
wires are passed through the bone grafts and the hole 
in the spinous process and are tightened, affixing the 
grafts to the spinous processes. Postoperatively, pa
tients are immobilized in a cervico-thoracic brace for 
6 to 8 weeks.

Facet Wire Technique
When lamina and spinous processes are deficient or 
missing, the interspinous wire techniques cannot be 
used. In such cases, the Robinson Soutlawick facet 
wire technique may be used to achieve posterior fix
ation (80). Wires passed through the facets and out 
the facet joint are tightened over bone graft struts. In 
cases of facet fracture and subluxation, greater rota
tional stability may be required than provided by the 
interspinous wire technique. Edwards, Matz, and 
Levine described the oblique wire, w hich is passed 
through the cranial facet and around the caudal spi
nous process (46). They reported successful fixation 
in 26 of 27 patients w ith unilateral facet dislocations. 
These techniques can be applied at m ultiple seg
ments.

Surgical Technique—Facet Wire (Fig. 14.14)
The dissection is carried out to the far edge of the 
facets to be arthrodesed. A ll joint capsules are re
moved. Drill holes are made with a 3- to 4-mm burr, 
which starts at the center of the lateral mass and is 
directed slightly downward, exiting into the facet 
joint. The articular cartilage is denuded to facilitate 
wire passage. Twenty or 22-gauge wire is passed 
downward through the drill hole and the end is 
brought out through the joint. This step is facilitated 
hy gently opening the joint using an osteotome as a 
lever. The use of double or triple-stranded wire or 
cable eases bending of the wire around corners, 
which is necessary for this technique. After all wires 
have heen passed, the wires are looped and tightened 
around the ribs or iliac crest corticocancellous plates 
of bone graft. Postoperatively, patients are managed 
in the halo-vest or cervico-thoracic brace for 10 to 12 
weeks depending on stability.

In the oblique wire technique, to stabilize a uni
lateral facet dislocation, a facet wire is placed as de
scribed previously in the cranial lateral mass. The 
wire is then looped around the caudal spinous pro
cess and tightened. An interspinous wire is added for 
additional stability.

Lateral Plate Mass Fixation
Roy-Camille developed the technique of lateral mass 
fixation using plates w ith 13 mm hole spacing (84).

FIGURE 14.14.
A. Oblique wire technique. A drill or burr is used to make 
a hole passing from the lateral mass into the facet joint. To 
aid in drilling, the joint is gently distracted and a freer is 
placed into the joint to act as a back stop. B. A 20-22 gauge 
wire is passed around the caudal spinal process and tight
ened. Reprinted witii permission from Bucholz RW. Lower 
cervical spine injuries in skeletal trauma. In: Browner BD, 
Levine AM, Jupiter JB, Trafton PG, eds. Fracture disloca
tion and ligamentous injuries. Philadelphia: WB Saunders, 
1992:699-728.

The plates are affixed to the lateral masses with 14 or 
16-mm screws. The lateral mass plates are easy to 
apply, can be used over m ultiple segments, and have 
had excellent results. Magerl modified the technique 
using the AO/ASIF hook plate (57). Fixation is ob
tained from a hook that is placed around the inferior 
edge of the caudal lam ina and through a hole in the
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plate in w hich a screw is placed into the cranial lat
eral mass. To give three point fixation, an H-graft is 
placed between the spinous processes. Anderson 
modified these techniques using AO/ASIF recon
struction plates and reported successful outcomes in 
30 of 30 patients (9). Although interspinous wire 
techniques can be used for the m ajority of patients, 
plate fixation has several advantages. Because it is 
stiffer, patients require less postoperative bracing 
and fracture reduction is m aintained, especially in 
patients with rotational or axial instability. Plates can 
be applied extensilely, including across the cranio- 
cervical and cervicothoracic junction. Plates are now 
available in titanium , w hich allows postoperative 
MRI imaging. In patients with laminar or spinous 
process fractures, plate fixation can shorten the over
all length of fixation or can be applied more easily 
than facet wire fixation. Specific indications for lat
eral mass fixation include deficiency or absence of

lam ina and spinous processes, rotational or axial in
stabilities, m ultilevel instabilities, pathologic frac
ture, extension to craniocervical junction or cervi
cothoracic junction, and requirement for decreased 
bracing.

Lateral mass screw placem ent is critical to the 
safety and efficacy of this technique. Two basic tech
niques have been described and evaluated (Fig. 
14.15). Roy-Camille et al. start the screw at the sum
m it or center of the lateral mass and direct the screw 
straight forward and 10° outward (84). Magerl screws 
start 1 to 2 mm m edially and cranially to the center 
of the lateral mass (57). The screws are oriented 25 
to 35° cranially and 25° outward. Heller et al. per
formed an anatomic study to determine the safety of 
the Roy-Camille and Magerl techniques (60),They 
found that experienced surgeons had a 3.6%  chance 
of root injury w ith the Magerl technique compared 
w ith 0%  w ith the Roy-Camille technique. However,

Roy -  Camille NIagerl

FIGURE 14.15.
Roy-Camille and Magerl techniques for 
lateral raass screw placement. Reprinted 
with permission from Heller JG, Carlson 
GD, Abitbol JJ, et al Anatomic compari
son of the Roy-Camille and Magerl tech
niques for screw placement in the lower 
cervical spine Spine 1991:16.S552-S557.



FIGURE 14.16.
A. Dorsal view of the cervical spine. The starting point for lateral mass screw placement is 1 to 2 mm medial to the center 
of the lateral mass. The screw is directed cranially 20 to 30° and outward 10 to 20°. B. Axial view of the cervical spine. Note 
the important landmark of the valley at the junction of the lamina and lateral mass. The vertebral artery and most dorsal 
extent of the nerve root are located directly anterior to this point. Screws must start lateral and angle outward to avoid 
neurovascular injury. Reprinted with permission from Aehi M, Webb JK. The spine. In: Allgower M, ed. Manual of internal 
fixation, 3rd ed. Berlin: Springer Verlag, 1991:627-682. C. Lateral view after plate fixation with AO reconstruction plates.
D. Dorsal view after lateral mass fixation. A, C, and D reprinted with permission from Anderson PA, Henley MB, Grady 
MS, et al. Posterior cervical arthrodesis using AO reconstruction plates. Spine: Symposium on Internal Fixation 1991; 
16:S72-S79.
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the Roy-Camille technique was associated with a 
13%  incidence of facet joint violation. Based on an 
anatomic study, An et al. recommended a starting 
point sim ilar to Magerl and a direction of 15° ceph- 
alad and 30° lateral (8). To accommodate this angu
lation, An recognized that new plates w ill need to be 
designed. Montesano et al. b iom echanically com 
pared the Roy-Camille and Magerl techniques and 
found that Magerl screws had significantly better 
pullout strength (73). Additionally, they noted that 
longer screws could be placed safely using the Roy- 
Camille technique. Gill et al. found that bicortical 
screw purchase greatly increased pullout strength 
(54). Anderson et al. reported the use of lateral mass 
fixation w ith AO reconstruction plates (9). These 
plates have the advantage of being sized properly and 
are available in  different lengths to accommodate 
many applications. They are now available in tita
nium. Plates with hole spacings of 8 and 12 mm are 
available to accommodate individual variations in 
distances betw een lateral masses. W e have reviewed 
102 consecutive cases and found that all patients 
went on to fusion with m inim al loss of position after 
surgery. Two patients had a transient isolated C7 ra
diculopathy caused by screw placement. It may have 
been secondary to anatomic variations that occm- at 
C7. As described by An et al., the C7 lateral mass is 
transitional and may be absent or truncated, making 
identification of starting points difficult (8). Recently 
placem ent of C7 pedicle screws has been advocated 
(68 ).

Surgical Technique— Cervical Lateral 
Mass Fixation with AO Reconstruction 
Plates (Fig. 14.16)
The patient is positioned and exposure of the dorsal 
elem ents is performed as described previously. For 
proper screw placem ent, the borders of the lateral 
mass are exactly determined. This determination re
quires exposure out to the far lateral edge. The medial 
border is the junction of the lam ina and lateral mass. 
A valley is usually present to aid in identification of 
this important landmark. Directly forward of this val
ley is the most dorsal extent of the exiting nerve root 
and the vertebral artery. Thus, all lateral mass screws 
must be placed lateral to this valley and angled out
ward. The lateral border is the far edge of the facet. 
The superior and inferior borders are the cranial and 
caudal facet joint, respectively. Once the square or 
rectangularly shaped lateral mass has been identi
fied, the starting point for screw insertion is selected. 
This point is 1 to 2 mm medial to the center of the 
lateral mass.

A 2-mm K-wire or drill is placed in an adjustable 
drill guide set to allow only 15 mm of advancement. 
The drill is advanced from the starting point, angling

upward 20 to 30° (parallel to the facet joints) and out
ward 15°. After drilling is complete, the hole is 
checked for perforation of the far cortex with a 
sm aller blunt K-wire. If the far cortex is not perfo
rated, then the drill guide is adjusted to allow 1 to 2 
mm more of advancement, and the process is re
peated. Drilling continues until a depth of 20 mm or 
perforation has occurred. The length of drill to 
achieve perforation is noted to aid in screw length 
selection. The hole is tapped with a 3.5 mm cancel
lous tap.

The drilling process proceeds free-hand rather 
than through the plate. This allows accurate screw 
placem ent needed to avoid neurovascular injuries. In 
m ultilevel constructs, only the most cranial and cau
dal levels are drilled initially. M alleable templates 
are used to determine plate choice, length, and con
tour. If necessary, plates can be contoured with bend
ing pliers. In longer constructs, the plate is affixed 
cranially and caudal and then the intervening lateral 
masses are drilled through the plate holes. The 
screws are initially  inserted w ith light torque and at 
the end of the procedure are tightened sequentially. 
The dorsal third of the facet joints are decorticated 
and packed w ith autogenous bone graft. If desired, 
an interspinous wire can be added to increase stabil
ity. The lam ina and spinous processes medial to the 
plates are decorticated with a burr and covered with 
cancellous bone graft. The paraspinal m uscles and 
nuchal ligaments are closed in two layers. Postoper- 
atively, patients wear a M iami J or Minerva brace for 
8 weeks (Fig. 14.17).

Conclusion__________________________________
Cervical spine injuries require prompt recognition 
and early treatment to m axim ize recovery. The use 
of newer imaging techniques has greatly aided our 
understanding of these injuries, but has not led to a 
com prehensive classification system. Treatment is 
determined prim arily from fracture morphology (sta
bility) and neurologic status. The goal of treatment as 
outlined by Rogers: l)  Protect the neural tissue; 2) 
Reduce fractures and dislocations; and 3) Stabilize 
the spine to provide a stable, painless spine long term 
(82). Pharmacologic treatment in cases of spinal cord 
injuries appears to improve chances of neurologic in
jury. The standard surgical techniques— anterior de
com pression and fusion, and interspinous wire fixa
tion— have excellent reported results and low 
com plication rates. However, patients require im
m obilization, and these techniques are less effective 
in more unstable cases. Newer surgical techniques 
involving plate fixation either anteriorly or posteri
orly have reported excellent outcomes w ith low com
plication rates.
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f

FIGURE 1 4 .1 7 .
A. Lateral radiograph of an eighteen-year-old female in vehicular trauma sustaining unstable tear drop type fracture. After 
reduction, she returned to normal neurologic function. B. She was treated by posterior arthrodesis with AO reconstruction 
plates. Lateral radiograph demonstrates excellent screw placement and fracture reduction. C. Postoperative anteroposterior 
radiograph.
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CHAPTER FIFTEEN

Upper Cervical Spine Injuries 
in the Adult

Alexander R. Vaccaro and Jerome M. Cotier

Introduction
Traumatic disorders of the cervicocranium  represent 
a unique subset of cervical spine injuries that differ 
from those of the subaxial cervical spine through 
their pathoanatomy, clin ical presentation, and treat
ment. Clinicians treating patients w ith injuries to the 
upper cervical spine need to be w ell versed in the 
static and dynamic anatomy of this region to diag
nose subtle instability patterns w hich require spe
cialized treatment. Although the majority of lethal 
traumatic injuries to the spine involve the upper cra
nial region, patients that survive transport to a re
gional trauma center tend to have m inim al, if  any, 
neurologic deficit as a result of the capacious spinal 
canal volume in this region and the relatively small 
ratio of cord size to canal area. Because of the paucity 
of neurologic dysfunction seen after trauma to this 
area, injuries to the upper cervical region are fre
quently overlooked, especially in the m ultiple in
jured patient or patients w ith altered mental status 
unable to localize discomfort to the upper cervical 
region. Therefore, the evaluating team should be dil
igent in ruling out pathology in this region, espe
cially in patients with obvious soft tissue or bony in
juries above the level of the clavicle. In addition, 
injuries to the upper cervical spine are associated fre
quently with contiguous and noncontiguous spinal 
fractures that com plicate management. This chapter

discusses the anatomy, pathogenesis, diagnosis, clas
sification, and nonoperative and operative treatment 
of traumatic injuries to the adult upper cervical 
spine.

Occipital Condyle
O ccipital condyle fractures are rare and are missed 
frequently unless the treating physician has a high 
index of suspicion for its presence. This fracture may 
occur alone or in com bination w ith injuries of the 
atlanto-occipital com plex, odontoid, or subaxial 
spine (68, 75, 107].

Mechanism of Injury
This injury has been reported in patients betw een 18 
and 82 years of age and is usually the result of a high
speed deceleration accident associated with axial 
com pression, with or without rotation, and an ante
rior, posterior, or lateral shear force (17, 52).

Clinical Diagnosis
The severity of neurologic deficit after injury to the 
occipital condyles may range from none to complete 
tetraparesis with respiratory compromise. Patients 
without neurologic deficit tend to report significant 
upper neck discomfort with lim itation or range of

3 3 1
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motion. Injuries to cranial nerve VI (abducens), XI 
(glossopharyngeal), and XII (hypoglossal] may be 
caused by direct nerve injury or involvem ent of the 
anterior brain stem (16, 30) have been reported. Pa
tients may also present with symptoms of vertebro
basilar artery insufficiency.

Radiographic Evaluation
Visualization of the basiocciput is extremely difficult 
with plain roentgenographs because of the overlying 
facial anatomy. If clinical suspicion is high for injury 
to this region, i.e., unexplained prevertebral swelling 
or lower cranial nerve dysfunction, then a frontal AP

radiograph of the atlanto-occipital joint projected 
through the m axillary sinus allows reasonable visu
alization of this region. More sensitive imaging tools 
include biplanar tomography, high resolution CT 
scanning w ith reformatting in  the axial, sagittal and 
coronal planes w ith or without intravenous or intra
thecal contrast, and, if  necessary, cervical myelogra
phy or MR imaging (17, 30, 52).

injury Classification
The classification schem e used by the authors is a 
three-part system described by Anderson in 1988 
(Fig. 15.1) (11). Type 1 injuries include impacted

External occipital crest 

Opisthion

Alar ligament

Occipital condyle

FIGURE 15.1.
The Anderson classification of occipital condyle fractures. A. Type I—an impacted comminuted fracture of the occipital 
condyle with minimal or no displacement B, Type II— a fractiue of the occipital condyle with, propagation into the foramen 
magnum, also known as a basilar skull fracture. C. Type III—an alar ligament avulsion fracture of the occipital condyle.
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comminuted condyle fractures w ith m inim al or no 
displacement, usually resulting from an axial load. 
Type II injuries are caused by a direct load to the 
cervicocranium, resulting in a basilar skull fracture 
with extension of the fracture line through the occip
ital condyle into the foramen magnum, rarely result
ing in any significant ligamentous disruption. Type 
III injuries result from a significant shear, lateral 
bending, or rotatory force, resulting in a bony avul
sion injury of the occipital condyle through pull of 
the alar ligament. These injuries are highly unstable.

Treatment
Type I and Type II occipital condyle fractures are sta
ble injuries and may be treated with a rigid cervical 
orthosis for approximately 2 to 3 months, at w hich 
time dynamic flexion and extension plain radio
graphs are taken to determine the presence of any soft 
tissue ligamentous instability. Type III injuries result 
in compromise to the alar ligament, the primary lig
amentous constraint to occipitoatlantal rotation, and 
lateral bending, and are therefore unstable injuries. 
This injury should be treated in a halo vest and fol
lowed closely in the post-injury period for any evi
dence of occipital cervical displacem ent. Surgery is 
rarely indicated for fractures of this region, especially 
in the absence of symptomatic brain stem com pres
sion or gross instability. The first reported case of sur
gical treatment of an occipital condyle fracture was 
in 1992 in a 34-year-old patient w ith symptomatic 
brain stem and vertebral artery com pression who un
derwent a unilateral suboccipital craniectom y and 
Cl laminectomy for brain stem com pression (17).

Occipitoatlantal Injuries
As of 1993, only approximately 34 survivors of 
occipitoatlantal subluxation or dislocation, mostly 
children, have been reported in the literature (31, 68,
72, 78, 113). The m ajority of these patients remained 
significantly neurologically impaired at their latest 
follow-up (19). The true incidence of this injury is 
difficult to discern because the m ajority of patients 
do not survive transport to a hospital setting (3, 19). 
Approximately one-third of reported surviving pa
tients had their injury overlooked, most likely sec
ondary to significant paraspinal spasm that m ain
tained the appearance of radiographic alignment 
(61). The primary bony and ligamentous stabilizing 
elements of this region include the capsule of the at- 
lanto-occipital joint and the bony articulation of the 
occipital condyle with the superior lateral mass of 
the atlas. The paired alar ligaments stabilize the oc
ciput to the upper cervical spine through their at
tachment to the dens, along with the apical ligament 
that attaches the dens to the basion. This ligament

serves as a stabilizing elem ent during lateral bending 
and axial rotation (9, 25).

Mechanism of Injury
At the com pletion of postmortem exam inations on 
313 victim s of m ultiple trauma, of w hich 19 had fatal 
atlanto-occipital dislocations, Alker postulated that 
the primary mechanism  of injury resulting in atlanto- 
occipital disruption was hyperflexion (3). Bucholz 
and Burkhead performed sim ilar postmortem studies 
on 112 victim s of m ultiple trauma, of w hich 9 cases 
succum bed to atlanto-occipital dislocations. They 
believed that the m echanism  of injury consisted pri
marily of hyperextension and longitudinal distrac
tion (19). Other authors, citing the lim ited degree of 
intrinsic rotation that occurs at the occipitoatlantal 
junction, have supported forced rotation with or 
without lateral flexion as the primary etiology of this 
injury (73, 78, 111).

Clinical Diagnosis
The spectrum of neurologic deficits in patients who 
incur injury to this level is sim ilar to that seen in 
patients with occipital condyle fractures, i.e., little if 
any neurologic loss to high tetraplegia with respira
tory compromise (68). Damage to the caudal ten pairs 
of cranial nerves, the brain stem, upper cervical spi
nal cord, and first three cervical nerves have been 
reported in  survivors of this injury (35, 36, 68, 78). 
Unilateral injury to the vertebral basilar system sec
ondary to cervical hyperextension, longitudinal dis
traction, and excessive rotation has been reported. 
This injury may result in a com plex of neurologic 
impairments referred to as W allenberg’s syndrome, 
w hich consists of cerebellar ataxia, a deficit to the 
ipsilateral cranial nerves of V, IX, X, and XI, contra
lateral loss of pain and temperature, and an ipsilat
eral Horner’s syndrome.

A high index of suspicion must be afforded to a 
patient w ith a suspected upper cervical spine injury 
with significant suboccipital neck pain and evidence 
of ecchym osis in the suboccipital region, especially 
if loss of consciousness or possible symptoms of 
brain stem com pression have been reported (61).

Radiographic Evaluation
Several static and dynamic plain radiographic rela
tionships have been defined in both the rheumatoid 
and nonrheumatoid upper cervical spine to deter
mine the presence of instability or injury to the level 
of the cervicocranium  (33, 88, 117). The presence of 
abnormal vertebral soft tissue swelling at the level of 
C2 (greater than 7 mm) may indicate the presence 
of injury at the occipitoatlantal level (21). In addi
tion, the presence of free air in the retropharyngeal
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space may indicate a posterior pharyngeal wall dis
ruption, a finding noted at autopsy in patients who 
succumb to this injury (7). Normally, on a lateral 
plain radiograph, the anterior superior tip of the 
odontoid should be in line w ith the apex of the ba- 
sion (117). The average distance between these two 
structures is approxim ately 9 to 10 mm in the adult 
and 4 to 5 mm in the child  (53], This measurement 
is referred to as the W holey dens-basion m ethod or 
distance (117). A distance greater than 15 mm in an 
adult and 12 mm in a child  is considered abnormal. 
In the sagittal plane, the relationship between the ba- 
sion and dens should change less than 1 mm in flex
ion or extension (68, 78). The basilar line of Wack- 
enstein describes the normal relationship between 
the clivus and the odontoid on a lateral radiograph 
and is drawn tangentially along the posterior surface 
of the clivus in continuity w ith the posterior cortex 
of the dens (Fig. 15.2) (112). The Powers ratio con
sists of four points, BC and OA, that defines two sep
arate lines, one drawn from the basion to the anterior 
border of the posterior arch of the atlas (BC) and the 
other from the opisthion to the posterior border of the 
anterior atlas arch (OA) (Fig. 15.3) (88). The distance 
of BC divided by OA should be approximately 0.77 
mm, w ith 1 mm being the upper lim it of normal. Val
ues greater than 1 mm imply significant anterior oc- 
cipitoatlantal subluxation or dislocation. This ratio 
does not apply to children and may provide false 
negative values in cases of longitudinal distraction 
or posterior subluxation (31). Plain roentgenographs 
are sensitive 50 to 75%  of the tim e in  determining 
occipitoatlantal injuries. AP and lateral tomography 
and high resolution CT scanning w ith reconstruc
tion, especially in the sagittal plane, better discern 
bony landmarks necessary to perform precise m ea
surements.

FIGURE 15.2.
A sagittal illustration with applied measurements describ
ing the spatial relationship of the occiput to the upper cer
vical spine.

FIGURE 15.3.
An illustration of the Powers ratio describing the relation
ship of the occiput to the atlas on a lateral plain roentgen
ograph. The ratio BC/OA should be approximately 0.77. A 
ratio of 1 or greater suggests anterior subluxation of the 
occipitoatlantal joint.

Injury Classification
Traynelis divided injuries to the occipitoatlantal 
com plex into three groups. Group I injuries have 
radiographic evidence of longitudinal distraction; 
Group II injuries consist of anterior subluxation or 
dislocation; and Group III injuries consist of poste
rior subluxation or dislocation (111).

Treatment
Any injury to the occipitoatlantal com plex is consid
ered extrem ely unstable and requires immediate halo 
application during all phases of patient evaluation. 
If reduction is necessary to improve alignment or de
compress vital neurologic structures, light traction of 
2 to 3 pounds, rarely exceeding 5 pounds, is applied 
with the appropriate vector forces to accom plish ac
curate alignment. Careful radiographic follow-up 
and serial neurologic exam inations must be done, es
pecially when paracervical m uscle spasms subside 
and result in further instability at this level. Long
term halo im m obilization cannot be relied on to in
sure stability at this level, and primary occipitocerv
ical fusion is necessary to insure long-term spinal 
stabilization.

Atlas Fractures____________________________
Fractures of the atlas represent approximately 3 to 
13%  of injuries to the cervical spine (46, 58, 64, 65). 
Interestingly, associated cervical spine injuries, es
pecially involving the odontoid, occur as m uch as 
5%  of the time in  association w ith atlas injuries (35,
63, 66).

Disruption of the transverse ligament, the primary 
stabilizer to the C l, C2 level in flexion, may occur
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with certain atlas fractures. This ligament, w hich tra
verses between the medial tubercles of the lateral 
masses of the atlas w ithin a posterior groove on the 
odontoid process, is part of the cruciform  ligamen
tous complex. This com plex has a superior extension 
that extends to the basion of the occiput and an in
ferior extension that term inates along the posteroin- 
ferior surface of the dens, referred to respectively as 
the upper and lower cruciform  bands. Besides sta
bilizing the odontoid to the anterior ring of C l, the 
transverse ligament allows the odontoid to act as a 
stable pivot point for C l, C2 rotation. In close prox
imity to the transverse ligament are the accessory lig
aments. These ligaments originate from the C l lateral 
masses in conjunction w ith or anterior to the trans
verse ligament and assist in stabilizing the atlas to 
the odontoid peg in flexion, extension, and lateral 
deviation.

Mechanism of Infury
Activities associated most frequently with fractures 
to the atlas include motor vehicle accidents followed 
by falls and m iscellaneous trauma. The primary vec
tor force reported most frequently is an axial load to 
the vertex of the skull that causes com pressive ap
proximation of the occipital condyles, C l superior 
facets, and C l, C2 articular processes. This may be 
followed by hyperextension, lateral bending, or ro
tation (74, 75). The presence of an associated spinal 
injury further delineates the probable force m echan
ics involved. In the setting for com pressive load, the 
ring of C l fails in tension, resulting in body disrup
tion at the narrowest point along the C l ring. This 
point most commonly is at the junction of the ante
rior and posterior ring arch with the lateral masses, 
resulting in spreading of the articular processes. If 
hyperextension is the primary force, the posterior C l 
arch may be compressed betw een the occiput and C2 
posterior element. This results in bony failure, usu
ally at the arches’ narrowest point in the superior 
groove that bilaterally contains the vertebral vessels 
(77).

t
Clinical Diagnosis
Fortunately, neurologic injury associated w ith atlas 
fractures is rare because of the large vertebral canal 
in this region and the tendency of this fracture to dis
place in a centrifugal m anner (99). Patients w ith as
sociated upper cervical spine fractures, especially 
posterior displaced odontoid fractures, report the 
highest incidence of neurologic deficit (66). Lateral 
displacement of the lateral masses may compress the 
glossopharyngeal (XI), vagus (X), and hypoglossal 
(XII) nerves betw een the C l transverse process and 
the styloid process (75). Injuries to the abducent 
nerve (VI) and spinal accessory nerve (XI) have also

been reported. Peripheral nerves at risk to injury in 
clude the suboccipital nerve (C l) as it crosses over 
the ring of C l and the greater occipital nerve (C2) as 
it transverses the atlantoaxial membrane. Symptoms 
of posterior fossa ischem ia may rarely result from in
jury to the vertebral vessels as they cross over the 
posterior arch of the atlas (64). Injuries to the brain 
stem caused by cranial settling due to C l lateral mass 
displacem ent may result in  symptoms of basilar im 
pression (29). The m ajority of patients report signif
icant suboccipital discomfort in the setting of upper 
paracervical m uscle spasm. Patients may report a 
subjective sense of instability and manifest a signif
icant restriction of cervical m otion (101).

Radiographic Evaluation
standard plain lateral and open mouth odontoid ra
diographs are the usual screening imaging m odalities 
used to diagnose C l ring fractures. Stable arch frac
tures, especially the posterior arch, present w ith no 
obvious soft tissue swelling on a lateral roentgeno
graph and may be missed with plain roentgeno- 
graphic surveys. A method to improve the sensitivity 
of a plain lateral roentgenograph is to position the 
x-ray tube over the body of C3 w hich, because of the 
obliquity of image acquisition, offsets the posterior 
arches of C l, thereby allowing them to be more 
clearly visualized (100). The most sensitive means of 
visualizing the ring of C l is by transaxial CT scanning 
w ith the CT gantry aligned parallel to the C l ring. 
This mode of imaging does not detect transverse frac
tures of the odontoid, w hich are the same plane of 
the imaging cut. AP and lateral tomograms further 
delineate fracture patterns whose configuration lies 
in the transverse plane of the ring of C l, such as an 
anterior arch avulsion injury. This form of imaging 
is also useful when an associated odontoid fracture 
is suspected.

Injury to the transverse ligament may be inferred 
by excessive spreading of the-Cl lateral masses on an 
open mouth odontoid view or, most commonly, 
through direct visualization of a medial tubercle 
avulsion via a transverse CT image. An increase in 
the atlantodens interval greater than 3.5 to 4 mm on 
a lateral plain roentgenograph is also a possible in 
dicator of transverse ligament incom petency or lax
ity. Spence discovered through biom echanical ca
daveric experim entation that the transverse ligament 
was incom petent when divergent spreading of the 
lateral masses occurred greater than 6.9 mm, with an 
intact ligament usually present w ith spread less than 
5.7 mm (106).

Injury Classification
Since the time of Sir Geoffrey Jefferson, who re
viewed 46 atlas fractures in 1920, several authors
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have described various classiiication schem es of at
las injuries to prognosticate outcome and guide treat
m ent (Fig. 15.4) (58, 63, 74, 77, 81). Levine described 
three types of atlas injiu-ies (66, 70). Type I fractures

consisted of bilateral fractures to the posterior Cl 
arch. Type II fractures consisted of a free floating lat
eral mass w ith a fracture of the adjacent anterior and 
posterior arch w ith a contralateral posterior arch frac-

Antenor

B

FIGURE 15.4.
A. An illustration of the bony and ligamentous anatomy of the atlas as well as fracture patterns described in various 
classification systems B. Bilateral posterior arch fracture. C. Four-part burst fracture. D. Hyperextension avulsion fracture 
of the anterior inferior Cl arcJi. E. Comminuted lateral mass fracture. F. Ipsilateral anterior and posterior arch fracture. G. 
Unilateral anterior arch fracture. H. Unilateral Cl mass fracture. I. Transverse process fracture.
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FIGURE 15.4.—continued

ture. Type III fractures included a 3 or 4 part burst 
fracture. Segal and Stauffer modified Gehw eiler’s 5 
part atlas classification system (99). The original sys
tem consisted of Type 1 fractures, w hich included 
anterior arch fractures. Type II fractures included 
fractures of the posterior arch, and Type III fractures 
included injuries to the lateral masses. Type IV frac
tures described four part burst fractures, and Type V 
fractures included fractures of the transverse process. 
Segal and Stauffer described a com m inuted type, 
which included an isolated com m inuted lateral mass 
fracture with a fracture line anterior and posterior to 
a unilateral lateral mass sim ilar to Levine’s Type II 
fracture. They reported four patients w ith this frac
ture type. At follow-up, two patients unsuccessfully 
healed their injury, with one having a poor result and 
the other having a fair functional result. Stewart re
ported a hyperextension avulsion fracture of the an
terior arch of C l caused by traction at the insertion 
of the longus colli and anterior longitudinal ligament 
(110). Landells retrospectively correlated fracture 
type with long-term symptoms in his three-part clas
sification system (65). Type I fractures consisted of 
injuries to a single arch, Type II consisted of fractures 
to both arches, and Type III included lateral mass 
fractures with extension into either the anterior or 
posterior arch. Late symptoms were reported in 50%

of patients with Type I injin-ies, 70%  with Type II 
fractures, and 33%  with Type III fractures.

Treatment
There is disagreement in the literature over the op
timum method of treatment of atlas fractures; espe
cially those fractures w ith disruption of the trans
verse ligament. The benefits of fracture reduction and 
articular congruity, the hallmark of peripheral ap
pendicular joint management, has not been shown in 
retrospective studies to alter symptomatic outcome 
of patients w ith these injuries at follow-up.

Fractures w ith transverse ligament competency 
may be treated with a cervical or cervicothoracic or- 
thosis for approximately 6 to 12 weeks until fracture 
healing is documented (58, 64, 74). If one believes 
fractru'e reduction is necessary, axial tong traction 
w ith weights in  the range of 10 to 30 pounds may be 
used to improve fractm e alignment. Traction is m ain
tained for approximately 5 to 8 weeks until the frac
ture fragments becom e sticky, at w hich time transfer 
to halo im m obilization can begin. At the conclusion 
of im m obilization, dynamic flexion extension lateral 
roentgenographs may be done to evaluate for evi
dence of residual instability and therefore the need 
for surgical stabilization.
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A review of patient outcomes in large retrospec
tive services cite various results regardless of fracture 
types. Many patients report consistent suboccipital 
discomfort and decreased cervical range of motion. 
Tw^o-thirds of patients w ith burst fractures reported 
by Siegel and Stauffer had fair or poor cervical m o
tion to follow-up, although the majority of patients 
reported no significant alterations of their normal ac
tivities of daily living (99). The m ajority of patients 
in Levine’s series (80% ) com plained of neck discom 
fort that did not require surgical intervention and fol
low-up (66). Siegel and Stauffer suggested that resid
ual fractional displacem ent may correlate with a poor 
result at follow-up (99). Three of eighteen patients in 
their series had significant spreading of the C l lateral 
masses with com prom ise of the transverse ligament. 
All three of these patients went onto nonunion with 
eventually poor clin ical results. This result contrasts 
w ith Sherk and N icholson’s and Hinchey and 
B ick el’s observations that patients found to have 
fibrous nonunions at follow-up reported good to 
excellent eventual outcomes (15, 59, 102). Landells 
reported 35 patients with atlas fractures— 5 of 6 
patients w ith significant spreading of their C l lateral 
masses treated nonoperatively had no evidence of 
clin ical instability at follow-up (65). However, four 
of the five patients reported significant suboccipital 
discomfort. Levine noted no evidence of atlantoaxial 
instability or evidence of degenerative changes at fol
low-up (4.5 years) in six patients treated w ith 7 days 
of skeletal traction w ith an initial mean lateral mass 
displacem ent of 7.6 mm regardless of an incongruous 
reduction. Hadley also found no evidence of insta
bility in five patients with lateral mass displacem ent 
greater than 6.9 mm at an average follow-up of 2.5 
years (58). The primary causative factor that relates 
to degenerative changes may be the initial articular 
damage to the occipital C l, C2 articulations at the 
time of injury rather than the resulting incongruity 
(66, 68). The ability to achieve an anatomic reduction 
has not been reported consistently in clin ical review 
series. Levine reported residual lateral displacem ent 
of 3.9 mm from an original displacem ent of 12.3 mm 
with skeletal traction (66). Fowler, in a series of 48 
patients, was only able to reduce 3 of 13 patients 
treated with traction (46).

Injuries to the m idsubstance of the transverse lig
ament without an associated osteoperiosteal avul
sion fracture are potentially ominous injuries that 
many believe require im m ediate surgical stabiliza
tion because of the potential for significant atlanto
axial instability with resultant neurologic com pro
mise. Fielding reported on 11 patients w ith rupture 
of the atlantoaxial ligaments after trauma (39). Nine 
of these patients eventually underwent a posterior 
atlantoaxial fusion. In addition. Fielding performed 
biom echanical cadaveric studies on 20 cervical spine

specim ens to elucidate the stability of the C l, C2 
com plex. He noted that in 15 of his specimens that 
were tested to failure, the transverse ligament failed 
in its midsubstance, whereas in the other five speci
mens, failure occurred at the junction of the trans
verse ligament and m edial tubercle of the C l lateral 
mass. He noted that w ith m idsubstance failure of the 
transverse ligament, the auxiliary ligaments of sta
b ility  (i.e., alar, apical) were inadequate to prevent 
further significant C l displacem ent. As a result of 
these findings, Fielding advocated primary C l, C2 
surgical stabilization in patients w ith midsubstance 
transverse ligament injuries (39). Spence noted mid
substance failure of the transverse ligament in 6 of 
10 cadaveric specim ens tested to failure (106). He 
also suggested aggressive surgical stabilization in 
cases of transverse ligament disruption. Many au
thors believe that in cases of osteoperiosteal avulsion 
fractures of the transverse ligament, the auxiliary lig
aments (apical, tectorial, alar) and capsular struc
tures are intact and impart adequate stability until 
fracture healing occurs. Panjabi and associates cre
ated atlas fractures experim entally in 10 fresh frozen 
cadaveric spines (83). They noted that in eight spec
im ens with transverse ligament disruption secondary 
to axial loading, all specim ens had intact alar, tec
torial membrane and C l, C2 capsular ligaments. Fow
ler found no evidence of instability in three of four 
patients with transverse ligament avulsion injuries at 
follow-up (46). Hadley found no evidence of atlan
toaxial instability at follow-up of five patients with 
displacem ent of the lateral masses greater than 6.9 
mm (58). Sim ilar results were reported by Landells 
(92).

In summary, patients with evidence of transverse 
ligament avulsion injuries may be treated conserva
tively w ith or without traction reduction. Evidence 
of instability may be ascertained at follow-up with 
dynamic flexion extension plain radiographic films. 
Consideration for primary surgical stabilization 
should be given for m idsubstance transverse liga
ment injuries and evidence of instability on imaging 
studies. The optimum treatment of displaced atlas 
fractures (lateral mass displacem ent greater than 
6.9mm) can only be determined with well-controlled 
prospective studies that evaluate the efficacy of trac
tion versus immediate brace treatment.

Rotatory Subluxation of the 
Atlantoaxial Joint
The primary ligamentous stabilizer of the atlantoax
ial joint is the transverse ligament, which prevents 
pathologic anterior displacement of the ring of Cl on 
C2, as well as allows the ring of C l to pivot around 
the odontoid peg. The secondary, or auxiliary, sta
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bilizing ligaments to C l, C2 rotation include the alar 
ligaments and the facet capsules. The superior and 
inferior articular facets of C2 are located in different 
vertical planes with the superior articular surface 
more anterior and inclined less vertical than the in
ferior articular surface. The horizontal orientation of 
the C l, C2 articular facets facilitates rotation at this 
level (22). Dislocation of the C l, C2 articulation be
gins to occur at around 63 to 65° degrees of rotation. 
At this point, the upper cervical canal may be nar
rowed up to 7 mm (42). If anterior subluxation of C l 
on C2 of approximately 5 mm is present because of 
transverse ligamentous insufficiency, a C l, C2 uni
lateral facet dislocation may occur at around 45° of 
rotation, resulting in canal narrowing of about 12 mm 
(42). Further rotation may lead to a decrease in  the 
space available for the spinal cord w ith resultant 
neurologic compromise (114). Vertebral vessel com 
promise is rare w ithin the extremes of normal cervi
cal rotation because of its lateral position w ithin the 
lateral masses. Pathologic or extreme rotation may 
disrupt or compress these vessels, resulting in brain 
stem or cerebellar ischem ia (42).

Mechanism of Injury
Pathologic processes w hich weaken or disrupt the 
Cl, C2 ligamentous structures (trauma, inflamma
tion), cause bony deformity (m etabolic bone disease, 
genetic disorders of collagen formation and bone 
growth), or impart abnormal rotatory forces to the up
per cervical spine (ocular, vestibular dysfunction), 
may result in pathologic rotatory subluxation or dis
location of the C l, C2 vertebral bodies (68).

This disorder is reported most frequently in the 
pediatric population after an upper respiratory in 
flammatory illness or trivial trauma, although signif
icant deformity may be seen in the adult patient after 
trauma, or in cases of tumor or infection (60). Inflam
matory processes, such as an upper respiratory in fec
tion, tonsillitis, m astoiditis, rheumatoid arthritis, or 
ankylosing spondylitis with involvem ent of the up
per retropharyngeal space, may lead to significant sy
novial capsular effusion of the C l, C2 joint and at
tenuation of the surrounding ligamentous structures, 
resulting in rotatory or anteroposterior subluxation 
of the atlantoaxial joint (21, 89). An example of this 
is Grisel’s syndrome, seen prim arily in the pediatric 
population, in w hich inflammatory products from 
the posterior nasopharynx drain through pharyngeal 
lymphovenous channels into the venous plexus, sur
rounding the atlantoaxial joint capsule.

Abnormal rotatory forces to the C l, C2 process also 
may be caused by tumorous involvem ent of the ster
nocleidomastoid m uscle or abnormal voluntary pos
turing resulting from ocular or vestibular dysfunction

(40). Posterior dislocation of C l and C2 with an intact 
odontoid may be the result of severe hyperextension 
in the setting of trauma, especially if the paracervical 
muscles are relaxed (118). As of 1991, only four sur
vivors of this injury have been reported, all without 
significant neurologic deficit (118).

There has been conjecture as to the etiology of C l, 
C2 rotatory fixation after longstanding subluxation. 
With prolonged stretching and attenuation of the 
capsular ligamentous complex, gradual soft tissue 
contracture with scarring on this complex may pre
vent future articular realignment. Persistent sublux
ation leading to fixation may result from longstand
ing sternocleidomastoid contracture, traumatic 
injuries with incongruity or displacement of the at
lantoaxial joint, or hyperemic decalcification of the 
surrounding ligamentous complex (21, 40). In addi
tion, with capsular effusions seen in the previous in
flammatory conditions, synovial fringes or attenu
ated and disrupted liganrentous structures, i.e., alar 
ligaments, may become entrapped within the joint 
cavity, preventing normal alignment. This pathologic 
finding has been confirmed on autopsy examination 
in infants and in small children; meniscus-like sy
novial folds have been identified in both the occipi- 
toatlantal and atlanto-occipital joints (89).

Clinical Diagnosis
Patients with pathologic rotatory subluxation of the 
C l, C2 joint usually report a pertinent history sug
gestive of the pathogenesis of this disorder. A history 
of trauma or a recent upper respiratory infection may 
precede the characteristic clin ical presentation of the 
cock robin-appearance in w hich the skull is rotated 
in one direction approximately 20° and tilted to the 
opposite direction approximately 20° with m inim al 
cervical flexion. Rarely, the clin ical deformity may 
be less apparent if  compensatory occipitoatlantal ro
tation occurs in the opposite direction of atlantoaxial 
subluxation.

This compensatory rotation may result from sig
nificant paracervical spasm or a primary injury to the 
occip ital-C l joint (6). Compensatory rotation may 
also exist in the lower cervical spine, decreasing any 
apparent clin ical deformity (21).

Commonly, patients report significant suboccipi- 
tal discomfort associated w ith marked restriction in 
range of motion. Neurologic dysfunction may m ani
fest after traumatic C l, C2 instability with an atlan- 
todens interval of 7.5 mm or greater. Symptoms of 
weakness usually m anifest before the subjective 
com plaint of pain, especially if pathologic rotation is 
not present (39). On physical exam ination, one may 
palpate a prom inence in the retropharyngeal space 
caused by asymmetry of the C l, C2 articulation (101).



3 4 0 SECTION III: SPINAL TRAUMA

W ith longstanding rotatory deformities, patients 
may develop flattening or plagiocephaly on the in 
volved side. This has been shown to correct sponta
neously at long-term follow-up with appropriate 
treatm ent (40, 42 j.

Radiographic Evaluation
Interpretation of plain roentgenographs in a patient 
with a rotatory abnormality of the C l, C2 joint in the 
peritrauma period is difficult because of problems 
with patient cooperation, patient positioning, and 
superim position of soft tissue on bony landmarks 
that obscures subtle bony abnormalities. These dif
ficulties may lead to a significant delay in diagnosis. 
Fielding reported an average delay in diagnosis of
11.6 months in his report on fixed deformities of the 
atlantoaxial jo in t (42). A natom ically, the occiput and 
C l tend to rotate together in unison, although subtle 
physiologic rotation does exist between these two 
structures. W ith rotation greater than 50° between C l 
and C2, m idline deviation of the C2 spinous process 
may occur with the C2 spinous process and the chin, 
in  the presence of head tilt, both lying on the same 
side of the m idline (86).

In instances of pathologic compensatory occipi- 
toatlantal rotation opposite C l, C2 rotatory subluxa
tion, the lateral plain roentgenograph may reveal de
creased skull rotation in relationship to C l, w ith the 
skull appearing in profile w ith the C2 vertebral body. 
On an AP roentgenograph, the skull and C2 vertebral 
body may appear in line with each other in reference 
to C2 spinous process with obvious rotation of the 
ring of C l (6). In the coronal view w ith head rotation 
to the right, the left C l lateral mass appears broader 
as it moves superiorly and closer to the odontoid pro
cess (Fig. 15.5). The right C l lateral mass appears fur
ther from the m idline and has its inferior border par
tially obscured by the ipsilateral C2 superior articular 
process, illustrating the so-called wink-sign (8, 21). 
W hen significant C l, C2 rotatory subluxation exists 
with lateral tilting of the head, the cranium overlaps 
the ring of C l, giving the appearance of an occipi- 
tal-C l ring assim ilation on a plain lateral roentgen
ograph w ith loss of the normal superim position of 
the anterior and posterior C l arches (8). The lateral 
roentgenograph is also useful in determining trans
verse ligament integrity and pathologic soft tissue 
swelling. W ith C l, C2 rotation, the lateral mass of C l 
may appear as a wedge-shaped mass anterior to the 
odontoid process.

AP and lateral tomography and axial CT scanning 
allow excellent visualization of the C l, C2 articula
tion and illustrate not only the presence of rotation, 
but also subluxation between these two vertebral 
bodies (Fig. 15.6). Physiologic rotation at the C l, C2 
joint noted on any imaging studies is not pathogno-

FIGURE 15.5.
A coronal schematic illustration of Cl, C2 rotation. The 
occiput is rotating to the left, resulting in forward transla
tion of the right Cl lateral mass, making it appear broader, 
more cephalad, and closer to the odontoid process. The left 
lateral mass, which is moving posteriorly, appears nar
rower and appears further from the odontoid with its in
ferior border obscured by the C2 superior articular mass.

m onic for pathology unless fixation is confirmed on 
dynamic studies. Dynamic studies of choice include 
the open mouth plain roentgenograph or axial CT 
scanning in the plane of the C l ring, w ith head ro
tation 15 to 20° in one direction and then in the op
posite direction to determine the presence of a fixed 
deformity (19, 75). Cineradiographic and dynamic 
MRI evaluation is also useful but less frequently used 
in the diagnosis of this disorder.

injury Classification
Rotatory subluxation is usually described in terms of 
its m echanism  or etiology, i.e., traumatic atlantoaxial 
rotatory subluxation. In longstanding cases in which 
fixed deformity develops. Fielding classified this dis
order into four groups depending on its severity (Fig. 
15.7) (42). Type I fixation, the most common type, is 
seen most frequently in children and describes 
pathologic atlantoaxial rotatory fixation w ithin the 
range of physiologic C l, C2 rotation without evi
dence of soft tissue damage. The lateral atlantodens 
interval is usually 3 mm or less. Type II fixation de
scribes an incom petent transverse ligament with uni
lateral anterior C l lateral mass displacem ent of ap
proxim ately 3 to 5 mm with rotation centered around 
the nondisplaced contralateral C l, C2 articular pro
cess. Type III fixation describes bilateral C l, C2 lat
eral mass subluxation of greater than 5 mm with one 
lateral mass com plex subluxed greater than the other 
side. Both primary and secondary soft tissue re
straints are deficient in this subtype. Type IV fixation 
describes posterior subluxation of the ring of Cl or 
C2, usually occurring in situations of odontoid defi
ciency, as in the severely affected rheumatoid pop-
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FIGURE 15.6.
An AP plain roentgenograph reveals rotation of the occiput 
to the left with the head tilted to the right

ulation. Again, one lateral mass usually is subluxed 
more than the other, resulting in relative C l, C2 
rotation.

Treatment
Treatment of rotatory disorders of the C l, C2 articu
lation is predicated on its etiology, the presence or 
absence of neurologic injury, the age of the patient, 
and the duration of symptomatology. Fortunately, 
the majority of the patients may be treated success
fully with observation, bed rest, or a soft cervical col
lar for comfort. If a patient is seen w ithin the first 
week of symptoms, head halter traction w ith low 
weights, (i.e. 3 to 5 pounds depending on the age and 
weight of the patient] can be used w ith appropriate

analgesics and sedation (89). Symptoms that are pres
ent for longer than 1 week and less than 1 month, or 
those unresponsive to the previous modalities, gen
erally respond to hospital adm ission and skeletal 
traction with weights determined by the age and size 
of the patient. A xial traction, useful for flexion or ex
tension deformities of the cervical spine, is less effi
cient in reducing rotatory deformities. The physician 
must be aware of the presence of compensatory oc- 
cip ital-C l rotatory deformity, w hich may inadver
tently worsen with incorrectly applied traction (26).

Children usually require traction weights up to ap
proxim ately 7 pounds and adults up to 15 pounds. 
Weights may be increased to approximately 15 
pounds in a child and 20 to 30 pounds in an adult. 
Once occipital cervical alignment is found to be neu
tral, i.e., reduction is obtained, traction may be con
tinued for 1 to 2 weeks until cervical rotation is 
symmetrical. If symptoms are of short duration, 
reduction can usually be obtained w ithin 24 hours 
w ith many patients reporting the sensation of a pop 
and then immediate relief of symptoms at the time of 
reduction (75). After this, the patient may be immo
bilized in a cervical orthosis or halo brace until cap
sular healing has occurred (40). The duration of brace 
treatment depends on the length of prereduction 
symptomatology. In general, brace im m obilization is 
continued for approximately 6 weeks until dynamic 
studies are performed to confirm capsular stability. 
Some surgeons advocate closed reduction of atlan
toaxial rotatory deformities under general anesthesia 
or through open mouth direct palpation of the ante
rior ring of C l through the posterior oral pharynx 
wdth local anesthesia. These methods, although ef
fective, carry greater risk of neurologic injury because 
of lack of volitional neurologic monitoring and the 
speed of reduction (42). If subluxation is associated 
w ith pathologic rotation, i.e., atlantodens interval 
greater than 5 mm in children and greater than 3 mm 
in adults, surgical stabilization is recommended be
cause of the presence of significant soft tissue com
promise. In patients who present w ith a traumatic 
posterior dislocation of C l and C2 with an intact 
odontoid, M oskovich recommends a three-stage ma
neuver to accom plish reduction w ith the least risk to 
the spinal cord (79). Initially, light traction is applied 
in an axial direction w ith slight flexion to create an 
anterior vector force, causing the anterior ring of C l 
to m aintain contact w ith the posterior border of the 
odontoid until reduction is accom plished. Stage two 
begins once reduction has occurred and consists of 
light weight traction in extension to m aintain contact 
between the posterior border of the anterior C l ring 
and the anterior border of the odontoid. Stage three 
is the final phase before a posterior C l, C2 fusion and 
consists of light weight traction of approximately 5 
pounds to m aintain appropriate alignment.
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FIGURE 15.7.
The Fielding classification of atlantoaxial rotatory fixation. A. Type I—atlantoaxial rotatory fixation without evidence of 
subluxation Rotation is within the normal physiologic range of motion. B. Type II—atlantoaxial rotatory fixation with 
evidence of unilateral Cl lateral mass displacement of 3-5 mm. C. Type III—atlantoaxial rotatory fixation with evidence of 
bilateral Cl lateral mass subluxation greater than 5 mm. D. Type IV—atlantoaxial rotatory fixation with evidence of bilateral 
posterior Cl lateral mass subluxation on C2.

If symptoms associated with deformity are present 
for longer than 1 month, closed reduction and im 
m obilization is rarely successful. Many therefore ad
vocate attempted skeletal reduction followed, if  suc
cessful or not in reducing deformity, with a posterior 
C l, C2 fusion. In general, a posterior C l, C2 fusion is 
an acceptable treatment option in patients w ith de
formity present for longer than 3 m onths, patients 
who have evidence of instability, after failure of 
closed treatment, and in  those whose deformities re

cur after successful closed reduction. If an in situ fu
sion is done without instrum entation, one should 
consider continuation of light weight skeletal trac
tion for 1 to 2 weeks to prevent early recurrence of 
deformity. Clark has recommended an in situ occip- 
ital-C2 fusion in patients with associated evidence of 
pathologic occip ital-C l rotation after a period of light 
weight skeletal traction (26). Fielding believed that 
occip ital-C l rotatory abnorm alities usually correct 
after fusion of the atlantoaxial joint and, therefore.
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excluded the occiput from the fusion to preserve oc
cipital cervical flexion (6).

Odontoid Fractures_______________________
Odontoid fractures represent approxim ately 5 to 
15% of all cervical spine fractures (1, 7,9). The in c i
dence of this fracture has increased slightly over the 
last two decades because of increased survival re
sulting from improvements in in-field m edical treat
ment and triage to tertiary trauma centers specializ
ing in spinal cord injury (84). These fractures are 
reported three times more frequently in males than 
in females, with the average patient age being in the 
mid-forties (10, 84).

Because of the high incidence of nonunion re
ported after treatment of these injuries, many inves
tigators have looked into risk factors that may pre
dispose to nonhealing. Initially, many physicians 
believed that the odontoid process was served by an 
end vessel vascular network w hich was divided at 
the time of fracture, thereby resulting in an avascular 
proximal fragment. Both cadaveric and in vivo ani
mal injection studies have refuted this hypothesis 
and revealed that the odontoid is served by an exten
sive intra- and extra-osseous anastomotic vascular 
network (9, 96). Sch iff and Park, A lthoff and Goldie, 
and Schatzker and associates demonstrated, through 
injection studies, the existence of bilateral anterior 
and posterior ascending vessels that branch off from 
the vertebral arteries at the level of the C3 vertebral 
body and supply penetrating branches to the base of 
the dens with eventual anastomosis in an apical ar
cade (5, 94, 96). Additionally, arterial branches sup
plying the dens body and the apical arcade with con
tributions to both the apical and accessory ligaments 
were identified from both internal carotid arteries, as
cending pharyngeal vessels, and several vessels of 
the occipital artery. The existence of central odontoid 
ascending vessels was confirmed in both cadaveric 
and in vivo animal studies (95).

Schatzker found in a dog model that fractures oc
curring below the level of the accessory ligament 
tended to heal as opposed to fractures above this lig
ament; these fractures tended to displace because of 
traction by the apical and alar ligaments (94). This 
finding was supported by his analysis of 37 patients 
with odontoid fractures and favored the hypothesis 
that fracture healing may be related more to fracture 
displacement than to arterial ischem ia.

Mechanism of Injury
Anteriorly displaced odontoid fractures are reported 
approximately seven tim es more frequently than pos
teriorly displaced fractures, although this ratio re
verses in the elderly population in w hich posteriorly

displaced fractures are more common (9, 12, 28, 48, 
85). The m ajority of these fractures in the middle- 
aged population result from high im pact axial load 
injuries w ith an associated shear force— usually the 
result of a motor vehicle accident. This injury m ech
anism is also responsible for the commonly associ
ated fracture of the C l vertebral body. An axial load 
may result in a C l burst fracture, whereas isolated C l 
arch or lateral mass fractures result from associated 
flexion, extension, or laterally applied forces. Odon
toid fractures in the elderly may occur simply after a 
minor fall from the standing position because of the 
degree of osteoporosis present w ithin their axial 
spine. The taut transverse ligament assists in dis
placing the odontoid anteriorly w ith a flexion force 
w hile the bony ring of C l acts to posteriorly displace 
the odontoid w ith an extension force (3, 9, 28). The 
level of the odontoid fracture depends on the forces 
applied to the upper cervical spine and on the posi
tion of the ring of C l in relationship to the odontoid 
at the time of trauma. After performing biom echani
cal studies on 34 cadaveric specim ens, Mouradian 
postulated that laterally applied forces through head 
rotation or oblique im pact loading were necessary to 
produce odontoid fractures (80). Unfortunately, a re
producible cadaveric m odel has not been created to 
elucidate the exact m echanism  of this injury (77).

There is debate in the literature as to the m echa
nism  of odontoid tip avulsion fractures. Many au
thors believe that these fractures are actually primary 
injuries to the occipitoatlantal region resulting from 
an alar ligament avulsion rather than primary in ju
ries to the odontoid. In a review of the literature up 
to 1990, Scott (98) found only six cases of odontoid 
tip fractures rep6rted. These injuries usually are as
sociated w ith a rotational m echanism  that necessi
tates evaluation of the occipitoatlantal axial ligam en
tous com plex, such as the alar and apical ligaments 
and the tectorial membrane.

Clinical Diagnosis
Patients who present w ith a fracture of the odontoid 
usually report poorly localized nonspecific suboccip- 
ital discomfort associated with posterior neck ten
derness, paravertebral m uscle spasm, and significant 
decreased range of m otion (28). Because of the ca
pacious nature of the upper cervical canal, a neuro
logic deficit is rare, reported in approximately 15 to 
25%  of all cases. Although unusual, neural im pair
ment may range from irritation of the greater occip i
tal nerve to tetraplegia with brain stem dysfunction 
(9). Neurologic embarrassment, when present, is usu
ally more frequent in patients over age 60 (91).

As a result of the m echanism  of injury (i.e., motor 
vehicle accidents) in the middle-aged population, 
odontoid fractures may be associated with other m us
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culoskeletal injuries in up to 50%  of patients (62, 84). 
Although it is difficult to determine the etiology of 
death in fatal accidents due to a m ultitude of factors, 
it is postulated that the incidence of mortality related 
to odontoid injuries ranges from 3.3 to 18%  of cases 
(7, 9, 10, 104, 105).

prognosis with closed treatment. This fracture pat
tern may be associated with additional soft tissue in
jury to the alar and transverse ligamentous complex 
(56). A Type III fracture extends w ithin the body of 
C2 and may course through both C2 superior articu
lar facets.

Radiographic Evaluation
Initial radiographic evaluation at the odontoid pro
cess should include a lateral and open mouth odon
toid view. These views may be supplemented with 
AP and lateral plain tomography or axial CT evalu
ation with sagittal or three-dim ensional reformation. 
A poorly aligned CT gantry or imaging in the plane 
of a transverse odontoid fracture may com pletely 
miss this injury (9, 38).

Classification
Numerous authors have recom m ended various clas
sification systems for describing injuries to the odon
toid process (4 ,1 0 ,1 3 , 56, 85, 87, 94). Recent systems 
have attempted to correlate fracture displacem ent 
with treatment recom m endations and eventual prog
nosis. The most w idely used system from w hich 
many of the other classification schem es base their 
description is the three-part system of Anderson and 
D’Alonzo (Fig. 15.8) (10). In this classification sys
tem, a Type I fracture is an oblique avulsion fracture 
caused by pull of one alar ligament and possibly the 
apical ligament of the tip of the dens. To date, only 
six cases have been reported, of w hich four clearly 
represent injuries to the occipitoatlantal or occipi- 
toatlantoaxial junction, thereby making this a sec
ondary injury to the odontoid process (10, 3 2 ,3 5 , 77). 
This fracture should not be confused w ith the sec
ondary center of ossification, i.e., the ossiculum  ter- 
m inale, w hich is present in a m inority of patients. 
Rarely, an avulsion fracture at this level may displace 
superiorly into the foramen magnum, resulting in 
com pression of the pontomedullary junction of the 
brain stem. A Type II fracture, the most common, is 
located at the base or waist of the dens and should 
not be confused in the skeletally immature patient 
with injuries to the neurocentral synchondrosis, 
w hich is located more inferiorly in the centrum of 
the C2 body (25, 73). An occult injury to this level 
after m inor trauma may be the predisposing incident 
to the development of an unfused proxim al dens frag
ment, referred to as the os odontoideum (43 ,44). This 
entity is differentiated from a true fracture because of 
its obvious axial separation from the base of the 
odontoid and its smooth cortical borders.

Comminution at the base of the dens associated 
with a Type II fracture makes closed reduction with 
skeletal traction more difficult and portends a worse

Treatment
Patients w ith an identified fracture to the odontoid 
should be im m obilized im m ediately to prevent fur
ther fracture displacem ent and the potential for neu
rologic compromise. We recom m end initial light 
weight skeletal traction of approximately 5 to 10 
pounds in all patients. Careful neurologic and radio- 
graphic monitoring is necessary, especially in pa
tients w ith Type I injuries, w hich may represent a 
marker for significant occipitoatlantal dissociation or 
instability. Fractures with significant displacement 
are reduced w ith light weight skeletal traction with 
the institution of appropriate vector forces. We use a 
bivector apparatus that enables the placem ent of two 
simultaneous vector forces along a 180° axis. This in 
turn allows for fracture disim paction in the superior 
or axial direction w ith simultaneous anterior dis
placem ent of the proxim al fracture fragment in pos
teriorly displaced fractures with an anterior vector 
force. These steps ensm e a more sim plified, safe, and 
efficient means of closed reduction using weights 
less than approximately 25 pounds superiorly and 20 
pounds anteriorly. Factors that have been reported to 
affect outcome include the patient’s age, fracture 
type, neurologic status, direction of displacement 
and degree of angulation, delay in treatment, and sta
bility  of reduction. These factors must all be consid
ered when choosing between nonoperative and op
erative treatment methods in the acute fracture 
period.

Type I  Injuries
Injuries to the odontoid tip should be studied care
fully for the presence of occipitoatlantoaxial insta
bility. If an injury to this com plex is not present, this 
fracture should then be im m obilized in a cervical or- 
thosis for approximately 3 months until dynamic 
studies illustrate fracture stability.

Type II Injuries
There is no clear consensus as to the optimum treat
ment methods for fractures of the odontoid base. 
Many authors recom m end immediate surgical stabi
lization (10), w hile others prefer closed reduction 
and brace im m obilization until fracture healing or 
the expression of delayed or nonunion occurs (7 ,10 , 
15, 23). The nonunion rate reported in some studies
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FIGURE 15.8.
The Anderson and D’Alonzo three-part odontoid fracture classification, including the Type IIA fracture described by Hadley 
A. Type I—an oblique ligamentous avulsion fracture of the tip of the dens B. Type II—a fracture at the base or waist of the 
dens C. Type III—a fracture with extension into the body of C2 D. Type IIA—a Type II fracture with anterior and posterior 
cortical comminution

for this fracture type is as high as 88%  (average 33% ), 
thereby motivating many surgeons to recommend 
initial surgical stabilization (9, 3 4 ,1 0 9 ). Ekong noted 
a 41% nonunion rate in  Type II fractures in patients 
over the age of 55 or fractures displaced greater than 
4 to 6 mm (37). Ryan suggested that adequate fracture 
overlap of at least 60%  was necessary for bony heal
ing to occur with these fractures (90) Clark and 
White performed a m ulticenter retrospective review 
of 144 odontoid fractures, of w hich 96 were consid
ered Type II fractures (27) They found that halo im 
mobilization resulted in eventual fracture stability in 
70% of patients, i.e., lack of fracture fragment move
ment on follow-up flexion extension films, whereas 
fractures stabilized w ith a posterior cervical fusion 
resulted in fracture stability in  96%  of cases. A sta- 
hstically increased incidence of nonunion and mal- 
union was noted in  fractures w ith significant dis
placement (greater than 5 mm) and angulation

(greater than 10°). They therefore recommended con
sideration of primary cervical fusion for significantly 
displaced or angulated Type II fractures.

Hadley reported on 68 patients w ith acute Type II 
fractures who were treated with extended im m obili
zation regardless of their alignment status on post- 
injury traction films (56, 57). He noted a 78%  in ci
dence of nonunion in fractures displaced greater than 
6 mm, as opposed to a 10%  nonunion rate in frac
tures displaced less than 6 mm. He found no corre
lation between fracture healing and the patient’s age, 
neurologic status, or direction of fracture displace
ment. Dunn advocated initial halo reduction in all 
patients w ith Type II fractures in a series of 128 pa
tients (30). He recommended a primary posterior cer
vical fusion in certain high risk groups, including pa
tients w ith greater than 3 mm of posterior fracture 
displacem ent (100%  union), patients greater than 65 
years of age (78%  nonunion rate), after initial delay
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in diagnosis and treatment (greater than seven days), 
or unstable fractures that are poorly aligned with 
closed reduction (100%  union rate).

Bell and Myers reported a 97%  union rate in their 
series of Type II fractures treated w ith initial skeletal 
traction for 6 weeks followed by SOMI brace immo
bilization for 3 months (14). Donovan reported on 28 
patients treated with halo im m obilization for Type II 
and Type III odontoid fractures and noted a 75%  un
ion rate at follow-up (32). He noted no correlation 
between fracture union and the patient’s age or de
gree of fracture displacem ent and recom m ended pri
mary posterior cervical fusion for all Type II odon
toid fractures.

At the Regional Spine Cord Injury Center of Del
aware Valley (RSCICDV) at Thomas Jefferson U ni
versity Hospital, 70 consecutive patients w ith odon
toid injuries admitted between 1980 and 1990 were 
evaluated retrospectively (28). Seventy-five percent 
of patients w ith Type II fractures treated by halo im 
m obilization eventually went on to nonunion, com 
pared with a 100%  union rate for patients treated 
w ith a primary posterior cervical fusion. Patients 
w ith greater than 5 mm of displacem ent, age over 60, 
or loss of a previous reduction also had an increased 
incidence of nonhealing. We therefore concluded 
that halo im m obilization may be effective in nondis
placed or m inim ally displaced Type II odontoid frac
tures w ith consideration made for surgical stabiliza
tion in certain high-risk groups outlined in our study.

Type III  Fractures
Type III odontoid fractures generally have a high 
healing success rate because of greater cancellous 
bony overlap and the rarity of fragment distraction. 
Paradis and Jones recom m ended treating these frac
tures with 4 or 5 weeks of traction followed by a total 
of 4 to 5 months of im m obilization (84). They re
ported a union rate of 84%  in 13 patients treated in 
this manner at the Mayo Clinic. Husby and Sorensen 
reported only a 14%  nonunion rate in 21 fractures 
treated nonoperatively (62). These results, however, 
have not been substantiated universally in various 
retrospective reviews. Clark and W hite reported four 
cases of m alunion and one case of nonunion in 10 
patients treated in a cervical orthosis (27). Of a total 
of 48 Type III fractures in their series, 13%  went onto 
a nonunion w hile 15%  went onto a m alunion. For 
fractures displaced greater than 5 mm, 40%  failed to 
unite at follow-up.

Apuzzo and associates recom m ended primary 
posterior cervical fusion in elderly patients w ith frac
ture displacem ent greater than 4 mm after reporting 
a 54%  nonunion rate in 13 patients (12). At Thomas 
Jefferson University Hospital, we reported a 22%  in
cidence of nonunion in 60 patients treated with skel
etal tong traction followed by halo im m obilization

(28). Three of the four nonunions in our series had 
significant posterior fracture displacem ent at initial 
evaluation.

In fractures that show evidence of impaction, con
sideration for treatment with a cervical orthosis may 
be given because of the fracture’s inherent stability 
(25, 51). In general, these injuries should be reduced 
w ith light skeletal traction, followed by halo immo
bilization for a m inim um  of 3 months. If evidence of 
delayed union or nonunion occurs at follow-up, con
sideration for surgical stabilization should be given.

Combination C l and odontoid fractures are com
mon. Primary treatment in this situation usually is 
predicated on the type of odontoid fracture present. 
More recently, many surgeons have recommended 
primary anterior odontoid screw stabilization to pre
serve C l, C2 rotation and to avoid the morbidity of 
prolonged halo im m obilization, especially if the 
odontoid fails to unite after 3 months of brace treat
ment. Meyer and Cotier, as w ell as Hadley, suggest 
that a primary C l, C2 fusion may be done if  adequate 
sublaminar wire purchase can be obtained with the 
remaining nonfractured posterior C l ring (58, 74).

The m ajority of treating physicians consider frac
ture healing to be the only acceptable endpoint to 
this fracture. Stable nonunions have the potential to 
displace w ith m inor trauma or to cause anterior the
cal sac com pression and subsequent myelopathic 
symptoms caused by callus hypertrophy with subtle 
fracture fragment movement. This result has moti
vated many surgeons to recommended surgical sta
bilization in all cases of nonunion. Ryan and asso
ciates recently followed nine odontoid nonunions in 
the elderly for 21 months and reported no evidence 
of adverse n'eurologic consequences (91). They there
fore suggested that vigorous treatment to obtain un
ion may not be necessary in this patient subgroup.

Axis Fractures
Traumatic spondylolisthesis of the axis is disruption 
of the pars interarticularis of the C2 vertebra. The 
morphology of the articular facets of the axis differs 
from the remaining subaxial cervical spine in that the 
superior articular process is anteriorly offset from the 
inferior articular process rather than in the same sag
ittal plane. A common location for fractures of the C2 
vertebra is betw een the superior and inferior articular 
processes, i.e., the pars interarticularis and not 
through the pedicle, w hich anatom ically does not ex
ist at the C2 level. A fractm e of the pars interarticu
laris of the axis is com m only called a hangman’s frac
ture. Fortunately, fractures of this structure usually 
result in fracture fragment separation with actual 
widening of the space available for the cord at this 
level.

The incidence of traumatic fractures to the axis is
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approximately 12 to 18%  of all acute cervical spine 
fractures (51, 75). As with fractures to this region of 
the upper cervical spine, fractures of the axis are 
commonly associated vi îth other cervical spine in 
juries (14 to 33% ), such as the posterior arch of C l, 
the odontoid process, or the subaxial cervical verte
bral bodies (41, 47, 48, 74). In addition to associated 
spinal injuries, trauma to other regions of the body is 
common, including injuries to the thoracic cage, cra
nium, trachea, and facial and scalp lacerations (47). 
Although survivors of traumatic fractures of the axis 
report a paucity of neurologic deficits (3 to 10% ), ap
proximately 25 to 40%  of these injuries result in im 
mediate death at the scene of the accident caused by 
the combination of spinal cord injury and associated 
musculoskeletal and viscus injuries (19, 20, 36, 41).

Mechanism of Injury
Fractures of the axis are usually the result of an ac
celeration/deceleration injury caused by motor ve
hicle accidents, falls, or diving accidents (41, 97). 
The etiology and biom echanics of a lethal C2 fracture 
dislocation through hanging was illustrated by 
Wood-Jones in 1 9 1 2 -1 9 1 3  (21, 119). They analyzed 
specific knot placem ents during hanging when a se
vere hyperextension distraction force was applied. 
Fortunately, as mentioned, these injuries generally 
result from acceleration/deceleration forces without 
distraction and, therefore, significant spinal cord 
stretching or transection does not occur.

Cadaveric and clin ical studies have confirmed that 
hyperextension is a major force vector in fracture 
production (69). Hyperextension with an associated 
axial load to the cervical cranium results in  com 
pression to the posterior facet joints w ith accentua
tion of shear forces concentrated on the pars inter- 
articularis and adjacent articular masses and foramen 
transversarium (21, 50, 69, 74). The pars interarti- 
cularis is a focus of force application because of its 
transverse orientation, elongated shape, and location 
midway between C2 inferior and superior articular 
processes, both of w hich are located in different 
transverse and vertical planes (41, 69). The pars in- 
terarticularis is usually fractured bilaterally but 
asymmetrically, implying a com bination of force vec
tors probably related to the presence pf cervical 
rotation.

Diagnosis
The signs and symptoms of fractures of the axis are 
similar to other injuries at this level of the spine and 
tend to be nonspecific. Discomfort in the distribution 
of the greater occipital nerve (C2) along w ith other 
stigmata of trauma to the head and neck region are 
usually present.

Radiographic Evaluation
Aside from plain radiographs, an axial CT image il
lustrates w ell the fracture lines involving the pars in- 
terarticularis. Lateral plain tomography is also useful 
in illustrating a fracture to this region in the sagittal 
plane.

Injury Classification
The preferred classification system to date is the 
m odification of the three-part classification system of 
Effendi by Levine and Edwards (Fig. 15.9) (36, 67). 
This system describes a sequence of injuries to the 
second cervical vertebra and surrounding soft tissue, 
implying not only the m echanism  of injury, but also 
an anatomic description of compromised structures 
and preferred treatment. A Type I fracture is a frac
ture through both pars and/or adjacent superior or 
inferior articular processes with less than 3 mm of 
fracture displacem ent. No evidence of fracture 
angulation or excessive translation on flexion exten
sion plain roentgenographs are noted. This fracture 
results from a hyperextension axial loading force 
with injury to only the bony elements without com 
promise of the contiguous soft tissues.

A Type II fracture has more than 3 mm of displace
ment at the fracture site and evidence of significant 
fracture angulation on the lateral plain roentgeno
graph. There also may be an associated com pression 
fracture to the anterior superior body of C3 or an 
avulsion fracture to the posteroinferior body of C2 
because of the pull of the posterior longitudinal lig
ament. This injury results from an extension, axial 
loading force sim ilar to a Type I injury. In addition, 
before any significant injury to the anterior disc or 
anterior longitudinal ligament, a rebound flexion, ax
ial com pression force occurs, resulting in disruption 
of the posterior longitudinal ligament and the C2-C1 
disc space from posterior to anterior, with subse
quent subperiosteal elevation of the anterior longi
tudinal ligament off the body of C3. This results in 
significant fracture site angulation and a compres
sion injury to the anterosuperior body of C3.

A Type IIA fracture has slight or no translation but 
significant fracture angulation because of a predom
inant flexion distraction force. The pathoanatomy of 
this fracture is not w ell understood, but it is thought 
that as a result of a flexion and distraction force, the 
posterior longitudinal ligam ent and disc space be
tween the C2 and C3 vertebral bodies are disrupted 
with subperiosteal elevation of the anterior longitu
dinal ligament off the C3 vertebral body.

Although the pathoanatomy of Type II and IIA 
fractures are poorly understood, it is important to 
recognize their appearance on a static lateral plain 
roentgenograph; Type IIA fractures may significantly 
displace at the fracture site w ith axial traction. In ad-
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dition to horizontal displacem ent, the fracture ori
entation of a Type II injury is usually oriented in a 
vertical direction at the junction of the anterior pars 
and C2 body, whereas the fracture line in the Type 
IIA fracture is more oblique.

A Type III fracture usually results from a pure flex
ion force that results in either a unilateral or bilateral 
dislocation or fracture dislocation of the C2, C3 facet 
joint, followed by a fracture of the m idportion of the 
pars interarticularis or posterior elements. The frac
ture of the posterior elem ents is usually a lam ina frac
ture in an oblique orientation extending from ante
rior superior to posterior inferior, exiting posterior to 
the inferior facet joint. This injury usually signifies 
disruption of both the anterior and posterior longi
tudinal ligaments.

Burke, in 1989, and later Star and Eism ont in 1993, 
described an atypical variant to the hangman’s frac
ture in which the fracture line extended unilaterally 
or bilaterally through the posterior body and cortex 
of the axis (22, 108). W ith anterior translation of the 
C2 body and cephalad cervicocranium , the canal area 
at the level of fracture actually narrows rather than 
increases, causing potential spinal cord com pression 
between the posterior cortical margin of the nondis
placed C2 body and the neural arch. Star and E is
mont reported on six patients w ith this fracture con
figuration of w hich one-third (2/6) presented w ith a 
neurologic deficit (108).

Many hangman variants have been described in 
the literature. It is important to recognize the char
acter of each individual fracture to infer the correct 
pathoanatomy and allow safe and effective treat
ment.

C2 Lateral Mass Fractures
Isolated fractures of the lateral mass of the axis result 
from axial compression and lateral flexion. These 
fractures are considered stable injuries and are rarely 
associated with any neurologic deficit, buy may re
sult in considerable symptomatic arthritic changes at 
long-term follow-up.

I ■■

C2 Body Fractures
Isolated C2 body fractures may result from either a 
compressive or distraction force, resulting in consid
erable fracture instability depending on its type. A 
typical distraction injury seen on the lateral plain

roentgenograph is the appearance of an anterior in 
ferior C2 body fracture. This fracture may either rep
resent a benign hyperextension tear drop avulsion in
jury by the anterior longitudinal ligament (seen 
commonly in the elderly osteoporotic spine) or a hy
perextension body fracture dislocation resulting 
from an avulsion injury through the insertion of 
Sharpey’s fibers of the anterior annulus of the C2, C3 
disc space. Burke found that in a hyperextension tear 
drop fracture, the vertical height of the body fracture 
fragment is equal to or greater than the horizontal 
length of the fracture fragment. He also found that 
there is m inim al soft tissue swelling noted on the lat
eral plain roentgenograph (22). In a hyperextension 
body fracture dislocation, the transverse fracture 
width is greater than the vertical fracture height. 
There is also significant prevertebral swelling noted 
on a lateral plain roentgenograph.

C2 Lamina Fractures
Isolated fractures of the C2 lam ina usually result from 
hyperextension or compressive forces and are usu
ally associated w ith other fractures or ligamentous 
injuries to the cervicocranium .

Treatment
The vast majority of injuries to the axis may be 
treated nonoperatively w ith or without cervical trac
tion. Fortunately, a m ajority of injuries at this level 
are not associated with neurologic embarrassment 
and associated spinal cord com pression that neces
sitates surgical decompression. The usefulness of 
Levine and Edwards’ fracture classification is that the 
pathoanatomy of each fracture type and each m ech
anism of injury is described, assisting in fracture 
management (67). Type I hangman fractures are 
m inim ally displaced and are considered stable in ju
ries. They may be treated w ith a rigid cervicothoracic 
orthosis or halo for approximately 2 to 3 months. At 
the com pletion of im m obilization, dynamic films 
should be obtained to assess the presence of ligamen
tous instability. At follow-up, approximately 30%  of 
patients may be left with advanced symptomatic de
generative disc disease. Rarely does the C2, C3 disc 
autofuse in this fracture subtype because of the lack 
of significant disc disruption at the time of injury.

Type II fractures may exhibit significant transla
tion and angulation. Published reports recommend 
prolonged halo or tong traction for 4 to 6 weeks in

FIGURE 1 5 .9 .
A. Effendi’s three-part classification system of traumatic spondylolisthesis of the axis classification system as modified by 
Levine and Edwards. B. Type I—a bilateral fracture through the pars interarticularis with less than 3 mm of fracture dis
placement without evidence of angulation. C. Type II—a fracture of the pars interarticularis with translation greater than 3 
mm with significant angulation. D. Type IIA—a fracture of the pars interarticularis with no or slight translation, but with 
significant angulation. E. Type III—a fracture of the pars interarticularis with evidence of a unilateral or bilateral facet 
dislocation of C2 on C3.
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extension w ith low weights (10 to 20 pounds) in frac
tures presenting with displacem ent of greater than
4.5 mm or angulation greater than 15 mm (69). A cer
vical roll may be placed posteriorly at approximately 
the C4, 5 level to assist in obtaining cervical lordosis 
and fracture reduction. Unfortunately, no study has 
documented long-term disability caused by symp
tomatic arthrosis, fracture nonunion, or instability 
from residual fracture displacem ent in patients who 
are not adequately reduced on initial evaluation (41, 
47). Even with attempted traction reduction for 4 to 
6 weeks, many authors have reported residual frac
ture translation of 60%  and angulation 40%  of the 
original displacem ent (67). Type II fractures with less 
significant displacem ent usually can be reduced eas
ily in slight extension w ith low weight axial traction 
and im m obilized im m ediately in halo orthosis for 8 
to 12 weeks. Closed reduction under anesthesia with 
fluoroscopic guidance is also a practiced means of 
treating Type II fractures, but it must be considered 
prudently in  light of the success noted with other 
treatment methods (50). Francis, and later. Fielding, 
noted no difference in clin ical outcome in a sim ilar 
patient population treated w ith either immediate 
halo im m obilization, short-term traction, or traction 
for 6 weeks (41, 47). C linical instability at follow-up 
may be treated w ith an anterior C2, C3 fusion if  non
healing is noted at the par interarticularis or a pos
terior C1-C3 or C2-C3 fusion in cases of instability 
with healing present at the fracture site. Seventy per
cent of Type II fractures eventually go on to sponta
neous fusion at the C2, C3 disc space at follow-up 
because of residual hematoma formation that results 
from disc disruption and contiguous endplate in ju 
ries at this level (20, 67).

Because of their unique pathoanatomy, Type IIA 
fractures should not be treated in traction due to the 
possibility of overdistraction at the fracture site. 
These injuries should be reduced gently in extension 
and im m obilized in a halo for approximately 3 
m onths (67, 69).

Type III fractures w ith a unilateral or bilateral 
jumped facet are extrem ely difficult to reduce by 
closed means and usually require an open reduction 
followed by internal fixation. If the fracture is at the 
level of the pars bilaterally, then spinous process w ir
ing of C2 to C3 is adequate fixation, followed by rigid 
halo im m obilization for reduction and stabilization 
of the pars interarticularis fracture. If the fracture is 
more posterior at the level of the C2, C3 facet, fusion 
may need to be extended to the C l level to m aintain 
alignment of the C 2-3  facet joint. Alternative means 
of stabilization after reduction include C2 pedicle or 
isthmus screw fixation across the pars defect or re
duction and internal fixation followed by an anterior 
C2, C3 fusion with or without internal fixation. In 
this situation, the only potential intact structure, i.e.

the anterior longitudinal ligament, would be compro
mised.

The need for surgical treatment of a C2 hangman 
fracture is rare. Surgery should be considered in 
cases of Type III fracture-dislocations or evidence of 
objective instability at the C2, C3 level at follow-up 
on dynamic flexion extension lateral roentgeno
graphs. The long-term outcome of this injury is fa
vorable, w ith an expected nonunion rate of about 
5.5%  and w ith a residual neurologic deficit reported 
in approxim ately 6.5%  of cases (47).

Surgical Treatment of Upper Cervical 
Spine Injuries 

Technical Considerations
Posterior Cervical Exposure
Posterior surgical approaches to the cervical spine 
are discussed elsewhere in  this book; therefore, only 
specific highlights w ill be explored. The vertebral ar
tery exits the C l foramen transversarium from infe
rior to superior and courses lateral to medial within 
a superior groove on the C l posterior lam ina prior to 
ascending into the foramen magnum. The course of 
this vessel must be kept in mind when performing 
any posterior exposure of the C l level to avoid injury 
to this superficial structure. A posterior exposure of 
the cervical spine at this level should be extended no 
further than 1 cm from the m idline in children and
1.5 to 2 cm  in  the adult to protect the vertebral artery.

The C2 spinous process anatom ically is consider
ably larger than the remaining spinous processes in 
the subaxial-spine, except for the C7 level. This size 
is due to its biom echanical role as an important in
sertion site for the posterior deep cervical muscula
ture of the neck and the interspinous and supraspi
nous ligaments. On all exposures to the upper 
cervical spine, the inferior muscular attachments 
into the C2 spinous process should be preserved to 
m aintain the physiologic posterior tethering struc
tures, thereby maintaining normal cervical lordosis. 
If one is unable to retain these m uscular attachments 
during exposure, com pulsive attention to reattach
ment of these structures at the time of closure should 
be carried out.

Instrumentation
Sublaminar Wires
A useful method of safe C l and C2 sublaminar wire 
passage is through the assistance of a free vascular 
aneurysmal needle threaded w ith a #1 silk. The 
pointed end of the vascular needle is removed with 
a wire cutter, and the eye of the needle is threaded 
w ith a #1 silk. The eye of the needle is then passed
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beneath the respective lamina from inferior to supe
rior after the attached ligamentum flavum has care
fully been dissected free with the use of sharp small 
curved curettes and right angled instruments. Once 
the needle with attached silk thread is passed suc
cessfully beneath the lamina, the thread is then tied 
to a chosen sublaminar wire, which is then pulled 
gently beneath the respective lamina. A right-angled 
instrument may be used to protect the underlying du- 
ral sac at the C l, C2 level by imparting a posterior 
directed force to the sublaminar wire as it passes be
tween both lamina. Wires may also be passed 
through the C2 spinous process at the level of the 
spinolaminar line with the use of a right-angled bmr. 
Wire may also be passed through the substance of the 
lamina of the C l level to avoid sublaminar wire 
placement.

Wire fixation to the occiput may be accom plished 
in numerous ways, two of w hich are described here. 
The first is through drill holes through both cortices 
of the calvarium, approximately 5 mm lateral to the 
apex of the occipital inion. This method risks injury 
to the underlying epidural veins, sinuses, and dura. 
IThe second method involves developing a trough 
with a 4- to 5-mm burr on both sides of the inion. A 
light angled burr is then used to connect a passage
way between both gutters for wire placem ent. A 
'towel clip further enlarges the burr holes for passage 
ijof a 16- to 24-gauge wire (115). The level of wire pas
sage should be approximately 1 to 2.5 cm about the 
Rnferior rim of the foramen magnum (82). The wire 
iinay be looped on itself for greater holding strength.
I An effective means of stabilizing the C l, C2 joint 
posteriorly through the use of sublaminar wires is the 
modification of the technique described by Brooks in 
1978 (18). In this technique, sublaminar wires are 
placed beneath the lam ina of C l midline. This tech
nique improves the degree of rotational stability af
forded by the standard Gallie fusion. The Gallie fu
sion technique was described originally as using a 
single looped wire passed underneath the lam ina of 
Cl with both free ends of the wire passed w ithin the 
loop to lasso the posterior Cl ring (49). The wires 
were then subsequently fixed over a bone graft be
tween the C l, C2 lam ina and then secured to them 
selves after being passed through the spinous process 
of C2 (Fig. 15.10). The Brooks fusion has increased 
j-otational stability. More recently described tech- 
hiques using screw fixation have further improved 
the stability obtained in posterior C l, C2 fusion tech
niques—this is discussed in the next section.

Screw Fixation
Screws may be used for posterior fixation of the up- 
iper cervical spine within the isthmus of C2, the C2, 
Cl facet complex, and the occiput.

FIGURE 15.10.
Lateral plain radiograph showing C1-C2 modified Gallie 
wiring and solid fusion.

C2 Isthmus or Pedicle Screws
C2 isthmus fixation is an effective means of upper 
cervical spine fixation. Before their placem ent, a 
transaxial CT scan of the C2 vertebral body should 
be obtained to determine the width and angulation 
of the C2 isthmus (pedicle) and to identify the path 
of the vertebral artery. During exposure of the C2 isth
mus, dissection is carried laterally along the superior 
border of the C2 lamina to its junction with the C2 
isthmus. A Penfield #4 is then used to gently palpate 
the inner or m edial wall of the C2 isthmus to deter
mine appropriate screw direction and to evaluate for 
thread penetration w ithin the canal at the time of 
screw insertion. Because of the path of the vertebral 
artery from inferom edially to superolaterally within 
the C2 foramen transversarium, the starting point for 
screw insertion is the upper medial quadrant of the 
C2 lateral mass. The direction of screw passage is ap
proxim ately 15 to 20° m edially and 15 to 20° supe
riorly, allowing passage of the screw into the dense 
subchondral bone of the C2 superior articular facet. 
A 3.5 mm cancellous screw measuring approxi
mately 14 to 16 mm is used most frequently with in 
the C2 isthmus.
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Posterior C1-C2 Facet Screw Fixation
An effective method of im m obilizing the C2, C l ar
ticular facet is through C1-C2 facet screw fixation as 
described by Magerl (71) (Fig. 15.11). This technique 
is biom echanically superior to both the Gallie and 
Brooks fusion techniques (55). In this method, a 3.5 
mm cortical screw is placed obliquely in the sagittal 
plane, beginning at the posterior inferior C2 facet, 
transversing superiorly through the C2 superior ar
ticular process into the inferior C l articular process, 
and finally ending w ithin the C l lateral mass (Fig. 
15.12). Again, before screw insertion, a thinly sliced 
CT scan w ith sagittal reconstruction should be ob
tained to document the path of the vertebral artery as 
w ell as to determine the appropriate screw length at 
surgery. Before the operative procedure, the patient 
is placed in a halo ring, w hich is attached to a mod
ified Mayfield headrest through a screw attachment. 
This allows clear visualization of the C l , C2 vertebral 
body with lateral fluoroscopy w ith the patient posi
tioned prone at the tim e of surgery. The patient is 
ventilated w ith an extended tubing between the en
dotracheal tube and the respirator to allow the pa-

RGURE 15.11.
Lateral plain radiograph showing Brooks wiring and fusion 
and Magerl’s C1-C2 facet screws.

FIGURE 15.12.
A. An AP and (B) lateral plain roentgenograph illustrating 
a Cl, C2 fusion with bilateral screw fixation by the lateral 
approach of Whitesides and Kelly.

tien t’s head to be opposite fi'om the anesthesiologist, 
thereby allowing easy entry of the fluoroscopic unit. 
The C2, C l facet joint is exposed, with careful atten
tion to avoid injury to the greater occipital nerve 
w hich exits between the C l and C2 lamina. A cav
ernous com plex of veins is usually encountered ov
erlying the C2, C l facet joint. Excessive time should 
not be spent in coagulating these veins because of 
their lack of true endothelial boundaries. This ve
nous com plex should be packed off with a Gelfoam 
and paddy and then gently elevated and dissected 
laterally for exposure of the underlying C l, C2 facet 
joint. After both joints are exposed bilaterally, their 
articular cartilage is curetted sharply with a small 
3 -0  curved curette. The surgical exposure is limited 
to the C l, C2 level, necessitating percutaneous place
m ent of the 3.5-mm cortical screw at approximately 
the C6 to T l  level to obtain the appropriate sagittal 
alignment for screw fixation. The appropriate
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level of screw insertion is confirmed by placing a 
probe along the outside of the patient’s neck and ob
taining a lateral fluoroscopic image. The standard 
equipment for placem ent of the fixation screw in
cludes a large outer cannular and inner blunt trochar, 
an inner drill cannula, a 3.5-mm cortical tap, and a 
long 2.5-mm drill bit. A ll drilling is performed under 
lateral fluoroscopic visualization as w ell as visual in 
spection of the medial isthmus of C2 to avoid canal 
intrusion. Once drilling is accom plished, an inner
3.5-mm cortical tap is placed through the cannular 
system, followed by the screw. Many surgeons prefer 
to reduce the C2,Cl facet joint temporarily w ith a 
K-wire on one side and then proceed w ith fixation 
on the other side to m aintain reduction.

The starting point of screw fixation, is around 2 
mm lateral to the lamina lateral mass junction of C2 
at the posteroinferior border of the C2 inferior facet. 
The path of the drill in the coronal plane is parallel 
to the canal to avoid canal penetration and vertebral 
artery injury. The sagittal plane direction is deter
mined by fluoroscopy and is usually 50 to 60° from 
the horizontal. The average length of screw is ap
proximately 40 to 45 mm in the adult patient. A Gal- 
lie or Brooks fusion is added routinely at the com 
pletion of the procedure to insure fusion of the C2, 
Cl articulation. Before tightening down both screws, 
cancellous bone graft is placed w ithin the C2, C l de
corticated facet joints.

Posterior Occipital Screw Placement
Screw placement into the occiput is fraught with po
tential difficulties, depending on the choice of uni
lateral or hicortical screw fixation. Although bicorti- 
cal screw fixation would appear to be the most stable 
biomechanically, this has not been proven in cadav
eric studies and must be considered in light of the 
potential complications to the underlying dura and 
venous sinuses. Before attempting screw fixation, the 
surgeon should have a good understanding of the 
topographic anatomy of the occiput. Five landmarks 
should be identified after the exposure of the occiput. 
These landmarks include the superior nuchal line, 
the inferior nuchal line, the inion, the external occip
ital protuberance, and the posterior edge or rim of the 
foramen magnum. The thickness of the occiput in
creases as one moves from the foramen magnum to 
the superior nuchal line. This thickness also in
creases as one moves from lateral to medial towards 
the inion. The structures that should be avoided dur
ing screw application include the transverse sinus, 
which is located at approximately the level of the 
superior nuchal line or slightly above it in most peo
ple, and the confluence of the sinuses, which tends 
to be at the level of the external occipital protuber
ance or slightly above it. Penetration of the outer si
nus wall may result in excessive blood loss, while

penetration of the inner sinus wall may result in a 
fatal subdural hematoma.

The optimal occipital cervical im plant should be 
a plate that allows screw fixation into the subaxial 
cervical lateral masses and isthmus of C2 and curves 
gently from lateral to m edical over the thickest por
tion of the occiput. This im plant should extend prox- 
im ally to the level of the superior nuchal line. Be
cause of the lim itation of existing screw implants, 2.7 
cortical screws are used most frequently in the occi
put due to their short length. Using standard AO in
strumentation, 3.5 cortical screws may be used when 
the screw length is 10 mm or greater. The choice of 
unicortical or hicortical fixation depends on the 
surgeon.

Anterior Dens Screw Fixation
The placem ent of a screw anteriorly for fixation of a 
Type II or shallow Type III odontoid fracture is done 
to preserve axial rotation at the C l, C2 facet joint. It 
is also done in cases of posterior elem ent deficiency 
in fractures in w hich sublaminar wire passage at C l 
is not possible. Some authors prefer screw placement 
in polytrauma patients or in the elderly to avoid the 
use of a bulky, and at tim es, obstructive halo vest. To 
date, there have been no reported cases of cata
strophic neurologic events w ith the use of an anterior 
odontoid screw (54). The successful application of 
this technique requires a presurgical transaxial CT 
scan to measure the diameter of the odontoid waist, 
thus determining the number of screws that may be 
placed safely w ithin it. The preferred im plants at this 
time are two 3.5-mm cancellous lag screws requiring 
a m inim um  of an 8 mm wide odontoid waist. Re
cently, several" studies have shown that a single 
screw, with less attendant risk, may be just as effec
tive as two screws in obtaining a fusion (24, 54, 93), 
Sasso found no difference between one and two 
screws in loads to failure using a single 3.5-mm cor
tical screw, and concluded that the accuracy of re
duction was more important than the number of 
screws used (93).

Patient selection is vital to the success of this tech
nique. Patients who have a barrel chest or short neck 
make drill insertion at the appropriate angle difficult. 
An anatomic reduction of the odontoid should be ob
tained before the operative procedure because of the 
danger and technical difficulty of obtaining reduc
tion intraoperatively. To facilitate screw placement, 
patients who present initially  w ith a posteriorly dis
placed fracture should undergo reduction and then 
be positioned with their neck in slight extension and 
their head translated anteriorly. Patients who present 
initially  with an anterior displaced odontoid fracture 
that is subsequently reduced should have their head 
positioned in slight posterior translation with their 
cervical spine slightly extended.
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Nasotracheal intubation and a radiolucent m outh
piece can improve the visualization obtained with 
biplanar fluoroscopy at the tim e of surgery. Both 
shoulders may be displaced forward w ith the place
ment of a posterior transverse roll to improve ease 
of drill and screw placem ent. The standard Smith- 
Robinson surgical approach is done, usually cen
tered at the C5, 6 level to allow for accurate screw 
placem ent in the sagittal plane (103). The anteroin
ferior endplate of the C2 vertebral body is identified, 
and a small recess may be made w ithin the C2, 3 disk 
or anterosuperior C3 body to allow for ease of guide 
wire or drill placem ent. The drill path should be di
rected towards the posterosuperior tip of the odon
toid. The choice of one or two 3.5-mm cancellous lag 
screws or a single 4.5-m m  screw depends on the pref
erence of the surgeon. The average screw length is 
approximately 32 to 40 mm (76). The odontoid tip 
may be m inim ally penetrated for better fixation.

Com plications with this technique have been 
reported by several authors. Worsdofer reported 
23 patients and noted six screw breakouts, three 
nonunions, one carotid artery injury, one fracture 
re-dislocation and late myelopathy, and the forma
tion of an esophagotracheal fistula (120). Aebi re
ported on 15 patients and noted two screw breakouts 
and one case of nonunion (2). Although this tech
nique appears theoretically promising in reducing 
the morbidity of a posterior cervical fusion that may 
decrease axial rotation, because of its infrequent use 
and unfam iliarity w ith most surgeons, a standard 
posterior C l, C2 fusion appears to be the operation 
of choice in most clin ical settings.

Lateral Retropharyngeal Approach
An alternative means of fusing the C2, C l joint when 
a posterior approach is not feasible is the lateral ap
proach to the upper cervical spine, as described by 
W hitesides and Kelly in 1966 (116). This approach 
exposes the lateral aspect of the upper cervical ver
tebrae through posterior rather than anterior dissec
tion to the carotid sheath. At the com pletion of ex
posure, the anterior articular facet of C2, C l is 
exposed. The intertransverse membrane betw een the 
C l and C2 transverse processes is preserved and the 
articular cartilage is subsequently denuded w ithin 
the C2, C l joint surface in preparation for autologous 
bone grafting. Once the bone grafting is completed, a 
2-mm guide wire is placed at the anterior base of the 
C l transverse process and directed 25° interiorly in 
the coronal plane and 10° posteriorly in the sagittal 
plane. This placem ent is done bilaterally and is con
firmed with intraoperative radiography. A cannu- 
lated drill is then placed over the guide wire, fol
lowed by an appropriate-length 3.5 cortical screw. 
The lateral C l mass can be over drilled with a 3.5

cannulated drill to compress the facet joint at screw 
insertion. This technique is rarely useful, but it 
should be considered when other approaches may 
not be technically feasible.

Conclusion_________________________________
The appropriate management of upper cervical spine 
injuries requires a high index of suspicion for asso
ciated spinal injuries as well as subtle ligamentous 
instabilities that may be missed on initial evaluation. 
A thorough knowledge of the anatomy, biomechan
ics, and clinical significance of the various classifi
cation systems for each injury pattern must be mas
tered to institute effective care to this patient 
population. New techniques for surgical stabilization 
of this region of the spine are evolving. They should 
be technically mastered in the cadaveric laboratory 
before their application in the clinical setting be
cause of the potential for serious neurologic and vas
cular injury in this region of the spinal. Fortunately, 
the majority of injuries at this level can be treated 
effectively with nonoperative means.
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CHAPTER SIXTEEN

Thoracolumbar Spine Injuries
Geoffrey M. McCullen, Hansen A. Yuan, and Bruce E. Fredrickson

Introduction
Trauma to the thoracolum bar spine presents fre
quently. Such injuries, when associated w ith neuro
logic deficit, occur in approximately 50 of 1, 000, 000 
people per year (99, 122). Most victim s are males be
tween the ages of 15 and 29 (99 ,122). In a m ulticenter 
review of more than 1000 patients, 16%  of injuries 
occurred between T l  and TlO, 52%  between T i l  and 
LI, and 32%  between L l and L5 (65). Nearly half 
result from motor vehicle accidents, 20%  from falls, 
13% in sports-related events, and 11%  from violence 
(122). Seat belts have significantly reduced the in ci
dence of severe neurologic injury (65).

Associated injuries occur often (up to 50%  of 
cases) depending on the type of fracture (25, 67, 72, 
128, 142). These additional injuries often divert the 
attention of the evaluating physician and may lead 
to a missed or delayed diagnosis of the spine fracture. 
Half of those with spinal fracture resulting from a 
distraction force have an intra-abdom inal injury, typ
ically a ruptured viscus (72). Twenty percent have an 
associated pulmonary injury. Ten percent experience 
intra-abdominal bleeding secondary to a splenic or 
hepatic laceration (102). M ultiple, noncontiguous 
spine fractures are detected in 6 to 15%  of cases (94, 
128). The 1-year mortality for thoracic level paraple
gia is approximately 7%  (40).

Isolated thoracolumbar fractures are also fre
quently seen in elderly women secondary to low en
ergy trauma and pre-existing osteoporosis. These in
juries may cause severe pain. Differentiation between

osteoporotic fractures and pathologic fractures re
sulting from m etabolic bone disease or osteomyelitis 
is often difficult. Paraplegia may occur from a slowly 
progressive deformity that occurs with vertebral 
body collapse (131).

Despite recent advances in surgical techniques 
and instrum entation, several issues are still con
tested: 1) indications for surgical intervention; 2) the 
optimal timing of.such intervention; and 3) the best 
approach to decom pression and fusion (anterior, 
posterior, and combined).

This chapter reviews the basic elements of diag
nosis and treatm ent of thoracolumbar spine fractures. 
Special emphasis is placed on reviewing existing 
data, w hich may help to resolve some of the contro
versial issues.

Pathogenesis 

Musculoskeletal Injury
Understanding how injuries affect the thoracolumbar 
spine requires a knowledge of spinal anatomy, b io
m echanics, and the common injury mechanisms. 
Many different classification schem es have been de
veloped to define the injury and direct the treatment. 
These include anatomic, m echanistic and morpho
logic analyses, each emphasizing a different aspect 
of the injury.

The spine is faced with the difficult role of provid
ing both stability and mobility. Anteriorly, the ver-
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2 columns indicates instability. However, not all col
umns contribute equally to spinal stability. The m id
dle column is actually not of great im portance re
garding biom echanical stability when compared 
with the contributing elem ents w ithin the anterior or 
posterior columns (87 ,119 ). Retropulsion of the m id
dle column may cause neurologic dysfunction. The 
middle column therefore defines the type of inter
vention required.

Serial transections of cadaveric specim ens have 
been performed to evaluate these colum nar concepts 
(121). There is a difference in measured stability de
pending on whether the specim ens are sectioned 
from anterior to posterior (AP) or posterior to anterior 
(PA). The PA sequence leads to failure in flexion un
der physiologic loads when all posterior components 
and one anterior com ponent have been destroyed. 
The AP sequence causes failure in extension when 
all anterior components plus two posterior com po
nents are destroyed (121).

Mechanistic Classification
The specific spinal injury that occurs is a function of 
the rate, magnitude, and direction of the applied 
load, the position of the body at the time of applied 
load, and the pre-existing anatomic variations in the 
structure. Holdsworth described four types of forces 
(flexion, flexion with rotation, extension, and com 
pression) (82, 83). Expansion of these m echanism s 
may reflect the six degrees of freedom of spinal m o
tion about three axes: com pression, distraction, flex
ion, extension, rotation, and shear (51).

Compression
With pure axial com pression, the highest stresses 
concentrate in the middle of the end plate in the can
cellous bone under the nucleus and the middle of the 
posterior wall cortex (132). W ith increasing load, the 
vertebral body fails, resulting in an anterior com 
pression fracture. If load continues, the body im 
plodes, the pedicles are driven apart, and the middle 
column retropulses posteriorly, resulting in a 
“burst.” A “stable bursf” im plies that the posterior 
ligaments are intact (Fig. 16.2). Extensive damage oc
curs to the disc above and below the burst vertebrae 
(44,57).

Flexi on-C ompressi on
This is the most common m echanism  of injury, rep
resenting nearly 50%  of thoracolum bar fractures
(25). The anterior colum n is compressed while pos
teriorly the ligamentous com plex is under tension. 
The anterior vertebral body fails, followed by middle 
column retropulsion and posterior ligament disrup
tion (119). The ALL rem ains intact. The PLL may be 
stretched depending on the severity of the posterior

FIGURE 16.2.
Pure axial compression causes: (1) failure of the endplate 
under the nucleus; (2) anterior vertebral body compression 
or “wedge” fracture: (3) retropulsion of the middle column 
with intact posterior ligaments—a “stable burst” fracture.

tensile forces. “Unstable” burst fractures occur with 
disruption of the posterior ligaments (Fig. 16.3) (83). 
With the loss of the tethering effect of these posterior 
ligaments, late progression of kyphosis at the injured 
zone is possible.

Distraction
Distraction injuries occur less frequently than those 
caused by compression. Flexion-distraction mecha
nisms represent approximately 5%  of thoracolumbar 
injuries (25). When the axis of rotation is in the an
terior vertebral body (Figs 16.4 and 16.15), the result 
is a compression fracture of the anterior vertebral 
body and posterior ligament disruption with unilat
eral or bilateral facet joint disruption-dislocation. A 
concomitant burst fracture may be seen in up to 15%  
(67).

When the center of rotation is brought anterior to 
the vertebral column, an effective distraction force is 
applied to all three columns (Fig 16.5). In a seat-belt 
injury, the fulcrum is the seat-belt at the anterior ab
dominal wall (29). Posterior and middle columns dis
rupt in tension on an intact anterior hinge.

Tensile failure can occur through ligament, bone, 
or through a variable path that includes both. Chance 
first described three cases in 1948 and, as a group, 
such injuries continue to carry his name (23). He ob
served a fracture line through the spinous process,
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FIGURE 16.3.
Flexion-compression causes tensile stresses of the poste
rior ligamentous complex in addition to a vertebral body 
“burst”: (1) failure of the endplate under the nucleus; (2) 
anterior vertebral body compression; (3) middle column 
retropulsion; (4) facet joint-capsule disruption; (5) inter- 
spinous ligament failure.

laterally on the distracted side of the spine. Of three 
cases reported, all had associated hfe-threatening 
injuries (31).

Extension
This rare m echanism , w hich includes the lumber
jack ’s fracture, occurs in approximately 2 to 5% of 
spine injuries (25, 32]. It is caused by a force, such as 
a falling tree, striking the lower back, with relative 
hyperextension occurring w ithin the upper spine. 
The ALL is inevitably torn, with variable injury to 
the anterior annulus fibrosis (Fig. 16.6) (119). The 
posterior com pressive forces generated may fracture 
the posterior elements, w ith resulting fragments dis
placing ventrally into the spinal canal (119).

Rotation
The facet joint, in concert with the annulus, is the 
primary structure opposing rotational forces. When 
such forces are applied, one facet joint may fracture 
and dislocate anteriorly w hile its counterpart fails in 
tension w ith disruption of the joint capsule (112, 
119). Representing 14%  of all thoracolumbar spine 
injuries, these fractures traverse m ultiple ribs and 
transverse processes (Fig. 16.7) (25). A Holdsworth 
slice fracture, the result of a rotational force, pro
ceeds anteriorly through the superior vertebral body 
after facet joint failure (Fig. 16.8) (83). The capability 
of this m echanism  to destabilize the spine is manifest

lamina, transverse processes, and pedicle, exiting on 
the superior surface of the vertebral body just ante
rior to the neural foramen (see Fig 16.14). Additional 
fracture patterns of the posterior elem ents in flexion- 
distraction m echanism s were later defined by Gum- 
ley (72). Type 1 enters the spinous process and trav
els through all bony elem ents and emerges in a 
variable position w ithin the vertebral body (tradi
tional Chance fracture). Type 2 enters betw een the 
spinous processes (ligamentous), and Type 3 is asym
m etric, involving the posterior elements more on one 
side than the other because of a rotational component 
in  the applied force. Gertzbein added a classification 
to describe such injuries of the anterior colum n (67). 
In group A, the injury exits through the disc, whereas 
in group B, the fracture passes through the vertebral 
body. In group C, w hich represents 50%  of the series, 
extension occurs through the superior end-plate.

Fifty percent of distraction injuries suffer associ
ated intra-abdominal injuries, including small bowel 
laceration, ruptures of the liver, and descending co
lon (67, 72). Noncontiguous spine fractures occur 
with greater frequency (approximately 38% ), and an 
abnormal neurologic exam is seen in 27%  (67).

Lateral distraction injuries are rare— approxi
m ately 1%  of all thoracolumbar fractures (31). M ul
tiple transverse process and rib fractures occm  uni-

FIGURE 16.4.
Flexion-distraction with the center of rotation in the ante
rior vertebral body: (1-3) tensile disruption of the interspi- 
nous ligaments, facet joint and the PLL; (4) anterior verte
bral body wedge with an intact ALL.
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FIGURE 16.5.
Flexion-distraction with center of rotation brought further anteriorly results in an effective distraction force on all three 
columns: (1-3) posterior ligaments or bone sequentially fail in tension leaving an intact anterior hinge (4). A. Bony Chance 
fracture. B. Pure ligamentous injury.

FIGURE 16.6.
Extension: (1) the anterior column fails in tension with ei
ther an avulsion fracture of the anterior-inferior vertebral 
body or disruption of the ALL and annulus; (2) posterior 
elements face compression loads leading to facet and lam
ina fractures. If the load continues, a posterior shear-trans- 
lation between vertebra may develop.

FIGURE 16.7.
Rotation: (1] one facet fails in compression, the other is 
disrupted in tension; (2-3) fractures occur through the 
compressed facet, the costotransverse joint and pedicle; (4) 
the annulus or the vertebral body yield to the rotational 
shear stresses, resulting in a fracture-dislocation (5).
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FIGURE 16.8.
The Holdsworth “slice” fracture caused by a rotational 
force.

in the increased risk for both neurologic injury and 
spinal deformity. Neurologic deterioration occurring 
after adm ission to the hospital, although a rare com 
plication, has been associated more frequently with 
a torsional m echanism  of injury (66). Seventy- 
five percent of patients with rotational fracture- 
dislocations and paraplegia develop late, progressive 
deformity if  it is not stabilized (126].

Shear
The most destabilizing of all injury m echanism s is 
that of a shear force, occurring w ith a 10%  relative 
frequency (25). Failure of all three colum ns results, 
representing the highest risk for concurrent neuro
logic compromise (66, 112). Fracture-dislocation 
may occur through the facet joints, allowing the ver
tebral body to translate w ith failure of the ALL, PLL, 
and anulus fibrosis. Surgical exploration often dem
onstrates com plete ligament discontinuity (112). 
M ultiple fractures may occur at the transverse pro
cesses and ribs (Figs. 16.9 and 16.16) (28).

Morphologic Classification
Morphologic classifications are sim ple, frequently 
used descriptions of resultant vertebral body mor
phology after an injury. The selected term is based 
on an interpretation of the static radiograph. As such, 
it is not meant to im ply a m echanism  or to define 
stability. These terms, such as “com pression frac
tures,” “burst fractures,” and “fracture-disloca- 
tions,” describe the morphology but are nonspecific.

Neurologic Injury
Injuries to the cord or cauda equina occur in approx
im ately 10 to 38%  of thoracolumbar injuries (7, 94,

128). The incidence of neurologic deficit with shear 
and torsional m echanism s resulting in  fracture- 
dislocations increases to nearly 50%  (112, 113). In
juries to the watershed area between T5 and T9 also 
have increased risk of neurologic deficit because of 
the tenuous vascular supply and narrow canal di
m ensions (37).

Neural structures are injured most commonly by a 
com bination of com pression and stretch forces. Mus
culoskeletal injury acutely causes hemorrhage, 
edema, and direct bony com pression on the neural 
elements. Ischem ia follows. Enzymes are released, 
w hich affect membrane stability and initiate a 
progressive, self-destructive sequence. Calcium 
channels fail and lead to the disruption of electro- 
physiologic coupling (88).

Although counter-intuitive, it has been difficult to 
find an association between the extent of canal com
promise seen radiographically and the severity of the 
neurologic deficit after a burst fracture (28, 69, 89). 
This difficulty probably exists because static roent
genograms do not show the maximum displacement 
that occurs at the tim e of the injury. The presence of 
edema, hemorrhage, and disc fragments as they relate 
to the available spinal canal reserve (space dimen
sions and blood supply) may further account for the 
discrepancy.

Although the canal compromise is easy to estimate 
from a CT scan, determining the criteria for a “criti
ca l” stenosis, w hich indicates increased risk of late 
neurologic sequelae, is more difficult. Animal studies 
have shown that greater than 50%  acute canal com
promise produces significant neurologic deficits and 
subsequent axonal degeneration of motor roots distal

dislocation

FIGURE 16.9.
Shear: the most disruptive of the injury mechanisms. Injury 
occurs in all three columns, including the interspinous lig
aments, the facet joint, the ALL, PLL, and the annulus.



CHAPTER 16: THORACOLUMBAR SPINE INJURIES 3 6 5

Spinal cord 
in)ury

'Cotus
rwduWaus _

Cauda equina 
and lower nnotor 
neuron

FIGURE 16.10.
The relationship between the musculoskeletal system and 
the nervous system. The end of the cord is usually at Ll 
and IS known as the conus medullaris, the site of origin for 
the sacral nerve roots. Damage to the cauda equina repre
sents a lower motor neuron or peripheral nervous system 
injury

to the stenosis (95). Decom pression improves the 
neurologic function. Histologically, the decom 
pressed axons return to norm al number and volume 
(95). Unfortunately, w ith one exception, human clin 
ical studies have been unable to show an association 
between the extent of canal com prom ise and neuro
logic deficit, early or late (81). Hashimoto and co- 
workers state that burst fractures resulting in 35%  or 
more canal compromise at T ll/ 1 2 , 45%  at L l , or

55%  at L2 are at increased risk of neurologic deficit 
(81).

C linically, neurologic deficits are classified as 
com plete, incom plete or progressive, based on serial 
neurologic exams.

Complete
A com plete injury indicates there is a definable sen
sory and motor level beyond w hich there is no func
tional activity (less than antigravity strength). Spinal 
shock may be present for approximately 24 to 48 
hours, during w hich time all reflexes mediated 
through the spinal cord below the site of injury are 
blocked by unknown m echanism . The bulbocaver- 
nosus reflex, via the sacral roots, is used to determine 
the end of spinal shock. Tugging the Foley or gently 
squeezing the glans penis sends a monosynaptic re
flex through the conus m edullaris, w hich ends with 
the contraction of the peri-anal m uscles. An injury 
may be deemed complete after spinal shock ends and 
the com plete neurologic deficit remains. The prog
nosis for a functional neurologic recovery is poor
(26).

Incomplete
In an incom plete injury, some of the ascending and 
descending spinal cord tracts are still in  continuity. 
The terminus of the cord is usually at the L l level 
and is known as the “conus m edullaris.” Injuries to 
this area may affect the lower cord, w hich is the site 
of origin for the cell bodies of the sacral nerve roots. 
Conus m edullaris syndrome represents an isolated 
injury to the terminus of the cord. This type of injury 
results in loss of rectal tone, inability to void, and 
perianal dysesthesias and num bness (Fig. 16.10).

Frankel, in 1969, described a classification system 
that, although sim plistic, is still used today (55). Five 
levels are defined, A through E (Figs. 16.11). Most 
patients w ithin Frankel A and B w ill not recover. Up 
to 11%  of these patients may show some nonfunc-

A “Complete”

B “Sensory Only”

C “ Motor Useless”

D “Motor Useful”

E “ Recovery”

FIGURE 16.11.
Frankel Classification

complete sensory and motor loss below 
the lesion

complete motor paralysis, with some 
sensation present below the level of the 
lesion sacral spanng

some motor power present below the 
lesion, but of not practical use

useful motor power below the lesion All 
can move the lower limbs and many can 
walk with or without aids

the patient is free of neurologic symptoms. 
Abnormal reflexes may be present
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Injury Mechanism
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FIGURE 16.12.
Thoracolumbar spine fracture treatment algorithm. Approach and timing depend on the concurrent assessment of neurologic 
function and spinal stability.

tional improvement (40). Frankel C and D patients 
are expected to improve at least one motor grade with 
or without treatment (76).

Late Neurologic Change
A late neurologic change may result from gradual 
cord degeneration, cystic myelopathy, or syringo
myelia. Those with such com plications present with 
evolving pain, typically described as a dull ache, that 
may radiate into the extrem ities. An otherwise unex
plainable progressive loss of neurologic function, 
usually a sensory loss involving the spinothalam ic 
tracts and rarely motor weakness, can occur years af
ter the original injury (9, 150, 155). Syringomyelia 
develops w ithin the watershed area of the cord, be
tween the anterior and posterior arterial blood sup
ply, as a result of crush, liquefaction necrosis, and 
lysosomal autodigestion. A symptomatic syrinx af
fects 1.6 to 3.2%  of those w ith spinal cord injury, 
with increased risk in tliose with persistent cord 
com pression and impaired cerebrospinal fluid cir

culation (127 ,138). Three forms of surgical treatment 
have been employed to relieve the associated pain: 
1) cord transection; 2) tube syringotomy from the cyst 
to the subarachnoid space; and 3) tube syringotomy 
from the cyst to the peritoneal cavity (139). After 
such intervention, motor power lost resulting from 
the syrinx has shown the most consistent improve
ment. Sensory abnorm alities, alternatively, are less 
likely to respond (139).

Diagnosis_____________________________
Two systems, the m usculoskeletal and the neuro
logic, are sim ultaneously evaluated (Fig 16.12). A 
m echanism  of injury should be reconstructed using 
the history and reports from eye-witnesses and emer
gency workers at the scene. W ith this information, a 
prediction of the likely resultant injuries can be 
made.

Exam ination should include a careful palpation of 
the entire length of the spine. Each segment should
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be evaluated for interspinous widening, step-oiJ, and 
tenderness, which would indicate posterior ligamen
tous injury. Close exam ination of the abdomen for 
abdominal wall bruising or peritoneal signs is nec
essary to avoid missing this frequent site of associ
ated injury.

Neurologic exam should be repeated frequently 
and motor, sensory, and reflex changes should be 
documented to avoid m issing a neurologic deterio
ration. Close inspection of the sacral nerve function 
may reveal either an isolated injury to the conns or 
sacral sparing in a patient otherwise thought to have 
a complete injury.

Radiographs
Plain radiographs of the entire spine in two planes 
should be performed on all high energy trauma pa
tients to evaluate for noncontiguous injuries, espe
cially when clin ical assessm ent is impaired because 
of brain injury or drug and alcohol intoxication. AP 
image should be inspected in a systematic fashion, 
examining bone contour and alignment and soft tis
sue. Detectable interpedicular widening occurs in 
45% of burst fractures (Fig 16.13A) (5). W idening of 
the distance between spinous processes indicates 
disruption of the posterior ligaments (Fig 16.15A).

The lateral radiographic images are inspected di
rectly for bone injury and indirectly for soft tissue 
disruption. Segmental kyphosis is measured by the 
Cobb technique. A percentage of the loss of the an
terior and posterior heights is calculated. Loss of pos
terior height is the most useful predicator of the pres
ence of a burst fracture (5). Disruption of the posterior 
cortical line may be difficult to see because of the 
overlying pedicle; however, when detected, it indi
cates a burst fracture (Fig 16.13).

Plain radiographs may miss 25%  of burst frac
tures, which often are misdiagnosed as stable wedge 
fractures (5). CT scans provide axial images and are 
better able to detect middle colum n injury, retro- 
pulsed fragments, or laminar fractures (Fig 16.14C). 
It is also the method used to quantify the degree of 
bony comminution and canal compromise. W hen 
facet joints are dislocated in a flexion-distraction in
jury, this is recognized on CT scan as a “naked” facet 
sign (118) (Fig 16.15B]. Sagittal plane CT reconstruc
tions often are more accurate in determiniiig canal 
compromise in patients w ith bilateral facet disloca
tions.

The most recent addition to the evaluation scheme 
is the MRI. This study is best used to directly eval
uate the soft tissue integrity: disc, ligament, and 
nerve. Disruption of the ALL, PLL, and interspinous 
ligaments can be determined (16). Checking for lig
amentous continuity allows the surgeon another 
means to predict the effect of distraction instrum en

tation in reducing retropulsed burst fragments via li- 
gamentotaxis. The ALL and PLL are seen as thin, lin 
ear signal voids paralleling the anterior and posterior 
borders of the vertebral body and discs. The ALL is 
best seen w ith T1 images because it contrasts with 
the surrounding, bright paraspinous fat. The PLL is 
best seen on T2 images against the adjacent, high- 
signal CSF (Fig 16.15C).

In addition, MRI can accurately evaluate the neu
ral elem ents in patients who have neurologic deficit. 
On T2, a high signal intensity w ithin the cord indi
cates a contusion. Sw elling can be identified by the 
presence of a deformity on the surface of the cord 
seen on both sagittal and axial images. An epidural 
hematoma may be seen in spine fractures in patients 
w ith ankylosing spondylitis. Unexplained deficits or 
progressive neurologic change necessitate an MRI ex
am ination to search for a correctable cause w ithin the 
soft tissue elements, such as a traum atically herni
ated disc.

Indications for Surgery
Three basic options are available to the surgeon: re
duction, stabilization, and decompression. At times, 
performing a reduction and stabilization leads to a 
secondary (indirect) decompression. The indications 
for and methods of surgical intervention depend on 
the alignment and stability of the fracture, the neu
rologic assessment, and the status of other organ sys
tems (61).

Neurologicaliy Intact

Acute Instability
For the neurologicaliy intact patient, surgery may be 
required to treat an acutely unstable three column 
injury to restore alignment and provide immediate 
stability. Rapid m obilization avoids the debility as
sociated w ith prolonged recum bency. Fracture-dis- 
locations (rotation and shear m echanism s), flexion- 
distraction injuries w ith displacem ent, and severe 
flexion-com pression injuries with significant kypho
sis and canal compromise m eet these general criteria.

Reduction is accom plished by reversing the m ech
anism  of injury. Flexion-distraction injuries reduce 
with a corrective force that provides extension and 
com pression, necessitating an intact middle column. 
Flexion-com pression injuries require distraction, ex
tension, and an intact ALL.

Late Instability
Determining w hen late instability w ill occur is dif
ficult because an early, m ultifactorial assessment 
must be used to predict the possibility of a delayed 
change. This type of stability should not be thought



FIGURE 16.13.
40-year-old female, neurologically intact, with an L l burst fracture caused by a motor vehicle accident, A. AP radiograph 
of the Ll burst showing a widening between the pedicles. B. Lateral radiograph showing anterior vertebral body height 
decreased by 50% when compared with adjacent vertebra. The posterior margm of the vertebral body is disrupted. The 
posterior-superior body is retropulsed. Segmental kyphosis from T12-L2 is 25°. C. Axial CT image showing the comminuted 
burst fracture with the retropulsed fragment causing approximately 40% canal compromise. D. Postoperative lateral image 
after short segment pedicle screw instrumentation (AO fixateur interne). Vertebral body height is restored and the retro
pulsed fragment is reduced. Kyphosis measures 7°.
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FIGURE 16.14.
Coronal image of an Ll Chance fracture The fracture plane 
proceeds through the spinous process, pedicles, and into 
the vertebral body Often, these fractures are difhcult to 
detect

of as an all-or-nothing concept Rather, it is best con
ceptualized as a continuum  w ith m ultiple levels of 
stability needs.

For flexion-com pression injuries with greater than 
50% loss of anterior vertebral body height and 30° of 
kyphosis, there is an increased likelihood of concom 
itant loss of stability of the posterior ligaments and 
an elevated risk of late progression of the deformity 
(10, 51). When patients are examined 2 years after 
the injury, those w ith more than 30° of initial kypho
sis have an increased incidence of significant back 
pain (65). Hyperlordosis of the lumbar spine, a com 
pensation for the thoracolum bar kyphotic deformity, 
results in facet joint overload, degeneration, and pain 
(106, 144).

In an attempt to quantify the risk of developing 
late kyphosis in burst fractures. Farcy et al devel
oped the sagittal index (SI) (49). SI is a measure of 
the kyphotic segmental deformity corrected for the 
normal sagittal contour at the particular level (ky
photic deformity-normal contour = SI). Those with 
an SI of less than 15° were treated successfully with 
conservative measures.

Bony comminution, osteoporosis, and consecutive 
vertebral injuries also add to the risk of late progres

sion of deformity, although their respective contri
butions are more difficult to quantify. W hen such fac
tors are present and are com bined with a high grade 
canal compromise (greater than 50% ), the surgeon 
may select surgical intervention because progression 
of kyphosis in this setting carries an increased risk of 
causing a neurologic deficit. Tencer et al., in studying 
contact pressure on the cord-meningeal complex, 
found that 20° of angulation was acceptable if  there 
was less than 35%  canal compromise (136). Surgical 
reconstruction of late kyphosis is best identified and 
treated early because it carries a 25%  risk of major 
com plications (125).

In flexion-distraction injuries, complete ligament 
disruptions tend not to heal, whereas bony disrup
tions heal over 3 m onths tim e. Therefore, bony 
“Chance” injuries are frequently treated with exter
nal im m obilization, and ligamentous injuries require 
operative stabilization and fusion.

Complete Neurologic Deficit
The presence of a neurologic deficit im plies spinal 
instability. The exception to this rule occurs in ch il
dren who, because of ligamentous laxity and rela
tively horizontal facet joint alignment, may allow a 
m obility of the spine greater than that tolerated by its 
neural elements: SCIWORA (spinal cord injury w ith
out radiologic abnormality).

Complete injuries to the central nervous system 
very rarely show any improvement with time Ducker 
et al. reported that 11%  of patients with complete 
thoracic and thoracolum bar injuries recovered useful 
motor function (40). Peripheral nerve injuries at the 
root level, adjacent to the cord injury, may improve 
with or without surgical intervention. Reduction, 
either open or closed, should be performed on all 
displaced spine injuries to create an improved me
chanical environm ent for healing of both the 
m usculoskeletal system and the peripheral nervous 
system. The use of succinylcholine during anesthetic 
induction is contraindicated in  patients with neuro
logic injury because of the elevated release of potas
sium.

W hen compared with nonoperative methods, in
ternal stabilization has decreased hospitalization and 
rehabilitation time and improved spinal alignment 
with ultim ately less com plications (35, 54, 84, 85,
130, 146) Such stabilization, w hile preventing pro
gressive deformity, does come at a cost. Spinal fusion 
over m ultiple lumbar segments has deleterious ef
fects on spinal movement and trunk extensor 
strength by up to 25%  (79). Open techniques also 
have been largely unable to demonstrate an im 
proved neurologic recovery over postural reduction 
(35).
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FIGURE 16.15.
35-year-old man, neurologically intact, after a motor vehicle accident. A. AP radiograph of a flexion-distraction injury at 
T12-L1. Note the widening between the spinous processes of T12 and LI. B. Axial CT demonstrates the naked facet sign.
C. Sagittal plane MRI shows high signal in the interspinous region, indicating disruption of the posterior ligaments. T12 is 
subluxed forward on LI. The PLL is disrupted. The terminus of the cord is seen at Ll.
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Incomplete IMeurologic Injury
Incomplete thoracic paraplegia is a relatively rare in
jury, representing only 1.2 to 18%  of all patients with 
thoracic fractures and neural deficits (13, 100). If a 
retropulsed burst fragment or a displaced fracture- 
dislocation causes continuing m echanical deforma
tion of the neural elements, removing the obstruction 
improves the likelihood but not the rate of neurologic 
recovery (66, 110). The most important factor deter
mining the extent of a neurologic recovery is the se
verity of the damage sustained by the nerve tissue at 
the time of injury (7, 75). Deterioration of neurologic 
function after a partial spinal cord injury is relatively 
uncommon, with an overall incidence of 3 to 5%  (66,
108).

While animal m odels of spinal cord injury have 
consistently shown improvement w ith early decom 
pression (36, 124), this has not been the case in hu
man clinical studies (108, 110). Som e studies have 
shown that recovery is not enhanced by early open 
reduction and fixation (7, 54). In fact, a higher com- 
phcation rate with neurologic worsening has been 
seen in association with an intervention w ithin the 
first 5 days (108). Others have documented signifi
cantly improved rates of neurologic recovery with 
early intervention when compared w ith historical 
controls (24, 100).

Clinical studies may not be able to show the as
sociation between the promptness of the decom pres
sion and the ultimate level of neurologic function for 
several reasons. First, the severity of the spine and 
neurologic and associated injuries betw een study 
groups are difficult to quantitate and compare. Sec
ond, grading classifications for neurologic recovery 
may lack sensitivity and possess an inherent inter
observer variability. Third, detectable recovery does 
occur even without intervention or when interven
tion is performed remotely, making statistically sig
nificant differences between early and late interven
tions difficult to detect.

Nonoperative Treatment______________  

Early Medical Management
Nonoperative treatment begins in the emergency 
room with identification of the injury and prevention 
of further injury by proper im m obilization and he
modynamic resuscitation. The heart rate is the pri
mary determinate used to differentiate neuro
genic shock from hemorrhagic shock. Neurogenic 
shock occurs as a result of cord damage with loss of 
autonomic (sympathetic) tone, vasodilation, and 
pooling of the blood in the periphery. Close m oni
toring of fluids and occasional use of atropine can be

used to m aintain satisfactory blood pressure and 
pulse rate.

Those w ith partial or com plete neurologic injuries 
should receive intravenous m ethylprednisolone be
ginning w ithin the first 8 hours after injury (bolus: 30 
mg/kg followed by an infusion rate of 5.4 mg/kg/hr 
for 23 hours). If the patient first presents more than 
8 hours after the spinal cord injury, m ethylprednis
olone should not be given. This recom m endation is 
based on a m ulti-center, randomized, placebo con
trolled study of 337 patients (18). The use of steroids 
did not appear to increase the risk of postoperative 
wound infections or GI bleeding. Criticism s regard
ing this study include: 1) failure to stratify patient 
injury characteristics; 2) the use of summed motor 
scores without a functional assessment; and 3) the 
lack of consideration of the effect of operative inter
ventions later performed (12). Despite these short
comings, the use of IV steroids is the standard of care 
at present.

Other methods have attempted to decrease cord 
m etabolism, increase regional blood flow, enhance 
cellular membrane stability, suppress the processes 
of secondary cell destruction, and hopefully promote 
neural regeneration (41, 64, 88). System ically admin
istered m edications have included GM-1 ganglioside, 
opiate antagonists, calcium  channel blockers, man- 
nitol, DMSO, and vitam in E (64, 88).

GM-1 ganglioside is a com plex acidic glycolipid 
found w ithin the cell membranes w ithin the central 
nervous system. During spinal cord recovery, gangli
oside promotes neurite sprouting and outgrowth and 
lim its W allerian degeneration (64). In a small pro
spective, randomized, placebo-controlled clinical 
study, GM-1 ganglioside enhanced the return of lost 
motor function (64).

Opiate antagonists, such as naloxone and thyrotro- 
pin-releasing hormone (TRH), work by decreasing 
the hyperm etabolic state after trauma secondary to 
the rise of endorphins. Bracken and coworkers in i
tially presented data indicating that naloxone did not 
have a beneficial effect (18). Subsequently, a revised 
analysis pointed out the tim e-dependent nature of 
the adm inistration and recovery. If naloxone is given 
w ithin the first 8 hours after injury, a greater recovery 
is seen 1 year after injury when compared with pla
cebo-controlled patients (17).

M annitol and DMSO serve dual fim ctions. First, 
working as diuretics, local edema is diminished. Sec
ond, functioning as free-radical scavengers, toxic by
products are deactivated. Oxygen free radicals are re
leased by the destruction of membrane lipids. These 
free radicals have a secondary, injury-provoking 
capability.

Localized cord cooling decreases metabolic re
quirements and has shown some encouraging results
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in animal models and clin ical trials [77], Unfortu
nately, cooling devices are cumbersome, oi?ten mak
ing clin ical use im practical.

If neglected, the paraplegic patient faces com pli
cations arising w ithin the respiratory, urinary, gas
trointestinal and integument systems. These are best 
prevented by early and persistent attention to: 1] 
rapid m obilization as spinal stability allows; 2] m ain
tenance of adequate nutrition (at least 3000 calories/ 
day); 3) chest physiotherapy and assisted coughing;
4) interm ittent catheterization of the bladder to begin 
at the com pletion of acute treatment phase at a fre
quency to ensure an output of no more than 400 mL;
5) GI prophylaxis w ith H2-blockers and antacids; and
6) protection of pressure points with periodic in 
spection of all skin surfaces (38).

Kinetic beds allow skin pressure redistribution 
and assist in pulmonary toilet. The Roto-Rest bed is 
extremely effective in im m obilizing unstable thora
columbar fractures, whereas the Stryker frame allows 
distraction at the fracture site, up to 5° of angular de
formity and 25 mm of anterior-posterior displace
ment during turning (115).

Closed Reduction and Immobilization
The majority of thoracolum bar spine injuries can be 
reduced by closed techniques. Beginning in 1944 at 
the Stokes M andeville Hospital, Sir Ludwig Guttman 
was the first to emphasize and popularize such m eth
ods (74, 75). He used postural reduction in hyper
extension w hile the patient rested in the supine po
sition with pillow  support beneath the fracture. 
Frankel, who trained under Guttman, found only a 
13%  rate of failure of closed reduction when treating 
bilateral jumped facets (55). Others have reported 
that up to 70%  of all displaced thoracolumbar spine 
fractures are able to be closed-reduced (7). An “ac
ceptable” reduction may be variably defined, de
pending on the author and the area of analysis.

Neurologic recovery after closed reduction has 
been w ell documented. For incom plete deficits, re
turn of at least one Frankel Grade can be expected in 
65%  (55, 85) to 95%  (26). Failure to reduce does not 
exclude the possibility of a neurologic recovery (55).

After reduction, Frankel treated patients for 10 to 
12 weeks in recum bency. Only 2 of 394 cases of un
stable flexion-com pression injuries were considered 
to remain unstable after the recum bent period (55).

Late progression of kyphotic deformity after flex- 
ion-com pression injuries may occur after closed 
treatment and may lead to a late neurologic com pro
mise. The frequency, rate, and severity of neurologic 
sequelae occurring with progressive kyphosis after 
nonoperative treatment has been variable in the lit
erature to date (26, 3 0 ,1 0 1 ,1 1 7 ,1 2 3 ,1 4 2 ) . These dis
crepancies are most likely caused by subtle differ

ences in the patient populations studied, particularly 
the degree of posterior colum n disruption.

Reviewing 34 patients with a neural deficit, Davies 
et al. found 2 with a gibbus formation requiring ex
cision of spinous processes, 6 with pain, and 2 with 
temporary neural deterioration (26). Like Frankel’s 
study, this study rarely detected instability at follow- 
up. No segment exhibited more than 15° of move
m ent betw een the flexed and the extended position.

Denis et al. reported on 104 intact patients with 
burst fractures treated conservatively. Seventeen per
cent developed late neurologic symptoms and 25% 
were unable to work (30). Krompinger et al. studied
29 patients, sim ilarly treated, with no cases of clini
cally detectable neurologic deterioration. However, 
21%  did note periodic leg pain and 10%  were unable 
to work secondary to back pain (101).

In contrast, Mumford et al. has shown an average 
increase in kyphosis of only 3°, with only 2% of 41 
patients showing a neurologic deterioration (117). 
90%  had returned to work. Reid and coworkers have 
also reported good outcomes among 21 neurologi- 
cally intact patients, none requiring surgery for in
creasing kyphosis or increasing neurologic deficit 
(123).

Retropulsed bone does resorb slowly with time 
(21, 52, 101, 117). Canal remodeling has improved 
the average canal compromise from 37%  to 14% for 
Mumford (117). Krompinger documented remodel
ing in 11 of 14 patients whose initial canal compro
m ise was greater than 25%  (101).

Patwardhan et al. used a finite element model to 
predict the ability of a TLSG orthosis to restore seg
m ental stiffness (120). Single level injuries causing 
up to 50%  loss of segmental stiffness can be returned 
to normal stability w ith the use of a brace. Beyond 
85%  loss of stiffness, as occurs w ith three column 
injuries, the orthosis alone would not be expected to 
prevent progression of deformity. The TLSG is only 
effective between T7 and L4. Immobilizing cephalad 
to T7 requires a GTLSO incorporating the cervical 
spine. Stabilizing the lumbosacral junction necessi
tates the use of a thigh extension (53, 58). Hyperex
tension braces, such as the Jewett, do not control ro
tational forces and are best used for compression and 
“stable” burst fractures (21).

In summary, flexion-com pression burst fractures 
can be treated nonoperatively in a TLSG if the pos
terior ligaments are intact, the loss of anterior height 
is less than 50% , and there is less than 30° of kypho
sis. In this setting, prolonged bed rest is not required, 
and early ambulation can com m ence w ithin an or
thosis (21, 120). A slight increase in kyphosis is ex
pected on follow-up. This increase is balanced by the 
body’s ability to clear the canal by simultaneously 
resorbing the retropulsed fragment, making late neu
rologic changes a rare occurrence.
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Surgical Treatments

Posterior Techniques
Among the first devices designed to provide an in 
strumented fixation were the M eurig-W illiams plates 
and the W eiss Springs. Fastened to the spinous pro
cesses with screws, these m echanically disadvan
taged devices faced high rates of failure (75 ,126). The 
instrumentation provided no intrinsic reduction 
capability.

IHarrington Distraction
In 1947, Harrington began to develop a spinal instru
mentation for use in polio patients with scoliosis. It 
involved distraction applied from two posterior 
points. In 1958, this technique was applied to a frac- 
ture-dislocation of the spine with the initial report 
appearing in 1973 (35). Spanning of 2 to 3 levels, both 
above and below the site of injury, is required to gain 
the necessary m echanical advantage (85). Long in 
strumentation techniques provide a greater lever arm 
for reduction with improved correction of the defor
mity (57, 133).

Reduction of the retropulsed fragment in flexion- 
compression injuries via distraction instrum entation 
was initially believed to be affected by ligamento- 
taxis through stretching of the PLL. Biom echanical 
studies have subsequently shown that the PLL has 
relatively little influence on achieving this indirect 
reduction (56, 80). The true reducing ligaments are 
the outer layers of the annulus that originate from the 
superior vertebra in the m idportion of the endplate 
and insert into the lateral margins of the intracanal 
fragment (56). If both the annulus, ALL, and PLL are 
disrupted as seen in translational injuries, posterior 
distraction may actually worsen the kyphosis, allow 
ing overdistraction w hile failing to restore canal 
dimensions (4, 86, 108, 112). Distraction without 
reduction of the retropulsed fragment leads to 
tensioning of the cord over the fragment (136). A 
high-grade canal compromise (> 6 7 % ) im plies an
nular injury with dim inished effectiveness of indi
rect techniques (70). There is a narrow window of 
opportunity for the use of posterior distraction; the 
best results are obtained when accom plished w ithin 
4 days from the time of injury (44, 70, 145).

Harrington instrum entation improved fracture re
duction, with fewer com plications and less rehabil
itation time than closed techniques (54, 8 5 ,1 3 3 ). The 
primary disadvantage of Harrington instrum entation 
is the length of instrum entation required (5 to 6 m o
tion segments). This length creates problems, espe
cially in the mid- and lower-level lumbar injuries 
where the caudal segments are incorporated into the 
fusion (3). Flat back, w hich is the iatrogenic loss of

lumbar lordosis that occurs with distraction, can 
cause disabling low back pain (86). W ithout lumbar 
lordosis, the center of gravity is pushed forward, and 
the lower-most lumbar segments must compensate 
by hyperlordosis, thereby increasing facet joint load 
w ith ultim ate degeneration and pain. For this reason, 
Harrington instrum entation should not be used to 
treat injuries of the lower lumbar spine (3, 129).

With only two points of fixation, high stresses are 
experienced at the hook-lamina junction. The in ci
dence of hook cut-out is high— up to 10%  (25, 35, 54, 
108, 129, 145). The junction of the upper hook and 
the lam ina is the most common site of failure (71,
109). W ithout individual vertebral segmental fixa
tion, rotation and shear injuries are difficult to con
trol and an orthosis is required.

Harrington IVIodifications
Since its introduction, many modifications of the 
Harrington technique have followed. In an attempt to 
lessen the severity of a secondary flat back deformity, 
Moe created square hooks that allowed a gentle con
touring of the rod in the lumbar spine. Edwards 
added high density polyethylene sleeves threaded 
over the Harrington rod and used to fill the potential 
space between the rod and the anatomic position of 
the posterior elements. The sleeve is placed at the 
center of the pedicle of the fractured vertebrae, serv
ing as the fulcrum for a three-point fixation to reduce 
the kyphotic deformity. The posterior neural arch 
and pedicles, at the level where the sleeves are to be 
placed, must be intact. Edwards found that canal area 
improved 32-% if Harrington rods with Edwards 
sleeves were inserted w ithin 2 days of the injury (44).

Jacobs introduced the rod-long, fuse-short tech
nique in an attempt to preserve m otion segments 
(85). Only the injured zone is fused. Instrumentation 
is removed at approximately 1 year. Problems with 
this technique include osteoarthritis of the immobi
lized but unfused facets and progressive kyphosis af
ter rod removal (27, 62, 90, 91).

Kahanovitz et al. reported on 8 patients using this 
technique w ith the removal of hardware at 6 to 26 
months after im plantation (91). Areas of fibrillation 
and fissuring were identified w ithin the cartilage of 
the facet joints at the instrumented but not fused lev
els. Histologic review confirmed erosion of the vas
cular tide mark, osteophyte formation and fibrillation 
consistent with osteoarthritis of the im m obilized fac
ets. Kahanovitz also used a dog model to show that 
facet osteoarthritis arose in the temporarily stabilized 
but not fused segments (90). C linically, however, 
these changes do not appear to create detectable 
problems (27, 62). Examining plane radiographs, 
Gardner found only 2 of 75 facets had autofused.
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with 85%  of patients reporting m inim al or no pain 
(62],

Harrington Compression
Harrington also developed a system capable of per
forming com pression between vertebrae. This mode 
of fixation provides stability for flexion-distraction 
injuries to reconstruct the posterior tension band. Fu 
sion length is 1 or 2 segments. The middle column 
must be intact. The facets act as a fulcrum  and there
fore must also be intact. Compression may cause 
bulging of injured disc.

Despite the shortcomings, Harrington instrum en
tation continues to have a definite role in  thoraco
lumbar injuries. Compared w ith the newer systems 
described later in the text, Harrington is less costly 
and is easier to insert, requiring half of the operating 
tim e and resulting in half the blood loss (129).

Posterior Segmental Fixation
Luque developed a segmental fixation system requir
ing sublaminar passage of a double stranded, 18- 
gauge, stainless-steel wire at m ultiple levels. These 
wires are then lashed to a rigid rod. Biom echanical 
studies have confirmed the ability of this construct 
to restore to a level that is half the rotational stiffness 
of the intact spine (73). The technique is less able to 
support axial loads (50, 111). The weakness of the 
Luque system when applied to thoracolumbar in ju 
ries is its inability to apply distractive or compressive 
forces because the position of the wire wrapped 
around the rod cannot be controlled or manipulated. 
Therefore, the system is unable to restore vertebral 
body height and contour and is only moderately ef
fective at restoring lumbar lordosis (105).

W isconsin wires, introduced by Dennis Drum
mond, are placed through the spinous processes and 
increase the torsional stability of the Harrington con
struct (39). The Harre-Luque technique calls for 
Luque segmental wiring to be added to the Harring
ton rod-hook construct, also improving rotational- 
torsional control &nd resistance of axial com pression, 
thereby obviating the need for postoperative bracing 
(59, 60, 109, 111).

In 1985, Cotrel andDubousset introduced a system 
that effectively blended Harrington with segmental 
fixation. M ultiple hooks are placed along a rod, al
lowing individual com pression or distraction forces 
to be placed at varying locations along the rod as re
quired. Successful treatment of thoracolumbar frac
tures w ith this instrum entation has been reported 
(48). Second generation systems have emerged based 
on this concept. The system shows versatility be
cause pedicle screws can also be added, where ap
propriate, to the construct.

Pedicle Screw Segmental 
Instrumentation
In 1982, Dick described the “fixateur interne,” a 
m odification of the Magerl external skeletal fixation 
system (2, 33, 34, 147). Two pairs of Schanz screws 
are placed in the pedicles im m ediately above and be
low the fractured vertebrae. The screws are con
nected to rods (Fig. 16.16). Sagittal reduction is ac
com plished first by using the long lever arms of the 
Schanz screws and squeezing them together until the 
desired lordosis is achieved. Next, sagittal body 
height and axial canal dim ensions are restored by 
distraction. Positioning the spine in lordosis before 
applying distraction significantly loosens the PLL 
with a slight increase in canal compromise, leading 
to the suggestion that distraction be applied before 
angular correction (57, 80). Distraction, whether ap
plied before or after the kyphosis correction, is the 
effective m echanism  in reducing the fracture frag
m ent (56, 57). Kyphosis correction does not contrib
ute to canal clearance (57).

The primary benefit of pedicle screw systems is 
the three colum n purchase, allowing shorter fusion 
w ith preservation of m otion segments. The most sig
nificant concern is the miss rate during screw place
ment, with a reported frequency between 10 to 28% 
(98). In addition, such devices lack sufficient me
chanical support in axial rotation; therefore, an ex
ternal orthosis may be required to augment fixation 
in cases of rotational instability (98). Farcy et al., us
ing a bovine model, have shown that rotational in
stability is best controlled by a single level pedicle 
screw instrum entation, whereas axial instability is 
best controlled by a two-level construct (50).

The ability of the fixator interne to indirectly re
duce retropulsed bone appears sim ilar to that of the 
Harrington system. Using CT scan pre- and postop- 
eratively, the average improvement in  the percent ca
nal compromise has been between 14 and 50%  (47, 
70, 134, 140).

Sagittal plane restoration through correction of ky
phosis has also been successful. Lindsey et al., in re
viewing 80 consecutive patients, showed an opera
tive correction from 17.4° preoperatively to 7.9° 
postoperatively (103). Seventy percent of these cases 
had no formal fusion w ith the im plant removed at 1 
year. There was a loss of 3.5° of correction at lyear, 
w ith 5° of additional loss after im plant removal, the 
m ajority occurring through the upper disc space. The 
disrupted end-plates often fuse with the adjacent ver
tebral body (104).

Despite three colum n purchase, short segment fu
sion faces extensive loads that contribute to hard
ware failure (22, 116). M cLain et al. reviewed 19 pa
tients treated w ith short segment fusion with pedicle 
screws (116). Despite the use of transverse traction
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I

FIGURE 16.16.
9-year-old female, paraplegic after a sledding accident. A. The T12 pedicle on the right is not seen, indicating that a displaced 
fracture has occurred at the vertebral body-pedicle junction. There is widening between the spinous processes of T ll-1 2 . 
B. Lateral image shows the T l l-1 2  fracture-dislocation. All three columns are disrupted. C. Axial CT demonstrates the 
double image, the result of capturing both T i l  and T12 on the same cut The right pedicle is comminuted and displaced.
D. Although the canal appears capacious on the axial plane CT, significant canal compromise is appreciated on this sagittal 
reconstruction. E. After open reduction and posterior rod-hook instrumentation, sagittal alignment is restored.

devices to link the rods and the use of a custom- 
molded orthosis, 10 patients had vertebral collapse 
and translation and hardware failure in  the early 
postoperative period. The presence of bent screws 
or low-grade kyphosis (less than 10°) did not always

portend a pseudarthrosis or a clin ical failure (22, 
116).

To predict the circum stances under w hich short 
segment fusions fail, M cCormack and coworkers 
have developed the “load sharing classification,”
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w hich grades: 1) the proportion of the vertebral body 
that is damaged; 2) the spread of the fracture frag
m ents; and 3] the amount of traumatic kyphosis that 
is corrected (114). Pedicle screw failure is likely to 
occur if  there is greater than 30%  com m inution of 
the vertebral body detected on sagittal plane section 
CT; more than 2 mm spread betw een fracture frag
ments on axial image; and more than 10° of kyphosis 
correction required. Segmental pedicle fixation two 
levels above the kyphosis at the thoracolumbar ju n c
tion has been suggested to avoid im plant failure (22, 
99).

Laminectomy_________________________
Decompressive lam inectom y performed for thoraco
lumbar injuries is destabilizing, ineffective, and has 
been universally condemned as an isolated proce
dure (11, 13, 83, 84). In biom echanical studies, there 
is no neural decom pression attributable to lam inec
tomy w ith up to an average of 35%  occlusion of the 
canal (135). If a lam inectom y is done in the upper 
thoracic spine or at the thoracolumbar junction, post- 
traumatic kyphosis, pain, and progressive neurologic 
deficit results (11, 75, 106, 144). The risk of these 
outcomes can be dim inished appropriately by com 
bining lam inectom y w ith a posterior instrumented

stabilization (25). Lam inectom y is acceptable in the 
setting of a lower lumbar spine injury (3).

Currently, there are only three indications for pos
terior lam inectomy: 1) comminuted posterior ele
ments causing direct neural com pression; 2) an epi
dural hematoma requiring evacuation; and 3) a 
laminar fracture in association with a vertebral body 
burst and an incom plete neurologic deficit. Approx
imately one-third of patients w ith an incomplete 
neurologic deficit and a lam inar fracture seen on CT 
scan have an associated dural tear, with 13%  having 
neural elem ents entrapped w ithin the fracture (20,
78, 94).

Posterolateral Decompression
Because of the inability to predict accurately the ca
nal clearance that occurs with ligamentotaxis, some 
authors have recommended intraoperative assess
m ent w ith either myelography or ultrasound (27, 44,
45, 140). Four percent of incom plete patients treated 
by Edwards and coworkers had sufficient focal im
pingement remaining after posterior indirect reduc
tion to warrant immediate posterolateral or subse
quent anterior decom pression (Fig. 16.17) (44). 
Unfortunately, the large size of the ultrasound probe 
(1.5 cm width, 2.0 cm length) requires the surgeon to 
perform a generous laminotomy.

FIGURE 16.17.
Methods of indirect reduction technique: posterior distraction and lordoses forces to provide ligmentotaxis and indirect 
decompression of the canal. A. Burst fracture with kyphosis and retropulsed bone fragment. B. Transpedicular distraction 
and lordosis contouring.
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Flesch and coworkers described posterolateral de
compression via costotransversectomy (Fig 16.18) 
(54). The body of the burst fracture is entered through 
a transpedicular approach using a high speed drill 
and curette. Bone anterior to the retropulsed frag
ment is brided with rongeurs and curettes, effectively 
undermining the posteriorly displaced bone. The re
maining cortical shell is then fractured and driven 
anteriorly. Some medial retraction of the neural ele
ments may be required; therefore, this technique is 
best done in the lower lumbar spine below the conus 
where the canal dim ensions are larger. Problems in 
clude inadequate visualization often secondary to 
epidural bleeding and often resulting in an inade
quate decompression. Reported clin ical results are 
generally good (63, 78, 113). Hardalcer, in a review  of 
58 patients using a bilateral transpedicular decom 
pression technique, reported 77%  with neurologic 
improvement. Thirty-four of forty with incom plete 
deficit improved one or more Frankel grades (78).

Transpedicular bone grafting to augment healing 
of comminuted vertebral fractures after posterolat
eral decompression has been recom m ended by sev
eral authors (2, 33, 103). It is, however, not possible 
to control the position of the graft m aterial; possible 
posterior extrusion can cause canal stenosis. In ad
dition, late collapse is not prevented by such a graft
ing technique because kyphosis occurs secondary to 
a loss height of the disc space and not of the vertebral 
body (62).

Anterior Decompression and Fusion 

Advantages
The primary indication for an anterior decom pres
sion is significant canal com prom ise with a partial 
neurologic injury in a setting that portends failure of 
a posterior indirect reduction. The indications in 
clude: 1) a large retropulsed fragment w ith significant 
(>50%) canal compromise; 2) anterior colum n com 
minution and marked kyphosis; and 3) a tim e lapse 
of greater than 4 days from the time of injury. The 
cauda equina can tolerate 85%  canal occlusion, 
whereas the cord can tolerate only 20% , especially 
in the watershed area of the m id-thoracic spine (97).

The anterior technique provides a direct and 
therefore more predictable decompression. W hether 
this improved decom pression leads to enhanced 
neurologic recovery rates depends more on the level 
[cord, conus, cauda equina) and the initial severity 
of the injury than on the estimate of the static canal 
compromise.

In a retrospective review of more than 1000 frac
tures treated by 64 Scoliosis Research Society m em 
bers from 12 countries, anterior decom pression was

not more effective than posterior when comparing 
improvement in Frankel scores (66). Alternatively, 
after a review of 80 patients, Kostuik recommended 
the anterior technique after demonstrating an average 
recovery of 1.6 Frankel grades (96, 97). Other studies 
indicate that anterior decom pression may also be 
more effective in  restoring bladder function (15, 46,
110), with more than one-third returning to normal 
(15, 110). Fifty percent of those unable to walk re
gained the ability (110).

Anterior approaches are also recommended for the 
late treatment of symptomatic post-traumatic kypho
sis that causes pain or neurologic deficit (14, 9 7 ,1 0 6 ,
125, 137). Bohlm an et al. obtained relief of pain in 
93%  of 45 patients who underwent anterior decom
pression an average of 4.5 years after their fracture 
(14). Posterior fusion to relieve pain associated with 
post-traumatic kyphosis is not successful for two rea
sons. First, it affords no improvement in the degree 
of canal compromise. Second, w ith a large bending 
moment, the bone graft is placed under tension, 
thereby predisposing to pseudarthrosis. For a large 
(> 40  degrees), rigid kyphotic deformity, a posterior 
instrumented fusion should accompany an anterior 
procedure.

Anterior decom pression may also alleviate neu
rogenic claudication secondary to chronic compres
sion of the cord or cauda equina. Motor recovery has 
been observed when corpectomy was performed 
years after the injury (14, 110, 137). In one patient, 
this improvement took as long as 7 years after cor
pectomy to be realized (110).

Disadvantages
The principle disadvantages of anterior techniques 
are the extent of the procedure and, until recently, 
the lack of stable fixation devices. The approach 
could cause a significant deterioration of pulmonary 
function, especially in polytrauma patients with 
chest wall trauma and lung contusion. Blood loss 
during the approach is approximately 250 cc with 
500 to 1500 cc further loss occurring during verte- 
brectomy secondary to bleeding from the body and 
from epidural veins (42, 46, 76, 92).

The ability to obtain reduction of displaced ver
tebrae via anterior technique can be difficult. D islo
cations and translations must be approached poste
riorly because the usual site of obstruction to 
reduction are the fractured and displaced posterior 
elements, w hich require excision.

Technique
It is best to approach the side w ith the greatest com 
promise. A right-sided approach offers the best ex
posure to the vertebral bodies without interference
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FIGURE 16.18.
Routes of direct decompression: (1) anterior transthoracic/ retroperitoneal; (2) posterolateral via a costotransversectomy; 
and (3) laminectomy, which is rarely indicated.

from the aorta, w hich overlies the upper thoracic ver
tebra on the left. Between T12-L4, the left sided ap
proach is preferred. In this region, the aorta assumes 
a more central location on the vertebra. The thicker 
w alled aorta is more resilient to retraction and mo
bilization than is the thinner vena cava. The patient 
is placed into the lateral decubitus position. To assist 
in the exposure and allow adjacent vertebra to open 
to receive the structural bone graft, the table is jack- 
knifed, with the apex directed toward the fractured 
vertebra.

For an extensile thoracolumbar approach (re
quired for a burst fracture at T l l - L l ) ,  an incision is 
made along the course of the tenth rib, beginning at 
the posterior axillary line and extending anteriorly to 
the lateral border to the rectus sheath. The intercostal 
m uscles are divided, followed by subperiosteal dis
section of the rib with Alexander and Doyon eleva
tors. The cartilaginous costal arch, at the articulation 
with the anterior rib, has been referred to as the key
stone. Transversely splitting the keystone allows en
try into the retroperitoneum beneath the diaphragm. 
Posteriorly, the rib is osteotomized as close as pos
sible to the costotransverse junction. Blunt dissection 
of the peritoneum from the inferior surface of the di
aphragm is completed. The thoracic cavity is entered 
through the bed of the excised rib. The diaphragm is 
incised, anterior to posterior, approximately 10 to 15 
mm from the costal margin to the aortic hiatus. Tag
ging sutures placed at intervals assist in proper ori
entation at the time of closure. Segnaental vessels, ly

ing in the “valleys” at the mid-vertebral body, are 
identified and ligated as necessary.

Isolated exposure of L1-L5 or T3-T11 do not re
quire take-down of the diaphragm. For a L1-L5 ap
proach, a flank incision can be made, with entry into 
the retroperitoneum via excision of the eleventh or 
twelfth rib if desired. For T3-T11, excise the rib that 
corresponds to the level to be decompressed.

Fractured vertebrae are then removed by use of 
high speed burr and curettes. The opposite pedicle 
from the site of entry must be visualized to ensure 
adequate decompression. Adjacent end-plates are 
preserved and are decorticated to a finely bleeding 
surface. Tricortical grafts are keyed into vertebral 
cancellous bone and the table is flattened, locking it 
into place. The graft may face shortening and subsi
dence by as much as 8 mm with more expected if the 
endplates are disrupted iatrogenically (22).

Anterior Instrumentation
The flexion-compression injuries addressed with an
terior decompression and strut graft fusion require 
additional stability for satisfactory healing with 
maintenance of position assured during bone graft 
incorporation. Generally, in the past, this required a 
staged procedure with anterior decompression with 
strut graft followed by posterior instrumentation (68, 
106).

Improvements in anterior instrumentation now 
obtain a stability which approaches that obtained
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with posterior instrumentation. Anterior instrum en
tation is most effective when balanced by an intact 
posterior ligamentous tension band (107, 125], With 
complete transection of the posterior elements, b io
mechanical testing has shown that the fixation pro
vided by the anterior instrum entation alone may not 
be adequate (107). In addition, vertebral bodies weak
ened by osteoporosis w ill not give sufficient support 
for anterior devices.

Like posterior spinal instrum entation, anterior in
strumentation had its origins in  the application of 
scoliosis. Zeilke was the prototype. Been et al. have 
reviewed 29 patients treated with anterior decom 
pression and stabilization with the Slot-Zeilke device 
and followed them for 3 years (8). There was a loss 
of correction of 5° or more in 41% . W ith one solitary 
rod to transmit axial load, the Slot-Zeilke device 
is weak during compression, forward bending, and 
torsion.

Dual rod systems were developed to improve these 
shortcomings. The Dunn system was strong but bulky 
(42). Two rods were linked rigidly by vertebral body 
bridges that had been secured to each vertebra at two 
points. Unfortunately, its size and ventral position
ing have led to fatal com plications secondary to aor
tic erosions (19, 43). The im plant has since been re
moved from the market.

The Kostuik-Harrington device uses either a com 
pression or distraction Harrington rods attached to 
vertebral body screws (46, 96, 97). Although this sys
tem allows an intraoperative correction of kyphosis 
by distraction, it has been biom echanically unstable 
when tested in axial rotation (149, 150).

Single and double plating have been performed 
successfully (76). The low proiile Syracuse I-plate is 
an AO-ASIF DC plate that serves a neutralization 
function. The plate was modified into an I shape with 
a gentle curve of the upper and lower ends so that 
the plate wraps around the vertebrae (6, 148). Only 
two 6.5-mm screws can be placed into each vertebra. 
Screws are not able to be placed into the bone graft.

Introduced in 1984, the Kaneda system accom 
plishes an instrumented reduction with rigid m ain
tenance of fixation (92, 150). A rigid, transverse 
connector connects the dual vertical rods and 
contributes to stability in all loading modes (1). B io
mechanical studies using calf spines and instrum en
tation after a lumbar corpectomy have shown greater 
torsional stiffness with Kaneda than the intact spine 
and are equal to the 2 above-2 below  CD pedicle 
screw instrumentation (66, 73, 149).

Newer devices, including the Z-plate™  (Danek 
Inc, designed by Zdeblick) and University Plate™  
(Acromed Inc, designed by An) continued to improve 
rigidity and provide reduction capabilities; they also 
are low profile. Long-term clinical results of these 
plates have yet to be published.

Comparative Studies
Several studies, all with relatively small numbers of 
patients from single institutions, have been done to 
compare directly the effectiveness of anterior versus 
posterior procedures regarding canal clearance, sag
ittal plane correction, and neurologic improvement 
(15, 46, 69). Esses and colleagues studied 40 patients 
in a prospective, randomized fashion using either the 
AO fixator interne or anterior decompression and in
strumentation with the Kostuik-Harrington device 
(46). While the average canal compromise with use 
of the fixator interne changed from 44%  preopera- 
tively to 16.5%  postoperatively, anterior decompres
sion led to a decrease from 58%  to 4% . There was 
11.3° of kyphosis correction with posterior technique 
versus 9.3° with anterior technique (this was found 
not to be statistically significant). Their conclusion; 
posterior distraction can decompress the canal and 
correct kyphosis if done within 72 hours from the 
time of injury.

Bradford et al. retrospectively reviewed 87 pa
tients with incomplete neurologic deficits (15). Motor 
improvement was found in 88%  with anterior de
compression, versus 64%  with posterior indirect re
duction. Similarly, bowel and bladder control re
turned in 69%  treated anteriorly compared to 35% 
posteriorly.

Gertzbein et al., comparing 60 consecutive pa
tients with neurologic deficit and greater than 20%  
canal compromise, found that neurologic improve
ment did not vary significantly between approaches 
(69). Using Frankel grades, there was an 83%  im
provement rate with a posterior procedure versus 
88%  with an anterior technique.

Conclusion
The last 40 years has seen great improvements in 
the treatment of thoracolumbar fractures. These ad
vances are borne on an evolving understanding of 
spinal mechanics, injury mechanisms, and improved 
instrumentation. Although techniques may change, 
treatment will always be guided by well-founded 
principles. Acute surgical intervention is required to 
preserve or improve neurologic function, reduce 
bony deformity, stabilize the spine, and mobilize the 
patient as quickly as possible (Fig 16.19).

The future is sure to bring forth advances in the 
mechanical, biological, and preventative methods of 
spinal injury. Minimally invasive techniques, in
cluding laparoscopy and endoscopy of the chest and 
retroperitoneum, promise to provide an expanded 
application and enable decompression and stabili
zation with less surgically-induced trauma. Efforts 
will be directed toward blocking the secondary in
jury cascade and manipulating central nervous sys-



3 8 0  SECTION III: SPINAL TRAUMA

MECHANISTIC 

Axial Compression

Flexion-compression

Flexion-distraction

Extension

Rotation

Shear

MORPHOLOGIC

I) compression

I!) “stable” burst

I) Wedge
II) interspinous 
widening
III) “ unstable” burst

true “ Chance” 
fracture 
“ ligamentous 
Chance”

bilateral “jumped 
facet”

anterior opening of 
disc
“ Lumberjack”
shear

Fracture-dislocation

Fracture-dislocation

ANATOMIC

antenor and middle columns 
compressed
a) vertebral body shortened
b) retropulsed middle column
c) posterior ligaments are intact

anterior column compressed 
posterior elements disrupted in tension

retropulsed middle column

tensile injury through bone (center of 
rotation is anterior to vertebral body) 
tensile injury through ligaments

(center of rotation is posterior to ALL)

\ensite oi postetrov \\gamente 
disc space, interspinous widening 
inten/ertebral translation

tensile failure of ALL and antenor 
annulus
3 column ligamentous injury

fracture-dislocation of facet(s)
“slice” fracture intervertebral 
translation

facet, pedicle, lamina fractures 
multiple transverse process fractures, 
nb fractures inten/ertebral translation

THERAPEUTIC

Orthosis

Orthosis
Orthosis versus posterior distraction 

Orthosis
Posterior instrumentation distraction and 
extension, consider posterolateral decompression 
versus antenor decompression with anterior 
instrumentation

Orthosis (if anatomic)

Postenor compression instrumentation

Open reduction, posterior compression 
instrumentation if middle column is intact

Orthosis

open reduction, segmental spinal fusion 

open reduction, posterior segmental spinal fusion

open reduction, postenor segmental spinal fusion

FIGURE 16.19.
Summary Table

tem plasticity and regeneration potential. The most 
able of the stated methods is prevention. Public 
awareness campaigns, auto safety, and other devices 
dim inish the frequency and the severity of such in
juries.
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CHAPTER SEVENTEEN

Rehabilitation of Traumatic Spinal 
Cord Injury

Christopher Formal

Introduction

Scope of Rehabilitation

Impairment, Disability, and Handicap
Impairment is an abnormality of bodily function, and 
is determined by the history and physical exam ina
tion. Physicians are trained to diagnose im pairment 
and the pathology underlying it. An example is para
plegia caused by fracture of T12 (29).

Disability is a restriction of the ability to perform 
a normal activity. It occurs consequent to an im pair
ment. It is determined less readily by the traditional 
medical evaluation. A typical disability caused by 
paraplegia is the inability to walk.

A handicap is a disadvantage that lim its a person’s 
ability to fulfill a societal role. Thus, the inability to 
walk is a handicap for a construction worker in that 
it prevents employment. Inability to walk may not be 
a handicap (at least as far as employment is con
cerned) for a secretary.

Rehabilitation m edicine is relatively less focused 
on impairment than are other m edical specialties, but 
it has a stronger attention to disability and handicap. 
Rehabilitation often involves m inim izing disability 
and handicap in the face of an im pairment that may 
be impossible to modify. W ith severe impairment (as

is common with spinal cord injury), prevention of 
secondary impairment (such as contracture and pres
sure ulcer) is also crucial.

The Rehabilitation Team
A clin ical “problem list” for a person with spinal 
cord injury (SCI) may include many items, such as 
m obility deficit, self-care deficit, neurogenic bladder, 
neurogenic bowel, spasticity, adjustment, and dis
charge planning. No single discipline can encompass 
these, and thus treatment is delivered by a team.

The individual team members may concentrate on 
different problems. The m obility deficit may be ad
dressed primarily by the physical therapist, and the 
self-care deficit by the occupational therapist. The 
physician and nurse manage the neurogenic bowel 
and bladder. The physician may assume primary re
sponsibility for treating spasticity. The psychologist 
assists w ith adjustment problems, and the social 
worker directs discharge planning.

W hile certain problems may be addressed primar
ily by certain team members, any team member may 
contribute to the resolution of any problem. This dis
tinguishes an interdisciplinary from a m ultidisci
plinary team. Any contribution to the resolution of a 
problem should be welcom ed and not viewed as a 
battle over “turf.”

3 8 5
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The team is led by a physician w ith a special in
terest in rehabilitation. The team leader has ultimate 
responsibility for directing m edical and rehabilita
tion management. However, a dictatorial leadership 
style does not suit an interdisciplinary team.

A team may also include a case manager. This per
son is responsible for tasks such as scheduling, set
ting up transportation, and interfacing w ith insur
ance companies.

Phases o f Care After SCI
Care after SCI can be divided into acute management 
(pre-hospital and acute hospital care), inpatient re
habilitation, and outpatient follow-up. Each has cer
tain areas of emphasis.

Acute management begins in  the field and extends 
through care in the intensive care unit, including sur
gery. The goals of this phase include maximizing 
neurologic recovery (thus minim izing impairment) 
and achieving m edical and spinal stability sufficient 
to permit m obilization out of bed. Acute management 
might last several weeks.

Inpatient rehabilitation involves a m inimum of 
several hours out of bed daily, including participa
tion in scheduled therapy sessions. Routine nursing 
care during nonscheduled hours builds on accom 
plishm ents in therapy sessions. For example, a per
son with paraplegia who has learned to dress in oc
cupational therapy should not depend on the nurses 
for dressing in the morning. The goals of this phase 
include maximizing m obility and self-care skills 
(thus minimizing disability), provision of appropri
ate equipment, patient and caretaker education, and 
discharge planning. Inpatient rehabilitation might 
last 2 months.

Outpatient follow-up includes care by a visiting 
nursing agency, outpatient physical and occupa
tional therapy, and visits to an interdisciplinary 
clin ic. Goals include assisting w ith family, educa
tional, and vocational pursuits (thus minim izing 
handicap), and preventing and managing secondary 
problems.

The quality of a system of care for SCI can be 
judged by the degree to w hich these three phases in 
teract and overlap. For example, long-term issues, 
such as discharge planning and home m odification, 
should be addressed as early as possible during the 
acute hospitalization. If the surgeon has confidence 
in the level of care delivered in the inpatient reha
bilitation setting, and is assured of the ability to have 
involvem ent during this phase, then transfer can oc
cur earlier. For example, rehabilitation transfer may 
occur while external stabilization devices are still in 
place. This can decrease hospital length of stay, 
w hich m inim izes problems associated with im m o
bilization.

Aspects of the Injury

Epidemiology

Causes o f Injury
The most common general cause, accounting for 
44.5%  of traumatic SCI, is motor vehicle crash (24). 
More specifically, automobile crashes and motorcy
cle crashes cause 35.8%  and 6.1%  of injuries respec
tively. The second most common general cause is 
falls, accounting for 18.1%  of injuries. The third most 
common general cause is acts of violence (other than 
gunshot), w hich causes 16.6%  of injuries. Gunshots 
are responsible for 14.6% . The fourth most common 
general cause is sports and recreational injuries, 
causing 12.7%  of injuries; 8.5%  are due to diving in
juries. Over tim e, the proportions of SCI caused by 
motor vehicle crashes and by sports and recreational 
activities have decreased. The proportions caused by 
falls and by acts of violence, however, have in
creased.

A ge at Time o f Injury
Traumatic SCI is very m uch a problem in young 
adults. The mean age at time of injury is 30.7 years, 
w ith a median of 24 years and a mode of 19 years. 
Etiology varies w ith age. Sports and recreational in
juries cause a relatively high percentage— 25.8% — of 
injuries in persons younger than 16. Falls cause a rel
atively high percentage of injuries in the elderly, ac
counting for 60.1%  of injuries in those 76 and older.

G ender
82.2%  of traumatic SCI occurs in males. Sports and 
recreational injuries cause a greater proportion of the 
injuries suffered by males compared with females, 
whereas motor vehicle crashes cause a greater pro
portion of injuries suffered by females than by males.

Month and Day o f Injury
The incidence of traumatic SCI peaks in July and 
reaches a nadir in February. M uch of this pattern ap
pears to result from sports and recreational injuries. 
Saturday is the most common day of injury.

Ethnic Group
Reporting practices com plicate the interpretation of 
figures regarding ethnic group and traumatic SCI. 
W hites appear to be relatively under-represented in 
the SCI population, whereas African-Americans are 
over-represented. Acts of violence are responsible 
for a relatively high proportion of SCI in African- 
Americans.
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Incidence and Prevalence
In the United States, the annual incidence of cases 
that survive until hospitalization is estimated to be
30 to 40 per m illion. The national prevalence is es
timated to be 183,000 to 230,000.

Motor Evaluation
Table 17.1 lists key m uscle groups for root levels C5 
through T l ,  and L2 through S i .  Each of these groups 
is graded according to the 6 point scale shovvm in Ta
ble 17.2. Each group is tested bilaterally. In addition, 
the anal sphincter is tested for voluntary contraction.

Neurologic Assessment

Overview
The neurologic assessment of SCI begins w ith deter
mination of motor and sensory function. These data 
allow determination of the level of the injury, the de
gree of com pleteness, and, possibly, a clin ical syn
drome. Determination of reflex function can provide 
hirthec information and m ay he particularly useful in 
determining a clin ical syndrome, such as conus med- 
ullaris injury. Imaging and electrophysiologic stud
ies are not routinely required for neurologic assess
ment. The classification system presented here has 
been developed by the Am erican Spinal Injury As
sociation (1, 18). It is summarized in Figure 17.1.

Sensory Evaluation
Figure 17.2 shows key sensory points for root levels 
C2 through S 4 -5 . Each dermatome is tested bilater
ally for pin and touch sensation. The score is 2 for 
normal, 1 for impaired, and 0 for absent. If the pin is 
felt as a touch, without sensation of sharpness, the 
score for pin sensation is 0. If an area is hypersensi
tive to pin or touch, the score is 1. In addition to 
testing o f these dermatomes, deep rectal sensation is 
tested by digital examination. Proprioception should 
also be tested.

Neurologic Level
The neurologic level specifies the caudal extent of 
normal function of the spinal cord. A level of C5

STAN D AR D  NEUROLOGICAL CLASSIFICATION OF SPINAL CORD INJURY

C2
C3
CA
CB
C6
C7
C8
Tl
T2
T3
T4
T5
T6
T7
T8
T9
TIO
T i l
T12
LI
L2
L3
L4
L5
51
52
53 
84 5

TOTALS
(M A X IM U M I

MOTOR
L KEY MUSCLES

Elbow flexors 
W rist extensors 
Elbow extensors
Finger flexors (distal phalanx of m iddle finger) 
Finger abductors (little finger)

0 = to ta l paralysis 
7 = palpable or visib le contraction
2 = active m ovem ent

grav ity  e lim inated
3 active movem ent, 

against grav ity
4 -  active m ovem ent

against some resistanap
5 = active movem ent,

against fu ll resistance 
NT = not testable

Hip flexors 
Knee extensors 
Ankle dorsiflexors 
Long toe extensors 
Ankle plantar flexors

J Voluntary anal contraction (Yes/No)

□a
(50) (50)

LIGHT 
TOUCH 
R L

C2
C3
C4
C5
C6
C7
C8
T l
T2
T3
T4
T5
T6
T7
T8
T9
TIO
T i l
T12
LI
L2
L3
L4
L5
51
52
53
54 5

TOTALS T

NEUROLOGICAL
LEVEL

The fo o 9 tcau d a i seg m en t 
wtth itoTmai functi&n

R L 
SENSORY r~^l I 

MOTOR I II I

PIN 
PRICK 
R L

T o
□a

(M A X IM U M ) (56) (56) (56) (56)

k tccm ptete » pr»»ence ot affy  sensory ox 
ffHJftir flmetion in lo w est sae ist segwiem

SENSORY
KEY SENSORY POINTS

0 =  absent
1 ^ im paired
2 -  norm al
NT = not testable

□

^  Any anal sensation (Yes/No)

1 I PIN PRICK SCORE (max 112)

I l U B H T  TO U C H  SCORE (max 112)

ZONE OF PARTIAL 
PRESERVATION

R
SENSORY I U I

motor I H I

T h is  fo rm  m a y  b e  c o p ie d  fr e e ly  b u t n o t a lte re d  w ith o u t  p e rm is s io n  fr o m  th e  A m e ric a n  S p in a l In ju ry  A s s o c ia t io n

FIGURE 17.1.
Summary of ASIA Standard Neurological Classification of Spinal Cord Injury. Reprinted with permission from American 
Spinal Injury Association. Standards for neurological and functional classification of spinal cord injury. Rev. ed. Chicago: 
American Spinal Injury Association, 1992.
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TABLE 17.1.
Key Muscle Groups for Root Levels C5-T1 and L2-S1 (1)
R oot 
Level
C5 
C6

C7 
C8

T1

L2
L3
L4
L5
SI

Key M usc le  G roup
Elbow flexors (biceps, brachialls)
W rist extensors (extensor carpi radialis longus 

and brevis)
Elbow extensors (triceps)
Finger flexors (flexor dig itorum  profundus) to 

m iddle finger 
Small finger abductors (abductor digiti 

m inim i)
Hip flexors (iliopsoas)
Knee extensors (quadriceps)
Ankle dorsiflexors (tibialis anterior)
Long toe extensors (extensor hallucis longus) 
Ankle plantarflexors (gastrocnemius, soleus)

means that there is normal function through C5, with 
abnormal function (sensory and/or motor) at the level 
of C6, and usually below C6. It is also possible to 
specify a sensory level (which is determined without 
regard to motor function], and, sim ilarly, a motor 
level, and a level for each side.

Special consideration is given to the relationship 
of neurologic level and motor function because of the 
m ultiple root innervation of the key m uscle groups. 
For example, the key m uscle group for C7 is the el
bow extensors (triceps). This group also receives 
some contribution from C8. Thus, the C7 group could 
be weak despite entirely normal C7 function. To ac
count for this, by convention, if a key m uscle group 
is tested as at least 3, it is considered to have normal 
innervation, provided the next most rostral group 
tests as at least 4.

The term “paraplegia” applies to a level of T1 or 
below. Thus upper extremity function is spared. 
“Tetraplegia” (which is preferred over “quadriple- 
gia”) applies to a level above T l .  The use of “para
paresis” and “quadriparesis” is discouraged; rather, 
the degree of com pleteness is conveyed as outlined 
below.

D egree o f Completeness
The degree of com pleteness is specified by the ASIA 
Impairment Scale, as described in Table 17.3. A

TABLE 17.2.
Six-point Scale for Grading of Muscle Strength (1)
0 = tota l paralysis
1 = palpable or visible contraction
2 = active movement, fu ll range of motion (ROM) w ith gravity

eliminated
3 = active movement, fu ll ROM against gravity
4 = active movement, fu ll ROM against moderate resistance
5 = (normal) active movement, full ROM against full resistance 
NT = not testable

FIGURE 17.2.
Key sensory points. Reprinted with permission from Amer
ican Spinal Injury Association. Standards for neurological 
and functional classification of spinal cord injury. Rev. ed. 
Chicago: American Spinal Injury Association, 1992.

grade of A to E is assigned. The essential determi
nation of w hether the lesion is com plete or incom
plete is based on digital rectal exam ination and on 
exam ination of the S 4 -5  dermatome. The neurologic 
status can be summarized by noting the level and 
ASIA Impairment Scale; e.g., “the injury has caused 
C5 ASIA Impairment Scale C tetraplegia.”

TABLE 17.3.
ASIA Impairment Scale (1)
A = Complete. No sensory or m otor function is preserved in 

the sacral segments S4-5.
B =  Incomplete. Sensory but not m otor function is preserved 

below the neurologic level and extends through the sacral 
segments S4-5.

C = Incomplete. M otor function is preserved below the
neurologic level, and the m ajority of key muscles below 
the neurologic level have a muscle grade less than 3.

D = Incomplete. M otor function is preserved below the
neurologic level, and the m ajority of key muscles below 
the neurologic level have a muscle grade greater than or 
equal to 3.

E = Normal. Sensory and m otor function is normal.
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Clinical Syndrome
The neurologic exam ination may suggest a specific 
site of pathology. The pattern of central spinal cord 
injury occurs with cervical injury and causes greater 
loss of function in the upper extrem ities, especially 
distally. The Brown-Sequard sydrome is unilateral 
injury to the cord, causing ipsilateral loss of motor 
and proprioceptive function and contralateral loss of 
pain and temperature sense. The anterior cord syn
drome causes loss of strength and pin sensation, with 
sparing of touch and proprioceptive sense. Conus 
medullaris injury causes flaccid lower extremity pa
ralysis and absent sacral reflexes (such as the anal 
wink and bulbocavernosus); occasionally, the injury 
may occur just above the tip of the conus, sparing 
sacral reflexes. Cauda equina injury causes flaccid 
lower extremity paralysis and absent sacral reflexes, 
with a greater propensity for asymmetry tlian does 
conus medullaris injury.

Distribution of Impairments
Slightly more than half of injuries result in tetraple
gia, and slightly less than h alf cause paraplegia. The 
three most common levels are, in order, C5, C4, and 
C6, For paraplegia, the most common levels, in order, 
are T12, L I, and TlO (24). Slightly more than half of 
injuries cause complete lesions.

Neurologic Prognosis
Neurologic prognosis is critical to all involved. This 
section relates neurologic status upon admission 
with that occurring later. The separate issue of what 
a person with a given neurological status can be ex
pected to do is considered later in this chapter.

Changes in ASIA Impairment Scale Grade
The relationship of admission to discharge ASIA Im
pairment Scale Grade is shown in Table 17.4 (16). A 
decline occurs in only slightly more than 1% of 
cases; most remain the same or improve. The major 
question involves the chances of improvement to a

TABLE 17.4.
ASIA Impairment Scale Admission Grade related to 
Discharge Grade. Percentages are given. In the source, 
the term “Frankei Grade” is used (16). Although there 
are minor differences, the grading systems are very 
similar. The ASIA Impairment Scale is currently in 
broader use.

Admission D ischa rg e  G rade

Grade A B C D E U n k n o w n
A 88.8 5.0 2.9 2.8 0 0.6
B 4.9 48.9 15.6 27.6 0.7 2.3
C 1.9 0.8 41.4 53.3 1.3 1.3
D 0.5 0.5 0.8 90.3 6.5 1.4

grade of D (which represents recovery of functional 
strength) in cases admitted with grades of A, B, or C. 
The percentages are 2.8, 27.6, and 53.3, respectively.

Changes in Level
Changes in level can have great functional im plica
tions; the levels C4, C5, C6, and C7 each imply sig
nificantly different potential for m obility and activi
ties of daily living. Persons admitted with these 
levels and motor com plete injuries (ASIA grades A 
and B) are likely to gain a motor level, although not 
necessarily a sensory level (16).

Other Predictive Factors
Prognostication is difficult for those admitted with 
ASIA Impairment Scale grades of B. In such cases, 
preservation of pin sensation suggests a good prog
nosis (13). It may reflect the proxim ity of the motor 
tracts to those carrying pin sense. Prognostication is 
also difficult for those admitted with grades of C; in 
these cases, knee extensor strength greater than 3/5 
at two months indicates a good prognosis for ambu
lation, if initial quadriceps strength was 2/5 or less 
(12). A lower extremity motor score (taken by sum
ming the scores of the 10 lower extremity key muscle 
groups) of 10 at 1 month predicts ambulation, per
haps w ith orthoses (46, 47). Incom plete paraplegia 
w ith a level of T l2  or lower at 1 month suggests a 
good prognosis for ambulation, as does incom plete 
paraplegia w ith hip flexion or knee extension of at 
least 2/5 at 1 month (46). For patients with tetraplegia 
and the central cord syndrome, prognosis for ambu
lation is good if  the age is below  50 (41).

Pharmacological Strategies fo r  Preservation of 
Neurologic Function
In addition to the initial m echanical injury, trauma 
may have secondary effects on the spinal cord. These 
effects may be active in the hours or days after injury, 
and thus may be accessible to intervention.

M ethylprednisolone, delivered as an intravenous 
bolus of 30mg/kg over 15 m inutes, followed 45 m in
utes later by an infusion of 5.4mg/kg/hr for 23 hours, 
can improve subsequent sensory and motor function 
(7). This should begin w ithin 8 hours of injury; if  the 
treatment begins later, there could be a deleterious 
effect (8). The benefit may be caused by inhibition of 
lipid peroxidation, rather than by its effect at gluco
corticoid receptors. Further study, including evalu
ation of a longer duration of treatment, is in progress 
(6). GM-1 ganglioside, 100 mg intravenously daily, 
for 18 to 32 days, beginning w ithin 3 days of injury, 
may foster improvement in ASIA Impairment Scale 
grade and in motor strength (23). Gangliosides are 
present in the membranes of central nervous system 
cells, and there are several possible m echanism s by 
w hich GM-1 ganglioside may help damaged neurons.
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The observation that the beneficial effect occurs in 
the lower extrem ities after cervical injuries, as op
posed to the upper extrem ities, suggests that the site 
of action is in white matter axons rather than in the 
gray matter.

Other agents may prove beneficial. Tirilazad m e
sylate is an inhibitor of lipid peroxidation without 
glucocorticoid activity. It has proven beneficial in ex
perimental SCI (20). Human trials are underway (6).

Strategies fo r  Restoration of Chronically Lost 
Neurologic Function
Restoration of chronically lost neurologic function 
can involve improving the activity of damaged neu
rons that span the lesion, or inducing the regrowth 
of axons across the lesion. An axon may span the 
lesion but be nonfunctional because of deficient my- 
elination, w hich causes conduction block. 4-amino- 
pyridine, w hich improves the safety factor for con
duction by prolonging the duration of the action 
potiential, has caused temporary improvement in 
neurologic function in humans w ith chronic SCI (25).

Transplantation therapy is under investigation in 
animals (4). Success depends on (in ascending order 
of difficulty) survival of the graft, formation of new 
synapses, and integration of the new synapses into 
the motor and sensory m echanism s of the host. The 
first problem has been solved in animals, and some 
preparations form new synapses. In addition, trans
plantation may have beneficial effects unrelated to 
the formation of new synapses. Grafts are typically 
homografts (from the same species) and fetal.

Medical Consequences of the injury 

Deep Venous Thrombosis and 
Pulmonary Embolus

Incidence
In the absence of prophylactic measures, deep ve
nous thrombosis (DVT) may occur in as many as 81%  
of victim s of SCI (22). Pulmonary embolus (PE) is the 
third leading cause of death in the first year after SCI 
(14).

Pathophysioiogy
Venous stasis after SCI is associated w ith lower ex
tremity paralysis (38). In addition, a hypercoagulable 
state has been demonstrated. W hether the third factor 
of Virchow ’s triad— intim al injury— is present is not 
known.

Surveillance
Examination of the lower extremities should be part 
of the routine daily examination after SCI, and find
ings should immediately trigger further evaluation.

such as duplex scanning. Unfortunately, physical 
findings are often absent despite extensive throm
bosis (22). Duplex scanning (or other noninvasive 
tests) can be used as a screening tool in those without 
findings, but it may not be accurate in such asymp
tom atic cases. Thus, it is difficult to recommend any 
specific screening regimen (49).

Prophylaxis
Prophylactic regimens can target the etiologic factors 
of hypercoagulability and stasis. A combination of 
subcutaneous heparin 5000u every 12 hours (begin
ning 3 days after iniuiy), and low ei extremity com
pression boots and gradient elastic stockings is rea
sonable (38). The stockings and compression boots 
are used 23hrs/day. The heparin should typically be 
continued for 8 to 12 weeks. The compression boots 
should be continued for 2 weeks; otherwise their use 
would interfere with m obilization and rehabilitation.

Autonom ic Dysreflexia

Presentation
The com bination of paroxysmal hypertension and 
headache in a person with m idthoracic or higher SCI 
strongly suggests autonomic dysreflexia (AD). There 
are myriad other m anifestations, w hich m aybe pres
ent, including tingling, feelings of coldness or 
warmth, a sense of impending catastrophe, diapho
resis, nasal congestion, piloerection, mydriasis, 
tachycardia and bradycardia, and dysrhythmias. In 
addition to these m anifestations, com plications such 
as atrial fibrillation, seizures, intracerebral hemor
rhage, and. death can occur. M ultiple alternative 
terms, such as autonomic hyperreflexia, exist for the 
problem (11, 19, 31, 45). Patient and caretaker edu
cation regarding AD is crucial because episodes may 
occur at home, requiring immediate management 
without m edical personnel.

AD is one of several entities that can present with 
hypertension and headache. A differential diagnosis 
includes pheochromocytoma, intracranial pathol
ogy, and toxem ia of pregnancy.

Pathophysiology
AD occurs when a noxious stimulus below  the level 
of the lesion elicits a sympathetic response. This re
sponse is excessive, caused either by loss of supra
spinal control or by alterations in neurotransmitter 
levels or sensitivity to neurotransmitters. When the 
lesion is m id-thoracic or higher, the splanchnic out
flow is involved; apparently, this results in hyperten
sion. Individuals with SCI often have relatively low 
baseline blood pressures; for example, levels of 140/ 
90 may represent a significant elevation. Regulatory 
centers in the brain try to compensate for this, re
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suiting in vasodilatation and flushing over the face. 
Dilatation of the intracranial vessels may cause head
ache.

Triggering Stimuli
Any noxious stimulus helovvr the level of the lesion 
can cause the syndrome. Episodes are precipitated 
most commonly by bladder distention caused by a 
problem such as a blocked catheter. Rectal distention 
is another typical cause. Acute m edical problems, 
such as acute abdomen or pulmonary embolus, can 
present as AD. SCI may mask other m anifestations of 
the problem, such as abdominal pain. Numerous 
other causes have been reported. O ccasionally, the 
etiology cannot be discerned.

Treatment
When a person w ith m id-thoracic or higher SCI re
ports sudden onset of headache, blood pressure 
should be checked immediately. If possible, the per
son should assume or be placed in a sitting position, 
thus raising the head above the heart and using grav
ity to help control intracranial blood pressure.

A rapid search for the triggering cause is under
taken. The bladder should be considered first. If a 
catheter is in place, it should be checked for kinking 
or blockage. If replacem ent is necessary, the tip of the 
new catheter can be coated with lidocaine jelly  be
fore insertion. If a catheter is not in place, and blad
der distention is suspected, a catheter should be 
passed; as noted, lidocaine jelly may be helpful. If a 
catheter is in place and is draining properly, but blad
der irritation or spasms are suspected as a cause of 
autonomic dysreflexia, instillation of 30 to 60 cc of 
2% lidocaine may be helpful.

If the bladder is not im plicated, bow el im paction 
should be considered. Vigorous disim paction may 
exacerbate AD, and application of an anesthetic jelly, 
such as dibucaine, to the rectum should be per
formed. The blood pressure should then moderate, 
and disimpaction can be gently carried out.

If AD is severe, treatment with m edication can be
gin at any time. Sublingual nitroglycerine can be rap
idly effective. For severe cases, intravenous nitro
glycerine, intravenous nitroprusside, or spinal 
anesthesia should be considered. Beta blockers are 
best avoided.

Proper treatment requires accurate diagnosis. For 
example, if  autonomic dysreflexia and toxem ia of 
pregnancy are confused, the outcome w ill be com 
promised.

Prophylaxis
Individuals susceptible to recurrent episodes of AD 
may benefit from prophylactic treatment with a va
riety of agents, including alpha-adrenergic blockers

(such as terazosin), calcium  channel blockers, n i
trates, guanethidine, and others. Ablative neurosur
gical procedures can also prevent episodes in severe
cases.

Heterotopic Ossification

Presentation
Heterotopic ossification (HO) involves the formation 
of periarticular bone. It can occur in  parts of the body 
affected by central nervous system trauma, such as 
SCI or traumatic brain injury (21, 44). It usually be
gins in the weeks or months after injury. Presentation 
can range from subclinical to florid, w ith swelling 
and warmth of the extremity, accom panied by loss of 
joint range of motion, and eventual fusion (Fig. 17.3). 
HO can m im ic and coexist with other problems, such 
as deep venous thrombosis. W hen a therapist reports

FIGURE 17.3.
Heterotopic ossification about the hip joint after SCI.
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loss of joint range at the shoulder, elbow, hip, or knee 
of a person at risk, HO should always be considered. 
Detection on bone scan precedes that on plain radio
graph. Active HO may also cause an increase in al
kaline phosphatase activity. The underlying patho
physiology is not known.

Treatment
Overall goals include m inim izing the mass of bone 
that forms, and maintaining joint range of motion.

W hile m edication may be effective in preventing 
HO, such prophylactic treatment is not usually rec
ommended after SCI. Drugs are used to lim it the pro
gression of HO that has been detected.

Etidronate disodium may prevent the conversion 
of amorphous calcium  phosphate compounds into 
hydroxyapatite crystals, thus blocking formation of 
bone. The optimal dose and duration of treatment are 
not known. Adm inistration of 20 mg/kg po daily for 
6 months is reasonable. O ccasionally, a rebound fol
lows cessation of therapy. The drug can be given in
travenously, but experience with this in  the treat
ment of HO is limited. Indom ethacin 25 mg po fid 
and other nonsteroidal anti-inflammatory agents are 
also used. Therapeutic irradiation can be considered 
in severe cases. These interventions are useful only 
with evolving cases, and w ill have no effect on ma
ture HO.

Range of motion exercises in cases of HO improve 
the ultimate joint range of motion. In some cases, the 
loss of range of m otion is not acceptable. Surgical 
resection of bone may succeed in  restoring joint 
range, or it may create a false but functional “jo in t” . 
There is a risk of postsurgical recurrence, w hich can 
progress to re-ankylosis. Criteria for the timing of sur
gery are lacking. Surgery carries a high morbidity 
compared w ith other orthopedic procedures.

Spasticity

Presentation
Spasticity is a motor disorder w ith both positive and 
negative features. Positive m anifestations include a 
velocity-dependent increase in m uscle tone during 
stretch, exaggerated tendon jerks, clonus, positive 
Babinski sign, and m uscle spasms that occur in re
sponse to painful or cutaneous stim ulation. Negative 
features include weakness and loss of dexterity (54). 
Spasticity follows upper motor neuron injury, but the 
exact pathophysiology is unknown.

Epidemiology
Over half of the persons with chronic SCI experience 
spasticity (33). Spasticity causes difficulties severe 
enough to require treatment with m edication or sur
gery in greater than 30%  of patients (37). Spasticity

appears to be more common in those with ASIA B 
and C injuries than in those w ith A or D injuries.

Treatment
Treatm ent of spasticity is aimed at reducing the pos
itive m anifestations, such as increased m uscle tone 
and spasms. Treatm ent need only be undertaken if 
these m anifestations are disruptive. Occasionally, 
spasticity can be used to advantage by the individual.

Treatment begins w ith a regular program of mus
cle stretching. This temporarily reduces spasticity 
and also decreases the risk of contractures.

M edications for spasticity either block excitatory 
neurotransmitters, or facilitate inhibitory transmit
ters (17, 54). Baclofen is generally the first-line med
ication. It can be started with a dose of 15 mg po 
divided into three doses daily, and titrated upward 
as needed. It is common for an individual to require 
greater than 100 mg daily in divided doses; a total 
daily dose of 200 mg can be reasonable in severe 
cases. This dose must be approached slowly. Seda
tion is the most common side effect. Abrupt cessation 
of baclofen can cause a dramatic withdrawal syn
drome; this patient should be gradually weaned off 
the m edication.

Clonidine can have a beneficial effect on spasti
city. It is started as a dose of 0.05 mg po bid, and can 
be gradually increased to 0.1 mg po qid. Alterna
tively, it can be delivered by patch. It can exacerbate 
orthostatic hypotension.

Diazepam is effective in some cases. It can begin 
as a dose of 2 mg po tid, and can be titrated as high 
as 20 mg po tid. Sedation can occur, and tolerance 
can develop. It should be avoided in patients who 
have a history of substance abuse.

Dantrolene differs from the preceding agents in 
that its effect does not involve neurotransmitters. It 
acts peripherally by uncoupling excitation from mus
cle contraction. It can be started at 25 mg po bid and 
can be titrated as high as 100 mg po qid. The risk of 
hepatitis requires regular monitoring of hepatic en
zymes.

There are several invasive modes of spasticity 
management (54). If a specific group of muscles ig 
causing difficulty (for example, spastic plantar flex
ors may disrupt a gait pattern, or spastic hip adduc
tors may interfere w ith perineal hygiene), a nerve 
block or motor point block may be helpful. Motor 
point block can be accom plished by in jection of phe
nol or botulinum  toxin. The former is less expensive, 
but in jection must be accom panied by electromyo
graphic guidance. In addition, it can occasionally 
cause persistent sensory symptoms. The latter is 
more expensive, but the procedure may be easier and 
potential side effects may be less. The effect of both 
treatments is on the order of m onths. Neither method 
is practical for managing widespread spasticity.
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Generalized spasticity that is not amenable to 
treatment with oral m edication can be managed with 
an implanted baclofen pump. A low dose of baclofen 
infused into the lumbar subarachnoid space de
creases lower extremity spasticity. The m edication is 
diluted by the tim e it traverses the brain, thus avoid
ing cognitive side effects.

At all stages in the evaluation and treatment of 
spasticity, consideration should be given to possible 
exacerbating factors. Any noxious stimulus, such as 
urinary tract infection or stone, pressure ulceration, 
ingrown toenail, or bowel im paction, can worsen 
spasticity. Indeed, in the presence of sensory im pair
ment, an increase in spasticity can be the presenting 
sign of an acute illness.

An exacerbation of the underlying neurologic in
sult can also cause increased spasticity. This could 
occur with persistently unstable spine, an undiscov
ered second spinal injury, or post-traumatic cystic 
myelopathy (5).

Pressure Ulceration

Overview
Persons with spinal cord injury are particularly sus
ceptible to pressure ulceration. In the past, it was a 
major cause of mortality, and it remains one of the 
most frequent— perhaps the most frequent— forms of 
morbidity. It comes to dominate the lives of some 
patients, and a person who would otherwise be in 
dependent at a w heelchair level may be rendered 
bedfast by persistent ulceration (17).

Pathophysiology
The basic pathophysiology involves the application 
of a pressure sufficient to block capillary flow over a 
period sufficient to cause necrosis of tissue (52). SCI 
predisposes to this because of impaired sensation; 
the absence of discomfort results in less shifting of 
weight. Paralysis without associated loss of sensa
tion, as can occur in polio or amyotrophic lateral 
sclerosis, seems to carry a far sm aller risk of pressure 
ulceration. W hether SCI makes tissue more vulnera
ble to a given pressure load is uncertain.

In addition to pressure, shear contributes to the 
development of ulcers. Shear is related to, but dis
tinct from, friction. It results when the skin is dis
placed in a direction parallel to underlying bone. 
This can occur when one sits in  bed at a 45° angle. 
Friction holds the skin in place against the mattress, 
while the underlying sacrum descends because of 
gravity. The blood vessels betw een the sacrum and 
the skin are distorted, and blood flow is interrupted. 
This may be a m echanism  for the development of u l
cers in the intergluteal area.

While ulcers are commonly thought to begin at the

level of the skin and becom e deeper as they worsen, 
not all ulcers behave in this manner. Some may begin 
with necrosis of deeper tissue, such as muscle, at the 
interface w ith bone. Breakdown of the skin would 
then be a later event. This m echanism  may account 
for ulcers that are small on the surface but undermine 
beneath.

Location
The most common locations for ulcers after SCI are 
the sacrum, heels, ischii, and trochanters (53). Early 
in the course, scapular ulcers are also common, per
haps related to the use of halo or body jacket immo
bilization.

Evaluation
Accurate description of an ulcer is necessary to fol
low the progress of treatment. The horizontal dim en
sions and depth of the ulcer should be recorded. A l
though depth can also be recorded as a dimension, it 
may be more meaningful to specify w hich layers of 
tissue are involved, such as subcutaneous fat, m us
cle, or bone. Several systems exist for describing the 
depth; alternatively, a verbal description may suffice.

Therapeutic decisions are affected by whether un
derlying osteom yelitis exists. The white count, sed
im entation rate, radiograph, and bone scan are of lim 
ited use in making this determination. MRI may be 
more reliable. The definitive study is bone biopsy 
with pathologic exam ination and culture.

Prevention
Prevention involves decreasing pressure and the 
time over w hich it is applied. Pressure is reduced by 
the use of specialized surfaces, and time is reduced 
by frequent changes in position, or by alternating 
pressure surfaces.

A variety of specialized mattresses and w heelchair 
cushions are marketed for reducing pressure and de
creasing pressure ulcer risk (3, 52). Certain products, 
such as air-fluidized beds, are effective, but they are 
practical only in a hospital setting, being too expen
sive or ungainly for use in the home. Water mat
tresses, or gel or foam mattress overlays, can be used 
in the home. W heelchair cushions can be foam, gel, 
or air.

A regular turning schedule, w hich includes repos
itioning in bed every 2 hours, should be sufficient to 
avoid pressure ulceration. Position can be alternated 
between supine, side-lying (though not directly on 
the trochanter), and, if  possible, prone. Certain so
phisticated devices, such as rotating beds or alter
nating pressure mattresses, may be useful in a hos
pital setting; however, like air-fluidized beds, they 
generally are not appropriate for home use. Weight 
shifts should be done every 30 minutes while sitting 
in the w heelchair. These can be done by push-up, or
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by leaning forward or to the side. Persons with high 
tetraplegia can weight shift by a motorized tilt-back 
or tilt-in-space device.

Prevention depends on proper behavior. Thus, ed
ucation of the person at risk, as well as caretakers, is 
crucial.

Local Care
Local care includes debridement of necrotic tissue, 
m aintenance of proper m oistness of the wound bed, 
control of infection, and prevention of outside con
tam ination (3, 52). Debridement can be accom 
plished with scissors or scalpel. If the necrotic tissue 
is adherent and difficult to debride m echanically, an 
enzymatic agent, such as collagenase, can be applied.

A dry wound bed usually is undesirable. A 
healthy wound heals more rapidly in a m oist envi
ronment. Thus, dressing, such as dry gauze, w hich 
wicks moisture from the bed, may be less effective 
than calcium  alginate preparations, hydrocolloids, 
and polyurethane films, w hich retain some of the 
wound moisture close to the wound bed. The latter 
two types of dressings are occlusive. Although they 
have not been found to increase the risk of infection, 
they should not be used if the wound is grossly in 
fected.

Most ulcers are not infected and need only be 
cleansed with saline solution. Ulcers that have pu
rulent drainage and a foul odor can be treated with 
m eticulous debridement, more frequent dressing 
changes, and topical antibiotics, such as silver sul
fadiazine, bacitracin, metrinidazole, or combinations 
of neom ycin, bacitracin, and polym ixin B. Topical 
antiseptics should be avoided because of potential 
for tissue damage.

An infected ulcer associated with fever and 
spreading infection of soft tissue or bone requires 
systemic antibiotics. Osteomyelitis may not resolve 
without operative debridement.

Surgical Treatment
Deep ulcers, or ulcer involving bone, may not heal, 
may require an unacceptably long period to heal, or 
may heal in a mafiner that only predisposes to sub
sequent breakdown. In such cases, surgery may be 
preferable.

The goal of surgery is not simply wound coverage. 
The site must be repaired in a manner that allows it 
to resist expected pressure and shear. For this reason, 
coverage by myocutaneous flap is usually the pro
cedure of choice.

Surgery is typically followed by several weeks of 
relative im m obilization. Positioning is selected to 
avoid pressure or stretch about the surgical site. As 
healing occurs, massage is used to m obilize the tissue 
and prevent adhesion to underlying bone. The joints 
are m obilized to prevent contracture until hip flexion 
above 90° is achieved.

The flap may be healed sufficiently to allow sitting 
and weight bearing 2 to 4 weeks after surgery. Ini
tially, sitting is for very short periods and is advanced 
gradually. Pallor or redness at the operative site that 
does not resolve w ith 10 m inutes of pressure relief is 
an indication to decrease the period of sitting (3).

Neurogenic Bladder

Pathophysiology
Severe SCI at any level usually is followed by a pe
riod of bladder flaccidity; with injuries of the conus 
medullaris or cauda equina, flaccidity may be per
manent. If the injury is above the conus, bladder re
flexes usually return after a period of weeks or 
months. Filling of the bladder leads to reflex bladder 
contraction; there is simultaneous reflex contraction 
of the sphincter mechanism. This lack of coordina
tion between the bladder and the sphincter mecha
nism is called dyssynergia. It results from the isola
tion of the pontine micturition center from the spinal 
reflex arcs. As a result of dyssynergia, high pressures 
develop within the bladder, and voiding may or may 
not occur (Fig. 17.4). High pressure voiding can even
tually result in lower tract changes, hydronephrosis, 
reflux, and deterioration of renal function (Figs. 17.5, 
17.6] (9, 10, 32).

M anagement
Bladder drainage by an indwelling catheter is appro
priate during the acute phase, when large volumes of 
fluids are being administered, and urine output is

VOLUME

F IG U R E  1 7 .4 .

Schematic illustration of cystometrogram after SCI occur
ring above the conus medullaris. Normal bladder capacity 
is 400 cc. In this case, there is an uninhibited detrusor con
traction at a low volume. This is accompanied by increased 
sphincter activity (dyssynergia). There is voiding, but it oc
curs at a pressure over 40 cm of water. In an actual study, 
there would be a tracing of intravesicle pressure, and a trac
ing of intra-abdominal pressure (taken from a sensor in the 
rectum) in addition to the tracings above, The machirve 
takes the difference of these two values to calculate detru
sor pressure, which is shown here as the top tracing.
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FIGURE 17.5.
Cystograin revealing bladder diverticulij the result of 
chronic high pressure bladder voiding, in a man 45 years 
after SCI.

likely to be high. Interm ittent catheterization has 
been advocated as acute management but runs the 
risk of bladder overdistention.

Long-term management is influenced by many fac
tors. Concern for the w ell-being of th^ kidneys and 
lower urinary tract m ust be paramount- Frequently, 
however, the best method of manageirient is im pos
sible for practical reasons. The optimal drainage 
method would involve low bladder pressures, low 
post-void residual urine volume, and m inim al instru
mentation (9, 10, 32, 39, 51).

Intermittent catheterization can be ugehil w ith any 
type of bladder dysfunction after SCI- The person 
limits fluids and catheterizes frequently enough to 
prevent bladder overdistention. Agents such as oxy- 
butinin can prevent reflex voiding and assure low 
pressure filling. This method is im practical for tetra
plegias who lack both adequate hand function and a 
caregiver to perform the catheterizatiolis.

A bladder with reflex function mfiy be able to 
empty itself. This is not practical for w(?men because 
of the lack of an external collecting device. How
ever, men may be able to void by reflex into an ex

ternal catheter. In most cases, however, reflex void
ing involves elevated intravesicle pressures because 
of the dyssynergic sphincter activity. O ccasionally 
pressures can be decreased by the use of alpha block
ing agents, such as terazosin, to decrease internal 
sphincter activity, and antispasticity agents to mod
erate external sphincter activity. Pressure can be low
ered more definitively by a surgical procedure, such 
as sphincterotomy or stent placement, to perma
nently defeat the sphincter m echanism .

Use of a chronic indwelling catheter is a practical 
m ethod of drainage, but it has been associated with 
a variety of com plications. It is often used by tetra- 
plegic women for whom interm ittent catheterization 
and reflex voiding are not options.

TvlTOi-jSTji ta-wc-V 'iTii-e/tVi-o-n ■I's •o’tiB xA Tno^ irequerii 
causes of morbidity after SCI (50j. Treatment in 
volves m aintenance of a brisk urine output, antibi
otics, and assurance of low pressure bladder empty
ing, w hich can be achieved by temporary placement 
of an indwelling catheter. An unsatisfactory response 
should prompt evaluation for a problem, such as an 
obstructing urinary tract stone or a renal abscess. A 
positive urine culture and a urinanalysis showing

FIGURE \ 7  A .

Right vesico-ureteral reflux revealed by cystogram of a 
paraplegic.
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bacteria and white cells is common in healthy people 
with neurogenic bladder; in the absence of symp
toms, it does not warrant treatment (39, 43).

Surveillance
Damage to the urinary tract, including loss of renal 
function, can occur without clin ical signs. Annual 
evaluation of the bladder by cystogram or cystos
copy, and of the kidneys by nuclear scan or ultra
sound, can detect subclinical problems, allowing a 
change in  bladder management and prevention of re
nal failure.

Functional Consequences 
of the Injury 

Areas of Concern
The two general areas of concern regarding function 
are m obility and activities of daily living. M obility 
includes turning in bed, tansferring from surface to 
surface, and locom otion, w hether by ambulation or 
by wheelchair. Activities of daily living include feed
ing, dressing, bathing, and bowel and bladder func
tion.

The most widespread tool for measuring function 
is the Functional Independence Measure [FIM) (16). 
It is used by ASIA. Abilities are described according 
to the need for an assistive device or the need for the 
assistance of another person in doing an activity.

General Approach to 
Improving Function

Overview
This section summarizes five components of a pro
gram for optimizing function after SCI. They are 
listed in the order of utilization. Reconstructive sur
gery and functional electrical stim ulation are sur
veyed separately.

Maintenance of Range of Motion
Contractures can compromise function as severely as 
can loss of strength. Bed positioning and spastic m us
cular tone favor ankle plantar flexion contractures; 
other joints develop various other patterns of con
tracture. In the two most common levels of injury— 
C5 and C6— sparing of elbow flexors in the absence 
of extensors can lead to elbow flexion contracture.

The ankle, wrist, and more distal joints can be con
trolled with splints; more proxim al joints are posi
tioned with pillow s w hile in bed and with w heel
chair features w hile sitting. Range of motion 
exercises should be done at least daily. The hip flex
ors can be stretched by prone lying. In persons with 
intact wrist extension but paralysis of finger flexors.

modest finger flexion contractures can be allowed to 
develop; this improves the power of tenodesis grip.

Increasing Strength
At least three m echanism s are available to increase 
strength after SCI. A partially damaged upper or 
lower motor neuron can recover; an intact lower mo
tor neuron can adopt, by peripheral sprouting, the 
m uscle fibers of a damaged lower motor neuron; and 
innervated m uscle fibers can hypertrophy through 
exercise (35). Strengthening exercises are useful in 
m uscles unaffected by SCI (e.g., in upper extremity 
m uscles of paraplegics) that may be required to sub
stitute for paralyzed m uscles. Vigorous exercise 
should be avoided if post-traumatic syringomyelia is 
suspected; changes in venous pressure associated 
with straining, especially accom panied by Valsalva, 
can contribute to syrinx expansion (5). Exhaustive 
exercise can also be detrimental to partially dener- 
vated m uscle, and vigorous activity should be 
avoided unless there is at least three-fifths muscle 
strength on manual m uscle test (26).

Functional Retraining
Functional retraining involves teaching a person to 
perform an activity in a novel manner as an adapta
tion to an impairment. For example, a person with 
paralysis of the legs might learn to roll from supine 
to sidelying by vigorously rocking the trunk to one 
side, using momentum to turn the hips and lower 
extrem ities. M uscles can be used to move joints that 
the m uscles do not cross. For example, horizontal ab
duction of the shoulder can extend the elbow by mo
mentum. In certain positions, external rotation of the 
shoulder can use gravity to extend the elbow and su- 
pinate the forearm. In a closed chain system, with the 
hand fixed, the anterior deltoid and upper pectorals 
can produce elbow extension (34). W ith the hands 
fixed, the triceps, pectoralis major, and latissimus 
dorsi can elevate the pelvis (42). As noted earlier, if 
a modest contracture of the finger flexors is allowed 
to develop, wrist extension can, by tenodesis, cause 
finger flexion. By a sim ilar m echanism , wrist flexion 
(which can be powered by gravity) can cause finger 
extension. Gravity can be used to stabilize the hip in 
paraplegia standing, in w hich the hip is locked in 
extension, anterior to the center of gravity of the 
body. This posture is fostered by standing w ith some 
dorsiflexion of the ankles, w hich pushes the hips out 
in front of the body. This is im possible if there are 
hip flexion or ankle plantar flexion contractures.

Adaptive Equipm ent
If functional retraining is unable to restore an ability, 
adaptive equipm ent may be a substitute. A person 
w ith a level of C2 breathes through the use of a ven
tilator; a person w ith a level of C4 can shift weight in
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the wheelchair with a power recliner. W ith a level of 
C5, propulsion of a w heelchair is possible if  lugs are 
placed on the handrims. A C6 level allows feeding, 
writing, or typing by the use of a splint that can hold 
utensils. A paraplegic is assisted in dressing the 
lower body by a dressing stick. A level of L3 allows 
ambulation with the use of ankle-foot orthoses to fix 
the ankles, and canes to substitute for hip abductors.

Family Training
If adaptive equipment cannot substitute for an activ
ity, a caretaker w ill be required to help do an activity. 
Family training is required to learn the skills. Prac
tice can be obtained by having the patient and family 
spend a night in the hospital’s “family room ,” or by 
a home pass.

Expected Functional Level fo r  Neurologic Level
Some examples of expected levels of function for 
given motor levels are listed in Table 17.5. Indepen
dence in m obility (at a w heelchair level) and activi
ties of daily living can be achieved with a level of C7.

Reconstructive Upper Extremity Surgery
Reconstructive upper extrem ity surgery after SCI 
(tendon transfer surgery) allows a m uscle under vol
untary control to substitute for a m uscle that is par
alyzed (28, 30). The main goals are provision of el
bow extension and grasp; grasp can be of more than 
one type. Spasticity and contracture may lim it gains, 
and candidates m ust be aware of the postoperative 
period of im m obilization, during w hich hard-won 
functional abilities may be lost. Analogous proce
dures are not available for the lower extremity. 
Transfer of tendons of spastic m uscles to correct an
kle deformities is not considered here.

The most common level of SCI is C5. The person 
may have strong elbow flexion, but the extensors are 
paralyzed. The person is prohibited from raising the 
hand above the level of the elbow. Benefit is obtained 
by the use of tendon grafts (which can be harvested 
from the lower extremity] to attach the posterior third 
of the deltoid to the triceps. The use of free tendon

grafts requires prolonged im m obilization while a 
new blood supply is established.

Grasp can be provided in several ways, and selec
tion may depend on w hich m uscles are available to 
use as motors. Extensor carp radialis longus is largely 
spared w ith C6 injury. It can be transferred to flexor 
digitorum profundus, assuming that wrist extension 
w ill rem ain strong. Brachioradialis is also spared 
with C6 injruy. It can be transferred to flexor pollicis 
longus. This provides p inch  between the thumb and 
the radial aspect middle phalanx of the index finger. 
P inch can also be provided by tenodesis of the ten
don of flexor pollicis longus to the volar surface of 
the radius, com bined w ith stabilization of the thumb 
and interphalangeal joint. In this case, pinch occurs 
when the wrist is extended.

Functional Electrical Stimulation
Electrical current can bring about contraction of m us
cle that is paralyzed by nerve injury. M uscles can be 
stimulated in a pattern that results in an activity that 
is useful for exercise or for improving function: this 
is called functional electrical stim ulation (FES) or 
functional neurom uscular stim ulation (FNS) (27, 36, 
48). M uscle that is paralyzed by upper motor neuron 
injury, with intact lower motor neuron supply, is rel
atively easy to stimulate. M uscle paralyzed by lower 
motor neuron injury requires high levels of stim ula
tion and is not used for FES. FES is poorly tolerated 
in sensate areas. Lower extrem ity applications are 
better developed than are systems for the upper ex
tremities.

Sophisticated, practical, com m ercially available 
systems have been developed to allow paralyzed 
lower extrem ities to pedal a stationary apparatus as 
a form of exercise. These systems can be used to in 
crease the strength and endurance of muscular re
sponse to stim ulation and may also have other ben
eficial effects, such as cardiovascular conditioning, 
m oderation of disuse, osteoporosis, and control of 
spasticity. However, the programs demand time and 
effort, and are likely to be indicated in  only a m inor
ity of persons with SCI.

TABLE 17.5.
Examples of Expected Functional Levels for Motor Levels

M otor
Level M o b ili ty S e lf-ca re
C4 Independent in wheelchair m ob ility  and weight shifts in 

an accessible environm ent w ith  a motorized chair
Drinks w ith long straw after set-up. Can use voice activated 

environmental control unit to operate appliances
c» Independent wheelchair propulsion over moderate 

distances on level surfaces
Independent upper extrem ity dressing; assistance with 

lower extrem ity dressing
C7 Independent transfers and wheelchair propulsion, indoors 

and outdoors
Independent w ith equipment

T2-T10 Am bulation, for exercise only, using knee-ankle-foot 
orthoses and walker

Independent

13 Independent com m unity ambulation w ith ankle-foot 
orthoses and canes or walker

Independent
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Several FES systems have been developed that al
low ambulation. They vary in their use of orthoses 
and the types of stimulating electrodes used (these 
can be surface or intramuscular). Generally, a w^alker 
is needed. In an open-loop system, stim uli are deliv
ered according to a pre-set pattern. Alternatively, 
stim uli can be modified according to feedback (in
volving, for example, joint position), in  w hich case 
the system is closed-loop.

Psychosocial Outcome  

Adjustm ent
Depression is not universal after SCI, and health care 
workers may overestimate its presence (40). It may 
be less common than after stroke. Attempts to find a 
pattern of adjustment that people go through after 
SCI have been unsuccessful.

Long-term survivors of SCI tend to regard their 
quality of life as good or excellent (50). Even severe 
disability, w ith ventilator dependence, is compatible 
with a positive perceived quality of life (2). Health 
care professionals who have experience treating se
verely disabled people underestimate the response of 
the disabled to measures of quality of life.

Suicide rates are higher for victims of SCI than for 
the population in general (15). The risk is highest in 
the first 10 years after injury, after which the suicide 
rate resembles that of the general population.

Effects Upon Marriage
The majority of people with SCI are single at the time 
of injury (15). The rate of marriage after SCI is lower 
than that for an age- and sex-m atched group from the 
general population. Betw een 10 to 30%  of those sin
gle at injury w ill marry in  the next 15 years. The rate 
of divorce for both pre- and post-injury marriages is 
higher than that of the general population.

Residence
Disposition after SCI has changed remarkably during 
the past 50 years. Discharge to institutional care is 
now unusual, and over 90%  reside in private resi
dences in the community. The risk of discharge to a 
facility increases w ith severity of injury, age, and 
lack of social supports (15).

Morbidity and Mortality______________  

Long-term Morbidity
The two most frequent causes of morbidity in chronic 
SCI are pressure ulceration, with an annual inci
dence of 23% , and urinary tract infection, with an 
annual incidence of 20%  (50). Other morbidity in

volving the genitourinary system— kidney and blad
der stones, autonomic dyreflexia, bladder diverticuli, 
and hydronephrosis— is common. Musculoskeletal 
problems, such as contracture, osteoporosis, and 
fracture, can occur in paralyzed areas of the body. 
The upper extremities are especially prone to over
use injury, causing shoulder pain and nerve entrap
ment syndromes.

Mortality
Life expectancy for victims who survive the initial 
effects of the injury has improved considerably but 
still remains somewhat below normal (14). The level 
of injury and completeness of injury both correlate 
inversely with life expectancy.

The leading cause of death occurring more than 24 
hours from injury is pneumonia and influenza. This 
finding is true for deaths occurring in the first year 
after injury as well as for deaths occurring later. The 
risk of dying from pneumonia after SCI is far greater 
than for the general population. Pneumococcal and 
influenza vaccination should be considered after SCI.

Non-ischemic heart disease is the second leading 
cause of death; ischemic heart disease is sixth. The 
risk is greater than for the general population; there
fore, exercise, smoking cessation, and diet modifica
tion are even more important than in the general pop
ulation.

Septicemia is the third leading cause of death. It 
is the leading cause for persons with paraplegia. The 
data are not clear on the source of septicemia, but 
pressure ulceration and urinary tract infection (two 
of the leading causes of morbidity) are probably com
mon.

The fourth leading cause of death is PE. It is third 
during the first year after injury, during which time 
the risk of death from PE is 210 times normal. This 
finding emphasizes the importance of developing 
effective prophylactic and surveillance regimens 
for PE.

Suicide is approximately five times more common 
than in the general population. Alarmingly, it is the 
second leading cause of death in those under 30 and 
the second leading cause in those with paraplegia.

Urinary tract disease was once the most common 
cause of death after SCI. Modern treatment has 
greatly diminished this. While we await treatment for 
the underlying neurologic deficit, further improve
ments in life expectancy will follow improved 
prevention and treatment of such complications as 
pneumonia, heart disease, sepsis, and pulmonary 
embolus.
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SECTION IV

Degenerative Disorders

CHAPTER EIGHTEEN

Cervical Disc Disease and Cervical 
Spondylosis

Sanford E. Emery

Introduction
Undoubtedly, cervical disc disease has existed at 
least as long as m an’s longevity increased to the point 
where inevitable degenerative changes in the spine 
occurred. It is remarkable, however, that m uch of our 
understanding of cervical disc disease and develop
ment of treatment options has only taken place in the 
last few decades. This acceleration of knowledge has 
been driven by technological advancements largely 
in radiologic and neuroradiologic imaging tech
niques, allowing us to see the pathologic anatomy 
and correlate this with patient symptomatology. As 
in most areas of the spine, many questions have not 
been answered, and degenerative diseases of the 
neck and their treatment remain an active area of in 
vestigation with continued evolution of diagnostic 
modalities and treatment options.

Pathophysiology
Paramount to understanding cervical disc disease 
and its clinical m anifestations is to understand the 
pathophysiology of disc degeneration and disc her
niation. The discs function as shock absorbers that 
undergo biochem ical and structural changes w ith ag
ing. Proteoglycan content shifts to a higher concen
tration of keratin sulfate versus chondroitin sulfate,

and gradual desiccation of the disc occurs. These 
changes result in loss of height of the disc with al
teration of the once perfect biom echanical environ
ment. The end plates adjacent to degenerating discs 
slowly respond to these changes with formation of 
chondro-osseous. spurs. These spurs occur primarily 
in the uncovertebral joints but also at the insertion of 
annular fibers, resulting in transverse osteophytes 
forming along the rim  of the end plate. Facet joint 
changes with spurring occur as well, w hich, in con
junction with uncovertebral joint osteophytes, can 
contribute to foraminal narrowing. Anterior osteo
phytes along the vertebral bodies commonly occur 
but are not important with respect to neural com 
pression and rarely are large enough to cause swal
lowing difficulty. Posterior vertebral osteophytes, 
however, can lead to canal stenosis with spinal cord 
compression. These changes of the cervical motion 
segment resulting in disc narrowing and osteophyte 
formation can be seen w ith plain radiographs and is 
called cervical spondylosis (Fig. 18 .lA  and B). Cer
vical spondylosis typically occurs in the older-age 
groups w ith an incidence of approximately 50%  of 
people over the age of 50 (12). One need not have 
spondylotic changes to have cervical disc disease, 
however, because disc herniations can occur in the 
absence of radiographically visible disc degeneration 
or bony changes. Soft disc herniations result when

4 0 1
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FIGURE 18.1.
A. Lateral radiograph in a 72-year-old woman showing changes of cervical spondylosis. Note the disc narrowing at multiple 
levels. Posterior osteophytes are well seen at the C5-C6 level (arrows). She has 2-1/2 mm of compensatory subluxation of 
C2 on C3. B. An ohlique radiograph in the same patient demonstrates the uncovertebral osteophytes protruding into the 
neural foramen at C5-C6 and C6-C7 (arrows).

the nucleus pulposus protrudes into the annulus fi- 
brosus region of the disc or extrudes through the 
outer fibers of the annulus. If large enough, this her
niated disc can cause nerve root com pression or spi
nal cord com pression depending on the location of 
the herniation. Typically, soft disc herniations are 
seen in patients in the third and fourth decades of 
life, w ith the older population ustially having a com 
bination of disc protrusion plus osteophyte produc
ing neural compression.

W ith the im perfect biom echanics resulting from 
cervical spondylosis, some levels may becom e stiffer 
than the normal spine. Other motion segments may 
becom e hypermobile because of degenerative 
changes. W hen hyperm obility occurs at levels above 
stiffer spondylotic segments, it is termed com pensa
tory subluxation (Fig. 18.1 A). If the abnormal sub- 
I'axation is s'absl.an'iial, dynamic compxessioxi oi 
nerve roots or the spinal cord can occur, producing 
clin ical symptoms.

Clinical Presentations
In evaluating patients w ith neck problems relating to 
cervical disc disease, it is useful to categorize pa
tients into three m ain diagnostic groups. We will dis
cuss these three groups separately below; however, 
these are not rigid categories and overlap does occur 
in any given patient.

Neck Pain Alone
This group ofpatients report axial neck pain that may 
be referred to the shoulder or interscapular areas. 
This referred type of pain should be distinguished 
from radiating arm pain and neurologic symptoms 
that suggest radiculopathy. Patients with myelopathy 
can be distinguished on physical examination. A 
common cause of neck pain without radiculopathy 
OT mye\opa‘Lby i s  tcom c e r v i c a l  spondyiosis changes. 
As described previously, alterations in the discs with 
spur formation can result in neck pain. The annulus
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is believed to be Innervated by small nerve fibers that 
can produce pain (3). Facet joints are synovial joints, 
and osteoarthritic changes here can produce pain as 
is true elsewhere in the body. Hypermobility or com 
pensatory subluxation can also cause m echanical 
neck pain. If the degenerative changes are severe, cer
vical canal stenosis can result w ith cord com pres
sion. This stenosis does not always m anifest as ra
diculopathy and may not be severe enough to cause 
myelopathy but can produce neck pain.

In the younger population, m echanical neck pain 
without radiculopathy or myelopathy is often the re
sult of whiplash-type injuries, such as after motor ve
hicle accidents. These injuries are to the soft tissues 
of the neck, and the symptoms typically last for 
months. Significant trauma such as hyper extension 
can result in a disrupted disc without frank posterior 
herniation evident on neuroradiologic studies. Some 
patients with minor trauma or even no trauma, w ith
out any underlying degenerative changes evident, 
may have discogenic pain. This, however, is a diffi
cult diagnosis to make. Discography has attempted to 
identify these patients but has very m ixed results in 
the literature (18).

Radiculopathy
This diagnosis connotes nerve root compression. It 
usually, but not always, occurs in  conjunction with 
neck pain. The location of the radicular pain depends 
on the level of the root com pression in the spine. 
Neurologic symptoms are common and help confirm 
the suspected etiology of the symptoms as root com 
pression. These neurologic symptoms include sen
sory changes symptoms, such as numbness or tin 
gling, and motor symptoms of weakness. Symptoms 
are typically unilateral but can be bilateral with the 
appropriate pathologic com pression, such as bilat
eral foraminal stenosis. Patients w ith radiculopathy 
often have no traumatic incident to initiate their 
symptoms. They may w&ke up one morning w ith 
stiffness or pain in their neck and typically develop 
radicular arm symptoms w ithin a day or two w hich 
may be quite severe.

Physical exam ination of patients w ith radiculop
athy typically shows tenderness to posterior palpa
tion of the spinous processes and paraspinal m us
culature. Typically, m otion is decreased depending 
on the severity of the pain. Usually these patients 
cannot extend their neck comfortably because this 
narrows down the canal and aggravates their symp
toms (9). Rotation is usually lim ited and lateral bend
ing, such as with the Spurling’s maneuver, may rec
reate their arm symptoms. A good neurologic exam 
is critical in evaluating these patients. Motor testing

of the proximal and distal m uscle groups bilaterally 
should always be performed and documented. Sen
sory changes may be in a dermatomal distribution, 
although many patients, particularly with cervical 
spondylosis, may have m ultiple levels involved, and 
the sensory abnormalities w ill not be w ell defined. 
Reflex exam ination of the patient w ith root compres
sion yields hyporeflexia for that reflex related to the 
compressed nerve root (i.e., a lower motor neuron 
problem).

Myelopathy
Cervical myelopathy results from spinal cord com
pression. The m ost common cause of this for the 
North Am erican population is cervical spondylosis 
w ith enough osteophytic changes to produce canal 
stenosis or cord compression. Soft disc herniations 
without spondylotic changes also occur and, if large 
enough, can result in  clin ical m anifestations of my
elopathy. Other causes include subluxation with dy
nam ic com pression of the cord and ossification of the 
posterior longitudinal ligament. This latter disease is 
m uch more common in the Asian race. The posterior 
longitudinal ligament becom es thickened and ossi
fies, producing canal narrowing and spinal cord com 
pression either at interm ittent levels in the neck or 
in one continuous strip.

Interestingly, patients with substantial spinal cord 
com pression and severe myelopathy may have no 
neck pain at all. Many patients do have axial pain, 
however, and they may have concom itant radicular 
pain as well. Often, the earliest symptom of myelop
athy is a gait disturbance. Patients may note that they 
are slightly wobbly when turning a corner or getting 
up and out of a chair. More severe symptoms of gait 
disturbance include hanging onto walls or furniture 
for balance or requiring the use of assistive ambula
tory devices, such as a cane or walker. Motor weak
ness is another m anifestation o f myelopathy. It can 
occur anywhere in  the upper extrem ities, depending 
on the level of com pression, but often is evident in 
the distal m uscle groups, such as the hand intrinsics. 
Leg weakness does occur and is typically in the prox
im al m uscle groups. This can m anifest as buckling 
and falling episodes for the patient. The patient may 
also report sphincter dysfunction usually related to 
difficulty w ith urination; this is considered a late sign 
and corresponds to severe myelopathy.

Spinal cord com pression is an upper motor neu
ron disorder and is characterized by long tract signs. 
The gait should be evaluated, including toe walking, 
heel walking, and toe-to-heel tandem gait (“walking 
the tightrope”). Hyperreflexia should be present, al
though occasionally, with severe concom itant root
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compression, one reflex may be decreased. Patho
logic reflexes consistent with myelopathy include a 
positive Hoffman’s sign, up-going toes on the Babin- 
ski test, and the presence of clonus. As with any of 
these patients, a specific and thorough motor testing 
exam should be done, and weakness, often bilateral, 
in the upper and/or lower extrem ities may be de
tected. Decreased sensation may be present in more 
diffuse nondermatomal patterns than with a one- 
level root com pression problem. Vibratory sense and 
proprioception should be tested and may be de
creased in severe cases.

Differential Diagnosis Considerations
The two most common differential diagnostic enti
ties that produce neck and arm pain involve intrinsic 
shoulder pathology and peripheral nerve entrapment 
syndromes. Rotator cuff tendinitis is a common prob
lem that can produce pain in the shoulder, parasca- 
pular region, and/or upper arm. Typically, patients 
w ith im pingem ent syndrome of the rotator cuff have 
trouble using their arms overhead and often have 
trouble sleeping on that particular shoulder. A thor
ough exam ination, looking for signs of impingement 
and tenderness, is helpful in the evaluation. Rotator 
cuff tears can produce weakness as w ell as pain and 
may need to be ruled out w ith MR imaging or arthrog
raphy. A helpful test in the office is subacromial in 
jection w ith Lidocaine (and often cortisone) to deter
m ine if this elim inates their pain, thus pinpointing 
the etiology of the patient’s symptoms.

Peripheral nerve entrapment syndromes include 
thoracic outlet syndrome, suprascapular nerve palsy, 
and the more common ulnar cubital tunnel syndrome 
and carpal tunnel syndrome. A ll of these can be sus
pected on the basis of history and physical exam i
nation but probably need electrodiagnostic evalua
tion by an experienced electromyographer to help 
sort out the various areas of pathology. The double 
crush syndrome also occurs as a com bination of 
nerve com pression anywhere along the nerve from 
the cervical spine all the way down to the wrist. If 
two levels of com pression can be identified and sur
gery is indicated, then the most severe area is usually 
addressed first. If neither area of com pression is sig
nificantly worse than the other, then the peripheral 
entrapment syndrome is treated first, given the less 
com plex nature of that procedure compared w ith cer
vical spine surgery.

An entity worth m entioning here that is uncom 
mon but can m im ic severe radiculopathy is brachial 
plexopathy (22). Synonyms for this include brachial 
plexitis or neurologic amyotrophy. Typically, these 
patients wake up one morning w ith severe shoulder 
and arm pain with or without weakness and sensory 
findings. The etiology of the disorder is unclear. It is

generally self-lim iting over months, and supportive 
care during the symptomatic period is indicated.

Other neurologic conditions can m im ic cervical 
disc disease syndromes. M ononeuritis m ultiplex can 
be confused with m ultilevel cervical radiculopathy. 
Amyotrophic lateral sclerosis and syringomyelia are 
conditions that at some point in their course may 
present like cervical myelopathy. The quality and 
scope of imaging studies generally allow accurate di
agnosis, but in  many cases, consultation with a neu
rologist is recommended.

Diagnostic Evaluation
As noted previously, many patients with cervical 
disc disease can be diagnosed accurately with a thor
ough physical and history exam ination. Plain cervi
cal spine films, particularly an anteroposterior and 
lateral view, should be obtained even on initial eval
uation. Oblique views are at times helpful looking for 
foraminal impingement from uncovertebral hyper
trophy but are not routinely necessary. Flexion and 
extension views should be considered but obtained 
on a case-by-case basis. W ith a good history, physical 
exam ination, and radiographs, the spine surgeon 
should have a good working diagnosis for the patient. 
W hether any further diagnostic measures are needed 
depends on the suspected diagnosis, the duration 
and severity of symptoms, and other individual fac
tors.

Our next step for evaluation in  patients with ra
diculopathy or myelopathy is magnetic resonance 
imaging. This is a noninvasive study that provides 
good visualization of the soft tissues and the rela
tionship of disc herniations, osteophytes, and even 
ossification of the posterior longitudinal ligament 
(OPLL) to the neural elements. Magnetic resonance 
imaging continues to improve in its resolution; for 
young patients without spondylotic changes and a 
simple soft disc herniation, this is the only neurora- 
diologic study one would generally need (Fig. 18 .2A 
and B). If patients have multiple spondylotic levels 
w ith varying degrees of compression, we still often 
rely on cervical myelography and CT myelography. 
A subtle root cutoff is best seen on the anteroposte
rior myelogram, w hich may not be appreciated with 
cross-sectional imaging m odalities (Fig. 18.3). CT 
myelography gives the sharpest definition of osteo- 
phytic impingement, OPLL, and cord compression 

' compared to magnetic resonance imaging.
Electrodiagnostic tests usually are reserved for pa

tients w ith differential diagnostic considerations, 
such as peripheral entrapment syndromes. Cervical 
discography may be helpful in patients without sig
nificant spondylotic changes and suspected disco- 
genic pain. This may occur after a w hiplash injury, 
For discography to be of any benefit, it needs to be
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FIGURE 18.2.
A. Sagittal MRI demonstrating a C5-C6 disc herniation in a 44-year-old woman with neck and left arm pain plus significant 
deltoid and wrist extension weakness. B. A large posterolateral soft disc herniation is evident on this T2 weighted transverse 
image at C5-C6 in the same patient. Note the disc protrusion (arrow), which will severely compress the C6 nerve root in 
this case.

done by someone experienced with the technique. 
Reproduction of the patient’s pain symptoms from a 
given level and not from m ultiple levels may help 
the surgeon with patient selection. It is a controver
sial technique, however, and is used sparingly in my 
practice and at our institution.

I

Nonoperative Treatment
Most patients with symptoms of neck pain w ith or 
without radiculopathy can be managed nonopera- 
tively. For moderate to severe symptoms, initial treat
ment should consist of the basic triad of a soft collar, 
anti-inflammatories, and physical therapy modalities 
including traction. By keeping the neck from ex
tremes of motion, the soft collar helps decrease the 
dynamic pinching of a compressed root and allows 
for primary or secondary fatigue or inflammatory 
changes in the paraspinal m uscles and soft tissues to 
resolve in many cases. M ild narcotic pain m edicines 
may be used in conjunction w ith anti-inflammatories 
depending on the severity of the symptoms. O cca
sionally, a brief cortisone taper may also help alle
viate severe root com pression symptoms and allow 
the natural history to take its course if  one is early in 
the clinical presentation. Physical therapy m odali
ties, such as heat and ultrasound, may make the pa

tient more comfortable although it is unclear if  it has 
any significant effect on the natural history. Traction, 
particularly in  younger patients, is often helpful be
cause it allows a pinched nerve root some temporary 
relief and probably in this way promotes recovery. 
One should be careful to avoid any traction that 
might extend the patient’s neck. This causes narrow
ing of the spinal canal as well as the foramen and 
often w ill cause an increase in the patient’s symp
toms (9). For the same reason, we often use the cer
vical collar in the reverse position such that the nar
row strap portion is anterior and the head is in a 
slightly flexed position. Patients w ith cervical my
elopathy may be im m obilized in a soft collar to help 
prevent dynamic com pression of the spinal cord. 
This, of course, is a temporizing measure as opposed 
to definitive treatment.

Surgical Indications__________________
For patients with cervical radiculopathy, the two 
main indications for surgical intervention are pain 
relief and upper extremity weakness. The vast ma
jority of patients w ith pain as their predominant 
problem can undergo a trial of nonoperative mea
sures as outlined previously. The majority of time 
these measure are successful, and surgery is not nec-
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F IG U R E  1 8 .3 .
Anteroposterior view of a cervical myelogram in a 75-year- 
old woman with severe radiculopathy showing a signifi
cant root cutoff (arrows) at C5—C6 and C6-C7 At times, 
myelography is superior in demonstrating this pathology 
compared with magnetic resonance imaging or CT myelog
raphy.

essary. W hen patients have undergone several weeks 
of nonoperative measures without adequate pain re
lief or with worsening symptoms, they then become 
a surgical candidate, provided the appropriate pa
thology is documented on their neuroradiologic 
studies. Patients with progressive neurologic deficit 
need more urgent intervention. Those w ith profound 
m uscle weakness may need early intervention as 
w ell to m axim ize the chances of root recovery. M ild 
weakness can be observed after institution of nono- 
perative measures, but these patients should have 
frequent reexam inations in the office every 1 to 3 
weeks to be sure there is no deterioration and to look 
for an improving trend. Any patient under consid
eration for surgical intervention should have appro
priate neuroradiologic studies to pinpoint the pa
thology and allow foi appropriate surgical planning.

In patients with cervical myelopathy and demon
strable spinal cord com pression on neuroradiologic 
studies, the recom m ended treatment is surgical in 
tervention. The natural history of myelopathy is a 
slow, stepwise deterioration (2). Therefore, once the 
diagnosis is made, we recom m end decompressing 
the neural elem ents to halt a decrease in strength and 
function and allow spinal cord recovery. Although 
even patients w ith severe m yelopathy can in many 
instances recover to a significant degree, patients 
w ith mild to moderate myelopathy generally have a 
greater recovery of function.

Surgical indications for patients with neck pain 
secondary to spondylosis, canal stenosis, or disco- 
genic pain are more lim ited. If patients have substan
tial canal stenosis and pain, they may be a candidate 
for recalcitrant symptoms even if  they have no frank 
radiculopathy or myelopathy. Some patients with se
vere degenerative changes at one or two levels with 
neck pain alone can benefit from fusion at those lev
els, although the best results are obtained if nerve 
com pression symptoms are present as w ell because 
the surgical results are more reliable for that patient 
population (1, 16].

Certain factors come into play regarding a choice 
of the anterior versus posterior approach for treat
m ent of cervical disc disease disorders. Sim ple lat
eral disc herniations may be treated w ith a posterior 
laminotomy and discectom y or by anterior discec- 
tomy and fusion. For typical posterolateral or central 
disc herniations, I strongly favor anterior discectomy 
and fusion (Fig. 18.4A and B). This approach directly 
addresses the com pressive pathology on the cord or 
root. In patients w ith spondylotic changes and radic
ulopathy, again the anterior approach is preferred (1,
6, 19, 21). Disc and osteophytic material can be re
moved easily and safely, giving a direct decompres
sion of the neural elements. The spondylotic segment 
can then be stabilized w ith a bone graft and ultimate 
fusion. This prevents any recurrent osteophytic 
changes and m inim izes the neck pain that could orig
inate from the degenerative segment. Patients with 
cervical myelopathy often have cord compression 
from large osteophytes or ossification of the posterior 
longitudinal ligament. This often extends down be
hind the vertebral body. These patients need partial 
or com plete corpectomies followed by strut grafting 
to adequately decompress the canal from an anterior 
approach (Fig. 18.5) (4, 7, 14, 17, 23). An alternate 
approach is m ultilevel laminectomy. This, however, 
can result in postlam inectom y instability and kypho
sis (13). Lam inaplasty has been developed as an al
ternative to laminectomy. This technique widens the 
spinal canal to decompress the neural elements yet 
leaves the lam ina as attachments for the posterior 
paraspinal musculature (8, 10). The author favors 
this technique in certain cases of congenital canal 
stenosis at m ultiple levels where there is no signifi
cant anterior indentation of the cord. The patient 
must have normal lordosis and m inim al symptoms 
of neck pain as well for this procedure to be maxi
m ally effective.

Surgical Technique I'!

Anterior Cervical Discectomy 
and Fusion
This approach was described by Robinson in the mid 
1950s (15). It is a slightly anterolateral approach that
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FIGURE 1 8 .4 .
A. An early postoperative lateral radiograph of the patient whose MRI is shown in Figure 18 2. Note the Robinson-type 
bone graft present at the C5-C6 inner space. This graft will maintain the height of the disc space and re-establish the height 
of the foramen for the nerve roots. B. Approximately 2 years postoperatively, this lateral radiograph shows complete con
solidation of the iliac graft with remodeling evident.

takes advantage of the fascial planes in the anterior 
neck. The incision is begun just to the right of the 
midline and is carried over toward the border of the 
left sternocleidomastoid. The right side of the in c i
sion can be used, but we prefer the left side because 
the anatomy of the recurrent laryngeal nerve is more 
consistent here. After making the incision at the ap
propriate level of the cervical spine, the dissection is 
carried down through the platysma m uscle to expose 
the superficial layer of the deep cervical fascia. This 
is incised transversely. The deep layer of the cervical 
fascia is then incised superiorly and inferiorly, 
which allows retractors to be slid proxim ally or dis- 
tally and essentially enables the surgeon to visualize 
the entire surgical spine. The interval between the 
carotid sheath laterally and the trachea and the 
esophagus medially is identified, and the dissection 
is carried down to the vertebral column. The pre-ver- 
tehral fascia is incised to expose the anterior longi
tudinal ligament. The longus colli m uscles on each 
side of the spine are coagulated along their edges at 
the operative levels to prevent bleeding from small 
veins. At this point, a needle is placed in the disc

space, and a radiograph is obtained to ensure the cor
rect surgical level. The anterior annulus of the disc 
is incised w ith a knife blade, and the bulk of the disc 
is removed with tiny curettes and pituitary rongeurs. 
Headlight illum ination is essential as is magnifica
tion, either w ith loupes or the operating m icroscope. 
After the bulk of the disk has been removed, the disc 
space is distracted using a lam ina spreader within 
the disc or using screw post distractors placed into 
the vertebral body above and below the operative 
level. By opening the disc space, one can more easily 
visualize the posterior disc material and posterior 
longitudinal ligament. The uncovertebral joints 
should be identified because these are key anatomic 
landmarks to help lim it further lateral dissection and 
thus avoid possible injury to the vertebral arteries 
(20). If it is a soft disc herniation without significant 
osteophytic changes, then after the disc has been re
moved back to the posterior longitudinal ligament, 
the decom pression is completed. If there are spon- 
dylotic changes at this level with root impingement 
or cord com pression from bony pathology, then these 
ridges or posterior lateral spurs may be removed with
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FIGURE 18.5.
A Sagittal MRI of a 44-year old woman with ceivical kyphosis spondylosis and clinical evidence of myelopathy Her 
sagittal MRI shows draping of the cord over herniated disc material, particularly at C4-5 with some stenosis present at C5-6 
and C6-7 based on transverse sections not shown here B After a 3-level cervical corpectomy and strut grafting, her lateral 
cenuca] spizie radiograpJi shows healing of the fibula graft with correction of her kyphosis C. A postoperative CT scan 
demonstrates the corpectomy defect, thus enlarging the spinal canal The fibula strut is seen in cross section within the 
corpectomy space
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small burrs and curettes. Diamond burrs are used 
when working near the posterior longitudinal liga
ment or dura to m inim ize the risk of a dural tear. 
After satisfactory decompression, the end plates are 
abraided with a burr to provide a flattened, bleeding 
subchondral bone surface. This has been shown to 
improve the fusion rate and does not result in  signif
icant settling of the bone graft (5). The space is m ea
sured for height and depth, and a separate incision 
is made over the anterior iliac crest region. A power 
saw is used to harvest a full-thickness tricortical 
horseshoe-shaped bone graft (11). Autogenous bone 
is preferred because it has superior healing capabil
ities, particularly in  m ultilevel procedures (24). I use 
autograft bone exclusively except in very unusual 
circumstances. The graft is trimmed to the appropri
ate size and tapped carefully into place with the cor
tex facing anteriorly. Slight countersinking is impor
tant to help prevent dislodgement. Sm all posterior 
lips in the back of the vertebral bodies are fashioned 
with a burr before grafting to prevent posterior m i
gration of the graft. For one-or two-level discectom y 
and fusion procedures, I do not use any supplem en
tal instrumentation. Because an increasing number of 
operative levels carries w ith it an increasing risk of 
pseudarthrosis, we recommend additional stabiliza
tion for three-level discectom y and fusion proce

dures using an anterior plate and screws to help pro
mote bony union. Patients having discectomy and 
fusion procedures are generally treated in a rigid two- 
or four-poster type brace to help limit the range of 
motion and to promote healing. I recommend 6 
weeks of hard collar type of immobilization followed 
by 1 or 2 weeks of a soft collar as a step-down for 
comfort. For certain patients who for some reason 
cannot tolerate a hard collar, anterior plating should 
provide adequate stability for discectomy and for fu
sion patients so that a soft collar can be used safely 
(Fig 18.6A and B).

Some patients with larger osteophytes or segmen
tal OPLL may not adequately be treated by a simple 
discectomy and fusion, yet may not need a full cor- 
pectomy to adequately decompress the operative 
level. If the osteophytes are large, then a partial or 
hemicorpectomy may be necessary with removal of 
the end plate and part of the vertebral body using 
regular burrs and diamond burrs to remove ade
quately the posterior osteophytes. Attempting to 
reach posteriorly behind the vertebral bodies with 
angled curettes is risky and not recommended. The 
surgeon can burr down on top of the osteophytes un
til they are wafer thin and then carefully pick them  
up with small curettes and pituitary rongeurs. The 
posterior longitudinal ligament can be left as long as

FIGURE 1 8 .6 .

A. CT myelogram of this 52-yeai-old patient shows a right-sided disc herniation at C5-C6 (arrow). Note the spinal cord 
compression. She had similar pathology at C4-C5 and a 2-level anterior cervical discectomy and fusion was proposed. She 
had a very short neck with some upper thoracic neuromuscular scoliosis, and fitting with a hard collar would have been 
extremely difficult. Thus, she was treated with autologous bone grafting plus anterior plate fixation and a soft collar post- 
operatively (Fig. 18.6B). B. Lateral cervical radiograph demonstrating the plate fixation with successful interbody arthrod
esis.
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it is soft, thus allowing for expansion of the dura. If 
a partial corpectomy has been done, then an iliac 
crest graft that is larger in size can be used in the same 
manner as described previously for a sim ple discec- 
tomy and fusion.

Anterior Corpectom y and 
Strut Grafting
To reach compressive pathology behind the vertebral 
body safely, it is necessary to channel out the m id
portion of the vertebral body, w hich is called a cer
vical corpectomy or vertebrectomy. Another indica
tion would be a discectom y and fusion procedure of 
more than three levels in w hich the nonunion rate 
would be unacceptable and a corpectomy with strut 
grafting would give better results. The surgical ap
proach is the same for a discectom y and fusion. First 
the discs at the appropriate levels are removed as de
scribed previously. It is useful to clean out most of 
the disc back to the posterior longitudinal ligament 
to gauge the depth of bone that w ill need to be taken 
doing the corpectomy. W hen the discs above and be
low the selected vertebrae have been removed, a ron
geur can be used to remove some of the anterior part 
of the vertebrae. Care is taken not to remove bone 
lateral to the uncovertebral joints. A carbide-tipped 
burr is used to remove most of the vertebral body at 
this point back to a thin posterior shell. A diamond 
burr is then used to further thin the posterior shell. 
At this point, the thin remnant can be elevated off 
the posterior longitudinal ligament using small an
gled curettes and pituitary rongeurs. In this fashion, 
all compressive discs, bone, and ossified ligament 
can be removed for the entire width of the spinal ca
nal (Fig. 18 .5C). The uncovertebral joint areas can 
easily be cleaned out of disc m aterials or osteophytes 
from this anterior approach as well. W hen all of the 
necessary vertebral bodies have been removed in this 
fashion, the inferior endplate of the proxim al verte
bra and the superior endplate of the distal vertebra 
are then prepared for graft seating using a burr. The 
end plates are flattened to provide a raw bleeding sur
face. A small posterior lip is left at each end vertebra 
to prevent any posterior migration of the graft. A 
small anterior lip is left also to help prevent anterior 
displacem ent. At this point, the cervical traction can 
be increased but generally to not more than 20 
pounds. For one-level corpectom ies, a full-thickness 
iliac strut graft is preferred. This is placed into the 
defect and tapped into a countersunk position. Re
leasing the traction allows for a snug placem ent of 
the graft. For two or more level corpectomy proce
dures, autogenous fibula is preferred. The fibula can 
then be seated nicely into the vertebra above and be
low the decompressed area in a slightly countersunk

position (Fig. 18 .5B). We do not favor notching the 
fibula and resting it on the anterior lips of the verte
bra because this is prone to fracture the anterior cor
tex of the vertebra. A small Penrose-type drain is al
ways placed after any anterior procedure in the 
cervical spine to help prevent hematoma formation. 
After closure, many of these patients can be main
tained in a rigid two-poster type brace. If the vertebral 
bone is osteopenic or the patient has severe myelop
athy, or if  posterior instability exists, then a halo vest 
is recommended.

Posterior Procedures
The surgical approach for posterior cervical spine 
procedures is straightforward. The incision is placed 
in the m idline and carefully carried down to the tips 
of the spinous processes. Great care should be taken 
to stay exactly in the m idline to m inim ize bleeding. 
Dissecting laterally into the paraspinous m uscles re
sults in significantly more bleeding. Periosteal ele
vators are used to dissect the paraspinal musculature 
off the appropriate lam ina and deep retractors can be 
placed for exposure. Again, loupe m agnification and 
a headlight are strongly recommended. For a lami- 
notomy, we prefer the keyhole type of technique. At 
the appropriate interspace, a burr is used to thin the 
lower edge of the superior lam ina and the upper edge 
of the inferior lam ina m edial and slightly superior to 
the facet joint. This hole can be thinned and enlarged 
w ith a diamond burr. The thin ligamentum flavum is 
removed w ith a small Kerrison rongeur. There often 
are epidural veins that can be cauterized that cover 
the lateral edge of the dura and the nerve root in the 
field. A small Kerrison rongeur can remove any bone 
laterally for a pure foraminotomy. If the patient has 
a soft disc herniation, then the nerve root can be el
evated gently and the fragment retrieved, using a 
small incision in the annulus if necessary. This pro
cedure should not result in any late instability be
cause the bulk of the ligamental structures and the 
facet joints are not violated. After hem ostasis is ob
tained, the wound can be closed and the patient 
treated in a soft collar for comfort.

For posterior decom pression of the spinal canal, a 
full lam inectom y can be performed. This is done 
carefully with Kerrison rongeurs. The decompres
sion should be wide enough to span the width of the 
spinal canal. If foraminotomies are performed, then 
care should be taken not to remove any more of the 
facet joint than is necessary to m inim ize the chance 
of any late postoperative instability (25). Lamina- 
plasty has been developed as an alternative to lami
nectom y for posterior decom pression of the spinal 
canal (10). There are different techniques for lami- 
naplasty but the basic procedure is to thin the bone
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with a burr at the junction of the lam ina and facet 
joints to greenstick open the lamina and/or spinous 
processes. This enlarges the diameter of the spinal 
canal, thereby relieving the spinal cord compression. 
I favor the technique from Chiba University in Japan. 
With this technique, the lateral gutter at the junction 
of the lamina and facet joints from C3 to C5 is com 
pletely hmred through. The opposite side at the same 
levels is then partially burred through. These upper 
lamina can then be opened vi îth a greenstick hinge 
on the left side (Fig. 18.7). In a sim ilar fashion, the 
C6 and C7 lamina are burred tlirough com pletely, but 
this time on the opposite side as compared to the top 
three lamina. It is then hinged on the right side, and 
then the trapdoor of C6 and C7 is opened to the right, 
opposite to the top three lamina. To keep these trap
doors open, a hole is placed with a small burr at the 
inferior right lateral corner of the C5 lam ina and an
other hole at the superior left lateral corner of the C6 
lamina. A heavy nylon suture is then placed through 
these holes and tied such that it tethers the two trap 
doors in an open position. The C3 lam ina is tethered 
to the C2 spinous process, and the C7 lam ina is teth
ered to the T1 spinous process in a sim ilar fashion. 
Tiny pieces of cancellous bone obtained from the tips 
of the spinous processes can be placed in the hinged 
gutters of each individual lam ina to promote healing 
at this greenstick area. The goal is to avoid an inter- 
segmental fusion, thus preserving neck motion, yet 
allowing the paraspinal m uscles to heal down to the 
remaining posterior elements to reduce the risk of

FIGURE 18.7.
GT scan showing a postoperative laminaplasty at the C4 
vertebral body level. A greenstick hinge has been created 
on the left side (arrow), and the lamina has been osteotom- 
ized and hinged open from the opposite side. The goal of 
this is to enlarge the spinal canal and relieve spinal cord 
compression.

postlam inectom y instability. These patients can be 
treated postoperatively in a soft collar for comfort.

Summary
Cervical disc disease is a common problem in pri
mary care, orthopaedic, and neurosurgical practices. 
A thorough understanding of the anatomy, the com
mon clin ical entities and their presentation, and the 
natural history and treatment options allows the phy
sician and surgeon to successfully treat the majority 
of these patients. Nonoperative measures for treat
ment of degenerative disease of the cervical spine are 
usually successful; however, w hen surgery is indi
cated, it can provide excellent functional results and 
pain relief for the m ajority of this patient population.
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CHAPTER NINETEEN

Thoracic Disc Disease
Michael D. Smith

Introduction and Pathogenesis_______
Disc degeneration is almost universally present by 
the sixth decade of life, and thoracic disc degenera
tion parallels that present in the cervical or thoracic 
spine. It is a ubiquitous process. It is a natural con
sequence of the aging process, and it can be observed 
in the younger age group (4, 19, 21). Such degenera
tion typically is asymptomatic despite the severity of 
radiographic findings (10). Sim ilar to degenerative 
disc disease of the cervical and lumbar spine, the eti
ology is secondary to the loss of proteoglycan matrix 
within the substance of the disc itself (3, 6,7). The 
disc desiccates and loses its biom echanical resil
ience. The functional spine unit (composed of the 
disc and the adjacent vertebral bodies) subsequently 
become stiffer and, as a reparative process, osteo
phytes and endplate sclerosis form in an effort to sta
bilize the m otion segment. These osteophytes can en
croach either the spinal cord or the exiting nerve 
roots. This degenerative cascade also results in the 
loss of disc height and shortening of the anterior co l
umn. These in turn can result in a progressive tho
racic kyphosis if  the disc degeneration occurs over 
multiple segments. The degenerative process is not 
generally painful, but if  there is an irritation or com 
pression of the spinal cord or the nerve roots, con
sequent symptoms can develop (2, 13, 16, 18).

This chapter provides an overview of this spec
trum of degenerative thoracic disease, with an em

phasis on those features associated with dysfunction 
of the spinal cord and the exiting nerve roots.

Definitions
For this chapter, thoracic radiculopathy is defined as 
a set of symptoms caused by com pression of the 
nerve root. Myelopathy is defined as dysfunction of 
the spinal cord secondary to extradural compression 
of the spinal cord caused by herniated disc material 
or osteophytes, or a com bination of both from the de
generative segment.

Diagnosis and Presentation
The clin ical diagnosis of thoracic disc disease can be 
difficult (5, 8, 10, 11, 14, 17). Because the clinical 
presentation may be caused by either local m echan
ical effects due to disc degeneration, compression of 
the spinal cord and subsequent spinal cord syn
dromes, com pression of the thoracic nerve root with 
radiculopathy, deformity due to increm ental loss of 
disc height, or any of the above in combination, an 
accurate diagnosis can be an involved undertaking. 
C linical presentation of thoracic disc disease can be 
broadly categorized into four groups: thoracic radic
ulopathy, local thoracic pain, so-called pseudo- 
radicular pain (defined as radiating low back and leg
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pain], or thoracic myelopathy. The pain associated 
with the degenerative thoracic kyphosis is similar to 
that associated with Scheuermann’s kyphosis and 
Scheuermann’s disease and is a subject of different 
chapters within this text.

Localized Thoracic Pain
Localized thoracic pain caused by thoracic disc de
generation, or so-called mechanical thoracic disc 
disease, is often difficult to sort out. This difficulty 
is in part because of nondescript symptoms. Patients 
typically report vague localized discomfort between 
the shoulder blades and difficulty sleeping. They 
have difficulties finding positions of comfort pain 
with overhead activities, twisting, or playing ten
nis. Swinging a golf club, cross-country skiing, and 
swimming tend to aggravate the localized pain be
cause of rotational forces upon the torso. This pain 
can be confused with cervicogenic or possible lum
bar discogenic pain if the disc degeneration is occur
ring in the geographically approximate regions of the 
spine. Physical examination is usually unrewarding 
except for some localizing tenderness of spinous pro
cesses, muscle spasms, and pain from trigger points. 
The diagnosis and localization of thoracic caused 
by thoracic disc degenerative process is perhaps the 
most difficult aspects of the management of these 
patients.

Thoracic Radiculopathy
Thoracic disc radiculopathy has a much more spe
cific presentation. Patients often report burning or 
lancing or radiating pain, which radiates laterally 
and anterior. It is strongly dermatome in nature and 
is rarely bilateral. If it occurs in the mid-portion of 
the chest on the left, it is often confused with myo
cardial ischemia. These patients often have extensive 
cardiac work-up to rule out that entity. Coughing, 
sneezing, and other Valsalva maneuvers, similar to 
the cervical and lumbar spine, tend to accentuate the 
pain. Severely localized tenderness and hyperpathic 
sensation changes may be found; often the diagnosis 
of herpes is considered. A discreet sensibility level 
on pinwheel assessment may be found, but weakness 
is hard to illicit. Unless a coexistent spinal cord com 
pression exists, the distal neurologic examination is 
normal.

Lumbar Pseudo-Radicular Syndrome
The so-called lumbar pseudo-radicular pain can be 
common after a thoracic disc herniation. This in part 
caused by central compression of the spinal cord.

The pain is often bilateral and radiates to the but
tocks, low back, and lower limbs. This radiation of 
pain is caused by nondescript central cord compres
sion, and a component of bilateral referred chest wall 
pain may exist. The pain may appear to be lumbar in 
origin on the initial clinical impression, but with spe
cific questioning, often more proximal lumbar der
matomes are involved. Concrete or hard evidence of 
myelopathy may be absent both on history and phys
ical examinations. The physical examination is vari
able in that localized tenderness, an ill-defined sen
sory level, and proximal weakness greater than distal 
weakness may be present. Occasionally, these pa
tients have a mistaken diagnosis of lumbar spinal dis
ease, and numerous operative procedures may be 
carried out prior to the diagnosis.

Thoracic Myelopathy
Thoracic myelopathy can be difficult to sort out from 
cervical spondylitic myelopathy or more global cen
tral nervous symptom disorders. There is often a 
broad-based stumbling buckling gait with bowel and 
bladder difficulties, bilateral lower extremity weak
ness, and variable degrees of sensibility loss. There 
is often a coexistent sensory level to pinwheel, 
and it is usually bilateral. Thoracic myelopathy 
may be painless and historically has be confused 
with other neurologic syndromes, such as multiple 
sclerosis.

Physical Examination
Physical examination should be done in a systematic 
and formal fashion. Patients should be undressed, 
and the spine should be viewed from all aspects to 
assess for signs of kyphosis or scoliosis. A lateral pro
file, including forward leaning postures with the 
arms extended (Adam’s test), should be done to as
sess for Scheuermann’s kyphosis and to make an es
timate of flexibility in the coronal and sagittal planes. 
The presence of torso decompensation, thoracic or 
lumbar prominence, and the overall cervico-sacral 
compensation should be determined. Presence of de
formity changes future treatment recommendations 
considerably. The posterior midline structures are 
palpated carefully to see if any geographic pain is 
present. The paraspinal muscles should be palpated 
to determine the presence of trigger points, muscle 
spasms, and local tenderness. A careful pinwheel as
sessment starting over the lateral aspect of the neck 
and the trapezial region over the chest to the buttocks 
should be done to look for sensibility changes. This 
often is the only presenting objective sign with this 
disease. A formal graded neurologic examination, in
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eluding an assessment of proximal muscular weak
ness (such as hip flexors) and adductors, should be 
made and documented. The pinw heel assessm ent of 
all lumbar dermatomes and abdominal reflexes 
should be done. The assessm ent for presence of 
pathologic cord signs, Babinski signs, and proprio
ception should be made. Finding any one of the as
pects of the neurologic exam ination to be abnormal, 
particularly if the upper extremity neurologic assess
ment is normal, would suggest a localizing thoracic 
disc lesion, particularly if differential spasticity is 
prominent.

Radiographic assessm ent should include anterior/ 
posterior and lateral radiographs to look for the pres
ence of degenerative disc disease or focal osteolytic 
lesions. The m ainstays of imaging for thoracic disc 
disease include myelography w ith a follow-up com 
puted tomography scan, or magnetic resonance im 
aging (MRI). Myelography and computed tomogra
phy has the benefit of better visualization of the 
osseous anatomy. It has the disadvantages of a n ec
essary subarachnoid in jection of iodine containing 
solutions and radiation. MRI in most circum stances 
has supplanted myelography; it can provide good de
tail of the spinal canal, nerve roots, and discs, and it 
allows for a better assessm ent of intram edullary le
sions.

Localization Problems
Difficulties can arise in localizing the disc lesion 
level (1, 20). For best confidence, the localizing film 
presented with the MRI scan should include the base 
of the skull, the entire cervical spine, and the land
mark scout views for assigning the gantry positions 
for the thoracic spine. Errors can occur when this 
image is then formatted and printed to the film, and 
then the next set of magnetic images are made. A 
small time gap exists between these two scans, and 
patients can move about and invalidate the localized 
scan. For this reason, it may be necessary to obtain 
both magnetic resonance imaging and a myelogram 
with follow-up CT scan to confirm the levels in
volved. Preoperative chest radiographs should be re
viewed to determine the number of ribs and lumbar 
vertebrae present as w ell as the presence of associ
ated anomalies, w hich may make localization diffi
cult.

Thoracic Discography
As an ancillary exam ination, discography of the tho
racic spine is controversial (15). Disc herniations 
may be central with predom inantly spinal cord com 

pression, eccentric with predominantly nerve root 
decompression, or a com bination of both. The diag
nostic dilemma is that these findings are not always 
painful. The presence of the degenerative desiccated 
nucleus in and of itself is not significant except if  it 
is a focal process and if  a patient’s pain com plaint is 
suggestive of m echanical pain. Thoracic discography 
can prove helpful in discrim inating patients with 
amplified chronic pain syndromes and those with 
clear cut, painful thoracic disc disease. In the former 
patient, after provocative discography is attempted, 
numerous levels are severely painful, and no clear 
cut pattern of pain results. In the latter patient, the 
discs are typically painless until the involved disc, 
w hich correlates with the objective radiographic 
studies, is severely painful. In that particular indi
vidual, simple discectom y and fusion can be very 
beneficial.

IMonoperative Treatment
The nonoperative treatment of thoracic disc disease 
has been variably successful. Prolonged attempts are 
contraindicated in patients with obvious thoracic 
myelopathy caused by spinal cord compression. 
Those w ith thoracic radiculopathy (selective nerve 
root blocks) w ith additional instillation of a steroid- 
containing solution may prove useful. They can oc
casionally be repeated up to three to four times an
nually. These blocks can also confirm the diagnosis 
of radiculopathy and may assure accurate localiza
tion of the level. Thoracic epidural steroids have 
been described, but I have no major experience w ith 
them. Various other forms of therapy, such as spinal 
erector strengthening, physiotherapy, m anipulation, 
chiropractic treatments, transcutaneous nerve stim 
ulation, galvanic stim ulation, and acupuncture, have 
been described with variable success. The reader is 
asked to review the following reference for further 
clarification (9).

Indications for Operation
By the tim e most patients present to the spinal sur
geon, they have had a protracted period of symptoms. 
If these symptoms are relatively acute and short
lived, a trial of cautious nonoperative evaluation may 
be warranted. Nonsteroidal anti-inflammatory med
ications, as w ell as oral or injected steroids, can pro
vide some symptomatic relief. If these methods fail, 
however, and if further assessm ent w ith MRI or CT 
scanning reveals an obvious disc herniation, the 
choice is usually distilled down to living with an ac
ceptable amount of disability or having an operation. 
In patients with thoracic myelopathy, or pseudorad-
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icular symptoms, a spinal cord decom pression w ill 
be necessary. If a lateral disc herniation presents 
m ainly as radiculopathy, a nerve root decom pression 
can be done. If m echanical disc space disruption and 
m echanical symptoms are present, a sim ple anterior 
discectom y and fusion can be done.

Operative Approach
The operative approach is controversial. Anterior 
procedures have the benefit of direct exposure, de
com pression of the spinal canal and nerve roots, and 
easy application of the fusion. It does have the dis
advantage of a thoracotomy. Post-thoracotomy dis
comfort can be substantial in a small percentage of 
individuals for an extended period of time. Newer 
techniques, such as video assisted thoracoscopy, are 
evolving and may decrease the morbidity and hos
pitalization (12). Further prospective studies are n ec
essary to determine the true benefits of this approach. 
The posterior approach has the most efficacy for the 
treatment of laterally herniated discs. Central disc 
herniations are best treated anteriorly because pos
terior spinal canal decom pression involves consid
erable removal of the lam ina, facet joint, and pedicles 
to gain access to the anterior aspect of the spinal ca
nal. This dissection can be destabilizing, particularly 
if it is done in the apex of a thoracic kyphosis. M od
ification of the posterior m idline procedure, or the 
so-called lateral extracavitary or costotransversec- 
tomy approach, has the benefit of staying out of the 
chest, and may be best suited in those who have com 
promised pulmonary function. The overall incidence 
of neurologic deficits after operation appear to be 
greater from posterior rather than anterior ap
proaches. Because the anterior approach is best for 
m idline herniations and at least equal in efficacy to 
the posterior approach for lateral herniation, the an
terior approach has gained preference in the recent 
literature.

Operative Technique

Anterior Transthoracic 
Decompression and Fusion

Decompression
The patient is intubated with a double lum en endo
tracheal tube, w hich allows for selective inflation 
and deflation of the lungs. If the disc is eccentric, that 
side is chosen for the approach, however, if the disc 
is central, the right side is usually preferred because 
of the location of the aorta and the length of the seg
mental vessels. The preoperative chest radiograph is

reviewed to asses the angle of the insertions of the 
ribs on the spine. The m id-axial line is determined, 
and the rib that intersects the line drawn through the 
disc space to be operated on, as w ell as the mid-axial 
line, is selected for thoracotomy. That rib is subper- 
iosteally reflected and removed, and the pleura is 
opened (Fig. 19.1). The lung is deflated and retracted 
away from the spine. The presumed disc space is 
marked w ith a localizing instrument, and a check ra
diograph is taken to confirm the operative level. The 
head of the rib and a one and one-half inch segment 
of the proximal rib is removed. This exposes the lat
eral aspect of the pedicle, the costotransverse joint, 
and the costovertebral joint. This area is debrided 
carefully of soft tissue. If the preoperative studies 
suggest that a spinal decom pression is necessary, a 
high speed carbide burr or fine Kerrison punch is 
used to remove the lateral pedicle cortex. The inner 
cortex is approached slowly. Once the pedicle is par
tially excised, the lateral aspect spinal canal is posi
tively identified. The disc space itself need not be 
developed thoroughly at this time. A high speed car
bide burr is used to perform a subtotal corpectomy 
with a dissection paralleling the disc underneath the 
spinal canal. The posterior vertebral cortex is iden
tified and thinned cautiously around its perimeter. 
This cortex is then perforated proxim ally and distally 
to the disc space and parallel to the disc space as it 
crosses underneath the spinal canal. An estimate is 
made of the m id-portion of the spinal canal, and sim 
ilar amount of dissection is carried beneath that point 
to ensure adequate spinal canal decompression. The 
bridging cortex is perforated on the contralateral 
side. This creates an island of bone and disc material. 
This osteocartilaginous herniated disc fragment is 
pulled away from the spinal canal. At no time are 
instruments introduced into the spinal canal. This 
technique obviates the need for spinal canal or cord 
manipulation and adds safety to the procedure. Once 
a major disc fragment has been removed, the contra
lateral base of the pedicle may be palpated with a 
blunt probe. To increase operative visualization, 
small dental mirrors may be inserted to inspect the 
contralateral side, w hich is hidden from view. 
Loupes and a surgical head light or operative m icro
scope facilitate dissection.

Division of the posterior longitudinal ligament is 
controversial, but I typically perform it to assure ad
equate resection of the endplates and removal of an 
extruded disc herniation in that region. This is per
formed by gently developing the plane between the 
posterior longitudinal ligament and the dura, con
trolling the epidural veins, and then dividing the 
thickened and often tenacious ligament under direct 
visualization using either a fine Kerrison punch, scis
sors, or knife. Always use carefully placed retractors
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protecting the dura during the dissection. Once bone 
and disc material are removed down and over to the 
contralateral base of the pedicle, an adequate decom 
pression has been assured.

Arthrodesis
The arthrodesis is done by creating mortise type 
slots in the vertebral bodies above and below and 
using the previous harvested rib to im pact num er
ous struts. Typically, three to four rib struts can 
be placed with ease to provide satisfactory anterior 
column support. The anterior longitudinal ligament 
and rim  of the vertebral bone is not removed, thus 
preventing kyphosis and collapse in the postopera
tive period.

Typically, after extensive decom pression for her
niated discs, there is not enough residual bone for an 
isolated anterior instrum entation. However, this may 
be used to obviate the need for postoperative braces. 
If a suitable low profile rod and screw construct are 
available, they may be applied at this time. Pledges 
of gelatin sponges may be placed up between the 
bone grafts and the dura to aid in postoperative he- 
mostasis. The pleura is then reapproximated, and the 
chest is closed in a layered anatom ical closure. The 
chest tubes are discontinued when drainage is less 
than 30 ccs for an 8-hour shift. Most patients benefit 
from wearing a rigid type of thoracolumbar orthosis 
for 3 months. The wear usage is typically 6 weeks 
full-time, followed by 6 weeks only when up and 
about.

Anterior Transthoracic  
Discectomy and Fusion_______________
If the preoperative studies suggest that only discec
tomy is necessary (e.g., patients w ith isolated m e
chanical pain, sim ple discectom y), then, using cu
rettes and other hand instruments, the discectom y 
should be carried down to but not through the pos
terior longitudinal ligament. M orsellized bone from 
the rib is then packed about the decorticated end- 
plates of the intervening vertebral bodies to effect an 
arthrodesis.

Results
Most patients benefit from thoracic disc operations, 
and the treatment of thoracic disc disease can be grat
ifying if the proper patient selection and adherence 
to precise surgical technique is used. Patients who 
have objective neurologic com pression syndromes, 
such as myelopathy or radiculopathy, fare better than 
do those w ith localized pain. This finding substan
tiates the im pression that operations in general

should be done only in patients w ith neurologic com
pression, deformities that are likely to be problem
atic, or instabilities. Pain, despite the attempts of dis
cography to objectify a subjective disorder, is still an 
elusive feature, and operations in that setting are less 
precise. If the diagnosis is inaccurate, the treatment 
is therefore inaccurate and less predictable (2, 8 ,1 0 ,
12, 13, 14, 17).

Patients with myelopathy generally show substan
tial degrees of neurologic recovery, but their recovery 
may be incom plete (Fig. 19.2). Patients with thoracic 
pain caused by degenerative disc disease fare the 
least w ell, in part because the accuracy of the diag
nosis is less secure than in those with myelopathy. 
Thoracic radiculopathy can be treated w ell by either 
anterior or posterior approach, and the results are 
gratifying. Patients w ith pseudo-radiculopathy tend 
to have fair to good resolution of their symptoms. 
This is in part because of the coexistence of other 
lumbar and adjacent thoracic degenerative disc dis
eases— these patients therefore tend to have pro
longed low-level symptoms (Fig. 19.3).

Complications
Numerous potential com plications exist from either 
nonoperative or operative approaches. Failure to di
agnosis or refer a patient with thoracic myelopathy 
caused by extradural com pression, or ascribing a 
neurologic deficit to that of another cause, such as 
m ultiple sclerosis, is common. The results of opera
tion in that scenario are less rewarding than they 
should be. It is possible to operate on the wrong level 
if  the radiographs are inappropriately interpreted, 
misread, or obtained, or are unavailable. Post-thora
cotomy discomfort is universal for at least several 
m onths, but on long-term follow-up, it does not seem 
to be a major issue w ith the vast majority of patients. 
Neurologic deficit related to operative intervention 
has not occurred in  our hands; this may relate to care
ful spinal canal decompressions and the safety of di
rect visualization afforded by the operative ap
proach. Non-union occurs in approximately five to 
seven percent (Fig. 19.4).

The biggest com plication from the operative treat
ment of herniated thoracic discs relates to the results 
of operation not meeting the patient’s preoperative 
expectation. This com plication can be remedied by 
several m eans, the first of w hich is providing a real
istic expectation for the patient. Most patients have 
some persistent and minor problems, such as local
ized discomforts, occasional twinges of pains, or 
functional restrictions on long-term follow-up. A l
though these patients are not perfect, they are per
fectly functional, and this difference needs to be un
derstood by the patient. The biggest problems occur
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FIGURE 19.1.
A series of line drawings illustrating the transthoracic decompression. A. A standard posterolateral thoracotomy with 
subperiosteal dissection and removal of the rib has been achieved. The rib corresponding to the level of the decompression  
and fusion has been removed. B. Radiographic confirmation using a metallic marker of the proposed level is undertaken if 
any question of operative level is present. C. The soft tissue and the capsule of the costotransverse and costovertebral joint 
is removed, thus exposing the lateral aspect of the pedicle and its confluence with the transverse process. The pedicle is 
either partially or completely excised using a small Kerrison rongeur. D. Alternatively, a high speed carbide burr or a 
diamond sm'faced burr with continuous water irrigation may be used. The pedicle excision aids to positively identify the 
lateral aspect of the spinal canal. E. The subtotal vertebrectomy is begun by motorized dissection parallel to the end plates 
and is carried underneath and towards the contralateral side. The dissection is guided by the orientation of the disc, and 
the visualization of the disc allows the surgeon to maintain a perpendicular orientation to the spinal canal. The posterior 
vertebral cortex above and below the herniated disc and osteophyte is then perforated carefully along its inferior and 
superior margins, again parallel to the disc space. The contralateral longitudinal cut is carried out at the base of the contra
lateral pedicle. F. These end plates’ perforations create an island of osteophyte and disc herniation. This mobile fragment 
is then extracted into the previous created corpectom y defect and allows for a satisfactory spinal canal decompression  
without the introduction of tools or curettes mto the spinal canal. Additional reverse angled curettes are used to remove 
any residual osteophytes on the contralateral portion of the pedicle. The base of the contralateral pedicle is then palpated 
to assure for adequate side to side spinal canal decompression. G. The fusion is begun by creating mortise type cuts in the 
vertebral bodies above and below. These mortise cuts are suitably wide enough to allow for impaction of multiple rib struts 
while preserving an anterior column to help avoid postoperative collapse at the segment.
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FIGURE 19.1—contaued
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FIGURE 19.3.
A. Another patient who had an anterior decompression and fusion using the technique described in the text. Notice complete 
anterior decompression of the spinal canal and the numerous tightly fit rib strut grafts.

in the population of patients in  w hich there is reason 
and benefit for persistent problems, such as im pend
ing litigation, worker’s com pensation, and sim ilar 
collateral concerns.

Conclusion ________________________
Because thoracic disc degeneration is so common 
and not always painful, in general, operations for the 
herniated thoracic disc and degenerative disc disease

should be considered for those with neurologic com 
pression problems. However, an operation can help 
patients with focal painful disc segments if  proper 
selection of patients is done. If the preoperative di
agnosis accurately suggests a localized painful pro
cess, and the operative approach, generally anterior, 
is carried with careful and complete canal decom
pression and solid fusion is achieved, the long
term outlook and results can be both gratifying and 
durable.

FIGURE 19.2.
A 47-year-old male with a history of progressive thoracic pain that radiates in a band-like distribution about the lateral and 
anterior aspect of his chest with increasing buckling, stumbling and weakness in his legs. A. A preoperative sagittal magnetic 
resonance image demonstrates degenerative disc disease diffusely distributed about the thoracic spine. Additionally, there 
is an obvious anterior extradural defect at the TlO-11 area with severe focal compression of the spinal cord. B. An axial 
image reveals eccentiic compression of the spinal cord caused by soft disc material (curved arrowhead). C. A postoperative 
lateral radiograph demonstrating a solid arthrodesis 1 year later. Excellent recovery of the myelopathy ensued.



4 2 2  SECTION IV: DEGENERATIVE DISORDERS

FIGURE 19.4.
A. A fifty one year old female who had been essentially paraplegic from a large herniation at the T l l-1 2  area She recovered 
the ability to ambulate with a cane about the household, but still had significant limitations outside the home A non-union 
developed with moderate local pain An axial computed tomography scan demonstrates the non union about the rib grafts 
but an excellent canal decompression B and C. A posterior instrumented arthrodesis was done with good relief ot the local 
pain Pedii le screw instrumentation was used to facilitate vertical ambulation m this morbidly obese woman, and the screws 
did not require inseition of any fixation devices into the spinal canal
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CHAPTER TW ENTY

Lumbar Disc Disease
Christopher P. Silveri a n d  Frederick A. Simeone

Introduction Anatom y of the Disc
The discussion of lumbar disc disease involves un
derstanding the pathoanatomy and physiology of the 
intervertebral disc as w ell as the m echanical and en
vironmental factors that influence its inevitable se
nescence. Equally important, however, is for sur
geons to realize the great socioeconom ic im pact on 
the patient if  the condition of lumbar disc disease is 
not fully understood. Pain related to the degeneration 
of the lumbar disc has caused tremendous econom ic 
disability in the W estern world, curtailing the pro
ductivity of individuals and contributing to the 
health care crisis. Low back pain accounts for a large 
proportion of visits to primary care givers, second 
only to upper respiratory illness, and leads to dim in
ished work time and lost revenues.

The goal of this chapter is to highlight the basic 
epidemiology, anatom ic considerations, diagnostic 
modalities, and treatment options available for de
generative disc disease. Since M ixter and Barr first 
noted the pathologic relationship of disc disease with 
neural com pression in the 1930s, great strides have 
been made in the basic science and clin ical under
standing of the intervertebral disc (70). What had pre
viously been thought to be com pression from chon
dromas was actually the product of a series of events 
leading to the overall degeneration of the nucleus 
pulposus and its supporting structure, the annulus 
fibrosus. The process of lumbar disc disease leads to 
varying degrees of symptomatic and clin ical m ani
festations.

The intervertebral disc is composed of the nucleus 
pulposus, a soft hydrated gel-like substance made up 
of proteoglycan units that electrostatically bond to 
water m olecules, embedded in a superstructure of 
type II collagen. This central structure of the disc is 
encapsulated by the annulus fibrosus, w hich firmly 
anchors it to the cartilaginous end plates of the ver
tebrae above and below. The proteoglycan units are 
large m acrom olecules made up of numerous glycos- 
aminoglycan constituents, primarily chondroitin sul
fate and keratin sulfate, attached to a protein core. 
Each core is then bound to a hyaluronic acid moiety. 
The com position of the nucleus pulposus allows for 
com pressibility by virtue of its water content, w hich 
is approximately 85%  at birth but decreases over the 
years. The vertebra-disc-vertebra motor unit is effi
cient in its ability to withstand axial load because of 
this shock-absorbing characteristic of the disc, allow
ing it to act as a viscoelastic structure. W ith age, the 
disc undergoes a process of collapse, heralded by a 
subtle change in glycosaminoglycan ratio and an 
overall decrease in proteoglycan content, leading to 
less efficient hydrostasis, w hich negatively affects its 
function.

The annulus fibrosus is the peripheral supporting 
structure of the disc and is made up prim arily of col
lagen formed in a latticew ork of lamellae. These la
m ellae are arranged at 30° angles to the end plates, 
w hich optimizes the ability of the annulus fibrosus 
to resist torsional stresses and the tensile stress of
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axial load. Although in  the 1970s Kulak elucidated 
the behavior of the annulus as a uniform concentric 
structure, more recent investigators have noted the 
presence of irregularities in the lattice and variations 
in structure, w hich is testim ony to the com plicated 
nature of this structure (54, 55, 65). W ith disc dehy
dration and loss of com pressibility, the height of the 
interspace dim inishes, effectively reducing the angle 
of inclination of the collagen fibers and with it the 
ability of the annulus to resist tensile forces.

Disc nutrition is contingent on passive diffusion, 
and its m etabolism  is facilitated by the osmotic en
vironment created by load transm ission across the 
disc (53). As water moves to and fro, so do nutrients 
and m etabolites. The vertebral end plates also con
tribute to the nutrition of the disc. It has been sug
gested that the relatively thin end plates, whose com 
position of proteoglycans, water, and collagen 
simulates that of the nucleus pulposus, allow for the 
transm ission of transudates from the osseous vascu
lature, contributing to disc nutrition (80). Anatomic 
studies of vertebral end plates show a laclc of vascular 
channels into the disc space after the second decade 
(16). It is likely that this loss of vasculature marks the 
beginning of the degenerative process. Disc disease 
is unusual in  adolescents, accounting for less than 
3%  of surgically proven cases of herniation (13). Dif
fusion remains as the means of m etabolic transport 
for the disc after childhood, but the reparative proc
esses are severely dim inished, and the inevitable 
degeneration w ill then progress. Although the patho
physiologic changes that occur in  the disc w ith time 
contribute to its decline, the m echanical forces im 
posed on the disc as it is degenerating pose an 
equally important threat. W ith disc dehydration 
comes loss of height and annular laxity, as w ell as 
inefficiency in responding to the compressive and 
tensile loads of daily living. Added stresses of lateral 
flexion loads, twisting, prolonged sitting, vibrational 
loads (76), or sim ilar insults can interfere with the 
diffusion and contribute to disc disease as w ell. M e
chanical effects on the disc are best presented in Na- 
chem son’s classic work involving disc pressure m ea
surements (73). Sitting pressures are consistently 
higher than those in the standing position, and rota
tion and flexion com bined increase the risk of injury 
(75).

The connection between pain syndromes and this 
progressive disc disease is difficult to establish, since 
the degeneration process occurs in  many people who 
rem ain relatively asymptomatic. Several authors 
have noted specific anatomic sites in the lumbar 
spine that they think may be primarily responsible 
for causing low back pain as w ell as leg pain. These 
opinions range from com plete exclusion of the disc 
as a source of pain (100) to causes in facet joints, facet 
capsules, the annulus fibrosus, the posterior longi

tudinal ligament, m uscle, or m uscle fascia, compres
sion of normal roots, presence of tethered inflamed 
roots, and chem ical mediators of radiculitis (39, 41,
68, 82, 94).

Recent studies have helped to clarify the anatomic 
basis of discogenic pain. Kuslich et al. in 1991 pre
sented the results of performing low back surgery un
der local anesthesia and directly stimulating each 
structure under question (56). Their data confirmed 
that the normal nerve root was insensitive to pain 
and could be retracted or compressed without any 
discomfort. Prolonged irritation caused paresthesia 
but not pain. If the root had been previously inflamed 
or compressed and exhibited erythema and swelling, 
m anipulation of the nerve reproduced radicular 
symptoms that had been noted preoperatively. No 
other stim ulation caused radicular-type pain. Two- 
thirds of patients experienced low back pain on stim
ulation of the annulus fibrosus or of the posterior lon
gitudinal ligament. This area is richly innervated by 
the sinuvertebral nerve and is also the area of greatest 
weakness in the annulus fibrosus and ligamentous 
support of the disc, w hich explains why it is both a 
common location for disc herniation and a painful 
one (15, 87, 101). Low back pain sim ilar to preoper
ative symptoms was reproduced by stim ulation of 
the lateral annulus fibrosus in cases in which hyper
trophied superior articulating processes of the facet 
joint were noted to be in contact w ith the annulus in 
the lateral recess. Otherwise the facet joint itself and 
the capsule only occasionally caused low back pain.

As the degenerative process occurs, the annulus 
fibrosus exhibits the first signs of injury, with circum 
ferential tearing noted on histologic examination 
(52). In long-standing cases the loss of height leads 
to increased load on the posterior facet joints, which 
can potentiate facet arthropathy and osteophyte for
mation. Horizontal traction spurs also may develop 
at the level of the disc, indicating segmental insta
bility (63). The initial annular event, along with the 
areas of weakness in  the posterior annulus fibrosus 
and posterior longitudinal ligament, likely accounts 
for the propensity for central or posterolateral her
niations.

Once the disc is injured to a significant degree, 
displacem ent from its central or posterocentral lo
cation w ithin the annulus fibrosus can occur. Spe
cific terms are used to describe the different types of 
herniation. Displacem ent of a fragment of nucleus 
pulposus or annulus fibrosus through the tears in the 
outer one-third of the annulus is called a disc protru
sion. If the material protrudes beyond the posterior 
longitudinal ligament, it is said to have extruded. F i
nally, a sequestered disc fragment is one that is com 
pletely displaced w ith a free fragment in the canal. 
Disc bulging, frequently seen on magnetic resonance 
imaging (MRI) evaluations, is nonspecific, indicating
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only that disc degeneration has occurred to a degree 
sufficient to allow a generalized loss of compressive 
stability in the nucleus/annulus com plex.

It is still unclear what makes an individual more 
susceptible to extrusion, given that more than 30%  
of asymptomatic individuals w ill have an abnormal 
MRI signal indicating degeneration (8). It has also 
been noted that under extreme com pressive loads the 
vertebral endplates w ill be injured before the annn- 
lus fibrosus, and at extreme torsional positioning the 
annulus w ill tear, but nuclear material w ill not dis
place (1, 9, 27). W hen disc herniation does occur, 
however, the classic locations for it are indicated in 
Figure 20.1. Posterolateral herniation occurs with the 
greatest frequency, irritating the exiting nerve below. 
Jf the herniation lias ejKtruded in the latejaJ recess of 
the neural canal or in a far lateral position, the cor
responding nerve root above w ill be compressed ei-

F IG U R E 2 0 .1 .

A diagram showing a central herniated disc at L3-4 im
pinging on the cauda equina, a far lateral foraminal herni
ated disc at L4-5 impinging on the L4 root, an axillajry se
questered disc at the L5 root, and a posterolateral herniated 
disc at L5-S1 impinging on the SI root.

ther in the axilla against the pedicle or as it exits the 
foramen. Central herniations can result in localized 
back pain, single nerve root irritation, or in some 
cases, if the herniation is large enough, cauda equina 
syndrome. Although cauda equina syndrome is rare, 
accounting for only 2.4%  of all herniations, the di
agnosis must be made immediately. The clin ical p ic
ture may involve leg and buttock pain, not necessar
ily radicular in nature, paresthesias, numbness, 
weakness, and bowel or bladder dysfunction (84).

Epidemiology and Patient Population
If a tree falls in a deserted forest, does it make a 
sound? It seems relevant to keep this idea in mind 
when considenng  the cm ient incidence  of disabJing 
back pain in the W estern world. W addell is widely 
recognized as the first to have noted the epidem ic of 
low back pain ailments in industrial societies. In 
travels in comparatively underdeveloped areas, he 
was startled to find an abundance of individuals who 
actually com plained of back pain only after a back 
pain clin ic had been established (88). This is not to 
say that many did not at one time or another expe
rience such symptoms; it simply suggests that for 
those distracted by the trials and tribulations of ev
eryday life, the aches and pains of work and play may 
have seemed quite ordinary.

Low back pain has been estimated to affect 60 to 
80%  of individuals at one time or another in their 
lives; figures in this range have been quoted through
out the past four decades (31, 32, 46, 48, 58). The 
m ajority w ill show improvement w ithin 2 to 3 weeks 
(22). Even though there is little evidence to contra
dict these numbers, the proportion of the population 
that is considered permanently disabled continues to 
rise, and the cost of health care rises with it. Fry- 
moyer emphasizes this point, stating that between 70 
and 90%  of the total costs related to low back pain 
are spent on the relatively few individuals who are 
deemed disabled (31). Although 95%  of individuals 
with low back pain have returned to work after 3 
months, the remaining 5%  are responsible for over 
85%  of these costs (28). Most of these patients even
tually return to gainful employment, but the statistics 
show that if they are off work for more than 1 year, 
the likelihood of returning drops to 20% , and it 
approaches zero if the disability lasts more than 2 
years (3).

Numerous studies have documented several 
known risk factors or activities associated with low 
back pain and sciatica. There are both physical or 
m echanical determinants of low back symptoms as 
well as psychosocial factors. Commonly noted risk 
factors for low back pain include repetitive lifting or 
pulling, exposure to industrial vibrations, prolonged 
motor vehicle usage, pregnancy, and several ana
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tom ic indices related to obesity, sagittal contour, ca
nal dim ensions, and the like (3 2 ,3 3 , 51, 78). Cigarette 
smoking is also highly associated w ith these symp
toms, as was recently confirmed by the present 
authors (2), In a com parison betw een patients w ith 
surgically confirmed disc disease and a control 
population of asymptomatic individuals, 57%  of 
those w ith disc disease were smokers versus 37%  of 
the control population. It has also been suggested 
that psychosocial factors may contribute negatively 
to the symptomatic presentation of low back pain. 
M ost notable are job dissatisfaction, boring work, 
stress, drug addiction, and com pensation cases (31, 
86). It is believed that these factors not only may po
tentiate the symptoms but also may contribute to a 
patient’s being refractory to routine treatment. It is 
w ith this in mind that W addell proposed his descrip
tion of the nonorganic signs of low back pain (90). 
These include nonanatomic pain distribution, pain 
w ith distraction, stim ulation w ith axial load, and su
perficial pain or sensory changes. The most im por
tant of these signs, however, is overreaction. If signs 
of this nature make up a large part o f the findings in 
a patient with back or leg pain, further psychosocial 
testing is indicated.

Natural History________________________
Before considering treatment options for low back 
pain or leg pain, one must be aware of the natural 
history of this disorder. In lumbar disc disease the 
patient usually first notes pain originating in the 
lower back. It is at a later date that the radiculopathy 
will appear. This may occur several years later if the 
process is referable to generalized disc degeneration. 
During this interval the low back discomfort will wax 
and wane, often recurring with less intensity. If the 
symptoms are associated with a more pronounced, 
yet still mild to moderate disc herniation, the patient 
classically will describe diminution of the low back 
symptoms only to be left with leg pain, numbness, or 
weakness. This is likely explained anatomically in 
that initial annular fibrosus and local injury elicits 
pain via the sinuvertebral neural pathways, though 
the compression on nearby roots is less than that re
quired to produce obstruction of signal transmission, 
numbness, or weakness. However, once the inflam
matory process is in full cascade, the chemical irri
tants of the nerve manifest themselves. Finally, in 
cases of severe herniation and extrusion, immediate 
leg pain, often with minimal back symptoms, will 
result.

Approxim ately 5%  of the male and 3%  of the fe
male population w ill experience sciatica at some 
time after they have reach the age of 35 years (98). 
Hakelius has shown that as many as 75%  of these 
patients w ill respond to nonsurgical management,

improving w ithin 10 to 30 days after the incident. 
Nineteen percent of the patients in his study required 
surgical intervention (38). Further confirmation of 
the natural history of sciatica is revealed in W eber’s 
classic study [92], w hich is used by most orthopaedic 
surgeons as the standard reference. Weber random
ized a portion of 280 patients w ith myelographically 
confirmed herniated discs into a subset of patients 
treated either conservatively or surgically. All pa
tients w ith progressive motor paresis or sphincter 
dysfunction were surgically treated after a period of
14 days of conservative treatment. These patients, as 
well as those who improved without treatment and 
who showed no evidence of surgical pathology, were 
excluded fi’om the primary group. His findings indi
cate that although the initial results of surgical pa
tients evaluated w ithin the first postoperative year 
were statistically better than those of the conserva
tive group, further observation revealed no statistical 
difference in long-term outcome after 4 years. Also 
noted was that a 3-month trial period of conservative 
measures despite the presence of motor weakness did 
not significantly alter the recovery of function post- 
operatively. Since the study initially  excluded those 
patients with progressive neurological deficit, his 
conclusion was that m uscle weakness alone was a 
doubtful indication for surgery if  its presence had 
been for an unknown duration. If the onset of weak
ness is known to be related temporally to the onset 
of the symptoms, however, and the pressure on the 
nerve can be relieved im m ediately after the appear
ance of the weakness, then surgery is the treatment 
of choice. This conclusion has also been supported 
by Hakeliug, who found little difference in residual 
weakness in the final outcome of those treated 
surgically as compared to those treated nonsurgic- 
ally (38).

One must always therefore resist the temptation to 
operate on a patient w ith an acute herniation who 
presents w ith disabling pain if conservative treat
m ent w ill prove to be equally effective. It is true that 
their pain relief w ill be more expedient and quite dra
m atic if decom pression is performed early, but the 
risk-benefit ratio is clearly in favor of conservative 
treatment.

Clinical Evaluation____________________
The history and physical exam ination is, as always, 
the key to the evaluation, understanding, and treat
ment of lumbar disc disease. It begins with the initial 
informal conversation between patient and physi
cian, during w hich the practitioner can immediately 
develop a sense of the person’s attitudes, fears, and 
expectations. The patient’s socioeconom ic back
ground, present work status, sophistication with 
m edical terminology, desire to return to gainful em
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ployment, dedication to previous forms of conser
vative treatment all influence the physician’s ability 
to accurately diagnose and treat the problem. A l
though not all patients w ill describe the classic find
ings, it is important to explore the various avenues 
known to be characteristic of disc disease and to be 
able to extrapolate frequently vague com plaints to 
objective pathology.

As previously noted, the initial presenting com 
plaints most often involve symptoms of low back 
pain. Patients with low back pain w ill range in age 
from the very young to the elderly, though those with 
disc disease are usually between the ages of 30 and
45 years. As with any diagnostic exercise, the differ
ential diagnosis is lengthy, w ith numerous m eta
bolic. congenital, traumatic, infectious, inflamma
tory, neoplastic, vascular, and idiopathic disorders 
that must be ruled out. A careful history and physical 
examination w ill exclude most of these disorders; 
however, one must always remember the adage you 
cannot see what you do not look for. Fortunately, 
only a small percentage of patients com plaining of 
back pain have occult forms of cancer or vascular or 
other m edical diseases requiring urgent treatment. 
Quite often the first clue w ill come from the age of 
the patient. It is uncommon for children to com plain 
of low back pain, especially of discogenic origin. 
When this occurs, one must entertain the diagnosis 
of spondylolisthesis, discitis, or various neoplastic 
disorders such as osteoid osteoma, osteoblastoma, 
and eosinophilic granuloma. Patients over the age of 
50 years com plaining of pain isolated to the low back 
are at significant risk for serious m edical illnesses, 
including m alignancy and infection (67). This is es
pecially true if the patient com plains of persistent, 
progressive pain unrelieved with recum bency or an
algesics. Pain is not always the only com plaint. The 
physician must be able to elicit the appropriate his
torical facts to confirm or exclude certain diagnoses. 
Young males w ith back discomfort without any focal 
neurologic changes, for example, may com plain 
mostly of morning stiffness that improves with activ
ity. This would suggest ankylosing spondylitis, a se
ronegative spondyloarthropathy, as opposed to m e
chanical low back strain. Along the same lines, gait 
imbalance associated with vague mid and low back 
discomfort in  the elderly may in  fact be the expres
sion of cervical myelopathy and not lumbar disease.

The mode of onset and duration of the symptoms 
is important to establish because it can aid in the as
sessment of severity, potential for recovery, and suc
cess of previous forms of therapy. Quite classically, 
discogenic back pain with or without radiculopathy 
will be intermittent in its presentation, usually pre
cipitated by strenuous physical activity and exacer
bated by prolonged sitting, moving to a standing po
sition, or bending and twisting, all of which increase

disc pressures, as previously noted. M echanical in 
nature, it is relieved with rest or lim itation of activity. 
W hen radiculopathy is present provocative actions 
such as coughing, sneezing, and other Valsalva ma
neuvers may acutely exacerbate the leg pain. Middle- 
aged or elderly patients who describe exacerbation of 
symptoms w ith standing or w ith lying prone and 
have associated neurogenic claudication from spinal 
stenosis or lateral recess stenosis w ill actually im 
prove with flexed postures, w hich result in widened 
foramina and dim inished neural compression. Pos
tural changes therefore can help the practitioner to 
formulate an anatom ically based understanding of 
the pain syndrome. Vascular claudication w ill be ex
cluded from tliis scenario because standing upright 
does not relieve the patient’s leg pain. In this posi
tion, vascular claudication improves w ith the resting 
of the gastrocnem ius-soleus m uscle com plex; with 
stenosis, however, the lumbar lordosis continues to 
cause com pression of neural structures, and it is only 
with flexion forward or sitting that the canal is suf
ficiently widened. Bell, who referred to this as the 
grocery cart sign, summarized the differences be
tween vascular and neurogenic claudication (5).

The relative proportions of back pain versus leg 
pain are important to establish, because a patient 
with prim arily low back symptoms is less likely to 
have compressive pathology and therefore less likely 
to be easily cured with surgery. Many chronically 
disabled patients w ill present with numerous com 
plaints, and in distinguishing betw een back and leg 
symptoms the practitioner can force the patient to 
prioritize the com plaints and focus on what really 
hurts. Most patients with long-standing lumbar disc 
disease w ill Have years of low back com plaints, vari
able and interm ittent in nature, before the insidious 
onset of leg pain. This course has been shown to 
range from 2 to as many as 10 years of episodic back 
pain prior to radiculopathy (34, 84, 92).

Understanding the m echanism s of injury and 
where an injury took place may shed light on other 
psychosocial causes of prolonged back pain. Second
ary gain resulting from litigation or compensation 
cases w ill alter the patient’s perception of pain and 
disability and w ill be a crucial determinant of pre
dicted outcome. If the pain is temporally related to a 
specific incident at the workplace the clin ician  must 
be conservative in the initial treatment plan. This is 
especially true if  the patient is no longer able to per
form his or her duties. The success rate of any form 
of treatment for these patients is dim inished by one- 
third (89). As m entioned earlier, W addell noted sev
eral signs that strongly indicate the need for psycho
social evaluation. Briefly, these include nonanatomic 
superficial tenderness, axial loading and rotation 
stim ulation tests, distraction tests such as a sitting 
straight-leg-raising exercise, nonanatomic weakness



4 3 0  SECTION IV: DEGENERATIVE DISORDERS

or sensory deficits, and overreaction in  facial expres
sion, verbalization, or m uscle tremor. These nonor- 
ganic physical signs are harbingers of poor outcomes 
and, if  three or more are present, require further test
ing to clarify the patient’s suitability for surgery. The 
M innesota m ultiphasic personality inventory test 
(MMPI) is the standard questionnaire used through
out the literature (37). Depression is also a major ill
ness that w ill negatively affect the treatment of lum 
bar disc disease. W hen depression is present some 
authors believe that it is necessary to treat it as the 
primary problem and to address the disc disease only 
after the depression has been controlled (14). Unfor
tunately, true clin ical depression may be subtle and 
go unnoticed. In order to facilitate the appreciation 
of this disease, five symptoms have been noted to in 
dicate the potential for depression (5). These are lack 
or energy (anergy), inability to enjoy oneself (anhe- 
donia), sleep disturbances, spontaneous weeping, 
and general feelings of depression. Dependency on 
narcotic m edication also w ill flavor the patients’ de
scription of their disability as w ell as their need for 
pain relief postoperatively. It is important to clarify 
exactly how m uch narcotic use has been necessary 
to satisfy the patient’s needs and from whom he or 
she has received prescriptions.

Once the frequency, intensity, and location of back 
pain has been determined, the patient should be 
challenged to describe specifically and in  detail the 
location and character of any leg pain that may ac
company or be distinct from the back symptoms. An 
effective method is to ask the patient to trace the 
pain, with one finger, from its most proximal origin 
to its distal extent. This w ill provide the examiner 
the opportunity to determine any dermatomal natinre 
in the pain ’s distribution. Classically, true radiculop
athy has been described as sharp, lancinating pain, 
and it is usually quite specifically located. The dis
tributions of such lumbar radiculopathy have been 
well documented and are summarized as follows 
(45). Involvement of the L l root prim arily results in 
pain at the inguinal region and inner thigh. As the 
lower roots are involved, the pain moves anterolater- 
ally about the thigh and eventually into the leg. The 
L2 root therefore portends a distribution on the an- 
teromedial thigh, and the L3 root covers the anterior 
thigh to the top of the knee. At this point the more 
classic L 4 -S 1  patterns predominate, w ith L4 radic
ulopathy radiating down the anterolateral thigh 
across the knee to the medial leg and inner foot. L5 
radiculopathy extends down the lateral thigh and lat
eral calf to the dorsum of the foot and classically in 
volves the great toe. The remaining posterior thigh 
and posterior calf and lateral foot and sole are served 
by the S i  nerve root. These parameters are used to 
identify areas of num bness, dysesthesia, and pares
thesia as well.

Finally, it is important to ask in  detail whether or 
not the patient has experienced recent bowel or blad
der dysfunction. Cauda equina syndrome, one of the 
few sm-gical emergencies in degenerative spinal sur
gery is potentially disastrous, with a high likelihood 
of permanent bowel and bladder paralysis. Delay in 
diagnosis is often the cause of severe disability be
cause it is often accom panied with vague back pain 
and perianal discomfort, and since m ultiple roots are 
involved, specific radicular patterns of leg pain are 
often absent. Occurring both as an acute massive disc 
herniation or with a more insidious onset, the classic 
description of cauda equina syndrome is of low back 
pain, bilateral sciatica, saddle anesthesia, dysesthe
sia, lower extremity weakness, and bowel and blad
der incontinence (19).

Physical Examination_________________
The physical examination begins the moment the pa
tient walks through the door. Much information can  
be gleaned from the actions of a patient prior to the 
formal medical interaction. How a patient conducts 
himself or herself with office personnel as well as 
with other patients and the patient’s gait and posture 
moving about the office provide the examiner with 
invaluable information, especially in cases in which 
there is evidence of questionable disability, compen
sation claims, or litigation.

W hen the patient walks into your office, notice 
whether the posture is erect, or flexed forward, as is 
com m only seen with spinal stenosis. Nerve root 
symptoms w ill be aggravated with certain positions, 
especially sitting or leaning forward, and these tend 
to be avoided w ith acute symptoms. At tim es this is 
so evident that the patient prefers to stand during the 
interview. The practitioner may also note a subtle list 
to one side, w hich may be indicative of axillary or 
contralateral disc herniation (5, 99). Notice any un
usual skin markings or rashes that may signify un
derlying neurologic abnorm alities, such as hairy 
patches associated with spinal dysraphism, cafe-au- 
lait spots associated with neurofibromatosis, or, of 
course, postoperative surgical scars over the m idline 
or over iliac crest bone graft sites. The overall phys
ical shape and general weight of the patient helps to 
identify individuals interested in leading active ver
sus more sedentary lifestyles.

Palpation of the spine must specifically incorpo
rate an examination of the midline structures, the su
praspinous and interspinous ligaments, the spinous 
processes, and so on. Inability to palpate all the lum
bar spinous processes may indicate occult spondy
lolisthesis, overlying masses, or swelling from recent 
trauma. Particular attention should be paid to the 
paraspinal musculature. In severe cases, a loss of 
lumbar lordosis may be visually obvious and may
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manifest itself with unilateral or bilateral muscle 
spasm. If the patient will allow side-to-side lateral 
bending, palpation of each paraspinal muscle mass 
should reveal softening with ipsilateral bending un
less involuntary spasm is present. Palpation for sites 
of tenderness includes the structures above as well 
as the areas overlying the iliolumbar ligaments, the 
sciatic nerve between the greater trochanter and is
chial tuberosity, the sacroiliac joint areas, and the 
coccyx. Occult sacroiliitis confirmed by the fabere 
test (hip/lexion, adduction, external rotation, and ex
tension) requires immediate attention and can easily 
be overlooked in favor of the more common diagnosis 
of sciatica.

The remainder of the exam ination of the lumbar 
spine involves range of m otion in all planes, flexion, 
extension, lateral bend, and rotation. These are typ
ically qualitative measurements, since absolute de
grees of spinal m otion differ with age group. The ex
aminer is usually looking for gross lim itations in 
motion as well as exacerbation of radicular pain with 
particular motions. To reiterate, spinal stenosis is 
usually worsened with extension, w hich effectively 
closes down the posterior elem ents, further constrict
ing the neural canal. Disc disease with herniation 
will be irritated with spinal flexion, and radicular 
pain should be reproducible with ipsilateral lateral 
bending or, if an axillary herniation is present, pain 
will worsen with a contralateral bend. The modified 
Schober test helps to quantify lumbar spinal range of 
motion in flexion (64). A point 10 cm above and a 
point 5 cm below  the lum bosacral junction are iden
tified and marked. W ith flexion the distance between 
the points should increase by 6 cm or more for the 
test to be negative.

The neurologic exam ination of the lumbar spine 
involves motor evaluation, sensory stim ulation, deep 
tendon reflexes, and various tension signs. As noted 
earlier, routine posterolateral disc herniations w ill 
compress the nerve root below, and far lateral extru
sions classically impinge on the exiting root above 
against its pedicle. To sim plify the discussion, the 
examination w ill be discussed as one would perform 
it in the clin ical setting, that is, identifying the func
tions of each root in succession. Severe or prolonged 
compression of the roots w ill lead to m uscle weak
ness and eventually atrophy. Exam ination of the 
lower extremity m uscles can be easily performed 
with the patient seated on the exam ination table. The 
iliopsoas hip flexor m uscles are prim arily innervated 
by the L l, L2, and L3 roots and are usually the first 
major muscle group tested in the lower extremity. 
Next the quadriceps femoris m uscles are tested, not
ing the function of the L2, L3, and L4 nerves. These 
two muscle groups are served by m ultiple roots, and 
weakness in them can result from any root deficit; 
however, usually the iliopsoas m uscle w ill gain

m uch of its function from L2, and the quadriceps 
m uscle from L3 and L4. The tibialis anterior muscle 
is prim arily served by the L4 root, although L5 radic
ular symptoms can sometimes result in foot-drop. Ex
tension of the great toe via the extensor hallucis lon- 
gus m uscle is the most com m only used test for L5 
function. Hip abduction function via the gluteus me- 
dius m uscle is also derived from the innervation of 
the L5 root. Finally, the examination of the S i root 
involves motor testing of the gastrocnemius-soleus 
m uscle com plex, the great toe flexors (flexor hallucis 
longus and brevis m uscles), and the foot everters 
(peroneus longus and brevis m uscles). Although 
rarely tested, the gluteus maximus is also innervated 
by the Si root. The most sensitive way to test the 
plantar flexor m uscles is to have the patient perform 
repetitive heel raises. In this way early fatiguing w ill 
be evident as compared to the unaffected side.

The sensory exam ination is usually a confirmatory 
test of the patient’s historical com plaints of numb
ness or paresthesia. It is less objective than the motor 
testing but proves to be important when dealing with 
m edical diseases such as diabetes m ellitus and its 
associated polyneuropathies. Preoperative documen
tation of such diffuse sensory deficits is evidence of 
profound system ic disease, w hich w ill adversely af
fect the eventual outcome of any decompressive lum
bar spine surgery (42, 83). Despite adequate release 
of the involved roots, it is likely that the preexisting 
m icrovascular disease w ill undermine the nerve 
roots’ ability to respond to the decompression. Poor 
clin ical outcomes may also be attributed to the fail
ure to recognize neuropathic changes that are sec
ondary to the diabetes and hence not affected by the 
decompressive surgery.

In summary, the L l dermatome involves the su
perior aspect of the thigh into the groin. The L2 root 
supplies innervation down the anteromedial thigh, 
and com pression of the L3 root produces sensory ab
norm alities along the anterior thigh to the knee. It is 
only w ith involvem ent of the lower roots that the sen
sory exam ination is distinct. The L4 root supplies the 
m edial leg and instep, the L5 root the lateral border 
of the leg to the dorsum of the foot, and the S i  root 
the posterior ca lf and lateral aspect of the foot along 
with the sole. The sacral roots S 2 -S 5 , rarely tested in 
cases of degenerative disc disease, circum ferentially 
surround the anus and can be tested if  cauda equina 
syndrome is suspected or in cases of spinal trauma. 
The inner portion of the anus is served by S4 and S5 
and the middle and outer portions by S3 and S2, 
respectively.

The deep tendon reflexes, when asymmetric, offer 
reliable clues to the affected roots. However, one 
must not be confused by sym m etrically diminished 
reflexes, as they can be normal in certain individuals. 
This portion of the exam ination is only reliable if  dis
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tinct differences are noted from side to side. It is also 
helpful, as in motor testing, to use repetitive testing 
of certain reflexes to uncover a dampening or fatigu
ing character that ordinarily would not be realized 
w ith single attempts, especially if the deficit is subtle. 
Again, m edical illnesses or advanced age may result 
in dim inished reflexes, though these should be equal 
bilaterally. The most com m only tested reflexes are 
the patellar tendon reflex, prim arily innervated by 
the L4 nerve root, and of the A chilles tendon reflex, 
subserved by the S i  root. There are possible varia
tions here, for in some cases the L3 root plays a 
greater role in the knee reflex. It is rare that the prac
titioner tests for an L5 reflex change, but if desired 
the tibialis posterior m uscle tendon reflex can be elic
ited by gently tapping the tendon just above the ankle 
with the foot in eversion and m ild dorsiflexion.

By far one of the most convincing confirmatory 
signs of a compressed nerve root is the successful use 
of one of the tension signs. Several authors have ex
pounded on the diagnostic certainty obtained when 
a clin ical exam ination is corroborated by a positive 
nerve root tension sign. Hirsh and Nachemson clas
sically described their improved diagnostic ability 
when objective findings are coupled w ith provoca
tive tests and myelographic data (40). They were able 
correctly to predict a herniated disc 55%  of the time 
w ith objective neurologic findings only, as confirmed 
by surgically documented root compression. W ith 
the addition of a positive tension sign, however, their 
correct diagnoses rose to 86% , and when accom pa
nied by radiographic data as w ell, it was 95% . In a 
review of 2504 operations, Spangfort reported that 
the straight-leg-raising sign was positive in over 90%  
of cases (84). The classic straight-leg-raising test is 
performed with the patient supine and the examiner 
passively elevating the patients leg with the knee 
locked in extension. Usually the test can be repro
duced w ith the patient sitting, as one would perform 
the remainder of the examination. W ith elevation of 
the limb, the patient is asked whether or not the ra
dicular symptoms or leg pain is exacerbated by this 
maneuver. Back pain alone in not indicative of a pos
itive test, nor is discomfort from tight hamstring m us
culature. The exam iner must also be cognizant of ex
cessive lumbar lordosis or hip extension, w hich may 
be the patient’s m echanism  to dim inish the painful 
symptoms. A variant of this test includes the addition 
of foot dorsiflexion to further exacerbate the radicu
lopathy. There are several other types of tension 
signs that are reviewed in the literature (81). The 
standard test is the formal supine straight-leg-raise 
or its variant, the seated test described above, 
w hich have been associated w ith the name Lasegue. 
These prim arily involve traction of the L5 or S i  roots. 
The contralateral or w ell leg straight-leg-raise also

stretches these roots, and if positive strongly suggests 
an axillary herniation involving the opposite root. 
Those roots more cephalad have been shown to move 
m inim ally or not at all w ith these maneuvers. To test 
these roots the exam iner may use the femoral nerve 
stretch test to elicit pain involving the L 2-L 4 roots. 
This is best performed w ith the patient on lying on 
the contralateral side. In this position the examiner 
stabilizes the pelvis w ith one hand and then slowly 
extends the hip using the thigh and flexed knee as a 
lever. In a positive test, pain is reproduced along the 
anterior thigh.

Regardless of the position of the patient, provoc
ative tests such as these further support the diagnosis 
of a herniated nucleus pulposus. This is especially 
sensitive in the young patient, who lacks significant 
lateral recess stenosis to confound the diagnosis. In 
patients over 30 years of age a positive test, although 
significant, is not as clearly associated with solely a 
disc herniation. In addition, older patients may not 
exhibit a positive straight-leg-raise test despite the 
presence of a disc herniation. Spangfort showed that 
in patients under 30 years of age, the lack of a 
straight-leg tension sign in patients w ith sciatica pre
dictably excluded the presence of the diagnosis of a 
herniated disc (84).

The remainder of the physical examination should 
of course include the com plete musculoskeletal re
view, keeping in mind that various hip and knee ar
thropathies may m im ic lumbar radicular pain. The 
exam ination of the cervical spine is also important 
because occasionally symptoms referable to cervical 
myelopathy may m anifest them selves as lower ex
tremity com plaints. Performing a peripheral vascular 
exam ination is vital in all potential surgical candi
dates, for not only may the symptoms of peripheral 
vascular disease or associated m edical illnesses 
m im ic those of neurogenic disc disease, but also the 
exam ination may reveal occult limb-threatening dis
ease. W hen indicated by the physician’s clinical sus
picion, a thorough abdominal and rectal examination 
may disclose masses or tenderness that later prove to 
be the cause of the original com plaints and allows for 
prompt referral to a m edical or surgical specialist.

Radiologic Evaluation
The role of radiologic testing is to confirm a previ
ously determined provisional diagnosis. All too often 
patients arrive in the surgeon’s office already having 
obtained an outpatient MRI exam ination, without 
having had a com plete physical exam ination or even 
plain film exam ination. As noted earlier, the best in
dication for surgical intervention is when an objec
tive neurologic finding is associated with a positive 
tension sign and coirfirmed with a positive radiologic
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finding. Those radiologic tests include plain films, 
computerized tomograms (CTs), myelograms, and 
magnetic resonance imaging.

The role of routine screening x-ray films of the 
lumbar spine has recently come under question. In 
this age of cost containm ent, several authors have 
noted the inefficiency and low prognostic yield on 
surveillance films. Given the favorable natural h is
tory of lov\/ back pain it has been suggested that rou
tine radiographs in atraumatic situations be delayed 
for an initial treatment period of 8 weeks (60). During 
this time many patients w îll show  ̂improvement. Cer
tainly in primary care settings it is reasonable to be
gin treatment with a presumed diagnosis, and if  im 
provement is not seen w ithin a specified period of 
time then the workup can ensue. In many surgeons’ 
offices, however, a referral pattern is set up so that 
the initial evaluation by the surgeon is in fact a fol
low-up visit for the patient, and neglecting to rule out 
other, more malignant forms of pathology at this time 
may be questionable. There is usually no urgency, 
however, and the surgeon can see the patient again 
in follow-up prior to obtaining his or her own radi
ologic studies. In order to facilitate this decision 
process, Deyo and Diehl have formulated guideline 
criteria for ordering plain radiographs (20). These in
clude patient’s age over 50 years, history of trauma, 
cancer, night pain, rest pain, weight loss, drug and 
alcohol abuse, steroid usage, elevated temperature, 
neurologic deficits, or indications of ankylosing 
spondylitis. Although theoretically accepted, m edi
colegal ramifications may preclude the strict adher
ence to these guidelines.

Before considering the use of any of the more ad
vanced modes of radiologic investigation it is impor
tant to review the various studies that have revealed 
the incidence of abnorm alities in the asymptomatic 
population. The report by Hirsh and Nachemson re
ferred to earlier (40) has been the landmark study em
phasizing the need to support one’s provisional di
agnosis with objective findings, tension signs, and, 
most important, a directed positive finding on my
elogram. For some tim e the contrast myelogram, in i
tially oil based but now with a water-soluble agent, 
was the “gold-standard” test by w hich all others 
were compared (Fig. 20.2). Since then, w ith the ad
vent of magnetic resonance imaging and im prove
ments in computed tomography, these less invasive 
and much more sophisticated studies have become 
more popular and more specific. Their popularity has 
risen because of their noninvasiveness, outpatient 
status, the ability through MRI to visualize the soft 
tissue anatomy with extreme precision, including the 
spinal cord, disc material, epidvu’al contents, bony or 
fat infiltration with tumor or osteom yelitis, sagittal 
multiplane imaging, and the ability through both CT

FIG U R E 20.2.
Anteroposteiior myelography shows decreased filling of L5 
roots bilaterally (arrows). This patient had a moderately 
large central herniated disc.

and MRI to visualize the lateral extent of the roots, 
their foramina, bony confines, and possible lateral 
disc herniation otherwise m issed on myelograms 
(Fig. 20.3). Despite these advantages, again, it is nec
essary to use these studies as confirmation of previ
ously suspected pathology, as in all cases abnormal 
findings may be identified in clearly asymptomatic 
individuals. All three studies have significant false 
positive rates. In reviewing 300 patients undergoing 
oil-based myelograms for posterior fossa tumors, Hit- 
selberger and W itten found a 37%  rate of abnormal 
findings in the spine, with 24%  involving disc ab
norm alities in the lumbar spine (43). This was later 
verified w ith computed tomography by W iesel et al..



4 3 4 SECTION IV: DEGENERATIVE DISORDERS

FIG U R E 20.3.
A. An axial MRI showing a posterolateral L5-S1 heiniated disc impinging on the S i root (arrow) B. A sagittal MRI showing 
an L5-S1 foraminal herniated disc impinging on the L5 root (arrow) i
who found a 37%  incidence of disc abnorm alities in 
50 normal volunteers (95). More recently MRI find
ings were shown to be equally sensitive in the asymp
tom atic, w ith an overall 33%  false positive rate, with 
20%  in patients under 60 years old having a disc her
niation (8). Jensen et al. in 1994 also found a signif
icant abnormality rate in asymptomatic subjects, 
with 38%  having an abnormality at more than one 
level (50).

As the techniques and software continue to im 
prove, so w ill the accuracy and definition of these 
studies. From the outset the versatility of the multi- 
planar CT and MRI evaluations seemed to outpace 
the less sophisticated myelogram. In many cases this 
is in fact true. M odic et al. reviewed the overall effi
cacy of all three studies and concluded that for disc 
disease and spinal stenosis the MRI was more accu
rate than myelograms (82.3%  versus 71.4% ), and vir
tually equivalent to CT (82.3%  versus 83% ) (72). 
Since many practitioners com bine myelograms with 
postmyelographic CT scans to visualize the lateral 
recesses and bony elem ents, it would seem logical 
that the diagnostic accuracy would improve with 
sim ilar com binations with MRI. In the same study 
M odic confirmed this theory and noted a combined 
increase in accuracy with MRI and CT that proved 
equal to the com bination myelogram and CT (92.5%  
versus 89.4% ). Given the invasive nature of m yelo
grams and the labor-intensive m ultiple imaging re
quired, it appears reasonable to suggest that the CT/

MRI com bination is more attractive to patients. 
However, with differences in imaging quality of 
the various MRI centers in  a community, and with 
the extensive experience with myelograms and post
myelographic CT scans in some centers, there still 
may be a selective role for the latter com bination, es
pecially in the evaluation of central and lateral recess 
stenosis in th e  elderly. At present, however, the MRI 
has come to provide a significant advantage in the 
evaluation of sequestered disc herniations, soft tis
sues of the spine, especially at the thoracolumbar 
junction, tumors, and osteom yelitis (66, 71). Also, in 
the back-pain patient for whom treatment has failed, 
gadolinium -enhanced MRI Images facilitate the dif
ferentiation of epidural fibrosis versus retained or re
current disc herniation (7 ,1 0 , 25, 29). MRI or CT can 
be the definitive test prior to taking the patient to 
surgery. These imaging studies are important in de
fining the type and location of the herniated disc, 
w hich is paramount in the surgical patient (Fig. 
20 . 1).

Discography at present is controversial. A disco- 
gram is performed on an awake patient by inserting 
a needle through the m idline into the center of the 
disc. The disc is then in jected w ith a known quantity 
of water-soluble contrast material while the patient’s 
symptoms are being monitored. Plain radiographs of 
the lumbar spine are examined for extrusion of the 
contrast m aterial, degeneration of the disc contents, 
and other abnormalities.
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In centers at w hich large numbers of patients w ith 
back and leg pain are treated, lumbar discography is 
not frequently performed. The reasons for this in 
clude difficulty in performing the test, a high per
centage of false positives, uncertainties about the use 
of the patient’s response as a part of the test, and the 
lack of universal acceptance of the results. To many, 
the sophistication of modern CT and MRI studies, 
complemented with water-soluble contrast myelog
raphy, render the value of the discogram relatively 
insignificant. Though not substantiated by statistical 
data, it is the senior author's im pression that in many 
instances discography is used w hen the exam iner is 
looking for some type of “abnorm al” test results, par
ticularly to fit the accident-related etiology, or to give 
credence to a chronic pain syndrome. There seem to 
be few occasions on w hich the discogram can genu
inely add to the discussion of the cause of the pa
tient’s symptoms. In a com parison of MRI and dis
cography at 264 disc levels in 90 patients with 
incapacitating back and leg pain, Birney et al. found 
an 86% agreement between the two tests. MRI was 
more sensitive (100% ) than discography (86% ) in the 
detection of disc herniation. Although the discogram 
was more likely to show findings of “disc degenera
tion,” the exact meaning of this abnormality was not 
discussed (6). The precise value of this test and its 
ability to elucidate the patient’s com plaint remain 
highly speculative.

Conservative Treatment of 
Disc Disease
Dillin in 1994 passionately outlined the troubles and 
frustrations of any scientist or thinker who dares to 
approach the conundrum of back pain and its non- 
surgical treatment (24). Although it is one’s hope al
ways to rest one’s clin ical decisions on truths based 
in science, he states that at this time we can only rely 
on our common sense. The literature, although re
plete with papers on the topic, has not yet provided 
us with any absolute understanding of disc disease 
process or its treatment. The practitioner is guided 
only by the desire to alleviate the patient’s suffering 
quickly and efficiently, and certainly to do no harm. 
However, the role of conservative versus operative 
treatment for disc disease, unless specifically di
rected toward the treatment of isolated extruded disc 
herniations, is fraught with potential failure. In re
ality, the conservative route may sim ply be a means 
of symptomatically allowing the patient to play the 
odds and w in a war of attrition over low back pain. 
To become victor is to overcome the physical decon
ditioning, m edicinal dependency, and psychological 
weakness of disabling pain by m axim izing those ac
tivities that have some basis, at least in common

sense, for providing improvement in m ental and 
physical health.

It was the logical approach that gave us the Penn
sylvania plan (Fig. 20.4) (98). Form ulated through an 
analysis of numerous cases of back-pain patients for 
whom treatment had failed, it was an algorithm by 
w hich the practitioner could efficiently diagnose and 
treat ailm ents of lumbar disc disease and m inim ize 
unwarranted surgery and extraneous radiologic tests. 
It was a means of providing order to the decision
making process and of standardizing such treatment, 
and it continues to assist the practitioner in this task.

Rest and im m obilization are basic tenets in the 
treatment of many m usculoskeletal injuries. The idea 
of dim inished pain and inflammation is always bal
anced w ith the potential loss of m otion and atrophy 
of tissues. The very argument for bed rest and im 
m obilization in the treatment of low back ailments 
and sciatica has been challenged, leaving the patient 
w ith seemingly contradictory advice. It is known that 
intradiscal pressures dim inish with recum bency 
(73). Prolonged recum bency, however, has been be
lieved to potentiate osteoporosis and other diseases 
of disuse (99). Deyo, Diehl, and Rosenthal have sup
ported the idea that some rest is beneficial but that 
too m uch is not necessarily better. Their conclusion 
was that 2 days of bed rest rather than 7 days allowed 
for a higher rate of return to activities and less time 
away from work (21). W iesel’s study of 980 m ilitary 
trainees with low back pain also documented that to 
some degree bed rest is beneficial (96). Neither study, 
however, dealt with the addition of radiculopathy to 
the picture. W ith an understanding of the natural h is
tory of sciatica, the extrapolation—based on common 
sense— can be made. In the end it is our intuition that 
tells us that initially  bed rest is necessary, in order to 
moderate the acute inflammation of back pain and 
sciatica, but a graduated program of increasing activ
ity must be m aintained. The use of traction devices, 
although advocated by some, has had no clear sup
port in the literature and has been shown by others 
to have no affect on the natural course of sciatica (57, 
93). W eber et al. showed no statistically significant 
difference w ith or without traction on final outcome, 
eventual spinal m obility, motor deficits, and the like.

The role of drug therapy in the treatment of lumbar 
disc disease is a necessary topic of discussion, both 
for the attributes of analgesic use as well as the dan
gers of inappropriate administration. The agents 
available include various nonsteroidal anti-inflam
matory drugs (NSAIDs), narcotics, steroids, m uscle 
relaxants, and anxiolytics/antidepressants. The 
cause of most pain production likely has to do with 
the irritation or inflammation of local structures dam
aged during the process of disc degeneration, stim 
ulation of local sensory nerves by pressure or chem 
ical irritants, or direct inflammation of local nerve



FIG U R E 20.4.
Pennsylvania Plan algorithm for low back pain and leg pain. (Reprinted with permission from Rothman RH, Simeone FA. 
The spine. 3d ed. Vol. 1. Philadelphia: WB Saunders, 1992.)

roots, producing radiculopathy. The mainstay of the 
pharmacologic outpatient treatment of these factors 
is the use of aspirin or NSAIDs. W ith proper m edical 
follow-up to m inim ize the detrimental side effects, 
the physician can take advantage of the ability of 
these agents to decrease prostaglandin synthesis and 
dim inish chem otactic factors of inflammatory cells 
and their mediators. Contraindications to their ex
tended use may exist, however, because of their po
tent effects on renal function, coagulation, and ex
acerbation or initiation of peptic ulcer disease.

In some instances— for example, w hen acute res
olution of pain is needed to m aintain the patient’s 
work schedule— the anti-inflammatory effects of en

teral steroids may be instituted. In fact, they are so 
effective that they may produce an artificial percep
tion of improvement, w hich leads to disappointment 
when the steroids are discontinued. If steroids are 
administered, they must be used sparingly and only 
for short durations in order to prevent local and sys
tem ic com plications such as Cushinoid syndrome, 
avascular necrosis, ulcer disease, and so on. The se
nior author recom m ends the following schedule as 
both safe and effective: dexamethasone, 6 mg 4 times 
a day on day 1 , 4 mg 4 times a day on day 2, 2 mg 4 
tim es a day on day 3, 1 mg 3 tim es a day on day 4,
0.75 mg twice a day on day 5, 0.5 mg twice a day on 
day 6, and 0.5 mg once a day on day 7. This gradual
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tapering may reduce the rebound that can occur with 
abrupt discontinuance of this m edication.

The use of muscle relaxants is less than scientific, 
and its efficacy is speculative. Bed rest and NSAIDs 
remain the best way to remedy m uscle spasm. Cer
tainly in those patients who exhibit the clin ical signs 
of depression it may be useful to attempt a trial of 
antidepressant m edication to break the negative cy
cle. The clues to evaluating the symptoms in such a 
patient were reviewed earlier and are usually asso
ciated with those experiencing chronic symptoms. If 
the symptoms are severe, psychiatric evaluation 
should not be delayed.

Another means of nonoperative therapy is the use 
of epidural steroid injections. Over the years various 
studies have addressed the effectiveness of this form 
of treatment. Since it was first introduced by Evans 
in 1930, the general consensus in the literature is that 
results were favorable over the short course; how
ever, studies have also concluded that there is no role 
for epidural steroid in jections in lumbar radicular 
pain (17, 23, 26). At present, many clinicians still rely 
on this treatment in cases of refractory radicular pain 
in patients who are not clear candidates for decom 
pressive surgery and often in patients with spinal ste
nosis for whom the risks of surgery are too great. The 
usual treatment plan is to adm inister a series of three 
injections at 1-week intervals. Several side effects are 
possible, including spinal headache, hypotension, 
and exacerbation of symptoms, so their judicious use 
is recommended.

Facet joint in jections have for years been another 
commonly discussed mode of treating the low back 
syndrome. Although there have been studies to im 
plicate the facet capsule as a source of pain and oth
ers have noted pain production with percutaneous 
distension of these joints, there have been no studies 
to support statistically the predictive value of their 
use (12, 49, 61).

The general treatment recom m endations of 
chronic low back pain in most cases involves en
couraging the patient to participate in exercise ther
apy. It has long been believed that people who reg
ularly enjoy aerobic exercise Jlevelop a stronger sense 
of wellness and good health and often a better out
look. It also has positive effects on overall body 
weight and m uscle conditioning. Cady et al. have 
been frequently cited as having shown that firefight
ers who have been most aerobically fit have had no 
recurrences in episodes of low back pain, unlike 
those who were considered least physically fit (11).^ 
The exact m echanism  by w hich exercise extends a 
protective effect over the spine is not known. 
Whether due to endorphin release, weight loss, erec
tor spinae m uscle strength, or overall conditioning, 
the benefits are real and common sense dictates that

the use of exercise in the treatment of chronic back 
pain is reasonable (4, 59).

Surgical Treatment of Lumbar 
Disc Disease__________________________
The indications for surgical excision of herniated 
lumbar discs, as m entioned earlier, are maximized 
when a specific neurologic deficit is com bined with 
a focal radiologic study and a tension sign. The treat
m ent for radiculopathy, w ith focal or advancing neu
rologic sequelae, unresponsive to 3 months of con
servative treatment is definitive and often rewarding. 
The problem atic patients are those who do not have 
advanced deficits or who appear partially or totally 
disabled due to pain; this is especially true if the sole 
com plaint is back pain. There are no definite criteria 
that can be applied to each patient. The evaluation 
of these more com plex individuals requires an ex
perienced physician to assim ilate and prioritize the 
various physical, psychological, econom ic, and per
sonality factors evident in each encounter. These in
cludes age, activity level, goals in  life, degree of per
ceived incapacitation, employment profile, presence 
or absence of depression, expectation from medical 
or surgical treatment, and willingness to accept less- 
than-optimal results. Certain factors in the patient 
profile w ill not be altered despite the most precise 
surgical techniques— the patient’s mood, conception 
of illness, disability, and willingness to relinquish 
his or her symptoms. For this reason the senior au
thor has made an effort not to operate on patients 
w ith work-related injuries, nor on those involved in 
litigation, unless there is advancing neurological def
icit. Poor results in this group are common, and the 
uncertainties involved make it difficult for the sur
geon to deal properly with patients who are involved 
in  com pensation and litigation.

Surgery is considered in well-motivated patients 
who have responded incom pletely to nonoperative 
therapy and who remain unable to perform activities 
important to them. W hen back pain predominates 
without obvious signs of instability, or when radic
ulopathy appears less specific and without precise 
abnormal radiologic findings, the patient must be 
willing to accept a less-than-perfect result, especially 
in the face of the known natural history of repeated 
waxing and waning of symptoms. He or she must be 
made aware of the risks of the surgery and weigh 
these against the possibility of prompt relief. If the 
patient is unw illing to understand these choices, too 
anxious to have surgery, exhibits overt signs of sec
ondary gain, has a psychological predisposition to a 
low threshold for pain, or has an exam ination w ith
out radiologic specificity, then a longer course of con-
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sexvative, nonsurgical treatment is the only wise op
tion.

There is a more positive side to the story. The most 
gratifying aspect of patient care in this specialty is 
likely to come from patients treated surgically for 
herniated discs and radiculopathy. The various sur
gical alternatives available include standard discec- 
tomy techniques and m icrodiscectom y, with other 
treatment options such as percutaneous discectom y 
and chym opapain chem onucleolysis. The surgical 
approaches to the patient w ith lumbar disc disease 
should all require the same indications for surgery. 
M icro techniques are no different in their absolute 
indications than standard lam inectomy. The percu
taneous or chem onucleolysis approaches, however, 
have stretched these indications and usually require 
less severe (nonextruded or contained) disc protru
sions to m axim ize their effectiveness. This, however, 
challenges the natural history of the disease and its 
known ability to resolve in these instances. Herein 
lies the controversy. The general indications for de
com pression of root com pression via formal or m i
crodiscectom y are in those patients with increasing 
neurological deficits, profound bowel or bladder dys
function, failure of appropriate, monitored conser
vative treatment, or recurrent episodes of sciatica, all 
of w hich require specific physical exam ination find
ings, absolute radiologic confirmation, and prefer
ably the presence of a tension sign, especially in the 
young. The outcomes of such treatment have been 
w ell documented for standard discectom y, w ith 90 
to 95%  good-to-excellent results, as w ell as w ith m i
crodiscectom y alternatives, with 88 to 96%  good-to- 
excellent results (35, 40, 47, 84, 85, 97). The possible 
added com plications of using a lim ited exposure 
such as nerve root or dural injury, or the inability to 
fully evaluate the pathology, can be m inim ized 
through the judicious use of surgical magnification, 
appropriate intraoperative radiologic confirmation of 
level, and the m aintaining of one’s attention to detail 
and the dogged quest to find clearly observable root 
com prom ise at the operative level. If the surgeon is 
disappointed with the degree of pathology found in- 
traoperatively, it is likely that the level is incorrect.

The alternatives to formal discectom y, namely, 
chem ical ablation of the disc space (chem onucleol
ysis) or percutaneous disc removal, rem ain contro
versial, with several advocates and numerous more 
conservative skeptics. In chem onucleolysis chym o
papain is in jected into the disc space to degrade en
zym atically the nucleus pulposus. This in turn de
com presses the disc volume and secondarily reduces 
the pressure on the bulging or herniating material. 
The indications for this technique are lim ited. These 
include large herniations filling more than 50%  of 
the sagittal canal, pedunculated disc fragments, or 
sequestered free fragments (69). Chem onucleolysis

would be precluded by additional bony encroach
ment seen on CT scan or calcification of the disc frag
ment. Thus it would seem to the skeptic that the pro
cedure is best indicated for small disc protrusions 
that often respond to conservative treatment. How
ever, there continue to be studies in support of the 
efficacy of the technique, and these note success rates 
approaching 75%  (30, 62, 91). Given the lower suc
cess rate, many contraindications, and the potential 
com plications, including anaphylaxis, nerve injury, 
and discitis, standard or m icrodiscectom y tech
niques remain the treatm ent of choice for the herni
ated disc.

Percutaneous or artliroscopic techniques, too, 
have not approached the established success rates of 
the open procedures. The documented rates range 
from 55 to 85%  (18, 36, 77). The future may bring 
improved techniques, with arthroscopic visualiza
tion m inim izing risk and improving the root decom
pression. At present, however, the open techniques 
prevail.

Finally, the indications for fusion in the lumbar 
spine are lim ited in disc disease. Radiologic evidence 
of instability in the patient with back or leg pain often 
requires surgical fusion. Fusion is also required in 
cases in w hich the removal of facets and foramino- 
tom ies are required for adequate decompression of 
neural structures, resulting in an unstable motor seg
ment, and in cases of neural arch defects associated 
w ith disc disease. The debate, however, is focused 
on those problem patients who exhibit disabling pain 
w ith no objective findings other than disc degenera
tion. Although the literature has yielded no clear 
findings on the validity of discography in the evalu
ation of possible diseased discs, there are many who 
rely on it to indicate patients who are candidates for 
fusion, and at present this usage is not clearly based 
in science (44, 79). Given the litigious clim ate of re
cent years as w ell as the abundance of disability 
claim s and new scrutiny of lumbar surgery, fusion 
surgery, and instrum entation, it appears evident that 
a conservative approach to these individuals will 
best serve both the patient and the practitioner.
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CHAPTER TW ENTY ONE

Spinal Stenosis
Howard S. An and Thomas G. Andreshak

Introduction
The onset of back and radicular pain in the elderly 
population signals the development of degeneration 
of the intervertebral disc and the underlying patho
physiology of spinal stenosis. The com plex array of 
symptoms and signs differs between individuals and 
may vary temporally in an individual patient. The 
narrowing of the spinal canal that occurs in stenosis 
may be asymptomatic but generally presents as vary
ing degrees of lower extrem ity weakness, pain, dys
esthesias, and dysreflexias. New research is focusing 
on compression of the cauda equina and nerve roots. 
The structural relationship between the neural ele
ments and the discs, facets, hypertrophic ligaments, 
and bony abnormalities is better understood.

Mixter and Barr confirmed in 1934 that disc de
generation may be the primary factor for sciatica 
symptoms in patients w ith spinal stenosis (84). Sub
sequently, in 1954, Verbiest introduced the concept 
of lumbar spinal stenosis w ith a narrowed spinal ca
nal compressing the neural elem ents (127). Verbiest 
and, independently, Kirkaldy-W illis, contributed im 
mensely to the understanding of spinal stenosis and 
the underlying pathophysiologic concepts (6 3 -6 6 ,
128, 129).

The spinal canal can becom e narrowed or undergo 
stenosis in several locations, including the central 
spinal canal, the lateral recess, and the intervertebral 
foramen. The degree and location of the stenosis pro
duce the various clin ical presentations, from single 
root radiculopathy to m ultilevel symptoms.

Spinal stenosis may be divided into two groups: 
congenital and acquired stenosis (Table 21.1). Con
genital stenosis occurs in achondroplastic dwarfs 
and in  those w ith an idiopathic narrowed canal (29, 
1 0 0 -1 0 2 , 138). The congenital stenosis in achondro
plasia w ill not be addressed here; in this chapter the 
degenerative changes associated with idiopathic or 
developmental narrowing w ill be discussed.

Acquired stenosis develops from many conditions 
and may be secondary to degenerative stenosis, iat
rogenic causes, trauma, defects of the pars interartic- 
ularis, and various other causes (3, 13, 27, 28, 30, 51,
61, 102, 132).

Pathophysiology______________________
The phenom enon of pain in spinal stenosis is easy to 
understand as it is related to instability of the spinal 
m otion segments, nerve root com pression, and de
generation of the intervertebral discs and facets. 
Questions are raised, though, as to why not all pa
tients with spinal stenosis are symptomatic, or why 
individual variation exists in  clin ical presentation. 
Spinal stenosis is part of the aging process, and the 
changes it brings are found in a majority of the 
asymptomatic population.

The posterior ramus and the sinuvertebral nerves 
of the spine have been im plicated as the source of 
pain in spinal stenosis (26, 57, 117, 119). Inflamma
tion of these nerves is plausible as a cause of pain, 
but it has been difficult to study the process, and thus

4 4 3
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TABLE 21 .1 .
Classiiication of Spinal Stenosis
I. Congenital-developmental stenosis

a. Idiopathic (hereditary)
b. Achondroplastic

II. Acquired stenosis
a. Degenerative
b. Combined congenital and degenerative stenosis
c. Spondylolytic/spondylolisthetic
d. Iatrogenic (e g., postlaminectomy, postfusion)
e. Posttraumatic
f. Metabolic (e.g., Paget's disease, fluorosis)

their involvem ent may not be significant. Venous sta
sis has been postulated as a cause of pain in spinal 
stenosis. Arnoldi et al. demonstrated vertebral ve
nous hypertension in patients vyith spinal stenosis 
(3). This theory is questioned for many reasons. The 
lumbar spine has a large anastomotic plexus, and the 
veins are valveless, so stasis should not be signifi
cant. Pain is relieved by postural changes and can 
occur rapidly. This should not occur in stasis, where 
relief would be expected to arrive slowly and not 
simply through flexion in the erect position. Rapid 
venous decompression by postural changes should 
not occur.

Compression of the cauda equina has been dem
onstrated to be a direct cause of symptomatic spinal 
stenosis. Schonstrom  and associates used cadaveric 
spines and circum ferential bands to narrow the 
cauda equina (114-116). A m inim al cross-sectional 
area of 77 ±  13 mm^ at L3 was needed for the neural 
elements in the dural sac. A further decrease in cross- 
section would result in an increase in pressure along 
the nerves. The midlumbar spine required a narrow
ing to 50%  of the normal area to increase pressure 
significantly and presumably to a point at w hich 
symptoms would occur. Rydevik and associates con
firmed this 50%  value by demonstrating alterations 
in nerve root and capillary function with pressures 
above 50 mm Fig (92, 93, 95, 112]. Because of the 
variability in the size of the lumbar spinal canal, in 
the size of the nerve roots, and in the induced pres
sures with variations of cross-sectional area, this may 
explain the diverse presentation of signs and symp
toms in individuals and the population. Rydevik and 
associates demonstrated that m echanical com pres
sion of spinal nerve roots leads to neurologic changes 
in circulation, conduction, and transport (21, 92, 94, 
95, 1 09 -112). Delamarter and colleagues confirmed 
earlier studies by finding that w ith a 50%  or greater 
constriction of the cross-sectional area, motor and 
sensory deficits were observed (23).

Studies of the vascular supply of the cauda equina 
and peripheral nerve roots give a more plausible ex
planation of symptoms in spinal stenosis. A region 
of hypovascularity occurs at the area of intersection

of the central and radicular blood systems w ithin the 
cauda equina and spinal nerve roots (98, 99). The 
dorsal root ganglion has an extensive vascular net
work and increased vascular permeability, which in
dicates an increased m etabolic function (4, 96, 99). 
C linical symptoms may result from the vascular and 
nutritional deficiencies that occur because of com
pression, fibrosis, edema, ischem ia, inflammation, 
and reduced metabolism. Although the exact path- 
oetiology is not fully known, the degenerative proc
esses in the spine result in the m echanical and phys
iologic changes, com pression, ischem ia, altered 
m etabolism, and neural inflammation that character
ize the pain and neural symptoms of spinal stenosis.

Pathoanatomy 

Intervertebral Disc
The main determinant of the onset of spinal stenosis 
and the cascade of related symptoms is disc degen
eration (64, 66, 67, 69). Kirkaldy-W illis and associ
ates promoted the three-joint com plex concept (63,
64, 66, 67). The disc acts as one of the joints, and the 
facets comprise the posterior joints of the tripod con
figuration. A change in  one of the joints leads to ab
normal stresses in the other joint com plexes, and 
with the disc as the primary dysfunctional unit the 
arthritic process of the facets is accelerated and pro
motes further disc degeneration. Videman et al. have 
shown that in 20%  of degenerative spines, facet de
generation precedes disc degeneration (130).

The intervertebral disc degenerates with increas
ing age, and disc degeneration can be observed ra- 
diologically w ith increasing frequency as a popula
tion ages (62). Many of the changes of the aging and 
degenerating disc may not be pathologic and remain 
asymptomatic without any definite signs (18, 49). 
Disc degeneration is characterized by a bulging an- 
nulus fibrosus, w hich narrows the central anterior 
spinal canal and may be associated with a frank her
niation. Bony osteophytes, ligament buckling, and 
facet hypertrophy may slowly progress and cause the 
stenosis. The normal spinal canal has an anteropos
terior diameter of 12 mm or more and a cross-sec- 
tional area of 77 ±  13 mm^ (115, 116). The shape of 
the spinal canal may have a significant role in the 
etiology of stenosis and in symptomatic patients with 
relatively early degeneration of the disc. The spinal 
canal may be round, ovoid, or trefoil-shaped. The 
round canal is most favorable, whereas the trefoil ca
nal leaves the lumbar roots prone to com pression in 
the lateral recess (31, 32, 104, 105, 136); the devel
opment of symptoms is not a certainty with a trefoil 
canal, however (71).

As the intervertebral disc ages, the annulus fibro
sus becomes more distinct and the gelatinous nu
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cleus pulposus is less differentiated from the annulus 
(18, 41, 49, 126], Circumferential tearing is the first 
stage in the degenerative cycle, as shown by Kir- 
kaldy-Willis and associates (64). The circum ferential 
tears combine and expand, with subsequent radial 
tears evident. The disc and hence the intervertebral 
space collapses because of biochem ical and m echan
ical changes in the disc. Dehydration of the disc oc
curs with a concom itant breakdown and loss of col
lagen and proteoglycans. Collapse and Assuring 
occur and lead to posterior bulging of the disc along 
the posterior longitudinal ligament. These changes 
occur in the more m obile spinal segments of L5-S1 
and L 4-5  in itially and then progress cephalad.

Nachemson classified intervertebral disc degen
eration into four grades on the basis of the progres
sive loss of the nucleus, indistinct nucleus-annular 
border, fissuring of the annulus, and marginal for
mation of osteophytes (87). M iller et al. found in a 
collection of autopsy specim ens that L S -S l, L 4 -5 , 
and L 3 -4  were typically the most degenerative discs 
and that 97%  demonstrated degeneration by 50 years 
of age. The first appearance of degeneration was in 
the third decade in females and in the second in 
males (82). The fibrous border of the nucleus coa
lesces with the annular fibers, and after the second 
decade this border becom es indistinct, vv̂ ith subse
quent desiccation, cellular degeneration, cavitation, 
and calcium  deposition (19, 25). Fibrocartilage re
places the nuclear material. The mecha^iical prop
erties of the annulus becom e altered. The collagen 
fibrils of the annulus provide tensile strength, 
whereas those of the nucleus are generally loosely 
organized and subsequently increase in diameter and 
density with age (15). The proteoglycans of the nu
cleus provide the com pressive resistance of the disc 
and allow variation in hydration.

Water comprises about 80%  of the intervertebral 
disc. The annulus hbrosus is made up of about 78%  
water and the nucleus about 85% . The percentage 
falls to around 70%  w ith degeneration (3 7 , 45, 54, 
89, 90). Urban and M cM ullin demonstrated that pro
teoglycan and water content decrease with age, vary 
with spinal level, and are greater in the nucleus pul
posus (125). This hydration is dependent on the ratio 
of collagen to proteoglycan rather than age.

The proteoglycans of the disc, especia.lly the nu
cleus, are composed of glycosaminoglycEms of kera- 
tan sulfate and chondroitin sulfate attached to a pro
tein core. They are able to aggregate w ith hyaluronic 
acid and to link proteins. In aging and degeneration, 
the proteoglycan content decreases, aggregation 
decreases, and the ratio of keratan sulfate to chon
droitin sulfate increases (1, 45, 54, 77, 83 , 89, 125). 
Changes in the proteoglycan components of the disc 
are a result prim arily of proteolysis, and this is be
lieved to play a role in the degeneration of the inter

vertebral disc. Disc degeneration is a remodeling 
process in response to m echanical alterations and not 
a sim ple deteriorating process.

Facets
Degeneration of the lumbar disc places the facet 
joints at risk for deterioration as a result of the in 
creased m echanical stresses (5, 73, 76). The joints 
collapse concom itantly w ith the disc height, leading 
to overriding of the articular surfaces (139). The neu
roforamen is narrowed in  cross-sectional area and 
impinges on the spinal nerve root as it exits (86). 
W ith the collapse of the disc and overriding of the 
facets, posterior subluxation or retrolisthesis of the 
superior vertebral body occurs, w hich may entrap 
the nerve roof m the foramen between the hypertro
phic facets, vertebral osteoph3d;es, pedicle, and bulg
ing annulus. The osteophytes may trap and impale 
the nerve root and increase the stenosis (70). The 
bony configuration of the pedicles in the lower lum 
bar spine may explain the frequent symptoms of the 
lower lumbar nerve roots. The pedicles in the upper 
lumbar spine are concave on the inferior surface and 
tend to be sm aller in diameter than those of the lower 
lumbar spine, w hich are larger and transversely ori
ented (120). The pedicle thereby takes up more space 
in the degenerative narrowed neuroforamen. The 
caudal migration of the pedicle w ith disc degenera
tion may trap the nerve root between the pedicle su
periorly and the bulging disc and osteophytes infe- 
riorly. The vertebral body and facets lim it the 
neuroforamen anteriorly and posteriorly, respec
tively, so any change or degeneration in one of the 
components w ill compromise the space available for 
the nerve root. Facet arthritis occurs as in other sy
novial joints and generally is bilateral.

Facet degeneration may lag behind disc degen
eration, and posterior subluxations may occur, 
or degeneration may be concurrent, and the grad
ual realignment of the facets occurs with anterior 
subluxation of the superior vertebral body (34, 35, 38,
58, 106). The iliolum bar ligaments attach to the L5 
body and transverse processes and are believed to act 
as a checkrein, allowing more m otion at the L 4-5  
level and the subsequent increase in subluxation that 
is observed at that segment (72). The stenosis in
creases statically and dynam ically with the increase 
in disc degeneration, facet degeneration, subluxa
tions, and generalized disc and ligamentum flavum 
bulging. Traction osteophytes have been linked to 
and identified as a sign of this instability of the lum 
bar spine (79).

Zones of Stenosis
An understanding of the pathologic anatomy of spi
nal stenosis is important in relating the findings of
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the history and physical examination to areas of neu
ral impingement, interpreting imaging studies, and 
planning surgical approaches. Spinal stenosis can be 
divided into central stenosis and lateral stenosis.

Central stenosis is found at the intervertebral level 
and is caused by hypertrophic facets, ligamentum fla- 
vum buckling or hypertrophy, disc protrusion, and 
degenerative spondylolisthesis. Forty percent cases 
of central stenosis are secondary to soft tissue 
changes (8). The cauda equina is compressed cen
trally from the anterior-posterior direction at the in
tervertebral disc level. The discs bulge posteriorly, 
and the hypertrophied ligamentum flavum and facet 
joints intrude posteriorly. M ultilevel stenosis is com 
mon. Imaging studies such as magnetic resonance 
imaging (MRI) or myelography can vividly demon
strate the pathoanatomy of central stenosis. Intrathe
cal contrast from the surrounding bone and soft tis
sue created by T2-weighted images in MRI or with 
injectable contrast medium in myelography demon
strate where the cerebrospinal fluid (CSF) around the 
roots of the cauda equina is obliterated. In computed 
tomography (CT), midsagittal lumbar canal diame
ters of less than 10 mm are indicative of absolute ste
nosis, and diameters of less than 13 mm are indica
tive of relative stenosis (129]. Midsagittal lumbar 
canal diameters are not as reliable as the cross-sec- 
tional dim ensions at the level of the intervertebral 
disc, as most cases of degenerative spinal stenosis 
involve the facet joints and disc space. The lumbar 
epidural fat is usually obliterated in central spinal 
stenosis, although a small amount of fat may be pre
served in the m idline posterior to the dural sac, even 
in severe stenosis. In lumbar symptomatology, neu
rogenic claudication is usually the result of central 
canal stenosis.

Lateral stenosis is a common cause of lumbar ra
dicular symptoms. The lateral lumbar spinal canal 
includes the nerve root canal (lateral recess) and the 
intervertebral foramen. Together they form a tubular 
canal through which the nerve root exits the spinal 
canal. Lee et al. have divided the lateral lumbar spi
nal canal into three anatomic zones: entrance zone, 
midzone and exit zone (Fig. 21.1) (71). The entrance 
zone is the subarticular area medial to the pedicle 
and is synonymous with the lateral recess area; the 
midzone is located under the pars interarticularis 
and the pedicle; and the exit zone is synonymous 
with the intervertebral foramen.

The entrance zone is located underneath the su
perior articular process of the facet joint and medial 
to the pedicle. The entrance zone is the cephalad as
pect of the more commonly known lateral recess, 
which begins at the lateral aspect of the thecal sac 
and runs obliquely downward and laterally toward 
the intervertebral foramen. The lateral recess is bor
dered laterally by the pedicle, posteriorly by the su-

FIGURE21.1.
A diagram of three zones of the lateral spinal canal' en
trance zone proximally, mid-zone under the pars interar
ticularis, and the exit zone of the intervertebral foramen.

perior articular facet, and anteriorly by the postero
lateral surface of the vertebral body and adjacent 
intervertebral disc. The medial border of the lateral 
recess is formed by the thecal sac. The narrowest por
tion of the lateral recess is between the superior bor
der of the pedicle and the broad portion of the su
perior articular facet. The nerve root in this region is 
covered by the root sleeve and surrounded by cere
brospinal fluid. The lateral margin of the nerve root 
sleeve contacts the medial cortical bone of the pedi
cle, and the medial margin of the nerve root is sur
rounded by epidural fat tissue. The normal lateral 
recess measurements have been w ell delineated by 
CT. A lateral recess height of 5 mm or more is normal. 
A height of 2 mm or less is pathologic and a height 
of 3 -4  mm is suggestive of lateral recess stenosis (17). 
Narrowing of the entrance zone or lateral recess with 
nerve root com pression is most commonly caused by 
a posterolaterally herniated disc, w hich compresses 
the nerve root as it emerges from the dural sac. An
other common cause of nerve root com pression is a 
hypertrophic superior articular process, also known 
as lateral recess syndrome, superior facet syndrome, 
or nerve root canal stenosis (Fig. 21.2). These two 
causes account for the majority of cases of lateral spi
nal stenosis.

The midzone is located under the pars interartic
ularis and just below the pedicle. It is bounded an
teriorly by the posterior aspect of the vertebral body 
and posteriorly by the pars interarticularis. The me
dial boundary is open to the central spinal canal. The 
nerve roots normally run obliquely downward
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through the lateral recess into the intervertebral fo
ramen. The nerve root travels around the subpedi- 
cular notch and comes into contact posteriorly with 
the ventral w all of the pars interarticularis, where the 
ligamentum flavum is attached. CT provides accurate 
information on the pars interarticularis and shows 
the adjacent nerve root under the pars. In midzone 
stenosis a defect in the pars interarticularis is most 
commonly responsible for nerve root compression. 
For instance, in isthm ic spondylolisthesis the L5 
nerve root may be entrapped by the fibrocartilaginous 
tissue at the L5 pars defect. Another common cause 
of midzone stenosis is pedicular kinking. As the 
nerve root exits just inferom edial to the pedicle, 
kinking of the nerve root by the pedicle may be re
sponsible for radiculopathy. This phenom enon is 
more common in patients with scoliosis or spondy
lolisthesis, in w hich one pedicle may be lower than 
the other because of rotatory deformity of the verte
bral body or asymmetric collapse of the disc space.

The exit zone is formed by the intervertebral fo
ramen. The lumbar intervertebral foramen, w hich is 
shaped like an inverted teardrop, forms a tunnel that 
connects with the spinal canal. It is bounded supe
riorly and inferiorly by the pedicles of the adjacent 
vertebrae. The posterior boundary is formed by the 
pars interarticularis and the ligamentum flavum. The 
anterior boundary is formed by the posteroinferior 
margin of the superior vertebral body, the posterior 
margin of the intervertebral disc, and the posterosu- 
perior margin of the inferior vertebral body. The nor
mal foraminal height varies from 20 to 23 mm, and 
the width at the upper foraminal area varies from 8 
to 10 mm (49, 51), The ventral and dorsal nerve roots 
occupy 23 to 30%  of the area of the foramen and lie 
anterior to the dorsal root ganglion (DRG). The DRG 
lies within the superior lateral portion of the lumbar

A diagram of entrance zone stenosis, showing subaiticular 
entrapment of the nerve root.

FIGURE 21.3.
A diagram of intervertebral foraminal stenosis by osteo
phytes (midlevel) and a subluxating facet joint (lowest 
level) in the exit zone.

intervertebral foramen and directly below the pedi
cle in 90%  of lumbar levels (51). Foraminal height of 
less than 15 mm and posterior disc height of less than 
4 mm are associated with nerve root compression 
80%  of the time (49).

In exit zone or foraminal stenosis the nerve root 
can be impinged in an up/down or front/back fashion 
(Fig, 21.3). This can occur secondary to subluxation 
of the superior articular facet, a laterally herniated 
disc or protruding annulus fibrosus, or an uncinate 
spur from the posterolateral vertebral body. The 
nerve root may also be compressed at more than one 
site.

Clinical Presentation__________________ 

History
Clinical presentation of spinal stenosis may mimic 
other degenerative processes. Common disorders in 
the differential diagnosis include peripheral neurop
athy, vascular disease, and lumbar disc disease. 
Peripheral vascular disease is most commonly 
misdiagnosed because of neurogenic claudication 
symptoms.
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Degenerative spinal stenosis, the most common 
form, usually presents with an onset in patients 
whose age is in m id-50s to early 60s. Fem ales present 
with greater frequency than males and include those 
w ith degenerative spondylolisthesis as w ell [16, 40,
46, 47, 122). The usual presenting symptom is not 
back pain but leg pain. The leg pain may be true sci
atica, w ith com plaints in one extremity along a der- 
matomal distribution. Sensory, motor, and reflex 
changes may occur with the fifth lumbar root, the 
most commonly involved. Symptoms of neurogenic 
claudication are most com m only described at initial 
presentation. The pain classically radiates to the but
tocks and thighs and progressively radiates below the 
knees to the feet. Symptoms increase w ith activity. 
The symptoms are described classically as pain, 
burning, numbness, tingling, cramping, and weak
ness in  both lower extrem ities, but it may occur in 
only one (36, 66). Extension of the spine, such as 
in walking and standing, exacerbates symptoms, 
whereas flexion, in leaning forward or lying down, 
relieves symptoms (74).

Vascular claudication must be distinguished from 
the neurogenic claudication symptoms of spinal ste
nosis (Table 21.2). The pain from peripheral vascular 
disease starts distally w ith cramping and pain in the 
calves and progresses proxim ally; relief is obtained 
by standing still. The distance walked before onset 
of pain is fixed, whereas it is variable in spinal ste
nosis. Pulses may be absent and skin changes may be 
noted in vascular disease. Peripheral neuropathy is 
differentiated by a history of diabetes, hypersensitiv
ity in the feet with proximal extension, night pain 
with no relation to activity, stocking-glove distribu
tion of sensory changes, and weakness with posterior 
colum n involvement. Bladder dysfunction occurs in 
only 3 to 4%  of cases.

TABLE 21 .2 .
Comparison of Vascular with Neurogenic Claudication

V ascu la r N e u ro g e n ic
Claudication distance Fixed Variable
Relief after stop Immediate Not immediate

walking
Relief of pain Standing Flexion or sitting
Walk uphill Pain No pain
Bicycle ride Pain No pain
Type of pain Cramp and Numbness, ache.

tightness sharp
Location and Distal to proximal Proximal to distal

radiation
Pulses Absent Present
Bruit Present Absent
Skin Loss of hair, shiny Normal
Atrophy Rare Occasional
Weakness Rare Occasional
Back pain Uncommon Common
Lim itation of Uncommon Common

extension

Back pain is common in stenosis but is not the 
underlying cause for seeking m edical attention. The 
back pain of spinal stenosis is insidious in onset, ar
thritic in quality, and m echanical in  nature, occur
ring w ith activity. Radiation to the buttock is char
acteristic and, the pain is “tight” and burning in 
quality. The pain is aggravated w ith extension of the 
spine and relieved by flexion. Patients note relief 
w ith pillow s under the knees in bed, leaning on a 
walker, counter, or shopping cart, and propping a leg 
up w hile standing. The pain is increased in those 
with degenerative spondylolisthesis (9).

Physical Examination
Spinal stenosis is not usually confirmed by any de
finitive signs or findings in the physical examination, 
w hich may be confusing when attempting to formu
late the actual diagnosis or to understand the basis of 
presenting com plaints.

The gait may show a forward flexed posture with 
lim ited pelvis rotation. A shorter stride is sometimes 
noted. Palpation of the lower back usually does not 
reveal any tenderness. There is rarely any spasm, as 
seen in  disc herniations. Point tenderness over the 
sacroiliac joints or the sciatic notch may be noted. 
Range of m otion shows good forward flexion but lim
ited and painful extension. Brieg has shown through 
studies w ith cadavers that extension results in a 
shortened spinal canal, a broadening of nervous tis
sue, a shortening and broadening of the ligamentum 
flavum, posterior disc protrusion, and interference of 
the m icrocirculation of the cauda equina and nerve 
roots (12).

The results of the neurologic exam ination in the 
patient w ith spinal stenosis may be normal (78). The 
L 4 -5  level is most com m only involved, so any sen
sorimotor changes are likely to be in this distribution. 
Motor strength testing is usually unremarkable and 
may show mild weakness in the extensor hallucis 
longus m uscle or the tibialis anterior muscle. Atro
phy and weakness are more common in long-stand
ing disease but may be seen more frequently in lateral 
recess stenosis. Again, the fifth lumbar root is most 
often involved. Exercise, walking, or stair climbing 
may induce the symptoms. The straight-leg-raising 
test is often negative in cases of stenosis, unlike in 
patients with disc herniation. Reflex testing is unre
liable.

The relative absence of physical findings requires 
that the diagnosis of spinal stenosis be confirmed by 
radiologic imaging studies, w hich help to clarify the 
confusing picture of the patients symptoms.

Radiologic Findings
Plain x-ray film exam ination of patients w ith spinal 
stenosis w ill reveal many findings consistent with
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spinal column degeneration, including disc space 
narrowing, facet arthrosis, degenerative scoliosis or 
spondylolisthesis, spondylosis, and spinous process 
settling. These may occur in many com binations (20,
59, 66, 74, 123). An abnormality is not necessarily 
the cause of the patient’s com plaints (42, 137). The 
examination should include anteroposterior and lat
eral views, and flexion-extension lateral views may 
be considered in patients w ith segmental spinal in 
stability. Verbiest divided the m idsagittal canal di
ameter measurement into three groups: (a) 10 mm or 
less, pure absolute stenosis; (b] 1 0 -1 2  mm, pure rel
ative stenosis; and (c) m ixed stenosis (127). Degen
erative spondylolisthesis occurs more com m only in 
females than males, at a ratio of 4:1, and is six to nine 
times more common at the L4—5 interspace. Forward 
displacement is usually less than 30%  and usually 
occurs in the fifth to sixth decade (106). A loss of 
lumbar lordosis is noted, w ith an increase in the lum
bosacral angle. The increased stress thus placed at 
the L4-5  level and the stabilizing effect of the ilio 
lumbar ligaments predispose the L4—5 level to slip
page (16). The degree of slippage is not correlated 
degree of symptoms.

Instability is usually seen radiographically in flex
ion-extension radiographs (Fig. 21.4). The horizontal 
displacement or angular motion between two seg
ments or destruction of anterior or posterior struc
tures is believed to represent instability or the loss of 
the spine’s ability to maintain vertebral relationships 
(103, 133).

Imaging studies that allow the cross-sectional area 
of the spinal canal to be measured or evaluated rep
resent the current technique in confirming the diag
nosis of spinal stenosis. CT and MRI scans are best 
for identifying the location and degree of canal ste
nosis. As mentioned earlier, the shape of the canal 
has been implicated in the pathology of spinal ste
nosis; the shape may be circular, oval or trefoil in 
configuration (24). Approximately 15%  of lumbar 
spinal canals are trefoil in shape (108). The lateral 
recesses are more likely to be narrowed in the trefoil 
canal, resulting in stenosis of the nerve root (33). CT 
scanning has been used in identifying central and lat
eral recess stenosis (Fig. 21.5). Absolute stenosis is 
defined by a lateral recess diameter of 3 mm or less 
and relative stenosis of 3 -5  mm (17). Bolender and 
colleagues used CT and myelography to measure the 
dural sac and concluded that absolute stenosis oc
curred when cross-sectional area was 100 mm^ or 
less (8).

Myelography is believed to have a high specificity 
and sensitivity in identifying spinal canal stenosis. 
Bell and associates found that myelography was su
perior to CT scanning in confirming spinal stenosis 
(6). The myelographic appearance of spinal stenosis 
is an “hourglass” constriction at one or more levels

FIGURE 21.4.
Instability is usually seen radiographically in flexion-ex
tension radiographs. A horizontal displacement of more 
than 4 mm is indicative of instability.

FIGURE 21.5.
Axial CT scan of central lumbar spinal stenosis, showing 
facet hypertrophy (black arrow), ligamentum flavum (black 
arrow with L), and bulging disc (white arrow). The lateral 
recess is narrowed bilaterally (large black arrow).
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(81, 9 1 ,1 2 1 ,1 2 4 ) . Myelography allows the patient to 
be scanned in extension and possibly in hyperexten
sion to reproduce the pathology. False-positive re
sults are common, however, as reported by Hitsel- 
berger in 24%  of asymptomatic patients (55). 
False-positive CT results were also fairly significant 
in an asymptomatic group of patients tested by Wie- 
sel and associates (134). Individuals over the age of 
40 years had an incidence of 50%  (diagnosis of her
niated nucleus pulposus and stenosis), and the over
all incidence was 35 .4% . Combining CT scanning 
and myelography has not been shown to be statisti
cally better than either study alone, but they are com 
plementary in the surgical evaluation (Fig. 21,6) 
(131). The shape ofthe lumbar intervertebral foramen 
is not well demonstrated by transaxial CT scans. Sag
ittal reconstruction images may help to identify the 
bony abnormalities of the intervertebral foramen 
(Fig. 21.7).

Magnetic resonance imaging has rapidly becom e a 
valuable tool in the study of the spine. MRI does not 
use radiation, it produces images in sagittal, axial, 
and coronal planes, and it allows variation in  tech
nique to define and differentiate neural tissue and 
water content. M odic and colleagues evaluated the 
relative accuracies of imaging techniques in spinal 
stenosis and found that MRI was comparable to CT 
and myelography and that the accuracy of MRI and 
CT com bined was 92.5%  (85). CT and MR imaging 
of the lateral recess and spinal canal has been well 
defined by An and colleagues and helps to differen
tiate the causes of nondiscogenic lumbar radiculop-

FIGURE21.6.
Postmyelography CT scan showing central stenosis with 
significant ligamentum flavum hypertrophy (arrow).

FIGURE 21.7.
A sagittal reconstructed CT scan of the intervertebral fora
men, showing osteophytes narrowing the space available 
for the nerve root.

athy (2, 50). Bowden and colleagues reported false- 
positive scans in  asymptomatic volunteers (11). In 
those over 60 years of age 21%  were found to have 
stenosis, and in all groups 30%  of MRI scans showed 
signs of abnormalities. As with all of the imaging 
studies, in the older patient population there is a 
higher incidence of false-positive results, so correla
tion of the clin ical exam ination w ith the diagnostic 
studies is important.

Tl-w eighted MRI scanning provides the best im
ages of the spinal anatomy. The cortical bone that 
outlines the vertebral body has a negligible signal in
tensity, and the fatty marrow in the cancellous bone 
produces a- higher signal intensity on Tl-w eighted 
images. However, cortical margins seen in MRI are 
less distinct than in CT. In Tl-w eighted images the 
intervertebral disc produces a low signal intensity 
with darker outer annular fibers, w hich merge with 
the posterior longitudinal ligaments. Parasagittal 
images show nerve roots as low-signal-intensity 
structures w ithin the high-intensity signal of fat 
in the intervertebral foramen. T2-weighted images 
demonstrate the fibrocartilage in the nucleus pulpo
sus and inner annulus fibrosus with high signal in
tensity and the outer, primarily collagenous, annulus 
with low signal intensity. Changes in the signal in
tensities of the fibrocartilage reflect changes in the 
proteoglycans concentrations in the intervertebral 
disc. W ith the advent of gradient echo imaging or fast 
spin-echo techniques, the use of T2-weighted spin- 
echo studies has decreased.

Central canal stenosis by ligamentum flavum hy
pertrophy and facet disease is also w ell demonstrated 
in MRI (Figs. 21.8 and 21.9). MRI shows disc bulging, 
w hich compromises the spinal canal anteriorly, and 
hypertrophy of the facets and ligamentum flavum.
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FIGURE 21.8.
Axial T1-weighted MRI showing severe central stenosis 
with hypertrophic ligamentum flavum (arrow) and narrow 
lateral recess (arrowheads).

FIGURE 21.9.
Sagittal T2-weight0d MRI of central stenosis, showing com
pression of the thecal sac by bulging disc (large arrow) and 
hypertrophy of the ligamentum flavum (small arrow).

FIGURE 21.10.
Parasagittal T1-weighted MRI showing decreased fat and 
protruding disc in the intervertebral foramen of L4-5 (ar
row).

w hich indents the spinal subarachnoid space poste
riorly. The sagittal Tl-w eighted images may show the 
epidural fat in the spinal canal posterior to the dural 
sac even in severe stenosis. T2-weighted axial images 
demonstrate natrrowing of the cross-sectional area of 
the spinal canal and a decrease or absence of sub
arachnoid CSF signal at the stenotic levels. Lateral 
recess stenosis by the hypertrophy of the superior 
facets is also demonstrated by MRI, although CT is 
better for lateral recess measurement. Intervertebral 
foraminal stenosis is best visualized in parasagittal 
scans, w hich show the nerve root compressed or de
formed by a laterally herniated disc or facet sublux
ation with ligamentum flavum impingement on the 
nerve root (Fig. 21.10). A useful indication of signif
icant foraminal stenosis is the absence of the well- 
defined perineural fat signal on the parasagittal T l-  
weighted images. Axial images may also show the 
narrowing of the intervertebral foramen or foraminal 
disc herniation (Fig. 21.11).

Treatment_____________________________ 

Nonoperative Treatment
Spinal stenosis is a slow, progressive disease, and in 
the early stages the interm ittent symptoms of neural
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groups, and insomnia, are frequently depressed and 
exhibit signs of clinical depression. The use of low 
doses of antidepressant medications can relieve 
some of the neurogenic pain, allow a more restorative 
sleep cycle and subsequent daytime activity, and 
help to reduce some of the depressive symptoms.

Anti-inflammatory medications may be used to re
duce the inflammation associated with neural com
pression and degeneration of the discs and facet 
joints. This may allow increased activity and more 
effective rehabilitation. Careful monitoring of the 
gastrointestinal, hepatic, and renal systems is imper
ative over the long term, as risks of diminished func
tion and damage may occur insidiously. Epidural ste
roids or oral steroid “dose paks” may relieve some of 
the pain and inflammation and allow aerobic condi
tioning and increased function. Although this is tem
porary and not a cure for the stenosis, it may provide 
some indication of the severity of nerve compression 
and inflammation by its effects on the patient’s symp
toms.

FIGURE 21.11.
Axial T1-weighted MRI sliowmg disc and osteophyte pro
truding in tlie foramen, obliterating the fat anterior to the 
nerve root (arrow).

tissue inflammation can be relieved through nonsur- 
gical treatments (7). The stenosis does not resolve, 
however, and many who are symptomatic w ill even
tually require surgical intervention. The initial guid
ance a patient should receive is instruction on mod
ifying activities and staying in shape physically and 
aerobically. Bed rest should be avoided because of its 
detrimental effects on the m usculoskeletal system 
and on general health. M odification of activities en
tails avoiding those that involve bending, twisting, 
lifting as w ell as unnecessary walking that induces 
the symptoms. This lim itation usually eases pain and 
results in some satisfaction. Physical therapy plays a 
role at this stage as w ell in  stretching and isometri- 
cally strengthening m uscles that have atrophied from 
disuse. M odalities such as heat, ultrasound, w hirl
pool, and massage all may help to alleviate the ex
acerbations of stenosis and the general degeneration 
of the spinal column. Aerobic conditioning helps to 
m aintain cardiovascular fitness in this somewhat 
sedentary population. Endogenous endorphin re
lease from aerobic conditioning exercise also helps 
to ease pain and to avoid the sedation and depressive 
effects of narcotics.

Narcotic m edication and most m uscle relaxants 
should be avoided in  the elderly population, as they 
promote depression and sedation.

The elderly, with increasing m edical problems, 
pain, decreased function, dim inishing support

Operative Treatment
Patients with increasing symptoms should be aware 
that usually their condition w ill not progress to pa
ralysis or bowel and bladder dysfunction, and that if 
activities are curtailed symptoms are generally re
lieved. The issue becom es one of quality of life and 
the level of function and activity desired. Many of 
the sjmiptomatic patients unwilling to lim it their ac
tivities may becom e candidates tor surgical decom
pression. Nonsurgical treatment rarely provides 
long-term relief.

Sp inal'stenosis surgery can be very demanding 
and com plex for the surgeon because of the various 
pathoanatomic variations involved. M eticulous tech
nique and a com prehensive understanding of spinal 
anatomy and the pathophysiology of stenosis are crit
ical to achieving nerve decom pression and subse
quent good results (16, 43, 44, 66, 97, 118).

The technique of spinal stenosis surgery starts 
w ith proper positioning of the patient. The most 
common position is the kneeling position with the 
abdomen hanging free. This position reduces intra
abdominal pressure and decompresses the epidural 
venous plexus, w hich allows better visualization of 
the neural structures and m inim izes postoperative 
hematoma and perineural scarring. This position al
lows a variation of the posture of the lumbar spine, 
and with relative hyperextension the anatomic struc
tures closely m im ic the patient’s symptomatic pos
ture of ambulation. This allows an adequate decom
pression to be performed and com plete relief of pain 
should be expected when the patient is ambulatory 
and erect (10),

A standard posterior m idline incision is made
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through the skin at the appropriate levels determined 
by preoperative imaging studies and careful clinical 
examination [Fig. 21.12), Intraoperative x-ray films 
may be taken for localization of levels. Attention to 
careful subperiosteal dissection is required to m ain
tain a relatively blood-free field, and electrocautery 
is used to release the m uscle attachments. Self-re- 
taining retractors provide com pression on the m us
cular vessels to m inim ize continuous oozing into the 
operative field. Infiltration of the layers w ith an epi
nephrine solution may lim it bleeding intraopera- 
tively.

The levels involved, the nerves to be decom 
pressed, and the location of the pedicles— the land
mark of the course of the nerve roots— should be w ell 
identified. Attention to preoperative x-ray films and 
imaging studies is crucial if transitional vertebrae are 
present so that the correct levels are addressed. Dis
section centrally may then be performed using cu
rettes, rongeurs, and Kerrison or Lexcel punches. Re
moval of the lamina and surrounding ligamentum 
flava allows adequate central stenosis decom pression 
in most instances (Fig. 21.13). The dissection starts 
centrally from the caudal lam ina and proceeds ceph-

FIGURE 21.12.
A standard posterior midline incision is made through the 
skin at the appropriate levels.

FIGURE 21.13.
Removal of the lamina and surrounding ligamenta flava al
lows adequate central stenosis decompression.

alad [Fig. 21.14). Cottonoid patties may be placed to 
displace the dural sac and release adhesions. Angled 
elevators are used to release adherent ligamentum 
and dura. The Kerrison rongeur should be seated 
w ell under the bone and ligament, and direct dorsal 
pressure should be directed away from neural ele
ments. This w ill m inim ize dural tears or cutting in
vaginations of the dural sac [Fig. 21.15). M eticulous 
attention to obtaining hem ostasis should be of pri
mary concern to afford adequate constant visualiza
tion of neural elements and facilitate surgery. A b i
polar cautery device dim inishes the heat and current 
transfer to neural elem ents and may m inim ize the 
occurrence of perineural scarring.

Dissection proceeds caudal to cephalad and then 
proceeds laterally and caudally, addressing the ap
propriate nerve roots (Figs. 21.16 and 21.17). The 
subarticular recess or lateral recess is the area in need 
of decom pression in the majority of patients. Hyper
trophy of the superior facet, bulging of the annulus 
fibrosus, lateral herniations, and slippage of the ver
tebra all lead to nerve root impingement laterally 
(80). The anatomic structure to assist in the process 
is the pedicle. The nerve root exits inferom edial to 
the pedicle, anterior to the facet com plex, and with
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FIGURE 21.14.
The dissection starts centrally from the caudal lamina and 
proceeds cephalad. An angled curette is used to separate 
the ligamentum flavum from the inferior aspect of the lam
ina, and a Kerrison rongeur is used to proceed with lami
nectomy.

the annulus as the anterior wall. Pedicle “kinking” 
of the nerve root may occur and be responsible for 
the compression. Partial or com plete excision of the 
pedicle may be necessary. The medial facets and en
trance to the foramen is undercut using a 45° Kerrison 
punch (Fig. 21.18). The lateral border of the nerve 
root is identified and protected during all aspects of 
dissection in the lateral recess. This undercutting is 
best performed from the opposite side of the opera
tive field. Instruments should be as close to parallel 
as possible to the nerve root to m inim ize cutting or 
grabbing the nerve root. Blind placem ent into the fo
ramen to undercut is not to be tolerated. Decompres
sion should be piecem eal in its progress and not too

aggressive. Less than 50%  of each facet should be 
violated if  needed to preserve stability (Fig. 21.19). 
The nerve root should be checked for m obility; at the 
level of the disc space the dural sac should move 
m edially 1 cm. This dissection w ill elim inate the 
symptoms in the m ajority of patients. A concurrent 
herniated disc and foraminal or extraforaminal 
com pression should also be ruled out if a nerve root 
is not believed to be com pletely free. The accuracy 
of decompression is vital to good results, and expe
rience with good operative judgment must be ob
tained. The dictum to “think nerve,” as coined by 
Tile and associates, remains the best guideline (44, 
1 2 2 ).

In cases of foraminal entrapment the nerve re
m ains tethered and does not m obilize well (Fig. 
21.20). An angled elevator or hook may help to dif
ferentiate w hether the offending tissue is bone, disc, 
or soft tissue. The facet joint may need to be removed 
to decompress the nerve from entrapment between 
the superior facet of the vertebra below and the pos-

FIGURE 21.15.
The Kerrison rongeur must be used cautiously to avoid du
ral tears. Cottonoid patties may be placed to displace the 
dural sac and release adhesions. Angled elevators are used 
to release adherent ligamenta and dura. The Kerrison ron
geur should be seated well under the bone and ligament, 
and direct dorsal pressure should be directed away from 
neural elements.
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FIGURE 21.16.
Laminectomy decompresses the central canal stenosis.

terolateral aspect of the vertebral body or pedicle 
above. The nerve root may be impinged by a lateral 
disc bulge or herniation and the pedicle. This is 
treated by lateral disc excision and possibly pedicu
lar excision. The nerve is frequently seen exiting the 
canal in a perpendicular direction rather than the 
usual oblique course (107).

In degenerative spondylolisthesis and scoliosis 
other mechanism s of nerve entrapment are recog
nized. W iltse described impingement of the L5 root 
between the ala of the sacrum and the transverse 
process of L5 (135). This impingement, termed a 
“far-out syndrom e,” occurs m ainly in degenerative 
scoliosis and in isthm ic spondylolisthesis. Degener
ative spondylolisthesis entraps the L5 nerve root be
tween the vertebral body of L5 and the inferior facet 
of L4 that has eroded through the superior facet of 
the subjacent vertebra.

Inadequate nerve root decom pression is usually 
the cause of failed spinal surgery for stenosis. A sys
tematic approach to each of the nerve roots and levels 
of involvement w ill m inim ize poor results if  ade
quate decom pression is performed. An excessive de
compression may lead to instability and iatrogenic or 
progressive spondylolisthesis and the need for sur
gical fusion. Many authors believe that a fusion is

necessary in any decompressive lam inectom y for de
generative spondylolisthesis (14, 16, 22, 39, 48, 52,
53, 60, 88). W iltse and associates identified two fac
tors that they believed contributed to a postoperative 
slip: (a) disc height greater than 6 mm preoperatively, 
and (b) the extent of facet excision (75). Further re
view by W iltse and W hite led to criteria for fusion in 
spinal stenosis surgery: (a) age less than 60 years with 
degenerative spondylolisthesis and aggressive facet 
excision; (b) age less than 55 years with degenerative 
spondylolisthesis; and (c) age less than 50 years with 
isthm ic spondylolisthesis (133a). Herkowitz and 
Kurz reported a prospective study of 50 patients in 
w hich they found that 96%  had excellent to good 
results w ith fusion, compared to 44%  with decom 
pression alone C53V

After reviewing the literature, Garfin and col
leagues have identified trends that may be used as 
predictors of postoperative instability: (a) a larger 
preoperative slip; (b) decom pression across a normal 
disc space height; (c] greater than 50%  excision of 
each facet at a single level; (d) increased number of 
decompressed levels; (e] penetration of a disc space 
at a decompressed level; and (f) female sex (44).

Preoperative indicators of stabilizing factors in-

FIGURE 21.17.
The snbarticular recess or lateral recess decompresston-is 
done using the Kerrison rongeur.
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FIGURE 21.18.
The medial facets and entrance to the foramen is undercut 
using a 45° Kerrison punch. The lateral boi'der of the nerve 
root is identified and protected during all aspects of dis
section in the lateral recess. This undercutting is best per
formed from the opposite side of the operative field. Instru
ments should be as close to parallel as possible to the nerve 
root to minimize cutting or grabbing the nerve root.

elude significant osteophytes, calcified annulus fi- 
brosus, capsule, and ligamentum flavum, and a high 
intercristal line, whereas instability may be heralded 
by traction spurs and asym m etrically narrowed discs 
(56).

In patients with degenerative scoliosis, fusion may 
be indicated for m ultilevel decompression or when 
multiplanar instability is demonstrated with lateral 
olisthesis. San Martino reported on patients with 
lumbar scoliosis who did not undergo fusion after 
surgical decom pression and had good to excellent re
sults in 1 to 4 years’ follow-up (113). Longer follow- 
up studies are needed.

The technique of spinal fusion should not be un
dertaken lightly, as pseudarthrosis may lead to pain 
and subseguent sj^mptoms of instability if sjiinal in
tegrity was compromised through decompression. 
Dissection to the tips of the transverse processes is 
performed and the appropriate facet joints are metic
ulously cleaned of cartilage. A ll soft tissue is cleaned 
along the transverse process, lateral aspect of the su
perior facets, pars interarticularis, lamina, and ala, 
and the bone is decorticated to bleeding bone. Mor- 
selized cancellous bone is packed into this lateral 
gutter, ensuring bone contact on the transverse proc
ess and ala (68).

Various spinal im plants may be used to augment 
the fusion and provide initial stability after an exten-

FIGURE 21.19.
Decompression should undercut the superior facet such 
that less than 50% of each facet is violatecl to jjreserve sta
bility.

FIGURE 21.20.
Foraminal decomjjression is performed if the nerve root 
remains tight or compressed in the foramen.
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sive decompression. Operative reduction of olis- 
thesis with newer modular instrum entation is now 
possible, particularly when pedicular systems are 
used. These pedicular systems have im plant rigidity, 
allow short segment fusions to preserve m otion seg
ments, and allow the m aintenance of lumbar lordo
sis. The importance of the fusion should not be 
overlooked with the use of instrum entation, and 
meticulous technique is crucial to obtaining a solid 
fusion.
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CHAPTER TW ENTY TWO

Functional Restoration of Back and 
Neck Work-Related Injuries

Tom G. Mayer

Introduction
A critical aspect of planning functional restoration 
treatment to individuals w ith cervical and/or lumbar 
soft tissue wrork-related injuries is the recognition of 
similarities and differences in the anatomy and phys
iology of these two spinal areas. Disability related to 
cervical injuries occurs less frequently than that due 
to low back pain. These two conditions together, 
with their associated extremity neurologic altera
tions, account for 60 to 65%  of all cases of disability, 
proportions that give rise to the need for a common 
guide to the evaluation of permanent im pairment (4,
11, 21, 22, 60). Anatom ic sim ilarities include the 
three-joint com plex controlling joint m otion and the 
bilateral departure of extrem ity segmental nerve 
roots. However, the spinal cord is a factor only in  the 
cervical spine region, w hich engenders the physio
logic corollary that significant upper motor neuron 
injury is only a risk in  insults to the cervical spine. 
Physiologic sim ilarities involve the relative size and 
stabilization of the anatomic structures to accept the 
load of the head (cervical) or trunk (lumbar), and the 
relative freedom of m obility (compared to the tho
racic spine) created by a segmented conduit sup
ported by m usculotendinous soft tissue structures. It 
is this latter characteristic that probably accounts for 
their greater susceptibility to degenerative disc and

facet disease and the higher likelihood of the devel
opment of disabling symptoms.

Work-related injuries are often related to job de
mands unique to the symptomatic area. For example, 
sedentary jobs requiring persistent static positioning 
(sitting, writing, driving) and npper-extremity activ
ities (reaching, pushing over the shoulder, etc.) are 
frequently related to cervical spine symptoms, hi the 
lumbar spine, by contrast, heavy activities requiring 
repetitive transmission of load from the hands 
through the trunk (lifting, carrying, etc.), particularly 
in bent or rotated positions, are generally associated 
with symptom development. A recognition of these 
similarities and differences is necessary before de
signing a rehabilitation program for a specific spinal 
disorder (see Tables 22.1 and 22.2).

Functional restoration of the injured worker with 
spinal disorders in a workers’ compensation setting 
creates special problems distinct from general health 
issues. These are related more to the potential for 
chronic disability than to the injured musculoskele
tal region. Emerging concepts in assessment and care 
require some definition in order to provide a broader 
context of nonoperative assessment, treatment, and 
prevention.

The first major point is that the severity of a mus
culoskeletal injury in the workers’ compensation in
dustrial setting is much more dependent on the de-
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TABLE 22 .1 .
Similarities Between Cervical and Lumbar Regions

1 Three jo in t complex (disc and posterolaterally oriented 
diarthrodial jo ints) positioned to maximize m obility  while 
protecting neurologic structures

2 Laterally placed neuroforamina
3 Posterior ramus innervation of posterolateral 

musculoskeletal structures
4. Anterior ramus innervation of a single extrem ity
5. Size and orientation of structures related to biomechanical 

loads com m only encountered
6 Good resistance to compression, but low resistance to 

bending/tw isting movements
7. Degenerative disease and/or disc in jury frequently 

associated w ith  nerve root compression

TABLE 22 .2 .
Differences Between Cervical and Lumbar Regions

C o n d itio n
Motion

Upper m otor 
neuron injury 

Muscular support

Biomechanical
links

Associated
peripheral nerve 
entrapment and/ 
or vascular 
engorgement

C e rv ica l
3 planes (sagittal/ 

coronal/axial) 
Common (spinal 

cord vulnerable) 
Paravertebral 

musculature 
dom inant 

Linked to shoulder 
girdle function 

Common (associated 
"double crush" 
carpal tunnel, 
cubital tunnel, 
thoracic outlet 
syndromes)

Lu m ba r
Mainly 2 planes 

(sagittal/coronal) 
Unlikely (cauda 

equina)
Both paravertebral 

and abdominal 
support 

Linked to hip/pelvis 
function 

Unusual 
association

velopment of chronic symptoms and the resuhant 
disabihty created than on the inciting event. This ob
servation runs counter to experience with severe or
thopaedic trauma. The vast m ajority of worker in ju 
ries to the m usculoskeletal system involve the “soft 
tissues” w ith “sprains and strains” of musculoliga- 
mentous tissues, w hich, in most cases, have a rela
tively brief healing period. W hen healing is incom 
plete or delayed, leading to permanent impairment 
of important supporting elem ents, there are greater 
socioeconom ic costs in terms of loss of human pro
ductivity, cost of m edical care, and disability-related 
indem nity benefits. Most studies demonstrate that 
the mean cost of low back pain care is more than 10 
tim es greater than the m edian cost, implying that the 
relatively small number of chronic cases comprise 
the m ajority share of social and financial cost.

W ith the notion of chronological severity in mind, 
the demarcation of treatment into three distinct lev
els is useful. Primary treatinent is that generally ap
plied in acute cases, designed for symptom control 
and usually involving the so-called “passive m odal
ities” (temperature m odalities, electrical stim ulation,

m anipulation, etc.) and sometimes accompanied by 
low -intensity supervised exercises and education. 
The vast m ajority of patients entering the health care 
system require this treatment and no more. Second
ary treatment is appropriate in the post-acute phase 
and is the first level of reactivation treatment of me
dium intensity. It generally involves more restorative 
exercise and education designed to prevent the onset 
of deconditioning, and it is usually provided by 
physical/occupational therapists with available con
sultative psychological, disability management, and 
physician services. Tertiary treatment is appropriate 
for the small number of chronically disabled patients 
requiring physician-directed, intensive, interdisci
plinary team treatment with m ultiple professionals 
on-site and available for treatment of all participants. 
Programs are usually organized along the lines of the 
CARF Pain Management guidelines (Commission on 
Accreditation of Rehabilitation Facilities] but may 
follow many diverse patterns. Functional restoration 
is one of the modes of tertiary treatment with proven 
outcomes in workers’ com pensation settings in mul
tiple venues, and as such it is the focus of discussion 
in this chapter.

Functional restoration involves several concepts 
not generally considered part of conservative care. 
The first of these is deconditioning. Disuse and im
m obilization lead to numerous deleterious physical 
effects on joint m obility, m uscle strength, endurance, 
and soft-tissue hom eostasis. A corollary to this prob
lem  is the lack of visual feedback to com plex spinal 
structures, necessitating quantification of function 
technology not specifically required in extremity re
habilitation.

The second major issue involves psychosocial and 
socioeconomic factors in disability that often accom
pany chronic and postoperative spinal disorders. 
Disability refers to the inability to perform all of the 
usual functions of daily living and is frequently 
linked to prolonged episodes of severe spinal pain. 
Various treatment interventions are designed to cope 
with the psychosocial and socioeconom ic factors in
volved in total or partial disability. Psychosocial as
sessment is often necessary to identify these factors 
and to guide treatment. In addition to psychosocial 
problems originating in persistent pain and disabil
ity, latent psychopathology may also be activated by 
these issues. Psychiatric interventions, including use 
of psychotropic drugs and detoxification from nar
cotic and tranquilizer habituation, may become nec
essary.

Finally, primary and secondary treatment alone 
may be insufficiently effective to deal with chronic 
dysfunction, and programmatic care delivered by an 
interdisciplinary team w ill often prove desirable, if 
it is available. Such tertiary approaches w ill be con
sidered separately.
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Quantification of Physical and 
Functional Capacity___________________
The quantitative assessment of function is an essen
tial aspect of developing an effective treatment pro
gram for disabling spinal disorders. In the extrem ities 
there is relatively good visual feedback of functional 
capacity. Joints are easily seen, m obility is subject to 
goniometric measurements, and the m uscle bulk is 
subject to tape measurements. Right/left com pari
sons between normal and abnormal sides can almost 
always be made. This concept of visual feedback led 
to the development of progressive resistance ex
ercises nearly 40 years ago (13), and the patient’s 
participation in rehabilitation dramatically affects 
physical function after extremity injury. More 
sophisticated isotonic, isom etric, and isokinetic 
training methods have recently come into play and 
have greatly enhanced the technology and effective
ness of “sports m edicine” extrem ity rehabilitation. 
However, in contrast to cardiovascular (a “hidden or
gan system”) reconditioning, where measurement 
and training are intim ately linked, functional quan
tification has played a relatively small role in extrem 
ity musculoskeletal rehabilitation.

In the spine there is inadequate direct visual feed
back of physical capacity. Yet this deficiency has not 
been generally recognized by clinicians who must 
continue to rely on subjective self-report or physical 
measurements that are either inaccurate or irrelevant. 
One example might include goniom etric spine mo
bility, in w hich the lack of recognition of cumulative 
effects of spine and hip m otion or the absence of ob
servable end points have led to serious problems of 
accuracy and reproducibility in these compound 
joint measurements (34, 48). Irrelevant measure
ments include tests of physical functional capacity 
that apply primarily to acute injury, such as spasm, 
or those that apply to questions of surgical interven
tion, such as leg raising and neurological changes. 
Recurrent spasm or deformity generally does not im 
ply a new injury in the postoperative or chronic back 
pain patient. Rather, it results from disuse leading to 
low functional capacity arising from irritable, atro
phic musculature and stiff, hypom obile joints. Posi
tive neurologic findings are sometimes a result of 
perineural fibrosis in postoperative patients rather 
than of acute nerve root impingement necessitating 
surgical intervention or epidural in jection. As we 
shall see, these physical exam ination findings are 
poor guides to the physical functional capacity of the 
low back, though their more accurate descendants 
are necessary for objective quantification as part of a 
sports medicine treatment program.

As in the extrem ities, the critical physical capacity 
measurements are m obility, strength, endurance, and 
the ability of the involved “functional u nit” to co

ordinate its activities w ith adjacent units to perform 
m usculoskeletal and neurological tasks. In the case 
of the spine, this involves lifting, bending, twisting, 
walking, and carrying. Though other measurement 
methods may ultim ately be available and useful, 
those currently available to the clin ician  w ill be cov
ered here and may be more extensively reviewed 
elsewhere (23, 25, 41, 43, 46).

It should not be surprising that physical deficits 
are found in postsurgical patients and patients with 
chronic pain. Most parts of the body respond to dis
use by developing a “deconditioning syndrome” 
with com ponents of joint stiffness, m uscle atrophy, 
loss of endurance and connective tissue integrity, 
and, if  inactivity is extreme, a loss of cardiovascular 
fitness (1, 2). There may be pain associated with res
toration of physical functional capacity, with the 
amount of pain generally in proportion to such fac
tors as the amount of posttraumatic scarring, the de
gree of loss of functional capacity, and the current 
psychological makeup of the patient’s personality, 
including attitude to injury.

Physicians have possibly fostered the develop
ment of the deconditioning syndrome rather than 
correcting it, since our customary advice is usually 
to “do only those things that don’t hurt.” For exam
ple, patients are encouraged to permanently keep the 
back im mobile, using either prolonged bracing, al
ternative activities (e.g., touching the floor by squat
ting rather than bending), “stabilization” to hold in 
jured segments rigid, or resting whenever pain 
occurs. Though these maneuvers may temporarily re
lieve or prevent painful episodes, they are ultim ately 
counterproductive, for they lead to a progressive de
cline in physical functional capacity, w hich predis
poses to recurrent injuries.

Range of Motion
The commonly used goniometric techniques for the 
measurement of extremity m otion are invalid and un
reliable in the spine. Trunk m otion is a compound 
movement combining intersegmental and hip motion 
components. Thus, a patient with a com pletely fused 
spine can often bend forward to perform toe touches 
using hip motion alone. Though we are as yet unable 
to measure intersegmental m otion noninvasively, in
clinom eters may be used to separate the hip from the 
lumbar spine m otion com ponent and derive valuable 
information (48). As in all functional capacity mea
surements, range-of-motion techniques must be com
pared to a normal database, and there must be an “ef
fort factor.” For range of motion, this effort factor is 
the comparison of the hip m otion component to the 
supine straight-leg-raising measurement (23).

In the sagittal plane the inclinom eters, w hich are
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available in m echanical or computerized forms from 
various manufacturers, may be positioned at two 
points or moved from one point to another (Fig. 22.1] 
(4, 34, 43). Measurements are taken in both flexion 
and extension and checked through the effort factor 
of leg raising.

The effort factor is not the same as a “ faking or 
malingering factor” in that there are many reasons for 
lim itation of effort on any single test. These include 
pain, fear of reinjury, physiologic perception of ex
cessive load, neurom uscular inhibition, psychologi
cal factors of anxiety/depression, or conscious effort 
to mislead. In addition to sagittal movement of the 
spine, coronal m otion can be assessed just as easily, 
simply by rotating the inclinom eter 90 degrees in the 
axial plane. Rotation may also be measured, though 
the very small range of lumbar rotation makes this a 
far less reliable test (23, 43). If done in a standardized 
manner, w ith good effort, the techniques are highly 
reproducible. However, with suboptimal patient ef
fort, considerable variability is noted on repeated 
measurements.

The measurement techniques are used for several 
purposes. For a one-shot assessm ent of function, the 
technique can demonstrate the actual range of mo
tion in the T12-S1 segment during sagittal and coro

nal plane bending. Progress in the functional resto
ration program can be documented by m ultiple tests, 
and the inclinom eter techniques are now incorpo
rated into the new Am erican M edical Association 
(AMA) “Guides for the Evaluation of Permanent Im
pairm ent” (3 ,4 ). Suboptim al effort may lead to more 
careful scrutiny of other components of the func
tional capacity test battery. However, even in the 
presence of poor effort, the determination of probable 
“norm al” or “abnorm al” motion can be made by 
comparing the spine and hip motion ratios. In the 
normally m obile spine, the sequence of forward 
bending generally involves spine flexion consider
ably more than hip flexion during the initial phases 
until the spine is “hanging on its ligaments,” at 
w hich point hip m otion increases (43). If a normal 
spine/hip ratio exists, even in the presence of sub
optimal effort, the clin ician  can usually conclude 
that normal spine m obility would have been present 
if  the patient had provided sufficient effort. However, 
in the presence of an abnormal spine/hip ratio, with 
or without good effort, some physiologic limitation 
of spine m obility may be present (postfusion anky
losis or postoperative/disuse stiffness).

Initial objections to the use of this technique is that 
the dual inclinom eters are more cumbersome to use

FIGURE 22.1.
The Cybex Trunk Extension/Flexion (TEF) unit is a dedicated sagittal isokinetic (and isometric) trunk strength testing device.
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than a typical goniometer. However, there are now 
multiple equipment manufacturers for both m echan
ical and electronic inclinom eters, some of w hich use 
only a single movable measuring head and provide 
the capacity for internal calculation. Clear instruc
tions are provided in the body of the AMA Guides 
and forms for repeated measurements (for effort-re- 
lated consistency documentation] are provided for 
the use of physicians or allied health personnel per
forming the test. Once mastered, the technique is less 
time-consuming than obtaining a blood pressure 
measurement. Many physicians w ill prefer to have 
these measurements made by assisting therapists, 
nurses, or technicians, particularly since repeated 
measurements can produce eye-opening results. The 
simple technique of marking the T12-L1 interspace, 
placing the hands over the iliac crest with index and 
thumb producing a plane parallel to the floor (as de
scribed elsewhere [48]), and estimating relative in 
clination can provide the clin ician  with an expedient 
approximation of spine/hip differential mobility.

As in all other physiologic measurements, there is 
some variation in the normal population. Interest
ingly, our normative data show that the mean true 
lumbar motion is almost identical between the sexes.

even though females tend to have higher hip and 
straight-leg-raising m obility components. Patient val
ues are expressed as a “percent norm al” as related to 
mean scores of the normal subject population, nor
m alized for such factors as age and sex (or body 
weight Irv stiength.i'eivdu.Taiice teste). This system al
lows the clin ician  to judge the significance of small 
variations from the anticipated value, but more im 
portant, to track the progress of the functional resto
ration process from one exam ination to the next (8,
33, 36, 37, 38, 45).

Cervical and Trunk Strength
Several devices are now com m ercially available for 
assessing isom etric, isoinertial, or isokinetic trunk 
strength in the sagittal and axial planes. Two devices, 
separating the sagittal and torsional motion compo
nents, are used in our setting. Sagittal plane (flexion/ 
extension) testing can take place either in  a dedicated 
unit or in a lower-cost and more flexible attachment 
to a standard Cybex (Lumex, Inc., Ronkonkoma, NY) 
dynamometer (Fig. 22.1 and 22.2). A rotation testing 
device is only available in a dedicated unit (Fig, 
22.3). Sim ilar isokinetic devices are produced by

[ figure  22.2.
iThe Cybex Trunk Modular Component (TMC) is a separate component that can be fitted onto a standard Cybex 6000 
I dynamometer to permit measurement of sagittal trunk strength identical to the system provided with the TEF unit.
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FIGURE 22.3.
The Cybex Trunk Rotation (TR) device measures thoracolumbar isokinetic and isometric axial torques.

several manufacturers, and unique isoinertial and 
isom etric devices are available from other manu
facturers. In the cervical spine, in contrast, few 
measurement tools are available, w ith only one m an
ufacturer producing a dedicated device. Isometric 
measurements using hand-held dynamometers must 
suffice in most instances (8, 26, 34, 35, 38, 4 4 -4 7 ).

Strength testing devices isolate the cervical and 
thoracolum bar portions of the “biom echanical 
chain” involved in transmitting forces from head and 
hands to the ground. For trunk strength, using differ
ent techniques in each m achine, the pelvis and lower 
extrem ities are stabilized below, and the upper tho
rax at the level of the shoulder girdle (midthoracic) 
is stabilized above. This allows the isolation of the 
torques produced through that vulnerable portion of 
the vertebral biom echanical chain spanning the 
shoulder girdle to the pelvis. It should be clear to 
the clin ician  that there is no intent to make either 
the stabilization or the mode of movement (isomet
ric/isokinetic) truly physiologic. Rather, the devices 
control as many physiologic variables as possible by 
isolating the anatomic/functional unit and control
ling speed/acceleration/distance, thus leaving only 
torque and effort as major independent variables. The

goal is to improve test discrimination by sacrificing 
“real-world” simulations. As in strength testing, en
durance estimates can be made by repetitive dynamic 
efforts within established protocols that assess the 
ability to sustain maximal effort and the degree to 
which recovery occurs in a fixed time period. Such 
endurance protocols are built into the testing rou
tines of several of the commercial products.

Though a detailed discussion is beyond the scope 
of this chapter, it is clear that major differences exist 
in trunk strength in both sagittal and axial planes, 
between a normal subject and a patient population. 
Moreover, through efforts at functional restoration 
with a sports medicine approach, trunk strength in 
the patient population can be markedly improved.

Cardiovascular Fitness
The inactivity that leads to deconditioning in pa
tients with low back pain also produces a decline in 
cardiovascular fitness. Bicycle and upper-body er- 
gometry has long been used to measure the cardio
vascular response to a measured work load. Signifi
cant deficits in aerobic capacity are frequently 
present in chronic and postoperative low back pain
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patients, somewhat proportional to the length of dis
ability and the degree of inactivity. Such inactivity 
may also produce deconditioning problems of upper 
and lower extremity fatigue, rather than by problems 
of cardiovascular fitness. However, this can usually 
be distinguished by noting the heart rate achieved at 
the point of voluntary test termination as well as by 
comparing the upper- and lower-body ergometry re
sults. In most deconditioned patients, however, an 
exaggerated heart rate response to relatively low 
work loads is usually the limiting factor and a sub- 
maximal stress test results. Such testing leads to an 
estimate of aerobic capacity and a determination as 
to which aerobic capacity and/or lower and upper 
extremity strength training needs to be added to the 
functional restoration program.

Functional Task Measurements
While the foregoing tests of m obility, strength, and 
aerobic capacity have focused primarily on the in 
jured functional unit, the measurement of functional 
tasks have a more practical application. The body is 
certainly capable of functioning in the presence of 
rigidity, as in the case of a patient with a com pletely 
fused thoracolumbar spine. Using the spine as a rigid 
vertical colum n imposes functional demands for sub
stitution for other anatom ical structures, such as 
squatting and whole-body rotation to accommodate 
limitations in spine bending and twisting. Gait mod
ifications may also be necessary to accommodate 
losses to the “spinal engine” for locom otion (19). 
Functional task measurements help the clin ician  to 
assess how the body performs as a whole, rather than 
how the injured region or joint is functioning in  iso
lation. For the thoracolumbar spine, relevant func
tional tasks involve the transm ission of load through 
the trunk down to the ground, specifically in such 
activities as floor-to-waist lifting, bending, twisting, 
and carrying. For the cervicothoracic spine, activities 
that involve m aintenance of head position and use of 
the shoulder girdle are relevant, including waist-to- 
overhead lifting, reaching, and static head and shoul
der positions (driving, word processing, etc.) (12, 39).

There is, however, a price to be paid for taking 
“real-world” measurements. The large number of in 
dependent variables needed in measuring a “total 
body activity” decreases reliability and discrim ina
tion for test results. For this reason, more than one 
measurement is necessary to make such functional 
task measurements truly objective.

Such is the case in the measurement of lifting ca
pacity. Because of its perceived importance as an in
jury mode in industry, the ability to lift has become 
the measurement of greatest concern to those in
volved in ergonomic analysis for functional limita
tions and job redesign. We use several measurements

to give a full picture of lifting capacity, including iso
kinetic and isometric measuring devices. Isometric 
measurements are currently employed extensively 
for industrial use as compiled under National Insti
tute of Occupational Safety and Health (NIOSH) 
guidelines. These tests are very simple to perform 
and have a large industrial database to accompany 
them. Unfortunately, isometric tests are nondynamic 
and have been proved not to correlate well with dy
namic tests (29). In addition, it has been suggested 
that isometric tests may be likely to produce injury 
themselves because they involve “pulling against an 
immovable object.”

Isokinetic devices are capable of performing both 
isometric and isokinetic measurements at multiple 
speeds over distances from floor to overhead. The 
isokinetic technique, also intentionally nonphysio- 
logic, stabilizes the speed/acceleration variable that 
is used in part by most trained lifters to attain higher 
forces. Though the measuring technique is different, 
the principle of comparison to a large normal data
base with an acceptable “effort factor” is now well 
accepted. Isokinetic strength tests allow effort veri
fication through comparison of curve consistency, 
termed “average points variance,” on the basis of 
comparisons made as often as every 50 milliseconds. 
Such comparisons have been shown to have a high 
sensitivity (20). Some correlation between extensor 
trunk strength deficits and floor-to-waist lifting ca
pacity deficits exists, but the style of lifting can pro
duce significantly higher lifting capacity measure
ments than isolated trunk strength measurements in 
a well-motivated, functionally deconditioned indi
vidual. Similarly, an anxious or fearful patient, 
particularly if the patient has been educated “never 
to lift anything more than a teacup,” may show a 
paradoxical discrepancy in which lifting capacity 
measurements are considerably lower than those 
anticipated on the basis of isolated trunk strength 
measurements.

Finally, an isoinertial or psychophysical lifting 
protocol (27, 57) has been modified for use at the Pro
ductive Rehabilitation Institute of Dallas for Ergo
nomics (PRIDE) facility to assess a patient’s frequent 
lifting capacity. The protocol gradually increases 
weight in a timed test. The cervical test involves 
waist-to-shoulder lifting, and the lumbar test involves 
floor-to-waist lifting of “bricks in a box,” based on the 
normal population data for peak weight lifted, force to 
body weight, work performed, power consumed, en
durance time, and final heart rate (30-32).

Positional and activity tolerance is another area of 
interest in functional task measurement for return to 
work in its broadest sense. Patients with spine inju
ries often cannot tolerate prolonged static positioning 
(sitting/standing) and often report an inability to per
form various tasks such as squatting, kneeling, walk
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ing, carrying, or clim bing. We have devised a tim ed 
obstacle course requiring use of m ultiple positions in 
an attempt to assess the patient’s tolerance of daily 
living activities individually and in combination. 
Obstacle course tests include pushing, pulling, 
crawling, squatting, twisting, climbing, reaching, and 
bending. Unfortunately, com m ercial devices are not 
yet available. Patient observation through a testing or 
training session can give the therapist an idea of the 
patient’s tolerance of various static positions. B e
cause of lack of corroborative tests, these measure
ments are somewhat less “objective” than the pre
ceding functional measurements.

Measurement of cervical and lumbar isolated 
physical capacity as w ell as whole-body relevant 
functional performance is the key to guiding any ter
tiary care treatment program. The m easurement of 
function sets the initial level of training according 
to a computerized exercise progression program 
(unique to the PRIDE environment). The progression 
then follows an expert system process based on pa
tient performance from that starting point, norm al
ized to age, sex, and a height/weight variable. Fre
quent repeated measurement of function ascertains 
subjective assessm ent of both progress and outcomes, 
w hich w ill ultim ately be relevant to the lim itations 
for work, the measurement of permanent im pair
ment, and the risk of recurrent injury. The m easure
m ent of function is a difficult and tim e-consum ing 
task and is currently lim ited by suboptimal standard
ization. In tim e, however, the benefits of refining 
these techniques w ill undoubtedly raise the level of 
expertise of physicians and allied health personnel 
engaged in this type of treatment. Significant im 
provement in perform ance can then be anticipated.

Psychosocial Barriers to Recovery
In a work environment, when injury is associated 
with com pensation for disability, physical problems 
are frequently not the only factor to be considered in 
organizing a treatment program. Many psychosocial 
and socioeconom ic problems may confront the pa
tient recovering from a spinal disorder, particularly 
if  disability from a productive lifestyle is associated 
with the industrial back pain. The patient’s inability 
to see a “light at the end of the tunnel” may produce 
a severe situational depression, often associated with 
anxiety and agitation. The back injury itself may be 
a sign of emotional conflicts involving rebellion 
against authority or job dissatisfaction (6, 7, 58], Per
sonality changes may be m anifested in  anger, hostil
ity, and noncom pliance directed at the therapeutic 
team. M inor head injuries, organic brain dysfunction 
from age, alcohol, or drugs, or lim ited intelligence 
may produce organic cognitive dysfunctions that

may interfere w ith recovery. A variety of personality 
disorders, such as sociopathy, may also complicate 
treatment (15, 16, 17, 24, 41, 61).

Many chronic spinal disorders exist within a “dis
ability system .” W orkers’ compensation laws were 
initially  devised to protect workers’ income and pro
vide tim ely m edical benefits following industrial ac
cidents. Employers ultim ately agreed to this because 
of a compensatory benefit; in return for providing 
these worker rights, they were absolved of certain 
consequences of negligence, generally including 
cost-capped liability  for any injury, no matter how 
severe, and set by state statute. As in any compromise 
situation, certain disincentives to rational behavior 
may emerge. One outcome of a guaranteed paycheck 
w hile Temporary Total Disability persists is that 
there may be no clear incentive to an early return to 
work. A casual approach to surgical decision-making 
and rehabilitation may lead to further decondition
ing, both m ental and physical, thus making ultimate 
recovery more problematic. Complicating matters 
even further is the observation that no group (other 
than the employer) has any verifiable financial incen
tive to return patients to productivity as soon as pos
sible. In consequence, an odd assortment of health 
professionals, attorneys, insurance companies, and 
vocational rehabilitation specialists may have lim
ited m otivation to combat foot-dragging on the dis
ability issue. Altering the contingencies may correct 
some of the problems. However, this assumes that the 
present system has not already evolved to a near-per
fect balance of interests, or that legislators will re
spond to changes in outlook regarding optimal pa
tient care.

Early efforts to distinguish between “functional” 
(nonorganic) and “organic” low back pain did not 
m eet w ith success. The com plex nature of chronic 
pain makes it difficult to clearly categorize compo
nent factors as purely physical or purely psycholog
ical. Instead, chronic pain must be understood as an 
interactive, psychophysiological behavior pattern in 
w hich the physical and the psychological constantly 
overlap and intertwine. The focus of psychological 
evaluation of the low back pain patient therefore 
must shift away from “functional” versus “organic” 
distinctions to the identification of important psy
chological characteristics w ith behavioral motivators 
of each patient. These characteristics w ill obviously 
affect a patient’s disability and his or her response to 
treatment efforts. Identification of such characteris
tics w ill facilitate treatment planning and assist with 
the prediction of treatment outcome. Though space 
does not permit an extensive review of the various 
instrum ents used for psychological assessment, a de
scription of some basic instruments commonly used 
w ithin the PRIDE system may be useful here.
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Quantified Pain Drawing: The pain drawing pro
vides a nonverbal assessm ent tool for pain location, 
severity, and subjective characteristics (50). Patients 
are encouraged to freely display all of their pain and 
rate its intensity along a 10 cm line. Scoring employs 
an overlay that reliably quantifies pain by dividing 
the human drawing into a series of boxes, yielding a 
score for the trunk, extrem ities, and “outside the 
body” pain (10, 34). This latter dim ension is useful 
for identifying pain magnifiers as w ell as suggesting 
the possibility of somatic delusions in rare cases. 
Such a pain drawing provides an easy and reliable 
method for documentation of changing pain percep
tion on repeated measurements in response to treat
ment.

Million Visual Analog Scale: This analog scale 
consists of 15 questions relating to perceptions of 
pain and disability (49). Responses are recorded by 
placing a mark along a 10 cm line that represents an 
index of severity. Scores are easily obtained using a 
ruler or grid. This scale is particularly useful because 
of its nonverbal form of expression, and its ease of 
administration and reproducibility make it ideal for 
monitoring progress through repeated adm inistra
tions. Extremely exaggerated responses that do not 
correlate with clinical assessm ent may also indicate 
the need for further, in-depth psychological evalua
tion.

Beck Depression Inventory (BDI): The BDI consists 
of 21 items pertaining to symptoms of depression, 
such as sleep disturbance, sexual dysfunction, 
weight change, and anhedonia. It is very brief and 
easy to complete, and it has a cum ulative scoring sys
tem that takes less than 1 minute to complete. The 
BDI is designed to identify cognitive factors of de
pression and, along w ith the Hamilton Depression 
Rating Scale, can provide the clin ician  w ith valuable 
information about the existence and severity of de
pression in the low back pain patient (5, 52, 53, 61). 
The BDI’s ease of adm inistration makes it easy to use 
on repeated visits, offering the clin ician  a relatively 
simple means of observing depressive symptoms and 
treatment progress.

Minnesota Multiphasic Personality Inventory 
(MMPI): The MMPI is one of the oldest and most fre
quently used indices of psychological functioning. 
Its first three clinical scales. Hypochondriasis (Hs), 
Depression (D), and Hysteria (Hy), provide valuable 
information in the evaluation of the chronic low back 
pain (CLEF) patient. Relative elevations of these 
three clinical scales can alert the clin ician  to the pos
sibility of important problems such as symptom mag
nification, poor insight into emotions, and defenses 
based on denial and somatization tendencies. Many 
ancillary scales have been developed w ithin the 
MMPI that also provide specific inform ation perti

nent to CLBP treatment. Notable among these are the 
M cAndrews (Mac) and Ego Strength (Es) scales. The 
Mac scale helps to identify patients with alcoholic or 
drug-dependent personalities, w hich may assist the 
treatment team in preventing drug habituation. The 
Es scale is designed to identify patients with lim ited 
emotional resources who might lack the motivation 
and personal responsibility to adequately benefit 
from an intensive treatment regimen. Many articles 
document correlations between various behaviors 
and certain scales, of w hich these are but a few ex
amples.

Other Psychological Assessments: The Structured 
Clinical Interview for DSM-IV diagnosis (SCID) is an 
interview test designed to help a trained mental 
health provider reach a DSM-IV psychiatric diagno
sis. The most important are the Axis I and II diag
noses, w hich occur very com m only in chronic spinal 
disorders (54). The Hamilton Depression Rating 
Scale is a clinician-adm inistered test that supple
ments the self-report of the BDI. A nonstructured 
clin ical interview by clinicians helps to focus on the 
various critical issues that are the essential barriers 
to recovery that must be addressed. Many of these 
m aybe social (child care or transportation problems), 
specifically affecting the patient’s ability to partici
pate in rehabilitation, or they may involve financial, 
psychological, legal, and employer-related issues. 
Sim ilar interviews performed by disability managers 
are quite useful in evaluating the occupational as
pects of ongoing disability, w ith this role being taken 
under different training circum stances by occupa
tional therapists, social workers, vocational rehabil
itation specialists, or rehabilitation nurses. Tests that 
evaluate an individual’s education and skills, includ
ing the W echsler Adult Intelligence Scale-R evised  
(WAIS-R) are also connnonly used in assessment de
signed to achieve an outcome of returning the 
chronically disabled worker back to a productive life
style.

The Tertiary Care Treatment Plan for 
Functional Restoration________________
Functional restoration is a type of tertiary care that 
uses the physical/functional capacity and psycho
social assessments described in detail previously to 
organize a physician-directed interdisciplinary team 
treatment approach to restoring patients to produc
tivity. M ultiple disciplines are required on-site, with 
all patients having the benefit of access to each spe
cialized group of health providers in an intensive 
program individualized to the initial assessments (9,
18, 23, 25, 28, 46, 47, 55, 56, 59). An additional fea
ture of functional restoration programs is the atten
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tion to outcome monitoring for all patients, with 
structured clin ical interviews at a m inim um  follow- 
up interval of 1 year. These interview s focus on spe
cific objective factors of cost and disability (17, 34,
41, 44, 51).

Follow ing the initial assessment, a preprogram 
phase of treatment is initiated on a once or twice 
weekly basis. The duration and frequency of this 
phase are determined by the degree of decondition
ing and any psychosocial barriers that would inter
fere w ith participation in the 3-week intensive phase. 
In this phase, the physical and occupational thera
pists are involved prim arily in confidence building 
to overcome the lim itation of physical performance 
that might derive from inhibition and fear of injury, 
and m obilization and stretching to prepare the pa
tient for the intensive m uscle training portion of the 
program. Psychologists and disability managers deal 
w ith psychological (e.g., depression and/or sub
stance dependence) and social (e.g., financial, trans
portation, family responsibilities) barriers to program 
participation, respectively. U tilization ranges from 2 
to 6 weeks and is followed by the program’s intensive 
phase. During this portion of the program, the patient 
participates in  a 3-week 10-hour/day program con
sisting of reconditioning, work sim ulation, disability 
management, and a cognitive-behavioral program 
(17, 34, 40, 41).

The reconditioning and work sim ulation aspects 
of the program involve physical and occupational 
therapists using active (not passive) treatment m o
dalities. Quantification is necessary for these aspects 
of the program, since they provide the initial levels 
of exercise from w hich a progressive resistive pro
gram emerges. The indirect assessments confirm 
functional deficits and psychosocial barriers to effort, 
leading to a com bination of education and exercise 
training to resolve the deconditioning syndrome. Ini
tial treatment is directed toward m obilizing and 
strengthening the “weak link” in the biom echanical 
chain, and whole-body work sim ulation integrates 
the performance of this link w ith other parts of the 
body that have been deconditioned sim ply by inac
tivity. } -

The cognitive-behavioral m ultim odal disability 
management program focuses initially  on diagnosis 
of psychosocioeconom ic barriers to functional recov
ery in the given individual through the assessment 
m entioned above, and then on specific treatments for 
problem areas. The in itial treatment may be phar
m acologic, involving detoxification from habituating 
opiate and tranquilizer m edications, use of antide
pressants and anti-inflammatory m edications, and 
occasionally major tranquilizers. Rem aining treat
ments include a cognitive-behaviorally based pro
gram of education and counseling, including stress 
management, that is tim e lim ited and aggressively

oriented toward sequential goal-setting. Failure to 
meet mutually prearranged goals may result in dis
m issal from the program (an event cm-rently occur
ring in about 5%  of com prehensive program admis
sions). In practice, education and counseling 
accounts for approximately one-half of total program 
time, with the remainder spent in physical training.

Outcome Monitoring
Though space does not permit additional details of 
how each member of the interdisciplinary team treats 
patients, the reader should now recognize that ter
tiary care involves m edically directed interdisciplin
ary team treatment based on a therapy plan that is 
individualized for patient needs by the initial eval
uation. Follow ing term ination of the intensive phase 
of treatment, the patient’s ultim ate socioeconomic 
outcomes depend on the m aintenance of treatment 
goals. Patients generally achieve a m uch higher level 
of physical and functional capacities, w hich must be 
continued in a Fitness M aintenance Program, for 
w hich the patient is educated, based on the training 
level he or she has achieved under staff supervision. 
Repeated objective physical quantification leads to 
feedback to the patient on m aintenance of physical 
capacity, w hich can be correlated w ith job demands 
to make inferences on the risk of future injury. Rel
evant pieces of durable m edical equipment or mem
berships in  appropriately equipped fitness centers 
may be suggested for patients. In addition, PRIDE 
performs routine one-year scheduled follow-up tele
phone interviews as a regular part of its program. The 
interview includes inform ation on working status, 
additional health care utilization, resolution of com
pensation issues (long-term disability. Social Secu
rity Disability, permanent partial/total disability, 
etc.), and injury recurrence (14, 42). The interviews 
must be performed in the context of possible remain
ing barriers to full disclosure by the patient, thus ne
cessitating further investigation through contacts 
w ith employers, attorneys, family members, or third 
party payers in some cases. Combining the follow-up 
interview inform ation with preprogram demographic 
data on the same subjects can provide valid statistical 
comparisons of the ability of a comprehensive func
tional restoration program to deal w ith disability and 
cost. Since the chronic low back and neck pain pa
tient ultim ately accounts for 80%  of the costs of de
generative spine problems through a combination of 
m edical treatment, lost productivity, indemnity, and 
government support, program evaluation, including 
involvem ent of other members of the disability sys
tem, provides a major resource to clinicians, employ
ers, health care planners and legislators alike.

Though functional restoration of the chronic pa
tient is the area of highest anticipated “bang for the
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buck” in work-incurred spinal disability, employers 
and government agencies are often slow to effect 
change in their policies. W hile the Boeing study 
clearly demonstrates (6, 7, 58) that job dissatisfac
tion/personnel relations problems may be the best (or 
only) predictor of back “in jury,” the use of the med
ical system to avoid responsibility for good personnel 
relations has becom e endem ic in some industries. 
These employers and government agencies may find 
it easier to ascribe back injury to the “costs of doing 
business” and pass these expenses on to the con
sumer or taxpayer. An adversarial and rancorous re
lationship more often than not alters the status of the 
patient from an employee to a claim ant. Lest we too 
quickly fall into the trap of labeling the injured 
worker who seeks redress from perceived punitive 
employer actions as a “faker” or “m alingerer,” we 
must consider the m ultitude of factors in the evolu
tion of the w orkers’ com pensation and personal in 
jury situations themselves.

It is appropriate here to consider briefly some of 
the aspects of the employer/employee relationship 
that are vital to the reader’s understanding of the be
havior of the injured worker. W hile m anipulative
ness, opportunism, and low m otivation characterize 
some patients’ behavior, their actions are usually 
conditioned by perceived grievances in  the essen
tially adversarial w orkers’ com pensation system. 
Employer-employee conflict is often played out 
through their respective representatives (the insur
ance carrier and the plaintiff’s attorney) in a contest 
over medical benefits, job retention rights, and dis
ability-related indem nity benefits tied to perceived 
permanent impairment. The other participants in the 
disability system may have a variety of personal and 
business interests that can diverge in certain critical 
areas from the best interest of the iu jm ed worker. As 
such, the interdisciplinary team ’s education on the 
particular rules of the w orkers’ com pensation venue 
can be an important aspect of treatment to assist the 
patient in escaping the maze of chronic disability. In 
this regard, the tertiary care provider is the only dis
interested party capable of assisting the patient in 
formulating a problem-solving solution. In this way, 
tertiary care facilities accom plish specific socioeco
nomic benefits of interest to the injured worker as 
well as to the society around him. In so doing, the 
assessment and tertiary treatment of the chronically 
disabled worker leads to tertiary prevention, in 
which the most dismal consequence of permanent 
disability of the young and potentially productive 
worker is avoided. Since spinal disorders are the pri
mary cause of disability in people under the age of
45 years in most industrialized countries, an average 
of 25 to 30 years of taxpayer-supported welfare ben
efits (Social Security Disability Income (SSDI), long
term disability, unemploym ent insurance, social

welfare, food stamps, etc.) can be prevented by ju
dicious application of tertiary care to the identified 
chronically disabled worker. Ultimately, application 
of tertiary care to the large reservoir of “permanently 
disabled” spinal disorder patients offers a major 
challenge to society’s ability to create jobs and an op
portunity to save billions of dollars in unnecessary 
welfare payments for nonproductivity.

In selected cases, tertiary care may be appropriate 
even before a maximum normal soft tissue healing 
period (4 to 6 months postinjury) has been com 
pleted. W hile secondary treatment is usually prefer
able for patients before they have had 4 months of 
disability, the availability of effective tertiary care 
w ith cost- and duration-lim ited programs may make 
them desirable for selected cases even before 4 
months have passed. In particular, with more aggres
sive employer involvem ent through transitional 
work return programs, with the recognition of early 
psychosocial stressors potentially leading to en
hancem ent of disability, and w ith the advent of treat
ment guidelines to inform health providers and ad
ministrative agencies of demonstrated ways to 
achieve treatment goals, tertiary treatment (at least in 
a lim ited form) may be instituted w ithin 6 to 8 weeks 
of injury/disability in selected cases. A variety of cri
teria may be used to distinguish the suitability of sec
ondary or tertiary care in these cases, including the 
m atch between physical capacity and job demands, 
recent prior injury, age, other m edical conditions, 
preexisting psychosocial barriers, and job availabil
ity. Progressive education of health providers to the 
more advanced approaches to rehabilitation of in
jured workers is the best method to advance program 
effectiveness and-ensure quality of care.

We must conclude that the future of rehabilitation 
of chronically disabled workers with neck and back 
pain lies in finding solutions that involve coopera
tion among stakeholders in the workers’ compensa
tion system. The injured worker must be given an 
opportunity for appropriate medical care, rehire, and 
compensation for any iujmy that meets legal com 
pensability criteria. The employer must continue to 
be protected from excess liability and from the “sec
ondary gain” potential for exploitation of a situation 
in which relief from the obligation to work (disabil
ity) is financially compensable. If objective structiu’al 
documentation cannot provide adequate means for 
assessing impairment, scheduled or functional as- 
sessment-based awards may be considered. Surgical 
treatment must be carefully evaluated, not purely on 
the basis of pain or structural considerations but in 
terms of the impact it will have in a workers’ com 
pensation system. This includes the impact on the 
socioeconomic outcomes discussed above. Partner
ships between surgeons and rehabilitation special
ists, based not on higher utilization but rather on
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proven outcomes, w ill probably becom e the rule 
rather than the exception. Surgeons w ill have to con
sider the likelihood that their surgery w ill be judged 
by these outcomes in workers’ com pensation, so that 
their ultimate objective w ill becom e a surgically 
treated and functionally restored patient who can re
turn to work as a productive taxpaying citizen. If this 
goal is not achieved, further incursions into surgical 
practice questioning the indications for surgical 
treatment in spinal disorders can be anticipated. Sur
gical treatment of a structural lesion alone can never 
be expected to produce return to work in com plex, 
chronically disabled patients. A partnership between 
surgeon and careful providers of secondary and 
tertiary care, however, coupled w ith appropriate 
surgical and nonoperative patient selection, can be 
anticipated to reduce pain and achieve socially 
responsible outcom es, even for injured workers with 
spinal disorders who have lim ited education and 
skills. Accom plishing these goals is the challenge for 
the next decade.
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SECTION V

Adult Deformities and 
Miscellaneous Disorders

CHAPTER TW ENTY THREE

Adult Scoliosis
R ichard A. Balderston, Todd J. Albert an d  A lexander R. Vaccaro

Introduction
Adult scoliosis is a spinal deformity with the Cobb 
angle measuring greater than 10° in the coronal plane 
in a patient older than 20 years of age. The patients 
discussed in this chapter had onset of their deformity 
before skeletal maturity, with persistence and possi
ble worsening of the deformity after the age of 20 
years (57). In another group of patients who previ
ously had straight spines, that is, a Cobb angle less 
than 10° at the age of 20 years, deformity developed 
as a result of degenerative disease. In patients 
who have this type of degenerative scoliosis the de
formity develops more com m only in the lumbar 
spine; however, there are surgical considerations 
that must be taken into account, assuming that all 
adult patients have some degree of degenerative 
disease.

Epidemiology and Natural History
In a study group of adult patients w ith an average age 
of 61 years, Vanderpool et al. (67) found a prevalence 
of 6%  of deformity as visualized in the coronal plane. 
However, in this study, curve definition was set at 7° 
or greater. Patients who had osteoporosis had a 36%  
incidence of spinal deformity, and more than 30%  of 
these patients had proof of coronal plane worsening 
secondary to fracture and degenerative disease.

In 1981 Kostuik and Bentivoglio reviewed 5000 
intravenous pyelograms and found roughly a 4%  in 

cidence of scoliosis of 10° or greater in the lumbar 
spine (33). In this patient group 86%  of the diagnoses 
were idiopathic scoliosis, w ith the remainder being 
degenerative scoliosis.

Curve progression in the adult patient with idio
pathic scoliosis has been w ell defined. Several au
thors have demonstrated that curves in the adult pa
tient w ill frequently progress (12, 42, 43, 45, 47, 50, 
54). In a landmark study by W einstein and Ponseti, 
40-year follow-up data were gathered for patients 
who had idiopathic curve patterns (12, 69). Patients 
who had a curve magnitude between 50° and 75° 
were found to have the highest risk for progression 
in both the thoracic and lumbar spine. Thoracic 
curves with a Cobb angle of this degree at the initia
tion of the study progressed an average of slightly less 
than 30° over the 40-year period. Thoracolumbar 
curves increased an average of 22° over the same pe
riod. These figm’es represent an overall average for 
participants in the study, and although many pa
tients did not progress, some progressed 1° to 2° per 
year over the course of the study. In the lumbar spine 
curves in w hich the L5 vertebra was seated above the 
intercristal line and in those curves with lumbar api
cal rotation greater than 33°, the worst prognosis over 
a long-term follow-up period could be expected. If 
the lumbar or thoracolumbar curve was not balanced 
at the beginning of the follow-up period, a higher in
cidence of progression was found. Recently Koroves- 
sis et al. reviewed 91 patients with lumbar scoliosis 
and observed them for 2 years (31). They found that

4 7 5
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the factors that increase the risk of lumbar curve 
worsening were lateral olisthesis of the apical verte
brae, ratio of the Cobb angle divided by the number 
of vertebrae w ithin the curve (Harrington factor) (26), 
and the amount of wedging of the disk spaces w ithin 
the curve expressed by the total disk height on the 
convex side divided by the total height on the con
cave side. The factors that were not prognostic in this 
study included lumbar scoliotic Cobb angle, lumbar 
lordosis, rotation of the apical lumbar vertebrae, and 
sacral inclination.

The cause-and-effect relationship of low back pain 
and scoliosis in the lumbar spine is not w ell defined 
(59, 60, 70). In the W einstein study, there were no 
findings of increased incidence of thoracic pain as 
compared to curve magnitude (69), Kostuik and Ben- 
tivoglio noted an increase in incidence of low back 
pain in 59%  of their 189 patients with scoliosis di
agnosed on intravenous pyelogram (33). W hen these 
patients were m atched for age, sex, and occupation 
w ith 100 patients without scoliosis, however, the in 
cidence of pain was found to be the same in both 
populations. Of those patients who had pain, 44%  
had m ild episodes, 49%  moderate pain, and 7% had 
severe pain. The correlation w ith age was similar, 
w ith the m aximum severity appearing between the 
ages of 40 and 60 years. The authors did explain that 
in patients who had curves greater than 45° in the 
lumbar spine there was statistically a more signifi
cant degree of incapacitating pain than in those who 
had curves less than 45° or in subjects in the control 
group.

Cochran et al. have defined the risk of low back 
pain in patients who have had surgery for idiopathic 
scoliosis with fusion into their lumbar spine (10). For 
patients who had a fusion ending at L2 or L3, the 
incidence of low back pain was no different from that 
in  a control population. For patients who had a fu
sion ending at L4, the level of low  back pain was 
increased.

Diagnosis
For the adult patient with an adolescent curve pat
tern that arose before skeletal maturity, the history is 
the most important aspect of the overall evaluation. 
The first area of inquiry includes a history of all pre
vious treatment. W hen was the diagnosis made? 
What was the Cobb angle, and what were the end 
vertebrae at the tim e of initial assessment? Did the 
curve progress during adolescence, and if  so, to what 
level? Was observation, bracing, or surgery ever rec
ommended to the patient? Most of the patients who 
are currently in their 40s or 50s would have been told 
by their physician at the age of 19 years that there 
was little or no chance of their scoliosis ever pro

gressing because at that time it was thought that pro
gression did not occur in adults.

A history of curve progression can be ascertained 
from the patient or from those people who have been 
in contact w ith the patient frequently over the past 
several years. Questions for the patient concerning 
progression should include; Do you feel that you’re 
leaning more to one side? Do you feel you are losing 
your w aistline on one side, or that your hip is becom
ing more prom inent on one side? Do you feel that you 
have becom e shorter? How tall were you when you 
graduated from high school in comparison with your 
current height? Does it seem that you’ve become fat
ter without an increase in weight? Do you have to 
hem your clothes differently or have you had to have 
them adjusted because you felt that one leg was be
coming longer than the other? Often patients com
plain of increased fatigue because they must expend 
more energy in their attempt to stand without decom
pensation. Serial x-ray films should be obtained and 
w ill tell this story with more precision than historical 
data.

A history of back pain is frequently elicited, and 
the exam iner must be precise in the definition of lo
cation and intensity. Does the pain originate at the 
lumbosacral junction, iliac crests, sacroiliac joints, or 
distal sacrum? Or is the pain associated with a tho
racolumbar prom inence, rib hump, thoracic or tho
racolumbar spine in the m idline? How often does the 
pain occur and how severe is it? What m edication is 
required to obtain some relief from the pain? Is the 
patient able to work when the pain occurs? If not, 
how many days have been m issed from work because 
of the pain?

Pain occurring in the region of the lumbar spine 
may also be referred to the posterior buttocks or to 
the proximal half of the posterior or lateral thigh. 
True radicular pain may be defined as any pain ra
diating below  the knee or pain radiating into the an
terior thigh. Adult patients with scoliosis frequently 
present w ith an L3, L4, or L5 radiculopathy related 
to the concavity of a lumbar curve or to the concavity 
of the compensatory lumbosacral curve. The exam
iner must be extrem ely precise in the definition of 
the feeling of numbness or sharpness of the pain. 
How far can the patient walk before the symptoms 
becom e severe? Is the pain made better with rest and 
worse with activity? Does extension of the lumbar 
spine increase the symptoms? A pain questionnaire 
is a valuable adjunct in evaluating the condition of 
patients who have either back pain, radicular pain, 
or both.

Pulmonary function should be evaluated in all pa
tients who have thoracic or thoracolumbar curves. 
All patients should be asked whether they have had 
increasing shortness of breath during periods of ex
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ertion such as clim bing stairs or aerobic exercise. 
Certainly a history of asthma should be ruled out. In 
patients who have congenital or neurom uscular 
curves, this type of problem is m uch more common, 
but pulmonary dysfunction has been documented in 
patients who have thoracic curves greater than 60° 
(31). Patients who have significant thoracic or tho
racolumbar lordosis and an early onset of idiopathic 
scoliosis are also at high risk for pulmonary com pro
mise. Pulmonary function tests are recommended for 
any patient with a history of shortness of breath that 
has been increasing, w ith thoracic curvatures greater 
than 60°, with congenital or paralytic scoliosis, or 
with concom itant pulmonary disease such as asthma 
or asbestosis.

One final assessm ent that should be made for 
every patient is a psychological one. W hile many pa
tients have learned to live w ith their deformity, there 
may be significant life circum stances such as a di
vorce or a new job that have brought the patient to 
focus on his or her spine again. Indeed, there may be 
no change in the patient’s spine, but because the pa
tient has had a significant alteration in lifestyle, the 
issue of the spinal deformity has resurfaced. Also, 
patients may be afflicted w ith depression, w hich may 
be caused by a m ultitude of factors. Som e assessment 
must be made of the patient’s general feeling of w ell
being. For many patients, increasing back pain may 
be a sign of increasing depression, and back pain may 
be improved simply by treating the depression.

The physical examination of the patient with adult 
scoliosis focuses on several areas. Careful palpation 
of the entire spine and pelvis must be performed to 
determine whether there are any tender areas over 
the rib hump, thoracolumbar prominence, individual 
spinous processes of the entire thoracolumbar spine, 
iliolumbar ligament, sacroiliac joint, sciatic notch, 
lateral iliac crests, and greater trochanters. Often per
cussion of the spine is extremely helpful when trying 
to identify a painful segment.

Spinal alignment and deformity are defined in sev
eral ways. A plumb line is used to determine the po
sition of the C7 spinous process with respect to the 
gluteal cleft. In the standing position, the relative 
heights of the shoulders and iliac crests are m ea
sured. Also in the standing position, the degree of 
rotatory m alalignment is noted by measuring any 
asymmetry of the shoulders in the sagittal plane. The 
patient is asked to bend forward, and the examiner 
must view the spine from four different directions. 
The location of a thoracic rib prom inence and any 
lumbar asymmetry are noted w ith respect to level 
and angulation. In the standing position, lateral 
bending is performed by the examiner to determine 
how supple the curvatures are and to determine if 
pain is elicited or reproduced with forced side bend

ing. Any degree of loss of lumbar lordosis or hip or 
knee flexion in the standing position should be 
noted.

A neurologic assessm ent of the lower extremity 
should be performed, w ith an evaluation of each spi
nal nerve from L3 to S i .  In addition, any calf asym
m etries, foot deformities, or hyperreflexia should be 
noted. These findings are more likely to be abnormal 
in patients who have unusual curve patterns such as 
left thoracic “idiopathic” curves.

Any areas of abnormal skin pigmentation, dim
pling, or hair distribution should be noted. Patients 
who have ocular abnormalities, high arched palate, 
and/or hyperlaxity of the joints should be examined 
further for connective tissue disorder.

The roentgenographic assessm ent of patients who 
have any coronal deformity w ith a Cobb angle greater 
than 10° should include a 36-inch cassette postero- 
anterior and lateral view to evaluate tlie entire tho
racolumbar spine in the standing position. Only with 
these views can one ascertain com pletely the degree 
of deformity as measured by Cobb angle in the stand
ing position and the degree of decompensation in 
both the coronal and sagittal planes. Spot anteropos
terior and lateral films of the lumbar spine in the su
pine position should be taken for any patient who 
has a lumbar spinal deformity. In adult patients su
pine films provide more specific assessment of en
larged or subluxated facets, disc narrowing or scle
rosis, or subtle congenital anomalies. Spondylolysis 
or spondylolisthesis should be ruled out in all pa
tients.

Bending films are usually not recommended un
less surgery is being considered. At our center bend
ing films are usually taken in tlie supine position. 
Traction films may be of value to determine whether 
distraction produces decompensation. In any patient 
with a kyphotic deformity, the lateral hyperexten
sion view is mandatory. In patients who have degen
erative disease of the lumbar spine, Qexion/extension 
views in the lateral decubitus position are necessary 
to rule out subtle degrees of instability that may affect 
the lower lim it of fusion.

For the assessm ent of low back pain or radiculop
athy, magnetic resonance imaging has been ex
trem ely helpful in ruling out tumor or infection. 
Great care must be taken in the diagnosis of herniated 
disc because of the three-dim ensional com plexity of 
the scoliotic curvature. Myelography and post
myelogram computed axial tomography may be nec
essary to define the exact position of spinal nerve 
compression. A bone scan may be helpful in younger 
patients who have a m ild painful curve to rule out 
osteoid osteoma or other tumor. Discography may be 
used to assess pain levels in patients w ith scoliosis 
w hen fusion is being considered (32). Grubb et al.
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demonstrated that discs that were painful on discog
raphy in patients with adnh scoliosis would fre
quently not be considered for fusion using traditional 
methods for deciding the lower limits of fusion (23— 
25). It was Grubb’s recommendation that discogra
phy be performed for patients who have painful sco
liosis so that the scoliosis fusion levels would not be 
too short.

Indications for Surgery_______________
The indications for surgery in adult patients who 
have thoracic scoliosis include: curve progression; 
back pain in the area of the spinal curvature unre
sponsive to nonoperative care; progressive respira
tory decompensation in patients who have no history 
of concomitant respiratory disorder; and progressive 
loss of neurologic function and muscle fatigue due to 
increased decompensation in the coronal or sagittal 
plane (8 ,1 4 , 28, 35, 36, 49, 53, 64, 66). Patients at our 
center who have had more than 10° of documented 
progression of a thoracic curve are considered for spi
nal stabilization. These patients may also have in
creased fatigue due to muscle imbalance associated 
with coronal or sagittal plane decompensation. Pa
tients who have significant axial pain in the area of 
their scoliosis and who have a curvature greater than 
60° may be assisted by spinal stabilization. Patients 
in this category can expect an 80 to 85%  chance of 
improvement of their pain, but they must be cau
tioned that there is a 15 to 25%  chance that their back 
pain will be no better after thoracic fusion surgery. 
Patients who have rotatory and lateral olisthesis, lo
calized pain, and decompensation may be assisted by 
fusion surgery.

The patients w ith thoracic scoliosis who require 
surgery have a posterior operation only for scoliosis 
less than 70° and kyphosis less than 55-60°. If a pa
tient has either kyphosis greater than 5 5 -60° or sco
liosis greater than 70-75°, an anterior fusion is added 
to the surgical regimen of posterior fusion and in 
strumentation. If patients have a single degenerative 
disc that is locally tender or a com pression fracture 
from osteopenia producing a local kyphosis that is 
tender, then anterior surgery may also be performed 
at the same sitting as the posterior surgery.

Patients who have progression of lumbar curve 
with associated coronal plane decompensation have 
a high risk of future disability and increasing back 
pain. In the thoracolumbar and lumbar spine the in
dications for surgery are similar, but there is a much 
higher incidence of axial pain that may or may not 
be associated with the scoliosis. As has been men
tioned, discography may be very helpful in this pa
tient group to determine fusion levels.

If decompression surgery is contemplated for a pa
tient who has idiopathic scoliosis, and decompres

sion is planned for an aiea near the apex of the pa
tient’s lumbar curvature, then consideration must be 
given to a fusion of the curve that will stabilize the 
spine and prevent future progression. Lumbar de
compressive surgery in the apex of a lumbar curve 
carries a high risk of producing progression if the 
curve is not stabilized concomitantly. Low back pain 
may be caused by degenerative disc disease of the 
lumbosacral junction in an area where there is no 
significant curvature. Occasionally the lumbosacral 
junction may have a compensatory curvature that 
may be associated with foraminal stenosis and radic
ulopathy. In these circumstances, foraminotomy and 
fusion at the lumbosacral junction may be indicated.

Surgical Treatment___________________  

How Adult Scoliosis Surgery Differs 
From Adolescent Scoliosis Surgery
The first major issue that must be addressed in the 
adult patient is osteopenia. The adult spine, espe
cially in females, is subjected to the continuous loss 
of bone mineral content in all parts of the thoracic 
and lumbar vertebrae, including the vertebral body, 
pedicles, lamina, facet joints, and transverse and spi
nous processes. Subsequently, when the surgeon ap
plies a force through a hook or wire there is less mass 
per unit or area to dissipate the force of fixation to 
the spinal column at the bone-metal interface. Sig
nificant problems that may occur because of osteo
penia include fracture of the bone at the metal-ver- 
tebra interface and compression fractures of the end 
vertebrae‘from force concentration at the end verte
brae. The force concentration is enhanced with in
creasing rigidity in the implant that is used.

To neutralize this effect the surgeon may consider 
multiple strategies to achieve a well-fixed surgical 
construct. The first general principle is to increase 
the surface area of force application at the bone-metal 
interface. Implants that use wire fixation at the spi
nous processes have a higher risk of loss of fixation 
in adults than in adolescents. An implant that em
ploys multiple hooks or screws places less force per 
unit of area at the bone-metal interface than a con
struct that uses only a few hooks and interspinous 
wires. In adults sublaminar wire fixation is usually 
more effective than interspinous wire fixation. If the 
spinal implant system uses primarily hooks for fixa
tion, then additional hooks must be added in adults 
who have a curved pattern similar to one of the more 
common adolescent forms. Because the forces are 
greatest at the ends of the surgical construct, it is usu
ally more efficacious to add additional hooks in these 
areas.

If the deformities are in the lumbar spine, consid
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eration may be given to fixation w ith pedicle screws. 
At this point we have not used pedicle screw fixation 
in this area of the spine for adults with thoracic sco- 
hosis.

The risk of posterior elem ent fracture in  the intra
operative, perioperative, and postoperative periods 
is much higher in adults than in adolescents because 
of osteopenia. Care m ust be taken that end vertebrae 
not rely on transverse process fixation for ultimate 
maintenance of correction. For adults w ith idio
pathic scoliosis we have used a closed thoracic lam 
inar hook for upper-level fixation on the convex side 
of the curvature; we have not had problems w ith lam 
inar fracture of this hook. Also in  patients w ith os
teopenia for whom significant correction is achieved, 
bracing after surgery for a period of 3 to 5 months is 
strongly recommended.

The second major factor that must be addressed in 
comparing adult to adolescent curvatures is the stiff
ness of the adult spine. Loss of disc hydration with 
concomitant disc degeneration, loss of water content 
of the ligamentous and tendinous structures about 
the spine, and weakening of the tendon-bone and lig- 
ament-bone attachments all contribute to an increas
ing m echanical stiffness of the thoracolum bar spine. 
All of these factors contribute to the fact that the cor
rection that can be achieved in the adult is usually 
considerably less than in an adolescent. The correc
tion rate for right thoracic curves in adolescents may 
be between 70 and 90% , but the rate for patients in 
their fourth, fifth, or sixth decade of life may be 35 to 
50%. Patients’ expectations may be extrem ely high 
in this regard, and care must be taken to educate them 
on the anticipated correction of their Cobb angle.

Because of differential stiffness of the spine, co
ronal plane balance is m uch more of a problem in 
adults than in adolescents. The first m ajor factor that 
affects the result of coronal balance is the flexibility 
of the curvature construct. Bending and traction 
views are often helpful in determining the extent of 
correction that may be achieved. Though there still 
may be significant deviation of the apical vertebrae, 
ideally the end result w ill place both ends of the sur
gical construct w ithin the Harrington stable zone. In 
most King type I and type II curves (30), right thoracic 
curve instrumentation w ill shift the thorax to the left 
to a variable degree from the preoperative situation. 
Thus in adult patients who are decompensated to the 
right, the surgeon has an easier tim e of producing a 
more balanced coronal plane than in the patient who 
is initially decompensated to the left. This situation 
brings us to the second major factor that hinders 
achievement of coronal plane balance in adults, 
which is the ability of the lower lumbar spine to com 
pensate for curve correction above it. In adolescents 
the fractional lum bosacral curve w ill usually be cor
rected to the point at w hich coronal plane balance is

not a problem. However, with the disc degeneration, 
facet hypertrophy, and arthritis in adults, the lower 
lumbar spine is not as supple and hence will not be 
as receptive to thoracic and thoracolumbar curve cor
rection. The surgeon may anticipate this problem 
with a review of right and left side bending films of 
the middle and lower lumbar spine. For the same rea
son, the surgeon must always take into account leg 
length discrepancy and pelvic obliquity since these 
factors are more important in adults than in adoles
cents.

Sagittal plane considerations are equally crucial 
when comparing the adult to the adolescent patient. 
Fusion in  adolescents may frequently be performed 
to the L4 level with a primary distractive force. The 
L4—5 and L5-S1 discs, the hip capsules, and the lig
aments of the pelvis are supple and allow for a sag- 
ittally balanced spine despite fixation in distraction 
to L4. It is extrem ely unusual that the adult patient 
w ill tolerate a primary distractive force down to the 
L4 or L5 level. At this point it is safe to say that dis
traction as a primary corrective force in the lumbar 
spine is contraindicated in the adult patient. Thus, 
w ith thoracic correction, primary distraction can be 
used safely to the L l or L2 level, but at the L3 level 
a com pression force is usually used. The Cotrel-Du- 
bousset or sim ilar device is ideal for this purpose, as 
distraction and com pression can be carried out as 
primary fixation modes on the same rod.

Another sagittal plane problem that may develop 
in adults is kyphotic deformity above the level of the 
fused segment, particularly if the fusion stops at the 
apex of the curve. This problem frequently occurs in 
the T8 to T i l  region. Such a complication is rare in 
the adolescent. ‘

Management of Thoracic Curves
Surgery for adult scoliosis requires an instrumenta
tion system that allows for maximum versatility in 
determining points of fixation and in the application 
of force to achieve correction. The Cotrel-Dubousset 
device has revolutionized the ability to achieve both 
correction and fixation (13). This surgical principle 
is much more necessary in adult surgery, in which 
interspinous wiring will not provide reliable fixation.

For King type III right thoracic curves the choice 
of end vertebrae should result in the ends of the fu
sion lying in the Harrington stable zone (Figure 23.1], 
Bending films are helpful in analyzing which verte
brae will lie within this column at the end of the sur
gical procedure. Lateral films should also be exam
ined to determine the amount of kyphosis; if focal 
kyphosis is determined at any level, then the instru
mentation construct should be lengthened to span 
the entire kyphotic segment. The right side bending 
film is used to determine the position of intermediate



4 8 0  SECTION V: A D U LT DEFORMITIES AND MISCELLANEOUS DISORDERS

FIGURE 23.1.
This 20-year-old female demonstrated 15° progression of her thoracic curve between ages 17 and 20 years. Her curvature 
is a type III curve pattern, as her left upper thoracic curve was supple. Postoperative x-ray films at 1-year follow-up dem
onstrate maintenance of curve reduction and fixation. Shoulder levels are maintained equal by the supple thoracic upper

hooks on the left-sided rod. Those discs that do not 
open appreciably and are the most rigid w ill be 
spanned by an open pedicle and open laminar hook, 
usually from four to five levels. If significant devia
tion of the apical vertebrae is seen, consideration 
may be given to extending the fusion w ith a small 
com pression construct on the left-sided rod that is 
placed initially. A left-sided lower com pression con
struct w ill serve to decrease the risk of junctional ky
phosis and translate the thorax to the left side. After 
insertion of the left-sided rod, rotation of that rod is 
then considered. As has been m entioned previously, 
w ith significant arthritis and disc degeneration the 
amount of rotation that can be achieved in the adult 
patient is usually considerably less than in  the ado
lescent; the total amount of rotation possible may be 
only 20° to 45°. The final hook seating is then 
achieved on the left-sided rod by distracting the in
termediate hooks and then distracting the en ’ ver
tebrae hooks of the right thoracic curve. The last

seated hook on the left-sided rod is in a compression 
mode if required in the lower thoracic or thoracolum
bar segment. The right-sided rod is placed in a classic 
Cotrel-Dubousset configuration with substitution of 
a closed thoracic lam inar hook down going at the su
perior aspect of the right-sided rod (58).

For right thoracic left lumbar or right thoracic tho
racolumbar curve patterns the Cotrel-Dubousset or 
sim ilar segmental instrum entation is most effica
cious. W hile distracting in the thoracic spine to 
achieve correction of the scoliosis and to lengthen 
the posterior elem ents of a hypokyphotic segment, 
the same rod may be used to compress the convexity 
of a lumbar curve, producing curve correction and 
simultaneously shortening the posterior elements to 
increase lumbar lordosis. The end vertebrae for the 
left-sided rod in the thoracic spine are usually similar 
to those for a type III curve. Lower hooks are chosen 
for the lumbar spine to achieve coronal balance and 
end vertebrae w ithin the Harrington stable zone.
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Again, the left-sided rod is always inserted first, with 
the goal of achieving sagittal plane contour and ro
tation in order to produce sim ultaneous posterior 
column lengthening of the thoracic curve and pos
terior colum n shortening of the left lumbar or thora
columbar curve. After rod rotation, apical com pres
sion of the thoracolum bar curve is carried out, 
followed by distraction of the thoracic curve.

For King type II curves in w hich there is signifi
cant flexibility in the lower lumbar segment, Shuffle- 
harger has recommended partial instrum entation and 
fusion of the flexible lumbar cm ve (58). This pattern 
is a variation in w hich partial com pression is carried 
out on the lower aspect of the left-sided rod. Often 
the end vertebrae can be brought into Harrington’s 
stable zone by only partially correcting the lumbar 
curve.

The surgeon must carefully exam ine the shoulder 
levels for each patient w ith a King type V curve pat
tern and be very wary w hen the patient’s left shoul
der is higher than the right. A distraction force on the 
left side of the patient’s spine with a left shoulder 
that is already higher w ill lead to a disastrous result 
with shoulder imbalance. Careful exam ination of 
bending films in the upper thoracic region is neces
sary to determine how flexible this upper curve is. In 
most patients w ith this configuration, surgical recon
struction requires a temporarily placed right-sided 
concave distraction rod that is initially  placed in the 
upper thoracic spine in  an attempt to correct this cur
vature and elevate the right shoulder. The left-sided 
rod is then placed, with care being taken to add an 
upper compression construct on the convexity of the 
upper left thoracic curve. The patient must be 
warned that the shoulder asymmetry may not im 
prove even after this procedure. The final surgical 
construct may include an incorporation of the upper 
right-sided rod in a three-rod construct or removal of 
the right upper thoracic rod and insertion of a longer 
rod to include the entire construct.

Right thoracic curves that are greater than 85° to 
100° frequently require special rod constructs. Two 
separate rods may be utilized to achieve the function 
of the intermediate and end vertebral hooks on a less 
severely scoliotic right thoracic curve. Right side 
bending films in these cases usually demonstrate five 
or six segments that are rigid. A short concave rod 
with closed pedicle and lam inar hooks at each end 
is used to achieve correction of the apical vertebrae. 
A second rod is then placed, with the end vertebrae 
chosen in routine fashion. Distraction is carried out 
on both rods in a sequential m anner to achieve m ax
imum correction. The rods are then connected with 
transverse loading devices, and a right-sided neu
tralization rod may be inserted.

In general, any patient w ith kyphosis greater than 
55° in the thoracic spine requires an anterior release

and fusion. For adult patients the principles of ky
phosis surgery take precedence over a purely coronal 
plane operation. That is, the sagittal plane in these 
patients is m uch more important than the coronal 
plane, both in  correction and in m aintenance of sta
bilization. For patients who have significant kypho
sis, consideration should be given to insertion of the 
right-sided convex rod first. M ultiple fixation points 
are chosen to achieve posterior colum n shortening 
w ith com pression that is done on the convex side of 
the curvature to sim ultaneously produce scoliosis re
duction, The surgeon must remember that the cor
rection of coronal plane problems with a compres
sion construct w ill achieve less correction per unit of 
force in the coronal plane than a corresponding dis
traction force. The com pression force m ust have at 
least two to three fixation points on either side of the 
apex of the kyphosis.

Management of Lumbar Curves
Segmental fixation for adult lumbar scoliosis is used 
in two groups of patients. The first group comprises 
patients who have significant thoracolumbar or lum
bar curves and have suffered progression of their cur
vature, increased decom pensation, or increased pain. 
The second group com prises patients with degener
ative scoliosis producing prim arily sciatica. In the 
first group instrum entation is used to correct defor
m ity and provide stability in a partially corrected po
sition. The critical issues are lordosis m aintenance, 
coronal plane balance, and consideration of loss of 
anterior middle colum n height due to disc degener
ation.

In patients w ith thoracolumbar curvature, hook 
fixation sites may be used to provide com pression on 
one side of the curve to correct both the sagittal and 
coronal planes. In general, this com pression force al
lows correction of coronal plane deformity when the 
force is applied to the convexity of the scoliosis curve 
pattern. W hen using hook or vertebral body screw 
fixation in the lumbar spine, distraction as an initial 
force is almost never used. Distraction force in the 
lumbar spine w ill only produce increased lumbar ky
phosis. Rod rotation maneuver from the concave side 
of the lumbar curvature w ill also help to correct the 
scoliotic deformity and enhance lumbar lordosis. If 
sublaminar wires are used in addition to the hooks, 
they should be placed in the concave side of the cur
vature to help in derotating the lumbar vertebrae. In 
adult patients a m inim um  of one fixation site for each 
lumbar vertebra attached to a thoracolumbar fusion 
is mandatory. For curvatures extending to the L3 or 
L4 level, the number of fixation sites may include a 
vertebral body screw and a hook (Fig. 23.2).

In patients who have degenerative lumbar scolio
sis and require surgery because of sciatica, the option



4 8 2 SECTION V: A D U LT DEFORMITIES AND MISCELLANEOUS DISORDERS

FIGURE 23.2.
A-D. This 43-year-old female has a 5-year history of progressive shortening decompensation to the left and forward flexion 
deformity Over a course of 10 years she has noted gradually increasing pain at the thoracolumbar junction Postoperative 
X ray hlms at 1-year follow-up demonstrate improved balance in both the coronal and sagittal planes. Vertebral body screws 
were used to stabilize the last segment, where fusion was attempted at L4-5.

of hook utilization is usually not present. In patients 
who do not have significant problems w ith coronal 
or sagittal plane balance, fixation and fusion of the 
lumbar spine may be confined to only those areas 
where decompressive surgery has been performed. 
Vertebral body screw instrum entation may be uti
lized to achieve partial correction of coronal Cobb 
angle deformity. In patients who have significant lo
cal kyphosis or who have a loss of sagittal balance on 
standing, lateral 36-inch cassette film analysis should 
be performed in  considering the insertion of struc
tural grafts to increase anterior colum n height and to 
improve sagittal balance and decrease stress on the 
vertebral screw rod construct.

Long Fusions to the Sacrum
The fusion of the pediatric or adult patient spine to 
the sacrum is fraught w ith significant technical dif
ficulties and has an increased surgical com plication 
rate (34, 61]. However, the advent of new instrum en
tation systems has made fixation to the sacrum asier 
w ith the use of segmental fixation to the iliac wings.

This represents significant advances from Luque’s 
original technique for sacropelvic fixation using 
L-rods, sublaminar wiring to the S i  lamina, and 
spearing of the cortices of the posterior ileum with 
a sim ple 90° lateral bend of the inferior end of the 
rod (14].

The Galveston technique developed by A llen and 
Ferguson for neurom uscular spinal deformities rep
resented a significant advance in iliac fixation (2). 
The tip of the iliac rod ending anterior to the axis of 
rotation and flexion extension provides a more stable 
buttress to hold the spine to the pelvis. This system, 
as w ith all current fixation systems utilizing iliac fix
ation, rests in instrum enting but not fusing across the 
sacroiliac joint. This remains a theoretical disadvan
tage, as the “w indshield-w asher” phenomenon has 
not becom e clin ically  significant. Early reports of fu
sion to the sacrum utilizing Harrington fixation 
showed very poor clin ical results w’ith unacceptably 
high com plication rates and unsatisfactory func
tional results (15).

It has becom e w ell understood that fusion to the 
sacrum is improved with a com bined anterior and
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posterior approach to lessen the pseudarthrosis rate 
and with the use of m ultisegmental fixation, w hich 
often includes pedicle screws in addition to Galves
ton-type fixation across the pelvis into the iliac 
wings. The standard instrum entation montage to the 
sacrum now includes anterior structural allograft for 
at least the lowest two interspaces (L 4-5  and L5-S1) 
to enhance lumbar lordosis and open the disc space, 
and pedicle screw fixation posteriorly w ith Galves
ton outriggers connected w ith I-bolt connectors for 
TSRH (Texas Scottish Rite Hospital) instrum enta
tion, domino connectors for Cotrel-Dubousset instru
mentation, and I-rod connectors for Isola iliac screws 
(Fig. 23.3) (48).

The use of pedicle fixation alone to the sacrum 
with augmentation has led in the past to very high 
instrumentation and fusion failure, the inability to 
balance the plane deformity, and a relatively poor 
functional outcome, according to the report of Devlin 
et al. (15). Before the advent of segmental pedicle 
screw fixation w ith the domino Galveston-type mon
tage, Saer, W inter, and Lonstein reported an im 
proved fusion rate and a lower instrum entation fail
ure rate using the Luque-Galveston fixation method 
in adults in whom fusion to the sacrum was per
formed (55). The technique of Luque-Galveston fix
ation using Luque wires and/or dominoed Cotrel-Du
bousset rods is well-described elsewhere (40).

It is important when harvesting a graft during this 
procedure that care is taken not to harvest from the 
thickest part of the ileum, where standard grafting 
procedures are often performed. This is the best part 
of the bone for insertion of Galveston-type fixation 
and should be preserved as such. In long fusions to 
the sacrum it is usually necessary to supplem ent au
tograft bone with some allograft.

Postoperative bracing is not necessary when a Gal
veston technique is used if segmental fixation is ob
tained and bone purchase is good. W hen bone stock 
is poor or inadequate pelvic iixation is obtained, cus- 
tom-molded thoraco-lum bar-sacral orthoses with leg 
extension are necessary as an adjunct to the internal 
fixation. We generally recom m end full-tim e brace 
wear (23 of 24 hours per day), w ith careful attention 
paid to the skin. Bracing is only used in adults who 
are severely osteopenic or if bilateral Galveston fix
ation is not possible secondary to prior graft harvest
ing. In these cases the leg extension brace is placed 
on the extremity without the iliac rod. The duration 
of bracing depends on the appearance of the fusion 
but is usually a m inimum of 3 months.

Thoracoplasty
The rib prominence that is usually on the right side 
in patients w ith thoracic curves is dependent on 
many variables. Of course curve magnitude is di

rectly related to chest w all deformity and makes the 
right side of the chest more prominent. Vertebral 
body rotation w ill enhance the posterior projection 
of the thoracic ribs at the apex of the curve. Many 
patients with severe curves have a smaller absolute 
thoracic rib cage volume, and their prom inence may 
be less apparent.

M easurement of the thoracic prom inence has been 
detailed by numerous authors. On forward bending, 
one can measure the difference between the most 
prominent or posteriorly projecting aspect of the ribs 
and its counterpart on the opposite side. Another 
way to estimate the degree of deformity is to use an 
inclinom eter to measure the angle formed by the 
chest cage w ith the patient bending forward 90°. Pa
tients may m ention their rib prom inence for a num
ber of reasons. For most patients, there is some dif
ficulty with clothing and with the alterations that are 
necessary to make the clothing appear more normal. 
Many patients w ill frankly admit that they consider 
the posterior prom inence of the thoracic rib cage un
sightly, and they are very conscious of the presumed 
negative image they project. For other patients, the 
prom inence may be painful during activities that re
quire an upright position or when the rib prominence 
is in contact w ith a hard surface.

The primary considerations for thoracoplasty in 
patients w ith significant prom inence include cos
m etic result, additional fusion mass, and dim inished 
pain at the site of the prominence. Of these factors, 
the major advantage for the patient is the additional 
amount of autologous bone that could be added to 
the thoracic fusion bed. However, most patients are 
highly satisfied w ith the dim inution of the posteri
orly projecting -ribs. If there is pain associated with 
the thoracic prom inence, this symptom may be di
m inished with removal of the ribs. For most rib re
section surgeries our technique involves a separate 
incision at the posterior axillary line. The m uscle fi
bers of the latissim us dorsi m uscle are usually sec
tioned longitudinally w ith cautery to expose the rib 
prominences. Subperiosteal dissection is carried out 
along each rib that is prominent from the transverse 
process of the thoracic vertebrae to the midaxillary 
line. The rib is then sectioned and removed. Each rib 
is then divided into small strips and placed into the 
fusion bed. Usually four to six  ribs are removed in 
the area of greatest rotation. If an anterior thoracot
omy has been performed before the posterior surgery 
and rib resection, care must be taken that the incision 
for the thoracotomy does not intersect the incision 
for the thoracoplasty, as a skin slough may occur in 
the angle betw een the two incisions. Once the ribs 
have been removed, the retractors are then taken out 
and any areas of prominence are palpated. Fre
quently there are rib edges that are left or prominent 
transverse processes that may be removed from either
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FIGURE 23.3.
A 35-year-old white female 20 years after anterior thoracolumbar fusion with a Dwyer device presents with severe low back 
and leg pain. A retrolisthesis is seen at L4-5 and significant kyphosis across the fusion area. Discography was positive at 
L4-5 and L5-S1. Anterior-posterior spinal osteotomy and fusion extension to the sacrum were carried out with structural 
grafting anteriorly and Galveston augmented fixation posteriorly. Good restoration of sagittal balance and relief oi pain were 
obtained.
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the thoracoplasty incision or the m idline incision. In 
this way the surgeon can then sculpt the remaining 
bony edges to dim inish any acute prominences. 
Other possible techniques include thoracoplasty 
from a thoracotomy approach and rib resection 
through a percutaneous trocar.

The com plications of thoracoplasty in adult sco
liosis are few. The most common problem is a pneu
mothorax that is produced acutely at the tim e of 
subperiosteal dissection of one of the ribs. If a 
thoracotomy has been performed for anterior discec- 
tomy and fusion through the right side of the chest, 
then a chest tube w ill already be in place on the right 
side, and this type of small puncture is not a signif
icant problem. However, if  anterior surgery has not 
been performed, then a chest tube should be inserted 
at the time that the surgeon notices a discontinuity 
of the parietal pleura. Lenke et al. have demonstrated 
that pulmonary function in these patients is signifi
cantly dim inished both im m ediately after surgery 
and at 2-year followr-up (37). Thus in patients with 
severe deformity who have significantly dim inished 
pulmonary function studies, thoracoplasty must be 
considered with great caution, as the procedure in 
itself produces significant loss of lung capacity.

Medical Complications of 
Scoliosis Surgery_____________________
Respiratory com plications of scoliosis surgery in the 
adult can occur from either anterior or posterior sm- 
gery (6, 11, 22, 27, 44, 52, 65). These include atelec
tasis, pneumonia, pleural effusion, pneumothorax, 
chylothorax, hemothorax, acute respiratory distress 
syndrome, respiratory failure, pulmonary thrombo
embolism, and fat embolism.

Pneumothorax can occur during posterior surgery 
when dissection is carried out too aggressively in the 
intertransverse process area of the thoracic spine. 
Additionally, pointed retractors used in the thoracic 
spine can penetrate too deeply and injure the pleura, 
causing a pneumothorax. Treatm ent entails chest 
tube insertion and negative pressure suction. Know l
edge of this com plication and surveillance with a 
chest x-ray film exam ination is important. After an
terior thoracotomy, all patients have a chest tube 
placed for anterior drainage to treat the pneum otho
rax that occurs w ith the incision of the parietal 
pleura. The chest tube is removed when drainage has 
decrease significantly and the residual pneum otho
rax is resolved. A chest film is always obtained after 
removing the chest tube. Chylothorax and/or chylo- 
peritoneum can occur after an anterior approach to 
the thoracic or lumbar spine (11, 44, 51). These com 
plications should be recognized at the tim e of surgery 
and the stump of the affected lym phatic duct ligated.

The development of this kind of com plication is dif
ficult to treat postoperatively and often requires in
sertion of drainage catheters and potentially the use 
of sclerosing agents.

Pulmonary embolism is less common in spinal 
surgery than in pelvic and extrem ity surgery. We use 
antiem bolism  stockings and pneumatic compression 
hose at the time of anesthetic induction for prophy
laxis. The diagnosis of pulmonary embolism requires 
prompt heparinization. In patients in whom antico
agulation therapy is contraindicated, the placement 
of a caval filter may be necessary.

Other postoperative pulmonary problems such as 
pneum onia or atelectasis are more frequent in pa
tients who have anterior thoracotomies or thoracol- 
umbotomies. The incidence of these com plications 
can be decreased by ensuring that the lung is fully 
inflated after intercostal repair sutures have been 
placed and prior to the final closure of the chest after 
the anterior procedure. Additionally, aggressive 
postoperative pulmonary toilet with incentive spi
rometry and early m obilization when possible also 
help in  preventing these pulmonary com plications.

Postoperative ileus is relatively common follow
ing scoliosis surgery, particularly those surgeries re
quiring that the retroperitoneal space be violated. We 
routinely use nasogastric suction intra- and postop
eratively in patients requiring anterior lumbar ap
proaches. We do not discontinue nasogastric suction 
until the patients have active bowel sounds and/or 
have passed flatus. The slow readm inistration of oral 
feedings is undertaken postoperatively, narcotic use 
is kept to a minimum, and early m obilization and 
ambulation is encouraged when possible. A ll these 
interventions help to m inim ize the risk of prolonged 
ileus.

Ileus, w hich can be treated expectantly, should 
not be confused with true m echanical obstruction of 
the bowel. In the scoliosis patient who has under
gone significant correction with instrumentation or 
casting, superior m esenteric artery sjmdrome should 
be thought of when symptoms of nausea and vomit
ing are present (3, 5, 7, 27, 56). This is caused by an 
obstruction of the third portion of the duodenum 
when the angle between the superior m esenteric ar
tery and the aorta narrows and compresses that part 
of the bowel. Barium swallow radiological exam ina
tion is diagnostic. Superior m esenteric artery syn
drome usually can be successfully treated with 
nasogastric suction, placem ent in the left lateral 
decubitus position, and occasionally m odification of 
a cast if  necessary. Surgical intervention is only nec
essary if prolonged nonoperative treatment fails.

Acute cholecystitis should be entertained as a di
agnosis when the postoperative scoliosis patient pre
sents w ith acute abdominal pain in the right upper 
quadrant early in the postoperative period (18). Di
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agnosis is made w ith a cholecystogram  or an abdom
inal ultrasound exam ination, and surgical interven
tion may be necessary.

Urinary retention and urinary tract infection is the 
most common m edical com plication for scoliosis pa
tients in the postoperative period. Prolonged use of 
indw elling catheters or repeated instrum entation of 
the urinary tract increase the risk of this com plica
tion; additional prolonged recum bency and use of 
narcotics add to the risk. Prompt diagnosis with uri
nalysis and urine culture are necessary, and appro
priate antibiotic treatment should be instituted. Hy
dronephrosis can be seen rem otely after anterior 
surgery in the lumbar spine for scoliosis due to ret
roperitoneal fibrosis (9).

The syndrome of inappropriate antidiuretic hor
mone secretion [SIADH) has been reported following 
scoliosis fusion (4 ,1 6 ). The patients present w ith hy
ponatremia, oliguria, and a very concentrated urine. 
Treatm ent involves fluid restriction.

Scoliosis surgery involves large exposures across 
the spine w ith m ultiple areas of exposed bone. This 
can lead to excessive blood loss requiring a signifi
cant transfusion. The scoliosis surgeon should be 
aware of the possibility of dissem inated intravascular 
coagulation (DIG) as a causative factor of excessive 
bleeding (52). DIG is diagnosed on the basis of ele
vated prothrombin [PT), and partial thromboplastin 
time (PTT), throm bocytopenia, a low fibrinogen 
level, and high levels of fibrin split products. Rapid 
reinfusion of fresh frozen plasma, cryoprecipitate, 
platelets, and red blood cells is often necessary to 
treat DIG.

Viral infection with hepatitis B or C, human im
munodeficiency virus, and cytomegalovirus are pos
sible with a homologous transfusion of blood or 
blood products. We routinely have our patients pre
donate autologous blood for scoliosis surgery and 
utilize cell saver blood salvage intraoperatively. Me
ticulous surgical technique also helps in preventing 
excessive intraoperative blood loss.

The risk of retrograde ejaculation exists in an an
terior lumbar procedure for scoliosis. This is a result 
of injm-y to the sym pathetic plexus, w hich is usually 
a plexiform  mesh of nerves or a single nerve in the 
presacral area running anterior to the aorta and 
coursing down into the pelvis over the bifurcation of 
the aorta. Injury to this plexus occurs most frequently 
during fusions of L5-S1. The sympathetic plexus is 
responsible for bladder neck closure during ejacula
tion. Failure of closure of the bladder neck causes the 
ejaculate to travel in a retrograde fashion into the 
bladder. Fusion at L5-S1 should be done with careful 
predissection bluntly over the discs utilizing Kittner 
dissectors and avoidance of electrocautery at this 
level. Retrograde ejaculation is rare and almost al
ways corrects over time. However, m ale patients

should be warned about this com plication preoper- 
atively if  they are to undergo anterior lumbar fusions.

Outcome Studies
The field of m edical outcomes assessm ent has gained 
increasing popularity in recent years (19, 29, 38, 46). 
These studies concentrate on the centrality of the pa
tients in determining their own outcome from our 
m edical interventions. These studies have been pio
neered by the m edical com m unity but are now being 
pursued in other fields such as orthopaedics and spi
nal surgery. One of the principle tools used in this 
type of study is the M edical Outcome Study (MOS) 
Short-Form  36 (SF-36). This outcome instrument has 
been studied extensively and has been shown to be 
reliable, valid, and a statistically sound measure of 
function status, that is, w ell-being and general health 
perception (17, 20, 21, 39, 41, 62, 63, 68). This out
come form is generic and therefore allows compari
son betw een different disease states and/or interven
tions. We have used this form to assess the outcome 
of adult scoliosis fusion in our patient population.

In 1991 we began a prospective study using the 
SF-36 (1). Of 68 adult deformity patients, we ob
tained full follow-up w ith preoperative and postop
erative SF-36 scores for analysis in 55 patients (81% 
retrieval). The mean age of the patient population 
was 37.1 years, the group was predom inately female 
(85.3% ); and we obtained an average follow-up of 
22.5 months. One-quarter of the patients had revision 
surgery, and 75%  were primary adult deformity pa
tients. Nine percent of the patients were kyphotic, 
and the remainder were purely scoliotic. Fusion was 
performed in 67.6%  of the patients for pain and pro
gression, in 16.2%  prim arily for pain, and in 16.2% 
for progression only. Fusion was to L4 or L4 in 29 of 
the 55 respondents, and to more cranial levels in the 
rem aining 26. Tw enty-nine patients were less than
40 years of age, and 26 were greater than 40 years.

The SF-36 has nine separate outcome scores 
w ithin it, each graded on a 0 to 100 scale in which 
higher scores represent better functional outcome or 
less pain (68). Significant improvements were seen 
in physical functioning, social functioning, pain, and 
perceived health change.

This study demonstrated that adult scoliosis fu
sion is useful and beneficial to patients in terms of a 
generic outcome measure, with four of the nine out
come measures in the SF-36 significantly improving. 
We also compared outcomes of scoliosis patients 
w ith those of patients undergoing primary total hip 
or knee arthroplasty as w ell as primary lumbar lam
inectom y for radiculopathy due to herniated discs. 
For this com parison, we used only primary adult sco
liosis fusion patients. Using a com plex statistical 
analysis and both parametric and nonparametric
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models, we found total hip arthroplasty and lam i
nectomy to show greater improvements for patients 
in the pain, energy, and social functioning variables 
of the SF-36 than scoliosis patients. Total knee ar
throplasty patients also had significantly improved 
pain scores in com parison to the scoliosis patients. 
These analyses controlled for age, sex, and preoper
ative SF-36 scores between the groups, w hich af
fected the postoperative SF-36 score. This study did 
point out that the SF-36 may not be the best instru
ment for measuring the outcome of adult scoliosis 
fusion; the SF-36 places a high premium on pain re
lief and restoration of function, w hich are primary 
goals of total joint arthroplasty and lam inectom y for 
severe radiculopathy. There is no measure in the SF-
36 score that awards points for the prophylactic ef
fect of halting progression w ith a successful scoliosis 
fusion or for the added prophylactic pulmonary ben
efits that scoliosis fusion provides. It is clear that as 
we continue to improve our assessm ent techniques 
for medical interventions and use these techniques 
to assess the outcomes of adult scoliosis fusion, we 
must create disease-specific and sensitive instru
ments that take into account the known benefits of 
scoliosis surgery.
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CHAPTER TW ENTY FOUR

Sagittal Plane Abnormalities in 
Disorders of the Adult Spine

Roger P. Jackson

Introduction
Standing sagittal balance and lum bopelvic align
ments are important considerations in  spinal ar
throdesis, especially w ith the increasing use of in
strumentation and other im plants designed for the 
lumbosacral region. Segmental fixation systems have 
the capacity to significantly alter alignments and re
lationships of the spinopelvic axis. This is true 
whether or not instrum entation is performed to the 
sacropelvis. Studies of sagittal spinal balance and of 
lumbopelvic alignments and relationships are there
fore potentially helpful. Although values for verte
bral angular alignments have been reported, physio
logic relationships of the spinopelvic axis have not 
been well established or defined. It is often advan
tageous to first measure “norm al” asymptomatic sub
jects for such alignments and relationships. The data 
from this research can then be used in the analysis 
of other studies, particularly those involving patients 
with specific spinal disorders. In doing so, different 
treatments of these disorders can be more com pletely 
compared, especially w ith respect to patient out
come.

Normative Data Studies for Spinal 
Alignments___________________________
Studies for normal standing kyphosis ajotd iordosis 
have been published [Table 24.1). Bernhardt and

Bridw ell reported segmental and total kyphosis and 
lordosis measurements in a group of 102 asympto
matic patients (55 females and 47 males) with an av
erage age of 12.8 years [range, 4.6  to 29.8 years) who 
had been screened for possible scoliosis [2). Stagnara 
et al. had earlier reported sim ilar segmental angular 
measurements for kyphosis and lordosis in a volun
teer group of 100 asymptomatic French subjects (43 
females and 57 males) between the ages of 20 and 29 
years (38). In addition to kyphosis and lordosis m ea
surements, Stagnara et al. also had published values 
for standing sacral base slope and had noted a cor
relation betw een the sacral slope and lordosis (38). 
Both of these normative data studies were done on 
standing lateral radiographs of the entire spine. The 
mean values, standard deviations, and ranges re
ported in these studies for standing segmental and 
total kyphosis and lordosis, as w ell as sacral slope 
are shown in  Table 24.1.

Jackson and McManus evaluated an older asymp
tom atic group of 100 normal volunteers [50 females 
and 50 males) w ith an average age of 38.9 years 
(range, 20 to 63 years) for thoracic kyphosis and seg
m ental and total lumbar lordosis on standing radio
graphs (13). In addition, they evaluated the radio
graphs for thoracic apex, standing pelvic rotation 
through the hips as measured by the sacral slope, and 
sagittal spinal balance. Figure 24.1 is a standing 36- 
inch lateral radiograph of the spine and pelvis show
ing the measurements made and the method used by

4 8 9
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TABLE 24 .1 .
Sagittal Plane Normative Data, Mean Measurements (SEM, range)

S tag na ra  e t al. B e rn h a rd t and  B r id w e ll Ja ckso n  and  M cM anus P e te rson  e t al.
n =  100; 43F, 57M n =  1 0 2 ;5 5 F , 47M n  =  100; 50F, BOM n  = 50 ; 25F, 25M
(ages 2 0  to  2 9  yrs) (ages 4 .6  to  2 9 .8  yrs) (ages 2 0  to  63  yrs) (ages 22 to  63 yrs)

(T1-T12) +41 +42.1 (8.9, +22 to +68) +47.1 (9.7, +26 to +75)
T1-2 + 1
T2-3 +3
T3-4 +3.5
T4-5 + 5 (4 , - 2  to +17) + 5
T5-6 + 5 (4, - 2  to +23) + 5
T6-7 + 6 (4, +1 to +22) + 5
T7-8 + 5 (4 , O to + 2 2 ) + 5
T8-9 + 4 (5 , - 5  to  36) + 4
T9-10 +3 (5, - 6  to +24) +3
T10-11 +2 (5, - 5  to +17) +3
T11-12 +2 (5, - 7  to +17) +2.5
T12-L1 + 1 (5, - 7  to +17) +  1
L I-2 - 2  (5, -1 3  to +13) - 4 -1 .7  (4.2, - 1 2 to  +11) -1 .9  (3.5, - 8  to +7)
L2-3 - 7  (5, -1 7  to +7) - 7 -7 .0  (4.3, -1 8  to +5) -7 .2  (40, -1 5  to +1)
L3-4 -1 1  (5, - 2 6  to 0) -1 3 -1 1 .3  (3 .8 ,-1 9  to 0) -12 .0  (3 .4 ,-2 0  to -6 )
L4-5 -1 5  (6, - 2  to -10 ) -2 0 -16 .5  (5.0, -2 8  to +3) -17 .0  (44, -2 9  to -10)
L5-S1 -2 1  (6, -3 5  to -10 ) -2 8 -24 .6 (6 .2 , -3 9  to -11 ) -24 .0  (5.4, -3 7  to -12)
(L1-S1) -5 6 (1 0 , -7 9  to -33 ) -7 2 -6 0 .9 (1 2 .0 ,-8 8  to -31 ) -62.1 (10.8, -8 6  to -41)
Sacral Slope 41 (35, 35 to 71) 50.4 (7.7, 28 to 68) 47.9 (6.7, 35 to 61)
Lumbar Apex L3-4 disc L3-4 disc
Thoracic Apex T6-7 disc T7-8 disc T7 body
C7 Plumb Line -0 .05  cm (2.5, - 6  to  

+6.5)“’
+0.38 cm (2.1, -5 .7  to +5.2)“

Hip Axis to Plumb -3 .9  cm (2.1, -8 .8  to +0.5)"
Pelvic Angle 17.4(5.5, 5.0 to 29.0)
Pelvic Radius ' 13.5 cm (8.6, 11.4 to 15.0)

SEM = Standard error of the mean.
All data in degrees unless otherwise indicated (+  is kyphotic, -  is lordotic).

+ is anterior to reference point, -  is posterior to reference point for plumb line.

Jackson and McM anus in their evaluation of the aduU 
volunteers (13). The radiographs were taken such 
that C7 as w ell as the pelvis, with both acetahula, 
were seen on the films. The volunteers were asked to 
stand up straight, but relaxed, w ith their knees fully 
extended. Their arms were horizontal to the floor 
with the hands holding onto an adjustable-height bar 
positioned at chest level. This helped to stabilize the 
spine, improve visualization of the individual ver
tebrae, and m inim ize positioning effects on normal 
standing kyphosis and lordosis. Each radiograph was 
measured for segmental and total lordosis from L l  to 
S I  as w ell as for total thoracic kyphosis from T l  to 
T l2  [Cobb method from the superior endplate of T l  
to the inferior endplate of T l2 j.  Again the thoracic 
apex was determined. A sagittal plumb line was sus
pended from the center of the C7 vertebral body, and 
its perpendicular distance and direction from the 
posterior superior corner of the S i  vertebral body 
were recorded (Fig. 24.2); the distance was measured 
in centim eters, and a positive or negative sign indi
cated an anterior or posterior direction, respectively, 
for the plumb line from the reference point. This pos

itive or negative plumb line measurement was used 
as a determinant for sagittal spinal balance. In addi
tion, sacral inclination or slope was measured as the 
angle between the plumb line and a line drawn along 
the back of the proxim al sacrum (Figs. 24.1 and 24.3). 
This was also considered to be a determinant for 
standing hip extension with sacropelvic rotation 
around the acetabula (Fig. 24.3).

Jackson and McManus indicated lhat the plumb 
line was dropped from the center of the C7 vertebral 
body because this point was located with greater con
fidence on the 36-inch standing lateral radiographs 
in the sometimes difficult to visualize cervicotho- 
racic junction (13). In addition, they found that the 
odontoid process and/or auditory canals were fre
quently not seen on the radiographs and also that 
these structures could and did vary or translate more 
w ith neck posture than did C7 or T l .  Also T l  was 
often more difficult than C7 to visualize with confi
dence, and so C7 was chosen as the proximal refer
ence point for the sagittal balance measurements. As 
a reference point from w hich to measure sagittal spi
nal balance w ith respect to the plumb line, the au-
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FIGURE 24.1.
Standing 36-inch lateral radiograph of the spine and pelvis 
showing the method and mean measurements for the 100 
adult volunteers. (Reprinted with permission from Jackson 
RP, McManus AC. Radiographic analysis of sagittal plane 
alignment and balance in standing volunteers and patients 
with low back pain matched for age, sex, and size: a 
prospective controlled clinical study. Spine 1994; 
19(14);1611-1618.)

nation or slope (Figs. 24.1 and 24.3). This method of 
measuring sacral slope had also been reported pre
viously (7). Finally, the m iddle of the vertebral body 
or intervertebral disc most closely transected by the 
sagittal plumb line was recorded when the authors 
measured and evaluated each radiograph (Fig. 24.1).

The normative data results, displayed in fre-

thors chose the posterior superior corner of S i ,  as it 
proved to be an easy and consistent point to identify 
distally. This point was also on the line drawn along 
the sacral endplate to measure lordosis and along the 
back of the proximal sacrum to measure sacral in c li

FIGURE 24.2.
Method used to measure sagittal spinal balance. A plumb 
line is dropped from the center of the C7 vertebral body, 
and its perpendicular distance and direction from the pos- 
terosuperior corner of the SI vertebral body is recorded. 
The axis is centered between the acetabula (see Fig. 24.1).
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%

Stand. 
Hip Ext

FIGURE 24.3.
Method used to measure sacral inclination (SI) or slope. 
The SI angle between the vertical line (C7 plumb line) and 
the Ime drawn along the back of SI and S2 is determined. 
This angle is also considered to be a determinant for stand
ing hip extension with pelvic rotation around the axis cen
tered between the acetabula.

quency distribution graphs for the variables evalu
ated by Jackson and McManus in their study, are 
showrn in Figures 24.4 to 24.9 (13).

Several studies of normal subjects have shown a 
close association between standing pelvic rotation, 
or sacral slope, and total lumbar lordosis (5, 13, 18,

35, 38). As the hips flex w ith sitting or positioning, 
studies have shown significant decreases in both to
tal and segmental lordosis, the latter occurring pri
m arily in the lower lumbar spine (1, 33, 34, 39, 40). 
In addition to total lumbar lordosis, Jackson and 
McManus also found significant correlations for sa
cral slope and segmental lordosis in their standing 
volunteers (13). The significant Pearson correlation 
coefficients reported by Jackson and McManus for 
standing sacral slope with segmental and total lor
dosis were as follows; L l - 2 ,  r = - .3 0  (P = .0020); 
L 2 -3 , r = - .4 0  (P = .0001); L 3 -4 , r = - .3 5  [P = 
.0040); L 4 -5 , r = - .4 9  [P = .0001); L5-S1, r = - .2 8  
[P = .0043); and L l - S l ,  r = - .7 0  (P = .0001) (13). 
These standing studies indicated that as both seg
m ental and total lordosis decreased, the sacropelvis 
rotated posteriorly around the acetabula, resulting in 
a more vertical sacral slope with an associated in
crease in standing hip extension, and vice versa. This 
relationship has been found to be true not only for 
standing, but again also for sitting and for prone po
sitioning on various surgical frames or tables. As the 
hips are flexed, the pelvis begins rotating posteriorly 
with respect to the lumbar spine, and there is a sig
nificant decrease in both segmental and total lordosis 
(1, 33, 34, 39, 40). These findings and relationships 
are more fully described in this chapter in the section 
on positioning studies.

In their adult volunteer study Jackson and M c
Manus reported a mean total lordosis from L l to S i  
of -6 0 .9 °  (standard error of the mean [SEM] 12.0°; 
range, -8 8 °  to -3 1 ° )  (Table 24.1) (13). Total lordosis 
was not related to sex (specifically, females did not 
have more lordosis). Total lordosis was also not re
lated to age. In-addition, mean segmental lordosis as 
a percentage of total lordosis was as follows: L l-2 ,  
2 .2% ; L 2 -3 , 11 .1% ; L 3 -4 , 18.6% ; L 4 -5 , 27.1% ; and 
L5-S1, 41 .3% ; more than two-thirds of lordosis oc
curred between L4 and S I . Segmental lordosis at any 
level was also not related to age. Segmental lordosis 
was found to be significantly different between each 
adjacent m otion segment at the .01 level. Mean sacral 
slope was 50.4° (SEM 7.7°; range, 28° to 68°). Older 
volunteers tended to stand with a more vertical sa
crum (P = .0589) and, therefore, more hip extension. 
The mean C7 sagittal plumb line measurement was 
- 0 .0 5  cm (SEM 2.5; range, - 6  to + 6 .5  cm). Also, 
older volunteers stood w ith their plumb lines more 
anterior (P = .0092). Mean thoracic kyphosis from 
T1 to T12 was + 42.1° (SEM 8.9°; range, +22° to 
+ 68°). Thoracic vertebral/disc apex was found 
to occur more commonly at the level of the T 7 -8  
disc space in this study (Fig. 24.9), and at the T 6 -7  
level in the Bernhardt and Bridw ell study, which 
involved younger subjects referred for possible 
scoliosis (2).



CHAPTER 24: SAGITTAL PLANE ABNORMALITIES IN DISORDERS OF THE A D U LT SPINE 4 9 3

DEG REES

0 2 4  6 8 1 0 
FREQUENCY

FIGURE 24.4.
Frequency distribution graph for standing total lordosis in degrees (L l -S l , Cobb Method) and mean lordosis of the 100 
adult i?olunteers. (Reprinted with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal plane align
ment and balance in standing volunteers and patients with low back pain matched for age, sex, and size: a prospective 
controlled clinical study. Spine 1994 ;19 [14 ):1611 -1618 .)
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FIGURE 24.5.
Frequency distribution graph for standing sacral inclination or slope in degrees and mean slope of the 100 adult volunteers. 
(Reprinted with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal plane alignment and balance 
in standing volunteers and patients with low back pain matched for age, sex, and size: a prospective controlled clinical 
study. Spme 1994 ;19 (14 ):1611 -1618 .)

Definitions and Determinants of 
Sagittal Spinal Balance_______________
Physiologic relationships of the spinopelvic axis 
have been studied recently by Peterson et al. (35). 
These authors evaluated the spines of 50 asympto
matic normal adult volunteers without hip or spinal 
pathology (25 m ales, 25 females, mean age 39.4 years, 
mean height 67 inches, mean weight 168 pounds].

For each subject a standing 36-inch lateral radio
graph of the pelvis and entire spine was measured by 
two observers to determine apex and degree of total 
thoracic kyphosis (Cobb method from T1 to T12, Fig.
24.1), segmental and total lumbar lordosis, and apex 
of lumbar lordosis. Additional measurements in
volved sacral inclination or slope (angle (3° between 
a line drawn along the back of the proximal sacrum 
and a plumb line centered at C7), and sagittal balance
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FIGURE 24.6.
Frequency distribution graph for the standing C7 sagittal plumb line measurements in centimeters and mean measurement 
of the 100 adult volunteers. (Reprinted with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal 
plane alignment and balance in standing volunteers and patients with low back pain m atched for age, sex, and size; a 
prospective controlled clinical study. Spine 1 994 ;19 (14 )'1611 -1618 .]
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FIGURE 24.7.
Frequency distribution graph for the center of the vertebral body or disc space most closely crossed by the vertical C7 
sagittal plumb line of the 100 adult volunteers. Zero means that no vertebral body or disc space was crossed by the plumb 
line. (Reprinted with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal plane alignment and 
balance in standing volunteers and patients with low back pain m atched for age, sex, and size: a prospective controlled 
clinical study. Spine 1 994 ;19 (14 ):1611 -1618 .)
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FIGURE 24.8.
Frequency distribution graph for standing total kyphosis in degrees (T l-1 2 , Cobb method] and mean kyphosis of the 100  
adult volunteers. (Reprinted with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal plane align
ment and balance in standing volunteers and patients with low back pain m atched for age, sex, and size: a prospective 
controlled clinical study. Spine 1 9 9 4 ;1 9 (1 4 ):1 6 H -1 6 1 8 .)
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FIGURE 24.9.
Frequency distribution graph for the standing thoracic apex (body or disc) determined in the 100 adult volunteers. (Re
printed with permission from Jackson RP, McManus AC. Radiographic analysis of sagittal plane alignment and balance in 
standing volunteers and patients with low back pain matched for age, sex, and size: a prospective controlled clinical study. 
Spine 1994;19(14):1611~1618.)

(perpendicular distance B, measured in centim eters, 
from the posterosuperior corner of S I  to the C7 
plumb line, or A, from the center betw een the ace- 
tabula to the plumb line) (Fig. 24.10). The distance 
from the center betv^reen the acetabula to the S i  ref
erence point was also recorded in centim eters as the 
pelvic radius r, and the angle formed by the intersec
tion of the radius w ith the plumb line was recorded 
in degrees as the pelvic angle a°. Twenty percent of 
the study group was randomly selected and remea

sured by each observer. The data were statistically 
analyzed for infra- and interobserver reliability, nor
mative data, and significant relationships. The intra- 
and interobserver findings were highly correlated 
and not significantly different, indicating very good 
reliability for the data.

Peterson et al. found the following mean values for 
the sagittal spinal alignments measured: total T l -  
T12 kyphosis, +47°; segmental lordosis at L l - 2 ,  
-1 .9 ° ; L 2 -3 , -7 .2 ° ; L 3 -4 , -1 2 .0 ° ; L 4 -5 , -1 7 .0 ° ;
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FIGURE 24.10.
Drawing showing method used to measure standing lum- 
bopelvic ahgnments and balance. The angle /3° is sacral 
slope. The hip axis is centered between the acetabula, as 
shown. The letter “r” is the pelvic radius measured as the 
distance between the hip axis and the reference point on 
the posterosuperior corner of S i. The letters “A ” and “B ” 
are the perpendicular distances from the hip axis and from 
the reference point to the C7 plumb line, respectively. The 
angle a° is the pelvic angle measured between a line par
allel with the C7 plumb line and the pelvic radius. (Re
printed with permission from Peterson MD, Jackson RP, 
McManus AC. Standing sagittal balance, alignments, and 
lumbopelvic relationships. Part I: A study of adult volun
teers [Abstract]; and Peterson MD, Jackson RP, McManus 
AC. Standing sagittal balance, alignments, and lumhopel- 
vic relationships. Part II; A study of patients with spinal 
disorders [Abstract].)

L5-S1, -2 4 .0 ° ; and total L l - S l  lordosis, -6 2 .1 ° ; C7 
plumb line, -l-O.SB cm anterior to the S i  reference 
point or —3.9 cm posterior to the center between the 
acetabula; sacral slope, 47.9°; pelvic angle, 17.4°; and 
pelvic radius, 13.5 cm (35). Many of the mean values 
are sim ilar to those previously reported in other stud
ies (Table 24.1] (2, 13, 38).

Peterson at al. found thoracic kyphosis to have a 
positive correlation with total lordosis as w ell as with 
segmental lordosis at all levels studied, that is, as ky
phosis increased or decreased, so did lordosis (35). 
Stagnara at al. and Jackson et al. found sim ilar cor
relations (18, 38). In the Peterson et al. study signif
icant correlations [P <  .05) were also found for sag
ittal spinal balance (measured as the perpendicular

distance from the S i  reference point to the plumb 
line) with segmental lordosis at L 4 -5  and L5-S1, total 
lordosis, pelvic angle, and the perpendicular dis
tance from the center between the acetabula to the 
plumb line and to S i  (Fig. 24,10) (35). In their study 
sagittal balance was not found to be correlated with 
the thoracic or lumbar apex, degree of kyphosis, or 
segmental lordosis at L l - 2 ,  L 2 -3 , L 3 -4 . Other sig
nificant lum bopelvic relationships found in this 
study, again, included correlations for sacral slope 
with segmental (L l-2 ,  L 3 -4 , and L 4 -5 ) and total lor
dosis. Also, correlations existed for sacral slope [ff] 
with pelvic angle (a°) and the perpendicular distance 
from the center between the acetabula to S i  (A + B) 
(Fig. 24.10). Sacral slope (/3°) was not correlated with 
thoracic or lumbar apex, degree of kyphosis, perpen
dicular distance from the center between the acetab
ula to the plumb line (A), or measurement of sagittal 
balance (B). The mean pelvic radius (r) was not sig
nificantly different betw een the sexes and showed no 
correlation with height or weight. Correlation anal
yses of ratios using measured values as numerators 
and the pelvic radius as the denominator produced 
the same relationships previously noted.

The Peterson et al. study showed that as lower seg
mental lordosis increased, the lumbar spine trans
lated anteriorly with respect to the plumb line, the Si 
reference point moved anteriorly along an arc defined 
by the pelvic radius centered through the acetabula, 
and the sacropelvis appeared to be better balanced 
over the hips in the sagittal plane (35). As lordosis de
creased, the sacral slope became more vertical as the 
sacropelvis rotated posteriorly along this same arc 
around the acetabula, standing hip extension in
creased, th‘e pelvic angle increased as the S i  reference 
point moved away from the plumb line, and the per
pendicular distance (A + B) from the center between 
the acetabula to S i  increased (Fig. 24.11). In normal 
adult volunteers with a full complement of compen
satory mechanisms for spinal balance, the authors of 
this study found that the distance from the center be
tween the acetabula to the plumb line was fairly con
stant and not correlated with lordosis (segmental or 
total) or sacral slope, suggesting that the other param
eters adjusted around this relationship to keep the 
center of gravity over the hips in the sagittal plane. 
These studies supported the theory that the sacrum 
acts as a sixth lumbar vertebra with an additional re
straint of having to translate along an arc defined by 
the pelvic radius centered through the hips, i.e., sacral 
translation around the hip axis (Fig. 24.10).

The Peterson et al. study is important because 
mean values for physiologic standing sagittal bal
ance, alignments, and lumbopelvic relationships are 
defined and significant correlations identified. The 
authors noted that some correlations may represent 
possible compensatory mechanisms for preserving 
sagittal spinal balance. It was their recommendation
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FIGURE 24.11.
Patient with degenerative lumbar disc disease and low 
back pain. There is a shift oi segmental lordosis with an 
increase at L l - 2  and L 2 -3  and a decrease at L 4 -5  and L5- 
Sl. Sacral inclination (SI) measures 47° and the C7 plumb 
line +4.0 cm. The axis is centered through the hips. The 
thoracic apex is at T6 . (Reprinted with permission from 
Jackson RP, Peterson MD, McManus AC. Standing sagittal 
balance and lumbopelvic relationships in adult volunteers 
and patients with degenerative lumbar disc disease, scoli
osis, and spondylolisthesis. Presented at the annual meet
ing of the Scoliosis Research Society, Portland, Oregon, 
September 1994.)

that the perpendicular distance from some reference 
point on S i  to a plumb line be measured, as this 
seems to provide a more clin ically  useful evaluation 
of sagittal spinal balance. The authors also suggested 
that by studying such correlations and relationships 
it may be possible to further define and understand 
sagittal balance in patients writh different spinal dis
orders.

In summary, normative data for sagittal spinal bal
ance and segmental alignments should be considered 
in the evaluation of standing lateral radiographs. The 
following are believed to be important factors for as
sessment: thoracic kyphosis (total, segmental, and 
the distribution); thoracic apex (vertebra or disc); 
lumbar lordosis (total, segmental, and the distribu
tion); lumbar apex (vertebra or disc); plumb line for 
sagittal balance (where, if at all, it crosses the spine 
and its relationship to a reference point on the sa
crum as w ell as the defined axis through the hips); 
sacral slope for standing hip extension (since the sac- 
ropelvis rotates around the axis through the hips); 
pelvic angle and radius measurements; and a careful 
consideration for the center of gravity in the sagittal 
plane, w hich is generally located globally above the 
axis through the hips in the subject who is standing 
upright and balanced. Because the ranges and stan
dard deviations of the normative data vary so much, 
clin ical applications and decisions should be made 
cautiously and individualized. The present author 
agrees w ith Stagnara et al., who noted that in inter
preting the results of all these studies, the range of 
normal values is probably more important than the 
published mean values (38).

Sagittal Plane Abnormalities in 
Specific Spinal Disorders_____________
At this point it is important to recognize that sagittal 
spinal alignments and balance are different. Signifi
cantly abnormal segmental alignments or “m alalign
m ents” may exist, and yet the spine can still be bal
anced regionally and globally. This involves the use 
of compensatory m echanism s that have not been par
ticularly w ell studied or defined. In the frontal plane 
the spine appears to be straight and stable; however, 
in the sagittal plane the spine is not straight and ap
pears to be inherently unstable. Therefore, spinal bal
ance is critically important in this plane, and an un
derstanding of it is perhaps somewhat more complex. 
It is also important to note that the center of gravity 
and the plumb line are different. The center of gravity 
is difficult to determine on routine standing lateral 
radiographs; the plumb line, however, can be easily 
measured. In most cases the plumb line is well be
hind the center of gravity; however, the two do tend 
to move in  the same direction in  the balanced and 
unbalanced states. Generally, the closer the two are 
together, the better the global balance.
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Studies of Patients with  
Degenerative Lumbar Disc Disease
Jackson and McManus also studied 100 adult pa
tients with low back pain and degenerative lumbar 
disc disease (13). The group of patients was matched 
for age, sex, and size with the authors’ normative data 
control group of 100 adult volunteers. In this pro
spective controlled clin ical study, the patients (mean 
age 39.4 years; range, 22 to 60 years] and the volun
teers (mean age 38.9 years; range, 20 to 63 years] had 
no prior lumbar spine surgery, no isthm ic spondy
lolisthesis, and no clin ical deformity. A ll of the pa
tients had the ch ief com plaint of low back pain of a 
m echanical nature for at least 6 weeks in duration. 
As in the control group, there were 50 m ales and 50 
females. The same methodology that was used for 
measuring the volunteers was used to measure the 
patients. The authors again chose a sagittal plane 
plumb line suspended from the center of the C7 ver
tebral body, and the same reference point at the pos- 
terosuperior corner of S i  was used.

In this study Jackson and M cM anus reported sig
nificant differences (P <  .05) between the asympto
m atic volunteers and patients with discogenic low 
back pain. Total lordosis was less in the patients 
( -5 6 ° )  than in the volunteers (-6 1 ° )  [P = .0065], 
Again, total lordosis was not related to age or sex in 
either group. The patients also had significantly less 
segmental lordosis at L 3 -4  and L5-S1, and more at 
L l - 2  in comparison with the volunteers. In addition, 
mean segmental lordosis as a percentage of total lor
dosis was significantly increased at the L l - 2  level for 
the patients. The patients had a significantly lower 
or more vertical sacral slope (47.2°) than the volun
teers (50.4°), indicating that they stood w ith some
what more standing hip extension. Also, older pa
tients tended to stand w ith an even greater sacral 
inclination, that is, further posterior pelvic rotation 
around the acetabula and more hip extension. As in 
the volunteers, significant correlations were found 
in the patients betw een sacral slope and both seg
m ental and total lordosis. The authors reported that 
in the patient group the following correlations for sa
cral slope with segmental and total lordosis were 
found: L 3 -4 , r =  - .3 6  (F = .0001); L 4 -5 , r = - .2 7  
(P = ,0060); L5-S1, r = - .3 0  [P = .0026); and L l - S l ,  
r = - .5 0  (P = .0001). A review of the data from these 
patients further confirmed that w ith reductions in 
both segmental and total lordosis the sacropelvis ro
tated posteriorly around the hips, apparently as a 
compensatory m echanism  to m aintain or adjust bal
ance. These relationships or correlations may have 
contributed to make balance betw een the 2 groups 
not significantly different. W hile many sagittal align
m ents for the volunteers and the patients were d if
ferent, again, spinal balance was not. Thoracic ky
phosis was also the same in both groups. However,

thoracic apex for the patients occurred more com
m only one level higher than that observed in the vol
unteers (see Fig. 24.9).

In this study the patients demonstrated an actual 
and a percentage shift of segmental lordosis from the 
lower to the upper lumbar spine (Fig. 24.11] (13), 
w hich was in addition to their standing with a more 
vertical sacrum or increased posterior sacropelvic ro
tation. The authors suggested that these subtle but 
significant changes could represent compensations 
for the differences in the segmental alignments mea
sured between the patients and the volunteers. Has- 
day et al. reported a sim ilar finding in  their study of 
gait abnorm alities arising from iatrogenic loss of lum
bar lordosis secondary to Harrington distraction in
strumentation for lumbar fractures (7). In a small 
group of patients these authors found that posterior 
pelvic rotation with “hip hyperextension,” when 
available, was the favored compensatory mechanism 
for loss of lumbar lordosis; otherwise, knee flexion 
and forward lean of the trunk were seen. With ad
vancing age and hip disease, the possibility for pos
terior pelvic or sacropelvic rotation diminishes. 
These factors need to be carefully considered in the 
overall evaluation and management of the patient, 
especially if  fusion to the sacropelvis is being 
planned.

Jackson and McM anus pointed out in their studies 
that a considerable amount of segmental lordosis oc
curred at the L5-S1 level (13). In a review of the lit
erature the authors found that lordosis was measured 
in different ways and from different levels. Measure
ment from L l to L5 was not uncommon. Numerous 
other studies have also reported a considerable 
amount of segmental lordosis at the L5-S1 level (1, 2,
5, 38, 40). W ith this fact apparent, it would seem 
most appropriate to measure lordosis down to S i, 
otherwise a significant amount of segmental lordosis 
w ill be left unaccounted for or not evaluated.

Additional Comparative Studies in 
Disorders of the Adult Spine
Sagittal balance, alignments, and lumbopelvic rela
tionships in patients w ith different spinal disorders 
have been evaluated by Jackson et al. and Peterson et 
al. (18, 35, 36). Jackson et al. studied three groups of 
patients who had diagnoses of degenerative lumbar 
disc disease w ith the ch ief com plaint of low back 
pain; thoracic, thoracolumbar, or lumbar idiopathic 
and degenerative scoliosis w ith back pain; or L5-S1 
symptomatic isthm ic spondylolisthesis (18). The 
three patient groups were compared to the authors’ 
control group of 100 adult volunteers studied previ
ously (Table 24.2). All patients in each group were 
random ly selected, with an effort being made to 
m atch the three patient groups as closely as possible 
for age with the volunteer group. In addition, the pa-
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TABLE 24.2.
Sagittal Angulations (in Degrees, Cobb Method): Total Thoracic Kyphosis and Segmental and Total Lumbar Lordosis 
Mean Measurements (SEM, Range)

Level
T1-T12

V o lu n te e rs  (n = 100)
+42 1 (8 9, +22 to +68)

D e ge ne ra tive  D isc  
(fi =  100)
+42.6 (10 1, +20 to +70)

S c o lio s is  
in = 30)
+35 2 (13 0, +10 to +62)

S p o n d y lo lis th e s is  
(n =  30)
+42.0 (9.6, +18 to +61)

A N O V A
(P va lues)
P =  0041

Ll-2
L2-3
L3r-4
U -i
L5-S1

-1 .7  (4.2, - 1 2 to  +11) 
-7 .1 {4.3, -1 8  to  +5) 
-11 .3  (3.8, -1 9  to 0) 
-1 6  5 (5  0, -2 8  to +3) 
-24 .6 (6 .2 , -3 9  to -11 )

-2 .9  (4.5, -1 7  to +12) 
- 7  2 (3 8, -1 7  to +3) 
-9 .8  (3 7, -1 7  to +4) 
-15 .2  (5.3, -3 0  to -3 )  
-21 .5  (7.5, -3 7  to -5 )

-0 ,4  (4.9, - 8  to +12) 
-5 .4  (3.4, -1 3  to +2) 
-10 .7  (7.2, -2 9  to +2) 
- 1 6 7  (6 2, -2 7  to -1 )  
-2 5  1 (7.4, -3 7  to -9 )

- 3  4(4.9, -1 4  to +9) 
- 7  5 (3 4, - 1 4 to  -1 )  
-12 .3  (4.2, -2 2  to -3 )  
-20 .6  (5.6, -3 4  to -9 )  
-23 .7  (9.6, -4 3  to +3)

P =  .0142 
(n.s.)
P =  0158 
P =  0001 
P =  .0128

LI-S I -6 0  9(12.0, -8 8  to -31 ) -56 .3  (11.5, -8 4  to -24 ) -58 .6 (12 .4 , -7 9  to -24 ) -67 .6  (11.5, -8 4  to -40 ) P =  0001

From Jackson RP, Peterson MD, McManus AC Standing sagittal balance and lumbopelvic relationships in adult volunteers and patients with 
degenerative lumbar disc disease, scoliosis, and spondylolisthesis Presented at the annual meeting of the Scoliosis Research Society, Portland, 
Oregon, September 1994 

SEM = Standard error of the mean 
+ is kyphotic, -  IS lordotic 
ANOVA = Analysis of Variants

TABLE 24 .3.
Segmental Lordosis as Percentage of Total Lordosis (Cobb method)

Level
LI-2

L3^
L4-5
L5-S1

V o lu n te e rs  
(n = 100)

2,2
11.1
18,®
27.1
41.3

D e ge ne ra tive  D isc  
( n =  100)

4.6 
12 6 
17 6 
27.3 
38.5

S c o lio s is  
(n =  30)

0.7
9.1

17.7 
28.9
44.8

S p o n d y lo lis th e s is  
In = 30)

4 3  
11.0 
18.2 
31 5 
34.9

A N O V A
(P  va lues)
P =  0087 
P =  0388 

(n.s.) 
(n.s.)

P = .0069

From Jackson RP, Peterson MD, McManus AC Standing sagittal balance and lumbopelvic relationships in adult volunteers and patients with 
degenerative lumbar disc disease, scoliosis, and spondylolisthesis Presented at the annual meeting of the Scoliosis Research Society, Portland, 
Oregon, September 1994

Statistically significant shifts or changes in the percentages of segmental lordosis between the groups occurred pnmanly in the proximal lumbar 
levels and at the L5-S1 level 

ANOVA = Analysis of Variants

tients with degenerative lumbar disc disease were 
also matched for sex w ith the volunteers. None of the 
patients had had prior back surgery, and all were be
tween the age of 20 and 63 years. Among the 30 pa
tients with scoliosis, 28 were female and two were 
male, and their mean age was 38.0 years. Eighteen 
had idiopathic curves, and 12 had degenerative 
curves, with the major curves measuring from 20° to 
77°. Among the 30 patients w ith spondylolisthesis,
14 were female and 16 were m ale, and their mean age 
was 36.3 years. Twenty-three had a grade I slip and 
seven had a grade II slip. All of the patients were 
studied with the same methodology used for the vol
unteer control group and had the same m easure
ments made for comparisons. The patients also had 
additional measurements made, depending on their 
primary spinal disorder. The data were analyzed sta
tistically and reviewed for significant differences, re
lationships, and correlations w ithin and among the 
groups.

Interesting differences [P <  .05) were found among 
the four groups in this study. These included differ
ences in total and segmental lordosis (Table 24.2) and 
segmental lordosis as a percentage of total lordosis 
(Table 24.3). Scoliosis patients had less segmental 
lordosis at L l - 2  and more at L5-S1 (Fig. 24.12),

whereas patients w ith degenerative lumbar disc dis
ease and w ith spondylolisthesis had more lordosis at 
L l - 2  and less at L6-S1 (Figs. 24.11 and 24.13). Spon
dylolisthesis patients had signiiicantly more total lor
dosis [P = .0001). The scoliosis patients had almost 
three-fourths of their lordosis between L4-S1, 
whereas the remaining groups had approximately 
two-thirds of their total lordosis between L4 and S i . 
In spondylolisthesis patients the L 4 -S 1  lordosis was 
distributed somewhat equally between the two mo
tion segments, that is, less at L5-S1 and more at L 4 -  
5 (Fig. 24.13), w hich was different from the other 
three groups. Total lordosis and kyphosis, again, had 
a positive correlation in all groups except for spon
dylolisthesis. Stagnara et al. and Peterson et al. also 
found the same correlation in their adult volunteers 
(35, 38). In this Jackson et al. study, spondylolisthesis 
patients had increased lordosis, but not kyphosis, 
w hich again was different from the other three 
groups (18).

Jackson et al. found C7 sagittal plumb line mea
surements for spinal balance to not be different 
among their study groups (18). The spondylolisthesis 
patients, however, did tend to stand with a more pos
itive sagittal balance as defined in this chapter (Fig. 
24.13). This finding, coupled with the previous find
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FIGURE 24.12.
A and B. Anteroposterior and lateral standing radiographs of patient with right thoracolumbar scoliosis in the frontal plane. 
In the sagittal plane there is a decrease in segmental lordosis at L l—2 with an actual kyphosis of +8° at this level and an 
mcrease in segmental lordosis at L5-S1, which measures -32°. As a group, the scoliosis patients had less proximal segmental 
lumbar lordosis and more distal lumbar lordosis. (From Jackson RP, Peterson MD, McManus AC. Standing sagittal balance 
and lumbopelvic relationships in adult volunteers and patients with degenerative lumbar disc disease, scoliosis, and spon
dylolisthesis. Presented at the annual meeting of the Scoliosis Research Society, Portland, Oregon, September 1994.)

ing that spondylolisthesis patients had increased lor
dosis but not kyphosis, suggests that with anterior L5 
translation on S i ,  the center of gravity moves forward 
along with the plumb line, and that spondylolisthesis 
patients increased their total lordosis, but not their 
total kyphosis, as compensatory m echanism s for 
global balance. In this study total and segmental 
lordosis were found to have some positive correla

tions with the plumb line in all groups except the 
patients w ith degenerative lumbar disc disease. In 
the scoliosis and spondylolisthesis groups, L5-S1 
segmental lordosis was significantly correlated with 
the plumb line. In these two groups, as L5-S1 lordosis 
increased, the plumb line was found to fall more pos
teriorly. The scoliosis and spondylolisthesis groups 
appeared to adjust lum bosacral segmental lordosis to
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FIGURE 24.13.
Standing lateral radiograph of patient with grade II spon
dylolisthesis dt L5-S1. Total lordosis from LI to S i mea
sures —66° with a fairly equal distribution of segmental lor
dosis at L4-5 and L5-S1. As a group, the spondylolisthesis 
patients had increased total lumbar lordosis with less seg
mental lordosis at L5-S1 and more at L4-5 in comparison 
with adult volunteers. (From Jackson RP, Peterson MD, 
McManus AC. Standing sagittal balance and lumhopelvic 
relationships in adult volunteers and patients with degen
erative lumbar disc disease, scoliosis, and spondylolisthe
sis. Presented at the annual meeting of the Scoliosis Re
search Society, Portland, Oregon, September 1994.)

help balance the spine in the sagittal plane, which 
was not the case for the degenerative lumbar disc dis
ease group and the volunteer group. There was no 
correlation betw een the plumb line and sacral slope 
or between the plumb line and kyphosis in any 
group.

Significant standing lum bopelvic relationships 
were found for both total and segmental lordosis ver
sus sacral inclination (slope) or sacropelvic rotation 
in the Jackson et al. study. Total lordosis and sacral 
slope again had strong negative correlations in all 
four groups. As total lordosis decreased, the sacral 
inclination becam e more vertical, that is, the sacro- 
pelvis rotated posteriorly around the acetabula, and 
standing hip extension increased. Segmental lordosis 
also had significant sim ilar negative correlations 
w ith sacral slope in all four groups. As segmental lor
dosis decreased, the sacral inclination or slope again 
becam e more vertical (or decreased, as measured in 
these studies], and vice versa. In the volunteer groups 
these correlations existed at all five m otion segments 
studied: in the degenerative lumbar disc disease pa
tients at the L5-S1, L 4 -5 , and L 3 -4  motion segments: 
in the spondylolisthesis patients at the L3—4 and 
L l - 2  motion segments; and in the scoliosis patients 
at the L l - 2  motion segment.

Jackson et al. concluded from these studies that 
significant correlations for sagittal balance and align
ments existed and that the correlations appeared to 
be different for and betw een the various spinal dis
orders studied in com parison with the control group. 
Some of the correlations identified appeared to rep
resent compensatory m echanism s for achieving or 
maintaining sagittal spinal balance in the different 
groups studied. Sagittal balance measurements were 
not different among the groups and were correlated 
w ith lordosis measurements in  all but the degenera
tion lumbar disc disease group. Sagittal balance, sa
cral slope, and kyphosis measurements were not cor
related in any group, and sacral slope and lordosis 
m easurements, both segmental and total, were cor
related in all four groups. The authors suggested that 
by comparing such correlations and relationships it 
may be possible to better understand sagittal balance 
in normal subjects and in patients w ith different spi
nal disorders.

Peterson et al. conducted further analyses of 
standing sagittal balance, alignments, and lum bopel
vic relationships in a subset involving 50 of the 100 
degenerative lumbar disc disease patients studied by 
Jackson et al. as w ell as the same 30 scoliosis and 30 
spondylolisthesis patients, and they compared these 
studies with the normative data collected from their
50 normal adult volunteers reported previously in 
this chapter (18, 35, 36). The same methodology, 
measurements, and statistical analyses were carried 
out in all groups. In this study 20%  of the data col-
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lected were analyzed for intra- and interobserver re
liability. The reliability studies revealed high corre
lations w ithin and between the two observers and no 
significant differences.

The Peterson et al. mean measurements for the de
generative lumbar disc disease patients were as fol
lows: total T 1 -T 1 2  kyphosis, +43°; segmental lor
dosis at L l - 2 ,  - 2 ° ;  L 2 -3 , - 7 ° ;  L 3 -4 , -1 1 ° ;  L 4 -5 , 
-1 7 ° ;  L5-S1, -2 0 ° ;  and total H - S l  lordosis, -5 7 ° ; 
C7 plumb line, + 0 .4  cm  anterior to S i  or - 4 .7  cm 
posterior to the center betw een the acetabula; sacral 
slope, 43°; pelvic angle, 19°; and pelvic radius, 13.6 
cm (36). Mean measurements for the scoliosis pa
tients were as follows: total T 1 -T 1 2  kyphosis, +37°; 
segmental lordosis at L l - 2 ,  0°; L 2 -3 , -6 ° ;  L 3 -4 , 
-1 0 ° ; L 4 -5 , - 1 7 ° ;  L5-S1, -2 4 ° ;  and total L l - S l  lor
dosis, -5 7 ° ;  C7 plumb line, - 0 .2  cm posterior to S i  
or - 4 .8  cm posterior to the center between the ace
tabula; sacral slope, 49°; pelvic angle, 20°; and pelvic 
radius 13.3 cm. Mean measurements for the spon
dylolisthesis patients were as follows: total T 1 -T 1 2  
kyphosis, +42°; segmental lordosis at L l - 2 ,  -3 ° ;  
L 2 -3 , - 8 ° ;  L 3 -4 , -1 2 ° ;  L 4 -5 , -2 1 ° ; L5-S1, -2 3 ° ;  and 
total L l - S l  lordosis, -6 6 ° ;  C7 plumb line, + 1 .4  cm 
anterior to S i  or —3.8 cm  posterior to the center be
tween the acetabula; sacral slope, 43°; pelvic angle, 
22°; and pelvic radius, 13.7 cm.

Significant differences (P <  0.05) were again seen 
between the adult patient groups and the adult vol
unteers in  these Peterson et al. studies (35, 36). Pa
tients with degenerative lumbar disc disease stood 
w ith less total and less L5-S1 segmental lordosis 
(similar to the Jackson et al. [18] and Jackson and 
McManus [13] studies); scoliosis patients stood with 
less total and less segmental lordosis at L l - 2  and L 3 -  
4; and spondylolisthesis patients stood w ith more to
tal and more L 4 -5  segmental lordosis. Again, as a 
proportion of total lordosis, degenerative lumbar disc 
disease patients and spondylolisthesis patients stood 
w ith about two-thirds of their total lordosis between 
L4 and S i ;  in spondylolisthesis patients lordosis was 
distributed fairly equally between these two motion 
segments, that is, less at L5-S1 and more at L 4 -5 ; and 
scoliosis patients had almost three-quarters of their 
lordosis betw een L4 and S i .  Scoliosis and spondy
lolisthesis patients had significantly less thoracic ky
phosis, w hich was believed to be structural in scoli
osis and perhaps compensatory in spondylolisthesis 
patients. Spondylolisthesis patients stood w ith a sig
nificant increase in  pelvic angle and degenerative 
lumbar disc disease patients with a more vertical sa
cral slope. Again, measurements of sagittal spinal 
balance were not significantly different between 
groups. Significant relationships were found to exist 
betw een segmental lordosis and sagittal balance. The 
perpendicular distance from the S i  reference point

to the plumb line (sagittal spinal balance) was sig
nificantly correlated w ith L 4 -5  lordosis in degener

ative lumbar disc disease patients in this study, bu1 
not in the Jackson et al. study (18). Again, L5-S1 lor
dosis in the scoliosis and spondylolisthesis patients 
was significantly correlated with balance. This 
plumb line measurement of spinal balance was also 
related to the pelvic angle for the spondylolisthesis 
patients. The perpendicular distance from the centei 
between the acetabula to the plumb line was signifi
cantly correlated only with segmental lordosis at L5- 
S l, and then only in scoliosis patients. Again, sagittal 
spinal balance, as defined in this study and in this 
chapter, was not correlated with thoracic kyphosis, 
nor with total lumbar lordosis in any patient group.

In the Peterson et al. study significant lumbopelvic 
relationships were found in all patient groups (36). 
Total lordosis and sacral slope remained highly cor
related in each group. This was also true in the vol
unteers (35). Segmental lordosis and sacral slope also 
had sim ilar correlations: in spondylolisthesis pa
tients at L I—2; in  degenerative lumbar disc disease 
patients at L 2 -3  and L3—4; and in scoliosis patients 
at L l - 2 ,  L 2 -3 , and L 4 -5 . Segmental lordosis at L5-
S l  was inversely related to the pelvic angle in spon
dylolisthesis and degenerative lumbar disc disease 
patients. There were no significant correlations be
tween sacral slope and measurements of spinal bal
ance by the plumb line in any patient group. The 
mean pelvic radius was again not significantly dif
ferent betw een sexes and showed no significant cor
relation to height, weight, or diagnosis. Correlation 
analyses of ratios using measured values as numer
ators and the pelvic radius as the denominator pro
duced the same relationships.

These Jackson et al. and Peterson et al. studies 
showed that despite definite differences in sagittal 
segmental and regional alignments, global spinal bal
ance was not significantly different between normal 
adult volunteers and the adult patients studied (18,
35, 36). Preservation of sagittal spinal balance ap
peared to be a result of changes primarily in lower 
lumbar lordosis, sacral slope, and pelvic angle. Cor
relation analysis indicated that as lower segmental 
lordosis at L 4 -5  and L5-S1 increased, the lumbar 
spine translated anteriorly with respect to the plumb 
line. To accommodate for sagittal spinal malalign
ments and adjust for balance, patients with degen
erative lumbar disc disease tended to increase L 4-5  
lordosis, when possible, whereas scoliosis and spon
dylolisthesis patients increased L5-S1 lordosis on a 
segmental percentage basis. The authors’ analyses 
showed that lumbopelvic relationships were related 
to lumbar alignments, that is, as total or segmental 
lordosis decreased, the sacropelvis rotated posteri
orly and the sacrum became more vertical, but not to 
sagittal spinal balance, which was maintained and 
largely unaffected in most cases. These authors sug
gested that changes in sacropelvic rotation probably 
did not act as the primary compensatory mechanism
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m preservation of physiologic sagittal balance when 
other segmental spinal shifts or adjustments were 
possible and sufficient.

These studies are also important in their providing 
further mean values for standing sagittal balance, 
alignments, and lum bopelvic measurements in pa
tients with degenerative lumbar disc disease, scoli
osis, and spondylolisthesis. In addition, and equally 
important, significant correlations for standing sag
ittal alignments and spinal balance were identified. 
The authors concluded from their studies that loss of 
lower lumbar lordosis resulted in other, perhaps less 
desirable, compensatory m echanism s being used for 
maintaining balance, when available. They suggested 
that by studying such correlations and relationships 
it might be possible to further understand and better 
treat patients with different spinal disorders, both 
nonoperatively and operatively, especially with the 
use of spinal instrum entation systems. They also 
pointed out that junctional stresses and degenerative 
changes above and below a fusion, w ith or without 
instrumentation, could be related as m uch to spinal 
alignment as rigidity. If this were true, it would have 
significant clin ical im plications, as w ell as possible 
application.

Comparative Studies: Standing 
Versus Recumbent Extension Lateral 
Lumbar Radiographs
Very little data have been published on differences 
in sagittal alignments w ithin and between groups of 
patients with different spinal disorders. In addition, 
and just as unfortunately, standing films for evalua

tion of the sagittal plane are often not taken or are not 
available in the assessm ent of such patients. Nelson 
et al. conducted a study w ith the objectives of (a) 
quantitating and comparing total and segmental lor
dosis for two different spinal diagnoses— isthm ic 
spondylolisthesis and degenerative lumbar disc dis
ease; (b) determining and comparing the lordosis 
measurements on standing neutral and recumbent 
extension lateral lumbar radiographs w ithin each pa
tient group; and (c) determining intra- and interob
server reliability of Cobb measurements for segmen
tal and total lordosis on the standing and recumbent 
films (32). The authors evaluated 30 patients with 
spondylolisthesis and 30 with degenerative lumbar 
disc disease. Inclusion criteria for this study were no 
prior back surgeries in either group and grade I or II 
slips in the spondylolisthesis group. The spondylo
listhesis patients included 18 males and 12 females, 
w ith a mean age of 37.5 years. Twenty-one patients 
had a grade I slip and nine had a grade II slip. The 
degenerative lumbar disc disease group included 16 
m ales and 14 females, with a mean age of 35.9 years. 
Total and segmental lordosis measurements (Cobb 
method from the superior endplates of adjacent ver
tebrae and from L l to S i)  were made twice by two 
observers on both the standing neutral and recum 
bent extension lateral lumbar radiographs for each 
patient. The results of this study are shown in Table 
24.4.

As the data in the table demonstrate, total and seg
mental lordosis were greater in  spondylolisthesis pa
tients than in degenerative lumbar disc disease pa
tients on both the standing neutral and recumbent 
extension lateral films (32). Measurements on the

TABLE 24.4.
Segmental and Total Lumbar Lordosis Mean Measurements (SEM): Standing Neutral Versus Recumbent Extension 
Lateral Lumbar Radiographs in Patients with Spondylolisthesis and Degenerative Lumbar Disc Disease

S p o n d y lo lis th e s is  (n = 30) D e ge ne ra tive  (n =  30) T o ta l1 (n = 60)
S ta n d in g P E xtens ion S ta n d in g P E xtens ion S ta n d in g P E xtens ion

Observer 1
LI-2 3 7 (4 5) 4 8 (3.3) 2 6 (3 4) * 4.2 (3.4) 3 1 (4 0) * 4 5 (3 3)
L2-3 7 5 (3 2) * 9 7 (3 4) 7.9 (3.7) 8.8 (3.7) 7 7 (3 4) * 9.2 (3.6)
L3-4 11 3 (3.5) 11 2 (3.2) 10 3 (3 6) 11 7 (2 7) 10 8 (3.6) 11 5 (2 9)
L4-5 19 5 (5.4) 18.2 (4.0) 15 9 (4 0) 15 8 (5  0) 17.7 (5.1) 17 0 (4 7)
L5-S1 26 7(10 2) * * 30 7 (9 6) 23.9 (6.9) * * 26.2 (7.0) 25 3 (8  8) * * 28 5 (8.6)
L1-S1 68.5 (11 8) * * 74.7 (13.0) 60.9 (11.8) * * 67 0 (10 1) 64.7 (12 3) * * 70 9(12 2)

Observer 2
Ll-2 3.3 (49) 5 2 (4.3) 3.4 (4.7) * * 5 8 (5 8) 3.3 (4.7) * * 5 5 (5 1 )
L2-3 7 5 (3 4) * * 10 3 (3 9) 7.9 (3.5) * * 10 3 (3  7) 7 7 (3 4) * * 10.3 (3 8)
L3-4 12 2 (42) 12 5(4.1) 10.8 (3 8) 12.1 (3 1) 11 5 (4 0) 12 3 (3  6)
L4-5 20 8 (5  8) 19 3 (4 7) 15.2 (4.6) 15.8 (4.9) 18 0 (5  9) 17.6 (5.1)
L5-S1 23 6 (9 7) * * 28.7 (9 3) 21.1 (1.1) * * 24.6 (1.2) 22.4 (8.8) * * 26.7 (8.5)
L1-S1 67 5 (11.4) * * 76.1 (13.8) 58.7 (11 0) * * 68.6 (114) 63 1 (12 0) * * 72.4(13.1)

From Nelson LM, McManus AC, Jackson RP Standing neutral versus recumbent extension lordosis in patients w ith spondylolisthesis and degen
erative lumbar disc disease (Abstract)

SEM = Standard error of the mean
All measurements lordotic degrees (Cobb method)
*P <  05 
* *P <  01
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standing radiographs revealed that the increased lor
dosis occurred prim arily betw een L3 and S i .  Overall, 
64%  of total lordosis was located at the lowest two 
levels. In evaluating intra- and interobserver reliabil
ity in this study, “agreement” of two measurements 
at the same level was defined as w ithin plus or minus 
5°. Interobserver agreement on the standing films was 
greater than 85%  at each level from L l to L5, 71.7%  
at L5-S1, and 68.3%  for total ( L l - S l ]  lordosis. Inter- 
observer agreement on the recum bent films was 
greater than 95%  at each level from L l to L5, 81.7%  
at L5-S1, and 76.7%  for total ( L l - S l )  lordosis. In
traobserver reliability was 95%  overall on standing 
films and 98%  on recum bent extension films.

The Nelson et al. study showed again that spon
dylolisthesis patients had more total lordosis than 
did degenerative lumbar disc disease patients (32). 
W hile having significantly greater L5-S1 segmental 
lordosis than degenerative lumbar disc disease pa
tients, spondylolisthesis patients also had a propor
tionately larger percentage of their total lordosis at 
the L 4 -5  level. The authors noted that such a relative 
increase in L 4 -5  lordosis could represent an attempt 
at com pensation for the anterior displacem ent of L5 
on S i ,  as could an increase in total lordosis.

Both the intra- and interobserver reliabilities in 
the Nelson et al. study were higher on recum bent ex
tension than on standing neutral lateral radiographs 
(32). Reliabilities on standing films were lower at the 
lowest two levels. According to the authors, these 
findings were likely a result of a greater divergence 
of x-ray beams at the lower levels as w ell as possible 
increased m otion artifact from patient unsteadiness 
with standing in this study. Both factors would make 
the identification of measured landmarks more dif
ficult on the standing films. Despite small differ
ences, the authors believed that recum bent extension 
films could be used in studying and comparing lor
dosis when standing lateral films were unavailable. 
They concluded by recommending that lumbar spine 
fusion studies include an assessm ent of lordosis, 
both total and segmental, preoperatively and post- 
operatively. They believe that lumbar lordosis is im 
portant and that it should be preserved and m ain
tained in all patients undergoing reconstructive 
lumbar spine surgery.

Positioning Studies in Patients Under 
Anesthesia and in Awake Volunteers
How patients are positioned at surgery is extremely 
important as this largely determines the sagittal 
alignment, especially in the lumbar spine. Studies 
addressing the effect of operative position on lumbar 
lordosis are therefore not only interesting but also 
clinically important and relevant. Peterson et al.

evaluated the effect of operative position on lumbar 
lordosis in a group of patients under general anes
thesia (34). To determine how the “90—9 0 ” position 
and the prone position affect sagittal alignment, two 
patient groups were analyzed by these authors. All 
patients were selected from the practice of the same 
surgeon (RPJ). Inclusion criteria for this study re
quired adequate preoperative radiographs (standing 
36-inch lateral spine) and intraoperative radiographs 
(lateral lumbar spine, L l to the sacrum) in either the 
“9 0 -9 0 ” position on a Hastings frame [n = 20), or the 
prone position on a Jackson table [n = 20). Radio
graphs were m easm ed tw ice by two observers using 
the Cobb method for total and segmental lordosis be
tween L l and S i .  The data were analyzed for intra- 
and interobserver error and for significant changes in 
total and segmental lordosis between preoperative 
and intraoperative radiographs. Intraobserver mea
surements of total and segmental lordosis were 
highly correlated (mean r = .87, P <  .01) and not 
significantly different. Interobserver measurements 
were also highly correlated (mean r = .84, P <  .05); 
however, mean standing segmental lordosis at L5-S1 
was different (P <  .01). Standing segmental lordosis 
at all other levels, standing total lordosis, and intra
operative measurements were not significantly dif
ferent in this study.

For the “90—9 0 ” group the radiographic mean seg
m ental and total lordosis measurements in the stand
ing position were: L l - 2 ,  -2 .7 ° ; L 2 -3 , -6 .4 ° ; L 3-4, 
-9 .6 ° ; L 4 -5 , -1 3 .5 ° ; L5-S1, -2 0 .5 ° ; and L l - S l ,  
-5 2 .7 ° . Mean segmental and total lordosis measure
ments in the “9 0 -9 0 ” position on the Hastings frame 
were: L l - 2 ,  -2 .4 ° ; L 2 -3 , -3 .2 ° ; L 3 -4 , -4 ,0 ° ; L 4-5 , 
- 5 .6 ° ; L5-S1, -1 8 .4 ° ; and L l - S l ,  -3 3 .6 ° . In compar
ison w ith standing, segmental lordosis was signifi
cantly reduced (P <  .01) at all levels except L l-2 , 
w hich showed no significant change (Fig. 24.14). To
tal lordosis also was significantly reduced [P <  .01).

For the prone group the radiographic mean seg
mental and total lordosis measurements in the stand
ing position were: L l - 2 ,  -4 .2 ° ; L 2 -3 , -6 .5 ° ; L 3-4, 
-1 0 .4 ° ; L 4 -5 , -1 4 .8 ° ; L5-S1, -2 5 .7 ° ; and L l - S l ,  
— 61.7°. Mean segmental and total lordosis measure
ments in the prone position on the Jackson table 
were; L l - 2 ,  -4 .4 ° ; L 2 -3 , -5 .7 ° ; L 3 -4 , -9 .2 ° ;  L 4-5 , 
-1 3 .9 ° ; L5-S1, -2 9 .2 ° ; and L l - S l ,  -6 2 .8 ° . In com
parison w ith standing, segmental lordosis at L5-S1 
was significantly increased [P <  .01). Segmental lor
dosis at all of the other levels and total lordosis 
showed no significant change (Fig. 24.15).

Peterson et al. concluded that preservation of nor
mal segmental alignment during reconstructive lum
bar spine surgery is important and is largely deter
mined by intraoperative positioning (34). Although 
the “90—9 0 ” position often gave the impression of 
maintaining lordosis, this was not necessarily so. It
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FIGURE 24.14.
Bar graph comparing mean segmental and total lordosis in degrees (Cobb method) measured on lateral radiographs in 20 
patients standing preoperatively and at surgery in the 9 0 -9 0  position on a Hastings frame. Lordosis is significantly decreased  
at all levels except at L l - 2 . (Reprinted with permission from Peterson MD, Nelson LM, McManus AC, Jackson RP. The 
effect of operative position on lumbar lordosis: a radiographic study of patients under anesthesia in the prone and 9 0 -9 0  
positions. Spine 1995 ;20 (12 ):1419 -1424 .]
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FIGURE 24.15.
Bar graph comparing mean segmental and total lordosis in degrees (Cobb method) measured on lateral radiographs in 20  
patients standing preoperatively and positioned prone at surgery on a Jackson table. Segmental lordosis is not different at 
L l-2 , L 2 -3 , L 3 -4 , and L 4 -5 . L5-S1 segmental lordosis was significantly increased on the Jackson table and total lordosis 
slightly increased. (Reprinted with permission from Peterson MD, Nelson LM, McManus AC, Jackson RP. The effect of 
operative position on lumbar lordosis: a radiographic study of patients under anesthesia in the prone and 9 0 -9 0  positions. 
Spine: 1995 ;20 (12 );1419 -1424 .)



S06 SECTION V: ADULT DEFORMITIES AND MISCELLANEOUS DISORDERS

was postulated by the authors that hip flexion pro
duced ligament and m uscle tethering across or be
tween the back of the hip joints and ischia, resulting 
in posterior pelvic rotation that reduced total and 
segmental lumbar lordosis. These changes were most 
prominent at the L4—5 level, where lordosis was de
creased by nearly 60%  in this study and total lordosis 
was reduced by over one-third. Patients in the prone 
position, however, showed no change in segmental 
lordosis above the lum bosacral level. Segmental lor
dosis at L5-S1 actually increased, and total lordosis 
was preserved. The authors suggested that this may 
be a result of anterior pelvic rotation promoted by 
several factors, including (a) less hip flexion, (b) lig
ament and m uscle tethering on the anterior iliac 
crests across and in  front of the hips, and (c) the lo
cation and function of the hip and proximal thigh 
pads designed for the Jackson table. Here too the au
thors noted that interobserver differences in  segmen
tal lordosis at L5-S1 were likely due to difficulty in 
identifying the same sacral landmarks. Given that no 
significant intraobserver differences existed, the au
thors found that the significant changes in lordosis 
measured were valid in their study.

This Peterson et al. study concluded that the “9 0 -  
90 ” position on the Hastings frame was associated 
w ith significant reduction of total and segmental lor
dosis, most pronounced at the L 4 -5  level, and that 
positioning on a Jackson table m aintained the stand
ing sagittal alignment of the lumbar spine and in 
creased lumbosacral lordosis. This study supported 
findings published previously by Tan et al. (40)

Nelson et al. studied the effects of positioning on 
lumbar lordosis in a group of 17 awake volunteers 
examined prospectively (33). The authors’ objectives 
were to measure total and segmental lordosis on 
standing lateral radiographs and on lateral lumbar ra
diographs taken in four different operative positions. 
The positions studied were on the Relton-Hall frame, 
Hastings frame, chest rolls, and the Jackson table. To

tal and segmental lordosis between LI and S i were 
measured twice by two observers using the Cobb 
method. Data were analyzed for intra- and interob
server reliability and for changes in total and seg
mental lordosis among the radiographs in the five dif
ferent positions. The authors’ data here too showed 
that the intra- and interobserver measurements were 
reliable and reproducible. Lordosis was decreased in 
all four operative positions in comparison with 
standing in these awake volunteers, but it was better 
maintained on the Jackson table (Table 24.5).

Stephens et al. carried out similar comparative 
studies for the sagittal lumbar alignment produced by 
different operative positions, in a study that also in
volved normal, healthy, awake subjects (39). Ten vol
unteers under the age of 30 years with no prior his
tory of lumbar disease had lateral lumbar radiographs 
taken in four different positions: standing; prone on 
a Jackson table with the hips slightly flexed; prone 
on an Andrews table with the hips flexed 60°; and 
prone on the Andrews table with the hips flexed 90°. 
Lumbar lordosis was measured at all motion seg
ments from L l to S i for all subjects in each position.

The authors found an average total lumbar lordo
sis fi'om L l to S i in the standing position of 51.7°
(39). Mean contribution from L l to L4 was 24.2°, and 
from L4 to S i, 27.5°. Average total lumbar lordosis 
on the Jackson table was 52.7°, with 26.1° contributed 
from L l to L4 and 26.6° from L4 to S i. There was no 
statistically significant difference between standing 
and positioning on the Jackson table. In fact, total 
lordosis was slightly increased on the Jackson table 
(again, Peterson et al. found the same thing [34]). Av
erage lumbar lordosis on the Andrews table with 90° 
of hip flexion "was only 17°, with L l to L4 contribut
ing 8.3° and L4 to S i contributing 8.7°. On the An
drews table with 60° of hip flexion, average total lor
dosis was 27.3°, with 16.2° measured between L l and 
L4 and 11.1° between L4 and SI.

In the Stephens et al. study, the difference be-

TABLE 24 .5 .
Segmental and Total Luinbar Lordosis Mean Measurements (SEM) in Volunteers (« = 17, Cobb method): Lateral 
Lumbar Radiographs, Standing Neutral Versus Four Prone Positions

L I-2  
L2-3- 
La -4  
L4-5 
L5-S1 
L1-S1

From Nelson LM, Peterson MD, McManus AC, et al. Effect of positioning on lumbar lordosis: a prospective study of awake adult volunteers 
(Abstract). Hip position; Jackson, 30° flexion; chest rolls, neutral; Relton-Hall, 60° flexion; Hastings, 90° flexion.

SEM = Standard error of the mean.
All measurements lordotic degrees.
•’ Significantly different (P <  .01) compared to standing.
* Significantly different (P <  .05) compared to standing.
 ̂ Significantly different (P <  .01) compared to Jackson table.
Significantly different (P <  .05) compared to Jackson table.

S ta n d in g Ja ckso n C hest R o lls R e lton -H a ll H astings
3.4 (4.1) 4.6 (3.0) 2.6 (3.9) 2.0 (2.5) 1.2 (3.0)'’̂
7.0 (3.7) 7.6 (2.0) 5.2 (2.5) 4.2 (2.5)‘>-'’ 1.9 (2.5)̂ -'=

10.9 (2.7) 9.9 (2.5) 7.2 (2.0)^’ 6.9 (3.0)®'" 3.7 (1.9)=-'’
16.3 (3.7) 13.2 (3.2)^ 12.1 (3.3)*’ 9.2 (3.3)'’-'’ 3.7 (2.0)"'’
27.6 (4.7) 25.4(5.2)* 24.6 (4.5)® 21.4(5.5)^-° 16.9 (7.7)"-'’
65.9 (7.9) 60.8 (7.7)'’ 51.7 (10.2)"'’ 43.7 (10.7)°'’ 27.5 (10.9)'’-'’
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tween lordosis on the Jackson table and both posi
tions on the Andrews table was statistically signifi
cant (39). There was also a significant difference 
between lordosis measured for both positions on the 
Andrews table in com parison w ith standing. De
creasing the amount of hip flexion on the Andrews 
table produced a significant increase in lumbar lor
dosis. The authors concluded from their data that for 
lumbar or lumbosacral fusions using instrum enta
tion, physiologic sagittal spinal alignment can best 
be maintained by: (a) positioning on the Jackson ta
ble; and (b) avoidance of positions producing hip 
flexion.

As did Peterson et al., Stephens et al. confirmed 
and supported the findings previously reported by 
Tan et al. (40), who had also studied 10 awake vol
unteers with no prior history of back pain. The vol
unteers in the Tan et al. study were positioned prone 
on chest rolls, the Andrews frame, the Hastings 
frame, and a four-poster spinal frame. Total lordosis 
from L I to S I  was measured as w ell as segmental 
lordosis at each level. Mean measurements for stand
ing total lordosis and for the various positions eval
uated were as follows: standing, -5 5 .6 ° ; chest rolls, 
-45 .8°; Hastings frame, -2 9 .6 ° ; four-poster frame, 
-28 .3°; and Andrews frame, -2 3 .8 ° . Positioning on 
chest rolls lost a mean of around 10° of lordosis, but 
the difference was not statistically significant in this 
small study group. A ll of the other positions showed 
a statistically significant loss of lordosis, and again, 
the Andrews frame realized the largest reduction 
(40).

In summary, preservation of lumbar lordosis is im 
portant for some spinal procedures, and positioning 
of the patient should be carefully assessed, especially 
when using spinal instrum entation or other im 
plants. From these studies it is shown that sagittal 
segmental alignment in the lumbar spine is largely 
dependent on how the patient is positioned, and this 
would seem to be especially so for patients relaxed 
or paralyzed under general anesthesia.

Spinal Fixation gnd Manipulation 
with Instrumentation
Though positioning of the patient is very important, 
force application after fixation with spinal instru
mentation can also significantly change spinal align
ments and balance. Various strategies and techniques 
can be used to segmentally realign the spine and to 
improve balance in different spinal disorders. The 
present author has defined and developed intrasacral 
fixation and in situ rod contouring principles and 
techniques for the correction of spinal malalignments 
and the improvement of segmental, regional, and 
global balance (9 -1 7 , 2 0 -2 5 ). Intrasacral fixation and 
in situ contoured corrections are concepts and tech

niques largely based on; (a) analyses of the sagittal 
plane studies done by this author, and (b) his evolv
ing understanding of the biomechanics governing the 
instrumental spine (8, 1 3 -2 6 , 32, 35, 36). Posterior 
spinal instrumentation with rigid implant-implant 
fixation shifts the segmental axes of angulation in the 
middle spinal column posteriorly and away from the 
center of gravity in the sagittal plane (Figs. 24.16 and 
24.17). Specifically, the axes are shifted to the necks 
of the screws, if used, and to the posterior rods or 
plates. With the use of stiffer and stronger implants, 
the axes become less active with loading. Also, more 
unloading of the anterior and middle spinal column 
occurs. This is true for both static and cyclic loading 
within the elastic limits of the implants. However, 
with stiffer and stronger implants the stresses on the 
implants and bone-implant interfaces are increased.

The center of gravity for sagittal spinal balance is 
anterior to the sacrum and generally located globally 
over the axis through the hips when standing upright 
(Figs. 24.16 and 24.17) (13). The more posteriorly the 
rods and plates are positioned in the spine, and in 
the sagittal plane, the longer and stronger are mo
ment arms acting on them, especially at the lumbo
sacral level (Fig. 24.16). A biomechanical advantage 
can be created by inserting the rods and plates, and 
therefore the axes or potential axes, closer to the cen
ter of gravity (Fig. 24.17). In addition, the distal ends 
of these implants are of a much lower profile since 
they are actually well within the sacrum.

With the intrasacral fixation technique providing 
increased fixation and long lever arms across the 
lumbosacral level, and with the use of stiff, strong 
ductile rods, then application of in situ contouring 
principles for- spinal corrections is possible (12, 14, 
1 5 ,2 0 ,2 1 ) . Contouring creates a “translating axis” in 
the rod for correction. The axis can be “adjusted” 
along the rod, and an “adjustable contoured translat
ing axis” (ACTA) can be achieved. Lordotic contour
ing of the rod in the lower lumbar spine and at the 
lumbosacral level causes anterior sacropelvic rota
tion through the hips and ventral translation of the 
lumbar spine with associated segmental angulation, 
where desired (13, 18, 36). As a result, the center of 
gravity in the sagittal plane is shifted posteriorly, fur
ther reducing the moment arms acting on the rods 
(Fig. 24.17). At the same time, better segmental, re
gional, and global alignments and balance can be re
alized, especially with respect to the lumbopelvic re
lationships discussed in this chapter.

Changes in Segmental Alignments 
Following Spinal Fusion
Hardacker et al. have studied preoperative and post
operative segmental lumbar lordosis in uninstru
mented and instrumented solid lumbosacral fusion
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FIGURE 24.16.
Standing lateral radiograph of patient following L4-to-sa- 
crum fusion with a Galveston construct for sacropelvic fix
ation. Constrained posterior spinal instrumentation shifts 
the segmental axis or potential axis of angulation at L5-S1 
posteriorly to the rod and away from the center of gravity, 
as shown. With the implants in this position longer mo
ment arms can act on them. (Reprinted with permission 
from Jackson RP. Intrasacral fixation: principles and tech
niques [Abstract].)

FIGURE 24.17.
Standing lateral radiograph of patient following L4-to-sa- 
crum fusion with intrasacral fixation technique for sacro
pelvic fixation. With constrained posterior spinal instru
mentation the segmental axis or potential axis of angulation 
at L5-S1 moves posteriorly to the rod and away from the 
center of gravity, as shown. Positioning the implants deep 
in the sacrum and closer to the center of gravity results in 
shorter moment arms acting on them. This can create a bio
mechanical advantage in comparison with other tech
niques (Fig. 24.16). With in situ contouring of this con
struct, segmental lordosis at L4-5 and L5-S1 can he 
increased and the center of gravity shifted more posteriorly 
toward the rods. (Reprinted with permission from Jackson 
RP. Intrasacral fixation: principles and techniques [Ab
stract].)
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patients (6). These authors stated that a primary goal 
in reconstructive lumbar surgery was to obtain solid 
fusion, preferably w ith anatom ically correct align
ments in all three planes. They noted that m uch at
tention had been paid to sagittal spinal m alalignment 
with long fusions into the lumbar spine, and the de
velopment of the iatrogenic “flatback syndrom e” 
with its sequelae (7, 2 7 -3 1 , 37, 41], However, they 
pointed out that little attention had been paid to the 
sagittal spinal alignment of shorter lumbar and lum 
bosacral fusions, i.e., segm entally “flat fusions.”

The Hardacker et al. study reviewed 119 bilateral 
posterolateral one-level, two-level, and three-level 
solid lumbar fusions to the sacrum. Criteria for inclu 
sion in the study were that on recum bent Ferguson 
and lateral flexion-extension lumbar radiographs, 
taken a minim um  of 2 years postoperatively, two sep
arate observers concluded that solid fusion had been 
obtained. The authors noted that although sagittal 
spinal alignment is best assessed on standing lateral 
radiographs, such a study had not been obtained for 
many of their patients, but all had recum bent exten
sion lateral lumbar films taken preoperatively and 
postoperatively. The study of standing versus exten
sion films by Nelson et al. had shown that segmental 
lordosis was not significantly different at L 3 -4  and 
L4-5 and only about 4° different at the L5-S1 level 
(32). Hardacker et al. thought therefore that a valid 
comparison could be made using recum bent exten
sion lateral lumbar films.

The 119 patients in the Hardacker et al. study were 
divided into three fusion groups: group 1, uninstru
mented [n = 37]; group 2, instrumented with stan
dard constructs [n  = 42; 22 w ith Cotrel-Dubousset 
(CD) rods and screws and 20 w ith bilateral translam- 
inar facet screws); and group 3, instrumented with 
intrasacral fixation followed by in situ rod contour
ing using Jackson benders (n  = 40). Indications for 
fusion included failure of conservative care and con
tinued disabling low back pain w ith a diagnosis of 
lumbar segmental instability, spondylolisthesis, and/ 
or symptomatic degenerative lumbar disc disease 
with and without disc herniation and/or stenosis. At
tention to intraoperative positioning and preserva
tion of lumbar lordosis was carried out in  each in 
strumented case. A ll of the patients were operated on 
by the same surgeon (RPJ). All uninstrum ented and 
standard instrumented patients were braced to solid 
fusion. Group 3 patients, who had intrasacral fixa
tion, required no bracing. The data reviewed in
cluded age, sex, levels fused, and the number of prior 
surgeries. Preoperative and postoperative pain and 
functional outcome scores on self-assessm ent analog 
scores were compared. Segmental lordosis at all lev
els fused was measured preoperative and postoper
atively using the Cobb angle method on the extension

lumbar radiographs. Average follow-up for all pa
tients was 54.8 months (range, 24 to 148 months). 
The preoperative and postoperative mean total seg
m ental lordosis measurements of all levels fused for 
the three groups are shown in Table 24.6.

The total segmental lordosis change (a m inus sign 
indicates loss of lordosis) and average number of lev
els fused for each group in the Hardacker et al. study 
were as follows: group 1, —385°, average levels fused 
1.7; group 2, -5 4 5 ° , average levels fused 2.0; and 
group 3, -6 7 ° , average levels fused 2.0. Group 3 was 
significantly different from group 1 and group 2 (P = 
.01). The three groups differed with regard to age, 
number of prior surgeries, and levels fused, and 
hence a com parison of pain and functional capacity 
assessm ent analog scores for the different groups is 
not statistically appropriate. However, group 1 pa
tients had the most favorable factors for outcome and 
group 3 the least. Despite these differences, group 3 
patients did as w ell or better than the other two 
groups on all of the self-assessm ent analog scales 
and, again, they also had significantly more lordosis 
over the levels that were operated on.

Hardacker et al. found that group 1 and group 2 
patients (uninstrumented and instrumented fusions) 
lost statistically significant degrees of segmental lor
dosis at the levels operated on (P <  .01), and group
3 patients (fusions w ith intrasacral fixation and in 
situ rod contouring techniques) m aintained the de-

TABLE 24 .6 .
Preoperative Versus Postoperative Additive Segmental 
Lordosis Mean Measurements (Cobb method):
One-, Two-, and Three-Level Solid Posterior 
Lumbosacral Fusions
Levels P re-op P ost-op  S ig n ific a n c e  Level
Group 1 (fusion in situ w ithou t implants, n = 37)
L5-S1 25 8 14.6 (n = 12) P < .0 1
L4-S1 28 0 17 8 in  = 24] P < 0 1
L3-S1 48.0 43 0 (n = V —
Group 2 (standard constructs/sacral fixations, n =  42)
L5-S1 13.4 9.4 in  =  l )  (n.s.)
L4-S1 35 2 21.1 in  = 29) P < .0 1
L3-S1 47.0 30 0 (n = 6) P < .0 5
Group 3 (intrasacral fixation/contoured in situ, n = 40)
L5-S1 23 8 25 1 {n = 9) i n s )
L4-S1 38 1 35.7 (n =  22) i n s ]
L3-S1 43.3 41 9 (n = 9) (n.s.)

From Hardacker JW, Jackson RP, Nelson LM, et al Loss of segmental 
lordosis in instrumented and uninstrumented solid lumbosacral fu
sions (Abstract)

All measurements lordotic degrees
Standard constructs involve one pair of bilateral screws for sacral fix

ations
The additive segmental lordosis change (minus = loss) and average 

number of levels fused for each group was as follows Croup 1, 
-385°, average levels fused 1 7, Group 2, -545°, average levels 
fused 2 0, Croup 3, -67°, average levels fused 2 0 Croup 3 was 
significantly different from Group 1 and Group 2 (P <  01)
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grees of preoperative segmental lumbar lordosis at 
the levels operated on without significant change (6). 
The authors concluded that in lumbar spine fusions 
care should be taken to m axim ize and preserve pre
operative levels of segmental lordosis. In their study 
this was only achieved in  the group 3 patients.

Jackson et al. studied a group of patients who be
tween August 1979 and August 1987 underwent b i
lateral posterolateral one-, two-, and three-level lum 
bar fusions to the sacrum without instrum entation 
(19). To be included in this study, a m inim um  2-year 
clin ical and radiographic follow-up was required, as 
w ell as two observers concluding solid fusion on 
postoperative recum bent anteroposterior Ferguson 
and lateral flexion-extension lumbar radiographs. A 
preoperative recumbent lateral extension lumbar ra
diograph was also required for com parison, as w ell 
as preoperative and postoperative self-assessm ent 
analog pain and functional capacity scores and pain 
drawings for outcomes analysis, h i this study pa
tients w ith anterior interbody fusion and posterior 
lumbar interbody fusion (PLIF) procedures were not 
included. During this period a total of 192 patients 
underwent one-, two-, and three-level uninstru
mented fusions and were possible candidates for the 
study. Of these, 160 were excluded for the following 
reasons: 76 had no preoperative extension film avail
able or taken; 32 were not solidly fused; 28 had fol- 
low-up of less than 2 years, or were lost to contact, 
or deceased; 15 had chym opapain in jection w ithin 1 
year before the surgery; seven patients had bone 
growth stimulators; and two had free-floating lumbar 
fusion. A total of 32 patients m et the criteria. All of 
the patients had the same surgeon (RPJ). A ll were am
bulated soon after surgery in  a brace.

Jackson et al. noted that although sagittal spinal 
alignment is best assessed on standing lateral radio
graphs, many patients did not have such a study; 
however, all had preoperative and postoperative re
cumbent lateral extension lumbar films for com pari
son. The authors used the study of Nelson et al. (32) 
to extrapolate from standing neutral to recum bent ex
tension measurements and to support their m ethod
ology and com parisons in  this study.

Of the 32 patients in the study 18 were m ale and
14 were female. At index surgery, the mean age of the 
patients was 41.5 years (range, 21 to 66 years). Av
erage follow-up tim e was 83 months (range, 36 to 148 
months). The primary preoperative diagnoses were 
as follows; degenerative lumbar disc disease, with 
stenosis (7 patients), w ith herniated nucleus pulpo- 
sus (11 patients), and without herniated nucleus 
pulposus or stenosis (2 patients); grade I isthm ic 
spondylolisthesis (4 patients); degenerative spondy
lolisthesis w ith stenosis (1 patient); pseudarthrosis 
w ith stenosis (4 patients), and without stenosis (3 pa
tients). The diagnosis of stenosis and/or herniated

nucleus pulposus involved the performance of lam
inectom y and/or discectom y surgery at the involved 
level(s), unilaterally or bilaterally. All of the isthmic 
spondylolisthesis patients had L5 laminectomy. 
Nineteen patients (59% ) had a total of 31 lumbar 
spine surgeries (average, 1.6 per patient) prior to their 
index surgery (resulting in solid fusion). A total of 54 
levels were fused. Eleven patients had a one-level fu
sion, 20 a two-level fusion, and one a three-level fu
sion. The preoperative versus postoperative total 
segmental lordosis mean measurements for the one-, 
two-, and three-level fusions were as follows: L5-S1, 
26.4° versus 16.9° [n = 11, P  <  .01); L4-S1, 30.7° ver
sus 22.6° (n = 20, P <  .01); L3-S1, 52° versus 58° (n 
=  1). Across all the levels fused, a total of 263° of 
lordosis was lost, a finding sim ilar to that of the Har- 
dacker et al. study (6).

In this Jackson et al. study a change in segmental 
lordosis at a given level following fusion was not re
lated to lam inectom y with or without discectomy 
(19). Of the 54 levels fused, 18 levels had fusion only: 
five levels gained an average of 2.8° of lordosis, one 
stayed the same, and 12 lost an average of 7.7° of lor
dosis. Nineteen levels had fusion w ith laminectomy 
only: six levels gained an average of 5.3° of lordosis, 
one stayed the same, and 12 lost an average of 7.9° of 
lordosis. Seventeen levels had fusion with lam inec
tomy and discectom y: three levels gained an average 
of 5.0° of lordosis, and 14 levels lost an average of 
7.4° of lordosis. Overall the total loss of lordosis was 
as follows: fusion only (18 levels), 97°; fusion with 
lam inectom y only (19 levels), 72°; fusion with lami
nectom y and discectom y (17 levels), 94°.

Outcomes analysis in this study found 25 patients 
to be a little to a lot “better,” two to be the same, and 
five to be worse. Those w ith one-level fusions did 
better than those with two-level fusions; however, 
the outcomes may have been influenced by the fact 
that only 36%  of one-level fusion patients had prior 
surgeries (one or more), as compared with 70%  of the 
two-level fusion patients. Pain frequency was im
proved 14% , pain severity 23% , work capacity 35% , 
and lim itations in social and recreational activities 
32% , w ith a m ean overall improvement of only 26% 
on the self-assessm ent analog scales used.

In these two studies Hardacker et al. and Jackson 
et al. commented that their work was the first they 
could find comparing segmental lumbar lordosis be
fore and after short one-, two-, and three-level lum
bosacral fusions for degenerative disc disorders and 
instabilities involving low-grade isthm ic and degen
erative spondylolisthesis, spinal stenosis, herniated 
nucleus pulposus, and pseudarthrosis with disabling 
low back pain (6, 19). Jackson et al. stated in their 
study that the loss of lordosis was not related to the 
performance of a lam inectom y or discectom y at a 
given level (19). Possible explanations offered were
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postoperative bracing, iatrogenic m uscle injury, and 
other causes. The authors of these studies, again, 
stated that approximately two-thirds of total lordosis 
is normally distributed betw een the lower two discs. 
They found that in situ fusion surgery did not appear 
to maintain the normal sagittal aligmnents between 
L4 and S i  in most of their patients. The long-term 
chnical consequences for such loss of segmental lor
dosis at the levels operated on and for the levels 
above were not part of their present studies. The au
thors stated that the loss of lordosis was both unde
sirable and worrisome. Also, the authors of these 
studies commented that the overall clin ical results 
were not as good as expected in the solidly fused 
groups of patients w ith loss of segmental lordosis.

Jackson et al. concluded that one- and two-level 
uninstrumented solid lumbosacral fusions lost sig
nificant segmental lordosis at the levels operated on 
[P <  .01) and, again, stated that the changes in lor
dosis could not be explained by the other procedures 
performed at a given level, that is, laminectomy and/ 
or discectomy (19). The authors stated that a more 
careful assessment of preoperative and postoperative 
segmental lordosis may be indicated, especially 
when reporting outcome studies. Again, Hardacker 
et al. found better clinical outcomes in the patients 
with more segmental lordosis at the lumbar levels 
fused (6).

Spondylolisthesis
Jackson et al. reported on the clin ical results and 
standing radiographic sagittal spinal alignments in 
spondylolisthesis before and after surgery [23). 
Twenty-eight consecutive patients w ith symptomatic 
L5-S1 spondylolisthesis had bilateral fusion to the 
sacrum using lumbosacral rod-screw instrum enta
tion with intrasacral fixation and in situ rod con
touring techniques. Five patients also had interbody 
fusions. The proximal end of the instrum entation 
was to L5 in 11 patients, to L4 in 15 patients, to L3 
in one patient, and to L2 in one patient. There were 
16 males and 12 females, and the mean of their 
ages was 37.8 years (range, 20 to 61 years). The fol
lowing grades of spondylolisthesis were treated: 17 
at grade I, eight at grade II, two at grade III, and one 
at grade V.

The patients in this study were instrumented with 
intrasacral fixation techniques distally for increased  
sacral fixation, and the rods were contoured in situ 
to create a “translating axis” for lumbosacral manip
ulation and correction, as described above. The au
thors stated that such contouring was possible be
cause of the use of stiff, strong ductile rods and the 
increased fixation and long lever arms provided by 
the intrasacral fixation technique. Correction by con
touring of the rods with screws provided for addi

tional lordosis and further foraminal decompression, 
according to the authors. This was accom plished 
w ith the lever arms acting through both the screws 
and intrasacral rods, creating sacropelvic rotation 
through the hips. Selective monosegmental vertebral 
angulation w ith intervertebral extension moments 
across the lum bosacral level in the sagittal plane 
were developed at the time of m anipulation. The au
thors stated that it was important that complete b i
lateral L5-S1 facetectom ies and foraminotomies be 
performed prior to contouring for lumbosacral ma
nipulations. W hen the screws were locked on the rod 
and contouring carried out, the axis of angulation 
was shifted to the rod and translated with the ductile 
rod as it was deformed. Again, this created a “trans
lating axis” for correction. Posterior spinal column 
shortening resulted without collapse or compression 
in the middle colum n or neuroforamina because of 
where the axis was located w ith the screws locked 
on the rods. Bracing was only selectively done.

A ll of the patients in this study had preoperative 
and postoperative standing 36-inch lateral radio
graphs for comparison. The following measurements 
in the sagittal plane were compared: kyphosis (Cobb 
method from T1 to T12), lordosis (Cobb method from 
the superior endplates of L l to S i) ,  spinal balance 
(perpendicular distance from the posterosuperior 
corner of S i  to the C7 sagittal plumb line), and sacral 
inclination or slope (a line drawn along the back of 
the proximal sacrum and its angle of intersection 
w ith the plumb line) as a measure of pelvic angula
tion or standing hip extension in the sagittal plane 
(Figs. 24.1, 24.2, 24.3, and 24.4). Also, L5-S1 slip an
gle (measured between a line drawn parallel with the 
L5 superior endplate and a line perpendicular to the 
one drawn along the back of the proximal sacrum), 
and percentage of slip were recorded.

The 28 patients in this study had an average clin 
ical and radiographic follow-up of 34 months (range, 
24 to 52 months). All 28 were found to have a solid 
fusion on the basis of recum bent anteroposterior Fer
guson and lateral flexion-extension lumbar radio
graphs postoperatively at last follow-up. Three pa
tients required a second surgery to achieve solid 
fusion (nonunion in two and delayed healing in one). 
The authors reported no broken screws. Also no rod 
or screw pullouts in the sacrum were reported, and 
this was believed to be due prim arily to the use of 
the intrasacral fixation technique. A broken rod was 
seen in two patients, both with solid fusions. The use 
of a “contoured translating axis” w ith resultant lum
bosacral m anipulation was also found to be safe, ac
cording to the authors. There was one neurologic 
com plication encountered in this series (patient with 
grade V slip reduced to grade II). A ll of the patients 
were better postoperatively, w ith no clin ical failures 
reported, as determined by self-assessm ent pain
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drawings and analog pain and functional capacity 
comparisons preoperatively and postoperatively. 
The mean pain and functional capacity assessments 
were significantly improved [P <  .0001). Preopera
tive versus postoperative standing lateral radio- 
graphic mean measurements were: kyphosis, +43° 
versus +44° (P value not significant]; lordosis, - 6 4 °  
versus -7 0 °  (P = .0002); C7 sagittal plumb, + 1 .4  cm 
versus + 0.1  cm (P = .0526); sacral inclination, 48° 
versus 55° (P = .0012); slip angle at L5-S1, - 2 0 °  ver
sus -3 0 °  (P = .0023); percentage slip, 27%  versus 
9 .4%  (P = .0001).

Jackson et al. concluded that the intrasacral fixa
tion technique for the im plants distally appeared to 
provide increased fixation clin ically  (23). They 
stated that in  situ contouring of a stiff, strong ductile 
rod using Jackson benders provided a “translating 
axis” for segmental correction and gave selective 
lumbosacral angulation, where desired. The authors 
felt that these techniques helped to create the signif
icant postoperative changes measured in their sagit
tal plane analysis studies.

Scoliosis______________________________
Jackson and McM anus performed a clin ical assess
ment, including radiographic sagittal plane analysis, 
in  a difficult and challenging group of patients with 
lumbar and thoracolumbar scoliosis treated w ith a 
long fusion from the thoracic spine to the sacrum 
(17). The authors reviewed 15 consecutive adult pa
tients with painful lumbar and thoracolumbar 
curves, degenerative and idiopathic, who had pos
terior spinal instrum entation and fusion to the sa
crum using lumbosacral pedicle screws, intrasacral 
fixation, and in situ rod contouring techniques. Only 
one patient underwent anterior surgery with inter
body fusion, and none had anterior fusion across the 
lumbosacral level. The proxim al end of the instru
m entation was to T i l  in five patients, to TIO in six 
patients, to T9 two patients, to T3 in one patient, and 
to T2 in one patient (revised from T9 to this level). 
There were 13 females and 2 males, and the mean of 
their ages was 59 years (range, 35 to 73 years).

In this study, the authors stated that corrections by 
rod contouring provided for additional lordosis and 
further foraminal decom pression and were believed 
by the authors to give more intraoperative control of 
the deformity in three planes (17). The corrections 
were found to be safe, and no neurologic com plica
tions were encountered. Jackson and McM anus also 
stated that posterior colum n shortening resulted, at 
least in the lumbar spine, without clin ical collapse 
or compromise of the middle colum n or neurofora
m ina occurring (17). W hen screws were used in the 
lumbar spine, contouring was carried out because ro
tation of the rod was difficult and did not control

torsion of the spine unless direct derotation forces in 
the transverse plane were also applied to the screws. 
This was true whether instrum entation was done 
down to the sacrum or not. Postoperative bracing was 
only selectively carried out, usually in the more os
teoporotic patients.

In this study average clin ical and radiographic fol
low-up was 24 months (range, 18 to 40 months). The
15 consecutive patients reported a mean 40%  im
provement in pain on preoperative versus postoper
ative self-assessm ent analog pain scores (P = .0385). 
Eight broken rods and two broken screws (both sa
cral) in six patients were documented. Four patients 
w ith one broken rod each had m inim al loss of cor
rection and improved clin ical results at the time of 
review. Two patients were reported to have symp
tomatic pseudarthroses w ith associated bilateral bro
ken rods, as w ell as loss of correction and were con
sidered clin ical failures. The authors felt that the 
high rate of im plant breakage was a result of not hav
ing performed anterior fusions in these patients with 
long constructs to the sacrum. No rod or screw pull- 
outs in the pelvis were reported, prim arily because 
of intrasacral fixation for the instrum entation dis
tally, the authors stated. Cobb measurements on 
standing 36-inch anteroposterior radiographs of the
15 major lumbar and thoracolum bar curves averaged 
35° preoperatively (range, 12° to 82°), and 17° post
operatively (range, 0° to 62°) (P = .0001). The follow
ing preoperative and postoperative sagittal plane 
measurements were also compared on standing 36- 
inch lateral radiographs: L l to S i  lordosis (Cobb 
method from the superior endplates of L l and Si), 
sagittal balance, sacral inclination or slope, and tho
racic kyphosis (Cobb method from T l  to T12), as de
scribed earlier (Figs. 24.1, 24.2, 24.3, and 24.4). The 
preoperative versus postoperative mean measure
ments reported were: thoracic kyphosis, +26° versus 
+44° (P = .0001); total lordosis, - 3 3 °  versus -5 4 °  (P 
= .0017); sagittal balance, + 4 .5  cm versus +0.1 cm 
(P = .0486); and sacral inclination, 44° versus 46° (P 
value not significant).

Jackson and McManus concluded that the tech
niques of intrasacral fixation for the instrumentation 
distally in scoliosis appeared to provide increased 
fixation clinically (17). Also, in situ contouring of the 
stiff, strong ductile rod and screw constructs for cor
rections with “translating axes” was found to be ef
fective and safe. This was similar to what they had 
reported for spondylolisthesis (23). The authors felt 
that these techniques resulted in the significant post
operative changes measured in the sagittal plane 
with increased total lordosis, a posterior shift of the 
plumb line with improved spinal balance, and an 
overall increase in total thoracic kyphosis that ap
proached near normal values, as reported above. 
However, for long-term stability and maintenance of
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the corrections obtained by these techniques, the au
thors stated that solid anterior interbody fusions are 
required.

Kyphosis
Jackson and McManus have also evaluated segmental 
and total kyphotic and lordotic spinal alignments be
fore and after the surgical correction of developm en
tal thoracic hyperkyphosis using in situ rod contour
ing techniques (24). Specifically, the authors were 
interested in looking at preoperative and postopera
tive total kyphosis and total lordosis as w ell as the 
junctional changes in the open m otion segments 
above and below the instrum entation used to correct 
the deformities, and then comparing the results with 
normative data. They reviewed 10 consecutive pa
tients who had surgery betw een July 1986 and June 
1990 and were instrumented w ith CD implants. All 
the patients were skeletally mature at surgery, except 
one who had refused bracing and had becom e pro
gressively worse. Three patients had anterior release 
and interbody fusions preceding their posterior pro
cedure. Criteria for selection in the study were: (a) 
chief complaint of kyphotic deformity with or w ith
out progression; (b) diagnosis of developmental tho
racic hyperkyphosis with lumbar hyperlordosis; and 
(cj no instrumentation or fusion below  L2. Patients 
with kyphoscoliosis, prior surgery, or congenital, 
posttraumatic, osteoporotic, pathologic, or iatrogenic 
hyperkyphosis were excluded. C linical evaluation 
included pain and functional capacity assessments 
on analog scales with outcomes analysis. All of the 
patients were exam ined w ith standing 36-inch lateral 
radiographs of the entire spine preoperatively and 
postoperatively. Limits of kyphotic deformity (end 
vertebra) were determined and measured by the Cobb 
method. Lumbar lordosis was measured from L l to 
S i, also by the Cobb method. The segmental angu
lation between the last instrumented vertebra and the 
next uninstrumented vertebra at the proximal and 
distal ends of the construct was measured between 
superior adjacent endplates by the Cobb method. 
Segmental angulation at the distal end of the con
struct was also evaluated by measuring the interver- 
tebral disc angle; this was done by drawing two lines 
parallel to the superior and inferior endplates above 
and below the distal junctional open m otion segment 
disc space and measuring the angle between them. 
Levels of deformity and levels of instrum entation re
corded for this study are shown in Table 24.7.

In this study there were 7 females and 3 males, and 
the mean of their ages at surgery was 25 years (range, 
11 to 44 years). One patient was lost to any further 
follow-up 17 months after surgery. The remainder of 
the patients had a m inim um  2-year follow-up after 
surgery. The average follow-up for all patients was

TABLE 24 .7 .
Kyphotic Deformity, Levels Measured (Cobb method) and 
Levels Instrumented (10 Patients)

Pre-op P ost-op Levels Levels
(degrees) (degrees) M easured In s tru m e n

Group 1 (4 Patients)
1 70 38 T4-L1 T4-L2
2 as 31 T1-11 T1-12
3 70 43 T3-12 T3-12
4 72 44 T3-L1 T3-L1

Group 2 (6 Patients)
5 100 69 T2-L1 T 2 - L r
6 77 46 T2-L2 T2-L2
7 11 51 T2-L1 T3-L2'’
8 76 52 T3-L1 11-12“
9 75 45 T3-L1 T3-L2

10 74 43 T3-L2 T3-L2
Mean 75.5 45.3 (P <  .0001)
Range 66-100 31-69

From Jackson RP, McManus AC. Evaluation of junctional kyphosis fol
lowing surgical correction for developmental thoracic hyperky
phosis (Abstract).

 ̂ Anterior followed by posterior procedure

55 months (range, 17 to 92 months). Nine patients 
were satisfied w ith the cosm etic result and one was 
dissatisfied. Seven of the 10 patients had pain pre
operatively ranging from only m ild to dull on the an
alog self-assessm ent pain scale. Using the same self- 
assessm ent pain scale postoperatively, backache was 
reported to be better in three, the same in six, and 
one grade worse in one patient. Functional capacity 
in terms of work and social activity lim itations was 
better in five and the same in five postoperatively. 
Com plications involved prominent hardware in four 
patients (one revised, one removed). There were no 
hardware failures, neurologic com plications, pseud- 
arthroses, or infections found in this study. Preop
erative kyphotic deformity averaged +75.5° (range, 
+ 66° to +100°) and postoperatively averaged +45.3° 
(range, +31° to +69°) [P = .0001). Preoperative lum
bar lordosis (L l to S i)  averaged -8 0 .8 °  (range, -6 7 °  
to -9 5 ° )  and postoperatively averaged -6 2 °  (range, 
-4 4 °  to -7 4 ° )  (P = .0009).

At the proximal open m otion segment adjacent to 
the most upper instrum ented level in  this study, 
there was a mean postoperative kyphosing change of 
+ 10.9° (range, +6° to +18°), as measured by the Cobb 
method at last follow-up (Table 24.8). All of the con
structs used bilateral hooks on the most proximal 
vertebra instrumented consisting of supralaminar 
hooks or transverse process—pedicle hook “claw ” 
constructs. The most proximal vertebra instrumented 
was the end vertebra measured for the deformity in 
eight of the 10 patients (Table 24.7). At the distal end 
of the construct four patients had bilateral infralam- 
inar hooks only (group 1) and six had bilateral infra- 
lam inar hooks plus bilateral screws at the same level 
(group 2). The mean postoperative kyphosing change
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TABLE 24 .8 .
Postoperative Junctional Segmental Angulation in
Instrumented Hyperkyphosis (10 Patients, Cobb Method)

P ro x im a l Open M o tio n  S egm en t
Mean Kyphosmg +10 9° (R ange+6° t o +18°)

Change
Mean Segmental +6.7° (Range+4° t o +10°)

Angulation
Levels. C7-T1 (2), (Normal range 0° to +3°)

T1-2 (2), T2-3 (5),
T3-4(1)

D is ta l Open M o tio n  S eg m en t
Hooks Only, 4 Patients (Group 1)

Mean Kyphosmg +143° (R ange+ 10°to +18°)
Change

Mean Segmental +7.0° (Range-5 °  t o +14°)
Angulation

Levels: T12-L1 (2), (Normal range 0° to -7°)
L1-2(1), L2-3(1)

Hooks and Screws, 6 Patients (Group 2)
Mean Kyphosmg +118° (Range+8° t o +14°)

Change
Mean Segmental +2.3° (Range-8 °  t o +9°)

Angulation
Levels L I-2  (1), (Normal ra n g e -3 °  t o -7°)

L2-3 (5)

From lackson RP, McManus AC Evaluation of|unctional kyphosis fol
lowing surgical correction for developmental thoracic hyperky
phosis (Abstract)

+  IS kyphotic or kyphosmg, -  is lordotic
The instrumentation created junctional kyphosis in both the proximal 

and distal open motion segments

distally following instrum entation in group 1 was 
+ 14.3° (range, +10° to +18°) and in group 2, +11.8° 
(range, +8° to +14°) by the Cobb method at last fol
low-up (Table 24.8). However, the mean disc angle 
measured in group 1 was +9.3° (range, +6° to +11°) 
and in group 2, only + 0.5° (range, - 3 °  to +8°). In 
group 1, two patients were instrum ented distally to 
the actual end vertebra of the deformity and in two 
patients one vertebra more distal to the end vertebra 
measured for the deformity (Table 24.7). hi group 2, 
three patients were instrumented to the end vertebra 
of the deformity and three patients one vertebra more 
distal (Table 24.7). (Again, none of the constructs ex
tended below L2 in this study.)

Jackson and McManus pointed out that infralam- 
inar hooks at the distal end of the construct, loaded 
in compression for correction toward the apex of the 
deformity, caused junctional kyphosis in the adja
cent open disc space. They believed that this was be
cause all of the forces were acting in the posterior 
column behind the segmental axis of angulation at 
this junctional uninstrumented and open distal mo
tion segment. They indicated that this tended to an- 
gulate the most distally instrumented vertebra too 
much in flexion, thereby causing compression ante
riorly in this adjacent open intervertebral disc and 
perhaps segmental stretching of the ligaments pos
teriorly at this level. By adding screws in the distal

end vertebra, compressive force application through
out the three colum ns of the caudal m otion segment 
was possible after com pletion of in situ rod contour
ing with Jackson benders. This appeared to reduce 
the postoperative junctional kyphosing effect of the 
instrum entation distally in this open disc space as 
w ell as to increase the fixation in this vertebra. Their 
recom m ended method for choosing the most distal 
end vertebra to instrum ent at surgery entails: fa j in
clusion of the vertebra transected by the C7 sagittal 
plumb line on a preoperative standing lateral radio
graph of the entire spine; and (b) addition of one ver
tebra more distal to the end vertebra measured for the 
kyphotic deformity by the Cobb method on this 
standing radiograph. Also, instrum entation of the 
most distal vertebra should include bilateral screws 
for the biom echanical reasons presented, according 
to these authors. A method or methods to reduce 
junctional kyphosing effects of the instrumentation 
at the proximal end of the construct following sur
gery needs further evaluation and study, the authors 
concluded. W hether or not the in situ contouring of 
the rods contributed to the junctional kyphosis is 
something that is still being studied by the authors.

In summary, Jackson and McManus stated that in 
the correction of thoracic kyphotic deformity, (a) the 
instrum entation is frequently prominent and can ap
parently be symptomatic; (b) postoperative junc
tional kyphosis often results and can be problematic; 
and (c) the use of bilateral screws at the lower end of 
the construct increases the fixation, but more impor
tant, it reduces kyphosis in the open disc space ad
jacent to the distal end of the instrumentation. The 
authors found good correction w ith normalization of 
kyphosis and lordosis postoperatively when com
pared w ith their previously reported mean data of 
adult volunteers.

Thoracolumbar Burst Fractures
Ebelke et al. and Jackson reviewed a group of 25 con
secutive burst fracture patients treated with posterior 
pedicle instrum entation for reduction and stabiliza
tion (3, 15). Ten patients were instrumented with 
standard hook, screw, and rod constructs without in 
situ rod contouring, and 15 were instrumented with 
a six-screw/two-distal hook construct that was con
toured in situ for fracture correction (15, 21, 25). The 
contoured corrections were shown to be safe by these 
authors. Angular kyphotic change at the fracture site 
was found to be better in the contoured group, both 
in terms of initial correction and m aintenance of cor
rection. The group of 10 patients treated with stan
dard constructs and techniques had a mean preop
erative kyphosis of 17°, and at last follow-up, 16°. The 
group of 15 patients treated w ith in situ rod contour
ing techniques had a mean preoperative kyphosis of
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16°, and only 3° at last follow-up. The differences 
were significant (P <  .05). The authors pointed out 
that it was important both to correct and to m aintain 
normal sagittal spinal alignments when possible. 
They advocated using normative segmental spinal 
alignment studies for com parison of the preoperative 
and postoperative angular measurements in patients, 
as defined and recommended by Farcy et al. [4].

Conclusions___________________________
With a better understanding of sagittal spinal align
ment, normative data, including standard deviations 
and ranges, treatment of spinal deformities, instabil
ities, degenerative conditions, and other disorders 
can be more carefully evaluated and compared. Typ
ical and somewhat characteristic sagittal plane ab
normalities exist for different disorders of the adult 
spine. It is helpful to recognize the existing abnor
malities and com pensations prior to any treatment 
and to not aggravate them w ith the intervention. By 
maintaining or correcting for fairly normal segmental 
alignments, better regional and global balance of the 
spine can be realized and less desirable or undesir
able compensatory m echanism s m inim ized. This is 
thought to be especially so for the lum bopelvic align
ments and relationships defined and discussed in 
this chapter.
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CHAPTER TW ENTY FIVE

Degenerative Lumbar 
Spondylolisthesis

Harry N. Herkowitz

Introduction
Degenerative lumbar spondylolisthesis is a common 
condition occurring in the older population (Fig.
25.1). The incidence is higher in females than in 
males. Although a previous report suggested black 
females to be the most prone, other studies have dis
puted this (11, 12, 25). The most common level of 
involvement in isthm ic spondylolisthesis is L5-S1, 
whereas in degenerative lumbar spondylolisthesis 
L 4-5  is m^ost often involved, follow ed by L 3 -4 . In 
addition, the incidence of a double degenerative 
spondylolisthesis is 5% , w ith simultaneous involve
ment of L 3 -4  and L 4 -5 . The reasons that degenera
tive spondylolisthesis does not occur at L5-S1 are: (a) 
the iliolum bar ligaments support the L5 vertebra, 
preventing forward migration; (b) the L5 vertebra sits 
within the pelvic brim below  the intercristal line and 
is protected from stresses affecting the other lumbar 
vertebrae; (c) the coronal orientation of the L5-S1 
facet joints acts as a block to forward migration of the 
L5 vertebra.

The earliest description of this condition dates to 
the 19th century, and the first description in the mod
ern literature appeared in a report by Junghanns in a 
German journal (3 ,16 ). The condition was defined in 
the North Am erican literature by MacNab in 1950, 
with the modern term “degenerative spondylolisthe
sis” coined by Newman shortly thereafter (21, 22).

Pathogenesis
The etiology and pathogenesis of degenerative spon
dylolisthesis involve hormonal factors and structural 
alterations. The hormonal factors center on estrogen 
release and its relaxing effect on the ligaments and 
soft tissues in general, and specifically on the supra
spinous and interspinous ligaments and the annulus 
fibrosus of the spinal motion segment. The structural 
alterations include factors that increase stress across 
the motion segment and reduce its structural integ
rity as well as developmental anatomy that predis
poses to vertebral slippage.

While the L5 vertebra remains protected within 
the pelvic brim, the L4 vertebra is subjected to 
stresses that can lead to its forward migration, espe
cially when structural alterations such as sacraliza
tion are present along with osteoarthritis of the facet 
joints.

The pathogenesis of degenerative spondylolisthe
sis begins with degeneration of the intervertebral 
disc. This in turn increases micromotion of the 
L 4-L 5 spinal segment, which leads to degeneration 
and loss of structural integrity of the L 4-L 5 facet 
joints. The developmental anatomical orientation of 
the facet joints in the sagittal plane associated with 
the osteoarthritis of the joints, in combination with 
the loss of ligamentous support, allows the vertebra 
to slide forward (Fig. 25.2) (9). Because the stresses

5 1 7
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FIGURE 25.1.
Lateral lumbar radiograph demonstiating an L4-L5 degen
erative spondylolisthesis.

FIGURE 25.2.
Axial image of CT scan at L4-L5 depicting sagittal orien
tation of left and right facet joints.

across the normal facet joint amount to as much as 
33%  of the applied axial load, it is not surprising that 
forward slippage occurs when the factors listed 
above are present (29).

It is important to know the natural history of the 
condition so that a rational treatment plan can be un
dertaken. According to Matsunaga et al., in a group 
of patients who had degenerative lumbar spondylo
listhesis and were observed over a 10-year period, an 
increase in the amount of slippage occurred in 30% 
of individuals (20). U nlike in isthm ic spondylolis
thesis, the amount of slip did not exceed 30%  of the 
vertebral body width. No specific factors could be 
identified that predisposed to progressive slippage, 
although in  females the slip progressed more than in 
males, and the progression in those who engaged in 
physical labor tended to be greater than that in sed
entary individuals. The clin ical symptoms were in
termittent, w ith the severity and duration of symp
toms different for each patient.

The symptoms and signs of degenerative lumbar 
spondylolisthesis are those associated with spinal 
stenosis (10). These consist of back pain associated 
with leg pain that may be unilateral or bilateral and 
is either radicular or the more classic neurogenic 
claudication associated with spinal stenosis. The 
symptoms are m echanical, that is, precipitated by ac
tivity and improved with rest. Although back pain 
may be a significant com ponent of the patient’s com
plaints, it is usually the leg symptoms that bring the 
patient to the doctor. The back pain complaints as
sociated with the instability of spondylolisthesis may 
be more severe than those associated with degener
ative stenosis alone.

The leg-symptoms are generally consistent with a 
radiculopathy. In an L 4 -5  degenerative spondylolis
thesis, leg symptoms usually follow an L5 pattern. 
However, they may be described as diffuse aching, 
heaviness, or numbness. This may simulate vascular 
claudication, but pulses are present and leg symp
toms begin proxim ally and travel distally, whereas 
in vascular claudication this pattern is reversed. 
Lower extrem ity weakness occurs in 15%  of cases 
and usually originates in L5 or L4. Rarely is profound 
weakness present.

If long tract signs are present, neural compression 
may be present in the cervical or thoracic spine; it is 
not uncommon to see compression simultaneously 
in the cervical and the lumbar spine. Bladder com
plaints are common in the older age group but are 
attributable to spinal stenosis only in a small per
centage of cases.

Diagnosis
The diagnostic workup consists of plain radiographs, 
imaging studies, and electrodiagnostic testing. Plain
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radiographs demonstrate lumbar osteoarthritis in ad
dition to the spondylolisthesis and also rule out other 
pain sources, including tumor, infection, metabolic 
disorders, Paget’s disease, and hip joint arthritis. De
generative spondylolisthesis is most often seen at 
L4-5, followed by L 3 -4 . The oblique films do not 
demonstrate a pars m terarticularis defect. A standing 
lateral film may show the spondylolisthesis not oth
erwise present on a supine lateral radiograph. The 
degree of slippage usually does not exceed 30%  of 
the adjacent vertebral body width. Preservation of 
lordosis is seen in most cases, although some reduc
tion IS not uncommon as a result of the diffuse osteo
arthritis that tends to flatten the lumbar spine.

Flexion extension lateral films are routinely ob
tained in cases of spondylolisthesis. These are taken

in a standing position with the patient in a maximally 
flexed and extended position. In cases in which it is 
difficult for the patient to cooperate, supine bending 
films are obtained.

The measurements taken on the flexion-extension 
lateral films follow the technique illustrated by Du
puis (7). Excessive translational movement is defined 
as more than 4 mm of com bined forward and back
ward m otion (Fig. 25.3), and excessive angular m o
tion is defined as endplate angular change greater 
than 10° compared to the endplate above and below 
(Fig 25 4)

Imaging studies consist of computed tomography 
(CT), myelography with and without CT, and mag
netic resonance imaging (MRI). CT provides a de
tailed view of the bony pathology better than it does

FIGURE 25.3.
A. Lateral flexion radiograph depicting spondylolisthesis measuring 12 mm at L 3 -4  and 16 mm at L 4 -5  B. Lateral extension 
radiograph depicting spondylolisthesis reducing to 8 mm at L 3 -4  and 13 mm at L 4 -5
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FIGURE 25.4.
Lateral flexion radiograph status after decompressive lam
inectomy demonstrating 15° of endplate angulation at L2— 
3 compared to 0° at L l-2  and L3-4

of soft tissue abnormalities (Fig. 25,5). Volume av
eraging of the various tissue densities may lead to a 
false interpretation, and therefore pathology should 
be confirmed on both soft tissue and bone windows, 
or additional studies may be warranted. The routine 
CT scans are obtained from L3 to S i .  For evaluation 
of spmal stenosis they should be obtained from L l to 
S i  since stenotic com pression occurs at L l - 2  and 
L 2 -3  in 10%  of cases.

Although myelography has traditionally been the 
gold-standard contrast study for the lumbar spine, its 
use has decreased significantly w ith the develop
m ent of MRI. It rem ains a useful test in spm al ste
nosis in the following situations: (a) when scoliosis 
is associated with stenosis, myelography combined 
with CT provides optimal images for central and re
cess stenosis (Fig 25.6), (b) since some of the myelo-

FIGURE 25.5.
Axial CT scan at L4-L5 demonstrating spinal stenosis by 
encroachment of the facet joints on the dural sac at L4-L5 
(arrows]

FIGURE 25.6.
Axial myelo-CT scan at L4-L5 demonstrating severe con
striction of the dural sac by the facet joints
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graphic images are obtained in the standing extended 
position, stenosis may be demonstrated on that view 
when it was not evident on a supine imaging study; 
and (c) flexion-extension myelography may reveal 
stenosis not evident on static images. Flexion-exten- 
sion MRI has lim ited availability at present.

The disadvantages of myelography are the poten
tial side effects of nausea, seizure, and allergy to con
trast medium. Nausea is quite common (30% ] and 
responds to hydration and an antiem etic agent. In ad
dition, myelography is an invasive procedure with 
the inherent risks associated w ith needle insertion.

Magnetic resonance imaging is the study of choice 
for most spine imaging. It provides a com prehensive

FIGURE 25.7.
Sagittal T2-weighted MRI scan of the lumbar spine dem
onstrating stenosis at L4-5 due to disc lierniation and 
thickening of the ligamentum flavum (arrow).

assessm ent of the nerves and discs, from the conus 
m edullaris to the sacrum (Fig. 25.7). It is noninvasive 
and does not involve radiation exposure. The dis
advantages, however, are: (a) claustrophobia, which 
prevents 15%  of patients from taking the test; (b)the 
quality of MRI scans varies considerably among im 
aging centers; and (c) it does not provide optimal im 
aging when significant deformity is present, such as 
in scoliosis. Regardless of w hich imaging m odality is 
chosen, there is a significant percentage of false-pos- 
itive results (2 ,1 5 , 28). The clin ical picture must cor
relate with the imaging studies.

Electromyography (EMG) is used when a question 
of neuropathy arises, such as in a patient who has 
diabetes m ellitus and spinal stenosis. The EMG is 
helpful in defining the extent of the neuropathic con
dition.

_
Nonoperative Treatment______________
The nonoperative treatment of degenerative spon
dylolisthesis is sim ilar to that of spinal stenosis. This 
consists of restricted activity with only a short course 
of bed rest (1 to 3 days). Nonsteroidal anti-inflam
matory drugs or aspirin are also recommended for a 
short period of time. Bracing the patient with a lum
bosacral corset for 3 to 6 weeks may provide a splint
ing effect, aiding recovery. Physical therapy in the 
form of pelvic traction, heat, ultrasound, and mas
sage may provide some relief of back and leg symp
toms. This may be instituted for a period of 3 to 6 
weeks at three times per week.

Epidural steroid in jections may be used for pa
tients who have radiculopathy and who have not re
sponded to other modalities. Usually a series of up 
to three injections is given. A home exercise program 
is an essential com ponent of conservative treatment. 
Appropriate exercises include stretching, active flex
ion, and aerobic exercise such as walking, swim ex
ercise, or bicycling. It is recommended that one of 
these be performed for 30 m inutes every other day.

M ost patients who have degenerative spondylolis
thesis with or without spinal stenosis respond to 
nonoperative treatment. Approximately 20%  of pa
tients, however, are afflicted to such a degree that 
their quality of life declines as they can no longer do 
the things they enjoy. It is this group of patients for 
whom surgery may be considered.

Surgical Treatment
The indications for surgical intervention are: (a) per
sistent or recurrent back and leg pain that is unre
sponsive to nonoperative treatment; (b) progressive 
neurologic deficit (rare), including bladder dysfunc
tion; (c) significant reduction in quality of life over 
an extended period (1 year or more). In addition to
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the clin ical indications, a confirmatory imaging 
study consistent w ith the clin ical exam ination is nec
essary before proceeding with surgery (11, 12).

The surgical procedures available for patients who 
have degenerative spondylolisthesis with associated 
spinal stenosis are a decompressive laminectomy 
alone or a decompressive laminectomy associated 
with an arthrodesis (11, 13, 14).

Unlike a disc herniation, in which the pathology 
is isolated to a small portion of the motion segment, 
spinal stenosis affects the entire central canal, with 
facet hypertrophy and thickened ligamentum flavum 
along with nerve root compression in the lateral re
cess in most cases (Fig. 25.8). With the addition of 
spondylolisthesis, further entrapment may occur be
tween subluxated vertebral body, annulus fibrosus, 
pedicle, or superior facet. Some authors advocate a 
limited decompression in which only a small portion 
of the lamina and ligamentum flavum is removed 
(23). The decompressive procedure must address all 
of the pathology to ensure adequate decompression 
of the central canal and lateral recesses.

For an L 4 -5  spondylolisthesis w ith spinal steno
sis, a m inimum of one-half of the lam ina of L4 and 
one-half of the lam ina of L5 should be removed. This 
allows adequate decom pression of the central canal 
since the maximal central com pression is between 
the L 4-L 5 facet joint. If imaging studies reveal further 
com pression proxim ally or distally, then the lam i
nectom y should be extended appropriately. For de
compression of the L5 nerve root, a partial L 4-L 5 
facetectom y should be performed. This involves 
removing the medial one-half of the facet and accom 
panying lateral portion of the ligamentum flavum 
(Fig. 25.9). If the nerve root remains im m obile, then 
further bony removal is required until the nerve root 
is m obile and a probe easily passes through the root 
foramen. In rare situations, this may involve remov
ing the pars interarticularis. If com pression of the L4 
nerve is present, then a com plete lam inectom y of L4 
is necessary. In addition, a small portion of the L 3 -  
L4 facet joint may have to be removed to com pletely 
free the L4 nerve root. Since nerve entrapment may 
be related to a com bination of sources— for example, 
L 4 -5  annulus fibrosus, vertebral body, superior facet, 
or pedicle— a careful analysis must be made preop- 
eratively so that these sources of nerve impingement 
can be identified.

In 5%  of cases an associated disc herniation is 
present. Usually a hard, bulging annulus fibrosus is 
noted but does not require removal. Satisfactory re
sults after a decompressive lam inectom y alone have 
been reported in 60 to 90%  of patients (3, 6). How
ever, residual or recurrent pain in the back or legs or 
both has been noted in as many as 73%  of patients. 
Residual low back pain is reported more frequently 
than leg pain (14). This may be a result of residual 
instability or the development of increased olisthesis

postoperatively (6, 8). Postoperative progressive olis
thesis leads to mechanical instability or recurrent ste
nosis or both. This may result in a return of low back 
pain or radicular or neuroclaudicatory symptoms. By 
definition, degenerative spondylolisthesis implies 
that the facet joints of a motion segment and the sup
porting capsular ligaments are compromised. A de
compressive laminectomy with partial facet excision

FIGURE 25.8.
Axial CT scan at L3-L4 showing thickened ligamentum fla
vum encroaching on the central canal.

FIGURE 25.9.
A. Cross-section schematic of spinal stenosis demonstrat
ing hypertrophic facet joints. B. Removal of the medial one- 
half of the facet joints (dotted line) decompresses the cen
tral canal and lateral recess while maintaining stability.



CHAPTER 25; DEGENERATIVE LUMBAR SPONDYLOLISTHESIS 5 2 3

further destabilizes the weakened segment, leading 
to progressive olisthesis. The addition of an arthrod
esis at the time of decompressive lam inectom y ad
dresses the instability.

Although some authors advocate the use of an in 
terbody fusion, the overwhelming m ajority recom 
mend an intertransverse process arthrodesis (27). 
The technique of harvesting the bone from the iliac 
crest and placing it on the transverse processes has 
been previously described (17) (Fig. 2 5 .10 -25 .13 ). 
Autogenous bone graft has been shown to provide a 
significantly better fusion rate than allograft bone (1).

Support for the addition of an arthrodesis follow 
ing a decompressive lam inectom y when degenera
tive spondylolisthesis is present was first reported by 
Lombardi et al. in  1985 (18). They divided their pa
tients into three groups: those treated with a radical 
decompressive lam inectomy, those treated with a de
compressive lam inectom y with preservation of the 
facet joints, and those treated w ith a decompressive 
laminectomy w ith intertransverse process fusion. 
The best outcomes were in those patients w ith an 
arthrodesis. In 1991 Herkowitz and Kurz published 
a prospective study comparing decompressive lami-

FIGURE 25.10.
Lateral view of pelvis indicating the posterior iliac spine 
(asteiisk), the iliac ciest (short solid aiiow s), and the sciatic 
notch (long solid arrows). The straight osteotome is used 
to make successive vertical cuts approximately 7 mm apart.

FIGURE 25.11.
Lateral view of pelvis showing curved osteotome connect
ing vertical cuts at the ventral aspect. This horizontal cut 
yields uniform strips of corticocancellous bone graft ma
terial.

FIGURE 25.12.
Crestal view of pelvis depicting curved osteotome begin
ning at the medial margin of the vertical cuts.

nectom y to lam inectomy with fusion (11). The re
sults were superior for the group with the fusion. 
Since then other authors have substantiated the value 
of adding an arthrodesis at the time of laminectomy 
(1, 5, 24).

Although the overall outcome is significantly bet
ter when concom itant fusion is performed, there does 
rem ain a role for decom pression alone. In those pa
tients w ith an osteoarthritic stiff spine, it would be 
unlikely that progressive instability would occiu:. 
Sanderson and Wood reviewed 31 elderly patients 
who had undergone decompressive laminectomy 
alone for spinal stenosis. Nineteen of these patients 
had degenerative spondylolisthesis. A satisfactory
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FIGURE 25.13.
Schematic representation of bridging of the L4 to sacrum  
by strips of corticocancellous bone graft

outcome was noted in 84%  of the patients with no 
further olisthesis (26).

Spinal Instrumentation
What is the role of spinal instrum entation in the 
older patient population? The goals of internal fixa
tion are to improve the fusion rate, to reduce the 
number of levels requiring fusion, to reduce rehabil
itation tim e, and to improve functional outcome. His
torically, fixation systems have consisted of hooks 
and rods anchored to the vertebrae. This has often 
resulted in longer fusions than necessary and led to 
a loss of lumbar lordosis because of the distraction 
placed on the spine by the rods. The use of lumbar 
pedicles as an anchor for rods or plates provides bio- 
m echanically superior fixation points, often allowing 
a shorter arthrodesis than traditional fixation de
vices. In addition, the lack of lam ina from the decom 
pressive procedure and the presence of osteopenia in 
the older population makes pedicle fixation the op
tim al system for stabilization following decom pres
sive lam inectom y when spinal instrum entation is be
lieved to be necessary (Fig. 25.14).

The critical issue in adding instrumentation fol
lowing the intertransverse arthrodesis is whether the 
fusion success w ill increase and the clin ical outcome 
w ill be improved. This must be balanced against the 
added costs of the instrum entation and the potential 
com plications that may occur.

Few  studies have appeared in the literature ad
dressing instrum entation for spinal stenosis associ
ated with degenerative spondylolisthesis. Zdeblick 
compared noninstrumented fusions to semirigid and 
rigid instrum ented fusions in  124 patients, of whom
56 had a diagnosis of degenerative or isthm ic spon
dylolisthesis. This series demonstrated better fusion 
rates in the rigidly instrumented group (31). Unfor
tunately, no breakdown of the number of degenera
tive spondylolisthesis patients was made. Compli
cations in that series consisted of two screws and one 
rod linkage loosening and three screws poorly in
serted without sequelae.

Bridw ell et al. compared three treatment groups 
w ith degenerative spondylolisthesis (4). One group 
had a decompressive lam inectom y alone; the second 
and third groups had an arthrodesis, and the third 
group also had instrum entation. This series demon
strated better results w ith instrum entation, although 
the series was not large enough to be statistically sig
nificant. In 1993 a scientific committee composed of 
representatives of various specialty societies was 
formed to develop and oversee the “H istorical Cohort 
Study of Pedicle Screw  Fixation in Thoracic, Lum
bar, and Sacral Spinal Fusions” (30). Data were col
lected from 314 spine surgeons across the United 
States. A total of 3498 cases were collected for de
generative spondylolisthesis and thoracic and lum
bar fractures. ‘As part of the com m ittee’s work, a 
meta-analysis of degenerative spondylolisthesis was 
performed by Mardjetko et al. (19). They reviewed 
over 20 years’ worth of articles on the subject. Al
though not a true scientific study, certain trends were 
noted. Rates of satisfactory outcomes for decompres
sion alone, decom pression w ith fusion, and decom
pression with instrumented fusion were 69% , 90%, 
and 86% , respectively. The fusion rates for the series 
w ithout instrum entation and the series with instru
m entation were 86%  and 93% , respectively. No sur
gical com plications were reported from the decom
pression/fusion group without instrumentation. A 
com plications rate of 10%  was reported for the series 
w ith an instrumented fusion.

From  the meta-analysis, it appears that the clinical 
outcome is improved with fusion, and the addition 
of instrum entation does not improve clin ical out
come but does improve the fusion rate. However, sur
gically related com plications were noted only in the 
series w ith instrumentation.

The cohort study itself (30) collected data from 
more than 300 surgeons on 2684 patients who had
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FIGURE 25.14.
Anteroposterior radiograph demon
strating spine plates at L4-L5 with sohd 
posterolateral fusion.

lumbar spondylolisthesis and spinal stenosis. 
Eighty-one percent (2177 patients) were in the pedi
cle screw treatment group. Satisfactory outcome was 
judged by restoration of function and relief of pain. 
The results for function for the group w ith pedicle 
instrumentation was 87% , as compared with 90%  for 
the noninstrumented gxoup. The results for pain re
lief were 84%  versus 92% , respectively. Neither 
function nor pain relief results were statistically sig
nificant when comparing the instrum ented group 
and the noninstrumented groups.

The fusion rates for the noninstrum ented group 
and for the pedicle screw group were 70%  and 89% , 
respectively, and were statistically significant. The 
rate of postoperative com plications from infection

was 3%  in  both groups, and screw-related com pli
cations included instrum ent failure in 7% . Vascular 
iniuiy and neural injury occurred in  less than 0.5%  
of the cases.

The reoperation rate in  the noninstrumented 
group was 15% , as compared to 18%  in the pedicle 
screw group. Reoperations in  the pedicle screw 
group were prim arily for hardware removal. The ped
icle screw group also had a higher reoperation rate 
for adjacent level degeneration than the noninstru
mented group. Attempts to obtain a solid fusion ac
counted for 6% of the reoperations in the pedicle 
sciew  group and 5%  in  the noninstrum ented group.

In summary, the data collected by the cohort study 
indicate that clin ical outcomes are sim ilar for the
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pedicle screw group and the noninstrumented group 
except that back pain recurrence is higher in the non
instrumented group. Fusion rates were higher in the 
pedicle screw group than in the noninstrumented fu
sions. Com plication rates were sim ilar in both 
groups. One aspect that was not evaluated was the 
costs involved for each group. This includes hard
ware costs, costs of reoperation, and com plications. 
In this age of cost-conscious m edicine, cost-benefit 
ratio is a significant factor to consider in determining 
optimal treatment. Randomized prospective analysis 
of pedicle screws versus noninstrumented fusion for 
degenerative spondylolisthesis w ith spinal stenosis 
currently under way w ill determine the most effec
tive surgical treatment for this condition.

Conclusions
1. Symptomatic degenerative spondylolisthesis with 

spinal stenosis in most cases does not require sur
gery.

2. MRI is the optimal imaging study for this disorder.
3. In most cases, surgical management should consist 

of a decompressive lam inectom y w ith intertrans- 
verse process arthrodesis.

4. The addition of pedicle screws improves the fu
sion rate but may not improve the clin ical out
come.
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CHAPTER TW ENTY SIX

Spinal Neoplasms
Robert F. McLain

Introduction
Although many spinal colum n tumors still cannot be 
cured by surgical therapy, appropriate srugical treat
ment can provide most patients w ith increased sur
vival and significantly improved quality of life. Fail
ure to appropriately diagnose, stage, or take a biopsy 
specimen in a spinal lesion may, on the other hand, 
lead to premature deterioration and death. W hen 
combined with improved system ic therapies, aggres
sive surgical approaches have led to improved short
term and long-term outcomes in appropriately se
lected patients and now offer a reasonable likelihood 
of functional improvement, pain relief, local tumor 
control, and in many cases, cure of the disease.

Pathogenesis
Spinal neoplasms m ay arise from any of the soft or 
hard tissues that make up the spinal column, or they 
may arise at distant sites and m etastasize to the spi
nal column by hematogenous or lym phatic routes, or 
through direct extension. Primary spine tumors in
clude primary tumors of bone, marrow elements, 
connective tissues, m uscle, and cartilage, primary le
sions arising in the spinal cord or its coverings, or 
contiguous spread of tumors of the paraspinal soft 
tissues and lym phatics. Regional or distant spread of 
metastatic disease may occur w ith almost any malig
nancy but is most common w ith adenocarcinom as of 
the lungs, breasts, prostate, kidneys, thyroid, and gas
trointestinal tract (41).

incidence
Both m etastatic and primary tumors occur in all age 
groups and at all levels of the spinal column. How
ever, m etastatic tumors are far more common than 
primary lesions, accounting for skeletal disease in 40 
tim es as many patients as all forms of primary cancer 
combined. Betw een 50 and 70%  of patients with car
cinom a w ill develop skeletal metastases prior to 
death; as many as 85%  of all women with breast car
cinom a w ill develop skeletal metastases during the 
course of their disease (46). On the other hand, pri
mary tumors of the spine are rare. Certain tumors, 
such as chordoma, plasmacytoma, or osteoblastoma, 
do show a predilection for the spinal column, but 
these comprise a small proportion of all spinal tu
mors.

Presentation
Tumors of the spinal colum n may remain asympto
m atic or m ildly symptomatic for long periods. Symp
toms that do develop are usually a consequence of 
one or more of the following: [a) expansion of the 
cortex of the vertebral body by tumor mass, with frac
ture and invasion of paravertebral soft tissues; (b) 
com pression or invasion of adjacent nerve roots; (c) 
pathologic fracture as a result of vertebral destruc
tion; (d) development of spinal instability; and/or (e] 
com pression of the spinal cord (40). Rapidly pro
gressive symptoms of pain or neurologic compromise 
are associated w ith the more m alignant, rapidly de-
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stm ctive tumors, whereas patients who present with 
symptoms that have progressed slowly over the years 
w ill typically have slowly growing tumors w ith ab et
ter long-term prognosis.

Age
The increasing incidence of m etastatic disease with 
increasing age is w ell known, and it clearly holds 
true for spinal tumors as well. System ic neoplasms 
such as myeloma and lymphoma also usually occur 
after the fifth decade of life. Sim ilarly, primary spinal 
neoplasms show a strong relationship between age 
and malignancy; in patients older than 21 years of 
age, more than 70%  of primary tumors are malignant, 
whereas in those under 21 years of age, the majority
o4 lesions aie benigrv (115V

Location
Location of the lesion w ithin the vertebra also differs 
between benign and malignant disease. The majority 
of malignant tumors, both primary and metastatic, 
originate anteriorly, involving the vertebral body and 
possibly one or both pedicles. The predilection of 
metastatic tumors for the vertebral body is related to 
the vascular supply of the spine; backflow through 
the vertebral venous system (Batson’s plexus) allows 
tumor cells from the abdominal cavity [prostate, co
lon, kidneys) to seed directly to the vertebral body 
(37). Strictly posterior localization, even when more 
than one level is involved, is more typical of benign 
lesions.

Diagnosis_____________________________
Although back pain is a common, nonspecific symp
tom in patients of all ages, certain risk factors may 
alert the clin ician  to the presence of a spinal neo
plasm as the underlying cause of a patient’s pain.

Pain is by far the most common presenting com 
plaint of patients with spinal colum n tumors, 
whether primary or m etastatic (Table 26.1). More 
than 80%  of patients w ill com plain of either back 
pain or radicular pain, ibr a com bination of the two. 
Night pain is a common finding, and particularly om
inous. Pain associated w ith neoplasm  tends to be 
progressive and unrelenting in character and does 
not have a close association w ith activity, as does 
m echanical back pain. Pain tends to be w ell localized 
to the spinal segment involved and may be repro
duced by pressure or percussion over that area. Ra
dicular symptoms are seen alone in approximately 
10%  of patients but are more frequently seen in com 
bination w ith weakness, autonomic dysfunction, or 
in com bination w ith back pain itself. Radicular 
symptoms may simulate those seen in cases of her
niated nucleus pulposus, leading to confusion in di-

TABLE 26 .1 .
Common Presenting Symptoms in Patients with 
Spinal Neoplasia

O vera ll
P re se n tin g  S ym p to m s Inc id en ce S ubgroups
Pain (back or leg pain) 85%

Back Pain Only 30%
Radicular Pain Only 10%
Pain and Weakness 28%
Pain w ith Mass 11%
Pain, Bowel and Bladder 5%

M otor Weakness 42%
Weakness Only 8%
Pain and Weakness 29%

Mass 16%
Mass Only 5%
Painful Mass 11%

Incidental Findings 2%

agnosis and treatment. In such cases, symptoms as
sociated w ith lumbar and sacral neoplasms are 
usually unrelenting and progressive and are not re
lieved by rest or recum bency, as in cases of true disc 
herniation (100).

Although structural deformities are rarely associ
ated w ith spinal tumors, scoliosis may arise from 
paraspinal muscular spasm. Scoliosis is sometimes 
associated with osteoid osteoma or osteoblastoma, 
and typically these patients present with localized 
paravertebral pain, paravertebral m uscle spasm, and 
lim itation of motion. The onset and progression of 
this type of scoliotic deformity may be rapid (50). 
Scoliotic curves associated w ith neoplasm are usu
ally correctable early on, but may becom e structural 
if neglected for prolonged periods of time (79). Neu
rologic deficits are common in patients w ith spinal 
tumors. W eakness may be present at the time of pre
sentation in nearly one-half of all patients, but it is 
rarely the first symptom observed, and it rarely pre
sents alone. Depending on the tumor type, significant 
back pain may persist for months or years before 
lower extremity weakness becom es apparent. None
theless, as many as 70%  of all patients w ill manifest 
clin ical weakness by the tim e the correct diagnosis 
is established. In order to make the correct diagnosis 
before myelopathy is present, physicians must have 
a high index of suspicion in  patients w ith persistent 
back pain, w ith nonm echanical characteristics or ra
dicular pain, and particularly in any patient with a 
history of a known previous m alignancy (2, 30, 95).

Imaging Techniques
High-quality roentgenograms are still the initial test 
of choice when a neoplasm  of the spine is suspected. 
Good-quality anteroposterior and lateral views of the 
symptomatic segment of the spine may be sufficient 
to identify many characteristics oJ tumor growth or
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bone destruction and may even be enough to estab
lish a diagnosis in some tumor types. W hen the spe
cific tumor cannot be identified in plain roentgeno
grams, the benign or malignant nature of the lesion 
may often be im plied from the pattern of bone de
struction. Even when a specific diagnosis cannot be 
suggested, plain roentgenograms w îll demonstrate 
some abnormality suggestive of neoplasm  over 90%  
of the time (115).

In patients w ith persistent or suspicious symp
toms but normal or equivocal roentgenographic find
ings, a bone scan may be helpful. Because roentgen
ographic evidence of bony destruction is not 
apparent until after 30%  to 50%  of trabecular bone 
has been destroyed, the technetium -99m  bone scan 
is far more sensitive in detecting small spinal lesions, 
provided that there is some osteoblastic response in 
the surrounding bone (21). The bone scan cannot dif
ferentiate among fracture, infection, and neoplasm, 
however, and it frequently provides false-positive re
sults in the presence of osteoarthritis. False-positive 
scans are therefore most prevalent in the older pop
ulation most at risk for metastatic disease (8 ,1 3 ,1 1 4 ). 
Information obtained from a bone scan must be care
fully correlated with the clin ical findings, roentgen
ographic findings, and the clin ician ’s suspicions be
fore a diagnosis can be confirmed. Although bone 
scans lack specificity, patterns of uptake showing 
multiple areas of skeletal involvem ent are virtually 
diagnostic for m etastatic disease in  a patient with a 
known primary malignancy. In any case, the bone 
scan is helpful in localizing areas of interest so that 
more sophisticated techniques such as computed to
mography can be used efficiently to diagnose spinal 
pathology.

Computed tomography (CT) may provide visual
ization of spinal lesions at an earlier point in their 
development, before extensive bony destruction or 
intramedullary extension has occurred and before 
cortical erosion has progressed to the point of im 
pending fracture. Because it demonstrates bony in 
volvement far more reliably than plain radiographs 
or magnetic resonance imaging (MRI), CT is vital in 
planning surgical approaches and tumor resection. It 
will also demonstrate characteristic features of soft- 
tissue calcification, w hich may be pathognomonic 
for some tumor types.

Myelography, w hich in the past was the “gold 
standard” for the evaluation of epidural metastases 
and cord compression, has been largely replaced by 
magnetic resonance imaging. MRI is noninvasive, 
readily available at almost all centers, and safe. It has 
been proved highly useful in evaluating a variety 
of spinal diseases, and it demonstrates soft tissue 
contrasts better than does CT. The ability to obtain 
multiplanar images enhances the diagnostic and 
treatment planning capabilities of the surgeon

considerably. MRI provides a better delineation of 
soft-tissue tumor extension and demonstrates adher
ence or invasion of paravertebral structures better 
than does CT or myelography. Although CT recon
structions are constantly improving, direct sagittal 
and coronal images obtained through MRI are supe
rior to reconstructions available though CT, and they 
directly depict the spinal cord without the aid of in
trathecal contrast material (31). By varying the MRI 
technique, the radiologist may provide considerable 
information regarding the vascularity or tissue den
sity of the tumor and the presence of edema or hem 
orrhage surrounding the tumor, and may distinguish 
between infection and tumor. Finally, because MRI 
provides an imaging analysis of the entire spinal col
umn and is highly sensitive for spine tumors, it is 
superior at identifying m ultilevel disease.

Biopsy Techniques
Three forms of biopsy procedure are available to the 
surgeon: excisional, incisional, and needle biopsy or 
aspiration. O ccasionally a posterior lesion may prove 
suitable for an excisional biopsy, but most lesions of 
the spinal colum n w ill require either an incisional or 
needle biopsy.

Needle biopsy procedures are subject to sampling 
errors and provide a small specim en for evaluation. 
The primary role of needle biopsy is confirmation— 
confirmation of m etastatic disease, of recurrence of a 
known lesion, or of sarcomatous histology in an oth
erwise classic clinicoradiologic presentation of os
teosarcom a (71). W hen the differential diagnosis is 
lim ited to lesions that are easily distinguished h is
tologically, a .needle biopsy may be ideal. In more 
com plex lesions and in those with a more subtle dif
ferential diagnosis, the specim en obtained w ill often 
prove inadequate (103).

The incisional biopsy procedure should be the last 
step in staging the pathology, performed just before 
or at the tim e of definitive surgical resection. As with 
extrem ity tumors, the biopsy incision should be 
placed so that it may be excised with the tumor dur
ing the definitive procedure. A small longitudinal in 
cision in the m idline or paravertebral line should be 
used; transverse incisions over spine tumors should 
be avoided (Fig. 26.1). During dissection the overly
ing tissue should be handled very carefully, and he- 
mostasis must be m eticulous. A ll tissues contam i
nated during the biopsy or by subsequent hematoma 
must be excised if surgical control is to be expected 
(103). Bone should not be removed or windowed dur
ing a biopsy procedure unless absolutely necessary. 
Once the tumor is exposed, an adequate sample of 
tissue must be obtained. The specim en should be 
large enough to allow histological and ultrastructural 
analysis as w ell as imm unological staining. The mar
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F IG U R E  2 6 .1 .
Posterior incisions for tumor biopsy and excision. A. For bony lesions or tumors with minimal to moderate soft tissue mass, 
a midline biopsy incision serves well. Dissection is restricted to one hemilamina or the other to minimize tissue exposure. 
The subsequent incision for definitive resection will include the entire biopsy tract with a margin of normal tissue. B. For 
tumors with a large soft-tissue mass, a curvilinear incision may be required for the definitive resection. In these cases the 
longitudinal biopsy incision may be placed off the midline, over the bulk of the paraspinal mass. Broad flaps can then be 
developed, allowing the surgeon to maintain a margin around masses that extend on both sides of the midline.

gin of the soft-tissue mass is often most helpful be
cause central portions of the tumor may be necrotic. 
The specim en should be obtained v\rith a sharp scal
pel; the surgeon must take care not to crush or distort 
the tissue, and electrocautery must not be used on 
tissues to be examinefd. It is crucial to m aintain the 
architecture of the tissue during the biopsy proce
dure.

Tum ors________________________________  

Primary Tum ors of Bone
Primary bone and soft-tissue tumors rarely arise in 
the spine. O f 82 primary neoplasms seen over a 50- 
year period at the University of Iowa, 31 benign and
51 malignant spinal lesions were identified, repre
senting eight different benign and nine malignant tu
mor types (115]. Survival rates vary most dramati
cally with the benign or malignant nature of the

tumor, but not all benign tumors are survivable. The 
five-year survival rate in the Iowa series was 86%  in 
patients with benign tumors and 24%  in patients 
with m alignancies (115). Patients with high-grade 
m alignancies usually do not achieve a prolonged sur
vival, even w ith aggressive system ic therapy. Pa
tients with slower-growing, more locally aggressive 
tumors may experience a m uch greater overall sur
vival but w ill still succumb to disease if  local control 
is not achieved (3).

Benign Primary Tum ors

Osteochondroma
This lesion is more a defect in bone formation than 
a true neoplasm. Vertebral involvem ent occurs in ap
proxim ately 7% of patients w ith osteochondroma
tosis, but neurologic compromise is rare (56). Over 
60%  of symptomatic osteochondromas arise in the
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cervical spine, with another 19%  in the thoracic 
spine at or above the T6 level (49, 57, 102], W hen 
cord compression does occur, routine roentgeno
grams may not be adequate because the cartilage cap 
producing the com pression is radiolucent and may 
not be visualized without myelography or MRI. B e
cause of the very slow progression of the compressive 
lesion, excision of the tumor, en bloc or piecem eal, 
provides excellent recovery of neurologic function 
with little likelihood of recurrence. Persistent neglect 
of these tumors can result in paralysis over tim e and 
occasionally in the death of a patient w ith a high cer
vical lesion. Enchondromas rarely produce any 
symptoms but may occasionally present a diagnostic 
puzzle requiring further workup or biopsy analysis 
(84).

Osteoblastoma and Osteoid Osteoma
Osteoblastoma and osteoid osteoma are benign neo
plastic lesions that are frequently found in the spine, 
usually involving the posterior vertebral elements 
(50, 60). Patients usually present in their second or 
third decade, most com m only com plaining of back 
pain that is unrelenting and unrelated to activity and 
often most noticeable at night. Although aspirin may 
provide dramatic relief of symptoms, the lack of any 
response to aspirin does not rule out the diagnosis.

Osteoid osteoma, by definition less than 2 cm in 
diameter, is easily obscured among the overlapping 
shadows of the vertebral colum n, and radiographic 
demonstration is difficult. Computed tomography 
demonstrates the lesion very well once the vicinity 
is known, but the most sensitive method of locating 
an osteoid osteoma is by a bone scan. The techne- 
tium-99m bone scan provides accurate localization 
of the lesion, permitting an early diagnosis and 
prompt treatment (79). Osteoblastomas are character
ized by expansion of the overlying cortical bone, 
maintaining a thin rim of reactive bone between the 
lesion and the surrounding soft tissue. These lesions 
become considerably larger than osteoid osteomas 
and may be quite apparent on plain radiographs. E i
ther lesion may be associated with a painful scolio
sis.

Excision of either of these lesions provides reliable 
pain relief and resolution of spinal deformity in most 
patients (50, 82). W hen com plete excision is not fea
sible, curettage and bone grafting of vertebral osteo
blastomas has provided satisfactory long-term results 
(34, 60). Some investigators have recom m ended in 
strumentation and fusion for large, long-standing 
scoliotic curves, but this need not be done at the time 
of tumor excision.

Hemangiomas
Vertebral hemangiomas occur in approximately 
10% of patients with spinal neoplasm, but they are 
rarely symptomatic or of clin ical importance. The

surgeon should not rush to attribute symptoms of m e
chanical or chronic back pain to these lesions. Re
ports of deformity or pain associated w ith vertebral 
hemangiomas are uncommon, but cases of nerve root 
and cord com pression have been documented with 
large lesions. Plain films typically show prominent 
vertical striations produced by the abnormally thick
ened trabeculae of the involved vertebral body. 
These lesions are radiosensitive and frequently re
spond to radiotherapy alone. W hen vertebral fracture 
or cord com pression develops and surgical treatment 
is considered, angiography is indicated to establish 
the vascular source for the tumor, to identify the pri
mary vascular supply to the cord (the artery of Adam- 
kiew icz), and for consideration of preoperative em
bolization or operative ligation (7).

Giant Cell Tumors
These slow-growing, locally aggressive tumors are 
usually seen in patients in their third and fourth dec
ades. Plain radiographs often demonstrate an area of 
focal rarefaction, though some show a more geo
graphic, lytic appearance w ith marginal sclerosis 
(Fig. 26.2). The tumor m atrix generally has a “ground 
glass” appearance, w hich may be difficult to distin
guish from a low-grade m alignance such as chor
doma. Giant cell tumors are most commonly found 
in the vertebral body, and they tend to expand the 
surrounding cortical bone as they enlarge. Computed 
tomography is especially important in the preopera
tive staging of these tumors. Because they have a 
strong tendency to recur locally, complete excision 
is key to eradicating these lesions. CT and MRI are 
also crucial in identifying recurrences and should be 
used routinely-in postoperative follow-up.

Because of their locally invasive nature, giant cell 
tumors of the spine have a high rate of recurrence; in 
the Iowa series, two-fifths of patients died as a result 
of aggressive recurrence (115). Other investigators 
have reported better results in treating these tumors, 
however, and have even suggested that lesions of the 
spine are less aggressive than tumors of the extrem
ities (16, 89). Prolonged disease-free survival has 
been reported following tumor resection, w ith radi
ation therapy recom m ended for patients with incom 
plete excision or documented recurrence (88). Good 
disease-free survival rates have been obtained with 
more aggressive surgical resection, without the risks 
of irradiation (89). M arcove et al. have recommended 
adjuvant cryotherapy to improve results in sacral gi
ant cell tumors without the risks of radiation therapy 
or destructive radical excisions (59).

Eosinophilic Granuloma
Eosinophilic granuloma is a benign, self-limiting 
condition most com m only seen in children before 
the age of 10 years. Its cause is unknown. Vertebral 
involvem ent occurs in approximately 10 to 15%  of
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FIGURE 26.2.
Giant cell tumor. A. Plain roentgenogram of T l 2 giant cell tumor Classic findings include the destruction of the left pedicle, 
expansion and lysis of tho left hemivertebra, and the ground-glass appearance of the tumor itself B. Computed tomography 
clearly demonstrates the destruction of the left hemivertebra and pedicle and reveals a geographic pattern to the bony 
destruction. Although the left-side vertebral cortex is breached, there is no associated soft-tissue mass.

cases and can be seen in any of the triad of syndromes 
of isolated eosinophilic granuloma, Hand-Schiiller- 
Christian disease, and Letferer-Siw e’s disease (24, 
74). The vertebral body is typically involved, and 
bony destruction may produce a classic vertebra 
planum or “coin lesion” following complete collapse 
of the vertebra (Fig. 26.3) (11, 93). This appearance 
is not pathognomonic; a sim ilar picture can be pro
duced by either infection or Ewing’s sarcoma. W ith 
such a broad differential, the im portance of obtaining 
an adequate biopsy specim en before beginning treat
ment cannot be overstated. To assure an adequate 
specim en and to allow definitive treatm ent at the 
same procedure, open biopsy is recommended (24, 
33, 93). Low-dose radiotherapy (5 to 10 Gy) has been 
advocated in the past, but this may be avoided in 
most patients. Many lesions w ill heal com pletely 
without any treatment other than a biopsy procedure.

Neurologic symptoms may develop with or w ith
out associated vertebral collapse, and may be severe. 
In these patients, the established course of biopsy fol
lowed by irradiation and im m obilization remains the 
most widely accepted (33). As long as treatment is 
instituted without delay, recovery of neurologic 
function is usually excellent.

Aneurysmal Bone Cysts
Aneurysmal bone cysts rarely involve the vertebrae, 
but when they do, they are found most commonly in 
the lumbar spine, involving the posterior vertebral 
elements in approximately 60%  of cases. Aneurys
mal bone cysts have a tendency to involve adjacent 
vertebrae and may invest parts of three or more ver
tebrae in sequence. Radiographs typically demon
strate an expansile, osteolytic cavity with strands of 
bone forming a bubbly internal appearance. The cor
tex is often eggshell thin and blow n out. W hen total 
excision is not feasible, curettage provides a high rate 
of cure. Although recurrence develops in as many as 
13%  of cases, these may be successfully treated by a 
second curettage or excision (43).

Malignant Primary Tum ors

Osteosarcoma
Approximately 2%  of all primary osteogenic sarco
mas arise in the spine. Treatment of these lesions is 
challenging, and outcomes have traditionally been 
poor regardless of surgical approach or adjuvant ther-
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FIGURE 2 6 .3 .
Eosinophilic granuloma in a 12-year-old girl In this patient 
the C7 vertebral body has been reduced to a thin wafer of 
calcified tissue (arrow) Needle biopsy examination con
firmed the diagnosis, and the patient was treated m  a brace 
until healing was complete

apy. Median survival following diagnosis of an os
teogenic sarcoma of the spine has ranged from 6 to
10 months in previous series (1, 89).

Primary osteosarcoma arises w ithin the vertebral 
body in over 95%  of cases. Radiographs demonstrate 
cortical destruction, soft tissue calcification, and 
periosteal reaction, with vertebral collapse in some 
cases. Tumor extension may produce a soft-tissue 
mass in the paraspinal region and may also result in 
spinal cord or cauda equina com pression due to an 
mtraspinal soft-tissue mass. Computed tomography 
and MRI studies are often necessary to demonstrate 
soft-tissue extension and to clearly outline vascular 
or cord involvement for preoperative planning.

Traditionally therapy has consisted of lim ited tu
mor excision, spinal cord decompression, and radio

therapy. More recently investigators have advocated 
a more aggressive surgical approach in hopes of im
proving survival and local control (100 ,115). The re
sults of small series suggest that this approach may 
provide a significant benefit for selected patients 
(109). Of seven patients undergoing wide resection 
or vertebrectomy followed by radiotherapy, four re
mained alive at a mean follow-up tim e of 52 months, 
three of whom had no evidence of recurrent disease. 
Although such results indicate that a more aggressive 
surgical approach may result in longer survivals, no 
conclusions may be drawn at present regarding our 
ability ultim ately to cure these m alignancies.

Ew ing’s Sarcoma
Approximately 3.5%  of Ewing’s sarcomas arise in the 
spinal colum n (119). Although the prognosis is gen
erally worse for spinal lesions than for extremity le
sions, long-term survival has been reported in cases 
of spinal Ew ing’s sarcomas (86)

The radiographic diagnosis of Ewing’s sarcoma in 
the spine may be difficult, as the permeative appear
ance of the tumor is difficult to distinguish in x-ray 
films of the spine. In more advanced disease, with 
vertebral collapse and vertebra planum, the tumor 
may be indistinguishable from eosinophilic granu
loma (Fig. 26.4) (80, 81). Neurologic deficits are com
mon patients with Ew ing’s sarcoma; in one series 
64%  presented with neurologic compromise (80). 
MRI and CT are valuable in identifying the level of 
cord com pression and distinguishing between bony 
involvem ent and metastasis to the epidural space, a 
rare but documented phenom enon (90, 92).

Siugical^treatment is indicated for decompression 
of neural elements and stabilization of the vertebral 
column, but effective therapy must also include m ul
tiagent chemotherapy and high-dose radiotherapy to 
obtain both local and systemic control. W ith current 
regimens of m ultimodal therapy, excellent local con
trol and encouraging disease-free survival rates are 
obtainable (51).

Chordoma
Chordoma is a relatively rare malignancy arising out 
of notochordal remnants w ithin the spinal column. 
Chordomas occur predom inantly in patients in the 
fifth or sixth decade of life. They are most commonly 
seen in the sacrococcygeal and suboccipital regions 
of the spine but occasionally arise from notochordal 
rests w ithin the vertebral body in the thoracic or lum
bar region (48, 70). The tumor is characterized by a 
slow but relentless local progression and tends to me
tastasize late in  its course. Chordomas may reach a 
considerable size before they are recognized, and pa
tients may present w ith symptoms of constipation, 
urinary frequency, or nerve root compression related 
to extensive tumor spread. In sacrococcygeal tumors.
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FtGURE 26.4.
Ewing’s sarcoma in a IS-year-old boy. A. Anteroposterior roentgenogram demonstrates collapse of L2 vertebral body with 
loss of left pedicle definition This presentation is indistinguishable from eosinophilic granuloma, and the patient age is 
ideal for either diagnosis B. Lateral view of same lesion. Posterior half of vertebral body suggests a permeative destructive 
piocess (arrow)

a tirm, fixed mass can usually be palpated on rectal 
exam ination (Fig. 26.5).

Because of the locally aggressive nature of these 
tumors and their propensity for local recurrence, sur
gical extirpation is the only curative procedure, and 
a wide margin must be obtained at the tim e of the 
initial resection. A biopsy procedure should not be 
performed until all other appropriate staging studies 
have been completed, and then the procedure must 
be directed tluough a posterior approach. The biopsy 
procedure should never be carried out through the 
rectal wrall.

At the time of definitive treatment, the biopsy in 
cision tract must be excised en bloc with the tumor. 
Kaiser et al. demonstrated that simply exposing the 
tumor during resection dramatically increased the re

currence rate of this tenacious lesion from 28%  to 
64%  (48). Local recurrence of chordoma is a grim 
prognostic sign, dramatically reducing the likelihood 
of cure. To lim it the risk of local recurrence, the in
dicated procedure for sacrococcygeal chordoma is a 
high sacral amputation, maintaining a cuff of normal 
bone above the tumor (106). Carried out though a 
posterior approach, this aggressive surgical tech
nique has provided a significant improvement in 
overall survival rates, with acceptable morbidity and 
surprisingly little functional loss for the patient. The 
approach requires the sacrifice of the sacral roots 
above the lesion, but bowel and bladder function can 
be m aintained as long as the S2 roots are spared bi
laterally or the S2 and S3 roots are spared unilaterally 
(28, 84).

I
i

i
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FIGURE 26.5.
Ciiordoma A. Anteroposterior roentgenogram of a 68-year-old man with a long history of sacral pain and progressive 
constipation Destruction of the sacrum is revealed by loss of cortical outline caudal to the sacroiliac joints and rarefaction 
of the S 2-S4 bodies Bowel gas overlying soft tissues oi abdominal contents, and obesity can make it difficult to see these 
changes clearly B. Computed tomography clearly demonstrates the large soft tissue mass typically associated with sacral 
chordoma This mass is easily palpated on rectal examination but should never be approached in a transrectal biopsy 
examination C. Transsacral amputation at the S2 level provided a narrow margin proxim al to the tumor A combined 
antenor/postenor approach allows the general surgeon to develop a plane between the tumor and the rectum while the 
orthopaedist performs the tumor resection
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Chondrosarcoma
Approximately 10%  of chondrosarcomas arise in the 
spinal colum n or the sacrum (17). Chondrosarcomas 
are slow-growing and locally  invasive, and they are 
relatively resistant to both radiotherapy and chem o
therapy. Because of their high incidence of local re
currence, lesions of the vertebral colum n have a poor 
prognosis overall (45).

Chondrosarcoma is characterized radiographi- 
cally by extensive bony destruction, a soft-tissue 
mass, and flocculent calcifications w ithin that soft 
tissue (44). Because local extension is so important 
to local control and prognosis, CT and MRI infor
m ation is crucial to establishing a surgical plan, dem
onstrating any invasion of great vessels and en
croachm ent on the spinal cord.

Although long-term survivals have been described 
after intralesional excisions, with the use of high- 
dose radiotherapy to improve survival, a wide sur
gical margin is usually required to provide local cure 
for the patient with chondrosarcoma (96, 105). A l
though this is usually difficult to achieve, an attempt 
at wide excision is warranted, and it gives the patient 
the best chance of local control. Curettage and intra
lesional excisions provide little hope of either local 
control or long-term survival.

Solitary Plasmacytoma
W hether solitary plasmacytoma is an entity in  and of 
itself or simply a less aggressive form of m ultiple my
eloma is unclear— both are m anifestations of a con
tinuum of B-cell lymphoproliferative diseases. How
ever, the natural history of solitary plasmacytoma is 
clin ically  distinct from that of m ultiple myeloma, 
particularly when the spine is involved, and the two 
entities may be considered separately w hen discuss
ing prognosis and treatment (Fig. 26.6).

True solitary plasmacytomas are rare, comprising 
only 3%  of all plasma cell neoplasms (14). Patients 
with multiple myeloma and spinal column involve
ment rarely survive a year and never achieve four- 
year survival; patients with solitary plasmacytoma, 
however, have a significantly better short-term and 
long-term outcome (113). The five-yeax survival rate 
in spinal solitary plasmacj^omas may be as high as 
60%  (63). Though the majority of these lesions will 
eventually disseminate into multiple myeloma with 
a subsequently lethal course, survivals of 20 years or 
more have been reported in the literature (63, 91, 
115).

The most appropriate treatment for solitary plas
macytoma of the spine remains radiotherapy. Be
cause the lesion is highly radiosensitive, surgical 
treatment has less influence on overall outcome than 
it does in other tumor types and is necessary more 
for stabilizing the spine and reducing the pain. Al
though some authors have recommended prophylac-

FIGURE 26.6.
Solitary plasmacytoma. Extensive vertebral lysis with ex
pansion of the cortex circumferentially is typical of this 
lesion.

tic spinal stabilization prior to radiotherapy, verte
bral collapse and neurologic compromise are rarely 
seen during therapy. Because the dissemination of 
myeloma may occur after many years of disease-free 
survival, routine follow-up with MRI and immuno
globulin studies is indicated for an indefinite period.

Lymphoma
Lymphoma of the spine may occur as a skeletal man
ifestation of systemic disease or an isolated primary 
bony tumor. Lymphomas account for a large number 
of spinal neoplasms requiring treatment. As with 
plasmacytoma, surgical treatment may be required to 
decompress the spinal cord or nerve roots or to pro
vide skeletal stabilization and pain relief. Systemic 
therapy and radiotherapy remain the keystones of 
overall disease control, however.

Metastatic Tum ors
of all lesions of the spinal column, particularly in 
adults, the vast majority are from metastatic disease 
(17). Skeletal metastases and spinal metastases are 
most commonly the result of carcinoma of the breast, 
lung, prostate, kidney, thyroid, or gastrointestinal 
tract. Multiple myeloma is considered a metastatic 
lesion in many series. Breast, lung, myeloma, and
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prostate tumors com prise approximately 60%  of all 
spinal column metastases requiring treatment. T u
mors of the gastrointestinal tract actually result in 
more spinal metastases than do thyroid tumors.

The clinical behavior of the specific primary tu
mor dictates the prevalence of its metastases and u l
timately determines the clin ical significance for each 
patient. Patients w îth breast and prostate carcinomas 
typically have a prolonged survival and hence often 
require treatment of their subsequent spinal m etas
tases. Patients v̂ ?ith pulmonary m alignancies fre
quently have a very short survival and may succumb 
so rapidly that little more than supportive care is in
dicated in treating their spinal disease. Patients vifith 
gastrointestinal carcinom a, w^hich tends to metasta
size to the liver and lungs long before it involves the 
spine, often die from their disease before their spinal 
lesions become clinically  apparent or symptomatic. 
Patients with renal neoplasm s, on the other hand, 
may develop spinal metastases early, and frequently 
they require treatment of these lesions.

Although spinal disease m aybe the initial presen
tation for a few patients with adenocarcinom a, most 
patients have been diagnosed months or years before 
symptoms of spinal involvem ent becom e apparent 
(30, 98). Whenever a patient with a history of previ
ous malignancy develops symptoms of persistent 
back pain or neurologic com pression, m etastatic dis
ease must be suspected. Patients with a previously 
diagnosed carcinoma should be observed closely, 
and if symptoms suggesting spinal disease arise, a 
bone scan and MRI are indicated.

Children's Tum ors
Children suffer from a significantly different distri
bution of tumor types. Primary malignant lesions are 
uncommon in the pediatric spine. Nearly 70%  of pri
mary bone tumors in the pediatric spine are benign. 
Ewing’s sarcoma of the spine is the most common 
primary malignancy, but is more often a m etastatic 
lesion than a primary lesion (115). M etastatic disease 
is still the most common m alignancy of the spine, 
and neuroblastoma alone accounts for 20 to 30%  of 
all pediatric spine tumors seen (26, 54, 110). Neuro
blastoma, embryonal cell carcinom a, and sarcoma 
may spread to the spine either through distant m e
tastasis or contiguous spread from the primary le
sion. These are highly aggressive neoplasms, and the 
patient’s prognosis is poor overall regardless of treat
ment.

Leukemia may also present as a focal lesion of the 
vertebral column. Persistent back pain and vertebral 
collapse may be seen secondary to leukem ic infil
trates (85). Children with leukem ia m anifest a variety 
of nonspecific constitutional symptoms in addition 
to musculoskeletal pain, including lethargy, anemia.

and fever, and the correct diagnosis is difficult to 
make. Radiographic findings are not characteristic: 
studies may be interpreted as normal, or they may 
demonstrate focal lytic lesions, sclerotic geographic 
lesions, or isolated periosteal reactions without ob
vious bony destruction. Sim ilarly, results of radio
nuclide scans can be unreliable in patients with leu
kemia (10).

In addition to treating the neoplasm itself, the 
spine surgeon must be aware of the potential for spi
nal deformity following treatment of pediatric spine 
tumors. Vertebral destruction and collapse may re
sult in focal kyphosis in pediatric patients as well as 
in adults. Postlam inectom y kyphosis may likewise 
result in severe and progressive kyphosis. Kyphotic 
deformities developed in 46%  of children treated 
at the Mayo Clinic, with the highest incidence in 
the cervical and cervicothoracic spine (121). The 
younger the child  is at the time of laminectomy, or 
the more segments involved, the more severe the 
eventual deformity is likely to be (65). Rib resection 
or hemibody irradiation at an early age may cause 
iatrogenic scoliosis in 25 to 50%  of children with spi
nal metastases (61, 83). Freiberg et al. noted that 
when laminectomy, radiation therapy, and chem o
therapy were combined, the incidence of spinal de
formity was 100%  (27). Scoliotic deformities may 
also develop as a result of painful benign lesions such 
as osteoid osteoma and osteoblastoma, and some of 
these curves can becom e structural over time. Sco li
otic deformities secondary to acquired paraplegia are 
also common and tend to be more severe in children 
w ith earlier onset of paralysis and higher levels of 
cord injury. The surgical management of children 
w ith spinal calum n tumors must anticipate the later 
development of deformity and seek to m inim ize it 
through early bracing or surgical stabilization.

Spinal Cord Compression_____________
Spinal cord com pression is a relatively common oc
currence in either primary or metastatic disease, and 
it may result from direct com pression by the enlarg
ing soft-tissue mass, fracture and retropulsion of 
bony fragments into the canal, severe kyphosis fol
lowing vertebral collapse, or intradural metastases 
(4). Of these, the most common cause of cord com 
pression is m echanical pressure by tumor tissue or 
bone extruded from the collapsing vertebral body
(40). Symptomatic cord com pression occurs in 5 to 
20%  of patients with widespread carcinom a (12, 99).

Early recognition of spinal cord compression is 
critical to effective intervention and prevention of 
permanent injury (36). Patients usually com plain of 
persistent and progressive back pain, radicular 
symptoms or “girdle” pain, weakness in the lower 
limbs, sensory loss, and, late in the course, loss of
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sphincter control. The prognosis for neurologic re
covery is determined by fa j tumor biology, (b) pre
treatment neurologic status, and (c) location of the 
lesion w ithin the spinal canal (99). Although m eta
static lesions typically demonstrate behavior similar 
to their parent lesions, this is not always true; some 
metastases may be far more invasive or rapid growing 
than the primary lesions from w hich they come. It is 
the biological behavior of the metastases that deter
m ines the likelihood of spinal cord compression. 
Acute spinal cord com pression typically occurs as 
the result of rapid soft tissue expansion or vertebral 
erosion and pathological fracture, and has a poorer 
prognosis for recovery after treatment. Patients who 
have cord com pression that has come on slowly and 
progressed over weeks or months have a m uch better 
prognosis for recovery (40).

The goal w ith treatment of any patient is to m ain
tain ambulatory function and sphincter control. Be
cause posttreatment outcome is so clearly related to 
the pretreatment neurologic status, it is of primary 
importance to identify impending spinal cord com 
pression early and institute treatm ent immediately. 
Between 60 and 95%  of patients who are ambulatory 
at the tim e of diagnosis w ill retain that function fol
lowing treatment; only 35%  to 65%  of paraparetic 
patients and less than 30%  of paraplegic patients w ill 
regain ambulatory function after treatment, whether 
surgical or not (2, 22, 36, 42, 53, 58, 73). Rapid pro
gression of neurologic com prom ise is also an om i
nous sign. W hen symptoms of neurologic com pro
mise progress from earliest onset to a major deficit in 
less than 24 hours, the prognosis for recovery is poor, 
irrespective of treatment. On the other hand, a slowly 
evolving neurologic deficit, one that progresses over

a course of months, has a far more favorable prog
nosis for recovery following treatment, either with 
radiation or surgery (40).

The location of the neoplasm within the vertebral 
body or spinal canal determines the symptoms and 
signs of neurologic compression, and it dictates 
which surgical approach is most appropriate for 
treatment. Cord compression is most common in 
cases of thoracic lesions, where the spinal cord is rel
atively large in relation to the vertebral canal. Also, 
anterior vertebral lesions are more likely to result in 
vertebral collapse and extrusion of fracture fragments 
into the canal, and hence tumors of the anterior and 
middle columns of the spine are associated with 
more frequent and more profound neurologic inju
ries than tumors of the posterior column.

Spinal cord decompression can provide dramatic 
improvement in neurologic function, even in pa
tients who have advanced deficits, depending on 
how rapidly deterioration has progressed. In these 
patients, the surgical approach used has a significant 
impact on outcome. In the past, radiation therapy has 
been the standard treatment for cord impingement by 
metastatic disease, and surgical decompression was 
used as an adjuvant therapy, usually consisting of a 
laminectomy and removal of whatever tumor could 
be reached laterally or through the pedicle. Even 
when combined with radiotherapy, the results of 
laminectomy have been found in some series to be 
little better than those of radiotherapy alone and of
ten result in iatrogenic spinal instability or acute 
cord injury (30, 40, 94). Overall, satisfactory out
comes can be expected in 29%  to 48%  of patients 
treated with posterior decompression (Table 26.2). In 
one study, sntisfactory results (maintenance of am

TABLE 26 .2 .
Outcome Following Spinal Cord Decompression in Tumor Patients: Comparison of Anterior and Posterior Surgical 
Approaches
S tu d y P a tie n ts % Im p ro ve d % S a tis fa c to ry
Posterior Decompressions

Gilbert at al , 1978 (30) 65 45% 46%
Hall and MacKay, 1973 (36) 123 30% 29%
Kostuiket al , 1988 (53) 30 36% 37%
Nather and Bose, 1982 (73) 42 13% 29%
Sherman and Waddell, 1986 (94) 149 27% 48%
Siegal and Siegal, 1985 (97) 25 39% 39%
White and Panjabi, 1971 (118) 226 38% 37%
W right, 1963 (122) 86 35% 33%

Total 746 Mean = 33% Mean = 37%
Anterior Decompressions ^

Fidler, 1986 (22) 17 73% 78%
Harrington, 1988 (42) 77 84% 73%
Kostuik et al., 1988 (53) 70 73% 84%
Manabe et al , 1989 (58) 28 82% 89%
Siegal and Siegal, 1985 (97) 75 80% 80%
Sundaresan et al., 1985 (107) 160 80% 78%

Total 427 Mean = 79% Mean =  80%

The number in parentheses following each study is its reference number, as listed at the end of the chapter
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bulatory function and sphincter control) were ob
tained in 46%  of patients treated w ith lam inectom y 
and radiotherapy, in com parison w ith 49%  for pa
tients treated with radiotherapy alone (30). The fact 
that less than one-half of the patients treated with 
posterior decompression, w ith or without radiother
apy, achieve a satisfactory outcome is discouraging. 
Furthermore, the com plications of m ultilevel lam i
nectomy are considerable in their own right.

The results of surgical decom pression through the 
anterior approach have been far more favorable and 
now offer a genuine improvement over radiotherapy 
alone (97). Satisfactory outcomes range from 73%  to 
89% using a primarily anterior approach. The reason 
for this improvement over the standard lam inectom y 
approach is that spinal cord com pression most com 
monly occurs from anteriorly based lesions; the pos
terior approach simply cannot adequately address 
anterior compression of the spinal cord.

Indications____________________________
With the improvement of adjuvant therapies and the 
widespread acceptance of more aggressive surgical 
techniques, the indications for surgical intervention 
have expanded. Currently it is recommended that op
erative treatment be considered in any patient who 
has (a) an isolated primary or m etastatic spinal lesion 
or a solitary focus of recurrence; (b) a pathologic frac
ture or deformity producing neurologic symptoms or 
intractable pain; (c) radioresistant tumors— metasta
tic or primary; and/or (d) segmental instability of the 
spinal column following radiotherapy (23, 40, 53, 58, 
99,107 , 115). Surgery is also indicated when the na
ture of the primary tumor has not been discovered or 
the diagnosis is in doubt, or w hen a tumor relapses 
following maximal radiotherapy or progresses during 
radiotherapeutic treatments. Recom mendations for 
surgical intervention presume that the patient is 
healthy enough to survive surgery but are not depen
dent on an expected long-term survival. Any patient 
with expectations of surviving 6 weeks or longer and 
who is not hopelessly bedridden should be given 
consideration.

Nonoperative Treatment______________
Patients with metastatic disease are, by definition, 
systemically ill. Chemotherapy and radiotherapy 
may result in immunosuppression, thrombocytope
nia, radiation enteritis, or neurologic disorders. The 
preoperative evaluation of these patients should al
ways include consideration of the ramifications of 
previous treatment and the neoplasm that the patient 
is suffering. Serum calcium and phosphorus levels 
must be evaluated serially to detect any development

of malignant hypercalcem ia (41). Hematologic ab
norm alities must be identified and corrected and the 
patient’s overall fitness maxim ized prior to any sur
gical intervention. Patients w ith long-standing car
cinom a are often cachectic, and despite nutritional 
support, the risk of surgical mortality must be 
weighed against the likelihood of incapacitating 
pain, paralysis, and subsequent mortality if  surgical 
treatment is withheld.

Radiotherapy remains the most appropriate treat
ment for the m ajority of patients presenting with spi
nal colum n metastases. Different tumor types exhibit 
very different radiosensitivity, however, and differ
ent clones of the same tumor type may exhibit very 
different responses to radiotherapy as well. Prostatic 
and lym phoreticular neoplasms are typically quite 
radiosensitive, and excellent clin ical results may be 
obtained in most patients (6, 67, 111). The majority 
of metastases from breast carcinom a are also respon
sive to radiation alone (34, 111). Patients with pul
monary metastases may obtain significant relief of 
pain and neurologic compromise from radiation ther
apy, and typically succumb before instability and 
collapse becom e a factor. Gastrointestinal and renal 
neoplasms are often not radiosensitive.

The patient’s neurologic status at the time of pre
sentation is an important factor in  predicting the 
relative benefits of radiotherapy versus surgical 
treatment. Seventy percent of patients who are 
ambulatory and neurologically intact w ill remain so 
following radiotherapy for spinal metastases, but 
rarely w ill patients who have lost neurologic func
tion or ambulatory capacity regain it with irradiation 
alone (111). On the other hand, surgical treatment of 
metastatic disease provides excellent pain relief in 
over 80%  of patients (42, 53, 76) and a significantly 
improved chance of restoring neurologic function. 
Recovery depends to some extent on the surgical ap
proach. W hen patients undergoing laminectomy and 
posterior decompression are compared with those 
undergoing anterior decom pression for metastatic 
spinal cord compression, neurologic improvement 
and satisfactory outcome is nearly tw ice as likely 
w ith the anterior approach (22, 23, 36, 58, 73, 94, 97, 
107). In summary, the decision to intervene surgi
cally in a patient w ith m etastatic disease of the spine 
must take into account the patient’s age, sex, physical 
condition, underlying tumor, and neurologic status. 
W hen selected appropriately, surgery can provide a 
significant benefit to these patients.

Surgical Treatment
There are a number of surgical approaches available 
to the spine surgeon in treating tumors of the spinal 
column. Choosing the correct approach for the given
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tumor is perhaps the most important step in preop
erative planning.

Resection
Akhough some investigators have advised that ex
tensive surgical procedures are fruitless and should 
not be attempted, it is clear from others that the abil
ity to resect com pletely the primary tumor plays a 
major role in overall patient survival (3, 9 5 ,1 0 4 ,1 0 5 , 
115). Sim ilarly, the ability to widely resect the tumor 
may determine the recovery and m aintenance of neu- 
rologic function. In treating primary spinal neo
plasms, the vertebral body, the anterior and posterior 
longitudinal ligaments, the intervertebral discs, and 
the dura may all be resected to avoid leaving residual 
tumor behind. In some cases specific nerve roots may 
be sacrificed to provide a wide margin of excision. In 
locally aggressive lesions such a surgical approach is 
well justified; as in extrem ity surgery, extirpation 
provides the best prognosis for local control and cure 
of the disease.

The vertebral body may be divided into four 
zones, I-IV  (Fig. 26.7). Tumor extension is desig
nated as A -C  for intraosseous, extraosseous, and dis
tant tumor spread (116). Zone lA includes the spi
nous process to the pars interarticularis and the 
inferior facets. Zone IIA includes the superior and 
inferior articular facets, the transverse process, and 
the pedicle from the level of the pars to its junction 
with the vertebral body. Zone IIIA includes the an
terior three-fourths of the vertebral body, and zone 
IVA designates that portion of the vertebral body be
tween the pedicles and adjacent to the posterior ver
tebral cortex. Zone IV is that portion of the vertebral 
body im mediately anterior to the spinal cord. Zones

IB to IVB are the extraosseous extensions of tumor 
beyond the boundaries of the cortical bone, and 
zones IC to IVC designate an associated regional or 
distant metastases. Surgical outcome and the tech
nical demands of surgical treatment correlate with 
the zones involved and the extent of the local and 
distant tumor spread as well as by the type of the 
tumor and its grade.

Complete radiologic examination, including CT 
and MRI studies, allows accurate determination of 
the tumor location and extension and a more in
formed prediction of the tum or’s grade if not its ac
tual tissue type. Surgical planning also depends on 
early recognition of tumor extension into vital struc
tures. Involvement of the aorta, vena cava, or spinal 
cord itself may indicate that a tumor is already un- 
resectable prior to surgical exploration. In such cases 
an alternative plan may be most appropriate for the 
patient. Evaluation and planning of treatment should 
follow an algorithm similar to that outlined in Figure 
26.8.

Obtaining the widest possible margin is essential 
in many locally aggressive or malignant tumors, but 
this can be extremely difficult in type B lesions. IB - 
IVB lesions of the lumbosacral regions may not be 
resectable without producing serious neurological 
deficits. In these cases surgery is marginal at best, and 
usually intralesional. The decision to attempt a wide 
or radical resection in these cases must be weighed 
against the risks, and in some circumstances adju
vant radiotherapy or cryotherapy may represent a 
more reasonable approach to treatment.

Zone I lesions are best approached posteriorly, 
and the extent of excision must be based on any soft- 
tissue extension seen on preoperative studies. Zone
II lesions are also more easily excised through a pos-

F IG U R E  2 6 .7 .
Anatomic staging system for vertebral neoplasms. Tumor location within the body is described relative to zones I-IV. 
Extension of tumor is described as A. intraosseous, B. extraosseous, or C. distant metastasis. Tumors in zone IV must be 
approached through one or more of the other zones, making their management particularly challenging.
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-Present-<- N eu ro lo g ic  D efic it - ^ N o n e  -

Spinal MRI 
Chest X-ray 
CBC, SPEP/UPEP, UA

Staging Studies 
Spinal MRI, CT 
Chest CT, 
Metastatic workup

.....
Biopsy Needle vs Open

Incisional/Excisional Biopsy 
Spinal Cord Decompression 
A nt/Post Stabilization 
Radiation or Chemo to 

fo llow  as needed

Systemic therapy as
indicated

MalignanT*!

i .
C o m p le te  s y s te m ic
s ta g in g

Observe Excision
Bone graft and stabilize 

as indicated

Excision - intralesional/w ide 
Reconstruction 
Radiation or Chemo as 
needed

FIGURE 26.8.
Algorithm for assessing and treating spinal column neoplasms.

terolateral approach (55) and should be sim ilarly sta
bilized. Once lam inectom y and excision have been 
performed, the resulting instability is best m inim ized 
though posterior instrum entation of the surgeon’s 
choice with autologous bone graft.

Lesions in zone III should be approached anteri
orly. Adequate resection of a type A lesion can be 
obtained throughout the spinal colum n, but type B 
lesions should be carefully analyzed preoperatively 
to anticipate invasion or adherence to critical adja
cent structures. In these cases spinal reconstruction 
may be performed w ith or without internal fixation, 
depending on the extent of the resection and the in 
herent stability of the residual elements.

Zone IV lesions often require a com bined anterior 
and posterior surgical approach. These lesions typi
cally involve the most inaccessible region of the ver
tebral body, and they are the most difficult cases to 
reconstruct. Likewise, these tumors are most likely to 
result in spinal cord or nerve root compression. 
Zones I, II, and/or III must be crossed at some point 
to provide access to zone IV lesions, and more than 
one zone is usually involved w ith tumor. Complete 
excision can be obtained through vertebrectomy, es
sentially separating zones II from III through com 

bined approaches. In such cases both anterior and 
posterior stabilization is typically necessary. Even in 
these cases the tumor resection must be considered 
marginal at best and frequently may actually be in- 
tralesional. Nonetheless, experience has shown that 
an aggressive approach to tumor control does provide 
the patient w ith a more prolonged life span, even if 
cure cannot be obtained.

Metastatic Disease
W hen conservative therapy of m etastatic disease 
fails, the physician must determine whether surgery 
is likely to improve the patient’s function, quality of 
life, or longevity. In cases of severe, intractable pain 
or neurologic compromise, surgical intervention is 
often clearly indicated.

In lesions of the cervical spine above the level of 
C3, the posterior surgical approach is usually most 
appropriate. In all other regions lam inectom y should 
be restricted to those cases in  w hich the focus of neu
rologic com pression is shown to be primarily poste
rior [22]. W hen anterior disease occurs, the anterior 
approach is usually recommended below C3 (Fig. 
26.9]. As an alternative, some authors recommend a



5 4 2  SECTION V: ADULT DEFORMITIES AND MISCELLANEOUS DISORDERS

FIGURE 26.9.
Cervical spine metastasis. A. Patient with small cell lung carcinom a and metastasis to spine and shoulder. Pain and par
esthesias progressed despite radiotherapy, and kyphosis and imminent vertebral collapse is demonstrated on lateral roent
genogram, B. Magnetic resonance image shows extent of tumor mass and demonstrates spinal cord compression due to a 
comhniation of tumor extension and focal kyphosis. C. Surgical treatments include vertebrectomy, spinal cord decompres
sion, and reconstruction with a Moss titanium cage and polymethylmethacrylate. A  Morscher anterior plate was applied in 
this patient to allow early mobilization in the face of an abbreviated life expectancy. Pain and paresthesias resolved and 
the patient returned to activity within 3 weeks of surgery.

posterolateral approach to lesions involving the tho
racic spine, including lesions involving m ultiple ad
jacent segments. Costotransversectomy allows an in- 
tralesional tumor resection, providing posterolateral 
decompression, and may be followed by posterior 
segmental fixation and sublam inar wiring, and some
times methylm ethacrylate augmentation of the ver
tebral bodies from the posterolateral approach (52, 
53). Exposure is somewhat lim ited from this angle, 
however, and full decom pression of the spinal cord 
is not usually feasible. In contrast, Harrington has re
ported excellent results w ith anterior decompres
sion, followed by stabilization using longitudinal 
rods and methylm ethacrylate in lesions involving up 
to seven vertebral levels (4). This approach allows a 
wide vertebrectomy, full decom pression of the spinal 
cord, including resection of involved pedicles if nec
essary, and allows the w idest exposure of the verte
bral bodies for stable fixation.

Specific tumors may present a special challenge to 
the spine surgeon. Renal cell tumors frequently m e
tastasize and demonstrate a highly variable course in 
terms of both survival and local progression (87, 
101). These tumors can be highly vascular, and life-

threatening hemorrhage may occur when resection is 
attempted. Nonetheless, Sundaresan et al. found that 
patients undergoing complete resection of renal cell 
tumors had a significantly better survival than those 
treated with radiotherapy alone. Neurologic im
provement was seen in 70%  of surgical patients, as 
compared with 45%  of patients treated with radio
therapy alone (108). Preoperative vascular studies 
and embolization reduce blood loss significantly in 
these cases and may prove lifesaving in some cases. 
Two courses of embolization are sometimes neces
sary to identify all major vessels supplying the tumor 
and provide the most reliable embolization.

Posterior Approach
As noted above, the benefit provided by laminectomy 
to patients with spinal cord compression is debatable 
(30, 75, 95). Although Constans et al. demonstrated 
some improvement in results with the use of lami
nectomy with radiotherapy, Gilbert et al. found very 
little difference between patients treated with radio
therapy alone and those treated with both laminec
tomy and radiation (12, 30). Nonetheless, the pro
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portion of satisfactory outcomes was less tlian 50%  
in each of these studies. It is difficult to directly com 
pare results for anterior and posterior approaches be
cause of the lack of continuity of reported outcome 
measures, the lack of paired prospective studies, and 
differences in adjuvant therapy over time. For pri
marily posterior or posterior-lateral lesions, lam inec
tomy or costotransversectomy is the most direct ap
proach to the tumor, and decom pression by this route 
is logical and effective (Fig. 26.10). Still, there is a 
clear trend favoring anterior decom pression over 
posterior decompression in terms of neurologic re
covery. Of 746 patients treated with posterior decom 
pression, only 38%  had a satisfactory neurologic out
come, with even poorer results in those who had a 
severe preoperative deficit. Although stabilization 
significantly improved the pain relief and m ainte
nance of neurologic function relative to lam inectom y 
alone, the overall results were still somewhat disap
pointing (65, 94).

Anterior Approach
Anterior decompression has been used successfully 
in treating cord com pression caused by a variety of 
different lesions, including fractures, neoplasm s, in
fection, and congenital or acquired deformity. Sig
nificant neurologic improvement has been docu
mented in 75 to 93%  of patients who underwent 
anterior decompression for m etastatic disease (22,
39, 47).

Siegal and Siegal demonstrated a significant dif
ference in neurologic recovery comparing anterior 
decompression to posterior decom pression in pa
tients with primary and m etastatic tumors of the 
spine. They selected patients for the anterior or the 
posterior approach on the basis of the location of 
the tumor in the vertebra. Still, only 40%  of patients 
treated with lam inectom y retained or regained the 
ability to walk, as opposed to 80%  of vertebrectomy 
patients (97). Of 13 paraplegic patients treated by an
terior decompression, all but one improved at least 
one grade in neurologic function, whereas five of 25 
patients treated w ith lam inectom y actually deterio
rated as a result of treatment. Even though the oper
ative mortality was sim ilar for both approaches, post
operative com plications were far more frequent in 
the laminectomy group, often because of poor heal
ing of surgical incisions made though previously ir
radiated tissue (97). Of 427 cases of anterior decom 
pression in the literature in w hich the objective 
grading of neurologic recovery was reported, 79% 
had a significant improvement in functional grade, 
and 77% obtained a satisfactory outcome (65). These 
results are significant, and they are consistently su
perior to those seen with posterior decompression, 
even in carefully selected patients.

The intraoperative stress and intraoperative com 
plications related to anterior surgery are not signifi
cantly greater than those for posterior procedures. 
W hen the anterior approach is carried out by skilled 
hands, both blood loss and perioperative com plica
tions can be m inim ized.

Reconstruction
Regardless of the method of decompression, poste
rior stabilization and fusion are frequently required 
to prevent early, progressive deformity and to allow 
incorporation of the bone graft. A wide variety of in
strumentation systems have been used in spinal re
construction, and the surgeon must consider a num
ber of factors w hen choosing a system for a patient. 
The selected construct must meet the m echanical de
mands that it w ill face after tumor resection. It must 
compensate for the resection of bony elements or ex
tended decompressions resulting from surgery and 
permit postoperative imaging in patients in whom 
this is essential for follow-up (Fig. 26.11).

Distraction instrum entation systems were among 
the first used to stabilize the spine following tumor 
resection. First-generation systems such as the Har
rington rod provided distraction from the construct 
ends without segmental fixation and generally had to 
span several segments to provide adequate spinal sta
bility. These systems still provide suitable fixation 
for thoracic com pression fractures or following lam
inectom y, and com bined with Drummond or sublam- 
inar wires, they provide segmental stability sufficient 
to treat more significant disruptions or tumor resec
tions. The system is at risk, however, in extensive 
fractures or tumor cases in w hich both the anterior 
and middle colum ns have been disrupted; in these 
cases the three-point fixation of the Harrington sys
tem cannot counter the excessive bending loads pro
duced by the spine, and hook dislodgment or rod 
fracture is a significant risk (29 ,117). Although stud
ies have shown that longitudinal distraction can re
duce some retropulsed bony fragments in trauma 
cases, distraction rod systems have a lim ited capacity 
for decompressing the spinal canal in tumor cases 
(120). Restoration of sagittal alignment, with reduc
tion of kyphosis, may significantly decompress neu
ral elem ents, but any retropulsed vertebral fragments 
that may be compressing the cord are not reduced.

The Luque system using steel rods and sublaminar 
wires has been shown to provide better fixation in 
soft bone than the Harrington system (15, 19). This 
system has been used successfully in cervical, tho
racic, and lumbar segments both for degenerative dis
ease and for tumors, and a number of strategies have 
been developed to use sublaminar wires and the 
Luque system even following lam inectom y and de
compression. In these cases laminar wires may be
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FIGURE 26.10.
Posterolateral thoracic metastasis A Patient with solitary metastasis from colon carcinoma Patient presented with back 
pain, lower extremity weakness, and mild ataxia Computed tomography shows a large expanding mass in the right pedicle 
with diffuse marrow replacement in the body and lamina Severe spinal cord compression is seen here illustrating the fact 
that compression that increaset> blowly over time may be lemaikably well tolerated B. Following posterolateral decom 
pression, necessitating multilevel laminectomies the spine was stabilized with posterior plates and transpedicular screws 
The variable slots m these plates allow placement of 3 7 mm screws exactly down the center of the narrow thoracic pedicles 
C The titanium plate and screw construct permits postoperative MR and CT imaging The patient had excellent recovery 
from symptoms
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FIGURE 26.11.
Chordoma of L2. A. Patient with L2 vertebral lesion involving posterior vertebral body, with destruction of cortex and 
cancellous bone. B. Computed tomography shows that the tumor has replaced most of the vertebral body and disrupted the 
posterior vertebral cortex but has not entered either pedicle. Although the cauda equina is not compressed, the tumor has 
entered the canal. This stage B tumor involved botii zones III and IV, necessitating an anterior en bloc resection. C. After 
removal of the posterior elements and stabilization with plates and pedicle screws, an anterior vertebrectomy was performed 
en bloc. A tricortical graft from the iliac crest was used to reconstruct the anterior column defect.
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passed under the transverse processes or through the 
neural foramina at the segments operated on (23). 
The primary difficulty with the Luque system in tu
mor care is that the sublam inar wires w ill slide along 
the longitudinal rod. The system is therefore unable 
to deal with axial instability in the way that the dis
traction systems can. This severely lim its the efficacy 
of Luque rod systems in spine tumor reconstruction.

Currently there are a variety of rod-hook systems 
available that allow segmental fixation of the spine 
as well as good axial and torsional support. These 
instrum entation systems allow the surgeon to com 
bine a variety of sublaminar, pedicle, and transverse 
hooks w ith the use of pedicle screws, and they pro
vide the sort of versatility necessary for reconstruc
tion following extensive tumor resections. Mau)^ of 
these systems are now available in  titanium , allowing 
more sensitive postoperative imaging in tumors that 
have a high risk for local recurrence. The versatility 
of the systems also allows the surgeon to address 
m ultiple levels of vertebral involvem ent in the same 
construct, a situation that arises from tim e to time 
when dealing w ith m etastatic disease (Fig. 26.12). 
These constructs can be com bined w ith anterior re
constructions to provide a very satisfying and stable 
result even in patients w ith extensive vertebral in 
volvement (72).

Pedicle screw instrum entation has also provided 
significant benefit in  spinal reconstruction. Particu
larly helpful in patients who have undergone previ
ous laminectomy, pedicle screws allow the surgeon 
to obtain three-colum n purchase of the vertebral 
body through the posterior approach. This allows the 
surgeon to instrum ent levels that would otherwise be 
unobtainable, and also to m inim ize the number of 
vertebral segments fused. The use of the variable 
screw placem ent (VSP) plate w ith pedicle screws has 
allowed surgeons to fuse significantly fewer seg
ments of the thoracolumbar spine than w ith systems 
using sublaminar hooks or wires, frequently allowing 
the surgeon to im m obilize only two m otion segments 
when treating primary or metastatic tumors (66). Ped
icle screw fixation may also allow the surgeon to 
lim it lumbar fusions even though more extended tho
racolumbar and thoracic instrum entation is still re
quired above the tumor. These strategies reduce the 
disruptive effect of fusion on the lower lumbar spine 
and may lim it the magnitude or risk of subsequent 
low back pain and disability. W hen com bined with 
rod systems, pedicle screws significantly extend the 
versatility of these fixation systems.

Regardless of the fixation system or technique 
used, posterior instrum entation alone cannot pro
vide a stable construct in  all cases. In particular, 
when lam inectom y is superimposed on preexisting 
anterior and middle colum n vertebral collapse, the 
resulting spinal instability can be severe (19). W hen

FIGURE 26.'I2 .
Multilevel metastasis in the lumbar spine Patient with 
metastatic melanoma to L2 and L4, with cauda equina com
pression at L2 Anterior decompression at L2 was recon
structed with Harrington rod and polymethylmethacrylate 
Posterior instrumentation from L l to L5 stabilized both 
pathologic levels, relieving pain and helping the patient to 
stay mobile and independent for as long as possible.

the anterior weightbearing colum n is compromised, 
there can still be substantial vertebral m otion in re
sponse to physiological com pressive and bending 
loads despite rigid posterior fixation or solid fusion 
(29). Despite the three-colum n fixation provided by 
pedicle screw systems, it is clear that untreated an
terior colum n instability leads to a higher incidence 
of failure and screw breakage (66). Although supple
menting posterior instrum entation with methylme- 
thacrylate has been advocated in the past to provide 
more rigid fixation, the com plications associated 
w ith this technique are unacceptably high (18).

Because spine tumor patients have often already 
undergone regional radiation therapy and are often 
ill or infirm, there is an increased incidence of wound 
com plications and breakdown associated with pos
terior im plem entation. Some authors have suggested 
that anterior instrum entation should be preferred for 
spinal reconstructions in these cases. Harrington rec
ommended that posterior instrum entation be re
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stricted to (a) cases in w hich com bined anterior and 
posterior decom pression is necessary; [b) cases in 
which lengthy anterior fixation would be inadequate 
to restore stability; (c) individuals with posterior in 
stability produced by tumor lysis or laminectomy; 
and/or (d) cases in  w hich the vertebral lesion is lo 
cated distal to the L3 level (42). Considering the 
frequent need for neural decom pression in these pa
tients, anterior reconstruction techniques now com 
prise a major portion of the spine sm geon’s repertoire 
when dealing with vertebral tumors.

The com plexity of the anterior resection depends 
on the tumor type and the surgeon’s primary treat
ment goals. Curettage and intralesional surgery may 
be adequate in some patients w ith m etastatic disease 
when the goal is decom pression and stabilization but 
not cure or local control. On the other hand, wide 
resection of those tumors that have a strong potential 
for local recurrence requires an aggressive approach 
to the anterior vertebral structures. Regardless of the 
technique of vertebrectomy, anterior stabilization 
must then be carried out, using one of a number of 
methods for reconstructing the anterior load-bearing 
spinal column: patients w ith an expected life span of 
6 months or less may be appropriately treated with 
methacrylate or other synthetic spacer; patients for 
whom a long-term survival of more than 6 months is 
expected should undergo reconstruction with bone 
graft material in anticipation of a solid arthrodesis. 
Tricortical strut grafting or the use of a titanium  cage 
with morselized autograft material is favored in the 
treatment of benign or slowly growing tumors when 
the patient’s survival is expected to be measured in 
years. In advanced m etastatic disease, the primary 
internal strut may be methylm ethacrylate or a tita
nium or metal im plant construct. M ethacrylate or ti
tanium cages function as an adjunct to stabilization, 
providing a temporary internal splint in anticipation 
of eventual bony arthrodesis. If arthrodesis is not ob
tained, it is only a matter of time before the construct 
fails; only patients w ith a very lim ited life expec
tancy should be indicated for m ethylm ethacrylate 
fixation without bone grafting (62). Even in  these pa
tients methylmethacrylate should be used in anterior 
reconstructions rather than posterior reconstructions 
(77). Here it proves quite resilient and dependable as 
long as it is reliably anchored into the bone (29). 
Steinmann pins may be used longitudinally w ithin 
the anterior construct, both to enhance the bending 
resistance of the m ethacrylate strut and to improve 
fixation to the adjacent vertebral bodies (107). Har
rington distraction rods as w ell as Moe sacral hooks 
and threaded rods have been used to obtain pur
chase, and Harrington has used Knodt rods for sev
eral years for the same purpose (39, 40, 98).

When methylmethacrylate is used anteriorly to re
construct the vertebral body, care must be taken to

avoid contact between the cement and the dural sack. 
Using cement in the dough phase allows better con
trol of its placement, and a sheet of absorbable gelatin 
sponge (Gelfoam) interposed anterior to the dural el
ements will further shield them (20). A Silastic dam 
may be used for the same purpose. During the poly
merization a steady flow of saline irrigation should 
be employed to minimize the heat transmitted to the 
smrounding tissues.

Titanium cages may be used to supplement both 
methylmethacrylate and autograft reconstructions. 
The cage is set between the vertebral bodies in the 
same way that a tricortical graft would be placed. The 
cage is packed full of bone graft material prior to 
placement if fusion is intended, and after impaction 
into the vertebrectomy space an anterior fixation de
vice, such as a Z-plate, a University plate, a Kaneda 
Rod, and the like, may be applied to stabilize the spi
nal construct. An additional benefit of the titanium  
cage construct is that it will not interfere with post
operative imaging in patients in whom local recur
rences are a concern.

Conclusions
Improvements in medical and adjuvant therapy for 
cancer patients has dramatically improved survival 
rates over the past three decades. Prolonged survivals 
and improved cure rates ensure that patients with 
spinal column tumors will continue to require highly 
sophisticated and aggressive therapies to maintain 
neurologic function and spinal stability. It is no 
longer appropriate to assume pessimistically that 
these patients are near death simply because they 
have a tumOr of the spine, nor to offer them only pal
liative care. Improved medical management, antibi
otics, preoperative planning, along with techniques 
of preoperative embolization and early postoperative 
mobilization have made surgical management of 
these patients m uch less risky. Vertebrectomy, con
sidered a last alternative in the past, is now coming 
to be seen as th e  conservative approach to tumor 
management in many situations.

Appropriate surgical treatment can have a dra
matic impact on function and outcome in patients 
with tumors of the spinal column and should never 
be dismissed as an option without serious consider
ation. Advances in fixation systems, local and sys
temic therapy, and our understanding of the biology 
of cancer promise even greater improvements in the 
future.
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CHAPTER TW ENTY SEVEN

Intradural Lesions of the Spine
Don M. Long

Introduction
The majority of intradural procedures in the spine 
are required for treatment of tumors. Correction of 
congenital abnorm alities also often requires an intra
dural component to the operation. Arachnoiditis is a 
rare reason for intradural surgery, and an occasional 
intervertebral disc requires an intradural approach. 
Every spinal surgeon should understand the indica
tions for a transdural operation. However, the tissue 
manipulation required once inside the dura is strik
ingly different from the techniques that are used in 
extradural procedures. Only those trained and ex
perienced in m anipulation of nervous tissue should 
attempt intradural surgery.

r-

Diagnosis of Intradural Abnormalities
When an intradural lesion is suspected, magnetic res
onance imaging (MRI] is the diagnostic tool of choice. 
Studies should be conducted w ith and without intra
venous gadolinium. Nearly all intradm al lesions w ill 
be defined accurately.

Meningiomas and schwannomas enhance brightly 
on MRI and are usually easily identified. They are 
differentiated by the evidence of dural involvement, 
which is present only in the meningioma. Epider
moid cysts, dermoid cysts, and lipomas have the

characteristics of fat on MRI. The arachnoid cyst can 
be very difficult to identify. Since its characteristics 
on MRI are those of cerebrospinal fluid (CSF), an 
arachnoid cyst w ill be m issed unless cord distortion
IS seen.

Intramedullary tumors are also best seen on MRI. 
The ependymomas virtually always enhance with 
contrast, whereas lower-grade astrocytomas may not. 
The high-grade astrocytomas usually have patchy ar
eas of enhancem ent. The rarer hemangioma or he- 
mangioblastoma is norm ally seen easily.

Congenital anomalies are defined on MRI as well. 
The characteristics of the Arnold-Chiari malforma
tion are easily appreciated, as are syringomyelia and 
other forms of congenital anomalies. Arteriovenous 
malformations may be very difficult to demonstrate 
on MRI. A finding of large veins in the epidural space 
may be a clue, but when a diagnosis of arteriovenous 
m alformation is suspected, angiography is likely to 
be necessary. An intermediate step is to study the 
cord w ith computed tomography (CT) myelography. 
The rare intradural disc herniation is difficult to de
fine in MRI. CT myelography is usually required to 
make the diagnosis.

Plain x-ray films and plain CT scans are rarely use
ful witli intradural lesions. CT myelography is still 
required occasionally, however. It is most useful for 
the diagnosis of arachnoiditis, arteriovenous malfor
m ations, and arachnoid cysts.

5 5 1



5 5 2 SECTION V; A D U LT DEFORMITIES AND MISCELLANEOUS DISORDERS

Tum ors of the Spinal Cord and 
Spinal Nerves_________________________
It is traditional to divide tumors of the spinal column 
into three categories on the basis of their anatomical 
location; extradural, intradural-extramedullary, and 
intramedullary (6, 30, 33).

Extradural Tum ors
Extradural tumors are virtually always metastatic in 
origin, though a few primary tumors of the spinal co l
umn are known. Since these tumors becom e intra
dural rarely, they w ill not be discussed in detail here. 
Occasionally a primary or m etastatic bone tumor w ill 
invade the dura. In this situation it is necessary to 
excise all involved dura and remove the intradural 
portion of the tumor by techniques to be described 
below for intradural-extramedullary lesions, w hich 
are more common. The dura is then repaired w ith a 
patch, and the remainder of the extradural procedure 
can proceed as is usual.

Intradural-Extramedullary Tum ors
Intradural-extramedullary tumors are typically 
schwannomas, m eningiomas, or m yxopapillary ep
endymomas of the filum term inale. Rarely, a dermoid 
cyst or hemangioblastoma may be encountered, par
ticularly in the region of the cauda equina. A ll others 
are oddities and do not require different surgical ma
neuvers (6).

Schwannomas
Schwannomas characteristically occur on the poste
rior roots and thus are located in the posterolateral 
quadrant [Fig. 27.1). They are best diagnosed by MRI 
and are rarely mistaken for any other tumor. Schw an
nomas are most common in the thoracic region, but 
also occur in the cervical area, w ith a nearly equal 
proportion in the lumbar region. They usually occur 
singly, except in neurofibromatosis (42, 44). Tumors 
may grow to very large size before significant symp
toms develop (10, 11. 19, 32, 46, 48).

It is important to recognize the signs and symp
toms of myelopathy. These w ill be sim ilar for all the 
tumors to be described and result from nonspecific 
com pression of the spinal cord. Typically patients 
describe first a gait disturbance. Physical findings 
may be unremarkable at this stage. Next, subtle 
changes in posterior colum n function appear. Pa
tients often say they can no longer walk in the dark, 
when their feet are not visible. Difficulty ascending 
stairs or curbs is common. Then hyperrefiexia occurs 
and pathological signs such as the Babinski or Hoff
mann signs appear. Later, weakness becom es obvi
ous, a sensory level appears, and finally bowel, blad
der, and sex function are likely to be affected. 
Investigation of the gait disturbance is critical to

V/

I
FIG U R E 27.1.
Sagittal MRI demonstrates a well-circumscribed rounded 
mass posteriorly placed with marked spmal cord compres
sion, This was an intradural schwannoma.

early diagnosis. Radicular pain sometimes occurs 
with the early warning signs of the extramedullary 
tumor and diffuse dermatomal pain can accompany 
the intramedullary lesion.

Operative Procedures
No matter what the spinal location, surgery is carried 
out with the patient under general anesthesia and in 
the prone position. The techniques for cervical and 
thoracic tumor removal are virtually identical, 
though the technique required for involvement of a 
lumbar route is somewhat different and w ill be de
scribed separately. A major extraspinal component 
may require more lateral exposure.

Localization of the lesion is paramount. In the cer
vical region this is generally not difficult to do. In the 
thoracic region x-ray films may be necessary for ac
curate localization. A m idline incision should be 
planned to allow exposure of at least one segment 
above and one segment below the superior and in
ferior margins of the tumor. M uscles are dissected in 
a subperiosteal fashion bilaterally. I prefer to carry 
out these operations through a full laminectomy be
cause I think it is safer when spinal cord retraction 
is required. Certainly some tumors can be removed 
by hem ilam inectom y. Bone should be removed until 
the upper and lower margins of the tumor are clearly 
visible. W hen there is no contraindication, I prefer 
an operative field one full level above and below. The 
lam inectom y should be wide so that the lateral mar
gin of the tumor in the spinal canal is reached. The
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extraforaminal portion of the tumor must be judged. 
When it is substantial, sometimes a second-stage op
eration is required. However, it is usually possible to 
follow the tumor out through the neural foramen and 
remove the extraforaminal expansion by simply ex
panding the muscular retraction laterally. This is an
other reason for being certain that the incision is well 
above and w ell below  the tumor, so that the lateral 
retraction is possible. I always carry out the intra
dural removal first so that the cord is no longer com 
pressed during removal of the remainder of the ex- 
traspinal tumor.

Immaculate extradural hem ostasis is required. The 
gutters should be packed w ith hem ostatic agents un
til there is no blood at all. At this point the operating 
microscope is brought into the field and the rem ain
der of the operation is carried out under appropriate 
magnification.

The dura should be opened in the m idline from 
above downward, remembering the displacem ent of 
the spinal cord. It is extrem ely important in opening 
the dura to leave the arachnoid intact so that CSF is 
not lost and so that no cord herniation or injury with 
the knife blade occurs. The dural margins should be 
tied back to bone or retracted by sutures weighted 
with clamps. This w ill provide good hem ostasis and 
expose the tumor widely. Then the arachnoid is 
opened on the lateral side of the tumor from the top 
to the bottom of the incision. This w ill usually allow 
good visualization of the spinal cord and the superior 
and inferior margins of the tumor. The adhesions of 
the lateral margin of the spinal cord to tumor should 
be freed by sharp dissection. If coagulation is used, 
it should always be on the tumor side, and not near 
the cord. Then the relationships of nerve roots to the 
tumor must be identified. A ll nerve roots not entering 
the tumor mass should be dissected free. Those that 
obviously enter the tumor may be cut at this point. 
Here it is easy to be fooled into thinking that some
thing that is actually dissectable is entering the tu
mor, so care must be taken to separate all nerve roots 
possible. Of course in  the thoracic region or the upper 
cervical region, where loss of a single posterior root 
is unimportant, it may be reasonable simply to cut 
them all at this point. In the brachial plexus or at the 
thoracolumbar junction all possible roots must be 
preserved.

Most of these tumors should undergo intracapsu- 
lar removal before they are m anipulated in order to 
minimize cord trauma. Enter the tumor near its lat
eral dural attachment and remove it by ultrasonic 
dissection, suction, laser, or forceps. W hen the ma
jority of the tumor has been removed, the capsule can 
be slowly mobilized and dissected free from spinal 
cord. Crossed blood vessels should be coagulated 
near the tumor and cut. I prefer to do most of this 
with coagulation and sharp dissection rather than 
blunt dissection, w hich may injure the cord. These

maneuvers w ill allow the tumor gradually to be ex
tracted from the spinal cord and mobilized from m e
dial to lateral, thus decompressing the cord.

Most of the capsule may now be removed. A cuff 
w ill remain exiting from the dura. W hen in an area 
in w hich the anterior roots are important, they 
should be exam ined and freed from tumor as well. 
Then the tumor can be mobilized from the margins 
of the dura and followed out into the extraforaminal 
space. Protect the spinal cord with cottonoid so that 
it is not injured by any movement of the instruments 
directed toward the extraforaminal com ponent of the 
tumor. The tumor is followed out into the space 
through the foramen, and the capsule is gradually 
mobilized. It must be kept in mind that in the cervical 
area the vertebral artery is likely to be adherent an
teriorly to a sizable tumor mass. The nerve roots 
should not be injured during the dissection. It is usu
ally possible to free the capsule com pletely, coagu
late it distally, and cut the residual capsule with total 
removal of the tumor. If the vertebral artery does 
bleed, it is best controlled by packing. Venous bleed
ing around the tumor may be substantial as the tumor 
is debulked and should be packed off as the dissec
tion continues.

If it is im possible to remove all the extraforaminal 
tumor distally, it is better to stop the procedure at 
this point and carry out a second-stage removal. This 
is rarely necessary.

W hen tumor removal is com plete, it is important 
to reconstitute the dura. The m idline incision is eas
ily closed. It is always the large dural defect left by 
removal of the tumor that is a problem. I prefer to 
harvest a fascial graft and suture it circum ferentially 
in a watertight fashion, using fine sutures of at least 
No. 4 -0 . Pseudom eningocele is an irritating com pli
cation that may prolong hospitalization.

If it was necessary to divide an important motor or 
sensory root, every effort should be made to reap- 
proximate them. If it is not possible to reapproximate 
the ends, I harvest the greater occipital nerve, or bet
ter, the sural nerve, previously prepared for this pur
pose, to graft an important anterior cervical root. In 
the lumbar region there is nearly always enough re
dundant root to gain first-intention approximation. 
The recovery of function for this rare eventuality has 
been uniform ly good.

The wound is then closed in anatomical layers, as 
after any spinal operation. If a watertight closure has 
been obtained, there is no reason to restrict postop
erative mobility.

Schwannomas o f the Cauda Equina
Treatment of tumors of the cauda equina is somewhat 
different (Fig. 27.2) (32). They are also approached 
by the m idline and through laminectomy. However, 
after the dura has been opened the technique 
changes. The roots of the cauda must be separated
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FIG UR E 27.2.
Two enhancing lesions are seen within the dura in the 
cauda equina. Diagnosis: multiple neurofibromas compli
cating von Recklinghausen disease.

from the tumor, to w hich they are frequently adher
ent. This should be done without entering the cap
sule of the tumor. I prefer to do this sharply w ith a 
small cataract knife unless the roots come off easily 
w ith blunt dissection. W hen all of the uninvolved 
roots are clearly free from the tumor, it should be 
possible to identify those roots that actually enter 
and exit the tumor. Som e of these tumors w ill be true 
neurofibromas. The technique with a neurofibroma 
does not differ, but it is frequently more difficult in 
neurofibromas than in schwannomas to isolate the 
roots that are actually involved in the tumor down to 
one or a few filaments.

Once the dissection of roots is done, I stimulate 
the distal root(s) to determine what m uscles are in
volved. The patients have been previously prepared 
with electromyographic electrodes so that we can de
term ine the involved roots and their importance. Im
portant motor roots w ill be resutured if their division 
has been necessary.

Now it is possible to remove the tumor. If the tu
mor is relatively small and can be easily brought out 
of the intraspinal space, it can be removed in its en
tirety. The root above is cut without coagulation or

clamping if  it is to be reapproximated. If it is not to 
be reapproximated, it can be clamped and then cut 
w ith impunity. The same is true distally. Do not lose 
the ends of the roots if  you plan to try to put them 
back together. Fine suture tags w ill help to prevent 
this embarrassing delay.

W hen the tumor is large, intracapsular removal 
may be necessary. The tumor is debulked with ultra
sonic suction or bipolar forceps until the residual tu
mor capsule can be mobilized out of the field and 
treated as described earlier.

W hen reconstitution of an important root is nec
essary, it is usually possible to put it together with 
one or two fine sutures. There is frequently enough 
redundant root to bring the two ends together with
out difficulty. However, grafting may occasionally be 
required. The dura should be closed in a watertight 
fashion and the wound repaired as would any other 
spinal wound.

Intradural Meningiomas
M eningiomas are com m only found in the anterolat
eral quadrant of the canal (Figs. 27.3 and 27.4). They 
typically displace the cord posteriorly and laterally.

FIG U R E 27.3.
Sagittal MRI demonstrates an anterior mass markedly com
pressing the thoracic cord. There is a broad dural base, but 
the tumor is rounded and well circumscribed. Diagnosis: 
meningioma.
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FIGURE 27.4.
There is a posteriorly placed, well-circumscribed mass 
with a broad dural base and enhancement of dura sur
rounding the tumor. Diagnosis: meningioma.

Occasionally one may be found directly in front of 
the cord. It is important to recognize this situation on 
the preoperative MRI so that an intramedullary tu
mor is not m istakenly diagnosed (32, 35).

The operation for m eningiom a is identical to that 
for schwannoma or neurofibroma until the tumor is 
actually exposed. The meningioma w ill not have the 
same smooth capsule and cannot be dissected free 
from surrounding structures as easily. Once the m e
ningioma is exposed above and below , the spinal 
cord should be dissected free from the meningioma 
throughout the length of the tumor. Nerve roots 
should be separated as w ell. Then removal of the me
ningioma may begin laterally. An intracapsular re
moval allows the tumor gradually to be dissected free 
and brought from medial to lateral. The nerve roots 
will all be salvageable, and so great care should be 
taken in dissecting them free from the tumor mass. 
The ultrasonic dissector is the most effective way to 
remove the tumor, and if  there is adequate exposure 
it will allow the meningioma to be removed with 
great precision without risk of injury to the spinal 
cord. O ccasionally a meningioma is calcified and vir
tually rock hard. Such tumors usually have to be cut 
and removed piecem eal.

When the tumor is all removed, there w ill be re
sidual involvement of the dura. There are two ways 
to manage this problem. One is sim ply to excise the 
dura and replace the removed dura with a patch. The 
other is to use a laser to vaporize all residual tumor 
until only normal dura remains. Total excision car
ries less risk of recurrence, but it exposes the spinal 
cord to increased risk. The laser has an excellent ca

pacity for vaporization of tumor, but there remains a 
higher risk of recurrence. Nevertheless, for most of 
these tumors I prefer to vaporize all involved dura 
and coagulate the extradural veins in the area at the 
same time. To date I have not had a recurrence with 
this technique.

The closure is identical to that employed for other 
spinal operations.

Myxopapillary Ependymoma o f the 
Filum Terminale
M yxopapillary ependymomas are exposed in exactly 
the same way as described for schwannoma. The 
dura is opened in  the m idline, and at least one seg
ment above and below the tumor should be exposed. 
Then the nerves must be dissected from the tumor. 
W ith a m yxopapillary ependymoma it is extremely 
important not to spill cells into the subarachnoid 
space, for im plantation may occur and m ultiple in- 
traspinal metastases may result. Hence I pack off the 
subarachnoid space with soft cotton before beginning 
tumor removal. Then, w ith the use of high magnifi
cation, all nerve roots and vessels are dissected from 
the capsule. This w ill allow identification of the fi
lum term inale, w hich can be coagulated and cut 
above and below the tumor. Sm all tumors are then 
lifted out of their bed, making certain that all nerve 
roots are dissected free. Larger tumors may have to 
be entered and debulked. These tumors are very soft 
and the Cavitron w ill remove them quickly. Be sure 
not to go through the capsule and injure a nerve root 
or have the nerve roots caught in the suction of the 
ultrasonic dissector. Here too, great care must be 
taken not to spill cells.

Once the tumor removal is complete, copious ir
rigation should be used to make certain that any cells 
that have seeded the area are washed out. Only then 
should the cottonoid dams that have protected the 
rest of the subarachnoid space be removed and the 
whole field irrigated again. The dura is then closed 
in a watertight fashion and the wound closed in the 
usual way, in anatom ical layers (24).

Unusual Intradural-Extramedullary Tumors
O ccasionally unusual tumors such as dermoid cysts, 
epidermoid cysts, or lipom as are encountered (Fig. 
27.5) (7, 32). These tumors are removed exactly as 
described in  the preceding section. Dermoids and ep
idermoids contain noxious materials that must be 
kept from the subarachnoid space. Other than that, 
they require no special techniques. The key is to dis
sect all nerve roots free from the tumor. W hen the 
tumor is small, it does not represent a serious prob
lem. Unfortunately, some of these tumors are enor
mous and may fill the entire spinal canal from the 
conns m edullaris w ell down into the sacrum. R e
moval of the cholesterol m aterial that constitutes the 
bulk of the tumor is not difficult. These large tumors
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FIG U R E 27.5.
A large lumbar lipoma compressing the cauda equina and 
tethering the spinal cord is seen on sagittal MRI.

Arachnoid Cysts
Arachnoid cysts are functionally intradural-extra- 
m edullary tumors (43). They can be identified on 
MRI w ith accuracy now and should be operated on 
when loculated. Exposure is achieved as for any 
other tumor, and the dura is opened above and below 
the mass. Care should be taken not to open the cyst 
w hile opening the dura, or it may be very difficult to 
determine its margins and therefore to remove it to
tally. These cysts are usually elliptical masses clearly 
separable from the remainder of the subarachnoid 
space. Some can be dissected free virtually in their 
entirety as a tumor and removed. Most will he 
opened before this, and then the cyst disappears. For 
this reason it is very important to recognize its extent 
beforehand, mark it above and below, and then ex
cise all the cyst wall and associated arachnoid until 
the mass is gone. If any part of the cyst must be left 
behind, it seems to increase the risk of recurrent loc- 
ulation. In spite of the most extensive removals of 
this abnormal arachnoid, there is a tendency for re- 
loculation of CSF in the area. Therefore, it is impor
tant to be certain that CSF flow is reconstituted in an 
unimpeded fashion above and below , posteriorly and 
anteriorly around the denticulate ligament. Most of 
these arachnoid cysts occur in  the posterior region 
and are easily accessible. Cutting the denticulate lig
ament and opening the arachnoid anteriorly de
creases the risk that loculation can reoccur. The dura 
is then closed in a watertight fashion posteriorly and 
the wound closed in anatomical layers.

should be removed piecemeal after opening the dura 
to be certain that all of the noxious material is out. 
Copious irrigation is required after they are removed. 
The problem with these tumors is the adherence of 
the capsule to dura and the nerves in a manner that 
may be undefinable and inextricable. High magnifi
cation and a great deal of patience must be used to 
try carefully to separate the capsular material with 
adherent arachnoid from nerve roots. This may be an 
impossible job. It is particularly difficult in patients 
for whom previous attempts at surgery have failed. 
These are unusual tumors and should not be ap
proached by anyone who is not thoroughly skilled in 
their removal and willing to spend the long periods 
of time required in the tedious dissections. Even so, 
it may not be possible to cure these tumors.

With large epidermoid tumors I usually leave the 
dura open so that the tumor can grow into an ex
panded extradural space without recompressing 
nerve roots. This technique has resulted in long-term 
palliation and makes reoperation for evacuation of 
accumulated cholesterol crystals substantially easier. 
The remainder of the wound is closed in anatomical 
layers.

Intramedullary Tum ors
Typical intramedullary tumors are astrocytomas and 
ependymomas, w hich each make up nearly 50%  of 
intramedullary neoplasms. These tumors can be 
identified with great accuracy with MRI. Cystic com
ponents are seen. The extent and nature of the tumor 
can usually be determined with great accuracy.

There are some other intramedullary oddities that 
may occasionally be encountered. Granulomatous 
disease such as sarcoid, intramedullary schwan
noma, and inflammatory diseases may mimic these 
more common intramedullary tumors. Even acute 
multiple sclerosis may occasionally look like a tumor 
(32).

The surgery should be planned to be well above 
and below these tumors. I like to have an operative 
field two full segments above and two below when
ever possible and consider one segment above and 
below a necessity. The operations are carried out 
with the patient under general anesthesia and in the 
prone position. The skin incisions are marked appro
priately, and the midline incision is used univer
sally. A typical subperiosteal dissection of muscles 
from spinous processes and laminae is carried out
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and a lam inectomy is performed. In children, lami- 
noplasty is preferable to lam inectomy. If lam inec
tomy is used, posterior fusion should follow in the 
cervical region in children. Fusion is not usually re
quired in adults. Remember that both children and 
adults must be observed postoperatively for the de
velopment of the hyperextended sv\ran neck syn
drome.

Ultrasonography may be used to locate the tumor 
with accuracy once the lam inectom y is complete. 
The dura is then opened from above down in the 
midline, and dural retention sutures are used, either 
in suturing the dura back to the m uscle or using 
clamp-weighted retention sutures. Im maculate he- 
mostasis is required so that there is no bleeding to 
distract the surgeon and obscure the field during the 
operation.

From this point forward the operating m icroscope 
is used at high magnification. Identify the tumor, if 
possible, and verify its nature w ith a frozen section. 
Sometimes the tumor is w holly intram edullary and 
cannot be seen. In this case the expanded area of the 
cord is identified. Ultrasonography is useful to verify 
the area of the cord that is increased in size, partic
ularly if there is an associated cyst.

Usually the cord is opened in the m idline. I prefer 
very fine (No. 6—0 or 7—0) retention pial sutures to 
keep the cord open so that it is not traumatized by 
retraction. Begin in a convenient place where the 
cord is most abnormal and where it appears that the 
tumor is closest to the surface. Carry out a m idline 
myelotomy using a fine arachnoid knife and careful 
midline dissection. M icro-knives (Rosen) are good 
tools in the avascular plane. Then a biopsy specim en 
of the tumor can be taken. The astrocytomas are 
rarely encapsulated, usually infiltrative, and usually 
difficult to differentiate from spinal cord. They may 
have a pseudoencapsulated appearance and then can 
be removed. Ependymomas, by contrast, are w ell en
capsulated and usually separate relatively easily 
from surrounding cord. Since ependymomas can be 
cured by surgery and astrocytomas probably cannot, 
it is extremely important to determine w hich one is 
present. The other masses such as sarcoid or acute 
inflammatory processes generally do not need to be 
removed, but the biopsy analysis w ill verify their na
ture. Oddities such as schwannom a can be removed, 
as can hemangioblastoma.

M anagement o f High-Grade Astrocytoma
If the tumor is a high-grade astrocytoma, then the 
prognosis is virtually hopeless at present. No cure 
has yet been reported (32). However, to preserve 
function as long as possible, it is usually feasible to 
remove the bulk of the tumor. They tend to be soft, 
separable from the remainder of the cord, and re
movable by suction or ultrasonic dissection.

Another technique used is to carry out this re
moval in two stages. The first stage is simply midline 
myelotomy to the extrem ities of the tumor. The 
wound is then closed, leaving the dura open. The 
surgeon retm ns 7 to 10 days later, when it is usually 
possible to remove a great deal of tumor that has be
come exophytic through the long myelotomy. This 
w ill often palliate the neurological deficit. However, 
these tumors tend to spread rapidly, and death from 
intracranial extension is the rule. Radiation therapy 
is employed postoperatively, but its effect is uncer
tain.

Radical cordectom y going w ell above the tumor 
has been described. My lim ited experience with this 
technique in four patients has been disappointing. 
Three of the four died of intracranial tumor in less 
than 1 year. I no longer consider this a standard op
tion.

M anagem ent o f the Low-Grade Astrocytoma
Most low-grade tumors are not separable from the 
cord. The myelotomy should be large enough to ex
plore the tumor and determine whether it has a pseu
doencapsulated appearance. If it does, it may be pos
sible to separate tumor from cord using precise 
m icrosurgical techniques and to remove a substantial 
part of the mass. Cure is not probable. However, pal
liation may be obtained for the patient by the removal 
of a portion of a compressive mass. The attempt to 
remove tumor is terminated when separation from 
surrounding tissue becom es too difficult.

A ll of this removal is carried out using spinal 
evoked sensory potentials and motor stimulation. 
Substantial degradation of the responses may lead to 
cessation of the surgery as well.

W hen all that is possible has been accom plished, 
the operation must be terminated. If an excellent de
com pression has been obtained, it may be possible to 
close the dura primarily. However, it is more likely 
that a dural patch w ill be required. Dorsal fascia, fas
cia lata, or a dural substitute may be employed and 
should be circum ferentially sutured to the defect pre
cisely. In order to provide maximum decompression 
I often leave the dural retention sutures in place and 
suture the patch into the expanded dural pouch. 
Once this is accom plished, the wound is closed in 
anatom ical layers (13, 27, 29, 50, 51, 55).

Intramedullary Ependymoma
Treatment of ependymomas is quite different from 
that of the tumors just described. They can be cured 
surgically, and therefore radical surgery is warranted 
(Fig. 27.6) (15, 16, 24, 40, 54).

Exposure is performed as described for all other 
intramedullary tumors. Once the dura is opened and 
the nature of the tumor identified, its extent should 
be determined w ith accuracy using direct observa-
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FIG UR E 27.6.
Axial MRI demonstrating a well-circumscribed demarcated 
mass within the substance of the cord. Diagnosis: ependy
moma.

tion and ultrasonography. The myelotomy should ex
tend from top to bottom and a little beyond obvious 
tumor because there tend to be small tails of tumor 
going up and down the central canal. Again, pial re
tention sutures are used. The dissection of the over- 
lying cord from capsule can usually be done bluntly 
or with micro-knives. Blood vessels are coagulated 
on the tumor side as they are encountered and cut. I 
prefer to do most of this sharply to reduce the risk of 
trauma to the cord. Evoked potential and motor stim
ulation monitoring are used throughout and the tech
nique modified if changes in wave forms or respon- 
sivity occur. The tumor mass is gradually isolated 
from top to bottom and then laterally. It may be nec
essary to open into the tumor and reduce its bulk if 
the mass is a particularly large one. The cystic cavi
ties that commonly are associated with these tumors 
usually occur at the extremities, and we need not be 
concerned with them during the dissection of the 
main tumor mass. Remember that these tumors can 
spread in the subarachnoid space, so if the capsule 
is entered it is important to create dams above and 
below to prevent tumor spread. The tumors are dis

sected free circum ferentially. Blood vessels typically 
enter in the m idline anteriorly and should be coag
ulated as the tumor is removed. Be sure to follow the 
small extensions that go superiorly and inferiorly so 
that no tumor is left. If there is a substantial syrinx 
cavity, the wall should be analyzed by biopsy to be 
certain that it is not tumor. Usually there is no tumor 
in the wall of the cavity, but occasionally the cavity 
w ill have actually occurred w ithin the capsule of the 
tumor, and it is important to recognize this so that no 
tumor is left behind.

When the tumor is completely removed, hemosta- 
sis should be obtained without coagulating in the tu
mor bed. I do not resuture the cord because that may 
lead to postoperative syrinx formation. The dura is 
reconstituted in the midline; grafting is virtually 
never required. The wound then closed in anatomi
cal layers.

It should be kept in mind that these extensive lam
inectom ies in children may lead to a serious post
operative deformity. The surgeon has the option of 
carrying out the exposure and closure by means of 
lam inoplasty or postoperative fusion using a lateral 
technique. Either one is satisfactory (4). Details are 
provided elsewhere in this book.

Radiotherapy is com m only used for tumors in 
w hich removal is incom plete. The use of radiother
apy probably compounds the issue of bone deformity 
because it interferes with appropriate bone growth 
and maturation. It may also interfere with fusion 
healing. W hen the need for radiation is obvious, it is 
probably better to defer the fusion until after the 
course of radiation therapy (8, 21, 37, 56).

Hemangioma, Lipoma, and Other Unusual 
Intramedullary Tumors
Hemangiomas are handled almost exactly like ep
endymomas. The only difference is in their vascular
ity. An occasional ependymoma may be so vascular 
that it appears to be a hemangioblastoma or heman
gioma. The tumor should be dissected circumferen
tially without entering the capsule, coagulating and 
cutting the feeding blood vessels as encountered. 
Cure is probable.

Lipomas are quite different. They tend to be intra
medullary with exophytic masses outside the cord. 
Once their nature is identified and they are decom
pressed, they do not need to be removed. Elimination 
of the compression, tethering of the spinal cord by 
removal of the exophytic mass, and a dural graft are 
all that is required.

Occasionally other rare tumors may be encoun
tered. The intramedullary schwannoma has been 
mentioned. It is removed in exactly the same way 
that an ependymoma is approached. Intramedullary 
meningioma now has been reported. Because of the 
rarity of this tumor, no surgical rules have been es
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tablished, but it is probable that such a tumor would 
be treated in the same way as described for ependy
moma (32).

Congenital Anomalies of the Spine
There are four congenital anomalies that routinely 
require intradural exploration. The Arnold-Chiari 
malformation and attendant syringomyelia; diaste- 
matomyelia; the tethered cord syndrome; and the 
various forms of arteriovenous malformations (20, 
53).

Arnold-Chiari Malformation With 
and Without Syringomyelia
The Arnold-Chiari m alformation includes a congen
ital deformity of the hindbrain, herniation of the ton
sils below the level of the foramen magnum w ith cer- 
vicomedullary com pression, and com m only a cystic 
formation within the spinal cord called syringomy
elia. When symptomatic, the treatment includes de
compression and dural grafting (12, 17, 23, 25, 26,
38, 41).

Surgery for the Arnold-Chiari 
Malformation
These operations are carried out w ith the patient un
der general anesthesia and in the prone position with 
the head in skeletal fixation. A skin incision is made 
from the inion to the spine of C3 or C4, depending 
on the extent of the tonsillar herniation through the 
foramen magnum. Bones are exposed by t}rpical sub
periosteal dissection until the occipital bones are ex
posed from mastoid process to mastoid process. The 
arch of C l is exposed to a point just m edial to the 
vertebral arteries, and the spine and lam inae of C2 
are completely exposed to the zygapophyseal joints. 
In the rare case in w hich the tonsils are herniated far 
into the cervical cord, the exposure to one level be
low the lowest tonsil is required.

A laminectomy is then performed, removing the 
occipital bone first, then C l, and finally C2. This se
quence is usually required because the arch of C l 
may be under the rim  of the foramen magnum and 
very difficult to reach. I prefer to remove the posterior 
rim of the foramen magnum by high-speed drills and 
rongeurs. The arch of C l and C2 can usually be re
moved by rongeurs alone.

Once hem ostasis is adequate, the dura is opened 
in a Y-shaped incision beginning in the m idline just 
above C3, with the arms of the Y emanating from the 
foramen magnum upward. Remember that dural ve
nous anomalies are extrem ely com m on and venous

bleeding may be brisk here. It may be necessary to 
coagulate the edges thoroughly or even apply clips 
to obtain adequate hemostasis.

This w ill usually provide adequate decompres
sion. There is considerable disagreement among sur
geons about the extent of the decompression neces
sary. Some believe that all of the potential dural 
adhesions in the area should be sectioned surgically, 
whereas others do nothing with them. Some advocate 
exploration of the posterior fossa and even placem ent 
of a small pledget of m uscle in the obex to try to pre
vent CSF from entering the central canal; others omit 
this step. Some believe that a compressive tonsil 
should be removed. Others indicate that this is never 
necessary. The only rule to follow is that the cervi- 
com edullary junction must be decompressed, and it 
is important to do whatever is required for this.

Once this decom pression is satisfactory and it is 
clear that there is free com m unication from posterior 
fossa subarachnoid space into the same space in the 
cervical spine, closure can follow. A graft of fascia 
lata, cervical fascia, or dural substitute is formed as 
a triangle to fit the Y-shaped opening. It is then su
tured circum ferentially in a watertight fashion. Ob
taining a watertight closure is extremely important 
here. Otherwise a pseudom eningocele is likely to de
velop. Bony stabilization is usually not necessary, so 
the remainder of the closure is performed as in any 
typical cervical spine operation.

Syringomyelia
Management of the syrinx is a matter of considerable 
debate now (22, 34). The majority opinion seems to 
be to do nothing directly w hen an associated symp
tomatic Chiari m alformation has been appropriately 
decompressed. The supposition is that restoration of 
normal CSF dynamics around the foramen magnum 
w ill cause collapse of the syrinx. The weight of opin
ion favors this approach at present, but definitive 
data to support this opinion are still lacking. Other 
options are to open the syrinx and create a cyst sub
arachnoid shunt or to open the syrinx and create a 
shunt into another body cavity, usually the pleura.

Other syringomyelic cysts do not com m unicate 
with the fourth ventricle or are not associated with a 
Chiari m alformation and may require direct treat
ment. Furthermore, small tumors are sometimes as
sociated with large cysts, and it is very important to 
be certain of the nature of the cyst before deciding 
that a shunt alone is adequate.

W hen opening the cyst in a case in w hich shunting 
is required, the operation is performed as if for tumor 
removal, but in a m uch more lim ited way. Fortu
nately, MRI with gadolinium enhancem ent w ill iden
tify most tumors, so extensive decompressive lam i
nectom y for exploration is not required. I prefer to
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operate in the least critical area where the cyst is eas
ily accessible. A one-level laminectomy or even 
hemilaminectom)? is all that is required. The dura is 
then opened, preferably in the midline, and the pres
ence of the cyst is verified. I then make a very small 
incision into the cord through the midline raphe and 
enter the cyst. Do not allow the cyst to empty, or it 
may be difficult to get the shunts in place. Myelotomy 
above the denticulate ligament through the thinning 
that routinely occurs there is an option.

There are a variety of shunts that may be used. I 
currently use the commercially available lumbar 
shunt or T-tubes cut to size, without a valve and with 
multiple holes both inside the cyst and in the sub
arachnoid space. I place one interiorly in the cyst and 
one superiorly, bringing them out through the same 
midline incision. They should be sutured in position 
with a line suture attached to the pia or the arach
noid. The ends must extend well into the subarach
noid space if they are to function. It does no good to 
place them in the extra-arachnoid subdural space, 
where they will not flow for long. The dura is then 
closed in the midline and the wound closed in the 
usual fashion. If shunting to the pleura or the peri
toneum is required, the technique requires only 
slight modification. The same cystostomy is per
formed, but a single shunt tube is used, and it is 
placed such that the majority of the tube is in the 
dependent portion of the cyst. The catheter is then 
brought out and tunneled to the appropriate pleural 
or peritoneal space, and the remainder of the shunt 
completed.

Since most cases of syringomyelia occur in the 
higher thoracic or the cervical areas, the pleura is an 
easily accessible location for the shunt. A convenient 
space, usually in the posterior axillary line, is iden
tified well below the scapula. The pleura is exposed, 
and once the catheter has been tunneled from the 
midline to this incision, a small nick is made in the 
pleura and the catheter put into the space. It is usu
ally not possible to sutm’e the pleura, so the muscle 
should be gathered tightly around it, with the sutures 
being placed after the anesthesiologist has inflated 
the lung. Both wounds are then closed in anatomical 
layers. A chest film should be taken immediately af
ter surgery to be certain that no pneumothorax has 
occurred.

When the peritoneum is the choice for locating the 
shunt, it is usually necessary to turn the patient over. 
It is possible to do the posterior operation in the lat
eral position and then to tunnel around to the side, 
but I find it easier to do the first operation in the 
prone position, placing the catheter as described, and 
then closing the wound with the catheter buried in 
the subcutaneous space. The patient is then turned 
to the supine position, and the catheter can then be 
tunneled the remainder of the necessary distance and

placed in the peritoneum  through a typical subcostal 
incision.

Diastematomyelia
This unusual abnormality consists of a spike of bone 
or a band of heavy, fibrous tissue that divides the 
dura, usually connecting vertebral body with lami
nae in the m idline (Fig. 27.7). A number of anomalies 
can occur in diastematomyelia. There may be a tem
porary split in an otherwise normal cord, or there 
may be true diplomyelia, with separate divided cords 
and dural tubes below. MRI and CT scanning are ca
pable of identifying the nature of the anomaly with 
great accuracy (28).

The operation is carried out with the patient under 
general anesthesia and in the prone position. These 
anomalies occur almost exclusively in the thoracic 
region. A subperiosteal dissection of m uscles from 
spine and lam inae is carried out, and the location of 
the anomaly is identified by x-ray film. A lam inec
tomy to expose the dural tube one segment above and 
below the anomaly is required. From this point the 
course of the procedure depends on the nature of the 
anomaly. The typical abnormality is com pletely ex
tradural, with an intact dural tube surrounding it on 
both sides. The first step is to bring in  the operating 
m icroscope and com plete the remainder of the op
eration under high magnification, A high-speed drill 
is used to remove the bony spicule by drilling it

FIG U R E 27.7.
The typical sagittal spur ol diastematomyelia is seen
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down to the base. Once it is gone nothing further is 
required if that is the only abnormality. Occasionally 
the abnormality is truly intradural, in which case the 
dura must be opened above, on both sides, and below 
the anomaly so that it is completely exposed. It is 
then removed with high-speed drill, laser, or small 
fine rongeurs, depending on its nature. Occasionally 
a fibrous band can simply be cut anteriorly and pos
teriorly and removed.

Once the offending mass is removed, nothing else 
is required. If the dura is opened, it should be recon
stituted in a watertight fashion. When the mass has 
been purely extradural, nothing is required except 
anatomical closure of the wound.

Tethered Cord Syndrome
There are a number of anomalies in the lumbar region 
that produce traction on the spinal cord and neuro
logical symptoms. Patients typically present with 
back pain, leg pain, weakness and/or sensory loss in 
the legs, and dysfunction of bowel and bladder. Sex
ual function is often affected before either bowel or 
bladder abnormalities appear. The anomalies that 
produce this syndrome lie in a spectrum, beginning 
with simple enlargement and shortening of the filum 
terminale so that the spinal cord is in an abnormally 
low position and stretched by the tight filum to full 
lipomyelomeningocele. Most of the other intradural 
anomalies are related, and a single generic operation 
will suffice for all, with modifications according to 
what is found.

A clue to the nature of the abnormality is often 
seen from examination of the back. Birthmarks, hair 
patches, dimples, and small sinus tracks, frequently 
associated with subcutaneous lipomas, are seen. 
Three-dimensional CT scanning and MRI define 
these abnormalities exactly. The thickened, short
ened filum can often be seen, lipomas are identified, 
the rare associated dermoid is found, and the bony 
anomalies can be described exactly. The surgeon no 
longer has to explore, but usually knows exactly 
what to expect and can plan surgery definitively.

These operations are carried out with the patient 
under general anesthesia and in the prone position 
on an appropriate spinal frame or support. A midline 
incision is made that will expose the area to be re
paired. A subperiosteal dissection of muscles from 
spinous processes and laminae is then carried out, 
taking care not to enter the dura or injure a nerve root 
through a bony anomaly. Posterior decompression is 
required. Occasionally a patient’s spine will be un
stable enough to require fusion, but this is usually 
determined from the analysis of the bony anomaly 
prior to surgery.

If there is a subcutaneous lipoma, it should be re
moved. These anomalies often have tracks that go

down to the dura; these extensions should be fol
lowed and all extradural abnormal tissue removed. 
Do not compromise later skin closure by excessive 
tissue removal.

Then the dura is opened above the area of abnor
mality and followed down until the tract can be cir
cumscribed. Sometimes the roots are quite adherent 
posteriorly, and this must be taken into consideration 
in opening the dura.

Once the dura is opened a number of associated 
anomalies may be found. When the abnormality is a 
thickened, shortened filum terminale, all that is re
quired is to accurately identify the filum, stimulate it 
to be sure that it is not a nerve root, and then divide 
it. I prefer to coagulate the filum and take out a cen
timeter or so to prevent any possibility of readher
ence. When there is an associated intradural lipoma, 
the mass must be removed if it is compressive or teth
ering. Then, using exact microtechniques, the nerve 
roots must be dissected, at least partially, until the 
mass of tissue is adequately removed to untether the 
cord. The mass must be detached circumferentially 
so that no further tethering can occur. I usually iden
tify the filum and cut it. Sometimes the lipoma and 
the filum are all the same mass, in which case cutting 
the filum above and removing all possible lipoma is 
all that is required. There is no reason to try to re
move the lipoma totally because it will not grow, and 
the goal of the operation is untethering. Sometimes 
the lipoma and the cord are fused; radical removal is 
not necessary since untethering is accomplished.

The dura must be closed in a watertight fashion; 
if a patch is required it should be harvested or a dural 
substitute used. A generous patch reduces the risk of 
scarring retethering the cord. Watertight closure is 
important. Finally, the wound is reconstituted in an
atomical layers (28).

Dural Arteriovenous Fistulae and 
True Arteriovenous Malformations
The arteriovenous malformations involving the spi
nal cord are of three basic kinds. There is an intra- 
medullary type with multiple feeding arteries and 
veins, which is generally inextricable from the spinal 
cord and can only rarely be treated successfully. 
There is a related form of arteriovenous malformation 
that is largely extramedullary, though often com
pressing and invading the spinal cord; total removal 
of this type is possible. There is the dural fistula, 
which occurs at the root entry zone and is associated 
with symptoms secondary to increased venous pres
sure in the spinal cord. These can almost always be 
obliterated by simple blockade of the fistula (1).

MRI frequently provides a hint that the diagnosis 
is one of the forms of arteriovenous malformation.
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Myelography may be required to verify the diagnosis. 
In some patients it is im possible to be certain without 
spinal angiography, w hich is also needed to identify 
feeding vessels. A com bination of the three tech
niques usually defines the m alformation com pletely 
(2, 3, 5, 18, 31, 36, 57).

Dural Arteriovenous Fistula
The abnormalities usually occur at a single level 
identified by myelography. Most com m only they are 
treated by endovascular techniques, w hich are cu
rative in the majority.

W hen em bolization is not curative, it is possible 
to obliterate the fistula directly. Careful localization 
is required to be certain that the exposure is at the 
proper level. The incision need not be very large. 
Usually exposing only the segment to be removed is 
all that is required. A subperiosteal dissection of 
m uscles from spinous processes and lam inae is car
ried out with the patient in the prone position and 
under general anesthesia. A lam inectom y is per
formed at the level to be exposed, w ith enough bony 
removal above and below  to be certain that the whole 
fistula is reached. It is usually possible to find the 
feeding vessels intradurally and to ligate them, thus 
elim inating the increased venous pressure in  the 
cord. The fistula itself should be coagulated. If there 
is any question as to whether the whole fistula has 
been removed, the whole dura of the root exit area 
can be excised, and then it is certain that the fistula 
is gone. Thoracic roots can be sacrificed with im pu
nity when the vascular anatomy is known so that it 
is certain that in so doing you are not devascularizing 
the cord. Such radical removal is not possible in lum 
bar or cervical areas. The wound is then closed in 
anatomical layers after posterior dural closure.

The ExtrameduIIary Arteriovenous Malformation
Occasionally these large arteriovenous m alforma
tions are virtually outside the cord and markedly 
compressing it. They are then treated as any extra- 
medullary intradural tumor except that their extreme 
vascularity and high flow means that control of the 
feeding vessels is mandatory. Usually most, some, or 
all of these feeders w ill have been embolized previ
ously and the mass generally devascularized. Then it 
is straightforward to dissect it from the cord. To do 
so, it is necessary to carry out the typical lam inec
tomy exposure at least one segment above and below 
the mass. The dura is opened in the m idline and the 
mass exposed. Using high m agnification and careful 
m icrodissection, all residual feeding vessels are iden
tified, ligated, and cut. Then the mass is dissected 
free from underlying cord using fine m icro bipolar 
coagulation and sharp dissection. The separation 
must be precise, but it is usually not difficult, and the

mass can be removed in its entirety. This is curative. 
The dura is then closed, and anatomical reconstruc
tion of the wound is required.

The IntrameduIIary Arteriovenous Malformation
Operations on intramedullary arteriovenous malfor
mations are rare. They frequently can be at least par
tially devascularized by occlusion of feeding vessels, 
and operation is unlikely except when it appears to 
be an extramedullary mass. O ccasionally a patient 
w ith progressive neurological deficit cannot be 
treated in any way other than excision, and then a 
rare favorable mass may be excised directly. How
ever, for the most part it is not possible to cure these 
lesions surgically except at great risk. Occasionally 
treatment may require exposing one and actually li
gating feeding vessels that cannot be embolized ap
propriately. The operation is no different from that 
described for the dural fistula.

Transdural Removal of Herniated Disc
There are two indications for the transdural removal 
of a herniated disc. One is the extradural herniation 
that simply cannot be reached by an extradural ap
proach. These typically occur in the cervical and tho
racic regions. The other indication is the true trans
dural migration, w hich occurs characteristically in 
the lumbar region (39).

Usually MRI w ill define the pathologic process 
w ell enough that a dural exploration is anticipated 
prior to surgery. O ccasionally in the lumbar region 
the intradural nature of the mass w ill not be recog
nized on MRI and discovered only at surgery. All of 
these operations are carried out with the patient un
der general anesthesia and in the prone position.

Transdural Removal of Cervical Disc
Transdural removal of a cervical disc is required typ
ically when the disc is to be removed posteriorly be
cause of its largely unilateral nature and because it 
cannot be extracted from the epidural space. Obvi
ously, if  this situation is recognized in advance an 
operation via the anterior approach is preferable, but 
frequently in cases of unilateral disc herniation it is 
anticipated that the disc can be removed from the 
posterior approach and then it is found that the root 
cannot be m obilized enough to allow removal of the 
disc. Then a generous foraminotomy should be car
ried out in the typical fashion.

Enough of a lam inectom y is done above and below 
to allow a short dural incision; 5 or 6 mm may suffice, 
and 1 cm is usually more than enough. The dural 
incision is made vertically just medial to the exit of 
the root. The intradural exposure then continues.



CHAPTER 27: INTRADURAL LESIONS OF THE SPINE 5 6 3

The root is usually moved upward but sometimes 
might be depressed interiorly. It may be necessary to 
cut a denticulate ligament. I prefer to do all of this 
with the microscope at high magnification. This al
lows an excellent view of the anterior surface of the 
dura, and the disc fragment can be identified by di
rect vision and palpation. With the use of a fine knife, 
the anterior dura is incised directly over the fragment 
so that no bleeding will occur. It is usually possible 
to reach in with a fine forceps and extract the disc 
fragment as a single piece or in a few large pieces. 
Sometimes when the disc fragment cornes out some 
epidural bleeding occurs. This should be tam- 
ponaded immediately with a hemostatic agent. The 
anterior dura does not need to be repaired; the pos
terior dura is sutured in a watertight fashion, and the 
wound closed in anatomical layers.

Transdural Removal of the 
Thoracic Disc
Occasional a thoracic disc will present in the same 
way. Again, if it appears that the disc is too medially 
placed to be removed by the lateral approach or is 
intradural, then a transthoracic or costovertebral ap
proach is preferable. However, for many laterally 
placed discs a transpedicular approach is ideal, and 
in doing so occasionally a transdural herniation will 
be encountered or the disc will not be removable 
without opening the dura.

The spinous processes and laminae are exposed in 
the usual way. A high-speed drill is used to remove 
the joint, pedicle, and lateral portion of the laminae. 
This brings you down to the interspace. Be sure that 
you are at the right level with radiographic verifica
tion before removing the joint and pedicle. Usually 
at this point all that is required is to retract the dura 
slightly medially, incise the posterior ligament, and 
remove the disc, but occasionally the disc is so me
dially placed that it is not possible to carry out this 
maneuver. If so, then the dura should be opened ex
actly as described for the cervical disc; it is opened 
from root exit to root exit. The subarachnoid space is 
opened, and the microscope is used to identify the 
mass anteriorly. The dura is opened anteriorly using 
a small pointed knife so that the tip is visualized eas
ily, and then the herniated fragments are removed 
piecemeal with small disc rongeurs. Occasionally 
one of these masses is actually herniated intradur- 
ally, in which case it will be encountered as soon as 
the dura is opened. It should be extracted with great 
care to be certain that the large mass does not com 
promise the spinal cord by compression during the 
extraction. The anterior dura does not need to be re
paired. The posterior dura should be closed and then 
the wound closed in anatomical laj^ers.

Intradural Lumbar Disc Herniation
Rarely, a lumbar disc herniates intradurally, usually 
in patients who have undergone one previous oper
ation. MRI will generally reveal that the mass is in
tradural, so the operation can be planned beforehand 
as one different from the typical discectomy. When 
the intradural nature of the mass is not apparent, the 
traditional discectomy approach must be modified to 
allow transdural removal.

The operation is carried out by subperiosteal dis
section of muscles from spinous processes and lam
inae. A complete laminectomy is performed to allow 
exposure of the mass. The dura is opened either in 
the midline or to one side or the other, depending on 
the location of the mass. It is best not to attempt this 
operation through a small incision. In my experience 
the roots are intimately adherent to the disc mass and 
you need room to manipulate the nerve roots and free 
them using microtechniques.

Once the dura is opened, the disc is usually seen 
immediately. Using a microscope, each individual 
nerve root is freed from the disc and then gradually 
teased out of the subarachnoid space. If the mass has 
been within the dura for a while, its adherence is 
likely to be substantial.

Once the disc fragment is out, the hole in the lig
ament in the adherent dura is usually easily seen. An 
experienced intradural surgeon can remove the re
mainder of the degenerated disc through this ap
proach. However, for most others it is better to go 
back to the extradural space and remove any residual 
degenerated disc in the usual way. There is a great 
propensity for more disc herniation to occur through 
this hole, so it is important to remove all degenerated 
disc material possible, even if it requires a bilateral 
incision in the ligament and disc removal.

There is no reason to try to repair the dura ante
riorly, but if the hole is large, I harvest a small piece 
of fat and slide it into the interspace to occlude the 
hole. Then the dura is closed posteriorly and the 
wound reconstituted in anatomical layers.

Intraneural Disc Herniation
A real oddity that I have encountered on a few oc
casions is that of a transdural herniation actually oc
curring within the nerve root. Typically the situation 
is recognized after the interspace is carefully identi
fied and no mass can be found. Usually the disc mass 
is hard and can be easily felt, but no amount of root 
manipulation demonstrates a disc fragment to be re
moved. Usually the surgeon then thinks that a nerve 
tumor has been encountered. In order to verify this, 
it is necessary to incise the dura over the palpable 
mass. This is done longitudinally so that rootlets are 
not injured. Then, under high magnification, the
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rootlets are dissected free and the mass w ithin the 
nerve is examined. Its nature as disc or tumor usually 
becom es apparent, and a decision can then be made 
about how to treat it. If it proves to be a tumor, it 
should be managed in the same way as described for 
schwannoma or neurofibroma. However, occasion
ally these intraneural masses w ill be discs. In that 
case, the incision  is extended until it goes beyond the 
disc, and the disc fragment is teased out carefully, 
with the dissection of nerve rootlets m aintained so 
that none are injured. Then the dura can be closed in 
the root sheath in a watertight fashion and the re
mainder of the operation continued as with any disc 
removal.

Unusual Approaches to 
Intradural Tum ors
Most intradural tumors are approached by the direct 
posterior route, though occasionally an unusual ap
proach is required, most com m only at the cervico- 
medullary junction. Intramedullary meningiomas 
and schwannomas located directly in front of the cer- 
vicom edullary junction, for example, may be diffi
cult to expose by a direct posterior approach. In this 
case a far lateral approach w ith unilateral removal of 
the C1-C2 and C l-occip ital articulations may be re
quired.

Even more unusual is the direct anterior transoral 
approach to such a lesion. The descriptions of these 
unusual operations are included elsewhere in the lit
erature. The transoral operation provides excellent 
access to the cervicom edullary junction and requires 
removal of only the anterior arch of C l, the odontoid 
process, and occasionally the lower third of the cli- 
vus. The issue is obtaining a watertight closure, for 
it may be very difficult or im possible to close the 
dura. Packing w ith fat and m eticulous closure of the 
oropharynx coupled w ith spinal drainage w ill usu
ally prevent CSF leak, but infection remains a serious 
issue (9, 45, 52).

What to Do When the Dura Is 
Inadvertently Opened
An unexpected laceration of the dura during extra
dural surgery is not uncommon. The loss of spinal 
fluid may reduce tamponade and lead to excessive 
extradural bleeding, but usually the dural tear does 
not reduce the quality of the outcome of surgery. To 
be certain that this is the case, it is necessary to un
derstand how these openings can be treated. The typ
ical abnormality is just a small pinhole with a patch 
of arachnoid through it. A single fine suture (No. 4 -
0 or smaller) suffices to close the defect. If the lacer
ation is larger, it may require several stitches. The

important thing is to remove bone until the entire 
laceration can be visualized, and then to close the 
margins of the dural tear carefully with fine sutures. 
Be certain that no nerve roots are adherent around 
the laceration so that the nerve roots are not incor
porated into the closure. Nerve roots tend to pouch 
through the defect and may have to be held in place 
w ith small cottonoid pledgets. A watertight closure 
should be obtained. Som etim es the laceration is in a 
place that simply cannot be sutured well. This is par
ticularly true w ith reoperations or when the lacera
tion is around the nerve root. Posteriorly placed lac
erations or defects can be closed by sewing a small 
graft of fascia or a small pledget of m uscle or fat over 
the hole. Som etim es w hen the laceration is on the 
root sheath, attempting to close the dural defect may 
compromise the root. In this case, packing with fat 
or m uscle is an acceptable alternative. Closing or 
packing should be adequate to allow the anesthesi
ologist to increase intrathoracic pressure dramati
cally without evidence of CSF leak.

W hen the CSF space has been entered, it is im
portant to reconstitute CSF volume by the injection 
of saline to recreate the tamponade in the epidural 
space. Special care must be taken to close the wound 
solidly so that a pseudom eningocele or cutaneous 
leak cannot occur.

Conclusions
Most spinal surgery is extradural only, and only few 
procedures require intradural exploration. It is im
portant to understand that the techniques required 
for intradural surgery are very different from those 
used when the' operation is extradural only. Extra
dural operations require that the surgical techniques 
be directed toward bone removal or reconstruction, 
whereas intradural techniques focus on the exposed 
nervous system. The difference between nerve roots 
covered by CSF and dura and those that are exposed 
is very important. Intradural procedures should be 
carried out by surgeons who have been trained to 
handle nervous tissue and are familiar with both the 
anatomy and the function of intradural surgery. Most 
intradural surgery is straightforward and can be 
planned w ell in advance; w ith modern imaging tech
niques, the diagnosis is nearly always known before
hand. However, there is still an occasional need for 
an unplanned intradural exploration in the course of 
an operation that was envisioned as extradural only. 
The spine surgery team needs a member skilled in 
intradural surgery as an integral part of its function.
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CHAPTER TW ENTY EIGHT

Spinal Infections
Bradford L. Currier

Introduction
Advances in radiology, infectious disease, and sur
gery during the past few decades have dramatically 
improved the prognosis of patients afflicted writh spi
nal infections. Before the advent of antibiotics, the 
mortality rate of patients w ith a neurologic deficit 
from tuberculous spondylitis was close to 60%  (20). 
W ith current treatment regimens the rate should be 
less than 5%  (3, 157). Despite this encouraging sta
tistic, spinal infections can still have devastating 
consequences, and they deserve great respect.

Spinal infections may be classified by the histo
logic response of the host, the cause or anatomic site 
of the infection, and the age of the patient. This chap
ter covers each of these variations and highlights the 
differences in evaluation, management, and progno
sis. Most bacteria induce a pyogenic histologic reac
tion in the host, an,d this accounts for the majority of 
infections encountered in the developed countries. 
Mycobacterium, Brucella, fungi, and syphilis cause a 
granulomatous response and are more commonly re
sponsible for disease in the lesser-developed coun
tries and in immunocompromised hosts.

Pyogenic Infections

Iatrogenic Infections

Epidemiology and Etiology
The incidence of postoperative infection varies with 
the procedure. The rate for a simple lumbar discec-

tomy performed with prophylactic antibiotics is ap
proximately 0.7%  (60, 123, 160, 220). In one series, 
microdiscectomy was found to be complicated by in
fection in 1.4%  of cases, in comparison with 0.5%  
for a standard discectomy (257). In a prospective 
study of 412 cases of lumbar microdiscectomy, cul
tures from the cover of the microscope were positive 
in 12, suggesting that contamination from the micro
scope may be to blame (268).

Horwitz found that when the discectomy was ac
companied by a fusion procedure the infection rate 
rose from 0.6%  to 6.2%  (123). Scoliosis fusions per
formed without hardware had a rate of 2%  (161). In
strumentation increased the rate to around 6%  (161). 
The rate varied from zero to 12.9%  in different series 
(1, 6, 17, 63, 98, 161, 260, 286).

Esophageal perforation can occur during exposure 
of the spine by a retractor or other instrument. If the 
complication is recognized and treated appropri
ately, infection may be avoided. Unrecognized cases 
of esophageal perforation, on the other hand, may 
cause life-threatening mediastinitis (274). Rupture of 
the esophagus with subsequent infection can also be 
caused by a cervical spine fracture or from the sharp 
edge of a bone graft (145, 214, 287). Not only can 
instrumentation act as a foreign body, but also hard
ware fixed to the cervical spine anteriorly can erode 
the wall of the esophagus and cause an infection 
(148, 199, 250).

Certain subgroups of patients are prone to devel
oping infections. In Lonstein’s series, the infection 
rate in spinal dysraphics was 57%  (161). In another
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series, the infection rate in m yelodysplasia was 
7.9% , 2.5%  in cerebral palsy, and 1.4%  in idiopathic 
scoliosis (267).

The rate of infection com plicating percutaneous 
procedures is low but not insignificant. In 24 of 135,
000 patients undergoing chem onucleolysis, infection 
was reported to have developed (200). Infection oc
curred in two of 31 patients who underwent cervical 
discography. In one of the patients, an epidural ab
scess developed that led to quadriplegia (38). Trans- 
feldt and others reviewed 7769 spinal procedures 
performed during a 32-year period (267). The overall 
infection rate was 2 .5% . They found that the rate was 
higher in posterior procedures (2.6% ) than in oper
ations performed anteriorly (0.9% ). The rate was
1.5%  for patients younger than 20 years of age and 
2.7%  for patients older than 20 years. The rate was 
higher in revision surgery (6.8% ) and in cases re
quiring preoperative traction. Faciszew ski and others 
confirmed the low rate of infection (0.6% ) com pli
cating anterior spinal fusions (64).

M ethyl methacrylate, used to enhance spinal sta
bility, may increase the infection rate (56, 172). 
M ethyl m ethacrylate decreases chem otaxis of poly
morphonuclear leukocytes and impairs the ability of 
leukocytes to phagocytose and kill bacteria (208, 
209).

Late infection of spinal instrumentation can occur 
by hematogenous seeding. Heggeness and others de
scribed six cases in which an infection occurred at 
least 10 months postoperatively (110). In five of the 
six cases, a distant focus of infection was identified. 
Ten additional cases of delayed infection after pos
terior spinal instrumentation have been reported 
(226). The authors believed that some delayed infec
tions occur from intraoperative seeding and remain 
indolent for months to years. Several host risk factors 
for postoperative infection have been identified. 
Some factors, such as increasing age, steroid therapy, 
and immunosuppression, cannot be controlled (197, 
211). Factors that can be controlled include malnu
trition, morbid obesity, concurrent remote infection, 
cigarette smoking, and poorly controlled diabetes 
(4 4 ,1 8 9 ,1 9 8 , 211, 212, 255, 265). Whenever possible, 
preoperative hospitalization should be kept to a min
imum. Cruse and Foord found that the infection rate 
doubled for each additional week that patients were 
hospitalized before surgery (44).

The surgical team can decrease contamination of 
the wound by following the guidelines presented by 
Polk and colleagues (212). Traffic and conversation 
in the operating room should be kept to a minimum. 
The operating room doors should be kept closed at 
all times. Room air should be filtered and exchanged  
25 times per hour. Two pairs of gloves, shoe covers, 
and properly fitted head covers and masks sho’ Id be

worn. The patient’s skin should be prepared with a 
technique proved to decrease bacterial counts. Dur
ing the procedure, the surgeon can control other local 
factors that influence the rate of infection by follow
ing basic surgical principles. Tissues should be han
dled gently and the wound edges debrided at the con
clusion of the case. Unnecessary delays should not 
be allowed to lengthen the case. Self-retaining retrac
tors should be periodically released to allow ade
quate perfusion of the muscles (286). Hematoma for
mation should be avoided by careful hemostasis, 
layered wound closure, and, if drains are used, the 
use of a closed-suction system.

Microbiology and Prophylactic Antibiotics
Staphylococcus aureus is the most frequently iso
lated organism in postoperative infections. In one se
ries of 22 spinal infections, more than 50%  of the 
cases were caused by S. aureus (170). Gram-negative 
organisms were cultured from 40%  of the wounds 
and multiple organisms were cultured in 59%  of the 
cases. In some cases of presumed postoperative dis- 
citis, cultures of specimens from the disc space have 
negative results despite increased erythrocyte sedi
mentation rate (ESR) and C-reactive protein (CRP) 
values and histologic findings consistent with infec
tion. These cases may be caused by slow-growing or 
low-virulence organisms (76). “Aseptic” or “chemi
cal” discitis may also occur after spine surgery. In 
these cases the clinical and radiographic findings are 
similar, but the histology is characterized by dense 
fibrotic changes rather than inflammation. The ESR 
and CRP values are generally lower than expected for 
a “septic” discitis (76). Prophylactic use of antibiot
ics substantially decreases the rate of infection. Hor- 
witz reported that the rate of infection after discec- 
tomy decreased from 9.3%  to 1% when antibiotics 
were given prophylactically (123). In another series 
the rate was found to decrease from 6% to none with 
antibiotics (132). The timing of administration of 
the drugs is important. In Horwitz’s series, when 
the antibiotics were given preoperatively, the infec
tion rate was 0 .6% , in comparison with 2.7%  when 
they were administered after the procedure (123). 
Animal studies confirm that antibiotics are most ef
fective when given before inoculation of the wound 
(27).

Some surgeons use antibiotics prophylactically for 
all spine cases; others reserve the use of antibiotics 
for cases involving instrumentation, immunocom
promised hosts, and other high-risk situations (164, 
213). Additional doses of drug should be given dur
ing long cases, though the appropriate duration of 
prophylaxis is controversial. The drugs could prob
ably be stopped after the first dose or two, but many 
surgeons prefer to continue antibiotic therapy until



CHAPTER 28: SPINAL INFECTIONS 5 6 9

the drains have been removed. Clearly antibiotics 
should not be continued for more than 48 hours post- 
operatively (71, 164, 198). The choice of antibiotic is 
based on many factors, including spectrum of activ
ity, side effects, cost, and pharm acokinetics. Host fac
tors must also be considered, such as preoperative 
hospitalization, exposure to antibiotics, remote in 
fections, and compromise of the immune system.

Clinical Presentation 

WOUND INFECTIONS

Wound infections may be classified as superficial or 
deep. A superficial infection is characterized by pain 
and tenderness and the typical signs of infection: er
ythema, fiuctuance, swelling, drainage, and fever. By 
definition, the infection is located superficial to the 
deep fascia. The infection may track below the fascia 
as well, and such extension of the process should be 
sought at the time of wound exploration (89).

Deep wound infections are more insidious than 
superficial infections. Progressive back pain out of 
proportion to the expected postoperative course may 
be the only symptom. The average time between op
eration and diagnosis of the infection is 11 days 
(range, 7 to 16 days) (132). The wound frequently ap
pears com pletely normal (89). Patients w ith deep in 
fections are generally febrile, and the temperature is 
typically higher than that seen with superficial infec
tions (89).

DISCITIS

Patients with postoperative discitis generally follow 
a benign course in the first week or so after surgery. 
They typically note initial improvement in leg pain 
and complain of a normal degree of incisional back 
pain. In the ensuing weeks or months they complain 
of increasing back pain and may have a recurrence 
of leg pain. Occasionally they may complain of fe
vers, chills, and night sweats, and rarely, if the infec
tion progresses to an epidural abscess, they may note 
weakness and bowel and bladder dysfunction. The 
most constant and striking complaint is back pain 
that is out of proportion to the expected postopera
tive time course or the findings on examination.

Paralumbar spasm is the most common finding on 
physical examination. The spine wound generally 
appears benign. Scoliosis secondary to spasm may be 
present, and patients may complain of increased 
back pain with a straight-leg-raising test. If a new  
neurologic deficit is present, an epidural abscess (dis
cussed later) should be considered and eliminated 
with a magnetic resonance imaging (MRI) study per
formed emergently.

Diagnostic Evaluation

LABORATORY TESTS

The ESR and CRP value are normally increased in 
the early postoperative period after uncom plicated 
procedures. In one prospective study (Fig. 28.1), the 
CRP level was normal preoperatively (less than 10 
mg/L) and reached a peak on the second day after 
m icrodiscectom y (46 ±  21 mg/L) and anterior fusion 
(70 ±  23 mg/L) and the third day after conventional 
discectom y (92 ±  47 mg/L) and posterolateral fusion 
(173 ±  39 mg/L) (266). The CRP levels returned to 
norm al 5 to 14 days after surgery. The ESR reached 
a peak level 5 days postoperatively and declined 
slowly and irregularly. The ESR was still increased 
in some patients 21 to 42 days after surgery. In an
other study the mean ESR reached peak levels 4 days 
after surgery and was higher for after fusions (102 
mm/h) than after disc surgery (75 mm/h) (128). The 
values normalized in the m ajority of patients 2 weeks 
postoperatively. The peak levels were lower in a sep
arate study (mean ESR 25 mm/h and mean CRP 2.4 
mg/L) of patients undergoing discectomy, but the 
time course for the peak values was similar (243). 
Patients with postoperative discitis or deep infection 
typically have elevations of ESR and CRP values that 
are greater than expected (16, 128, 220, 243). An in
creasing value for CRP or ESR after 3 or 5 days, re
spectively, is highly suggestive of infection. The 
white blood cell count is generally unremarkable but 
may be increased, especially in deep wound infec
tions (89).

A positive result of Gram stain or culture is diag
nostic of infection. Patients with presumed disc- 
space infections should undergo a biopsy exam ina
tion (discussed later) before treatment. If a deep 
wound infection is suspected, aspiration of the 
wound under strictly sterile conditions is recom 
mended. After a surgical preparation of the wound, 
a spinal needle can be advanced down to bone (or 
hardware) and aspirated. If the tap was dry, a new 
needle can be inserted in another quadrant of 
the wound and the procedure repeated until fluid 
is obtained for analysis. If all four quadrants of 
the wound produce dry aspirates, the exam ination 
is considered to have a negative result. If signs of 
superficial infection are present, the deep aspira
tion is not performed until the superficial space is 
clean, because the needle may contaminate the 
deep space.

It is not necessary to obtain specimens for cultures 
of a draining wound before taking the patient to the 
operating room if antibiotics can be withheld until 
after surgery. Exploration and debridement of the 
wound should be performed urgently, and tissue 
samples for cultures can be obtained at surgery.
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Conventional lumbar discectomy (n=l4)
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FIGURE 28.1.
Graphs showing the serial mean values of CRP and ESR before and after four types of uncomplicated spinal operations. 
(From Thelander U, Larsson S. Quantitation of C-reactive protein and erythrocyte sedimentation rate after spinal surgery. 
Spine 1992;17:400-404.)

IM AG ING  STUDIES

Plain roentgenograms, computed tomography (CT), 
and MRI and radionuclide scans all have a role in  the 
diagnosis of discitis and are discussed in the follow 
ing section on hematogenous osteom yelitis and 
disc-space infections, because the findings are sim i
lar. MRI scans may be misleading in the early 
postoperative period. Gadolinium enhancem ent of 
the endplates, a finding consistent w ith infection in 
unoperated cases, is present in  nearly 20%  of cases 
at the level operated on following lumbar discectom y 
(95). Imaging studies are not generally helpful in the 
diagnosis of wound infections, and treatment should 
not be delayed w hile waiting for these studies to be 
performed.

M anagement 

W OUND INFECTION

Treatm ent of a wound infection m ust be aggressive. 
The patient should be taken to surgery without un
due delay and the wound should be opened and ex
plored. If the infection is superficial, the deep fascia 
should be left intact; samples of the subcuta eous

tissues should be cultm ed and the tissues should be 
copiously irrigated and debrided. The fascia is then 
inspected for any signs of com m unication between 
the layers. If the fascia is intact and the patient does 
not have signs of septicem ia, some authors recom 
mend leaving the fascia closed and draining the su
perficial space only. The subfascial plane can be as
pirated and left undisturbed if  the tap is negative 
(89). Other authors claim  that it is necessary to open 
and debride (one layer at a time) the wound down to 
the bone in all cases (170). A ll devitalized tissue 
should be removed from the wound. Bone graft that 
is loosened by the irrigation or grossly infected and 
cortical pieces of bone that have not becom e incor
porated yet should be removed. It is not necessary or 
desirable to remove all of the bone graft, because 
achieving a solid fusion helps to resolve the infection 
(82, 89, 132, 161). Likewise, the hardware should be 
left in place unless it has failed (82, 8 9 ,1 3 2 ,1 6 1 ,1 8 7 , 
265). M ultiple debridements may be required to con
trol the infection.

The technique and timing of wound closure are 
based on the nature of the infection, host risk factors, 
clin ical response, and appearance of the wound. The
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options include: (a] wound closure over large drains 
in each layer, (b) closure over suction-irrigation 
tubes, fc j open packing writh delayed closure, and [d] 
open packing w ith healing by secondary intention. 
Thalgott and colleagues developed a classification 
scheme and protocol for managing postoperative in 
fections in patients w ith spinal im plants (265). The 
system is based on the adult osteom yelitis classifi
cation of Cierny and Mader [33). They stage each case 
on the basis of two variables: severity of the infection 
and host response or physiologic class (Table 28.1). 
They found that 12 of 13 patients with a group 1 in
fection were successfully managed with a single ir
rigation and debridement with closrue over suction 
drains. The 16 patients with group 2 infections re
quired an average of three irrigation-debridement 
procedures. A ll eight of the patients managed with 
closed suction-irrigation healed, whereas in six of 
eight patients whose wounds were closed over drains 
the initial closure attempt failed. Only two patients 
were in group 3, and both had a poor result. Flap 
coverage of the wound was required in both cases. 
To aid in the management of these severe infections 
as well as in selected group 2 cases, hyperalim enta
tion is recommended (265).

The suction-irrigation system recom m ended by 
Thalgott and colleagues includes a single Jackson- 
Pratt drain for inflow and a single Hemovac drain for 
outflow. The irrigation solution is 500 mg vancom y
cin and 1000 U of heparin in 1 L of isotonic saline, 
running continuously at 125 mL/h. The system is 
continued for 3 to 4 days and then converted to suc
tion; the drains are removed on the sixth day (265). 
My colleagues and I do not use suction-irrigation as 
frequently now as we did in the past and have found 
that the majority of postoperative infections can be 
managed w ith one or more debridements and closure 
over suction drains. W hen suction-irrigation is used, 
we use normal saline without antibiotics. We do not

TABLE 28 .1 .
Clinical Staging System for Spinal Wound Infections
Group A n a to m ic  Type

1 Single organism (superficial or deep)
2 M ultip le organism (deep)
3 M ultip le organism w ith myonecrosis

Class H ost Response

A Normal
B Local or m ultiple systemic disease

(cigarette smoking)
C Im munocompromised (ISS 18)

ISS = injury severity score.
From Thalgott |S, Cotier HB, Sasso RC, at al. Postoperative infections 

in spinal implants: classification and analysis. Spine 1991 ;16:981- 
984.

have any experience w ith vancom ycin and heparin 
irrigation but caution against using neom ycin and 
other antibiotic solutions that are readily absorbed, 
because system ic toxicity may occur (Hanssen A, 
personal com m unication, 1994).

Glassman and colleagues recommend the use of 
antibiotic impregnated beads in com bination with 
serial debridement and system ic antibiotics (92). 
Heller noted that the spine is a highly vascular region 
and that antibiotic concentrations in seroma fluid are 
sim ilar to serum levels when the drugs are adm inis
tered intravenously (Heller JG, personal com m uni
cation, 1995). He contended that antibiotic beads are 
unnecessary and that their use requires the addi
tional procedure of removing them.

The keys to successful treatment are early aggres
sive irrigation-debridement in association with ap
propriate antibiotic therapy (directed by an infec
tious disease specialist) and close attention to 
nutrition and m edical management. The principles 
of wound closure that we follow are to obliterate 
dead space, to use interrupted nonabsorbable sutures 
in the fascia, and to use large retention sutures in the 
skin and paraspinous muscle. Sutures should be left 
in the skin for a m inim um  of 3 weeks.

Several authors have been successful in managing 
refractory wound infections associated with soft-tis- 
sue defects by using m uscle flaps for coverage (77,
141, 265).

DISCITIS

The management of postoperative discitis is the same 
as for hematogenous osteom yelitis (discussed in the 
next section).

Prognosis
The prognosis of a patient treated for postoperative 
infection is based on the nature of the infection, the 
health of the host, and the adequacy of treatment. In 
one series of 22 infections, five cases required reop- 
eration and ten cases were allowed to heal by sec
ondary intention, but all wounds eventually healed 
(170). There were no deaths, chronic drainage, or os
teom yelitis. In the series of Thalgott and colleagues 
(Table 28.1), all patients in group 1 achieved fusion 
and had a good result (265). The average hospital stay 
was 14 days, and the average hospital cost was $42,
000. Patients in group 2 averaged 51.6 days in the 
hospital, and the average cost was $128,000. One pa
tient succum bed to the infection, and three died of 
underlying conditions. Seventy-five percent of the 
surviving patients had a good clinical result, and 
25%  had a pseudarthrosis. The two patients in group
3 had poor results. One achieved a solid fusion but 
had persistent drainage for 1 year, requiring hard
ware removal. The other required an anterior graft for
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total resorption of the posterior bone graft. In Stam- 
bough and Beringer’s series, three of 11 patients with 
deep spinal infections required hardware removal, 
whereas the hardware was retained in all four super
ficial spinal infections and all four iliac crest infec
tions (255). Seventeen of 18 arthrodeses fused, and 
all but one infection eventually resolved.

Hematogenous Vertebral 
Osteomyelitis and 
Disc-Space Infection

Epidemiology and Etiology
The incidence of pyogenic vertebral osteom yelitis is 
increasing (36, 258). This observation may be the re
sult of the increasing prevalence of elderly and im 
munocompromised individuals in the population. In 
one series nearly 40%  of the cases involved immu- 
nosuppressed patients. Vertebral osteom yelitis rep
resents 2 to 7% of all cases of osteom yelitis (3 1 ,1 4 6 ,
221, 230, 280, 289). The disease affects people of all 
ages and both sexes, but it has a predilection for e l
derly men (18, 238). Immunocompromised hosts, es
pecially diabetics, are particularly susceptible to the 
development of vertebral osteom yelitis (18, 84, 238, 
258). Young patients who are intravenous drug abus
ers or seropositive for human im m unodeficiency vi
rus (HIV) are more susceptible to infection and rep
resent a growing subgroup of patients with vertebral 
osteomyelitis (108 ,194). Any condition that causes a 
bacterem ia can lead to hematogenous vertebral os
teomyelitis. Urinary tract infections and bacterem ia 
secondary to genitourinary procedures are the most 
frequent causes. Soft-tissue and respiratory tract in 
fections and intravenous drug abuse represent other 
common sources of spine infections (238, 239).

Microbiology
In the preantibiotic era, S. aureus was the causative 
organism in  almost every case of vertebral osteomy
elitis (107). Since the introduction of antibiotics, 
there has been an increase in infections caused by 
Gram-negative bacilli and low -virulence organisms 
such as diphtheroids and coagulase-negative staph
ylococci (242). S. aureus now accounts for about 50%  
of all spine infections (238). The most frequently iso
lated Gram-negative organisms are Pseudomonas, 
Escherichia coli, and Proteus species, w hich are com 
mon sources of urinary tract infections (79, 84, 88, 
225). Pseudomonas aeruginosa is frequently identi
fied as the pathogen in heroin abusers (154, 239, 288). 
Anaerobic infection is uncommon and is generally 
associated with open fractures, infected wounds, for
eign bodies, human bites, or diabetes (126, 238). Sal
monella osteom yelitis is rarely encountered and has

a tendency to infect sites of preexisting disease (32,
237).

Pathogenesis
The pathogenesis of adult vertebral osteomyelitis 
and disc-space infection is the same as that described 
in a later section on pediatric discitis. The different 
clin ical m anifestations result from the anatom ic 
changes associated w ith aging. The cartilaginous ca
nals in the vertebral endplates of children allow m i
croorganisms nearly direct access to the disc (Fig. 
28.2) (284). In adults an infection of the disc space 
may result from inoculation of the nucleus pulposus 
by surgery, chem onucleolysis, or discography, but 
spontaneous infection of the disc is unlikely to occur 
(91, 134, 256). Segmentation of sclerotom es during 
development leads to the vascular arrangement of a 
single artery supplying two adjacent vertebral bod
ies. W iley and Trueta demonstrated that bacteria 
could gain access to the metaphyseal region of adja
cent vertebrae through these arteries and cause infec
tion (290). Because the clin ical m anifestations and 
treatment of septic discitis and vertebral osteom yeli
tis are sim ilar, it is best to consider these conditions 
as part of a spectrum of disease rather than as distinct 
clin ical entities.

Parke and associates demonstrated the peculiar

FIGURE 28.2.
Sagittally sectioned human fetal specimen (26 weeks ges
tation), injected, cleared, and transilluminated, shows car
tilage canals and absence of vessels in nucleus pulposus. 
A. cartilage canal, B. nucleus pulposus, C. hyaline cartilage 
end plate, D. ossified vertebral body XIO. (From Whalen 
JL, Parke WW, Mazur JM, Stauffer ES: The intrinsic vas
culature of developing vertebral end plates and its nutritive 
significance to the intervertebral discs. J Pediatr Orthop 
1985;5:403-410.)
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blood supply of the upper cervical spine (207). The 
odontoid process is surrounded by a rich venous 
plexus that has lymphovenous anastomoses with the 
posterior superior nasopharynx. It is postulated that 
the plexus is responsible for hematogenous infec
tions of the upper cervical spine, including G risel’s 
syndrome. Grisel’s syndrome refers to nontraumatic 
atlantoaxial subluxation secondary to ligamentous 
laxity induced by peripharyngeal inflammatory con
ditions.

The pathogenesis of neurologic compromise as
sociated with vertebral osteom yelitis may be related 
to direct com pression by bone or disc, from spinal 
instability and deformity or by epidural pus and 
granulation tissue. The neural tissue may also sustain 
ischemic damage from septic thrombosis or be im 
paired by inflammatory infiltration of the dura (134, 
146, 238).

Clinical Presentation
The presentation may be acute, subacute, or chronic, 
depending on the host’s resistance and the organ
ism’s virulence (134, 146). Before antibiotics were 
available, two-thirds of patients presented with acute 
osteomyelitis with signs of severe toxem ia (107). A 
literature review in 1979 indicated that 50%  of the 
patients had symptoms for more than 3 months b e
fore presentation, and only 20%  had symptoms for 
less than 3 weeks before seeking help (238).

The most common com plaint of patients w ith pyo
genic spine infection is back or neck pain; only about 
50% overall have a fever (238). Subacute or chronic 
infections often have an insidious onset. Vague back 
pain may be the only symptom, especially when the 
infection is caused by a low -virulence organism 
(242). Patients w ith acute infection have a more strik
ing presentation, w ith fever, local spine pain, severe 
spasm, and lim ited spinal motion. Patients w ith cer
vical disease may have torticollis, and those with 
lumbar involvement may have a hip flexion contrac
ture from psoas m uscle irritation, loss of lumbar lor
dosis, and hamstring tightness (279, 294). The patient 
may be reluctant to bear weight and the straight-leg- 
raising test may be positive. Atypical symptoms such 
as meningeal irritation and pain in the chest, abdo
men, hip, or leg occur in approximately 15%  of cases 
(219, 238, 258).

Vertebral osteom yelitis occurs most commonly in 
the lumbar spine. In a review of the literature, 48%  
of the cases were found to have been located in the 
lumbar area, 35%  in the thoracic spine, and only 
6.5%  in the cervical spine (238).

Many patients have some soft-tissue mass or 
swelling adjacent to the infected vertebrae, but a clin 
ically significant abscess has been uncom m on since 
the advent of antibiotic therapy. The cervical and

thoracic regions are more prone to developing an ab
scess than the lumbar spine (84). Antibiotic therapy 
has also decreased the incidence of kyphotic defor
mity of the spine (79, 146).

Infants and intravenous drug abusers generally 
have a more acute presentation than other subgroups 
(58, 218, 238, 239). Infants with vertebral osteomy
elitis often appear to have toxic responses, high tem
perature, and systemic signs of illness (58, 218).

Neurologic deficits occur in approximately 17%  of 
patients (238). Predisposing factors for paralysis in
clude diabetes, rheumatoid arthritis, increased age, 
systemic steroid therapy, and a more cephalad level 
of infection (57, 146, 238).

Diagnostic Evaluation
The differential diagnosis of pyogenic disc-space in
fection and vertebral osteomyelitis includes granu
lomatous infections, metastatic carcinoma, multiple 
myeloma, trauma, degenerative disease, localized 
Scheuermann’s disease, fractures associated with os
teoporosis, and destructive spondyloarthropathy (35, 
3 6 ,1 6 9 ,1 7 4 , 238). Less common disorders in the dif
ferential diagnosis are leukemia, perinephric ab
scess, neuropathic spinal arthropathy and sarcoido
sis (129, 210, 218, 233).

The ESR is increased in more than 90%  of patients 
with pyogenic spine infection (238). An increased 
ESR is not sensitive or specific for infection but it is 
a good screening test, and it is also useful for follow
ing the response to treatment (36, 79, 134, 238, 242). 
The GRP value is also a good screening test for in
fection and may prove to be helpful in the evalu
ation and follow-up of patients with vertebral osteo
myelitis.

The white blood cell count is increased in only 
42%  of cases overall and is usually normal in pa
tients with chronic infections (84, 238).

Blood cultures have positive results in only 24%  
of patients with pyogenic infections (238). Urine cul
tures are not reliable indicators of the pathogen caus
ing a spine infection, because the patient may have a 
coexistent urinary tract infection with a different or
ganism (79).

Plain roentgenographic findings are characteristic 
but are not evident until 2 to 4 weeks after the onset 
of the disease (37, 84, 233). The earliest change seen 
on plain films is disc-space narrowing. Destructive 
changes in the end plates and the anterior aspect of 
the vertebral body are present after 3 to 6 weeks. To
mograms often show abnormalities earlier than plain 
roentgenograms. If the disease is not treated or the 
infection is particularly fulminant, progressive col
lapse of the vertebral body may occur and lead to a 
kyphotic deformity (Fig. 28.3), especially in infants 
(58, 218). As the infection is brought under control.
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FIGURE 28.3.
A. Anteroposterior and B. lateral radiographs show severe destruction (L3, L4, and L5) with L4-5 spondylolisthesis sec
ondary to S aureus disc space infection of L3-4 and L4-5 and L3, L4, and L5 vertebral osteomyelitis.

hypertrophic changes occur at the vertebral margins 
with sclerosis of the endplates (238). The radio- 
graphic findings lag behind the clin ical response by
1 or 2 months.

Radionuclide studies allow early detection of spi
nal infections before plain films becom e positive (26, 
134, 186, 254). Gallium scans show evidence of in 
fection earlier in the course of disease than techne
tium scans (26, 201). In a study of experim entally 
induced disc-space infection, bone scans were posi
tive in 23%  at 3 to 5 days and in 71%  at 13 to 15 
days (263). Gallium scans are more useful for follow 
ing the response to treatment, because they become 
normal during resolution of the infection; techne
tium scans remain positive for many months after the 
disease has resolved (204). Gallium scans have 
slightly higher specificity than technetium  scans 
(85%  versus 78% ). Both studies have about 90%  sen
sitivity and 85%  accuracy (26, 186). Single-photon 
em ission computed tomography is more sensitive 
and has better contrast resolution than planar scin 
tigraphy; it also allows three-dim ensional localiza
tion (261). Gallium scans show increased uptake in 
a butterfly-shaped area around the spine, whereas 
technetium  scans show uptake diffusely in the area 
of the infection (100). Indium scans are not particu
larly helpfid in the evaluation of spinal infections.

because of their low sensitivity. The specificity is 
100% , but the sensitivity is only 17%  and the accu
racy is 31%  (283).

Computed tomography is helpful to differentiate 
infection from ‘m alignancy and to clearly demon
strate the extent of bony destruction and the forma
tion of soft-tissue abscesses (93, 130, 275). The soft- 
tissue mass frequently seen in the prevertebral area 
in infections usually surrounds the spine anteriorly, 
in contrast to neoplasms, w hich are more likely to 
have a partial paravertebral soft tissue mass or no ex
tension beyond the vertebra. Neoplasms are more 
likely than infections to involve the posterior ele
ments and may be osteoblastic, whereas infections 
are likely to have an osteolytic appearance (275).

Postmyelography GT or MRI is indicated in the 
presence of neurologic signs or symptoms to elim i
nate the possibility of epidural and subdural ab
scesses (these conditions are discussed in a later sec
tion). Myelography is invasive, and if  it is performed, 
spinal fluid should be exam ined to elim inate the pos
sibility of meningitis. MRI allows early diagnosis of 
infection and recognition of abscess formation w ith
out the risk of intrathecal in jection (25, 216). This 
study provides m uch more anatomic information 
than radionuclide studies and becom es positive at 
about the same tim e as a gallium scan (186). MRI has
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FIGURE 2 8 .4 .
Seventy-six-year-old female with rheumatoid arthritis with T12-L1 disk space infection and Ll osteomyehtis Results of 
three needle biopsy analyses were negative Patient underwent anterior vertebrectomy and discectomy and tncortical iliac 
crest allograft and rib autograft struts from T12-L2 Cultures grew S aureus Patient was also given the option of 6 weeks 
of bed rest or poslenor fusion and she elected to undergo surgery After intravenous antibiotics had been administered for 
6 days, a posterior fusion from TlO to L3 with instrumentation was performed She was treated with 6 weeks of intravenous 
antibiotics followed by oral antibiotics She remained neurologically intact, the infection and back pain resolved, and the 
fusion healed uneventfully A. Anteroposteiior and B. lateral lumbar spine radiographs show discitis at T12 and L l and 
destruction of Ll vertebral body C. Tl-weighted sagittal MRl sequence shows decreased signal throughout Ll and across 
the T12-L1 disc space The endplates are blurred and indistinct D. T2-weighted sagittal MRI sequence shows high signal 
within T12-L1 disc and the L l vertebral body

[
96% sensitivity, 93%  specificity, and 94%  accuracy 
in detecting vertebral osteom yelitis and is considered 
to be the diagnostic m odality of choice (186).

Modic and colleagues have described the charac

teristic MRI findings of disc-space infection and ver
tebral osteom yelitis (Fig. 28 .4C -F) (186). In T l -  
weighted sequences the signal intensity m  the 
peridiscal area is decreased and the margin between
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FIGURE 28.4— contm ued

E. Tl-weighted sagittal MRI sequence with gadolinium shows enhancement of the T12-L1 disc space and H  vertebral body. 
There is a slight amount of enhancing tissue in the anterior epidural space but no compression of the conus medullaris or 
cauda equina. F. Tl-weighted axial MRI sequence with gadolinium shows enhancement of the T12-L1 disc space and the 
enhancing tissue in the anterior epidural space. There is a small enhancing soft-tissue mass surrounding the anterior aspect 
of the T12-L1 disc space. G. Azateroposterior and H. lateral radiographs taken 6 months after surgery show solid fusion with 
incorporation of bone anteriorly and posteriorly.

the disc and the vertebral body is indistinct. In T2- 
weighted sequences, the signal intensity is higher 
than normal in the disc and adjacent vertebral bod
ies, and the intranuclear cleft, the low -intensity cen
tral line norm ally seen in the disc, is generally ab
sent. Gadolinium, a paramagnetic contrast material, 
causes enhancem ent of the disc space and allows bet
ter delineation of epidural abscesses (217).

The MRI signal abnorm alities change with reso
lution of the infection but the response of unen

hanced MRI is too slow to be used to assess the effi
cacy of treatment (186). Over tim e the Tl-w eighted 
sequences revert from a hypointense signal in the 
vertebral body to a hyperintense fat signal, and the 
hyperintense signal on the T2-weighted sequence 
gradually dim inishes. In the healed stage, the disc 
space is narrowed or obliterated (246, 276). Gadolin
ium -enhanced MRI is helpful in demonstrating the 
activity of a spinal infection. Post and colleagues 
found that dense enhancem ent indicated active in-



CHAPTER 28: SPINAL INFECTIONS 5 7 7

fection, whereas m inim al enhancem ent was seen in 
cases that were responding to treatment (217).

MRI is able to distinguish tumor from infection in 
almost all cases. Tumors rarely involve the disc 
spaces and do not have the typical T l- and T2- 
weighted changes described above for infection. Con
tiguous vertebral involvement is seen more fre
quently in infections than in tumors. Fat planes are 
often obscured diffusely as a result of edema with 
infection, whereas they are often intact or only fo- 
cally altered with tumors (7).

Despite the accuracy of MRI, an absolute diagnosis 
must be based on bacteriologic or histologic exam i
nation of the pathologic tissue (59, 146, 195). The 
only circum stances in w hich the diagnosis may be 
made without a tissue biopsy are in  pediatric discitis 
and when a positive blood culture is found in a pa
tient with signs and symptoms of spinal infection.

Needle biopsy exam inations of the spine can be 
performed safely throughout all regions of the spine 
(205, 206). A definite diagnosis is possible by a closed 
needle biopsy exam ination in 68 to 86%  of cases (9,
24, 84, 90, 206, 238). Sm all-needle aspiration has a 
considerably lower yield than the larger tissue spec
imens obtained with a Craig needle (42).

A false-negative closed-needle biopsy result often 
occurs in patients being treated with antibiotics at 
the time of the biopsy procedure. If a biopsy analysis 
is nondiagnostic and the clin ical situation allows a 
delay in treatment, it is reasonable to observe the pa
tient off antibiotics and to repeat the biopsy pro
cedure. Open biopsy procedures have lower false- 
negative rates, because the surgeon is able to select 
grossly abnormal tissue and to provide the patholo
gist with a larger tissue sample (238).

Management
The goals of treatment are to establish the diagnosis, 
to prevent or reverse neurologic deficits, to relieve 
pain, to establish spinal stability, to eradicate the in
fection, and to prevent relapses. A ntibiotic therapy 
and surgery play a major role in the treatment of spi
nal infections, but attention to good general medical 
care is still a vital part of the treatment. Associated 
conditions that compromise wound healing or im 
mune response should be managed aggressively. 
Proper nutrition and the reversal of m etabolic deficits 
and hypoxia are essential. Diabetes and other sys
temic illnesses, including coexistent infections, 
should be brought under control (57).

When possible, the choice of antibiotics should be 
determined by the culture and sensitivity test results 
so that the most specific and least toxic agent can be 
used. Treatment should be withheld until an organ
ism is identified by a biopsy analysis, in case a sec
ond biopsy specimen is required. Patients who have 
systemic toxicity, however, should be treated with

maximal doses of broad-spectrum antibiotics as soon 
as the biopsy procedure has been completed. Anti
biotics should be administered parenterally for 6 
weeks and followed with an oral course of antibiotics 
until the disease is resolved. It may be reasonable to 
switch from parenteral to oral therapy at 4 weeks, but 
parenteral therapy for less than 4 weeks results in a 
higher rate of failure (79, 238). It is possible that po
tent, new oral antibiotics may supplant parenteral 
treatment of vertebral osteomyelitis in the future, but 
general use of these agents should await evidence of 
their effectiveness.

The ESR is a reasonable guide in assessing the 
therapeutic response and can be expected to decrease 
to one-half to two-thirds of pretreatment levels by the 
time of completion of successful treatment (36, 51, 
79, 134, 238). Repeat biopsy is indicated if the ESR 
does not decrease with treatment or if the patient 
does not respond clinically as expected.

Patients should be immobilized to control pain 
and to prevent deformity or neurologic deterioration. 
The length of time for bed rest, the type of orthosis, 
and the duration of its use all depend on the location 
of the infection, the degree of bone destruction and 
deformity, and the response to treatment. Thoracic 
and thoracolumbar lesions are best managed initially 
with bed rest until a good response to treatment is 
noted. Thoracic and thoracolumbar lesions are more 
likely to cause deformity, and the prognosis for neu
rologic deficits is worse than in lumbar spine in
volvement (57, 79). Cervical and cervicothoracic le
sions are best immobilized with a halo device. These 
lesions have a tendency to progress rapidly and to 
lead to instability. A thoracolumbosacral orthosis 
with a chin extension may be used for upper thoracic 
lesions; lower thoracic and lumbar lesions may be 
immobilized in a device without a chin piece. Most 
authors recommend bracing for at least 3 to 4 months, 
but the regimen may be individualized and based on 
the response to treatment (84).

Surgical treatment is indicated in the following 
circumstances: (a) to obtain a bacteriologic diagnosis; 
[b] to drain a clinically significant abscess (spiking 
fevers and septic course); (c) to treat cases refractory 
to nonoperative treatment (persistently increased 
ESR or persistent pain); (d) to decompress neural el
ements in the presence of a neurologic deficit; and 
(e) to prevent or correct spinal deformity or instabil
ity (57, 61, 73, 166).

The timing of operation must be individualized. A 
progressive neurologic deficit or a clinically signifi
cant abscess is a surgical emergency, but most spinal 
infections can be managed in a less urgent time 
frame.

In nearly all cases, the spine should be approached 
anteriorly to provide direct access to the infected tis
sues and to allow adequate debridement. Anterior ex
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posure allows stabilization of the spine by bone graft
ing, w hich promotes rapid healing without collapse 
and facilitates rehabilitation (57, 65, 133, 140, 252). 
Laminectomy is contraindicated in most cases be
cause it may lead to neurologic deterioration and in
creased instability (57, 135). Lam inectom y may be 
reasonable in the lumbar spine below the level of the 
conus m edullaris, provided that there is no psoas 
m uscle abscess or extensive anterior destruction of 
the bodies that requires radical debridement. If a lam 
inectom y is performed, the facets should be pre
served and a discectom y should be done.

For lesions in the thoracic or thoracolum bar spine, 
the transthoracic approach has the advantage of bet
ter exposure, allowing more extensive debridement 
and better decom pression of the cord and more ef
fective bone grafting (133, 140). Costotransversec- 
tomy or a slightly more extensive posterolateral de
com pression is recom m ended w hen a spine biopsy 
specim en or m inim al decom pression with lim ited 
grafting is necessary or when gross purulence is ex
pected (29).

After debridement of the infected focus, autoge
nous iliac crest grafting can be performed during the 
same procedure. The graft should extend from 
healthy bone above to healthy bone below  (133 ,140). 
Autogenous bone grafting after vertebral body resec
tion in the presence of active infection is safe and 
effective (291). The iliac crest generally provides a 
better graft than a rib (1 1 8 ,1 3 3 , 223). If a rib is excised 
in the process of a transthoracic approach, it is often 
an adequate graft as long as there is not a significant 
kyphotic deformity or a large segment to span (223),

Fibular grafts have also been used successfully 
when it is necessary to span large segments (96).

In cases in w hich there is significant kyphotic de
formity, anterior reconstruction w ith autogenous 
bone grafts after debridement should be done as a 
first stage (65, 96, 133, 140, 223). Posterior stabiliza
tion and fusion are indicated in cases of more severe 
kyphosis, spinal instability, or when postoperative 
bracing is not possible (Fig. 28.4) (96, 133, 135). Pos
terior instrum entation after anterior debridement 
and fusion has been shown to be effective (96, 278).

Several cases have been described that have been 
successfully managed by percutaneous discectomy. 
Additional studies are required in order to determine 
the role of percutaneous discectom y for the treatment 
of spinal infections (87, 264, 293).

Prognosis
Relapse of infection occurs in up to 25%  of cases but 
is m uch less common if antibiotics are administered 
for more than 28 days (57, 238). The m ortality rate is 
less than 5%  and death is m uch more likely in the 
elderly and in  those w ith an underlying disease (57,
238).

Factors that predispose a patient to paralysis in
clude increased age, a more cephalad level of infec
tion, and a history of diabetes m ellitus or rheumatoid 
arthritis (57). Few er than 7%  of patients overall have 
residual neurologic deficits (238).

Diabetic patients are more likely to have perma
nent neurologic deficits, and patients w ith thoracic 
involvem ent are the least likely to recover (57, 238). 
Eism ont and associates described the results of sur
gery on 14 patients w ith spinal cord paralysis (57). 
Three of the seven patients who underwent a lam i
nectom y deteriorated, and four remained unchanged. 
In contrast, half of the patients treated by an anterior 
procedure recovered normal or nearly normal func
tion, and no patient was made worse by the proce
dure. The patients w ith root lesions alone had an ex
cellent outcome with or without surgery.

In selected patients who require surgical treatment 
for pyogenic osteom yelitis, the prognosis is good af
ter anterior debridement and primary bone grafting 
in conjunction w ith a full course of antibiotics (65, 
156). In the series reported by Emery and colleagues, 
six of 21 patients treated surgically had neurologic 
deficits preoperatively (61). There were no deaths 
and no relapses, and all of the patients w ith neuro
logic deficit recovered. A ll but one of the patients 
who underwent fusion had a solid fusion, and one 
of the two patients who did not have a graft had 
spontaneous fusion. The mean increase in kypho
sis was 3°.

Spontaneous fusion occurs in approximately 50% 
of patients treated nonoperatively (7 9 ,1 3 9 , 238). The 
more cephalad the level of infection, the higher the 
rate of spontaneous fusion. Almost all cases of cer
vical infection fuse spontaneously (36, 183).

Deformities of the spine appear to be most com 
mon in the thoracic and thoracolumbar area and in 
cases w ith involvem ent of more than 50%  of one or 
more vertebral bodies (Fig. 28.3) (79).

Infants w ith vertebral osteom yelitis have a poor 
prognosis and a high recurrence rate (58, 218). Intra
venous drug abusers, on the other hand, have a sur
prisingly good prognosis; in 67 cases reported in the 
literature, there were no deaths or permanent neu
rologic sequelae (239). HIV seropositive status does 
not appear to affect the neurologic outcome of pa
tients with spinal infections (108).

Pediatric Discitis

Epidemiology and Etiology
The peak incidence of pediatric discitis is at age 1 to 
5 years, with cases occurring infrequently in juve
niles and teenagers (244, 281). The disease has no sex 
or race predilection. The lumbar spine is involved 
m uch more frequently than other regions. Unlike in
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adult disc-space infection, there are no apparent pre
disposing factors in the children who develop dis- 
citis.

There are many theories concerning the etiology 
of discitis. Most authors now favor bacterial infec
tion, but viral infection, trauma, and low-grade in
flammation have also been proposed as causative fac
tors (4, 54, 182, 251, 253). Pediatric discitis and 
vertebral osteom yelitis were once thought to be dis
tinct clinical entities. They are now generally re
garded as related conditions in the spectrum of dis
ease caused by bacterial infection of the spine (281). 
The incidence of the two conditions is changing with 
time. In the 25 years spanned by W enger’s series 
(281), reported in 1978, discitis and vertebral osteo
myelitis were seen w ith equal frequency. Since that 
time, the incidence of vertebral osteom yelitis has 
markedly declined, but discitis is still seen quite fre
quently (227, 282). The change in rate is thought to 
be due to several factors. The common practice of 
liberally prescribing antibiotics for suspected infec
tions has probably dim inished episodes of bacter
emia that would have led to spine infections. In ad
dition, greater awareness of the conditions and 
improved diagnostic techniques may have allowed 
successful treatment of infections classified as dis
citis that might otherwise have gone on to becom e 
vertebral osteomyelitis.

Microbiology and Pathogenesis
Because discitis is usually a benign, self-lim ited con
dition, disc-space aspiration is rarely performed, and 
therefore microbiology data are lacking. In the study 
by Wenger and colleagues nine patients underwent 
a biopsy exam ination (281). Six  of the nine cultures 
grew S. aureus, and one of the positive cultures also 
grew a-hem olytic Streptococcus. The remainder of 
the specimens were negative, but all of them had his
tologic evidence of acute, subacute, or chronic in
flammation. In other studies approximately 50%  of 
blood cultures or spine biopsies have positive re
sults, and S. aureus is the organism identified most 
frequently (19, 150, 184, 244, 253).

The pathophysiology of pediatric discitis is the 
same as that of adult disc-space infection. The con
ditions have different clin ical m anifestations as a re
sult of the anatomic changes that take place w ith ag
ing. The nucleus pulposus is an avascular tissue that 
is metabolically active (23). The disc receives nutri
tion from diffusion across the endplates and from 
blood vessels in the annulus fibrosus (23, 106). One 
early study suggested that blood vessels enter the nu
cleus pulposus in human fetuses and neonates (106). 
More recent studies, however, have shown that the 
nucleus pulposus is always avascular. In the devel
oping spine, the endplate has an orderly arrangement 
of cartilage canals that contain vascular organs re

sembling glomeruli (Fig. 28.2) (284). After birth, the 
cartilage endplates become progressively thinner, 
and by adulthood most of the vessels of the cartilage 
canals are obliterated (41, 234).

Wiley and Trueta’s injection studies demonstrated 
that bacteria can spread easily to the metaphyseal re
gion of adjacent vertebrae through the rich arterial 
anastomosis within and between the vertebral bodies 
(290). The infection could also begin in the metaph
yseal region of one vertebra and spread across the 
disc by lysosomal destruction of the nucleus pulpo
sus or through the annular vessels. In children, mi
croorganisms have nearly direct access to the nucleus 
pulposus through the cartilage canals, allowing the 
infection to begin spontaneously in the disc with lit
tle involvement of the adjacent bone.

Clinical Presentation
Most children with discitis present with pain and no 
history of a prodromal illness. Only about one-half of 
the patients have a fever. Puig Guri described three 
different modes of presentation, based on the age of 
the patient. Children younger than 3 years of age may 
suddenly refuse to walk. Children of ages 3 to 8 years 
frequently complain of pain radiating to the abdo
men, whereas adolescents are more likely to com 
plain of back or leg pain (219). Infants with vertebral 
osteomyelitis generally have fulminant infection and 
present with high fever and systemic signs of illness 
(58, 218).

Diagnostic Evaluation
On physical examination, a child with discitis often 
exhibits a rigid posture. The hamstring muscles are 
usually tight, and the straight-leg-raising test may be 
positive. When the child extends from a forward 
flexed position, the normal spinal rh}^hm is lost.

Useful laboratory studies include complete blood 
cell count with differential, ESR, and CRP measure
ment. Plain roentgenograms are frequently normal 
for the first several weeks after the onset of the ill
ness, but they are helpful to eliminate the possibility 
of other conditions and to assess spinal alignment. 
The radiographic findings of discitis include narrow
ing of the disc space and erosion of the adjacent end
plates.

The most sensitive imaging studies are bone scan 
and MRI. A bone scan is inexpensive and highly sen
sitive, but it lacks specificity. An MRI is expensive 
but provides a great deal of useful information. The 
typical changes of discitis are the same as the find
ings in adults with disc-space infection (55, 229, 
262). The MRI eliminates other disorders in the dif
ferential diagnosis, including Scheuermann’s kypho
sis, epidural abscess, neoplasm, and tumorlike con
ditions of the spine. Progression of discitis to 
vertebral osteomyelitis and the presence or absence
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of an abscess are evident on MRI. The MRI findings 
in tuberculosis or other granulomatous spinal infec
tions are distinctive, and although not pathogno
m onic, the changes allow a presumptive diagnosis to 
be made. (The MRI findings were discussed earlier 
in the section on adult disc-space infection.) A skin 
test for tuberculosis, a chest roentgenogram, and a 
spine biopsy are indicated if a granulomatous infec
tion is considered.

If the bone scan or MRI suggests discitis, blood cul
tures are recommended. A biopsy analysis is not re
quired unless a granulomatous infection or neoplasm 
is suspected or the child  does not respond to antibi
otic therapy as expected.

M anagement
Pediatric discitis is managed w ith an em piric course 
of antibiotics given intravenously and im m obiliza
tion. The antibiotic chosen must cover S. aureus; a 
first-generation cephalosporin is com m only pre
scribed for its spectrum of activity, safety, and low 
cost. The patient may sw itch to antibiotics given 
orally when a good clin ical response is noted and the 
ESR or CRP value declines. Orally administered an
tibiotics are frequently prescribed for 3 to 4 weeks. 
Some investigators have, on occasion, used orally ad
m inistered antibiotics exclusively, and the older lit
erature recommended im m obilization alone without 
any antibiotic treatment (19, 227, 253]. Most authors 
now accept the bacteriologic etiology of pediatric dis
citis and recommend antibiotic therapy in an effort 
to stop the disease and prevent progression of the 
infection to vertebral osteom yelitis. Some investiga
tors use antibiotics selectively in children w ith sys
tem ic signs such as fever, increased ESR, or leuko
cytosis (43, 244).

Im mobilization is often recom m ended for comfort, 
to decrease the duration of the illness, and to prevent 
recurrence of the infection. Ring and colleagues re
ported their experience with 47 children treated for 
infectious spondylitis (227). The ages of the patients 
ranged from 7 months to 15 years 8 months (average
4 years 8 months). The patients treated with antibi
otics given intravenous-ly and im m obilization had a 
better outcome than those treated without antibiotics 
or bracing. Of the children who were not braced, pro
longed or recurrent symptoms occurred in 18%  (4 of 
22) receiving antibiotics intravenously, 50%  (5 of 10) 
receiving antibiotics orally, and 67%  (4 of 6) receiv
ing no antibiotics. Only one of five children treated 
with antibiotics given intravenously and bracing had 
recurrent symptoms after discontinuation of immo
bilization. Two children were im m obilized as the 
sole form of treatment, and both had recurrence of 
symptoms when bracing was discontinued.

Most patients with discitis respond rapidly to

treatment with antibiotics given empirically and 
bracing. Children who continue to have clinical signs 
and symptoms of infection after 3 or 4 days and those 
who appear septic should undergo computed tomog
raphy-directed biopsy to confirm the diagnosis and 
to determine the sensitivity pattern of the pathogen.

Debridement and fusion are occasionally required 
to manage patients who fail to respond to antibiotics 
and bracing. Surgery may also be required to drain a 
psoas muscle abscess or epidural abscess in associ
ation with discitis or vertebral osteomyelitis (122,
182, 227).

Children with significant bony collapse from ver
tebral osteomyelitis may require a fusion for kyphotic 
deformity. Hyperextension bracing for 6 months or 
more may allow restoration of the vertebral body 
height in younger children, but older children may 
have persistent or progressive kyphosis requiring an
terior and posterior fusion (282).

Infections of the Spinal Canal 

Epidural Abscess

Epidemiology and Etiology
The incidence of pyogenic infections in the epidural 
space appears to be increasing (47, 113, 202). Nuss- 
baum and colleagues reported on 40 patients seen at 
one institution between 1979 and 1991 (202). A sig
nificant increase in the incidence was noted after 
1988. They attributed the change to several factors, 
including an increase in illicit drug use, increasing 
rates of spine surgery and spinal anesthesia, and a 
heightened awareness of the disorder. Hlavin and 
colleagues also documented an increasing incidence 
of epidural abscess, up to 1.96 patients per 10, 000 
admissions per year. Most cases occur in adults; the 
mean age in most series is in the sixth decade of life 
(47, 48, 113, 202). In a referral setting, an epidural 
abscess can be expected to occur in about 7%  of 
the spine infections encountered (85). The male-to- 
female ratio is approximately 1:1, although one 
study r(3ported a striking male predominance (47, 48, 
202).

The primary source of infection can be identified 
in approximately 60%  of cases (47). Infection may 
occur by hematogenous spread from a remote focus 
of infection (12, 47, 4 8 ,1 0 3 ,1 1 2 ,1 3 1 , 202), by spread 
from a contiguous focus of vertebral osteomyelitis, a 
disc-space infection, or by direct inoculation at the 
time of operation, epidural steroid injection, lumbar 
puncture, or epidural catheterization (12, 14, 47, 48,
69, 103, 112, 131, 202). Factors that may be associ
ated with a higher incidence of infection include di
abetes mellitus, intravenous drug abuse, prior back 
trauma, and pregnancy (12, 21, 47, 85).
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Microbiology

In the preantibiotic era, S. aureus was the pathogen 
in almost all cases in w hich the causative organism 
was known (112). In later series, S. aureus accounted 
for approximately 60%  of cases (12, 47, 4 8 ,1 3 1 , 202]. 
In 166 patients from five series, S. aureus accounted 
for 62% , aerobic streptococci for 8% , S. epidermidis 
for 2% , aerobic Gram-negative rods for 18% , anaer
obes for 2% , and other bacteria for 1% ; 6%  of the 
organisms were unidentified (12, 47, 103, 112, 131). 
Intravenous drug abusers are frequently infected 
with Gram-negative organisms, especially Pseudo- 
monas, although one series documented a high per
centage of drug abusers infected with S, aureus (131,
142, 202).

Pathogenesis and Pathology

Most epidural abscesses occur in  the regions of the 
spinal canal where the epidural space is largest. 
Dandy’s cadaver dissections demonstrated that the 
epidural space is filled w ith fat and loose areolar tis
sue containing numerous veins (46). The size and 
shape of this space is determined by the variations 
in size of the spinal cord. In the cervical spine there 
is almost no fat between bone and dura. Except for a 
space dorsal to the origin of the spinal nerves, the 
epidural region is m ostly a potential space. Ventrally, 
the dura is closely applied to the spinal canal from 
Cl to S2. Posteriorly, the space begins to appear at 
C7 and gradually deepens along the thoracic verte
brae to a depth of 0.5 to 0.75 cm betw een T4 and T8. 
The space tapers between T i l  and L2, and its greatest 
depth is found below  L2. The epidural space com 
municates w ith the retroperitoneal and posterior m e
diastinal spaces through the intervertebral foramina 
(49). The abscess was located posteriorly in 73%  of 
cases and anteriorly in 27%  of cases in six series in 
which the location was recorded (12, 47, 48, 103,
112, 224), A review of the literature in  1987 revealed 
that the thoracic spine was involved in 51%  of cases, 
the lumbar spine in  35% , and the cervical spine in 
14% (47). This distribution has been challenged. One 
study revealed that the lumbar region was involved 
either alone or together w ith other areas in 60%  of 
cases, whereas two other series showed a higher per
centage of cases occurring in the cervical spine (48,
202, 224). Because there is no anatomic boundary 
within the space, the infection can extend the entire 
length of the spinal canal, but generally it covers only 
three or four segments (12, 47, 85, 112, 131).

The pathogenesis of the neurologic manifestations 
is related to direct com pression from epidural pus or 
granulation tissue or to embarrassment of the intrin
sic circulation of the cord (12, 21, 22, 112). A m icro- 
aijgiogjapljic stud}' ix! a jabbif jHodeJ demozjstrated

that the initial neurologic deficit is related to com 
pression rather than to ischem ia (66).

Several authors have identified a correlation be
tween the duration of infection and the gross ap
pearance at operation or postmortem examination. 
Corradini and colleagues described an early presup- 
purative phase in w hich the inflammatory lesion was 
characterized by an epidural mass of swollen, red, 
friable fat without any gross pus (40). In patients who 
have had symptoms for less than 2 weeks, gross pus 
w ith varying amounts of red granulation tissue has 
been identified (12, 21, 40, 47, 235). In patients with 
symptoms of longer duration, granulation tissue is 
often identified on the dura (12, 40, 47, 235). In de
layed cases with symptoms for 150 days or longer, 
grayish-white graaulatian tissue arhbrous tissue has 
been found (235). Some authors argue that it is not 
always possible to predict whether pus or granula
tion tissue is likely to be found at surgery (103, 112, 
131).

Clinical Presentation

Patients w ith an epidural abscess have a highly vari
able presentation, w hich causes initial misdiagnosis 
in approximately 50%  of cases (47). Long delays be
tween presentation and definitive treatment are com 
mon.

M ost authors attempt to distinguish between acute 
and chronic disease, but this distinction is somewhat 
arbitrary and probably relates to the virulence of the 
organism, the resistance of the host, and the type of 
treatment received before definitive diagnosis. Most 
patients w ith an acute epidural abscess present with 
fever, back pain, and spine tenderness. These signs 
and symptoms may be lacking in patients with 
chronic disease (12, 21, 85, 103, 112, 235). Several 
authors have claim ed that the distinction between 
acute and chronic disease is not clinically relevant 
(45, 113, 202, 224).

W ithout treatment, the disease frequently pro
gresses through four stages. The initial symptom is 
local spine pain, followed by radicular pain, weak
ness, and, finally, paralysis (21, 40, 112). The tran
sition from one stage to another is highly variable; 
weakness or paralysis may not develop for many 
months, or they may occur suddenly and unpredict- 
ably in a matter of hours (47, 85).

Nuchal rigidity may occur in patients w ith an epi
dural abscess, and therefore this sign is not helpful 
in distinguishing an epidural abscess from m eningi
tis or spinal cord abscess (12).

Diagnostic Evaluation

Patients with an acute epidural abscess generally ap
pear more system ically ill than those w ith vertebral 
05te0iHyeJiti5. The w hite blood ceJJ couHt aud the
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ESR generally are increased (85). Patients with 
chronic disease often appear to have fewer toxic re
sponses, and the white blood cell count is normal 
( 1 2 ).

The definitive diagnosis is based on identification 
of the organism. Culture specim ens taken directly 
from the abscess are positive in approximately 90%  
of cases. Blood cultures have positive results in 60%  
of cases, and cultures of spinal fluid yield the organ
ism in approximately 11%  of cases (12, 47, 1 0 3 ,1 1 2 , 
131). Plain roentgenographs frequently are normal 
unless an established disc-space infection or focus of 
vertebral osteom yelitis is present (142, 235). Radio
nuclide studies may be helpful, but they are nonspe
cific and results may be falsely negative (142). A gal
lium  scan may be slightly more sensitive than a 
technetium  scan (142).

Myelography was the standard imaging modality 
in the past. It was often necessary to perform in jec
tions at sites above and below the abscess to dem
onstrate the extent of the epidural compression. A 
high-grade block is com m only seen. The lateral 
myelogram demonstrates whether the abscess is lo 
cated anteriorly or posteriorly and is helpful for sur
gical planning (12, 131, 235). If pus is encountered 
during needle insertion, a specim en should be taken 
for a culture, but the thecal sac should not be entered. 
A second puncture for myelography should be per
formed at a different level. Cerebrospinal fluid 
should be sampled at the time of myelography for cell 
count, glucose measurement, protein measurement, 
and culture. Bacteria are generally not present in the 
cerebrospinal fluid unless the epidural abscess is 
com plicated by a subdural abscess or m eningitis (12, 
131, 235). The spinal fluid generally reflects a para- 
meningeal infection with increased protein content.

Plain computed tomography has a high false-neg- 
ative rate, and in one study it was diagnostic in only 
four of nine cases (47). Contrast-enhanced CT has 
been advocated by some authors (Fig. 28 .5C) (8 ,155). 
Unfortunately, it may miss the area of interest unless 
a myelogram is performed in conjunction w ith the 
study.

MRI is now considered the imaging m odality of 
choice (8, 15, 62, 85, 202). It is noninvasive and safe 
and allows the visualization of the degree of cord 
com pression and extent of abscess in all directions 
(Fig. 28 .5D). The MRI can also provide the diagnosis 
of disc-space infection or vertebral osteom yelitis. Ar
eas of infection appear as high-signal intensity on T2- 
weighted images. False-negative results may occur 
with nonenhanced MRI, especially with extensive 
abscesses that do not have discrete cephalad and cau- 
dad borders (85). The MRI may also be falsely nega
tive in patients with concom itant meningitis, be
cause the signal changes in the abscess may be 
sim ilar to those in the infected cerebrospinal fluid

(216). If the MRI scan is negative, a myelogram and 
postmyelographic CT study should be performed if 
an epidural abscess is suspected. Some authors claim 
that pus has a m uch higher signal intensity on T2- 
weighted sequences than granulation tissue and sur
rounding inflammatory edema (8). Other investiga
tors believe that it is not possible to make such a 
distinction even with gadolinium -enhanced images
(217).

Contrast enhancem ent is valuable for the detection 
of an epidural abscess as w ell as other spine infec
tions, especially if  the infection spans m ultiple seg
ments (216, 217, 236). Follow-up studies on treated 
infection demonstrated a decrease in abscess size, 
but enhancem ent may persist in the disc or epidural 
space despite clin ical improvement (236). This per
sistent enhancem ent may represent chronic granu
lation tissue or scar formation (Fig. 28.5) (236).

M anagement
An epidural abscess is a m edical and surgical emer
gency. The goals of treatment are to eradicate the in
fection, preserve or improve the patient’s neurologic 
status, relieve pain, and preserve spinal stability.

A review of the literature from 1970 to 1990 re
vealed 37 reported cases of epidural abscess that had 
been treated conservatively (285). These patients rep
resented 6.6%  of the cases published during that 
time frame. Sixty-three percent of the cases were 
managed successfully; however, some of the patients 
had disastrous outcomes. Baker and colleagues noted 
that all five patients in their series who were man
aged without surgery died (12). Danner and Hart
mann described six patients and Hlavin reported on 
eight patients who required emergent laminectomy 
for neurologic deterioration while being treated with 
appropriate antibiotics for epidural abscesses (47, 
113). W heeler and colleagues noted the difficulty in 
drawing conclusions on the basis of small series and 
case reports but indicated that the literature does not 
support m edical management for patients presenting 
with paralysis or septic shock (285). They called for 
a prospective study to address the indications for 
nonsurgical management for patients presenting 
with less severe signs and symptoms. Even the most 
ardent proponents of nonoperative management of 
epidural abscesses recom m end this approach only in 
selected cases, namely, patients who (a) are poor sur
gical candidates, (b] have an abscess that involves a 
considerable length of the vertebral canal, (c] have 
no significant neurologic deficit, and (dj who have 
had com plete paralysis for more than 3 days (155,
167). These authors think that patients who are de
teriorating neurologically should undergo surgery.

Most authors consider surgical decompression in 
com bination with antibiotic therapy to be the treat
ment of choice in all patients except those who could
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Sixty-two-year-old male who fell 15 feet from a tree and suffered compression fractures of TIO, T12, and T13 (13 rib-bearing 
vertebrae). He was neurologically intact and was treated with a thoracolumbosacral orthosis. Four days later he developed 
an ileus and required colonoscopic decompression. Six days later he developed a fever; blood cultures were positive for S. 
aureus, and he was given intravenous antibiotics. Seven days later he developed dysesthetic pain in the lower extremities, 
and he was placed on bed rest and observed. Six days later (three and a half weeks following injury) he developed bilateral 
lower extremity weakness (3-4/5) with long tract signs. A CT myelogram showed a block at TlO. and he underwent emer
gency laminectomy of T8, T9, and TIO and a total facetectomy on the right at T9-T10. Chronic granulation tissue with small 
amounts of gross pus were found compressing the spinal cord. The wound was closed over drains. Intraoperative cultures 
grew S. aureus, and the patient was treated with intravenous antibiotics for 3 weeks. He then underwent T5-L1 fusion with 
instrumentation. No gross infection was identified at the time of the fusion. Eleven days later he developed a wound infection 
of the left iliac crest donor site, which was treated with debridement, open packing, and intravenous antibiotics. Cultures 
were positive for Proteus, Enterobacter, and Pseudomonas. His wounds healed and his neurologic deficit improved, but he 
continued to have back pain and an elevated ESR. One year after the fusion procedure he had spontaneous drainage from 
his spine wound. Gross pus was found throughout the length of the fusion mass. Hardware was removed and the wound 
was debrided. Cultures were positive for Pseudomonas aeruginosa. A stable pseudarthrosis was found above and below 
the previous decompression site, but the patient’s fusion was solid over the previously unstable segments. His wound was 
managed with two debridements and closure over suction-irrigation tubes, which were removed 7 days later. He received 
another course of intravenous antibiotics. At final follow-up 14 months after hardware removal his spine was stable, pain 
and infection were resolved, and his only neurologic deficit was 4+ out of 5 strength of the left tibialis anterior muscle.



F IG U R E  2 3 .5 —c o n t in u e d

A. Anteroposterior and B. lateral thoracic spine radiographs show compression fractures of TIO, T12, and T13. C. Post- 
myelographic CT image shows compression fracture of TlO with near complete block of contrast (arrow) and displacement 
of the spinal cord to the left by epidural mass. D. MRI with gadolinium enhancement performed after thoracic decompression 
and prior to stabilization. The complete right T9-T10 facetectomy and persistent cord deformation from granulation tissue 
is seen (arrow). E. Anteroposterior and F. lateral thoracic spine radiographs show T5-L1 posterior fusion with instrumen
tation. G. Flexion and H. extension thoracic spine radiographs taken 10 months following hardware removal show that 
spine is stable. I. Gadolinium-enhanced MRI taken 22 months after surgery shows minimal enhancing epidural fibrosis on 
the right side of the spinal canal at TIO without any cord compression.
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not tolerate operation or those who have had com 
plete paralysis for more than several days. The sur
gical approach depends on the location of the ab
scess. Laminectomy is generally the treatment of 
choice, because the abscess is located posteriorly in 
most cases (12, 112]. The facet joints should he left 
intact to preserve spinal stability. Intraoperative u l
trasonography after lam inectom y allows the epidural 
mass to be localized (216). W hen the abscess is sec
ondary to a focus of vertebral osteom yelitis, it may 
be necessary to perform the decom pression anteri
orly and posteriorly. If the entire epidural mass is 
located anteriorly, then an isolated anterior approach 
is appropriate. Instrum entation and fusion may be 
necessary in cases in  w hich spinal stability has been 
compromised by the decompression. In these cases, 
long-term follow-up is essential because of the risk 
of pseudarthrosis and persistent low-grade infection 
(Fig. 28.5).

After a lam inectomy, the wound may be closed 
over drains or packed open (12, 47, 112). Some au
thors recommend closure of the wound and contin
uous suction-irrigation after lam inectom y (86).

In children, extensive lam inectom y is undesirable 
because of the risk of postoperative spinal deformity 
(70, 125). Irrigation and drainage performed openly 
through lam inotom ies or percutaneously have been 
successful in eradicating epidural abscesses in sev
eral case reports. The authors believe that the pro
cedure is reasonable when the abscess is located in 
the posterior epidural space, when the extent of the 
abscess is w ell defined by MRI, and when the abscess 
consists of pus rather than granulation tissue (30, 49, 
125). The technique carries a risk of dural perforation 
and spread of the infection in  the epidural space by 
the irrigation. If a patient’s condition deteriorates 
during irrigation and drainage, the surgeon should be 
prepared to perform an emergency open procedure 
(264).

As soon as the diagnosis is made, specim ens 
should be obtained and antibiotic therapy started im 
mediately on the basis of the Gram stain results and 
the known bacteriologic cause of the disease. Initial 
therapy should include a first-line antistaphylococ- 
cic agent. Gram-negative organisms should be sus
pected if there is a history of a spinal procedure or 
intravenous drug abuse. S. epidermidis should also 
be considered after spinal procedures (47). The de
finitive antibiotic therapy should be based on the cu l
ture and sensitivity results. A ntibiotics should be 
given in maximum dosages for at least 2 weeks, and 
most authors recom m end 3 to 4 weeks of parenteral 
therapy (12, 47). Antibiotics must be administered 
parenterally for at least 6 to 8 weeks for coexistent 
vertebral osteom yelitis or disc-space infection (12, 
47).

Prognosis

The natural history of an untreated epidural abscess 
is relentless progression of symptoms and eventual 
paralysis and possible death. In the preantibiotic era, 
the overall mortality rate was betw een 55 and 70% 
(21, 22, 185). The outcome of patients with epidural 
abscess treated with surgical decom pression and an
tibiotics appears to have improved in recent years as 
a result of improved diagnostic imaging, antibiotic 
therapy, and surgical techniques. A review of early 
studies indicated that 39%  of patients recovered 
fully, 26%  had residual weakness but were able to 
ambulate, 22%  were paralyzed, and 13%  died (47). 
A com bination of five series indicated that 78%  of 
patients undergoing surgery recover fully or with 
m inim al weakness (39, 45, 113, 173, 202, 224).

The prognosis for neurologic recovery depends on 
the duration and severity of the neurologic deficit 
(47, 85, 112, 125, 131). Heusner found that most pa
tients w ith paresis for less than 36 hours had a com
plete recovery (112). No patient with complete pa
ralysis for more than 36 to 48 hours recovered 
significant neurologic function (101, 112). Complete 
sensory loss is also considered to be a poor prognos
tic factor (101). Patients who have an acute progres
sive syndrome w ith com plete paraplegia occurring 
w ithin the first 12 hours have a poor prognosis, 
presumably on the basis of spinal cord infarction 
rather than m echanical com pression (142). Other 
associated conditions thought to be poor prognos
tic factors are diabetes, advanced age, female sex, 
HIV infection, and associated vertebral osteomyelitis 
(85, 112, 142).

Several authors have claim ed that the distinction 
betw een acute and chronic disease has no prognostic 
significance (45, 113, 202, 224). These groups found 
no difference in  terms of clinical grade on presenta
tion or functional recovery when patients were clas
sified by duration of illness.

Subdural Abscess

Epidemiology and Etiology

Since Sittig first described spinal subdural empyema 
in 1927, only 44 cases have been described in the 
literature (153, 248). The condition involves intra
thecal infection of the spinal meninges. Sim ilar to 
other infections of the spinal canal, a subdural ab
scess may occur by hematogenous spread from a dis
tant focus of infection, spread from a contiguous in
fection, or by direct inoculation (153, 163).

There is no apparent predilection for any age 
group, and the female-to-male ratio is approximately 
2:1. Pregnant women and diabetic individuals ap
pear to be two groups at risk for infection.
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Pathogenesis, Pathology, and Microbiology
The paucity of reported cases prohibits definitive 
statements about the pathogenesis of this disorder. 
Autopsy results have been reported in only six cases: 
five authors specifically stated that spinal cord in 
flammation Mras not present (153), The m ajority of 
reported cases describe local liquefaction necrosis 
with w^allerian degeneration without evidence of m i
croem boli or inflammation. Levy favored ischem ia 
secondary to spinal cord com pression as the patho
genesis of the neurologic sequelae that result from 
subdural abscesses (153). Most infections are caused 
by S. aureus, although other organisms, including 
streptococcus, E. coli, and Pseudomonas have been 
reported (153).

Clinical Presentation
Fraser and colleagues suggested that a patient with a 
subdural abscess presents exactly like one with an 
epidural abscess, except that often there is no spinal 
percussion tenderness (78). Nearly one-third of pa
tients in the review of the literature by Levy and col
leagues com plained of spinal tenderness, however 
(153). In addition, not all patients w ith an epidural 
abscess have spinal tenderness, making that feature 
unreliable for differentiating the two disorders (101, 
103). The clin ical triad of fever, spinal pain, and spi
nal cord com pression was present in  approximately 
40%  of all cases in the literature (153).

Diagnostic Evaluation
Laboratory analysis results are sim ilar to those in 
cases of an epidural abscess. The white blood cell 
count and ESR are generally increased. The cerebro
spinal fluid analysis generally is consistent w ith a 
parameningeal process w ith increased protein level 
and a moderate pleocytosis and low to normal glu
cose levels (78, 153).

Myelography reveals an intradural extramedullary 
filling defect, usually w ith a com plete spinal block, 
and may demonstrate defects at several levels (28, 78, 
153, 163). Fraser and colleagues noted that there is 
no m ajor anatomic barrier in the subdural space, and 
therefore an abscess in this location could extend 
more easily than an epidural abscess (78). They be
lieved that the myelographic finding of m ultiple de
fects would favor a diagnosis of a subdural abscess 
over an epidural abscess. Fraser and colleagues also 
suggested that the radiographic finding of osteomy
elitis in association with a myelographic block would 
favor a diagnosis of an epidural abscess, because an 
infection in the subdural space is unlikely in asso
ciation with vertebral osteom yelitis (78).

MRI has been reported to be effective in the diag
nosis of subdural abscess. The findings are quite sim 

ilar to those in an epidural abscess (153). Similarly 
to the arguments that Fraser and colleagues made for 
myelography, the findings of adjacent osteomyelitis 
suggest an epidural abscess, and multilevel or mul
tiply loculated collections favor a diagnosis of sub
dural abscess (78, 153).

M anagement
The appropriate treatment for subdural abscess is ur
gent decompressive laminectomy with irrigation and 
drainage in conjunction with appropriate antibiotic 
therapy. Because the vast majority of subdural ab
scesses are caused by S. aureus, the initial antibiotic 
regimen must cover Gram-positive cocci until culture 
and sensitivity results are available (153).

Only one documented case has been reported of a 
patient’s improving following antibiotic therapy 
alone (149). The prognosis of patients treated with 
surgery and antibiotics is reasonably good. Levy and 
colleagues collected all cases reported in the litera
ture through 1993 (153). Thirty-two cases were 
treated with surgery and antibiotics after 1948 and 
had adequate documentation to assess the response 
to treatment. Of these patients, 12 made a full recov
ery, 11 had a marked recovery, four showed moderate 
recovery, one had mild recovery, and four died.

Intramedullary Spinal Abscess

Epidemiology and Etiology
Intramedullary spinal abscesses are rare infections. 
Fewer than 100 cases have been reported since Hart 
first described the condition in 1830 (13, 105).

The male-to-female ratio is approximately 3:1. The 
average age of affected females is younger than that 
of male patients (16.9 ±  16.3 years for females, 33.8 
±  19.8 years for males); overall there is a wide age 
range (7 months to 72 years; mean, 28.9 ±  20.9 years) 
(13).

Spinal cord abscesses generally occur by hematog
enous spread from a distant focus of infection, but, 
like abscesses in the epidural space, they may be 
caused by a contiguous infection or by direct inocu
lation. In contrast to cases of epidural abscesses, most 
patients are healthy before the onset of infection. A 
review of the literature revealed that only three of 93 
infections occurred in diabetic patients, and only two 
cases have been reported in patients who were intra
venous drug abusers (13).

Microbiology
The agents responsible for abscesses in the spinal 
cord are similar to the pathogens that cause epidural 
abscesses. In 56 reported cases in which the organism 
was identified, staphylococcus was the causative 
agent in 22 cases and streptococcus was found in 15
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cases. The remaining cases were caused by various 
organisms, including Gram-negative bacteria; in 10 
patients, multiple organisms were cultured (13).

Clinical Presentation
Initial symptoms of an intramedullary spinal abscess 
include weakness (38.6%  of patients), spinal pain 
(36.1%), fever (27.7% ), and radicular pain (26.5% ). 
At presentation the m ajority of patients have weak
ness (88.9% ), and many have sensory loss (47.7% ), 
sphincter disturbance (40% ), and fever (25.6% ) (13). 
The rareness of the condition and the unusual con
stellation of symptoms may lead to a considerable 
delay in diagnosis. The progressive clin ical stages de
scribed for epidural abscess are usually not encoun
tered in cases of spinal cord abscess, and the rate of 
progression of the disease is unpredictable.

The thoracic cord has been involved in 30 of the 
reported cases, the cervical spine in 16, and the lum 
bar cord in 12. Nineteen cases have occurred in the 
thoracolumbar region, 6 have occurred in  the cervi- 
cothoracic area, and 10 have involved the entire 
spine (13).

Diagnostic Evaluation
Surprisingly, spinal fluid is often normal or shows 
nonspecific increases in protein. O ccasionally, clear 
evidence of inflammation or pus is encountered.

Plain computed tomography may show a widened 
cord and may demonstrate the intram edullary ab
scess. Myelography and postmyelographic CT usu
ally show a block and a widening of the cord. MRI 
has been described in only eight patients but is now 
considered to be the diagnostic method of choice. In 
addition to a widened cord, the lesion may have sig
nal characteristics typical for infection. The lesion 
has usually been isointense or hypointense on T l-  
weighted sequences, and in three of five cases there 
was increased signal intensity on T2-weighted se
quences, The lesions enhanced w ith gadolinium ad
ministration in two of three cases (13).

Definitive diagnosis is made from culture results 
of a biopsy specimen^taken at surgery.

Management and Prognosis
The treatment for a spinal cord abscess is urgent sur
gical drainage and antibiotic therapy. The disease 
was universally fatal in the preantibiotic era, and sev
eral patients treated later w ith antibiotics but without 
surgery also died. Only eight of the 59 patients re
ported in the literature that have been treated surgi
cally have died. Six  of these eight patients did not 
receive antibiotics postoperatively. W ith appropriate 
treatment, the prognosis is favorable: 22%  of patients 
have made a complete recovery, 55.9%  have im 

proved, 6 .8%  were unchanged, one patient deterio
rated, and only two patients died (13).

Spinal Infection from  
Traum atic Injuries

Penetrating Trauma
High-velocity combat injuries require aggressive de
bridem ent of the m issile tract to prevent infection. 
Low-velocity gunshot wounds and stab wounds, on 
the other hand, generally can be treated nonsurgi- 
cally. Low-velocity gunshot wounds to the spine do 
not require debridement as long as the bullet does 
not traverse the colon, esophagus, or pharynx (109, 
136, 147, 159, 165, 231, 232, 277, 292). Treatment of 
gunshot wounds that traverse a contam inated viscus 
is considerably more controversial. Poret and col
leagues described 151 patients with a gunshot wound 
to the colon and found an increased infection rate in 
patients who had retained bullet fragments (215). Ro- 
m anick and colleagues reported that infections de
veloped in seven of eight patients w ith gunshot 
wounds traversing the colon (232). Kihtir and col
leagues recom m ended that all patients with low- 
velocity wounds to the spine w ith an associated co
lonic injury undergo routine operative debridement 
of the spine and m issile tract (136), A ntibiotic ther
apy averaged 2 to 5 days in six of the eight patients 
in that series. Subsequent reports demonstrated a rel
atively low infection rate when broad-spectrum an
tibiotics were administered for at least 5 to 7 days 
(159, 231),

Roffi and colleagues described 42 patients with 
low -velocity .gunshot wounds associated with a per
forated viscus (231). In only three of their patients a 
spinal or paraspinal infection developed. They found 
that early removal of bullet fragments was unneces
sary. Fourteen of their patients had colon perforation; 
a psoas m uscle abscess developed in only two, and 
no spinal infections developed. They believed that 
an extended course of antibiotics given intrave
nously for at least 7 days, providing coverage for 
Gram-negative and anaerobic organisms, should be 
adequate.

Kihtir and colleagues had good results with tran- 
speritoneal gunshot wounds of the spine, with or 
w ithout colon injury (136). They recommend irriga
tion of the m issile tract and a 48-hour course of an
tibiotics without removal of bone fragments. They 
performed primary repair or resection and entero- 
enterostomy in all but one of their five patients with 
colonic injury. Seven of the eight patients in the se
ries by Rom anick and associates underwent a colos
tomy or ileostomy (232). The poor outcome in the 
Rom anick series may be related to the type of surgical
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treatment as well as inadequate antibiotic therapy 
(159).

The group at Thomas Jefferson University does not 
routinely debride spinal wounds after visceral injury. 
They reported on 295 patients with gunshot wounds 
to the spine resulting in a neurologic deficit. They 
found that patients who underwent spine surgery 
were more likely to develop spinal infections than 
those who were treated nonoperatively. Patients re
ceiving steroids and those who had sustained mul
tiple gunshot wounds were also more likely to suffer 
an infection (109). The current recommendations 
from that group for patients with low-velocity, tran- 
speritoneal gunshot wounds to the spine include 
hroad-spectrum antibiotics for at least 5 days and no 
routine bullet removal or missile tract debridement 
(159).

Transpharyngeal gunshot wounds are also contro
versial. Schaeffer and colleagues recommend aggres
sive management (127, 241). If a pharyngeal wound 
is identified by endoscopy, they recommend intra
venous administration of broad-spectrum antibiotics, 
neck wound exploration to repair soft tissues and de- 
bride the cervical spine, and external immobilization 
for approximately 6 weeks.

Kupcha and colleagues described 28 patients with 
low-velocity gunshot wounds to the cervical spine 
(147). They found that routine exploration without 
specific indications was not beneficial. They recom 
mend panendoscopy and arteriography for all pa
tients and a short course (less than 7 days) of anti
biotics given intravenously. If the bullet traverses the 
pharynx, they recommend following the guidelines 
of Schaeffer and colleagues (241). The Thomas Jef
ferson University group subsequently has found that 
debridement of the spine wound is not necessary. 
They recommend endoscopy with individualized 
management of the esophageal wound, 48 hours of 
antibiotics given intravenously, and no debridement 
of the spine (109; Vaccaro A, personal com m unica
tion, 1995).

Blunt Trauma
Spinal infections are rarely caused by blunt trauma. 
Kulowski thought that trauma was a predisposing 
factor in  pyogenic vertebral osteom yelitis (146); later 
studies have not supported that association (8 4 ,1 9 4 , 
233). A history of trauma was present in only 5%  of 
the 207 cases included in Sapico and M ontgomery’s 
literature review (238),

Two groups have reported a total of eight cases of 
vertebral osteomyelitis at the site of a spine fracture 
(162, 174). Osteomyelitis may develop as a compli
cation of the fracture because the fracture creates a 
favorable environment for the hematogenous infec
tion. Alternatively, the osteomyelitis may develop 
within the central portion of an osteoporotic verte

bral body, perhaps because the bone is more hyper- 
emic or because of vascular stasis. Infection may then 
lead to a pathologic fracture of the vertebra without 
the usual involvem ent of the disc space (174). This 
is an infrequent occurrence but should be considered 
in certain clin ical settings. One case report described 
a patient who becam e paraplegic from an epidural 
abscess 48 hours after a burst fracture of T12 (143). 
The case was presumed to have occurred by hema
togenous seeding of S. aureus from a focus of cellu
litis to the fracture hematoma.

Vertebral osteom yelitis has been reported to occur 
in the cervical and upper thoracic spine after blunt 
traimiatic esophageal rupture (214, 228). The esoph
ageal injury may be due to direct trauma from bone 
fragments or vertebral osteophytes, from breakdown 
of contused esophageal tissue anterior to a fracture 
site, or from a rapid increase in  intralum inal pressure 
(214, 228).

Granulomatous Infections____________
Granulomatous infections may be caused by fungi, 
certain bacteria, and spirochetes (102, 152). These 
disorders have similarities in clinical presentation 
and in histologic features. Most bacteria cause pyo
genic infections, but bacteria in the order Actino- 
mycetales cause chronic granulomatous infections. 
This order includes the following families of patho
gens; Mycobacteriaceae (genus Mycobacterium), 
Actinomycetaceae (genera Actinomyces, Arachnia], 
and Nocardiaceae (genus Nocardia] (152). Tubercu
losis is the most common granulomatous spine in
fection in the world and is described in the following 
section. The clinical features of the other granulo
matous infections are similar to tuberculous spon
dylitis, and the surgical principles are the same. The 
chemotherapeutic management of these infections is 
highly variable and is beyond the scope of this chap
ter. I strongly recommend enlisting the help of an 
infectious disease specialist when treating these con
ditions.

Tuberculosis

Epidemiology and Etiology
The incidence of tuberculous spondylitis varies con
siderably throughout the world and is generally pro
portional to the quality of public health services 
available. In affluent countries the incidence has de
creased dramatically in the past 30 years, and until 
recently the disease was quite uncommon. In 1986 
the number of new cases of tuberculosis increased 
2.6%  for the first time in several decades (68). The 
growing number of patients immunocompromised 
by acqufred immunodeficiency syndrome (AIDS) or
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other conditions are thought to be responsible for the 
resurgence of tuberculosis.

Spinal involvement develops in approximately 
50% of patients with tuberculosis (34, 270). A neu
rologic deficit develops in 10 to 47%  of those with 
tuberculous spondylitis (11, 20, 67, 81, 121, 168). 
The disease rarely affects children in North America, 
Europe, and Saudi Arabia, but it is relatively com 
mon in  African and Asian children. The incidence of 
infection in infants and young children has been de
creasing in Hong Kong (190).

Spinal tuberculosis generally occurs by hematog
enous spread from a distant focus of infection. The 
pulmonary and genitourinary systems are the most 
frequent sources, but tuberculosis may also spread 
from other skeletal lesions (37, 81). The spine may 
also become infected by direct extension from vis
ceral lesions (37).

Pathogenesis and Pathology
There are three major types of spinal involvement; 
peridiscal, central, and anterior, listed in decreasing 
order of incidence (52, 53). Atypical forms of spinal 
tuberculosis include those with neural arch involve
ment only and rare cases of epidural or intradural 
tuberculomas without bony involvem ent (52, 196).

In peridiscal disease, the infection begins in the 
metaphyseal area and spreads under the anterior lon
gitudinal ligament to involve the adjacent bodies. In 
contrast to pyogenic infections, the disc is relatively 
resistant to infection and may be preserved, even 
with extensive bone loss. In cases w ith prim arily an
terior involvement, the infection spreads beneath the 
anterior longitudinal ligament and may extend over 
several segments. The scalloping erosion of the an
terior aspect of the vertebral body may be from 
changes in local vertebral body blood supply (11). 
With central involvem ent, the disease begins w ithin 
the middle of the vertebral body and remains isolated 
to one vertebra. Central lesions tend to lead to ver
tebral collapse and are therefore the most likely type 
to produce significant spinal deformity (53).

There are several pathologic findings that distin
guish tuberculous spondylitis from pyogenic infec
tions. Large paraspinal abscesses are more common 
and the disc is more resistant in tuberculous infec
tions. The pathologic changes generally take longer 
to develop and frequently are associated w ith greater 
deformity in tuberculosis (37, 51, 121, 233).

There are several pathogenic m echanism s respon
sible for the neurologic deficits that may occur with 
infection. Seddon recognized that the neurologic 
compromise could occur acutely or chronically 
(245). “Paraplegia of active disease” results from ex
ternal pressure on the neural elements or invasion of 
the dura. Pressure on the spinal cord may arise from 
an epidural granuloma or abscess, from sequestered

bone and disc, or from pathologic subluxation or dis
location of the vertebrae. The paraplegia in chronic 
cases is caused by pressure on the cord from epidural 
granulomas or fibrosis or from a ridge of bone ante
riorly created by a progressive kyphotic deformity. 
These mechanisms have been confirmed at surgery 
or postmortem examination (11, 116, 124).

An epidural granuloma is analogous to a pyogenic 
epidural abscess. Usually the granuloma arises by 
spread from the adjacent bone but rarely may occur 
by hematogenous seeding without any bony involve
ment (10, 8 0 ,1 5 7 , 196). Other lesions that may cause 
a neurologic deficit without bony involvement are tu
berculous arachnoiditis, meningitis, and intradural 
extramedullary and intramedullary tuberculomas 
(8 0 ,1 5 7 ,1 5 8 ,1 7 1 ) . Paraplegia from extraosseous dis
ease occurs in approximately 5%  of cases (157).

The pathologic features of tuberculous spondylitis 
may be altered by secondary pyogenic infection that 
may occur through sinus tracts or after debridement 
procedures (37).

Clinical Presentation
The classic presentation of a patient with tubercu
lous spondylitis includes a patient with spinal pain 
and manifestations of chronic illness such as weight 
loss, malaise, and intermittent fever. The physical 
findings include local tenderness, muscle spasm, 
and restricted motion. The patient may also have a 
spinal deformity and neurologic deficit. In the lesser- 
developed countries the complications of neglected 
disease, such as paraplegia, kyphosis, and draining 
sinuses, m aybe the presenting complaints (1 2 1 ,1 7 5 -  
177).

The location>of pain corresponds to the site of the 
disease, which is most frequent in the thoracic re
gion, less common in the lumbar area, and rare in the 
cervical spine and sacrum (11, 5 2 ,1 2 1 ). Patients may 
present with an abscess in any one of many locations, 
including the groin and buttock (53). In 10 to 47%  of 
patients, neurologic deficits develop during the 
course of their disease (11, 20, 67, 8 1 ,1 2 1 , 168, 259). 
The incidence of paraplegia is highest with spondy
litis in the thoracic and the cervical spine (52, 259).

A distinct syndrome has been reported in heroin 
addicts with tuberculous spondylitis. All five pa
tients in one series had an acute toxic reaction with 
fever, back pain, weight loss, night sweats, and rap
idly evolving neurologic deficits (72). All patients 
had disseminated tuberculosis with involvement of 
extravertebral sites.

Diagnostic Evaluation
The ESR generally is increased with tuberculous 
spondylitis. The tuberculin purified protein deriva
tive skin test usually is positive and indicates past or 
present exposure to Mycobacterium (157). Cultures
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of early morning urine samples may be helpful in 
cases of renal involvement, and sputum specimens 
and gastric washings may be positive with active pul
monary disease. These laboratory findings are help
ful, but an absolute diagnosis can be made only by 
biopsy analysis of the spinal lesion or associated soft- 
tissue mass (140). Because the vertebral lesions fre
quently are lytic and may be associated with a para- 
spinal abscess, CT-directed biopsies using a fine 
needle have proved effective in confirming the di
agnosis (188). Aspiration of a subcutaneous abscess 
may reveal the organism and obviate the need for spi
nal biopsy.

The earliest finding on plain roentgenographs is 
bone rarefaction. W ith peridiscal involvem ent, disc- 
space narroxving is folloxved by bone destruction sim 
ilar to pyogenic infections. (Fig. 28 .6A). W ith ante
rior m ultilevel spine involvem ent, the anterior aspect 
of several adjacent vertebrae may be eroded in a scal
loped fashion (Fig. 28 .6B). Central body involvement 
generally resem bles a tumor w ith central rarefaction 
and bone destruction followed by collapse (Figs. 
28 .6C and 28.7A ,B) (53). O ccasionally, lumbar spine 
radiographs demonstrate calcification in the psoas 
m uscle in cases w ith a long-standing abscess (11).

Radionuclide scanning with technetium or gal
lium may help to define the extent of disease (240). 
Unfortunately, radionuclide scans are not sensitive 
for tuberculous infection. Technetium bone scans are 
negative in 35%  of cases and gallium scans are neg
ative in 70%  (157).

Computed tomography is useful to delineate soft 
tissue changes around the spine and in  the canal and 
clearly demonstrates the extent of bony involvement. 
MRI is the imaging modality of choice, because it 
demonstrates the bony and soft tissue involvement 
and is capable of direct imaging in m ultiple planes. 
The intervertebral disc may have a normal signal on 
MRI, reflecting the resistance of the disc to tubercu
lous infection. The MRI findings are different from 
those in pyogenic infections and reflect the patho
logic types described earlier (247, 249). The signal 
changes on T l-  and T2-weighted sequences are sim 
ilar to those described for pyogenic infection (Fig. 
28.7C -E) (276). Gadolinium -enhanced scans are 
helpful in demonstrating abscesses as w ell as the ex
tent of osseous involvem ent (138, 217, 276). En
hanced MRI can distinguish abscesses from granu
lation tissue. A mass w ith enhancem ent at the 
periphery but not the center is generally an abscess, 
whereas a mass w ith near-total enhancem ent is gen
erally granulation tissue (Fig. 28.7F,G) (138).

M anagement
The goals of management are to eradicate the infec
tion and to prevent or treat neurologic deficits and 
spinal deformities. Chemotherapy is an integral part

of the management of spinal tuberculosis. The only 
cases in w hich chem otherapy is not indicated are 
those in w hich late-onset paraplegia from progressive 
deformity has occurred in a patient w ith healed in
active disease. Drug therapy is usually started pre- 
operatively but may be started after surgery if a bi
opsy is necessary. The first line of drugs currently in 
use includes isoniazid, rifampin, pyrazinamide, 
streptomycin, and ethambutol. The second-line 
agents that occasionally are used in special circum
stances include ethionam ide, cycloserine, kanamy- 
cin, capreom ycin, jD-aminosalicylic acid. The choice 
of agents, dosages, and duration of therapy should be 
directed by an infectious disease expert. Multiple 
drugs are used because of the potential for resistance 
to a single agent Selection of rational combinations 
of drugs is based on the m echanism  of action and 
toxicity of the agents (50).

In 1963 the M edical Research Council Committee 
for research on tuberculosis of the tropics began to 
investigate the w idely divergent forms of treatment 
available at that time. A subcommittee was estab
lished that later becam e known as the working party 
on tuberculosis of the spine. This group initiated sev
eral large-scale, controlled prospective trials of treat
m ent methods. The design of each study was based 
on the available resources in areas where tuberculo
sis was endemic. The conclusion of the Research 
Council was that the treatment of choice for spinal 
tuberculosis in developing countries is ambulatory 
chemotherapy w ith 6- or 9-month regimens of iso
niazid and rifampin. Surgery was recommended only 
for biopsy or the management of myelopathy, ab
scesses, or sinuses (178, 180).

Some surgeons recom m end surgery for almost all 
patients, whereas m ost surgeons recom m end surgery 
in selected cases only (99, 180, 269, 270). In general,
I think that the indications for surgery are the same 
as in pyogenic infection. Neurologic compromise is 
the primary indication for surgery since anterior de
com pression and fusion have been shown to lead to 
higher recovery rates in patients w ith neurologic def
icit than nonoperative treatment alone (11, 67, 157,
168). Surgery should also be performed for biopsy, 
management of c lin ically  significant abscesses, failed 
m edical therapy, and deformity.

W hen surgery is necessary, radical debridement 
and anterior strut graft fusion in association with 
chemotherapy (Hong Kong operation) is recom
mended (1 1 7 ,1 1 9 ,1 7 5 ). The M edical Research Coun
cil compared the Hong Kong operation to debride
m ent alone. At long-term follow-up there was no 
difference betw een the groups in terms of neurologic 
recovery or pain. None of the patients had recurrence 
or reactivation of tuberculosis. The primary differ
ence was that patients who underwent radical sur
gery w ith fusion had slight correction in deformity
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FIGURE 28.6.
Radiographic features of the three types of tuberculous spondylitis. A. Peridiscal involvement is characterized by disc-space 
narrowing followed by variable bone destruction. The radiograph on the left is early in the disease. The radiograph on the 
right is after resolution of the disease and shows minor deformity. B. Anterior multilevel disease is distinguished by scal
loped erosions of the anterior aspect of several adjacent vertebrae. In this case, T i l ,  L2, and Ll are involved. C. Central 
involvement resembles a tumor with central body rarefaction and bone destruction followed by collapse. In this radiograph, 
Ll and L2 are involved. (From Doub HP, Badgley CE. The roentgen signs of tuberculosis of the vertebral body. AJR 1932; 
27:827-837),
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FIGURE 28.7.
Tuberculosis of the lumbar spine. Fifty-two-year-old Mexican man with disseminated tuberculosis was treated with 1 year 
of therapy with three antituberculous drugs. He presented with progressive low back pain and pseudoclaudication. He was 
found to have spinal stenosis from collapse of L2 and L3 vertebrae and a sterile psoas muscle abscess The MRI suggested 
that the disease was still present, but all cultures and stams taken at operation were negative, A. Anteroposterior and
B. lateral lumbar spine radiographs show collapse of L2 and L3 with kyphotic deformity. C. Tl-weighted sagittal MRI 
sequence demonstrates decreased signal in the bodies of LI to L4, kyphotic deformity, and epidural mass composed of 
necrotic bone, disc, and purulent debris. D. T2-weighted sagittal MRI sequence demonstrates areas of high signal intensity 
within the L2 and L3 vertebral bodies and in the anterior paraspinal region J
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FIGURE Z Z .l—continued
E. Gadolinium-enhanced Tl-weighted sagittal sequence shows enhancement at the periphery of the collapsed and necrotic 
vertebrae F. Gadolinmm-enhanced coronal MRI sequence shows peripheral enhancement of a low-signal mass within the 
left psoas muscle The psoas abscess was found to be a sterile loculation of pus that comm.unicated with the L2-L3 region 
G. Gadolinium enhanced axial MRI sequence shows the same findings noted in E and F.

that was m aintained over time, whereas those treated 
with debridement alone had progressive kyphosis. 
Significant change was not fovind when the 6-month 
evaluations were compared with the 10-year or 15- 
year follow-up data (181, 273)

Children treated with radical suigery and graftmg 
had less kyphosis at 6-month follow-up than they 
had preoperatively; the group treated with debride
ment alone had an increased deformity at 6-month.

follow-up. There was a tendency for some sponta
neous correction during growth in children treated 
with debridement alone, making the two groups sim 
ilar when evaluated 15 years postoperatively (271, 
272) Other independent studies have demonstrated 
the effectiveness of debridement and fusion and rec
ommend that procedure over simple debridement 
alone (11, 75, 115, 121, 133, 140)

W hen an operation is indicated, it is easier to do
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it early, because abscesses tend to dissect along tissue 
planes. If surgery is delayed, fibrosis makes the pro
cedure technically  m uch more difficult. There is a 
direct correlation betw een the duration of neurologic 
symptoms before operation and the tim e for recovery 
from paraplegia [67, 118). Surgery may also be per
formed for late-onset paralysis associated with cord 
com pression by a hard bony ridge in association with 
kyphosis.

In the Hong Kong procedure, the spine is ap
proached anteriorly so that the affected area may be 
dealt with most directly. Debridement, decom pres
sion, and fusion in the thoracic spine may be per
formed through a transthoracic approach, through a 
costotransversectomy, or through an extrapleural 
anterolateral approach. The latter has the theoretic 
benefit of avoiding a tuberculous empyema (97). 
However, no studies have demonstrated any actual 
advantage in an extrapleural approach over a stan
dard thoracotomy. In tuberculosis, the periosteum 
generally is thicker and frequently adherent to the 
pleura; therefore, it often is necessary to dissect in a 
subperiosteal plane for exposure. The transthoracic 
approach is more successful than a modified costo
transversectomy. Kirkaldy-W illis and Thomas found 
that the fusion rate was 95%  after a transthoracic ap
proach, and only 78%  after a costotransversectomy 
(140). The mortality was 3%  and 8% , respectively. 
The lumbar spine may be exposed through a retro
peritoneal approach. Lesions betw een C3 and C7 
may be approached through the anterior triangle or 
the posterior triangle. The latter may be preferable in 
some cases, because abscess cavities often extend 
into the posterior triangle, making dissection easier 
(114).

The sequestered bone and caseous material must 
be debrided back to bleeding bone above and below 
and back to the posterior longitudinal ligament. The 
decom pression should go back to the dura in cases 
of neurologic deficit w hen spinal cord decom pres
sion is necessary (179). The angular deformity is cor
rected by insertion of a strut graft. Autogenous bone 
grafting at the time of the primary debridement is re
liable in adults and children (5 ,1 1 , 6 7 ,1 1 5 ,1 2 1 ,1 3 3 , 
140, 181, 291). The choice of graft material is based 
on considerations of graft incorporation and struc
tural support. The grafts used most frequently are il
iac crest and rib. Iliac crest is preferable to rib, es
pecially in patients w ith a large defect (118, 133, 
223). Vascularized rib strut grafts have reportedly 
been effective in children (193). Fibular grafts pro
vide good structural support, but the large amount of 
cortical bone may be undesirable in cases of infec
tion. In general, autograft is preferred to allograft 
bone, although there have been no series comparing 
the two types of graft.

Because of the potential for wound dehiscence in 
these patients, who are frequently immunocompro
m ised and have poor wound healing potential, the 
wounds should be closed in layers with interrupted 
nonabsorbable sutures. In patients with lesions in
volving more than two vertebral bodies, a period of 
bed rest followed by external support in a thoracol- 
umbosacral orthosis is recommended until the fusion 
becom es consolidated (223).

The only indication for a lam inectom y in the treat
m ent of spinal tuberculosis is atypical disease in
volving the neural arch and causing posterior spinal 
cord com pression (83, 135, 196, 245). It is also rea
sonable in rare circum stances with posterior epidural 
or intradural tuberculomas without bony involve
ment (10 ,158). In all other cases, lam inectom y is con
traindicated because the procedure destabilizes the 
spine and may lead to further deformity and neuro
logic damage (245).

If a lam inectom y is indicated, a fusion should also 
be performed if any of the facets are removed or if a 
kyphotic deformity is already present (135). Some 
authors recommend a posterior fusion in addition to 
an anterior fusion to elim inate the risk of increasing 
deformity in children (140, 191). In a long-term fol
low-up study Upadhyay and colleagues found that a 
prophylactic posterior spinal arthrodesis is not in
dicated (273). They followed 33 children, who were 
aged 10 years or younger at the time of anterior rad
ical resection and fusion, for 15 years. They found 
that the growth of the posterior portion of the spine 
does not contribute to the progression of deformity 
after that procedure. Fountain and associates found 
that progressive kyphosis developed in only three of 
31 children with solid anterior fusions (74). They rec
ommend performing a supplementary posterior fu
sion only if  progressive deformity is noted.

Some authors recom m end a two-stage procedure 
with an instrumented posterior fusion followed by 
anterior debridement and fusion. The rationale for a 
two-stage procedure is that after anterior debride
m ent and fusion, a significant portion of the correc
tion is lost in the first 6 to 24 months postoperatively 
(138, 151). Anterior grafts do not always provide sta
ble fixation, especially in cases in w hich the graft 
spans more than two disc spaces (223).

Moon and colleagues reported on 39 adults un
dergoing a two-stage procedure with the instru
mented posterior fusion followed by anterior de
bridement and fusion either in the same operative 
setting or in sequential operations (192). They were 
able to achieve excellent deformity correction with
out prior anterior release, and the loss of correction 
did not exceed 3°. The tuberculosis was completely 
cured in all patients.

Giiven and colleagues recommend a single-stage
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posterior approach with rigid internal fixation w ith
out any anterior procedure (99). They described 10 
patients who underwent that procedure. A ll patients 
achieved a stable fusion w ith resolution of the tuber
culosis, and the mean loss of correction was only 
3.4°. They used pedicle-screw  instrum entation in 
most cases, whereas Moon and associates generally 
used Harrington distraction redding or Luque seg
mental spinal wiring (192). Giiven and colleagues do 
not recommend the single-stage posterior approach 
when the patient has paraplegia, when a huge ab
scess requiring drainage is present, or w hen there is 
multisegmental involvem ent (more than two verte
bral bodies) (99).

The risk of using spinal instrum entation despite 
active tuberculous infection was studied by Oga and 
colleagues (203). They evaluated 11 patients under
going combined posterior instrumented fusion and 
anterior debridement and fusion. None of the pa
tients had persistence or recurrence of infection; no 
kyphotic deformities occurred after operation. The 
authors also evaluated the adherence properties 
of Mycobacterium tuberculosis and S. epidermidis 
to stainless steel. Scanning electron m icroscopy 
showed that the surface of the stainless steel was 
heavily colonized by staphylococcus and covered 
with a thick adherent biofilm. In contrast, only a few 
biofilm-covered m icrocolonies of Mycobacterium tu
berculosis were observed. They concluded that pos
terior instrumentation is not associated w ith persis
tence or recurrence of spinal tuberculosis infection.

Rare case reports have documented successful re
sults in treating spinal infections w ith anterior de
compression and fusion w ith anterior instrum enta
tion (144). Although anterior instrum entation may be 
effective in selected cases, the author is aware of one 
unreported case in w hich anterior instrum entation 
failed because of the poor bone quality of the verte
bral bodies adjacent to the infection. I do not rec
ommend anterior instrum entation in the presence of 
spinal infection.

Complications of surgical treatm ent are frequent. 
The operative risk is greatest in elderly patients with 
extensive disease. In one series the operative m ortal
ity was 2 .9% , and an additional 1%  of the patients 
died of the disease later (119). Early com plications 
include wound sepsis, pleural effusion, pulmonary 
embolism, cerebrospinal fluid fistula into the pleural 
cavity, ileus, progressive neurologic deficit, damage 
to the ureter, loss of graft fixation or graft fracture, 
atelectasis, pneumonia, air leak, Horner’s syndrome, 
and injury to one of the great vessels (120). Late com 
plications include graft resorption, graft fracture, 
nonunion, and progressive kyphosis (133, 222, 223).

The prognosis of patients treated for tuberculous 
spondylitis depends on the age and general health of

the patient, the severity and duration of the neuro
logic deficit, and the treatment selected.

Before the advent of chemotherapy, the mortality 
rate for patients treated nonoperatively was 12 to 
43%  (2, 52). The rate for patients with a neurologic 
deficit was close to 60%  (20). W ith the chem othera
peutic regimens now available, the mortality rate 
should be less than 5%  if the disease is diagnosed 
early, the patient com plies with the regimen, and fol- 
low-up is frequent (3, 157). The relapse rate should 
approach zero (157).

Progressive kyphosis is a significant cosm etic de
formity and may cause a neurologic deficit, respira
tory failure, or cardiac failure. Nonoperative treat
ment is associated w ith a significantly higher rate of 
kyphotic deformity than is surgical management 
(222). Posterior spinal instrum entation with or w ith
out anterior debridement and fusion provides the 
best results for m aintenance of spinal alignment (99,
192, 203). Radical debridement and fusion allow 
slight improvement in the kyphotic deformity (137,
151, 273). Anterior debridement alone does not pre
vent kyphotic deformity (273).

The risk factors for a neural deficit include older 
age, more cephalad level of infection, increased loss 
of vertebral body height, and absence of paraspinal 
abscesses (259). These risk factors seem self-evident 
except for the absence of extensive paravertebral ab
scess. The authors postulated that the drainage of pus 
and debris from the spinal canal releases pressure on 
the cord (259). Patients with neurologic deficit may 
improve spontaneously without operation or che
motherapy or w ith chem otherapy alone, but, in gen
eral, the prognosis is improved with early operation 
(11, 81, 83, 157,-168, 269).

In one study, 94%  of neurologically impaired pa
tients recovered normal function after anterior de
com pression; only 79%  totally recovered after non
operative management (157). In a separate study, 
when patients with a neurologic deficit were oper
ated on only if they failed to respond to an initial 
course of antibiotics, the overall success rate was 
78.5%  (269). Patients who have an atrophic cord, as 
seen on CT myelography preoperatively, usually do 
poorly after decom pression (94).

Patients with cervical spine involvement are at 
high risk for neurologic deficit but do w ell after an
terior debridement and fusion.

The rate of bony fusion varies with the treatment 
regimen. Spontaneous fusion occurred in 27%  of pa
tients treated w ith bed rest in a plaster shell without 
chemotherapy or surgery (52). The fusion rates in pa
tients treated by ambulatory chemotherapy alone 
were 9%  at 6 months, 26%  at 12 months, 50%  at 18 
m onths, and 85%  at 5 years. After debridement w ith
out surgical fusion, the rate was almost identical to



5 9 6 SECTION V: ADULT DEFORMITIES AND MISCELLANEOUS DISORDERS

nonoperative treatment with fusion in 3%  by 6 
months, 23%  by 12 months, 52%  by 18 m onths, and 
84%  at 5 years. After the Hong Kong procedure, fu
sion occurred in 28%  by 6 months, 70%  by 12 
months, 85%  by 18 months, and 92%  at 5 years (179).
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CHAPTER TW ENTY NINE

Rheumatoid Arthritis and 
Ankylosing Spondylitis

/. Michael Simpson and Howard S. An

Rheumatoid A rthritis
Rheumatoid arthritis is a chronic system ic inflam
matory disorder with a predilection for affecting the 
smaller joints of the appendicular skeleton in a sym
metrical pattern. The disease affects approximately 
1% of the population worldwide, w ith a peak in ci
dence in the fourth through the sixth decades. The 
ratio of females to males with rheumatoid arthritis is 
2:1 (96, 97). The most common area of the spine af
fected by rheumatoid arthritis is the cervical region, 
and in particular the occiput-Cl-C2 complex.

Pathophysiology
The etiology of rheumatoid arthritis remains uncer
tain. It is postulated that rheumatoid arthritis devel
ops after some environmental exposure, such as in
fection, in a genetically predisposed host [78). There 
appears to be an association betw een rheumatoid ar
thritis and class II histocom patibility antigen HLA- 
DR4 (27). This antigen has been found in 70%  of pa
tients with rheumatoid arthritis, but in only 28%  of 
the general population (87). Primary relatives of se
verely affected individuals have four tim es the risk 
of disease. There is a concordance of 30%  in m ono
zygotic twins and 5%  in dizygotic twins. W hile an 
exact cause-and-effect relationship in rheumatoid ar
thritis remains unknown, the inflammatory process

itself has been w ell described. The current assump
tion is that synovial cells of patients with rheumatoid 
arthritis express a new antigen. This chronic anti
genic stimulus then triggers the body to produce 
rheumatoid factor, an im m unoglobulin M (IgM) m ol
ecule directed against autologous immunoglobulin 
G (IgG). Approx-imately 70%  of active rheumatoid 
arthritis patients test positive for IgM anti-IgG. 
The presence of rheumatoid factor alone in synovial 
fluid does not produce rheumatoid arthritis, how 
ever. There is increasing evidence showing that im
m unologic m echanism s, including a new complex 
formation of antigen and antibodies followed by 
com plem ent binding and polymorphonuclear cell 
infiltration, are important in  the pathogenesis of 
rheumatoid arthritis (41, 57, 87, 91). Phagocytosis of 
the immune com plexes by polymorphonuclear cells 
results in release of lysosomal enzymes, oxygen rad
icals, and arachidonic acid m etabolites that produce 
inflammation and tissue destruction. The influx of 
fluid in actions of these inflammatory mediators pro
duce the erythema, warmth, and pain that is char
acteristic of rheumatoid synovitis. This same se
quence of events may explain the pathogenesis of 
rheumatoid nodules and other systemic immune se
quelae such as vasculitis.

Rheumatoid pannus represents granulation tissue 
formed w ithin the synovium from proliferating fibro
blasts and inflammatory cells. Pannus is productive
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of collagenase and other proteolytic enzymes capable 
of destroying adjacent cartilage, ligaments, tendons, 
and bone. It is this destructive property that leads to 
ligamentous laxity, cartilage loss, tendon ruptures, 
and bone erosion.

Clinical Manifestations
In the majority of patients prodromal symptoms of 
fatigue, joint stiffness, arthralgia, and myalgia pre
cede actual joint effusions. The small appendicular 
joints of the hands and feet are typically involved in 
a symmetric fashion. Large weightbearing joints may 
also be affected. Multiple joint involvement is typi
cal, though one-third of patients may have monartic
ular symptoms.

Rheum atoid spondylitis is usually m anifested in 
the cervical spine, but may, though uncom m only, in 
volve the sacroiliac joints. Involvement of the tho
racolumbar spine is rare. Cervical spine involvement 
in  the rheumatoid patient has been reported at 25 to 
90% , depending on the study and diagnostic criteria 
(5, 20, 57, 58, 67, 87, 92). The pathologic sequence in 
the joints of the cervical spine is identical to those 
that occur peripherally, as proven by biopsy exam i
nation (2, 33, 57, 87). The four abnorm alities most 
commonly seen in rheumatoid cervical spine disease 
are:

1. C1-C2 instability
2. Basilar invagination
3. C1-C2 rotatory subluxation [lateral subluxation)
4. Subaxial subluxation

Atlantoaxial subluxation is the result of severe ero
sive synovitis of the atlantoaxial and atlantodental 
joints. Involvement of these articulations occurs 
more commonly in  patients w ith severe rheumatoid 
arthritis. Conlon and associates reported a 25%  in 
cidence of atlantoaxial subluxation in a hospital pop
ulation of rheumatoid arthritis patients (20). Radio
logic progression has been reported at 40%  for 
atlantoaxial subluxation, but development of neuro
logic symptoms is significantly less, ranging from 2 
to 14%  (86, 95). The odontoid process and transverse 
ligaments are separated by a synovial lined space, 
w hich leads to laxity of the transverse ligament. This 
allows anterior displacem ent of the atlas, particularly 
in  neck flexion. C linical m anifestations of atlanto
axial subluxation include occipital, retro-orbital, and 
temporal pain. Headaches and burning sensations 
along the basiocciput are also common. A “clunking” 
sensation may also be noticed on neck flexion (Sharp 
and Purser’s sign) (77).

Vertebrobasilar insufficiency may also accompany 
rheumatoid involvement of the upper cervical spine. 
The vertebral arteries can be kinked around the an
teriorly displaced atlas, producing dizziness, head
ache, dysphagia, vertigo, visual disturbances, and

nystagmus. Sudden temporary episodes of uncon
sciousness (drop attacks) may also occur in rare 
cases. Concomitant atherosclerosis may contribute to 
the development of vertebrobasilar insufficiency.

Although neurologic com prom ise is thought to be 
relatively uncom m on in cases of atlantoaxial sublux
ation, myelopathy can occur. Neurologic manifesta
tions may be due to direct soft-tissue or bony im
pingement of the spinal cord. Other potential sources 
of neurologic com prom ise include ischem ia from 
com pression of vertebral arteries, anterior spinal ar
teries, or small arteries that perforate the brainstem 
and spinal cord (97). Mathews found that long tract 
signs develop in nearly one-third of patients with at
lantoaxial subluxation (59). M yelopathic findings are 
generally lim ited to hyperactive deep tendon reflexes 
but may include incontinence, weakness, sensory 
loss, and paresis w hen involvem ent is severe. Flex
ion and rotation of the head may produce an elec
tric shock sensation (Lherm itte’s sign) into all four 
extrem ities.

Lateral (rotatory) subluxation results from asym
m etric erosion and collapse of C l and C2 and occurs 
from the same destructive rhemnatoid involvement 
of the occiput-C l and atlantoaxial joints. The prin
cipal clin ical finding in this group is pain, although 
neurologic compromise may be seen in  more severe 
forms. This type of subluxation is progressive and 
may result in a fixed torticollis. Many believe the in
cidence of C1-C2 rotatory subluxation to be under
estimated (20). In one series it accounted for 21%  of 
all atlantoaxial subluxations (14).

Posterior atlantoaxial subluxation is a rare com
plication of rheumatoid cervical spine involvement, 
noted in  6.7%  of all C1-C2 subluxations in one study 
(95). Extensive bony erosion or fracture of the odon
toid process allows the anterior arch of the atlas to 
displace posteriorly (42). This displacem ent may re
sult in myelopathy w ith com pression at the cervi- 
comedullary junction (55).

Basilar invagination, also known as cranial set
tling, upward migration of the odontoid, vertical sub
luxation, and atlantoaxial im paction, occurs as a re
sult of bone, ligament, and cartilage destruction at 
the atlanto-occipital and atlantoaxial joints. Basilar 
invagination has been shown to progress in 35 to 
50%  of patients, allowing the cranium to settle on 
the cervical spine and the odontoid process to project 
cephalad into the foramen magnum (84, 90, 95). Cra
nial settling occurs as the result more of bone and 
cartilage destruction than of ligamentous laxity. Cra
nial settling can produce severe and chronic occip i
tocervical pain, w hich is caused by first and second 
cervical nerve root compression. The vertically dis
placed odontoid process can ventrally compress the 
cranial nerve nuclei in the medulla oblongata and 
cause dysfunction (28). Compression of branches of 
the spinal arteries or vertebral arteries may also pro
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duce severe neurologic dysfunction and can even be 
life threatening (93). Only in  rare advanced cases of 
cranial settling can one see facial diplegia, internu- 
clear ophthalmoplegia, spastic quadriparesis, sleep 
apnea, loss of light touch sensation in the trigeminal 
nerve distribution, and dysfunction of cranial nerves
IX, X, and XII. The odontoid process may also com 
press the pyramidal tracts in the m idline, w hich are 
anterior and decussating. Compression of the upper 
corticospinal tract decussation without com pro
mise of the uncrossed lower-extrem ity fibers pro
duces a brachial cruciate paralysis, as described by 
Bell (3). This syndrome produces significant upper- 
extremity paralysis w ith normal strength in the lower 
extremities.

In a review of patients w ith cranial settling, Me- 
nezes and associates found that posterior occipital 
pain was the primary com plaint of all 45 patients 
studied (62). M yelopathy was noted in 36 patients, 
blackout spells in  24 patients, brainstem  symptoms 
in 17, and lower cranial nerve palsies in 10 patients. 
The clinical evaluation of rheumatoid patients in 
whom cranial settling is severe can be difficult be
cause of m ultifocal sources of pain and other symp
toms. A very careful exam ination must be carried out 
in an attempt to elicit silent neurologic involvement. 
Pyramidal tract signs, including hyperactive reflexes, 
a positive Babinski sign, and loss of proprioception, 
are early signs of myelopathy. Rana and associates 
pointed out subtle involvem ent of the fifth cranial 
nerve with rheumatoid involvem ent of the cranio- 
vertebral junction (70). Loss of the corneal reflex, di
minished light touch and pain sensation, especially 
in the first division of the trigeminal nerve, are com 
mon subtle findings. These signs probably indicate 
an involvement of the descending tract of the nucleus 
of the fifth nerve, w hich can reach as low as C2.

Death due to spinal cord com pression in  patients 
with rheumatoid arthritis is probably underesti
mated (63). M eijers and colleagues reported on an 
autopsy study of 104 rheumatoid patients, of whom 
11 were found to have C1-C2 subluxation with cord 
compression. Seven of these 11 patients died sud
denly, w hich represents an estimated 10%  rate of fa
tal medullary com pression (61). In a more recent 
postmortem analysis, Delamarter et al. found spinal 
cord compression to be the m ain cause of death in 10 
of 11 rheumatoid arthritis patients with paralysis 
(30). This strongly suggests that once cervical m y
elopathy is established in patients w ith rheumatoid 
cervical disease, who are not surgically decom 
pressed and stabilized, the natural history is one of 
progression, and the resultant m ortality is likely 
more common than currently reported. Marks and 
Sharp have reported on 31 patients w ith rheumatoid 
arthritis and cervical myelopathy (56). Fifteen of 
these patients died w ithin 6 months of clin ical 
presentation, and 50%  of those treated with a

cervical collar died. Surgical stabilization provided 
a reasonable chance for survival.

For patients presenting w ith neurologic involve
ment it is useful to classify the extent of deficit. The 
classification system described by Ranawat is com
m only employed (71). Patients without neurologic 
deficit are class I; those with subjective weakness, 
hyperreflexia, and dysesthesias are class II; those 
with objective weakness and long tract signs are class 
III. Class III is subdivided into Ilia (ambulatory) and 
m b (quadriparetic and unable to walk). This is im 
portant prognostically, as patients with more severe 
paralysis have poorer outcomes following surgery. 
Duration of paralysis is not a good predictor of 
outcome (6).

Radiologic Evaluation
W hile magnetic resonance imaging (MRI) has dra
m atically improved our ability to visualize pannus 
formation and spinal cord impingement, plain roent
genograms remain the primary means of radiologi- 
cally evaluating the cervical spine of patients with 
rheumatoid arthritis. Initial radiographic views 
should include anteroposterior, open-mouth odon
toid, and lateral flexion-extension dynamic roent
genograms. Evaluation may sometimes be difficult 
because of diffuse osteopenia, destructive bony 
changes, and overlap of bony structures at the cran- 
iovertebral junction. In such cases further studies, in
cluding conventional tomography, computed tomog
raphy (CT), and MRI, are helpful in delineating 
pathologic anatomy.

In the evaluation of atlantoaxial integrity, lateral 
flexion-extension views are most helpful. An anterior 
atlantodental interval of more than 3.5 mm is abnor
mal and indicative of atlantoaxial sub luxation (Fig.
29.1). This distance is measured between the poste
rior edge of the anterior ring of C l and the anterior 
surface of the odontoid process, measured along the 
transverse axis of the C l ring (17). Subluxation of 
more than 10 to 12 mm indicates complete destruc
tion of the atlantoaxial ligamentous com plex (36). 
Anterior atlantoaxial subluxation may result in  com 
pression of the cervical spinal cord. Pannus forma
tion around the odontoid process, with or without 
abnormal sagittal plane m otion of the atlantoaxial ar
ticulation, may be sufficient to produce spinal cord 
compression.

It is apparent from m ultiple reports that the ante
rior atlantodental interval does not reliably corre
spond to the development of neurologic deficits (6, 
18, 20, 29, 46, 59, 85, 94). Boden has shown that the 
posterior atlantodental interval (PADI) is the most re
liable predictor of both the development and the se
verity of paralysis (6). This measurement, w hich is 
the distance from the posterior aspect o f the odontoid
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FIGURE 29.1.
Lateral radiograph of a rheumatoid 
arthritis patient with C1-C2 insta- 
hihty The atlantodental interval 
(ADI) IS  measured to be 17 mm, and 
posterior atlantodental interval 
(PADI) is only 8 mm on flexion 
view. A PADI of 14 mm or less rep
resents a sigmhcant risk for devel
opment of neurologic compromise

process to the anterior edge of the posterior ring of 
the atlas (as measured along the transverse axis of the 
ring of the atlas), more accurately reflects the space 
available for the spinal cord (Fig. 29.1]. Boden con
cluded that a PADI of 14 mm or less on plain radio
graphs represents a significant risk factor for the 
development and progression of neurologic com 
promise. If the PADI is 14 mm or less, MRI taken in 
flexion is advised to evaluate the true space for the 
spinal cord. However, if  there is significant narrow
ing of the space available for the spinal canal, the 
flexion MRI procedure may carry the danger of pro
ducing neurologic deficits. An MRI taken in exten
sion may allow the visualization of the spinal cord 
without further spinal cord com pression during 
scanning (Fig. 29.2], If the MRI demonstrates a cer- 
vicomedullary angle of 135°, a spinal cord diameter 
in flexion of less than 6 mm, or a space available for 
the spinal cord of less than 13 mm, a posterior atlan
toaxial fusion should be considered (7)

Lateral subluxation of the atlantoaxial com plex is 
demonstrated on anteroposterior open-mouth views. 
Lateral mass displacem ent of C l more than 2 mm lat
eral to the mass of C2 is considered abnormal (95). 
This apparent lateral subluxation usually represents 
a true rotatory subluxation, w hich is reflected in the 
asymmetry of the lateral mass sizes of C l and C2.

A m ultitude of measurement techniques have

been described to evaluate basilar invagination. This 
area is often difficult to evaluate on plain radio
graphs. In such cases additional studies may be re
quired. The traditional measurement of basilar in
vagination has been McGregor’s line, w hich connects 
the posterior margin of the hard palate to the most 
caudal point of the occiput (Fig. 29.3). The tip of the 
odontoid process should not project more than 4.5 
mm beyond this line. M cRae’s line defines the open
ing of the foramen magnum (Fig. 29.3). Protrusion of 
the odontoid process to any degree beyond this trans
verse diameter is considered abnormal in defining 
basilar invagination.

Cham berlain’s line is drawn from the hard palate 
to the inner aspects of the posterior rim  of the fora
men magnum. The odontoid process should not pro
ject more than 3 mm above this line, and more than 
6 mm is considered definitely pathologic. Symp
tom atic basilar invagination usually requires signifi
cant protrusion. W ith any of these measurements, 
poly tomography is often required to detail the bony 
landmarks.

The method described by Fischgold and Metzger 
evaluates cephalad migration of the odontoid process 
on the basis of an anteroposterior open-mouth view 
of the spine (Fig. 29.4) (37). The digastric line con
nects the right and left digastric grooves (where the 
mastoid process is connected to the base of the skull).
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FIGURE 29.2.
Sagittal T2-weighted MRI taken of the same patient as in Figure 29.1 shows that the spinal cord is decompressed in exten
sion.

FIGURE 29.3.
Illustration of the lateral upper cervical spine demonstrat
ing McGregor’s, Chamberlain’s, and McRae’s criteria for 
basilar invagination. McGregor’s line is drawn from the 
posterior margin of the hard palate to the most caudal point 
of the occiput. The tip of the odontoid process should not 
jroject more than 4.5 mm beyond this point. Chamberlain’s 
ine is drawn from the posterior lip of the foramen magnum 

to the dorsal margin of the hard palate. The odontoid pro
cess should not project more than 3 mm beyond this point. 
McRae’s line is drawn from the basion to the posterior lip 
of the foramen magnum. Protrusion of the odontoid process 
above this line to any degree is considered abnormal.

b.m .l.

FIGURE 29.4.
Illustrations of normal and basilar invagination on anterior 
upper cervical anteroposterior tomogram using Fischgold 
and Metzger lines. The upper line connects the digastric 
grooves, and the lower line connects the lower poles of the 
mastoid process. The digastric line should normally be 1 
cm or more above the tip of the odontoid process.
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This line should be 1 cm or more above the tip of the 
odontoid process.

W ackenheim ’s line is drawn along the cranial sur
face of the clivus. It should norm ally be tangent to or 
intersect the tip of the odontoid process. Posterior 
protrusion of the odontoid beyond this line is indic
ative of cranial settling (Fig. 29.5).

Clark and associates described "station s” of the at
las, noting the relationship of the anterior arch of C l 
to the axis [Fig. 29.6] (17). The station of C l is deter
m ined by dividing the axis into thirds in the sagittal 
plane and then noting the relationship of the anterior 
ring of C l to C2. In a normal individual, the anterior 
ring of C l is adjacent to the upper third of C2 (station
1). W hen the ring of C l is adjacent to the middle third 
of GZ, it  is  coia.side,\:ed st&Uoiv 2 asvd indicative of m ild  
cranial settling. Station 3 is considered evidence of 
severe cranial settling.

Ranawat’s criteria for basilar invagination are 
based on a horizontal line connecting the center of 
the anterior and posterior arches of C l (Fig. 29.7) 
(30). A vertical line is drawrn from the center of the 
C2 pedicle extending along the m idaxis of the odon
toid process, perpendicular to the horizontal line. 
Normal values are 17 mm ±  2 in males and 15 mm 
±  2 in females. As this interval becom es smaller, the 
severity of basilar invagination increases (30). The 
Ranawat and Clark methods are particularly useful 
because they can routinely be determined on plain 
roentgenographs.

Finally, Redlund-Johnell described a technique

FIGURE 29.5.
Wackenheim’s line (WL) is drawn along the cranial surface 
of the clivus. It should normally be tangent to or intersect 
the tip of the odontoid process. Protrusion of the odontoid 
posteriOT to this liv\e is itvdicaiive. of o:9.nial settling,. Chg.m- 
berlain’s line (CL) is also illustrated.

FIGURE 29.6.
T'ne station oi t'ne afias is determined by noting t'ne re\a- 
tionship of the anterior arch of the atlas to the axis by di
viding the axis into thirds in the sagittal plane. (Reprinted 
with permission from Clark CR, Goetz DD, Menezes AH 
Arthrodesis of the cervical spine in rheumatoid arthritis. ) 
Bone loint Surg 1989;71A:381-392.)

FIGURE 29.7.
The distance described by Ranawat and associates is be
tween the sclerotic ring, which represents the pedicle of 
the axis, and the transverse axis of the atlas, as measured 
along the longitudinal axis of the odontoid process. As this 
distance becomes shorter, the severity of cranial settling 
increases. [Reprinted with permission from Clark CR, 
Goetz DD, Menezes AH: Arthrodesis of the cervical spine 
in rheumatoid arthritis. ] Bone )oint Surg 1989;7lA:381- 
392.)

measuring the distance between the sagittal m id
point of the base of C2 and McGregor’s line (Fig. 29.8) 
(72). Normal values for Redlund-Johnell are 34 mm 
or more for m ales and 29 mm or more for females. 
As opposed to the methods of Clark and Ranawat, 
w hich describe only the relationship of C l and C2,
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FIGURE 29.8.
The distance described by Redlund-Johnell (R-J] is the min
imal distance between the sagittal midpoint of the base of 
the axis and the McGregor line.

Redlund-Johnell values reflect problems associated 
with the entire occipitoatlantoaxial complex.

To determine the presence of spinal cord com 
pression radiographically, the physician may resort 
fo cervical myelography followed by computed to
mography. However, to study the craniovertebral 
junction properly the dye must pass through the fo
ramen magnum into the cranium, w hich may lead 
to com plications secondary to m eningeal irritation 
such as headaches and seizure. This study has been 
largely replaced by magnetic resonance imaging. MRI 
provides explicitly detailed inform ation about pan- 
nus formation and spinal cord com pression and is 
considered the test of choice for evaluating the cran
iovertebral junction. Pannus is visualized as having 
an increased signal intensity on T2-weighted imag
ing consistent w ith the edematous process.

Electrophysiologic Testing
Electromyography hiay be useful in some patients 
with subaxial disease and a radicular component. In 
most rheumatoid arthritis patients, however, the up
per cervical spine and spinal cord com pression is a 
much more common concern.

Somatosensory evoked potentials (SSEP) are gain
ing in popularity not only for intraoperative evalua
tion but also for preoperative clin ical assessment of 
myelopathy. Neurologic evaluation can be difficult 
in patients who have severe rheumatoid arthritis 
with polyarticular involvement. Objective testing 
such as SSEPs can be useful in detecting an overt 
myelopathy. Lachiew icz has shown that 58%  of pa
tients with an irreducible atlantoaxial subluxation or

cranial settling demonstrated abnormal cervical cord 
conduction latencies (51). Not all rheumatoid pa
tients require SSEPs in their evaluation, but testing 
can be useful in the exam ination and follow-up of 
many patients in whom myelopathy is a concern.

Indications for Surgery

Atlantoaxial Subluxation
The treatment of atlantoaxial subluxation is based on 
several factors, including the patient’s general health, 
severity of symptoms, neurologic dysfunction, and 
radiologic parameters. First, unremitting pain that 
fails to improve despite conservative measures is a 
reason to consider surgical stabilization. Usually in
tractable pain accom panies significant atlantoaxial 
subluxation. Secondly, any patient with rheumatoid 
disease and evidence of myelopathy must be consid
ered for surgery. If the patient is m edically stable and 
fit for such a major procedure, surgical stabilization 
and possibly transoral decom pression should be 
offered.

For the asymptomatic patient with atlantoaxial 
subluxation, radiographic parameters are used in de
termining need for surgical stabilization. W hile the 
anterior atlantodental interval is a reasonable mea
surement for evaluating atlantoaxial subluxation, it 
has no strong correlation to the development of neu
rologic deficit. The posterior atlantodental interval 
has been shown to be the critical diameter in the eval
uation of atlantoaxial subluxation. Using plain radi
ographs as a screening tool, a PADI of 14 mm or less 
requires further evaluation with MRI in flexion. If the 
space available for the spinal cord is less than 13 mm, 
posterior stabilization should be recommended [7], 
This is particularly true when the atlantoaxial artic
ulation remains hypermobile on flexion-extension 
views. This diameter, w hich is a measure of the avail
able space for the cervical spinal cord, has demon
strated statistically significant correlations with the 
presence and severity of paralysis. In a study by 
Boden and associates, all patients with a class III neu
rological deficit had a posterior atlantodental interval 
of less than 14 mm (6). In contrast, the anterior atlan
todental interval was not correlated w ith the pres
ence or severity of paralysis. Furthermore, the prog
nosis for neurologic recovery following surgery was 
not affected by the duration of paralysis but was in
fluenced by the severity of paralysis at the time of the 
operation. The most important predictor of potential 
neurologic recovery after surgery was the preopera
tive posterior atlantodental interval. In patients who 
had paralysis due to atlantoaxial subluxation, no re
covery occurred if the posterior atlantodental inter
val was less than 10 mm, whereas recovery of at least 
one neurologic class occurred when the posterior at-
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lantodental interval was at least 10 mm (6). Boden 
further recommends atlantoaxial stabilization when 
the cervicom edullary angle is more than 135° or the 
spinal cord diameter is less than 6 mm in flexion (7).

Basilar Invagination
Like atlantoaxial subluxation, basilar invagination 
may produce isolated symptoms of neck pain with 
radiation of symptoms along the hasiocciput and 
headaches. Mild forms of basilar invagination pro
ducing such symptoms warrants conservative man
agement. Surgical stabilization may be indicated for 
those who have severe unremitting pain that fails to 
improve with conservative measures.

More severe basilar invagination can be associated 
with any of the severe neurologic sequelae described 
for C1-C2 subluxation, including sudden death. For 
patients who develop neurologic com prom ise sec
ondary to basilar invagination and, in particular, pa
tients demonstrating a progressive quadriparesis, 
hospital adm ission is required for purposes of halo 
traction and serial neurologic evaluation, followed 
by surgical stabilization and possibly decompres
sion. Conservative treatment of patients with basilar 
invagination accom panied by signs and symptoms of 
neural com pression carries a significant risk of pro
gressive neurologic im pairment and sudden death. 
For patients who have basilar invagination who do 
not have neurologic compromise, radiographic cri
teria must be used in determining the need for sur
gical stabilization. M ultiple reports have confirmed 
that basilar invagination is associated with a higher 
frequency of severe neurologic deficit that may not 
be reversible and could be fatal (15, 16, 31, 44). In 
the study by Boden and colleagues, it was apparent 
that patients who had com bined atlantoaxial sublux
ation and basilar invagination were at high risk for 
the development of neurologic deficit (6). Using 
McGregor’s criteria, these authors found that the se
verity of basilar invagination alone beyond 5 mm did 
not appear to affect the prognosis as m uch as the de
gree of atlantoaxial subluxation as reflected by the 
posterior atlantodental interval. No patient in their 
study who remained intact neurologically had basi
lar invagination and marked atlantoaxial subluxa
tion. Accordingly, they recommend that when any 
evidence of basilar invagination is detected in pa
tients who have marked atlantoaxial subluxation, an 
MRI in flexion should be obtained to quantitate spi
nal cord compression. If there is any evidence of spi
nal cord com pression, cervical traction is indicated, 
and if  reduction is achieved, a posterior occip ito
cervical fusion should be performed (7). If cord com 
pression is not relieved w ith traction, either a C l lam 
inectom y or a transoral resection of the odontoid 
process should be considered (25). For asymptomatic 
patients who have an isolated and fixed basilar in 

vagination without evidence of significant spinal 
cord com pression, observation w ith close follow-up 
reevaluations is a reasonable course of action.

Subaxial Disease
In considering the need for surgical stabilization for 
subaxial involvem ent in  the rheum atoid arthritis pa
tient, the most critical measurement is the available 
space for the spinal cord. Patients with rheumatoid 
disease are not immune to the processes of disc de
generation, disc herniation, or spinal stenosis. These 
conditions can be exacerbated by the development of 
spinal instability. Again, the critical measurement is 
the space available for the spinal cord. According to 
the study by Boden and associates, a sagittal spinal 
canal diameter of 14 mm or less is considered critical 
and grounds for further evaluation w ith flexion- 
extension MRI (6). If the space available for the spinal 
cord is less than 13 mm or a significant amount of 
mobility is present, surgical arthrodesis should be 
considered. If significant neurologic deficit is pres
ent, an anterior decom pression and stabilization w ill 
likely be required. If the patient has no significant 
neurologic compromise, an isolated posterior ar
throdesis is the procedure of choice (7).

General Surgical Considerations
First and foremost, the overall m edical status of the 
patient must be considered. Many patients are older 
and have other m edical problems in addition to the 
consequences of their rheumatoid disease. A ll of 
these factors must be taken into account when con
sidering patients as candidates for major cervical 
procedures.

Preoperative traction is occasionally used in pa
tients with cervical instability, usually those who 
have severe irreducible subluxations with or without 
neurologic compromise. Skeletal traction with the 
use of a halo ring provides the best control. Traction 
may be required for several days, and hence can be 
associated with the potential m edical com plications 
of im m obilization. In such cases halo w heelchair 
traction to avoid prolonged im m obilization and bed 
rest is a good option. Traction should be applied 
gently; 5 to 10 pounds of weight is generally ade
quate. The patient is monitored neurologically and 
radiographically during the process to avoid neuro
logic sequelae and to assess reduction. For patients 
w ith a reducible subluxation and neurologic com 
promise, neurologic improvement can be seen in the 
course of just a few days. For patients who improve 
through skeletal traction, stabilization alone may be 
all that is required. However, if the subluxation re
mains unreduced and the patient is neurologically 
unchanged, a decom pressive procedure may be in 
dicated in  addition to the stabilization procedure.
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The perioperative management of the airway in
cluding intubation in patients with rheumatoid ar
thritis is difficult, for several reasons. The frequent 
finding of head tilt, instability, and stiffness of the 
rheumatoid cervical spine combine to compromise 
the optimum position of the head and neck for in
tubation purposes. Many of these patients have se
vere canal compromise, which may further limit the 
ability of the anesthesiologist to extend the neck and 
perform routine intubation. Furthermore, common 
arthritic involvement of the temporomandibular 
joints and micrognathia result in limited mouth 
opening. Acquired laryngeal deviation, laryngeal 
mucosal abnormalities, and the frequent presence of 
cricoarytenoid and cricothyroid arthritis also distort 
the anatomy of the airway (47, 48 , 54).

Wattenmaker and associates studied the effects of 
perioperative com plications related to the airway in 
patients w ith rheumatoid arthritis undergoing cer
vical spine procedures (92). Fourteen percent of 58 
patients who had been intubated without fiberoptic 
assistance developed an upper-airway obstruction af
ter extubation. In the group of patients intubated 
with fiberoptic assistance, only one of 70 patients 
had such com plications. The data from their study 
suggest that edema caused by the trauma of nonfi- 
beroptic intubation was the primary cause of post
operative airway obstruction. It should also be noted 
that trauma to the airway is not often recognized by 
the anesthesiologist at the time of intubation. Of the 
nine patients who had postoperative airway obstruc
tion, only two of the intubations had been noted to 
be traumatic.

Spinal cord monitoring is routinely applied, and 
a baseline SSEP tracing is obtained with the patient 
in a supine position. Patients are then long-rolled 
into position and secured to the operating table with 
either halo traction, halo vest, or Mayfield pin-hold- 
ing headrest. Once the patient’s position is secured, 
a lateral cervical spine radiograph is obtained to ver
ify satisfactory reduction and position of the spine. 
SSEP tracings are repeated to ensure no positional 
neurologic compromise.

The surgeon has the intraoperative option of using 
one of three methods just mentioned to secure the 
patient’s head and neck. Skeletal traction through the 
halo ring or tongs may be required to maintain re
duction, particularly in cases of basilar invagination. 
If skeletal traction is not required, the patient can be 
fitted with a posteriorly opened halo ring and vest 
preoperatively. The patient then can be placed prone 
on the operating table and the posterior aspect of the 
vest can then be removed, allowing access to the sur
gical site. This is a particularly useful technique in 
patients with poor bone stock, in whom the quality 
of internal fixation may be compromised. For pa
tients who have good-quality bone, postoperative im

m obilization in a rigid orthosis may be adequate. For 
these patients, we prefer to stabilize the patient to the 
operating table with a Mayfield pin-holding headrest.

Through halo traction or head positioning in ex
tension, the surgeon actively attempts to reduce ei
ther the C1-C2 articulation or the basilar invagina
tion. Care must be taken to avoid overextension of 
the cervical spine, w hich may make the surgery itself 
more difficult.

Atlantoaxial Arthrodesis
The patient is placed in the prone position described 
above. Chest rolls are used to support the torso. The 
posterior aspect of the head and neck are shaved from 
the inion and distally. The neck and posterior iliac 
crest regions are then sterilely prepared and draped.

A m idline incision is made from the occiput to the 
fourth cervical vertebra. The tips of the spinous pro
cesses are exposed, and a subperiosteal dissection is 
carried out along the spinous process and lam ina of 
the C1-C2 articulation. The dissection of C2 is carried 
out to the junction point of the lam ina and facet joint. 
The arch of C l should not be exposed more than 1.5 
cm from the m idline in the adult to avoid injury to 
the vertebral arteries. Care is taken not to disturb the 
interspinous ligament of C2-C3. Additionally, great 
care must be taken not to fracture the often weak pos
terior ring of C l while dissecting the posterior atlan
toaxial membrane. Some soft-tissue dissection of the 
basiocciput is required to allow adequate exposure 
to the superior aspect of the posterior ring of C l. 
Once this dissection has been completed, a small an
gled curette followed by a dental elevator is used to 
dissect subperiosteally under the posterior arch of C l 
and/or C2. Spending adequate time with the sub
periosteal dissection w ill greatly facilitate the overall 
procedure.

Fielding et al. and Sim m ons advocate the use of a 
modified Callie H-graft from the iliac crest, contour
ing it to fit over the posterior arches of C l and C2 
(Fig. 29.9) (35, 80). A doubled U-shaped 18- or 20- 
gauge wire is passed under the arch of C l from in
ferior to superior. To facilitate passage of the wire, a 
curved Mayo needle is passed in a reverse fashion 
under the arch of C l. The blunt eye portion of the 
needle is passed in a caudal to cephalad direction. A 
No. 2 silk suture is then placed through the eye of 
the needle and passed under the arch of C l. The su
ture is then tied to the loop of 18- or 20-gauge wire, 
w hich is then passed. A bone block is taken from the 
posterior iliac crest and shaped to fit between C l and 
C2. The loop of the wire goes over the bone block and 
the spinous process of C2. The ends of the wire are 
tightened around the graft between C l and C2, thus 
stabilizing the segment. It is important in this tech
nique that the deep cancellous surface of the graft is
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FIGURE 29.9.
Gallie technique modified by Fielding and Simmons. A 
doubled U-shaped 18- or 20-gauge wire is passed under Cl 
in a caudal to cranial direction A bone block is taken from 
the posterior iliac crest and shaped to fit between Cl and 
C2. The loop of wire goes over the bone block and the spi
nous process of C2, and the end of the wire is tightened 
around the graft between Cl and C2.

contoured to fit over the curved posterior surfaces of 
C l and C2 so that the graft is in firm contact with the 
underlying vertebrae, m axim izing surface area con
tact for graft incorporation. Additional cancellous 
bone chips are placed lateral to the main graft as far 
as possible over the lamina.

We generally prefer the Brooks-type fusion (Fig. 
29.10) [11). In this technique the posterior atlanto
axial membrane is carefully resected between the 
arches of C l and C2 to allow for adequate visualiza
tion of the dura. A curved Mayo needle is used to 
pass a sublaminar No. 2 silk suture at C l and C2 b i
laterally. For the purposes of fixation, a looped 18- 
gauge stainless steel wire is passed on each side. The 
suture is tied securely to the loop in the wire and 
passed m a sequential fashion. To ensure that the 
wire does not dip anteriorly during the wire passing 
process, we prefer to visualize the wires in  the C1-C2 
interlaminar space. A Woodson elevator or a sturdy 
nerve hook placed under the wire at the interlaminar 
space w ith gentle upward traction applied w ill 
greatly facilitate the passage of the wires. Once the 
wires or cables have been passed, the suture is re
moved and the tips of the wires cut, providing two 
wires on each side of the C1-C2 segment.

From the posterior iliac crest, a tricortical iliac 
crest bone graft 3.5 cm long and 2.5 cm wide is ob
tained using an oscillating saw. This bone graft is 
then cut in half along its longitudinal axis, creating 
two wedges of bone measuring approximately 1.25 
cm by 3.5 cm. These grafts are then shaped and bev
eled to fit the interval between the arch of C l and the 
laminae of C2. Prior to securing these grafts, a burr is 
used to lightly decorticate the undersurface of the 
posterior arch of C l and the superior surface of the 
C2 laminae. The two wires on each side are then se

cured in sequential fashion, providing excellent sta
bility. These bone grafts, wedged between the C1-C2 
laminar surfaces, create a “brake shoe” effect, which 
has been shown to be biom echanically superior in 
preventing motion in all planes. As an alternative to 
the use of stainless steel wires, titanium  cables are 
available and can be used in exactly the same fashion 
and allow for future magnetic resonance imaging.

In some cases the surgeon may not be com pletely 
satisfied with the quality of the patient’s own iliac 
crest bone. Several alternatives have been suggested 
in  attempts to augment the stability of the construct. 
Lipson has suggested reinforcing constructs with 
metal mesh, wire, and polym ethylm ethacrylate (55). 
Recent reports of such augmentations, however, have 
indicated an association with higher incidences of

FIGURE 29.10.
Lateral radiograph of a patient who underwent the 
Brooks-type C1-C2 fusion. A looped 18-gaugo wire is 
passed under the arch of Cl and then under the lamina of 
C2 on both the right and left sides. Wedges of bone are 
harvested from the ifiac crest and beveled to fit the intervaf 
between the arrh of Cl and the famina of tfie axis. The 
wires are tightened to secure the graft,
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wound dehiscence and infection. In general we have 
found such constructs to be neither necessary nor ad
visable in posterior cervical fusions in the rheum a
toid arthritis patient. It would be our preference 
in such patients to augment internal fixation with 
a halo device. Adequate external im m obilization 
should be carried out for approxim ately 12 weeks 
postoperatively.

At the completion of the surgical procedure, the 
wound should be thoroughly irrigated. Drains are 
placed, and the patient is given prophylactic antibi
otics until they are removed.

Occipitocervical Arthrodesis
Patient positioning and surgical exposure for an oc
cipitocervical arthrodesis are sim ilar to those in an 
atlantoaxial arthrodesis. The skin incision, however, 
is extended proxim ally to allow adequate exposure 
of the external occipital protuberance. Many surgical 
techniques have been described. Newman and 
Sweetnam as w ell as Perry and N ickel have described 
an onlay graft technique and reported a high fusion 
rate (65, 69). Other techniques have included various 
forms of internal fixation, including Luque rectangles 
and plate-screw constructs [15, 16, 21, 40, 75). Ad
ditionally, anterior approaches have been described, 
but these may be associated with serious com plica
tions and may require long periods of skeletal trac
tion and im m obilization (55).

We prefer the rigid-wiring technique described by 
Wertheim and Bohlm an (Fig. 29.11) (95). A m idline 
posterior approach is made, exposing the area from 
the external occipital protuberance to the fourth cer
vical vertebra. Sharp subperiosteal dissection is com 
pleted, exposing the occiput and the cervical lam i
nae. The external occipital protuberance is thick and 
represents the ideal location for passage of wires 
without having to go through both cortical tables of 
the occiput. A high-speed burr is used to create a 
trough on both sides of the protuberance at a level 2 
cm above the foramen magnum. The transverse and 
superior sagittal sinuses are cephalad to the protu
berance and thus are out of danger. A towel clip is 
then used to create a hole through the base of this 
ridge, through only the outer table of the bone. A 20- 
gauge wire is then looped through the hole and 
around the ridge. A second wire loop is passed 
around the arch of C l, and a third is passed through 
and around the base of the spinous process of C2. 
Therefore, on each side of the spine there are three 
separate wires, w hich are used to secure the bone 
grafts.

The posterior iliac crest is exposed, and a large, 
thick, slightly curved tricortical graft of corticocan- 
cellous bone of appropriate length and width is ob
tained. The graft is then carefully divided in half lon

gitudinally and three holes are drilled through each 
graft. The occiput is decorticated, and the grafts are 
anchored in  place by tightening of the wires. Addi
tional cancellous bone is packed between the two 
grafts. The wound is closed in layers over suction 
drains. This technique allows immediate rigid inter
nal fixation and has been associated with m inimal 
operative morbidity w hile allowing early m obiliza
tion of the patient. In W ertheim  and Bohlm an’s study 
the technique resulted in  successful fusion in  all 13 
patients over long-term follow-up (95). Current mor
tality rates approximate 10% , w hich represents sig
nificant improvement over earlier studies. This is 
m ost likely a result of improved and earlier surgical 
intervention and improved anesthetic and perioper
ative management (10, 21, 22, 34, 43, 50, 52, 71, 96).

Successful surgical fusion predictably relieves 
pain and halts progression of neurologic dysfunction 
in the vast m ajority of patients (23, 34, 68, 71, 76, 96). 
Reports of neurologic improvement have been vari
able, although W ertheim  and Bohlm an reported neu
rologic improvement in  all 10 of the patients in  their 
study who had preoperative myelopathy.

Transorai Decom pression
Transoral decompression of the anterior spinal cord 
can be used for patients who show clinical evidence 
of spinal cord com pression and irreducible basilar 
invagination and/or C1-C2 subluxation. The role of ; 
transoral decom pression, however, remains unclear 
in the current literature, as the technique has been 
associated w ith high rates of morbidity and mortality 
(10, 23, 24, 62, 66). We currently reserve the option 
of transoral decom pression for the m yelopathic pa
tient who does not respond adequately to skeletal 
traction or stabilization.

For the transoral approach, the patient is placed 
in the supine position and the head held in a hyper
extended position. W hile routine tracheostomy is ad
vocated by many, endotracheal anesthesia may be 
used as well. The soft palate is turned back on itself 
and held in position with a stay suture. A 5 cm m id
line incision is then made in the posterior pharyngeal 
wall, with its center 1 cm inferior to the palpable an
terior tubercle of the atlas. The incision is carried 
down to bone. The posterior wall is then dissected 
subperiosteally as far lateral as the lateral mass of the 
atlas and axis, exposing the anterior arch of C l and 
the body of C2. The anterior arch of C l is then re
moved with a rongeur, exposing the odontoid pro
cess. The odontoid is then removed, preferably with 
a high-speed drill. Excision of a superiorly migrated 
and posteriorly angulated odontoid process may be 
difficult. Careful dissection, freeing the odontoid of 
all soft tissue, is required. If lateral C1-C2 fusion is 
performed, articular cartilage from the C1-C2 articu-
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FIGURE 29.11.
A. Lateral radiograph of a patient who underwent posterior occiput-C2 fusion. This 80-year-old male had a previous odon
toid fracture with malunion and progressive C1-C2 instability and basilar invagination with myelopathy. Posterior decom
pression of the Cl ring and occiput-C2 fusion was performed. Myelopathic symptoms resolved and solid fusion was noted 
at 1-year follow-up. B. Illustration of the Wertheim and Bohlman method of wiring for the occipitocervical fusion. A wire 
is looped around the external occipital protuberance at a level 2 cm above the foramen magnum. A second wire loop is 
passed around the arch of Cl, and a third is passed through and around the spinous process of C2. A large, thick graft from 
the posterior iliac crest is harvested and holes are drilled. The wires are fed through the holes in the bone grafts and then 
tightened to provide good fixation.

lation is removed and the defect packed with a wedge 
iliac crest bone graft. A single-layer closure is rec
ommended by most to allow for drainage. Oral intake 
is deferred for 6 to 7 days.

Alternatively, a retropharyngeal approach to the 
base of the skull, as reported by McAfee and col
leagues, can be used (60). This avoids the potential 
contam ination of the transoral approach and allows 
for excision of C2 and fusion of C l to C3. Bilateral 
exposure, however, is required for arthrodesis. Re
section of the odontoid process should be accom pa
nied by posterior fusion.

spinal canal be evaluated. If the sagittal diameter of 
the spinal canal is 14 mm or less, surgical stabiliza
tion should be considered (6j. For the patient who 
has no neurologic compromise, posterior stabiliza
tion alone is sufficient. We prefer the triple-wire 
technique described by Bohlm an with a corticocan- 
cellous strip of iliac crest bone. This procedure is 
w ell described in Chapter 32 of this volume. For the 
occasional rheumatoid patient who may have signif
icant anterior neurologic impingement with associ
ated instability, an anterior or com bined anterior- 
posterior approach is indicated.

Subaxial Subluxation
Subaxial subluxations tend to be more subtle and lo
cated at m ultiple levels, producing a staircase or 
stepladder type of deformity. The indication for sur
gery in this particular group of patients is the devel
opment of neurologic im pairm ent and, to a lesser ex
tent, pain. It is recom m ended that the diameter of the

Com plications

Mortality
Perioperative m ortality in fusion procedures for at
lantoaxial subluxation has been reported as high as 
42%  in an early series. More recent reports have been 
encouraging, however, with perioperative mortality
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rates averaging 10%  (19, 22, 34, 48, 50, 52, 71, 91). 
In most cases, deaths were not directly attributed to 
the surgical procedure itself but reflect the systemic 
severity of the underlying disease process. This is es
pecially true for patients who had cardiopulmonary 
compromise.

Neurologic Deficit
Neurologic compromise resulting from cervical spine 
surgery in a rheumatoid arthritis patient is uncom 
mon. Preoperative traction to reduce subluxation, 
careful surgical technique, adequate stabilization, 
and postoperative im m obilization are necessary to 
avoid this com plication. The passing of sublaminar 
wires is certainly the most critical elem ent in most 
of these surgical procedures. It can be particularly 
difficult in patients who have an irreducible C1-C2 
subluxation and a preexisting neurologic deficit. 
Clark and associates reported one case of transient 
hemiparesis secondary to the passing of the sublam
inar wire (17); it resolved spontaneously except for 
residual hyperreflexia. The use of intraoperative so
matosensory evoked potential m onitoring is advo
cated to m inim ize the potential for neurologic injury.

Pseudarthrosis
Pseudarthrosis remains a problem in attempted C l- 
C2 fusions in the rheumatoid arthritis patient and 
may be attributed to several factors. First, the poste
rior arch of C l is often eroded in the rheumatoid pa
tient. This leaves a significantly decreased surface 
area for bony contact with the bone graft and may 
result in nonunion. Secondly, obtaining rigid fixa
tion may be difficult. The use of a halo device, es
pecially in  patients whose internal fixation is com 
promised by poor bone quality and erosion, is 
essential. It is crucial that the surgeon devote ade
quate time and attention to detail in contouring these 
grafts to the posterior laminar surfaces of C l and C2. 
W hile many surgeons continue to use the Gallie tech
nique in posterior cervical fusion in the rheumatoid 
arthritis patient, we believe that the Brooks tech
nique provides a biom echanically superior construct 
and may yield a lower rate of nonunion.

The difficulty in obtaining fusion of the C1-C2 ar
ticulation is clearly illustrated in the literature. Suc
cess rates have ranged from 50%  to 85% . In 1975 
Ferlich and associates reported a 50%  success rate in 
fusing C l to C2 using a Gallie-type wiring technique 
(34). Bohlm an achieved 10 solid fusions in 17 pa
tients (59% ) operated on for atlantoaxial subluxation 
(8). Conaty and Morgan reported 67%  satisfactory re
sults in 27 patients who had surgery (19). More re
cently, Santavirta and associates recognized only two 
nonunions in 13 patients treated w ith a Gallie-type 
fusion (76). Clark and associates reported a 15%  rate

of nonunion using a Brooks-type fusion augmented 
posteriorly w ith polym ethylm ethacrylate (17).

O ccipitocervical fusion has generally met with 
higher success rates. Clark and associates reported 
union in all 16 patients treated w ith an occipitocerv
ical fusion, either for isolated cranial settling or for 
those w ith associated atlantoaxial or subaxial sub
luxation (17). Conaty and Morgan reported only one 
nonunion in 14 patients (19). Improved fusion rates 
may reflect prolonged halo im m obilization time or 
larger surface area for graft healing. Other reports 
have not been as encouraging. Brattstrom and col
leagues achieved successful fusion in 58%  of their 
patients but noted a stable fibrous union in another 
28%  (10). M eticulous decortication, stable wire fix
ation, large iliac crest bone graft, and postoperative 
halo im m obilization are all important in achieving 
successful fusion.

Progression o f Instability
Late subaxial subluxation below  a higher cervical fu
sion has been reported by several authors (12, 22, 62). 
Careful preoperative radiographic evaluation is nec
essary to identify other areas of instability or poten
tial instability. Flexion-extension views of the cer
vical spine are helpful in delineating areas of 
potential instability, w hich, when identified, should 
be included in an extended fusion mass.

Previously asymptomatic levels may develop sub
luxation below already fused segments. In one series 
of 41 patients treated with a cervical arthrodesis, 
Clark and associates noted subsequent subluxation 
and displacem ent in 13 patients (17). Long-term fol
low-up m onitoring for the development of instability 
is therefore necessary.

A nkylosing Spondylitis
Ankylosing spondylitis is a seronegative spondyloar
thropathy affecting both skeletal and extraskeletal 
tissues. It affects prim arily the axial skeleton, includ
ing ligaments and articulations of the pelvis and ver
tebral bodies. It was once believed to affect men pre
dominantly; however, recent evidence suggests that 
women are affected equally but with less severe in 
volvement. Eighty to ninety percent of patients with 
ankylosing spondylitis are HLA-B27 positive but 
only 8%  of the general population of Am erican Cau
casians is found to have the HLA-B27 antigen (45,
49). This strongly suggests that HLA-B27 antigen is 
important in the pathogenesis of arrkylosing spon
dylitis. However, its precise role remains unknown. 
It may resem ble or serve as some receptor for an in 
citing antigen such as a virus. Although incom pletely 
understood, ankylosing spondylitis is generally 
viewed as an inflammatory disorder incited by en
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vironmental or infectious agents and hosts rendered 
susceptible by HLA-B27 or related antigens (53, 91).

Pathophysiology
The pathophysiology of ankylosing spondylitis, like 
that of rheumatoid arthritis, rem ains unclear. The 
characteristic pathologic picture of ankylosing spon
dylitis includes inflammation, bony erosion, and an
kylosis. The inflammatory infiltrate is generally lym 
phocytic, and target tissues include both joints and 
areas of ligament, tendon, and joint capsule attach
ments [entheses). The sacroiliac, apophyseal, and 
costovertebral joints are generally involved in the ax
ial skeleton and may eventually becom e ankylosed. 
Inflammation of the entheses, termed enthesopathy, 
m anifests itself in the anterior spine through a spec
trum of well-defined changes that have been docu
mented both clin ically  and radiographically (32, 38, 
64]. These anterior lesions may be classified as either 
localized or extensive forms of the disease process.

The “Romanus lesion” is an erosion of the anterior 
and anterior-lateral surface of the vertebral rim at the 
vascular attachm ent site of the annulus fibrosus. This 
lesion represents an anterior spondylitis, which re
sults in a focal osteitis as part of the inflammatory 
process of ankylosing spondylitis. Damage to these 
tissues subsequently results in a bony repair process, 
syndesmophyte formation, and ossification of the an
nulus fibrosus, w hich is the hallmark of ankylosing 
spondylitis (26). Osseous changes of this type in the 
thoracolumbar spine yield the classic “bamboo 
spine” appearance in radiologic imaging.

Extensive destructive skeletal lesions can also be 
seen in ankylosing spondylitis, as first described by 
Anderson (1). This massive destruction is seen at the 
discovertebral junction and histologically shows ev
idence of fibrinoid necrosis. These findings have sup
ported the clinical suspicions of many suggesting 
that trauma and pseudarthrosis are the cause of the 
extensive discovertebral lesions in ankylosing spon
dylitis. Any inflammation represents a reaction to the 
trauma and tissue damage in that area.

Clinical Manifestations
Ankylosing spondylitis typically occurs in the young 
healthy adult betw een the ages of 17 and 35 years. 
Sacroiliitis is usually the first m anifestation of the 
disease. Symptoms include low back pain and uni
lateral or bilateral buttock, hip, and thigh pain. Onset 
is generally insidious. Buttock pain w ith radiation to 
the legs is common and may be confused w ith sci
atica, but the pain from ankylosing spondylitis sel
dom radiates below  the knee. Symptoms are gener
ally worse in the morning and improve w ith exercise. 
This clin ical feature helps in distinguishing ankylos
ing spondylitis from m echanical low back pain.

w hich generally is worse with activity and improves 
with rest (73). Patients w ith ankylosing spondylitis 
often com plain of nocturnal pain that interrupts 
sleep (45). These patients generally awaken from 
sleep and feel the need to move around before re
turning to bed.

Patients with uncontrolled inflammation develop 
ankylosis of the lumbar, thoracic, and cervical spine. 
The disease generally progresses in a caudal to cra
nial direction. Patients may assume a posture of fixed 
lumbar flexion in  an attempt to transfer weight away 
from the inflamed facet joints (79). In time, fixed lum 
bar, thoracic, and cervical kyphosis may develop, re
sulting in severe spinal deformity and functional dis
ability. Compensatory flexion contractures of the 
hips and knees may develop as the patient attempts 
to m aintain an erect posture. As with the rheumatoid 
arthritis patient, atlantoaxial instability may also de
velop and require periodic radiologic evaluation.

There are several extraskeletal m anifestations of 
ankylosing spondylitis that must be considered. 
Among the m ost prominent and severe are recurrent 
iritis, aortitis, and carditis (4, 13, 88). Pulmonary 
function is not significantly compromised by the lim 
ited m otion of the costovertebral articulation; how
ever, pulmonary fibrosis is occasionally seen in this 
patient population. The cause of fibrosis remains un
certain, but some have suspected that colonization of 
the lung w ith certain fungi— namely, Aspergillus— 
may be a causative agent (9, 74).

Of particular concern to the spine surgeon in pa
tients with ankylosing spondylitis is spinal defor
mity. As a result of these severe kyphotic deformities, 
patients may becom e functionally disabled, and pe
ripheral vision can be extremely limited. Lumbar ky
phosis is most common, followed by thoracic and 
cervical deformities.

Spinal fracture in the patient with ankylosing 
spondylitis also presents special problems to the or
thopaedic surgeon and can be extremely challenging 
and fraught with com plications and high rates of 
mortality. Another com plication of advanced anky
losing spondylitis is spondylodiscitis, w hich con
sists of focal pain accompanying erosive sclerotic 
changes in adjacent vertebral bodies. As mentioned 
earlier, it is uncertain w hether this is primarily an 
inflammatory process or the result of trauma. The ra
diographic appearance of spondylodiscitis, pseud
arthrosis, and infectious discitis are very similar.

Neurologic com prom ise in the patient with anky
losing spondylitis is uncommon. Only in the rare 
case w ill ossification of the posterior longitudinal lig
ament lead to symptomatic lumbar spinal stenosis. 
Neurologic com prom ise can, however, be a signifi
cant com plication of fracture in the patient with 
ankylosing spondylitis. Finally, instability of the 
atlantoaxial com plex may lead to spinal cord 
impingement in the most severe cases.
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Diagnostic Evaluation of Spinal 
Deform ity in A nkylosing Spondylitis
In assessing any patient who has ankylosing spon
dylitis w ith significant spinal deformity, the primary 
site of deformity must be recognized. Careful clinical 
and radiologic evaluation of the cervical, thoracic, 
and lumbar spine and the hips is essential to address
ing the patient’s deformity correctly.

Ankylosing spondylitis may lead to severe flexion 
deformities of the spine. The goal in treatment of 
these patients is early recognition and adequate med
ical therapy in the attempt to control the disease’s 
progress as w ell as the associated deformities. How
ever, many of these patients develop significant loss 
of lumbar lordosis with marked kyphosis in both the 
thoracic and cervical regions. Patients can become 
grossly deformed and functionally disabled. Spinal 
osteotomy may be indicated to correct the deformity 
and attain an upright posture. It is important to reem
phasize that the entire spine as w ell as the hips must 
be evaluated to delineate the primary site of defor
mity. Accurate measurement of the deformity is re
quired in surgical planning. Simmons believes that 
the most effective and reproducible measurement of 
deformity is the chin-brow to vertical angle (Fig. 
29.12) (80). This angle is measured w ith the patient 
attempting to stand in an upright position. Knee and 
hip joints must be held in a m axim ally extended po
sition. The first line is drawn from the prominent as-

FIGURE 29.12.
Measurement of the chin-brow to vertical angle. This angle 
is measured from the brow to the chin and compared to the 
vertical with the patient standing with the hips and knees 
extended and the neck in its fixed or neutral position.

pect of the patient’s brow to the chin and is compared 
to a vertical line. The larger the angle, the more se
vere the deformity.

The major deformity in patients presenting with 
apparent spinal kyphosis may originate in the hip 
joint, the lumbar spine, the thoracic spine, or the cer
vical spine. In some patients more than one of these 
sites may contribute to the deformity. Once the sur
geon rules out hip flexion contracture as a major con
tributor, attention can be directed toward the spine. 
The lumbar spine is the most common cause of 
deformity, followed by the cervical and thoracic 
regions. Deformities isolated to the lumbar spine are 
corrected by lumbar osteotomy, usually at the L3-L4 
level (81). Most com bined lum bar-thoracic kyphotic 
deformities can also be addressed through a single 
lumbar osteotomy. However, severe isolated 
thoracic-level deformity must be addressed at the 
thoracic level, usually requiring a com bined anterior- 
posterior procedure. Some patients have a deformity 
occurring prim arily in the cervical region. Significant 
deformity in this region can result in a “chin-on- 
chest” deformity, severely restricting field of vision 
and the ability to open the mouth.

General Surgical Considerations 
in D eform ity Surgery 
for A nkylosing Spondylitis
The indications for correction of spinal deformity in 
patients w ith ankylosing spondylitis are somewhat 
variable and must be individualized to meet the pa
tien t’s needs and expectations. The degree and pri
mary site of deformity, the patient’s age and general 
m edical condition, and the patient’s desire to un
dergo such an extensive procedure with the accom 
panying risk must be considered. Primary surgical 
objectives may include a more erect posture, im
proved field of vision, improved diaphragmatic ex
cursion, decom pression of abdominal viscera by el
evation of the rib margin, and improved access to the 
abdomen for surgical procedures.

As m entioned earlier, patients who have ankylos
ing spondylitis have an increased incidence of aortic 
stenosis. Preoperative assessm ent should include 
pulmonary function studies and evaluation for car
diac murmurs in addition to the standard preopera
tive workup. Preoperative radiologic studies should 
include chest, hip, and spine radiographs. W hen a 
hip flexion deformity is associated with ankylosis or 
significant arthrosis, total hip arthroplasty should be 
performed prior to surgical correction of any spinal 
deformity. If hip pathology is bilateral, both hips 
should be replaced concurrently or w ithin a week or 
so to prevent recurring flexion contracture. Flexion- 
extension views of the cervical spine are recom 
mended to rule out instability, particularly of the C l- 
C2 complex.
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Many patients who have ankylosing spondylitis 
have associated long-standing ileitis or colitis. Such 
a history is important in evaluating the nutritional 
status of the patient, which may also reflect quali
tative changes in bone density. In the event of sig
nificant osteopenia, internal spine fixation may be 
compromised.

Respiratory function must be fully evaluated. 
Ankylosis of the costovertebral articulation can 
seriously limit chest expansion. Significant tho
racic kyphosis can compromise pulmonary func
tion. A history of smoking increases the difficulties 
of intraoperative and postoperative pulmonary 
management.

Intubation of patients w ith ankylosing spondylitis 
may be difficult because of lim ited airway access. 
Ankylosis of the temporomandibular joints and ary
tenoid cartilages may occur. Sim m ons has advocated 
the use of local anesthesia in attempts to better m on
itor patients neurologically during the operative pro
cedure (80). Most surgeons, however, prefer general 
anesthesia except in cervical osteotomies. In difficult 
cases, awake oral or nasal intubation may be neces
sary. Only in extreme cases would tracheostomy be 
needed. Postoperative ventilation may be required, 
particularly in patients who have preexisting pul
monary compromise.

Lum bar Spine O steotom y
Patients selected for a lumbar spine extension oste
otomy have their primary deformity in the lumbar 
spine with loss or reversal of lordosis. This deformity 
may be associated with an accentuated thoracic ky
phosis but still be balanced through overcorrection 
of the lumbar deformity, returning the chin-brow to 
vertical angle as close to normal as possible. Full cor
rection is required to shift the weightbearing access 
posteriorly to the osteotomy site. Gravity not only 
helps to m aintain correction, but it also places the 
osteotomy site under com pression, w hich should 
stimulate the healing process. The amount of correc
tion to be obtained surgically is determined by the 
preoperative chin-brow to vertical angle. This angle 
is transferred to the standing lateral radiograph of the 
lumbar spine. The apex of the angle is placed at the 
posterior longitudinal ligament at the L3—4 disc 
space (which is the center of the normal lumbar lor
dosis] and projected posteriorly across the lam ina to 
the spinous processes (Fig. 29.13). Measurements are 
taken at the intersection points at the tips of the spi
nous processes and the facet joint level. These dis
tances are then used in determining the size of the 
V-wedge to be resected intraoperatively. A template 
of this angle can be made and used intraoperatively 
for evaluation of the osteotomy.

We prefer general anesthesia with the patient in a

prone position. The operating table must be modified 
according to the patient’s preoperative deformity. 
Usually a “jackknifed” position w ith the apex of the 
table under the primary spinal deformity is useful, 
with appropriate bolsters to free the abdomen while 
protecting bony prom inences and neurologic struc
tures of the extremities.

Posterior surgical exposure extends from T12 to 
the sacrum. Dissection is carried laterally to the 
transverse processes at the site of the L3-L4 osteot
omy. A V-shaped wedge resection osteotomy is com
pleted as recommended by Sm ith-Peterson and as
sociates (86). Bone cutters are used to remove the 
spinous processes at the appropriate angle. The os
sified ligamentum fiavum and appropriate amount of 
lam ina are resected at the L3 and L4 levels. The os
teotomy is carried laterally and includes resection of 
the L3-L4 facet joint bilaterally. The lam inae and 
pedicles are undercut to prevent impingement of the 
dura or nerve root upon closure of the osteotomy site. 
It is essential that adequate bone resection be com
pleted in order to obtain full correction of the defor
mity. In the presence of a small spinal canal (an an
teroposterior diameter less than 20 mm as measured 
in preoperative radiologic studies), it is particularly 
important to perform a generous posterior decom
pression. Simmons suggests leaving the central lam
inectom y area open to avoid com pression from im
pingement or spine in these cases (80).

Once the osteotomy is com plete, osteoclasis is 
achieved by extension of the hips and pelvis while 
applying anterior pressure to the osteotomy site. An 
audible crack usually occurs, allowing closure at the 
osteotomy. Extension of the table from the “jack- 
knifed” position may help to m aintain reduction. A 
lateral radiograph is then taken to verify adequate 
correction. O ccasionally osteoclasis may be difficult 
to achieve manually. In such instances the dura may 
be gently retracted and an osteotome passed anteri
orly at the level of the disc. Once the osteotome has 
been passed across the disc space bilaterally, oste
oclasis is reattempted. In recalcitrant cases, the 
pedicle may be resected unilaterally in attempts 
to weaken the anterior elem ents to allow manual 
osteoclasis.

Some surgeons prefer to perform these procedures 
w ith the patient in the lateral decubitus position. 
Such positioning can allow concom itant retroperi
toneal exposure of the L3-L4 segment to facilitate os
teoclasis in difficult cases. It should not be done rou
tinely, though, since com pletion of the osteotomy 
and spinal instrum entation can be difficult in this 
position.

Instrumentation is used by the majority of spine 
surgeons in such osteotomy cases. Segmental fixation 
with multiple pedicle screws and/or hook constructs 
are typically used and allow for immediate patient
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FIGURE 29.13.
Illustration of the Smith Peterson 
lumbar osteotomy The angle of cor 
rection is obtained through closure of 
osteotomy and anterior osteoclasis at 
the L3 L4 level A V shaped wedge re 
section osteotomy is completed The 
spinous processes the ossihed liga 
mentum Qavum and an appropriate 
amount of lamina are resected at the 
L3 and L4 levels The osteotomy is car 
ried laterally and includes resection of 
the L3 L4 facet joint bilaterally The 
laminae and pedicles are undercut to 
prevent impingement of the dura or 
nerve root after closure of the osteot 
omy site It is essential that adequate 
bone resection is completed to obtain 
full correction of the deformity

m obilization Because of the high stresses applied to 
the osteotomy site, it is recom m ended that brace im- 
mobihzation with a custom molded thoracolumbos- 
acral orthosis with a thigh extension be used for 4 to 
6 months postoperatively

Through a single osteotomy site Sim m ons has 
reported a 40 to 104° range of correction with an 
average of 56° m  90 patients [81) The chin-brow to 
vertical angle improved from an average of 60° pre- 
operatively to 5° postoperatively

The most common com plication associated with 
this procedure is neurologic com pression In Sim 
mons s series of 90 patients seven (8% ) developed 
L3 nerve root or cauda equina com pression w ithm  
2 to 14 days postoperatively (81) Most of these 
occurred before the use of internal hxation and 
preoperative assessm ent of spinal canal diameter 
In patients with these problems, reexploration, 
decompression, and stabilization should be per
formed promptly Such com plications can be m ini
mized by thorough pieoperative assessm ent of the 
spinal canal diameter generous decom pression (es 
pecially superiorly), and rigid stabilization It was re
ported in Sim m ons’s series that these patients gen
erally do w ell after secondary decom pression (81) 

Three of the 90 patients in Sim m ons’s series had 
nonunion In one nom nstrum ented patient, posterior 
regrafting and instrum entation led to a successful 
outcome In two previously instrumented patients, 
successful fusion was obtained through an anterior 
spinal fusion

The osteotomy advocated by Sm ith-Peterson and 
Simmons is an open wedge osteotomy, and therefore 
there may be an inherent risk of stretching neural 
structures as w ell as a potential for damage to vital 
structures from sharp vertebral edges Thom asen re
ported a spinal colum n shortening procedure with 
the use of a decancellization procedure from the pos
terior approach (89) The decancellization procedure

IS performed by removing the posterior elements of 
L2 or L3 with the pedicle, followed by resection of 
the posterior vertebral cortex (Fig 29 14) Thomasen 
reported 12° to 50° of correction in 11 patients with 
five of the 11 having a correction of less than 35° (89) 
Thomasen’s technique is our procedure of choice at 
this time

Th o racic Spine O steotom y
Thoracic-level osteotomies are rarely required in an
kylosing spondylitis As mentioned earlier almost 
all patients have some accentuation of their normal 
kyphosis If the thoracic-level kyphosis is mild to 
moderate and associated with a flattened or kyphotic 
lumbar spine, the overall deformity can be ade 
quately addtessed with a lumbar spine osteotomy 
For the rare patient who has severe thoracic kyphosis 
and normal or nearly normal cervical and lumbar 
lordosis the primary thoracic deformity must be 
addressed

For patients who have severe rigid thoracic ky
phosis and complete anterior ossihcation, an anterior 
transthoracic approach is hrst completed The ossi- 
hed discs are removed back to the posterior part of 
the annulus hbrosus, and the space is hlled with an 
togenous cancellous graft Multiple V-shaped wedge 
osteotomies are then performed posteriorly as part of 
a single- or two-stage procedure (Fig 29 15) The os
sified ligamentum flavum and adjacent laminae are 
resected through the neuroforamina Compression 
instrumentation using segmental hook hxation is 
then performed, and the osteotomy site is closed 
Cortical cancellous grafting is completed over the os
teotomy sites

For patients who have incomplete anterior ossifi
cation of the thoracic spine or destructive spondy 
lodiscitis, Simmons recommends multiple posterior 
wedge osteotomies following halo-dependent trac-
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FIGURE 20.14.
A. Lateral radiograph of an ankylosing spondylitis patient with severe sagittal plane imbalance. B. Anteroposterior radio
graph following an osteotomy at L2 by the Thomasen technique shows the pedicle screw ISOLA instrumentation, which 
provided a stable fixation. No brace was used postoperatively. C. Lateral radiograph shows the osteotomy site at L2 and 
good correction of the sagittal imbalance The patient is quite satisfied postoperatively. D. and E. Illustration of the Thomasen 
osteotomy with resection of the posterior element and close extension osteotomy of the vertebral body.



CHAPTER 29: RHEUMATOID ARTHRITIS AND ANKYLOSING SPONDYLITIS 6 2 3

FIGURE 29.15.
Illustration of multiple thoracic osteotomies. A. Anterior transthoracic resection of ossified discs is completed at multiple 
levels. Rib grafts are placed after thorough resections are completed. B. Posteriorly, multiple V-shaped osteotomies are 
completed, depending on the degree of desired correction.

tion in the subgroup of patients w ith a primary tho
racic deformity. This is followed by a second-stage 
anterior resection of discitis and strut grafting with 
iliac crest bone graft. Spinal cord monitoring and 
Stagnara wake-up testing are advocated for thoracic- 
level osteotomy cases (80).

Cervical O steotom y
Severe cervical kyphosis 4 n  ankylosing spondylitis 
can be extremely disabling, w ith marked visual field 
restriction and interference with mouth opening. Lo
cal anesthesia is used in the performance of cervical 
osteotomies because of the inherent difficulties of in
tubation with this deformity (Fig. 29.16] (15). The pa
tient is held in a seated position and halo traction 
applied in line w ith the deformity. Sedation is given 
preoperatively and supplemented during the proce
dure as needed using drugs such as fentanyl or di
azepam. After infiltration of the skin with a local an
esthetic, an incision is made covering the spinous 
processes of C5 to T3. The spinous process of C7 and 
part of those of C6 and T l are resected (Fig. 29 .16A - 
C). The entire posterior arch of C7, the superior half

of T l, and the inferior half of C6 are then removed in 
a piecemeal fashion. The laminae are undercut above 
and below to prevent C8 nerve root impingement 
upon closure. A complete foraminotomy is required 
over the C8 roots bilaterally with resection of the C7- 
T l facet joints. The amount of bone to be resected is 
based on the preoperative chin-brow to vertical an
gle. This angle is transferred to the lateral radiograph, 
with the apex of the angle at the posterior edge of the 
C7-T1 disc space. Lateral tomography is usually re
quired to identify the landmarks properly. The ped
icles of C7 and T l are exposed, and partial resection  
may be necessary to protect the C8 nerve root. The 
bony resections must be made evenly and parallel 
throughout their length. Overcorrection must be 
avoided. Once the bony resection is complete, the 
neck is extended by grasping the halo ring and tilting 
the head backward. An audible crack usually occurs. 
Upon closure of the osteotomy the patient is asked to 
confirm neurologic function with movement of the 
upper and lower extremities. The patient is also 
asked about sensory changes along the C8 nerve root 
distribution. Assessment of both spinal cord and C8 
nerve root function is imperative. Just before per
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FIG U R E 29.16.
Cervicothoracic osteotomy. A. Lateral diagram of cervicothoracic spine showing area to be resected. The inferior aspect of 
the C7 pedicles and the superior aspect of the T l pedicles are removed to create adequate room for the C8 nerve roots 
B. Once the osteotomy is completed, osteoclasis is performed through the opening in the ossified disc at C7-T1. C. Posterior 
illustration of laminectomy at C7-T1. The entire posterior arch of C7, the inferior half of C6, and the superior half of Tl are 
removed After the laminectomy is completed, the dura, spinal cord, and C8 nerve roots are widely visible. The superior 
and inferior laminar margins are undercut.

forming osteoclasis, Simmons generally provides ad
ditional sedation. Follow ing closure of the osteot
omy, Sim m ons grafts the lateral masses w ith local 
bone graft taken from the decompressed site. He then 
fixes the halo to a body cast, w hich is worn for ap
proxim ately 4 months (82). Others prefer internal 
fixation using various techniques without halo 
immobilization.

Full correction is usually obtained at the tim e of 
the surgical procedure. However, in cases of severe

deformity, full correction may be lim ited by the tight
ness of the anterior cervical musculature. In such cir
cum stances, halo im m obilization w ill allow further 
correction approximately 7 to 10 days postopera
tive!)?, once the soft tissues have stretched and the 
overall correction and position of the head has been 
evaluated by the patient.

Sim m ons has the most extensive experience with 
this operation, reporting on 95 patients (82). Thirteen 
patients developed transient C8 weakness, and five
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had persistent C8 deficits, one of whom required fur
ther decompression, w hich brought clin ical im 
provement. Other neurologic com plications include 
a transient Horner’s syndrome and a mild transient 
central cord syndrome, w hich occurred at 2 weeks 
postoperatively. Four cases of nonunion were noted 
in this series. Three responded with an anterior cer
vical fusion, and the fourth required both an anterior 
cervical fusion and posterior cervical fusion with in 
strumentation and bone grafting.

Spondylodiscitis
The etiology of spondylodiscitis remains in doubt. 
Some believe that is a result of the inflammatory pro
cesses of ankylosing spondylitis, and others believe 
there to be a traumatic com ponent resulting in pseud- 
arthrosis. Many of these lesions are found coinciden
tally on radiographs, and others are seen in follow- 
up evaluation of known acute fractures. These 
lesions are often painful and may result in significant 
spinal deformity. For symptomatic lesions present
ing w ith several months of pain without significant 
deformity, anterior resection and grafting may be all 
that is required. For lesions of the thoracolumbar 
spine accom panied by severe deformity, Sim m ons 
advocates an extension osteotomy to dim inish stress 
across the site of spondylodiscitis and induce spon
taneous healing (80).

Fractures
Treatment of fractures in patients with ankylosing 
spondylitis remains a topic of debate and is fraught 
with a high rate of com plications and a high m ortal
ity. For any acutely presenting fracture in a patient 
with ankylosing spondylitis the potential of an epi
dural hematoma must be considered. Hematoma for
m ation in  such a closed space may lead to neurologic 
compromise necessitating emergent lam inectom y for 
decompression, followed by stabilization.

The majority of fractures in ankylosing spondylitis 
occur in the cervical spine, but they may occur in the 
thoracolumbar region, even w ith m inim al trauma. 
Graham and Van Peteghem reported on 15 patients 
with ankylosing spondylitis who presented with 
acute fractures (39). Twelve of these injuries oc
curred in the cervical spine, two in the thoracic 
spine, and one in the lumbar region. The m echanism  
of injury involved only mild forces in six cases, in 
cluding simple falls from a standing position in four. 
Of the 12 cervical injuries, 11 had minor neurologic 
involvement.

Not all fractures are im m ediately recognized by 
the patient. Incidental trauma is often ignored, re
sulting in relatively m inor com plaints of discomfort 
[83]. W ithout recognition of the fracture, deformity 
may follow. In any patient w ith ankylosing spondy

litis who presents with a new deformity or persistent 
pain, occult fracture must be suspected. Tomography 
is often required to fully evaluate the suspected areas 
of trauma, particularly at the cervicothoracic junc
tion. Given the transverse nature of most fractures, 
translocation may occur, resulting in neurologic 
compromise.

Optimal treatment is controversial. Many reports 
emphasize conservative management. Surgical treat
ment of cervical fractures in some series have noted 
mortality rates of 50% , in comparison with 25%  in 
nonoperative series. Clearly surgery is indicated in 
cases of progressive neurologic deficit secondary to 
epidural hematoma. For patients who have incom
plete neurologic deficit, decompression and stabili
zation may be contemplated. With today’s advance
ments in spinal fixation and improved perioperative 
management, many believe that aggressive surgical 
management may lead to early mobilization and 
avoid the secondary complications of prolonged bed 
rest, including pneumonia, deep venous thrombosis, 
pulmonary emboli, and decubitus ulcers. Such ag
gressive treatment is particularly indicated for the 
patient who has a complete spinal cord injury.
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Sacral Disorders
Todd E. Siff and Stephen Esses

Sacral A natom y Sacral Tum ors
The sacrum is composed of five vertebrae that be
come fused during development. The anterior sur
face is concave in both the sagittal and frontal planes. 
The lateral aspect of the upper sacrum is concave and 
articulates with the ilium. Anteriorly are four pairs 
of foramina, called the anterior or pelvic sacral fo
ramina. Running transversely between each pair of 
foramina is a ridge that represents the site where the 
vertebrae became fused. The upper part of the first 
sacral vertebra is called the sacral promontory. The 
area lateral to the pelvic foramina is called the pars 
lateralis. Superiorly, at the level of the first sacral 
vertebra, the pars lateralis is large and is called the 
ala,

On the posterior aspect of the sacrum the fo
ramina (posterior sacral foramina) are smaller. A 
ridge of bone runs longitudinally in the midline, rep
resenting the fusion of the sacral spinous pro
cesses, and is called the sacral median crest. Inte
riorly, some bone is absent on the posterior aspect 
in the midline, which is referred to as the sacral 
hiatus.

The sacrum is stabilized by the sacroiliac joints 
and by the lumbosacral ligament. This ligament is a 
thick band that extends from the anterior-inferior as
pect of the transverse process of the last lumbar ver
tebra to the lateral surface of the sacrum. It is some
times referred to as the sickle ligament.

Introduction
Tumors of the sacrum and presacral space are rare. 
The incidence of sacral tumors among all bone tu
mors varies from 1%  to 3.5% . In three large hospital 
series, sacral and presacral tumors accounted for a 
com bined incidence of 1 per 46, 000 admissions (5, 
17).

The history plays an important role in diagnosing 
sacral tumors. The most common complaint is dif
fuse low back pain; pain is typically worse at night 
and is not alleviated with recumbency. The pain is 
described as pain at rest that is unaffected by the pa
tient’s physical movements. Late in the course of the 
disease urinary and bowel incontinence is a com
plaint. The complaint of diffuse pain in the absence 
of neurologic signs can be confused with coccydynia. 
The history of this disease can be misleading, and the 
nonspecific nature of the patient’s complaints can re
sult in a delay in proper diagnosis and allow for pro
gression of tumor growth.

In many cases the physical examination is not es
pecially helpful. There are no pathognomonic signs. 
Local tenderness over the sacral region is common. 
One of the most important elements of the physical 
examination is the rectal examination. Upon careful 
rectal examination, a swelling or a mass can occa
sionally be detected. The gait is usually normal.
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though if there is nerve root involvem ent or vertebral 
destruction, the gait w îll be affected. The history and 
physical exam ination of a patient with a sacral tumor 
most likely w ill not lead to the diagnosis of a sacral 
tumor, but it should alert the exam iner to the need 
for further investigation.

Radiographic findings of these tumors are often 
missed because of the overlying gas pattern and 
bowel contents obscuring the lesion. To optimize a 
search for a sacral lesion, the bowel must be thor
oughly prepared. Other diagnostic tests of value are 
the high-resolution computed tomography (CT) scan 
for delineating bony destruction, magnetic resonance 
imaging (MRI) for identifying soft-tissue involvement 
and neural com pression, and a bone scan. A m yelo
gram is useful to delineate extradural extension. An
giography is an important test prior to surgery to as
sess the vascularity of the tumor.

After a complete history and physical exam ination 
and radiologic studies have been completed, a biopsy 
should be performed for definitive diagnosis. Gen
erally a frozen-section biopsy is preferable. It is im 
portant not to contam inate the tissue planes during 
the biopsy. Before performing the biopsy, consider
ation should be given to performing the definitive 
surgical procedure at the same sitting in the event of 
a positive frozen section. The definitive surgical pro
cedure w ill m inim ize the risk of tumor im plantation 
and spread of the tumor by excising the biopsy tract.

Most lesions can be accessed through a m idline 
vertical posterior approach via the posterior elements 
of the lower sacral vertebrae. Som etim es the coccyx 
must be resected to achieve better exposure. The an
terior approach is rarely used, because of the in
creased risk of tumor cell im plantation and difficulty 
in  excising the biopsy tract. An open biopsy of an 
anterior lesion may be done through a lower m idline 
abdominal incision or an oblique incision from near 
the left costal margin to near the pubic symphysis.

Sacral tumors are divided into two groups: benign 
and malignant. The benign tumors include aneurys
mal bone cysts, osteoblastomas, giant cell tumors, 
osteochondromas, and sacral cysts. The malignant 
tumors include chordomas, chondrosarcomas, m eta
static carcinom as, marrow tumors (myeloma and Ew
ing’s sarcoma), and other primary malignant tumors.

Benign Sacral Tu m ors
Benign sacral tumors are generally asymptomatic. 
These tumors are often first realized on exam ination 
following trauma or on routine rectal or pelvic ex
amination. The benign sacral tumors are categorized 
into three stages: stage 1 (latent), stage 2 (active), and 
stage 3 (aggressive). The m ajority of osteoblastomas 
and aneurysmal bone cysts are stage 1 or 2. In large.

narrowly marginated stage 2 or stage 3 benign sacral 
tumors such as aneurysmal bone cysts or giant cell 
tumors, there is a significant risk of hemorrhage or 
neurologic deficit. Staging is important when consid
ering treatment options.

Aneurysmal Bone Cyst
An aneurysmal bone cyst is a cystic, vascular process 
that expands and destroys bone. The incidence of an
eurysmal bone cysts in the sacrum is 3.7%  from a 
total of 134 found in one study (5). These cysts are 
more common in females; they predominate in the 
second to third decades of life and are uncommon 
after the age of 30 years. Some remain latent, and 
others are aggressive and m im ic sarcoma. In some 
cases an aneurysmal bone cyst can be a disabling 
condition. The clin ical presentation is variable, de
pending on the size of the cyst and on the presence 
of pathological fractures.

The diagnosis is aided through imaging studies. A 
pathognomonic radiographic finding is a localized 
expansion of bone with development of a thin pe
ripheral rim of bone, w hich is seen w ell on a CT scan. 
This narrow rim  of bone distinguishes the edge of the 
lesion and separates it from adjacent normal soft- 
tissue structures. The aneurysmal bone cyst can ex
pand into adjacent vertebrae. They can be seen in any 
part of the skeleton, but predominate in the metaph- 
ysis of long tubular bones and in the vertebral col
umn. Bone scans show increased uptake around the 
periphery and decreased uptake at the center of the 
vertebrae. An angiogram w ill show vascular activity 
around the periphery of the lesion and relative avas- 
cularity at the center of the vertebrae.

Biopsy confirms the diagnosis. Open biopsy is 
preferable, although fine-needle biopsies can be valu
able if  adequate tissue is obtained. On gross exam i
nation of the lesion, the surrounding thin rim of bone 
can be easily broken through w ith an osteotome. The 
inner region contains unclotted blood and various 
amounts of soft tissue.

On a pathological exam ination of the vertebrae, 
blood-filled cavernous sinuses, benign spindle cells, 
and new bony trabeculae can be seen at the center. 
M ultinucleated giant cells can be found in these le
sions, but they are sm aller than those found in giant 
cells tumors. Histiocyte and foam cells are also 
found. The peripheral rim  of new bone is quite cel
lular, with bone formation and resorption often ad
jacent to large vascular lakes.

The differential diagnosis for aneurysmal bone 
cysts includes giant cell tumor and telangiectatic os
teosarcoma. The pathogenesis of this lesion is un
known, although some speculate it to be a result of 
local change in vascular hem odynam ics (10).
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Giant Cell Tumor
Giant cell tumors in the sacrum are a rare clinical 
entity. The incidence in the spine and sacrum has 
been estimated to be betw een 4%  and 12%  of all gi
ant cell tumors (4). The sacrum is the fourth most 
common location for this tumor. The clin ical im pact 
of giant cell tumors occurs w ith neurologic im pair
ment. Giant cell tumors occur predominantly in the 
upper sacral segments and often extend to the sacro
iliac joint. These tumors have an eccentric location, 
which helps in differentiating them from sacral chor
domas. The radiographic characteristics of the sacral 
giant cell tumor are sim ilar to those it has when lo
cated elsewhere in the body. Radiographically, giant 
cell tumors appear as homogeneous, oval or round, 
lytic lesions w ith occasional trabeculations. The mar
gins are hazy without a sclerotic border or periosteal 
reaction. The upper sacrum lesions can present with 
soft-tissue extensions. The delay in radiographic sus
picion of these tumors results from the difficulty in 
seeing the lytic lesions in the thickness of the sacral 
bone.

On gross examination, it is difficult to differentiate 
the giant cell tumor from other vertebral body tu
mors. This tumor is typically soft and homogeneous, 
with a central cystic, necrotic, or rubbery area. The 
color ranges from light to dark brown to bloody.

The histological hallmarks of the giant cell tumor, 
which are not unique to the sacral tumor, are the 
sheets of m ononuclear cells situated among num er
ous m ultinucleated osteoclast-like giant cells. The 
nuclei of the giant cells are round or oval and are not 
spindly. Necrosis is often found in giant cell tumors. 
These tumors are difficult to treat, but local resection 
with or without postoperative radiation is m ainstay 
of treatment (Fig. 30.1).

Other Benign Tumors
Other benign tumors include osteochondromas, os
teoblastomas, sacral meningiomas, neurofibromas, 
and intraspinal lipomas. Osteochondromas and sa
cral meningiomas are very rare. Osteoblastomas and 
neurohbromas have been occasionally noted in the 
sacrum. Intraspinal lipomas are believed to be con
genital; they are seen with defects in the laminae and 
may be extensions of subcutaneous lipomas. They 
pose significant danger when surgical removal is de
layed until adulthood, when there is a significant risk 
for neurologic compromise.

Malignant Sacral Tu m ors
Unlike benign sacral tumors, malignant sacral tumors 
typically present with pain. This pain is distributed 
along the sacrococcygeal region, the lower back, and 
the rectal area, with radiations down to the legs. This

characteristic pain has been estimated to occur in 
65%  to 90%  of malignant tumors, with a mean du
ration of preexisting pain of 6 to 12 months. Bowel 
and bladder dysfunctions are seen in approximately 
15 to 20%  of patients who have these lesions (8). The 
majority of malignant sacral tumors can be detected 
on rectal examination.

Chordoma
The sacrococcygeal chordoma is a rare, fatal malig
nant tumor. Chordomas have been shown to arise 
from infancy through old age, though approximately 
one-half of the cases are found in the fifth through 
the seventh decades of life. It is typically slow- 
growing and destructive locally. The embryonic 
notochord is thought to be the progenitor of the 
chordoma. The chordomas arise either in the 
sacrococcygeal area or in the basiocciput as a result 
of the persistence of notochord in the fused bones of 
the sacrum and basiocciput. The discovery of this tu
mor is often delayed, because the early symptoms are 
often insidious and vague.

The most common complaint is pain, centered ei
ther in the lower back or in the sacrum. The nature 
of the sacral pain varies and may be dull, sharp, con
tinuous, or intermittent. Patients may also complain 
of back pain or perineal pain and numbness. Other 
symptoms that may be present are fecal and urinary 
difficulties, including constipation, tenesmus, rectal 
bleeding, urinary frequency, urgency, difficulty start
ing the stream, and both urinary and fecal inconti
nence. If the lesion impinges on the pelvic nerves, 
paresthesias and anesthesia can result. When the 
symptoms progress, they can become intractable and 
at times disabling. On physical examination, a pre- 
sacral tumor mass can usually be detected through a 
rectal examination. The mass is usually firm, fixed to 
the sacrum, and does not involve the rectal mucosa. 
Diminished perianal sensation can also occur, 
though motor loss is unusual. The radiographic fea
tures include bone destruction and the appearance of 
a soft-tissue mass, which is usually directed anteri
orly. Typically the bony involvement entails destruc
tion of several segments of the sacrum. In the litera
ture, reports on the amount of calcification has 
ranged from 40 to 80%  (15). The calcification is usu
ally amorphous and located peripherally. The size of 
the soft-tissue mass is usually much larger than the 
amount of bony destruction. Remodeling can occur 
around a slowly growing lesion, which results in ex
pansion of the sacrum. Irregular areas of osteolysis 
can be seen around the sacrum. These chordomas 
commonly spread to the adjacent vertebrae without 
involving the intervertebral disc. CT and MRI are 
helpful in defining both the bony component and 
the soft-tissue involvement, respectively (Fig. 30.2).
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Figure 30.1.
Giant cell tumor of the sacrum in a 20-year-old female with severe back pain and weakness of left L5 and S i roots. 
A. Anteroposterior radiograph shows destructive process of the sacrum, including the left sacroiliac joint. B. Lateral radio
graph shows destructive lesion of the entire sacrum. C. CT scan clearly demonstrates the extent of the lesion, which involves 
the left sacroiliac joint, the spinal canal, and the neural foramina. The lesion extends into the retroperitoneal space anteriorly 
on the left side.



Figure 30.1—continued
D. Sagittal T2 weighted MRI shows the large lesion extending into the spinal canal E. and F. The patient underwent posterior 
excision ot the entire sacrum sparing all the nerve roots A fabula strut graft was placed anterior to the thecal sac, extending 
from one ihum to the other Pedicle screws at L4 and L5 and iliac screws are used to stabihze the lower lumbar spine to 
the ilium The patient was allowed to ambulate immediately, and good heahng and the maintenance of stabilization were 
noted Postoperative ladiation therapy was given 3 months after the siirgery No recurrence of disease is noted at 1 year 
after surgery (Courtesy of Howard S An )
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Figure 30.2.
A. CT scan showing sacral chordoma with invasion of the 
left sacroiliac joint and extension through the anterior cor
tex. B. Histologic preparation of sacral chordoma demon
strating physaliferous (“soap hnhhle”) cells.

Bone scans are not of m uch use, since they rarely 
show positive uptake in the tumor. Before surgery, 
angiography is helpful in determining the vascular 
status of the tumor.

The presence of a m idline sacral tumor demon
strating radiographic evidence of bone destruction 
accom panied by a soft-tissue mass suggests a chor
doma. A biopsy then should then be performed to 
confirm this diagnosis. The preferred approach for 
open biopsy is via the posterior route. In planning, 
the surgeon must prepare to carry out a radical re
section im m ediately following the biopsy should the 
biopsy results be positive for chordoma. On gross ex
am ination a chordoma is typically lobulated and soft 
but can vary from sem iliquid to firm. Usually it is 
gray and semitransparent. Hemorrhage, w hether re
cent or old, can discolor the tumor. The soft-tissue

com ponent of the chordoma can be substantial be
cause of its slow growth. A pseudocapsule forms 
w ithin the soft tissues and com pletely surrounds the 
tumor. This pseudocapsule is derived from the an
terior aspect of the periosteum, w hich is intact and 
elevated.

The m icroscopic hallmark of this tumor is the vac
uolated physaliferous cells; these “soap bubble” cells 
form a unique lobular arrangement with prolific vac
uolated cytoplasm. They have intracytoplasm ic mu
cus droplets in different sizes that stain for glycogen 
and mucin. The m ucin is expelled from the vacuoles 
and spreads between the cells. The presence of both 
intra- and extracellular m ucin production is impor
tant in differentiating the chordoma from a cartilag
inous tumor. A narrow extension of the clear cyto
plasm surrounds the nucleus. The nucleus can also 
be vacuolated. Binucleate forms and m ultinucleated 
giant cells are present in most of these tumors (Fig.
30.2). M itotic figures are rare. It has been postulated 
that the stellate cell is the primary neoplastic cell, 
w hich metamorphoses into the physaliferous cell 
through a process of cisternal dilatation and internal 
secretion (11). Another characteristic feature of the 
chordoma is the syncytial strands of cells with un
clear cell boundaries w ithin an expanse of mucin.

The differential diagnosis of a chordoma includes 
giant cell tumor, m etastatic carcinom a, ependy
moma, and chondrosarcoma. As with all malignant 
tumors, defining the extent of spread of the chordoma 
is vital. Technetium  bone scans are helpful in delin
eating the local involvem ent of the tumor. Other use
ful imaging tests include MRI, barium enema radi
ography, angiogram, intravenous pyelogram, and 
chest roentgenograms. Before treatment intervention, 
the extent of the chordoma must be com pletely de
fined. After treatment, the patient must be regularly 
followed up to m onitor for any recurrence or metas- 
tases. Chordomas have a strong predilection for local 
recurrence. The rate of distant metastases has been 
reported to be between 10%  and 27%  (9). Chordomas 
m etastasize to soft tissues, lym ph node, lung, bone, 
liver, and other abdominal organs. There has been no 
established relationship between mode of treatment 
and the propensity of the tumor to metastasize. How
ever, because of the devastatingly aggressive course 
of the sacral chordoma, metastases generally have lit
tle im pact on long-term survival. The discovery of a 
sacrococcygeal chordoma early on is vital to the sur
vival of the patient. Chordomas metastasize late in 
their course, so early intervention offers the best 
chance for long-term survival.

Chondrosarcoma
Chondrosarcomas are found in adults between the 
ages of 30 and 60 years. The sacrum represents an 
area of a potential primary focus or a location for met
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astatic spread. The behavior of chondrosarcomas is 
not w ell understood. They can appear as a primary 
tumor, or they can form as a result of mahgnant de
generation of a benign bone neoplasm. Pain is the 
chief com plaint and lasts for several months to years. 
Because of the nonspecific nature of the symptoms, 
these tumors often stay localized for several years 
and grow dramatically or m etastasize before they are 
diagnosed. It is not uncom m on for the presentation 
to be heralded by neurologic deficits. Gradual loss of 
bowel, bladder, and sexual function are often seen.

Radiographic studies typically reveal a mass with 
differing degrees of calcification. Chonch'osarcomas 
first cause local destruction centered in the vertebral 
body w ith later spread to the posterior elements. In 
the plain radiograph shown in Figure 30.3, the local 
bony destruction is seen with calcification. The CT 
scan is better able to delineate the bony destruction.

Unfortunately, the pathological exam ination of 
chondrosarcomas does not offer m uch benefit. Pre
dicting the behavior of these tumors solely on the 
basis of the histology or staging system has not been 
reliable because of the variability in biological be
havior from benign local growth to aggressive m eta
static disease. It is dangerous to differentiate benign 
cartilage neoplasms from low-grade m alignancies, 
which may continue to a fulminating system ic dis
ease, solely on the basis of histology or staging cri
teria. Using biochem ical features of neoplastic carti
lage in com bination w ith histological criteria is a

more useful predictor of biologic progression (13). 
The differential diagnosis for chondrosarcomas 
should always include osteosarcoma.

Metastasis

The sacrum serves as an important site for metastasis. 
The m ajority of intraspinal extradural tumors are 
metastatic. The lung, breast, prostate, kidney, and 
lymphoma are sources of metastatic spread to the sa
crum. The source of m etastasis is either hematoge
nous or by local spread. The rectum  and genitouri
nary organs can m etastasize to the sacrum via the 
venous system, the lymph vessels, or direct spread. 
A distinguishing feature between hematogenous and 
local metastasis to the sacrum is vertebral involve
ment. In hematogenous spread of the disease the cen
ter of the vertebra is affected, whereas in local spread 
the vertebral cortex is involved. The prognosis for 
metastatic involvem ent to the sacrum is grim. The 
treatment is palliation, but pain control is extremely 
difficult. In some cases, local radiation treatment is 
attempted for palliation. The life expectancy after 
discovery of a m etastasis to the sacrum is 2 years.

Treatm ent
Stage 1 and 2 sacral tumors, such as osteoblastomas 
and aneurysmal bone cysts, can be treated with in- 
tralesional curettage or marginal excision through a 
posterior approach. In large, narrowly marginated

Figure 30.3.
Comparison of chondrosarcoma in A. plain radiograph and B. CT scan. The local destruction of sacral bone is seen with 
some suggestions of calcification in the plain radiograph. In the CT scan, better definition of the sacral and adjacent pelvic 
destruction and calcification within the tumor mass is seen.
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Stage 2 or stage 3 benign sacral tumors, such as an
eurysmal bone cysts or giant cell tumors, intrale- 
sional curettage and occasionally adjunctive radio
therapy are valid options.

The treatment of choice for newly discovered and 
recurrent aneurysmal bone cysts is marginal excision 
involving curettage and bone grafting. Treatment 
considerations include the location, size, signs and 
symptoms, and spread of the disease. The course of 
aneurysmal bone cysts is unpredictable. The recur
rence rate after marginal excision is 20% . However, 
the recurrence is often not significant, m ainly noted 
in imaging studies and having no clin ical impact. 
Some aneurysmal bone cysts subside spontaneously 
despite the persistence of radiologic abnormalities. 
However, some recurrences are noted to destroy the 
bone graft and progress to marked disability. Radia
tion therapy is employed in these refractory cases.

The treatment choices for giant cell tumors are nu
merous and controversial, though com plete surgical 
resection remains the treatment of choice. W ide re
section of the tumor has consistently produced better 
results than marginal curettage. However, when an
atomic considerations do not allow the com plete re
section of the tumor a more lim ited approach is ad
visable. In this instance, gross resection of the tumor 
followed by careful curettage of the remaining tumor, 
decom pression of the neural elem ents, and radiation 
therapy to eradicate any remaining tumor is recom 
mended. Most advocate excising the biopsy tract to 
avoid any spreading of the tumor. The critical deci
sion of whether the tumor should be approached by 
an abdominal or a perineal approach should be made 
on the basis of whether the examining finger can 
reach the superior lim it of the tumor from the peri
neal approach.

In extensive sacral resections, nerve consider
ations are important. The unilateral sacrifice of the 
sacral nerves w ith the preservation of the contralat
eral sacral nerves has not been shown to cause func
tional impairments (10). The interruption of the pu
dendal nerve supplying the sphincters sim ilarly does 
not cause any difficulties w ith urinary and fecal in 
continence. However,'the bilateral interruption of all 
the sacral nerves except for S I  impairs the urinary 
bladder and urethral sphincter control. Additionally, 
most genital functions except for ejaculation w ill be 
affected. The urinary and fecal difficulties can be 
managed by regular self-catheterizations and fecal 
disim pactions. Preservation of bilateral S i  nerve 
roots does not greatly affect motor function. In ad
dition, transection of the sacrum above the level of 
the first sacral foramina does not significantly alter 
pelvic stability and strength. Ambulating is unaf
fected on level ground, though clim bing is affected 
as a result of the partial im pairm ent of the gluteus 
maximus muscle.

The primary modality of treatment for the sacro
coccygeal chordoma is resection. W ide resection of 
the tumor with adequate margins can lead to eradi
cation of the tumor. The approach to the resection of 
the chordoma, as in any other malignant tumor, de
pends on its size and location. The different ap
proaches are the anterior, the posterior, and the com
bined approach. Common to all of these is the 
potential for significant blood loss.

The main indication for the anterior approach is 
the presence of adhesions in  the presacral space 
formed from previous surgery or radiation treatment. 
For the anterior approach, the patient is placed in the 
supine position. After the sterile preparation and 
draping of the patient, a standard retroperitoneal dis
section is carried out through a standard left para
median incision. This may be modified to a midline 
or right paramedian incision, depending on the lo
cation of the tumor. On the basis of preoperative im
aging, a decision is made as to whether to ligate one 
or both internal iliac arteries. This is done to facilitate 
the exposure and to control bleeding.

More often, the tumor is approached from a pos
terior incision. A com m only used posterior approach 
is that advocated by the Mayo Clinic (7). The patient 
is placed in the prone position. Through a perianal 
skin incision  and a perineal dissection, the approach 
is begun above the tumor so as not to contaminate 
the wound w ith tumor cells. If the tumor is present 
posteriorly, both the m idline skin and a part of the 
subcutaneous tissue along with the sacrum may have 
to be sacrificed. The pelvic organs are mobilized to 
protect them from later sacral resection. Unless the 
tumor extends more proxim ally, the ilium  and sa
crum are osteotomized at the S2-S3 level. The pu
dendal nerve, sacral nerves, and proxim al nerve roots 
are identified and spared. The sacrum and the coccyx 
are then removed. Drains are placed in the large 
space created by the resection of the sacrum. The glu
teal m uscles may be used to fill in this defect. With 
this technique, the Mayo clin ic reports a 28%  recur
rence rate w ith an en bloc resection and a 64% re
currence when violating the tumor. Complications 
include bladder dysfunction and fecal incontinence, 
w ith a gradual disappearance of these complications 
over time. It is important not to allow the contami
nation of normal tissue with spillage of the tumor. 
Most advocate excising the biopsy tract to avoid any 
spreading of the tumor.

A variation of the Mayo posterior approach in
volves placing the patient in the lithotom y position. 
The rectum  and the anal canal are then mobilized. 
After a thorough bowel preparation in the operating 
room, a purse-string suture is placed around the 
anus. The anal canal and rectum  are dissected away 
from the presacral space through a posterior perineal 
incision. Placing a lap pad behind the rectum after
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m obilization protects the rectum. The biopsy tract is 
excised. The surgery is com pleted w ith the patient 
in the prone position (16],

The third option is the com bined anterior and pos
terior approach (6). The patient is placed in the lat
eral position. An oblique incision  is made extending 
between the left iliac crest and costal margin. The left 
colon is freed and m oved anteriorly and to the right 
along w ith the rectum. The iliac vessels and left ure
ter are identified. The middle sacral vessels and lat
eral sacral veins are sacrificed with suture ligation. 
Then a posterior incision is made over the sacrum, 
and skin flaps are fashioned. The gluteal m uscles are 
separated from their iliac attachments. The presacral 
space is accessed by cutting the anococcygeal liga
ments. The next step involves incising the sacroiliac, 
sacrotuberous, and sacrospinous ligaments and the 
piriformis m uscles. The sacrum is osteotomized. The 
nerve roots below the resected sacrum are sacrificed. 
The tumor is resected. The wound is then closed.

Another option in  the com bined anterior and pos
terior approach involves placing the patient in a su
pine position. Using an incision  that extends be
tween the left iliac crest and the left costal margin, a 
careful dissection down to the tumor is performed. 
Ligation of one or both of the internal iliac arteries is 
then carried out. Using an osteotomy, resection of the 
sacral tumor is done. After this is accom plished and 
prior to turning the patient, a marker is placed on the 
sacrum where the osteotomy was performed. This 
helps with orientation after placing the patient in a 
prone position. D issection down to the tumor is then 
done from the posterior side. The osteotomy and re
section of the tumor are then completed.

Other modes of treatment do not meet with much 
success. Although radiation therapy is very useful for 
palliative considerations, it is believed that it does 
not alter the long-term prognosis of the patient with 
this disease. Currently, preoperative treatment with 
radiation is being investigated. Postoperative radia
tion treatment significantly reduces the risk of tumor 
contamination during resection. Chemotherapy is 
not thought to play a role in the treatment of chor
domas. j  I

Chondrosarcomas are generally radioresistant, 
and they do not respond w ell to chemotherapy. The 
primary treatment for chondrosarcomas is surgical 
ablation. However, due to the size of these tumors 
and the areas of involvem ent in the spine, wide re
section is not always possible. In these cases, re
peated local debulking procedures should be per
formed.

varies from 20 to 40%  at 10 years (16). The only mode 
of treatment is surgical resection. Hence diagnosing 
the tumor early on by paying close attention to the 
history of the patient is vital. This should be followed 
up with biopsy and surgery if necessary.

Fractures_______________________________
Sacral fractures are rare, comprising only 1%  of all 
fractures affecting the spinal column. In most in
stances they are associated w ith other injuries. 
Therefore, in a m ultiply traumatized patient it is of 
the utmost im portance to adequately examine both 
the patient and the roentgenographs to determine 
w hether a sacral fracture is present. Bruising over the 
buttock or pain on rectal exam ination may be indic
ative of a sacral injury.

Many classifications have been proposed for sacral 
injuries. The most com m only used is the Denis clas
sification, w hich arranges the fractures according to 
location (Fig. 30.4). Zone 1 fractures involve the ala 
without injury to the foramina or the central canal. 
Zone 2 fractures involve one or more of the sacral 
foram ina but do not involve the sacral canal. Zone 3 
fractures involve the sacral canal and are almost al
ways transverse.

In general, neurologic injury is rare in zone 1 in
juries. Zone 2 injuries can be associated with nerve 
root injury, particularly when there is displacement

Results
The outlook for malignant sacral tumors is poor. The 
median survival is 5 years for sacral lesions, and it

Figure 30.4.
Denis classification of sacral fractures: zone 1—the region 
of ala; zone II—the region of the foramina; and zone III— 
the region of the central canal.
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at the fracture site. Most zone 3 fractures are associ
ated with significant neurologic deficits.

Treatm ent
The treatment of sacral injuries is guided by two m a
jor goals. The first is to provide stability in those in 
stances in w hich trauma has created instability. The 
second is to optimize neurologic recovery w hen there 
has been significant neurologic injury. Many sacral 
fractures are associated w ith injury to the sacroiliac 
joints or to the pelvis. Often this creates an unstable 
fracture pattern and mandates internal fixation.

Neurologic im pairment can be associated w ith on
going com pression of neural elem ents. In this case 
surgical management is usually indicated. Surgical 
technique involves a posterior m idline incision with 
exposure of the dorsal aspect of the sacrum. Unroof
ing of the sacrum then allows hematoma evacuation 
and neural decompression. In some cases in w hich 
bone has been retropulsed into the canal, it is pos
sible to use a bone punch or tamp to push the bony 
fragments anteriorly.

Sacroiliac Jo in t Problem s_____________  

Fracture-Dislocation
Sacral fracture-dislocations represent a rare but dan
gerous phenomenon. This type of injury is the result 
o f a very high-energy insult. Most sacral fracture- 
dislocations result from vertical shear injuries. Con
sequently these injuries have a high morbidity and 
mortality. Other injuries accompanying sacral frac
ture-dislocations often include damage to the urinary 
tract, disruption of the rectum, vagina, and bowel, 
and injury to the diaphragm. Neurologic involved is 
always an important consideration. Patterson and 
Mortar studied a series of 633 patients who sustained 
pelvic injuries, some of whom had sacral fractures. 
Overall they found 3.5%  to have some neurologic im 
pairment [12], though they did not report any con
sistent neurological injury. The neurological injuries 
included damage to the lum bosacral plexus, the sc i
atic nerve, the femoral nerve, the gluteal nerve, the 
obturator nerve, and the cutaneous nerves of the 
thigh. The m ortality has been estimated to be ap
proximately 20%  [2). Posterior instability of the sa
croiliac com plex can be seen radiographically by a 
gap posteriorly in the sacroiliac com plex, an avulsion 
of the transverse process of L5, and/or an avulsion of 
the ischial spine.

The treatm ent of sacral fracture-dislocations is the 
subject of some controversy. Several reports of b ilat
eral sacral fracture-dislocations describe successful 
nonoperative treatm ent. These case reports typically 
involve a patient who has been in an accident and 
has sustained m ultiple and severe injuries. Because

of the critical condition of the patient, however, no 
sacral surgery is performed, and good results have 
been described. Carl and Thomas reported on such a 
case, noting only four other cases of bilateral sacro
iliac joint fracture-dislocation in the literature. Three 
of the four patients were treated nonoperatively, and 
one had an open reduction and internal fixation. 
Three of the patients retained functional capacity 
and one patient [in a nonoperative case) died as a 
result of the traumatic injuries initially  sustained. 
Carl and Thom as’s patient had good results. Carl and 
Thomas thus concluded that nonoperative treatment 
can lead to a functional result (1).

Usually surgical correction is advocated for frac
ture-dislocations of the sacrum. The most basic sur
gical treatment involves closed reduction followed 
by the application of a triangular frame. If an accept
able closed reduction is not achieved, then an open 
reduction and internal fixation of one or both of the 
sacroiliac joints is done. The open reduction and in
ternal fixation can be accom plished with lag screws 
or cobra plates along with a sim ple external frame or 
plate fixation of the pubic symphysis.

For com plex, unstable sacroiliac joint fracture- 
dislocations, open reduction and internal fixation is 
indicated. Such injuries include m ultiple rami frac
tures and diastasis accom panied by an iliac fracture. 
Generally, two approaches are used for these types 
of fracture-dislocations. One option is to perform an 
open reduction and internal fixation of the iliac frac
ture and sacroiliac disruption followed by the place
ment of a simple external frame. The other option 
involves using the triangular frame in conjunction 
with internal fixation of the iliac fracture. A contra
indication to anterior internal fixation is the presence 
of m ultiple rami fractures. An exception to this is in 
young women w ith m ultiple fractured rami. In these 
cases, plate fixation is preferred, using a bilateral il
ioinguinal approach (3).

To provide anterior exposure of the hemipelvis, 
the ilioinguinal incision is preferred. Anterior stabi
lization is accom plished by placing a two-hole plate 
or four-hole plate between the sacral ala and the ad
jacent lateral ilium . Another option entails placing 
lag screws through the lateral aspect of the ilium  into 
the sacral ala and the first sacral body. Using an il
ioinguinal incision, a careful dissection is performed 
subperiosteally along the inner table of the ilium. It 
is important to be careful in preserving the L5 nerve 
root. Injuries involving single interruptions of the 
pelvic ring are easily reached through the posterior 
approach. Using the triradiate or iliofem oral ap
proach and continuing the lateral incision, lag screws 
can be placed through the sacroiliac joint. The sur
gical approach is as follows. The patient should be 
positioned so that the wide part of the superior aspect
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of the ilium  is parallel with the floor. The incision  is 
begun next to the posterosuperior spine of the ilium. 
To expose the ilium  oi sacrum , the incision  m ust be 
carried either more m edial or lateral, respectively, to 
the spine of the ilium . The gluteus maximus is re
flected superiorly. Then the periosteum is elevated 
to provide exposure for the surface of the ilium . For 
unstable sacroiliac disruptions, the sacroiliac crest is 
approached medial to the iliac crest. To expose the 
sacrum, the erector spinae and the multifidus m us
cles must be removed. Being able to palpate the in 
ferior aspect of the sacroiliac joint allows in obtain
ing adequate reduction of the joint.

Stabilization of the sacroiliac joint is accom 
plished by placing two 6.5 mm cancellous lag screws 
with washers through the lateral ilium  into the sacral 
ala and the first sacral body. To prevent rotational 
movement, a two- or three-hole plate can be used. 
The cancellous screws can be inserted w ith the use 
of a C-arm. Predrilling facilitates cancellous screw 
placement. Careful attention must be directed to the 
sacral nerve roots, the cauda equina, neurovascular 
structures, and the rectum, all of w hich lie anterior 
to the sacrum. W ith a 3.2 mm drill bit, a hole is begun 
perpendicularly to the ilium , superior and posterior 
to the roof of the greater sciatic notch, and directed 
through the superficial and deep iliac cortices. The 
drill is advanced approxim ately to 45 to 60 mm; if 
the drill bit penetrates the deep sacral cortex, there 
is risk to the soft tissues. To achieve optimal stability, 
a 50 mm or longer lag screw with a 32 mm thread 
length is used. The second screw is predrilled at a 
point 2.5 cm superior and posterior to the first screw 
and directed toward the first sacral body. To avoid 
the first sacral nerve root, direct the drill bit superior 
to the first anterior sacral foramen (3). CT scanning 
can be used to check the position of the sacral screws.

Sacral A rthritis_________________________ 

Ankylosing Spondylitis
One of the essential features of ankylosing spondy
litis is involvem ent of the sacroiliac joint. Typically 
ankylosing spondylitis is bilateral and symmetric. 
Sacroiliitis represents an early phase in  the devel
opment of this disease. The early radiographic ap
pearance w ill demonstrate a widened joint articu
lation. As the disease develops, a broad area of 
sclerosis appears on the iliac side of the joint with 
larger subchondral erosions. Bony bridges span the 
joint space, forming isolated areas of intact cartilage. 
During the advanced stages of the disease, the sacral 
bones w ill fuse and the periarticular sclerosis dis

appears. Another feature of ankylosing spondylitis is 
involvem ent of tlie ligamentous part of the sacroiliac 
joint. This involvem ent can progress to bony erosions 
and proliferation.

Psoriatic A rthritis
Involvement of the sacroiliac joint is also prominent 
feature of psoriatic arthritis. Psoriatic arthritis usu
ally is bilateral and symmetric. It typically affects sy
novial cartilaginous joints and entheses. The pres
ence of joint-space narrowing or widening is 
characteristic. Areas of erosion develop in marginal 
areas in a central direction, often resulting in a w hit
tled deformity of the involved articulation (14). Early 
pathologic changes, w hich are sim ilar to those seen 
in ankylosing spondylitis, involve subchondral bony 
erosions and ill-defined sclerosis. Psoriatic arthritis 
differs from ankylosing spondylitis in that (a) intra- 
articular bony ankyloses are less common in psori
atic arthritis, and (b) blurring and eburnation of 
opposing sacral and iliac surfaces w ithin the liga
mentous portion of the sacroiliac joint are more com
mon in psoriatic arthritis. The sacroiliac joint abnor
m alities are frequent. These findings may be bilateral 
and asymmetric or unilateral in distribution. In gen
eral, the characteristic findings of Reiter’s syndrome 
are identical to those found in psoriatic arthritis.

The treatment for sacral arthritis is conservative. 
If conservative therapy fails to control the severe 
symptoms, then a surgical alternative is considered. 
Fusion is the primary modality in addressing severe 
sacral arthritis refractory to conservative treatment.
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Spina! Procedures and Instrumentations

CHAPTER THIRTY ONE

Spinal Orthoses
Gregory P. Graziano and Lysa M. Charles

Introduction
Spinal orthoses are an important com ponent in the 
treatment m odalities of the clin ician  managing pa
tients who have spinal pain, deformity, or fracture. 
One function of a spinal oxthosis is to act as an assis
tive device in order to lim it m otion and thereby to 
allow the spine to rest. This provides the injured 
bone and soft-tissue structures the tim e required to 
heal.

In the setting of an acute fracture, muscular injury, 
or postoperative healing, a spinal orthosis may be 
prescribed to im m obilize, stabilize, or unload the 
spine. Here the orthosis is used to substitute for or to 
assist the function of the surrounding musculature. 
With m otion lim ited, patients also may subjectively 
feel “supported,” both because of the m echani
cal properties of the brace and a possible placebo 
effect (17). In addition, orthoses function by acting 
as a psychological reminder to the patient to lim it 
activities.

Orthotic devices can also be used in an attempt to 
halt the progression of or to correct spinal deformity 
and vertebral m alalignments (kyphosis, scoliosis). In 
this setting, orthoses achieve their goal through the 
biom echanical principles of creep and biological ad
aptation (24).

For an orthosis to control the spine, it must apply 
force externally. This force is not applied directly to 
the spine; rather, forces are transmitted through the 
adjacent soft-tissue structures or bony prominences. 
The amount of force applied depends on the stiffness

of the structures through w hich the force is trans
mitted. Ribs, spinous processes, and other bony 
structures allow greater force transference than soft 
tissues such as fat, m uscle, and abdominal viscera 
(2). The transm ission of forces through soft-tissne 
structures relies on increasing the hydrostatic pres
sure in the surrounding tissues rather than on a direct 
transm ission of force through solid structures.

The ability o f  an orthosis to transfer force may be 
lim ited by the patient’s pain and/or the sensitivity of 
the patient’s skin and deep tissues to the forces being 
applied (40). The resultant discomfort w ill often af
fect the patient’s com pliance with brace use. Com
pliance can also be lim ited by the psychological tol
erance of the patient. These devices are confining and 
can aggravate m inor claustrophobic tendencies.

Several factors should be considered when pre
scribing a spinal orthosis. First, the clin ician  must 
identify all structurally deficient (fractured bone, 
ruptured ligaments) or painful elements (arthritic 
facets) to be im mobilized. Once the structures to be 
im m obilized are identified, the clin ician  can deter
m ine w hich spinal movements are to be restricted. 
Consideration must be given to the six degrees of mo
tion freedom (rotations and translations around the
X, y, and z axes) that characterize spinal motion. The 
extent of m otion in one plane may vary in different 
areas of the spine. Finally, the clin ician  must decide 
on the extent of the area to be im m obilized (i.e., cer- 
vicothoracic, thoracolumbar, or lumbar). The design 
and comfort of the orthosis are also taken into con
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sideration in  order to balance the patient’s comfort 
and com pliance against the im m obilization desired.

Orthotic devices may be custom -molded or com 
m ercially prepared. Most com m ercially prepared 
products are available in  a variety of sizes based on 
m ultiple average body dimensions. A custom- 
molded device is prepared for a specific individual 
on the basis of plaster casting. Although the com 
m ercial products are cheaper, they do not always per
form or fit as w ell as a custom-molded product. Com
m unication between the orthotist and the prescribing 
physician is imperative if  the goal of providing a 
high-quality, dm able, ftm ctional, and comfortable 
product is to be achieved.

Cervical Spine__________________________
The most commonly used class of orthoses for the 
cervical spine are the collars. Collars vary in their 
height and rigidity (1, 18). They act principally to 
lim it flexion, extension, and to a lesser extent, lateral 
rotation. Fixation points include the chin, occiput, 
sternum, base of neck, and shoulders. These devices 
are inexpensive and convenient to use but offer little 
in the way of im m obilization. Indications for the use 
of cervical collars include the treatment of cervical 
sprains, strains, spondylosis, and whiplash injury. 
They are also used in the management of paraspinous 
m uscle spasm and discomfort after cervical decom 
pression procedures. The collar is com m only used 
along with a spine board to im m obilize the unstable 
cervical spine in the acute setting (7, 23). For this 
function, the Philadelphia collar system is superior 
(24). The collar should be removed as soon as pos
sible to avoid com plications such as occipital pres
sure sores (21).

Examples of this type of orthosis are the soft cer
vical collar (Fig. 31.1) and the newer Canadian collar 
(Fig. 31.2) (16). The Canadian collar is an adjustable 
orthosis constructed from polyvinyl chloride tubing 
clipped togetlier by nylon junctures with chin and 
sternum supports of a molded nylon rod. This tubu
lar orthosis has the advantage of being cooler and 
lighter. It is easily assembled and is adjustable to a 
wide variety of neck sizes and deformities. It is also 
easily adaptable to a tracheostomy.

In certain situations a greater degree of control of 
the cervical spine is desired. Lengthening the sleeve 
of the cervical collar down to the shoulders and chest 
provides a more effective anchoring m echanism  dis- 
tally, resulting in improved control of flexion and ex
tension as w ell as additional rotational control (18). 
Examples of this type of brace include the Philadel
phia collar (Fig. 31,3), the four-poster brace, the cer- 
vicothoracic orthosis, the SOMI brace (Figure 31.4), 
and others (4). They are most appropriate for the im 
m obilization of the middle to lower cervical spine.

FIGURE 31.1.
Soft cervical collar. This device is constructed of foam rub
ber covered with stockinet.

FIGURE 31.2.
Canadian collar. This orthosis is constructed from polyvi
nyl chloride tubing clipped together with nylon junctions. 
It is cooler than tire soft cervical collar and can be used in 
patients with tracheostomy tubes. (Reproduced with per
mission from Hannah R, Cottrill SD. The Canadian collar: 
a new cervical spine orthosis. Am) Occnp Ther 1985;39:3.)

They offer little rigidity to the unstable atlantoaxial 
region, but they may be appropriate in the treatment 
of some stable Jefferson fractures and hangman frac
tures. These orthoses are effective in unloading the 
neck. However, any body position that alters the 
shoulder-chest distal fixation may render the orthosis
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Minerva brace or cast should be considered as an op
tion for the im m obilization of the cervical spine in 
pre-school-age children (14).

The halo-vest (Fig. 31.6] apparatus should be con
sidered when distraction or transverse dislocation 
through ligaments or fractures renders the spine ex
tensively unstable. This device obtains proximal fix
ation through pins applied to the cranium. Distal 
purchase is obtained through the chest, sternum, and 
posterior thoracic spine with a plaster jacket or cast. 
A recent study by Triggs et al. suggests that the degree 
of halo im m obilization may be independent of the 
length of the chest support (36). The lim iting factor 
in the degree of im m obilization is the extent of ster
nal and chest-cage contact.

The selectioxL of halo pin  sites is  critical in  ba\o 
applications (13). The anterior halo pins are best ap
plied anterior to the tem poralis m uscle and just lat
eral to the middle part of the superior orbital rim  in 
order to protect the superior orbital nerves as w ell as

FIGURE 31.3.
Philadelphia collar. Proximally this collar has molded chin 
and occipital supports; distally it extends to the upper tho
racic cage.

less effective. For example, as the patient changes po
sition from upright to supine, the distal anchoring 
component of the brace (the com ponent resting on 
the chest or shoulders] is often displaced superiorly 
and anteriorly. Thus in the supine position this class 
of devices may only be as effective as a soft collar.

If there has been a significant loss of stability 
through destruction or removal of supporting struc
tures, then the maximum amount of im m obilization 
and unloading is desirable. M aximum control of the 
cervical spine is preferred in all six degrees of m otion 
in this situation. The two types of orthosis that offer 
this level of im m obilization are the M inerva cast or 
body jacket and the halo-vest apparatus.

The Minerva orthosis (Fig. 31.5] or body jacket 
provides increased rigidity by including the fore
head, chin, and high occiput in addition to the chest, 
sternum, and base of the neck that the collars and 
poster braces rely on for stabilization. The device is 
appealing since pins need not be applied to the cra
nium. It offers considerable control, and recent re
ports suggest that it is as effective as the halo device 
for cervical im m obilization (6, 14, 22]. One lim ita
tion, however, is that the orthosis m ust be applied so 
that eating and talking are permitted. Opening the 
mouth requires space for the head to extend and the 
mandible to move downward. This allows m otion at 
the occiput-Cl and the C1-C2 articulations. There
fore, the M inerva brace is m ost effective in  lim iting 
motion at the middle to lower cervical spine. The

FIGURE 31.4.
SOMI. This apparatus is a cervicothoracic orthosis con
sisting oi a ligid thoxacic frame com-Lected to Tnandibntar 
and occipital supports by metal uprights.



6 4 4 SECTION VI: SPINAL PROCEDURES AND INSTRUMENTATIONS

FIGURE 31.5.
Minerva orthosis. This device provides improved cervical 
immobilization via fixation on the forehead, chin, occiput, 
and sternum.

the frontal sinus (Fig. 31.7). These pins should be 
placed as inferiorly as possible, close to the superior 
orbital ridge, in  order to achieve an angle of insertion 
as perpendicular as possible and thus the most rigid 
fixation possible (4). The posterior occipital pins 
should be placed inferior to the largest segmental c ir
cumference of the cranium  to prevent superior pin 
migration. The temporal fossa should be avoided be
cause of the relative thinness of bone in this region 
of the skull. Recent studies (in adults] have found no 
difference betw een pin torque applications of 6 and 
8 inch-pounds (32). The lovi^er pin torque is now rec
ommended.

Although the halo apparatus is the most effective 
device for cervical im m obilization, some potentially 
significant m otion does occur (32, 41). This motion 
may occur when the patient changes body position, 
particularly when moving betw een the supine and 
upright positions. This m otion is called the “snaking

phenom enon.” In a study by Johnson et al., “snak
ing” of the cervical spine was defined as a “ serpen
tine movement of the spine whereby a sim ple overall 
movement (such as flexion or extension] is accom 
panied by the unexpected presence of flexion and ex
tension at each intervertebral level” (18). The amount 
of snaking may be calculated by comparing the dif
ference between the overall measured movement 
from the occiput to the lowest cervical level, to the 
sum of movements at each individual intervertebral 
level. When the sum of movements at each vertebral 
level is greater than the total movement, snaking is 
said to be present.

Numerous com plications have been reported with 
the use of the halo device (Table 31.1] (10, 17, 37, 
40). Some of these com plications can be devastating, 
and the clin ician  must be sufficiently aware of them 
to prevent their development.

FIGURE 31.6.
Halo-vest apparatus. Consists of a halo ring attached to a 
prefabricated body vest. The halo ring is fixed to the skull 
via pins that penetrate the outer table.
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FIGURE 31.7.
Diagram of recommended safe zones for 
placement of anterior halo pins deter
mined by skull osteology studies (Repro
duced with permission from Garfan SR, 

• Botte MJ, Waters RL, et al Complications 
in the use of the halo hxation device J 
Bone Jomt Surg 1986,68A 320 ]

TABLE 31 .1 .
Halo Complications

Pm loosening (10)
Pin tract infection (10)
Skull perforation (17, 34)
Brain abscess (17, 34) *
Depressed m tract scars (10)
Potential fo r innpaired skin integrity (10)
Superior mesenteric artery syndrome (10)
Spontaneous fusion (9)
Facial, abducens, and glossopharyngeal nerve palsies (10)______

Numbers in parentheses after each entry refer to the references as 
listed at the end of the chapter

Quantitative analyses of the effect of cervical or- 
thoses on the lim itation of m otion have been per
formed (18, 40). These studies indicate that no de
vice, including the halo, restricts all cervical motion, 
and that some devices are better at controlling m o
tion in one plane than m otion in another plane. All

of the conventional orthoses restrict flexion better 
than they do extension; and all of the orthoses restrict 
sagittal plane m otion more effectively than they do 
rotation.

The halo-vest and the Minerva apparatus are the 
most effective devices for restricting m otion in all 
planes (14, 22). They are most effective in the upper 
cervical spine. Sagittal plane motion is also con
trolled by, in order of decreasing effectiveness, the 
cervicothoracic orthosis, the four-poster brace, the 
SOMI device, the Philadelphia collar, and the soft 
collar. The halo-vest and, to a lesser extent, the cer
vicothoracic orthosis are the most effective devices 
for controlling cervical rotation. A ll other braces pro
vide m inim al control of rotation. The most effective 
orthoses for controlling lateral bending (coronal 
plane motion) after the halo are the four-poster brace 
and the cervicothoracic orthosis. All other orthoses 
provide m inim al resistance to lateral bending.
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In summary, the choice of a cervical orthosis de
pends on the degree of im m obilization required. Cer
vical sprains and m inor ligamentous injuries can be 
treated with the gentle support of a flexible collar. 
More rigid im m obilization w ill be called for to lim it 
pain from a ruptured disc or spondylosis, and m ax
im al im m obilization is indicated when treating in
stability from severe bony and/or ligamentous in ju
ries.

Pediatric Halo Considerations
In the application of the halo device in infants and 
small children, their developmental anatomy must 
be taken into account. Cranial suture interdigitation 
may be incom plete and the fontanels may still be 
open anteriorly in patients less than 18 months of 
age, and posteriorly in patients less than 6 months of 
age (12). In children between the ages of 2 and 5 
years, significantly lower insertion torques for pin 
placem ent are recom m ended (25).

In children less than 2 years of age, Mubarak rec
ommends 2 inch-pounds of torque per pin (25). M ul
tiple pins are recommended so that the lower torque 
insertion pressure may be utilized to avoid cortical 
penetration, cranial distortion, and bone shifting 
(Fig. 31.8) (8 -10).

Although the amount of torque applied per pin is 
different in children, the desired location of the pins 
is sim ilar to that in adults. Osteologic studies defin
ing the areas of maximal thickness of the calvaria 
have confirmed that the anterolateral and posterolat
eral regions below the equator are the thickest in ch il
dren (12, 13). Sim ilar findings have been docu
mented in studies of the skeletally mature skull (Fig. 
31.9) (13).

Halo-llizarov
Halo traction is a w ell-accepted m odality for the cor
rection of severe cervical spine deformity (8, 21, 28,

34). Variations of the technique include countertrac
tion with the use of femoral, pelvic, or clavicular pins 
as a distal counterforce (19). Distal fixation pins al
low the generation of large forces that may be trans
mitted to the spine. However, when used to treat cer
vical deformity, the large forces generated by these 
techniques may affect the lumbar and thoracic spine 
(9, 35). Pin-tract infection, soft-tissue contractures, 
osseous disfigurement, joint stiffness, and m uscle at
rophy may also occur when these methods are used 
(9, 10, 17, 35, 37). This technique is also lim ited by 
its ability to correct deformity in only one plane via 
vertical traction.

As an alternative, the com ponents of the Ilizarov 
apparatus have been used to connect a halo to a body 
cast (Fig. 31.10) (15). The advantages of this device 
are twofold. First, the use of the Ilizarov components 
allow m ultiplanar correction of deformity. Second, 
the ability to connect the apparatus to a cast facili
tates patient mobility during the corrective process.

The body cast is applied using a Risser frame and 
extends from the sternal notch to the pubic symphy
sis. It is also carefully molded over the pelvis. Shoul
der straps may be added to increase lateral stability. 
The goal in using the cast is to achieve stability and 
yet keep the orthotic device’s weight as low as pos
sible in an effort to lim it hindrance of the patient’s 
mobility.

The Ilizarov com ponents allow a controlled cor
rection of multiplanar deformity w hile the cervical 
vertebrae are being distracted. The system can pro
duce translation of one cervical vertebra in relation 
to another while allowing m obility during the cor
rection process. The Ilizarov apparatus applies force 
gradually, 1 mm per rotation, so that the soft tissues 
can adapt and lengthen. Initially, the distractors are 
turned four, five, or six times daily, in order to place 
the soft tissues under tension. At this rate, the defor
mity corrects quickly. W hen the patient begins to ex
perience discomfort the process is slowed, with the

FIGURE 31.8.
Diagram of recommended halo pin placement sites in in
fants using the multiple-pins, low-torque technique. Four 
pins are placed anteriorly, avoiding temporal area. Six ad
ditional pins are placed in the occipital region. (Repro
duced with permission from O’Brien IP, Yau CMC, Smith 
TK, et al. Halo-pelvic traction. J Bone Joint Surg 1971; 
53(B):217.)
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FIGURE 31.9.
Schematic representation of skull anatomy at a level below 
the equator. Dots indicate the thickest areas recommended 
for halo pin placement. (Reprinted with permission from 
Garfin SR, Botte MJ, Centeno RS, et al. Osteology of the 
skull as it affects halo pin placement. Spine 1985; 
10(83:6 9 6.}

distractors usually turned twice daily. The speed of 
correction often depends on the patient’s tolerance 
and the type of deformity being corrected. As the de
formity becomes less severe the process is slowed, 
since the patient can tolerate only small changes at a 
time. The apparatus may be constructed to perform 
multiplanar correction of kyphosis, rotation, and 
translation. Once the desired correction has been ob
tained, a spinal fusion at the appropriate level is per
formed to maintain the correction.

In patients with atlantoaxial deformity, overcor- 
rection is recommended, since some of the correction 
will occur at the occipitoatlantal level. This will pre
vent the occurrence of deformity rebound during the 
fusion process.

This technique has a low rate of com plications. 
Minor com plications include cast sores and halo pin 
tract infections (15). A ll are easily managed w ith lo 
cal wound care, oral antibiotics, and pin changes as 
necessary.

The halo-Ilizarov technique allows the patient to 
rem ain ambulatory during correction of the defor
mity. Careful preoperative planning is necessary to 
ensure the proper application of corrective forces. If 
desired, forces may be concentrated through the use 
of spinous process wires. W ire placem ent is per
formed w ith an open technique.

Th o ra cic  Spine_________________________

Thoracic corsets offer a m inim al degree of spinal con
trol. This type of orthosis provides a lim ited amount 
of im m obilization. They may offer some relief for 
chronic benign thoracic pain. The warmth, massage 
effect, and possible placebo effect may also help the 
patient (27, 28).

FIGURE 31.10.
Halo-Ilizarov. This device consists of a halo ring attached 
to a plaster vest by Ilizarov distraction instrumentation. 
This device allows gradual correction of multiplanar de
formity prior to fusion. (Reproduced with permission from 
Graziano GP, Herzenberg JE, et al. The halo-Ilizarov dis
traction cast for correction of cervical deformity; report of 
six cases. I Bone Joint Surg 1993;75A(7):996-1003.)
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The hyperextension brace or Jewett brace is an in
termediate control brace designed to resist flexion. Its 
fixation points are the manubrium and the pubic 
symphysis. Counterpressure is applied between 
these two points by a posterior strap, thus achieving 
three-point fixation. This brace is less effective in re
stricting coronal rotation and offers no resistance to 
axial rotation. It can be adjusted to obtain some de
gree of hyperextension and is capable of shifting the 
weightbearing line over the posterior elements. This 
may be helpful in relieving stress on the vertebral 
body and anterior elements. This type of brace is 
most effective in the immediate region of the thora
columbar junction (T 11-L 2). It is only effective in 
two-colum n injuries. Despite its effectiveness, many 
patients find this brace uncomfortable, and com pli
ance with its use is variable (29). The thoracolum- 
bosacral orthosis (TLSO) is an intermediate control 
brace and is the most commonly used orthotic device 
for im m obilization of the lower thoracic and upper 
lumbar spine (Fig. 31.11). The region of im m obili
zation is from T5 to L3. It offers control in all planes 
ot motion. This orthosis gains purchase on the ster
num, pubic symphysis, middle back, ribs, and soft 
tissues. This larger area allows the orthosis to spread 
its forces over a greater surface area than the Jewett 
device. The result is less irritation of the soft tissues, 
and thus com pliance is greatly improved.

The Taylor brace offers intermediate control (26). 
It consists of a pelvic band with two vertical posterior 
bars extending to the shoulders and joined by a trans
verse bar. Straps pass from these upright bars around 
the shoulders and under the axillae. A full-length ab
dominal pad is attached to the upright bars. The 
points of fixation are the axillae, pelvis, and abdomen 
anteriorly, thus applying three points of fixation. 
This brace offers little resistance to lateral bending 
and poor resistance to axial rotation. It functions 
m ainly to resist excessive m otion in flexion and ex
tension. Lateral bending can be controlled by adding 
lateral upright supports, and rotational control can 
be gained by adding clavicular pads and straps. The 
region ot maxim al effect is the thoracolum bar junc
tion.

The most effective stabilization for the thoracic 
spine, without using the halo pelvic apparatus, is the 
Milwaukee brace (Fig. 31.12) (21, 40). This brace is 
most often prescribed for the correction of deformity 
in either the sagittal or the frontal plane (kyphosis or 
scoliosis, respectively). It applies corrective forces to 
the spine passively through the use of localizer pads 
It also aids in active correction of the deformity by 
acting as a stimulus from w hich the patient volun
tarily moves away.

Several key components of this brace give it its 
unique ability to correct deformity over time. First, 
the brace exacts some correction of deformity by dis-

FIGURE 31.11.
Thordcolumbosacral orthosis (TLSO) This device is a 
clamshell orthosis that provides immobihzation from T5
to L3

tracting the spine between its mandibular-occipital 
support and its pelvic support. Second, frontal plane 
correction is achieved through a combination of pads 
and straps. For example, in a dextrothoracic scolio
sis, a localizer pad is placed posterolaterally at the 
apex of the curve (on the right). This force is coun
teracted by an axillary sling and pelvic support ap
plied on the opposite side of the thoracic pad, thus 
providing three-point fixation. Other types of braces, 
such as the Charleston orthosis (Fig. 31.13) attempt 
scoliosis correction through positioning and holding 
the curve at the extremes of bending (31). The brace 
is usually worn when the patient is sleeping. Defor
mity correction with either type of brace depends on 
the remaining growth potential of the spine, and 
hence they are effective only in skeletally immature 
patients.

Correction of sagittal plane deformity can also be 
achieved with the Milwaukee brace. Again, some 
measure of correction is achieved through distraction 
between the mandibular-occipital piece and the pel-
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FIGURE 31.12.
Milwaukee brace This brace is principally used for correction of thoracic defoimity through localizer pads.

vie support, and kyphosis is corrected by a posterior 
pad placed on the apex of the curve. This posterior 
pad is counteracted by a sternal pad. Experim ental 
studies as w ell as clin ical follow-up studies have 
proven this brace to be an effective appliance for both 
correction of deformity in the growing child  and im 
m obilization of the thoracic spine.

A well-m olded Risser plaster jacket also offers ef
fective control of the thoracic spine (40) Its rigidity 
counters sagittal plane motion, w hile molding of the 
cast about the pelvis prevents axial rotation.

The most effective control of the thoracic spine as 
well as of all segments of the spine is w ith the halo 
pelvic apparatus (8, 28). The skeletal fixation to the 
skull and pelvis offers maximum control of the spine 
in all planes of motion. However, distal pelvic fixa
tion w ith pins is associated w ith a number of com 
plications. Pelvic disfigurement, infection, and soft- 
tissue contracture can all result from pelvic skeletal 
fixation Since the entire spine and not just the in 
jured segment is im m obilized secondary changes 
may occur in previously norm al areas of the spine (9,
10, 35). For these reasons halo-pelvic hxation has 
generally been abandoned.

Lum bar Region

Lumbar spine orthoses are com m only prescribed to 
reduce pain. These braces are applied in an attempt 
to increase abdominal support and to flatten the lum 
bar lordosis, thereby theoretically lim iting motion at 
the lumbar spine and unloading the posterior facet 
joints. However, only slightly more than 50%  of pa
tients report benefit from the use of a lumbar support, 
w hich brings their use into question (30).

Norton and Brown investigated spinal m otion and 
the effect of lumbar braces on that m otion (27). They 
placed Kirschner wires in the spinous processes of 
volunteers and then, using radiogi'aphs, studied the 
im m obilization effect of the various braces They 
demonstrated that sitting with a brace, even when 
sitting erectly, was associated with flexion of the 
lower two lumbar interspaces. This is presumably a 
result o f the increased lever arm created by a rela
tively more rigid upper spine and the concentrated 
movement in the less constrained lower spine. No 
brace in  their study thoroughly im m obilized the lum
bar spine.

The increase in intra-abdominal pressure pro-
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FIGURE 31.13.
Charleston bending brace. This brace corrects and holds 
scoliosis in extremes of bending.

duced by lumbar braces may provide some addi
tional support to the spine. W alters and M orris per
formed electromyographic studies of the paraspinal 
and abdominal m uscles and demonstrated a decrease 
in the activity of the abdominal m uscle w îth both the 
lumbosacral corset and the chairback brace (38). 
These braces would appear to take over some of the 
effect of the abdominal m uscles by compressing and 
supporting the abdominal contents and, indirectly, 
the spine. However, periodically the subjects did 
demonstrate a paradoxical increase in  m uscle activ
ity w hile wearing the brace. This may be due to an 
attempt on the part of the m uscles to overcome the 
im m obilization. This type of brace should obviously 
be used w ith caution in patients afflicted w ith ex
treme m uscle spasms.

A variety of lumbar braces providing variable de
grees of immobilization and support are available. 
The more effective devices are made of rigid materi
als and incorporate an extended lever arm, either 
proximally, distally, or both. Specifically, a soft lum

bar corset provides m inim al im m obilization. An in
termediate level of im m obilization can be achieved 
with the rigid low/short orthoses such as a molded 
lumbosacral orthosis (LSO) (Fig. 31.14). Additional 
control is attained by the chairback brace with long 
paraspinous upright supports. The Taylor brace pro
vides a sim ilar degree of control of the lumbar spine.

Maximal control of the lower lumbar spine and the 
lumbosacral junction was traditionally thought to re
quire stabilization of the pelvis (33). This is achieved 
by the inclusion of one hip in a spica component of 
a body cast or brace (Fig. 31.15). Controversy exists 
as to the benefits of the unilateral hip spica. Recent 
stereophotogrammetric studies have demonstrated 
no difference between the molded TLSO with and 
without hip spica (3). Finally, as in all regions of the 
spine, the most rigid stabilization devices involve os
seous fixation in the form of a halo pelvic apparatus.

FIGURE 31.14.
Lumbosacral orthosis (LSO). This prefabricated or custom- 
molded rigid device immobilizes the lower lumbar and the 
upper sacral vertebrae.
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FIGURE 31.15.
Thoracolumbosacral orthosis with hip spica extension. The 
added spica extension to the TLSO stabilizes the pelvis, 
thus improving immobilization at the lumbosacral junc
tion.

The disadvantages of this device are discussed in the 
Thoracic Spine and Halo-Ilizarov sections.

Conclusion_____________________________
Many factors must be considered in the prescription  
of a spinal orthosis. The goal of the device (support, 
correction of deformity, immobilization), the pa
tient’s ability to comply with its use, and the cost 
should be kept in mind. The prescribing physician  
must be aware of the advantages and the limitations 
of the appliance in each situation. The proper use of 
spinal orthoses can offer the treating physician an

effective nonsurgical adjunct in the treatment of var
ious spinal conditions.
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CHAPTER THIRTY TWO

Cervical Spine Instrumentation
Howard S. An and Mark Coppes

Introduction
Many different techniques have been developed for 
fixation of the cervical spine since Hadra first inter
nally fixed an unstable cervical spine in 1891 (31]. 
Since that tim e a gradual progression towrard the use 
of rigid internal fixation for fusion and stabilization 
has culm inated in the development of some of the 
newer instrum entation systems available today. The 
benefits of rigid internal fixation initially  popular
ized by the AO Group in the appendicular skeleton 
have now been extended to the axial skeleton as well. 
This includes reduction, m aintenance of alignment, 
early m obilization, and enhanced fusion rates. A l
though anterior fusion can be accom plished without 
internal fixation, in most cases it necessitates the use 
of postoperative im m obilization for varying inter
vals, depending on the pathology of the lesion. The 
halo-vest orthosis is still w idely used for nondis
placed fractures and for postoperative im m obiliza
tion.

The exact indications for the use of anterior cer
vical plating and anterior dens screw fixation remain 
to be defined. Most posterior constructs still use w ir
ing techniques, but newer methods include transar- 
ticular C1-C2 fixation, occipitocervical plates, and 
lateral-mass plating in the subaxial cervical spine. 
The benefits of internal fixation are w ell known, but 
it must be seen as an adjuvant for stabilization rather 
than as a substitute for fusion. The method chosen 
should be based on the pathoanatomy of the lesion, 
the m echanism  of injury, and the surgeon’s own ex

perience with the technique. A thorough knowledge 
of the relevant surgical anatomy and precise adher
ence to the described technique should lead to suc
cessful stabilization of the cervical segment with a 
m inim al risk of com plications.

The purpose of this chapter is to review the vari
ous methods of internal fixation used in the cervical 
spine, including their indications, surgical tech
niques, and potential com plications.

A nterior instrum entation
Anterior fusion of the cervical spine can be accom 
plished mostly by bone graft alone, without any need 
for additional instrum entation. Odontoid screw fix
ation and anterior plate fixation may be used in spe
cial circum stances. Numerous clin ical and biom e
chanical studies have been performed assessing the 
stability and efficacy of these implants ( l ,  2, 7, 11, 
16, 21, 27, 56).

A nterior O dontoid S crew  Fixation

Indications
Conventional treatment of odontoid process fractures 
has included traction, Minerva casts, halo applica
tion, braces, and operative fixation. Nonunion rates 
vary from 0 to 64% , depending on the series, with an 
accepted value of 33%  for type II odontoid fractures. 
Nondisplaced type II fractures or fractures displaced 
less than 5 mm can be treated successfully with trac-
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tion and application of a halo orthosis. For iractures 
w ith  displacem ents larger than 5 mm, or in patients 
whose age is more than 60 years or who have had 
previous loss of reduction, strong consideration 
should be given for operative fixation.

The advantages of anterior screw fixation over 
conventional posterior C1-C2 fusion are immediate 
rigid fixation, preservation of the axial rotation at the 
C1-C2 facet articulation, m inim al postoperative brac
ing, and the avoidance of the potential com plications 
associated with bone grafting. This operative ap
proach is popular in  Europe and Japan, and it is grad
ually gaining acceptance in the United States as the 
preferred technique in the management of odontoid 
fractures (l). Its proponents believe that operative 
morbidity is lessened by an anterior cervical ap
proach, and blood loss is m inim al. The major com 
plication rate of 20%  for anterior screw fixation of 
the dens is comparable to the rates of posterior wiring 
with less rigid im m obilization (l). Bohler, Aebi, and 
Apfelbaum consider it the procedure of choice for 
management of acute fractures of the odontoid (1, 7,
11). Fracture patterns in w hich treatment with this 
m ethod is indicated include Anderson-Alonzo type 
n , type III with a shallow base, and com bined C1-C2 
injuries. Aebi noted that there are two specific situ
ations in w hich anterior dens screw fixation is con
traindicated: (a) rupture of the transverse ligament of 
C l with concom itant C l ring fracture w ith coronal 
separation of more than 7 mm; and (b) type II and 
type III fractures with an oblique sagittal projection 
into the C2 vertebral body paralleling the screw (l) . 
This pattern prevents interfragmentary com pression 
with the technique described. This method of treat
ment should be performed only by experienced sur
geons in the appropriate operative facilities.

Technique
Patients are initially  placed in the supine position, 
and awake nasotracheal intubation is performed. Un
der local anesthesia, the Mayfield headset is applied 
and then connected to the operating table by means 
of a crossbar that allows for intraoperative imaging 
in two planes. If reduction is necessary, maneuvers 
are performed while the patient is awake, and the 
neurological exam ination is repeated before anesthe
sia is administered. It is important that anatomic re
duction be obtained before the beginning of the pro
cedure, for after induction any positional changes are 
potentially dangerous. Biplanar fluoroscopy with 
good resolution of the images is essential for correct 
screw placement. A plastic bite block is used for the 
intraoperative anteroposterior dens view. This posi
tioning requires some degree of extension to allow 
for adequate surgical exposure.

The steep approach angle for odontoid screw 
placem ent necessitates an initial skin incision at the

level of the C5—6 disc space. The standard antero- 
m edial approach to the cervical spine is then used, 
with the transverse incision extending from midline 
to the anterior border of the sternocleidomastoid 
muscle. The platysma is then split in a linear fashion 
and the carotid sheath identified. The retropharyn
geal space is entered by scissor spreading dissection 
just m edial to the palpable carotid pulse. Blunt dis
section with the surgeon’s finger is performed to clear 
the prevertebral fascia, extending cephalad to the an
terior tubercle of the atlas. An incision is then made 
through the anterior longitudinal ligament at the in
ferior portion of C2. The technique varies as to 
w hether the one-screw technique or two-screw tech
nique is utilized. Graziano et al. found that there was 
no statistical difference between the one- and two- 
screw techniques in both torsion and bending stiff
ness (27). They believe that the use of one screw for 
odontoid fixation would lessen the chances for mal
position. If the two-screw method is chosen, then 
preoperative computed tomography (CT) scanning 
may be helpful in determining the dimensions of the 
dens. For single-screw fixation, a 2.0 mm Kirschner 
wire is inserted m idline at the anterior inferior border 
of C2. It is then advanced under fluoroscopic control, 
w ith confirmation of direction in both the anteropos
terior and lateral planes through the body of C2 into 
the odontoid process. A second wire can be utilized 
for rotational stability w hile the hole is tapped and 
then during placem ent of the 3.5 mm screw, all done 
under constant fluoroscopic visualization (Fig. 32.1). 
Gannulated screws can also be used over the Kirsch
ner wire and advanced under fluoroscopy so as to 
avoid guide wire migration. The tip of the screw 
should come to  rest in the apical portion of the dens 
for optimum fixation. Biplanar permanent radio
graphs should be taken for final confirmation of 
screw placement. Postoperative immobilization var
ies from 6 to 12 weeks, depending on the surgeon’s 
preference and the degree of expected patient com
pliance.

The two-screw technique starts 2 to 3 mm lateral 
to the m idline and proceeds in a sim ilar fashion. The 
use of two screws for insertional stability is recom
mended for oblique fracture patterns. Ideal mechan
ical stability would be achieved with short threaded 
screws and overdrilling the near cortex for lag screw 
compression.

Montesano et al. advocates the use of a special an
teriorly angled curette for debridement of the fibrous 
tissue of a nonunion (40). In addition, he adds a small 
amount of graft taken from the body of C3 to the non
union site. Some surgeons consider nonunion a rel
ative contraindication to the use of this technique. 
Anterior odontoid screw fixation is technically 
demanding and requires the use of biplanar high- 
resolution fluoroscopy for accm ate screw placement.
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FIGURE 32.1.
A. Anteroposterior radiograph showing two screws in the odontoid process in a patient who sustained a type II odontoid 
fracture. B. Lateral radiograph shows anatomical reduction and healing of the fracture with screw fixation.

Anterior Cervical Plates
Anterior cervical discectom y and fusion is seen as 
the standard for treatment of degenerative conditions 
in the cervical spine. Fusion methods popularized by 
Bailey and Badgley, Cloward, and Sm ith and Rob
inson are w idely accepted for the treatment of cer
vical spondylosis (9, 17, 51). These methods rely on 
the inherent stability of the bone graft betwreen the 
involved interspace for fusion to occur in degenera
tive situations and cannot be the sole method of fix
ation for the acutely injured spinal segment.

Additional methods of stabilization are necessary 
for safe and effective treatment of an unstable cervi
cal spine segment. Treatment with prolonged halo- 
vest immobilization or cranial tong traction may not 
effectively treat the lesion and are fraught with their 
own sets of complications. Early mobilization of the 
patient has been recognized as an important factor in 
the treatment of acute spinal cord injury patients. 
Anterior stabilization and decompression can be per
formed and followed by staged posterior procedures 
when indicated by the pathology of the lesion.

The precise'indications for the use of anterior in
strumentation in the treatment of cervical spondy
losis have yet to be defined. Many surgeons feel that 
it is too costly and unnecessary for routine use in 
degenerative conditions. A detailed study of nonin
strumented anterior fusion versus instrumented fu
sion needs to be performed to define these indica
tions more clearly.

Current recom m endations include reconstruction 
after vertebrectomy for tumor, spondylosis, fracture, 
or infection (Fig. 32.2). If the intraoperative stability 
of a strut graft is questionable or the patient w ill not 
tolerate a halo-vest orthosis, anterior plate fixation 
can be an important tool for stabilization. It is also 
useful in traumatic injuries that involve predomi
nantly the anterior vertebral body or the disc and ne
cessitate stabilization of the anterior column. The use 
of anterior surgery in the treatment of posterior ele
ment pathology is not an established indication, but 
it may be part of circum ferential fusions with com
plete dislocations. In some cases the use of anterior 
plate fixation may elim inate the need for a second 
posterior procedure. A flexion-distraction injury re
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FIGURE 32.2.
A. Diagram showing a strut graft spanning the inferior endplate of the superior vertebra and the superior endplate of the 
inferior vertebra and plate fixation. B. Fifty-five-year-old male with cervical spondylotic myelopathy. Sagittal T2-weighted 
MRI shows spinal cord compression at C4—5 to C6-7. C. Postoperative anteroposterior radiograph shows plate fixation 
from C4 to C7. D. Lateral radiograph shows corpectomy and strut graft from C4 to C7 and proper plate-screw fixation 
from C4 to C7.

quiring discectom y may be treated by such a single 
procedure, but posterior elem ent pathology must not 
be overlooked (Fig. 32.3).

Technique
For a safe and effective surgical approach, proper 
preoperative positioning is imperative. For most 
cases, Gardner-Wells tong traction is sufficient to 
provide intraoperative stability. A small towel-roll is 
placed between the patient’s shoulders, and the arms

are secured at the sides w ith foam protective devices 
and an overlapping towel. Longitudinal traction with 
cloth tape applied at the shoulders may be beneficial, 
The iliac crest is also elevated with the use of a rolled 
tow el or large IV bag. Patients w ith acute injuries aie 
brought to the operating room in traction on a Stryker 
frame, w hich elim inates the need for transfer to an 
operating table, since the frame allows operative sta
bilization.

The standard anteromedial Smith-Robinson ap-
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FIGURE 32.3.
A. Lateral view shows fracture-dislocation at C4-C5 in a 60-year-old quadriplegic patient. B. Anteroposterior view shows 
AO-Morscher plating and posterior wiring. C. Lateral view shows anatomic reduction, anterior graft, and plate fixation along 
with posterior triple wiring. (This patient has a combined anterior and posterior fixation because of relatively weak fixation 
by anterior plating due to osteoporosis.)

proach can be used for one- or two-level fusions (51). 
It is extremely important to dissect the fascial planes 
fully for adequate exposure. O ccasionally a longitu
dinal incision along the anterior border of the ster
nocleidomastoid m uscle may be required for longer 
constructs. Blunt dissection with the finger dears the 
prevertebral fascia and allows the subperiosteal mo
bilization of the longus colli m uscles. Blunt self-re
tractor blades are then positioned beneath the re
flected longus colli m uscles to protect the esophagus 
and the carotid sheath from injury. Identification of 
the involved level(s) is usually confirmed w ith a por
table lateral cervical spine film. Decom pression or 
vertebrectomy is then performed according to the 
character of the lesion. M eticulous preparation of the 
graft may obviate the need for any supplem ental an
terior fixation. Anterior plating may avoid the com 
plications of an anterior graft without fixation or 
staged posterior arthrodesis in cases of vertebral body 
fracture. If intraoperative stability cannot be 
achieved w ith extensive reconstructive grafting for 
multilevel degenerative or widespread tumor de
struction, then plate fixation can be an important ad
juvant to stabilization techniques with immediate 
rigid fixation.

Placement and selection of the size of the plate 
depends on the instrum entation system chosen for

implantation. We favor a system w ith a convergent 
screw design for additional safety rather than a di
vergent design. The plate is positioned just above the 
graft-vertebral body interface, w hich also allows for 
a 15° cephalad and caudal screw placem ent. This re
duces the potential for injury to adjacent healthy cer
vical disc spaces. The plate is then contoured to fit 
the anterior surface in order to m axim ize bony con
tact. The plate may have a prebent gentle lordotic 
curve, w hich can be modified to fit the construct with 
plate benders, though it must be kept in mind that 
excessive bending w ill also change the orientation of 
the screws at each end. Correct positioning of the 
plate in the m idline must be achieved to reduce the 
incidence of iatrogenic injury and to provide m axi
mum bone surface for fixation. Contouring of the sur
face of the plate-bone interface is performed with a 
rongeur or high-speed burr to increase the stability 
of the construct. The local anatomy is then reviewed 
before fixation to ensure that the plate is correctly 
centered. The uncinate processes can be used as a 
marker on either side for reference.

The drill guide is then inserted into the plate and 
drilling is done w ith appropriate degrees of conver
gence and cranial/caudal orientation. Preoperative 
radiographs or CT scans are used to estimate the 
width of the vertebral body. Depending on the system
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used, either unicortical or bicortical fixation is used 
and should provide strong screw purchase to avoid 
plate loosening. For bicortical systems, specially de
signed drill bits and drill-stop guides are advanced 
in sequential fashion in 1 or 2 mm increm ents until 
the posterior cortex is reached. Adjustable depth taps 
and adjustable tap stops can be set at the distance 
measured, and then advanced. Fluoroscopy can also 
be used for additional verification in these steps. It is 
important that intraoperative traction be reduced to 
5 pounds before the screws are placed. Proxim al and 
distal screws are placed opposite one another diag
onally and partially tightened for initial stability, and 
then the remaining screws are placed and secured. 
An intraoperative radiograph is then taken for final 
verification of screw depth and orientation of the 
plate. The center screw can be used with long strut 
graft reconstructions for added stability. Once final 
positioning of the plate is performed, locking screws 
are placed to reduce the incidence of screws backing 
out. The locking screws allow greater stability of the 
plate with unicortical screw placement. Revision or 
cancellous screws of a greater diameter can be used 
if  the initial screws do not achieve good fixation. 
M ethylm ethacrylate can be used in addition to en
hance bony fixation. The wound is then irrigated 
w ith copious amounts of saline and closed over suc
tion drainage for approxim ately 24 hours with peri
operative intravenous antibiotic coverage. Care is 
taken to inspect the esophagus before closure for any 
evidence of a tear in the m uscular wall. External im 
m obilization is applied before transfer to the recov
ery room or staged posterior procedure if necessary.

In the immediate postoperative period the pa
tient’s airway is at risk from the paratracheal edema 
resulting from the prolonged surgical time and the 
anatomic exposure. If longer operative procedures 
are performed, continued intubation perioperatively 
for 24 to 48 hours may be considered for prevention 
of acute respiratory compromise. In most cases, how 
ever, this is not necessary, and patients can be extu- 
bated safely in the recovery room and m obilized im 
m ediately with their external orthosis.

The Caspar and AO-Orozco plate systems are 
made of stainless steel; the AO-M orscher and Orion 
systems are composed of titanium , w hich allows 
postoperative magnetic resonance imaging (MRI) 
studies to be performed when indicated (33). Other 
systems are becom ing available, and the surgeon 
should choose an instrum entation system on the ba
sis of biom echanical data, safety, ease of use, and 
clim cal outcome.

Com plications in the use of anterior instrum enta
tion systems include the general risks of the Sm ith- 
Robinson approach for surgical exposure. M eticu
lous surgical technique is used for exposure to 
decrease the potential for com plications in this ap

proach and to provide adequate visualization for 
plate application. Proper placem ent of the self- 
retaining retractors beneath tire longus colli muscles 
w ill protect the esophagus m edially and the adjacent 
lateral carotid sheath. Use of the uncinate processes 
as an anatomic landmark allow correct medial-lateral 
placem ent of the plate. Special drill- and tap-stop 
guides allow controlled advancement and theoreti
cally decrease potential neural injury. Inadvertent 
dural penetration may go unnoticed by the operating 
surgeon and clin ically  may not represent a significant 
problem. Exposure and direct repair of the dural tear 
is not always possible, because of the depth and tech
nical difficulty of the exposure. Sometimes a small 
piece of absorbable gelatin sponge (Gelfoam) placed 
across the defect w ill obviate the need for repair.

Violation of a healthy adjacent disc space is also a 
potential com plication resulting from overestimation 
of plate length. Intraoperative radiographs are taken 
before closure so that any modifications in screw 
length or direction can be performed. Late compli
cations include screw or plate loosening and subse
quent injury to adjacent structures. This may be due 
to osteoporotic bone or technical difficulties encoun
tered in the placem ent of screws, resulting in the 
screws having inadequate purchase. Sub et al. re
ported a 100%  fusion rate in 13 patients with no neu
rologic injuries (54). Although the follow-up was 
only 13 months on average, serial radiographs failed 
to reveal screw migration or plate loosening. In a 
larger series, Meyer reported a hardware failure rate 
of 2% , w hich he attributed to improper plate or screw 
technique intraoperatively (38).

Posterior Instrumentation
Posterior cervical instrum entation can be anatomi
cally categorized into occipitocervical fusion, atlan
toaxial fusion, and subaxial (C3-C7) fusion. Occipi
tocervical stabilization can be accom plished by a 
number of methods using wire, metal loops, and 
plate-screw constructs. Bone and methylmethacry
late can be added according to the pathology at hand
(52). Posterior C1-C2 fusion is generally performed 
by wiring techniques, transarticular screw fixation, 
or com binations of the two. Lower cervical fusion is 
done by wiring techniques or plate-screw fixation.

Occipitocervical Fusion
O ccipitocervical fusion is rarely indicated for trauma 
since atlanto-occipital in juries are usually fatal. If the 
patient survives the injury, the clin ical presentation 
may include suboccipital hematoma, respiratory dis
tress, and high quadriplegia (43). Other causes of oc
cipitocervical instability include congenital, post- 
traumatic, inflammatory arthropathy, infection, and
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tumor. The surgical treatment is targeted toward ad
equate decom pression of the cervicom edullary ju nc
tion and solid bony fusion to prevent further neuro
logical deterioration.

Technique
The technique of W ertheim  and Bohlm an is our pre
ferred method of occipitocervical stabilization (Fig. 
32.4A.B) (57). A previously placed halo-vest on a reg
ular operating table or Stryker frame rotation can be 
used for positioning after nasotracheal intubation. 
The arms are secured at the sides w ith foam protec
tive devices, and longitudinal skin traction is used 
over the shoulders. A radiograph is taken to assure 
adequate exposure to the occiput, atlas, and axis.

A m idline incision is then made extending from 
the occipital protuberance to the fourth cervical spi
nous process. The deep incision bisects the nuchal

ligament and is carried down to expose the occiput 
and bony lam inae w ith the use of electrocautery as a 
dissector. The bony surface of the occiput is exposed 
subperiosteally, using a small Cobb elevator since the 
surface can becom e quite thin, especially in elderly 
patients. The external occipital protuberance is thick 
enough to allow the passage of wires without violat
ing the inner table. Approximately 2 cm above the 
foramen magnum a trough is created with a high
speed burr on each side of the protuberance to de
crease the mass effect of the wires and to allow the 
graft to sit directly on the surface of the skull. A single 
limb of a right-angle forceps is passed through each 
side under the outer table of the occiput. A 20-gauge 
wire is then passed through and looped over the 
ridge. W ires under the lam inae of C l and through the 
spinous process of C2 are also passed and bent lat
erally to avoid inadvertent glove puncture or un-

B

D

FIGURE 32.4.
Werthelra and Bohlman’s method of occipitocervical fusion. A. Wires are passed at occiput, Cl, and C2. B. Bone grafts are 
obtained from the outer table of the iliac crest. C. Wires are passed through holes drilled in the grafts. D. The grafts are 
secured in place.
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FIGURE 32.4—continued
E. Lateral radiograph showing solid occipitocervical fusion 
in a patient with basilar invagination.

wanted m anipulation. The posterior iliac crest site is 
then exposed and two curved corticocancellous 
grafts are harvested according to the required dim en
sions. Three 2 mm holes are then drilled in each graft 
according to the placem ent of the wires. The occiput 
is carefully decorticated along with the posterior 
laminae of C l and C2. The three wires are then se
quentially tightened over the surface of the graft to 
secure it in place. After irrigation with saline solu
tion, additional cancellous bone is placed into the 
fusion bed. Suction drainage is used postoperatively 
for 24 to 48 hours with perioperative antibiotics. If 
during the course of exposure small punctate holes 
in the occiput are encountered, they can be plugged 
with absorbable gelatin sponge (Gelfoam) or bone 
wax. Postoperative im m obilization in a halo-vest for 
10 to 12 weeks is usually adequate.

A trend toward the use of rigid internal fixation for 
occipitocervical fusion has been suggested by Sm ith 
et al., following the previously reported experience 
of Roy-Camille et al., Grob et al., and others (28, 46,
50). Sim ilar exposure is used for occipitocervical fu
sion using plate-screw fixation, although lateral dis
section must extend 5 to 6 cm from the m idline and 
the lateral masses of C2 and C3 must be adequately 
exposed. Additional levels can be exposed in a sim 
ilar manner if  fusion requirements so dictate. The use

of this method almost dictates pedicle screw place
ment at C2 for optimum fixation in cases of shorter 
segment fusion. A CT scan is suggested as an aide to 
preoperative planning for accurate direction and 
depth of the screws. Care is taken in  exposing the C l-  
2 interval in order to avoid the large venous plexus 
laterally. Dissection is the performed with the use of 
a small curved curette to expose the superior edge of 
the lam inae and allow the passage of a dental eleva
tor to palpate the medial boundary of the pedicle. 
The direction of placem ent is 10 to 25° medially and 
approximately 25° cephalad, starting at the center 
corner of the upper inner quadrant (Fig. 32.5). After 
placem ent of the C2 pedicular screw, the medial wall 
of the pedicle is checked for any violation of the cor
tex. If strict adherence to technique is followed with 
m edialization of the C2 screw, then the vertebral ar
tery, w hich is superior and lateral, is safe firom in
advertent injury. Screw placem ent into the lateral 
masses of C3 to C7 is performed according to the 
technique of An et al. (3). The Roy-Camille plate, AO 
stainless steel reconstruction plates (3.5 mm), or 
newer plate systems can be used for fixation (Fig. 
32.6). The plate modifications for an anatomic fit can 
be technically demanding, as the curve necessitates 
transition from kyphosis at the inion to lordosis at 
the occipitocervical junction and lateral rotation to 
accommodate the subaxial cervical lateral masses. 
We suggest placem ent of the C2 pedicle screw first, 
as it allows for provisional fixation of the plate to the 
bony surface. Two or, preferably, three screws are 
placed into the occiput on each side. A high-speed 
burr is first utilized to penetrate the outer cortical 
margin to prevent inadvertent drill spin-off, which 
may injure adjacent structures. A m inimum of 6 to 8 
mm of occipital thickness is necessary for safe screw 
placem ent, and bicortical fixation is suggested. If ce
rebrospinal fluid (CSF) is encountered during screw 
placem ent, bone wax is used to seal the defect, and 
screw placem ent follows. If necessary, wire fixation 
methods can be used as an adjunct to enhance bony 
fixation. After decortication has been performed with 
a high-speed burr, autologous bone graft can be 
placed into the fusion bed. The postoperative ortho- 
sis used depends on the structural integrity of the 
construct and the quality of host bone determined at 
the time of surgery.

Com plications associated w ith surgery at the oc
cipitocervical junction can be catastrophic. Extreme 
care must be taken to m inim ize injury to the brain or 
spinal cord when passing wires or placing screws. 
Knowledge of the surgical anatomy is paramount, as 
excessive lateral dissection of more than 1.5 cm can 
lead to injury of the vertebral artery. Exposure of the 
foramen magnum and the lateral C l-2  margin should 
be m inim ized to avoid the potential sources of ve
nous bleeding, w hich may be difficult to control. Spi
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FIGURE 32.5.
The direction of C2 pedicle screw placement is 10° to 25° medially and approximately 25° cephalad, starting at the center 
corner of the upper inner quadrant. (Reprinted with permission from An HS, Cotier JM: Spinal instrumentation. Baltimore. 
Williams & Wilkins, 1992.) (4]

nal cord m onitoring is suggested for high-risk pro
cedures. Sm ith and Anderson reported on a series of 
14 patients w ith occipitocervical plate fusion. They 
noted no neurovascular injuries or CSF iistulas. A 
screw loosened in four of the patients, but all went 
on to eventual fusion without further com plication 
(50). In W ertheim and Bohlm an’s series of 13 pa
tients, all went on to eventual fusion, w ith complete 
resolution of pain in 12 of the patients (57). Three of 
the unsatisfactory results were in patients with se
vere neurological involvement who did not recover 
function postoperatively.

Posterior Atlantoaxial Fusion

Indications
The indications for posterior stabilization of the at
lantoaxial com plex are m ostly trauma-related. Atlan
toaxial instability caused by rupture of the transverse 
ligament, type II odontoid fractures in a high-risk pa
tient, or com bined injuries can best be treated by pos
terior stabilization. Atlantoaxial instability can also 
be caused by a number of nontraum atic causes, in
cluding inflammatory arthropathy, m etabolic disor
ders, congenital anom alies, tumor, or infection.

An atlantodental interval of 3 to 5 mm in an adult 
demonstrates damage to the transverse ligament, and 
an interval of more than 5 mm indicates insufficiency 
of the transverse and accessory ligaments (23). Non
traumatic causes of atlantoaxial intervals of more 
than 3 mm do not necessitate surgery. Patients with 
rheumatoid arthritis can have severe spinal instabil
ity, and w hen this is coupled w ith intractable pain 
and neurologic deterioration, then stabilization is in 
dicated. An evaluation measure used in addition to 
the absolute atlantodental interval is the space avail
able for the spinal cord. In inflammatory arthropathy

associated w ith rheumatoid arthritis, a canal diame
ter of less than 14 mm is associated w ith a worse 
prognosis and should be considered for decom pres
sion and stabilization (10). In traumatic cases with an 
atlantodental interval of more than 5 mm, atlanto
axial arthrodesis is suggested. In atraumatic cases, re
view of flexion-extension radiographs and MRI scans 
can be helpful along w ith the neurological exam in 
determining whether fusion is indicated. Recently 
we have been using flexion-extension MRI sagittal 
images to determine whether or not neurologic im 
pingem ent w ill occur.

The indications for operative treatment of odon
toid fractures remains controversial, but prompt re
duction and halo-vest application is still our first-line 
treatment. Patients who are at high risk for nonunion 
in type II fractures, who have a displacem ent of more 
than 5 mm, whose age is more than 60 years, or who 
have had loss of previous reduction should be con
sidered for operative stabilization (5).

Technique
For nontrauma patients for whom halo-vest immo
bilization is planned postoperatively, it can be ap
plied in the preoperative area with local anesthesia. 
For traumatic instability, if traction is necessary to 
reduce the resultant deformity, it can be m aintained 
during surgery and incorporated into the vest post
operatively.

Stauffer believes that several factors should be 
considered in the preoperative evaluation to allow 
safe and effective stabilization of the C1-C2 complex
(53). First is the amount of displacem ent of C l on C2 
and the ease of the reduction. Awake reduction 
should be performed whenever possible; if  reduction 
is not possible or the deformity is fixed, then wire 
passage may not be advisable, and consideration
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FIGURE 32.6.
Roy-Camille technique of occipitocervical fusion. A. Diagram of plate-screw fixation. B. Supplemental bone graft may be 
placed as a strut in the midline or wired as shown. C. Lateral radiograph shows Roy-Camille plate-screw fixation from the 
occiput to C4 in a patient with occiput-cervical instability. D. Another lateral radiograph shows custom-made implant 
fixation from the occiput to C3 in a patient with occiput-cervical dislocation.
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should be given to using in situ fusion with external 
im m obilization. Second is tlie amount of space be
tween the occiput and C l to allow wire passage. Lo
cal anatomy may make the procedure difficult and 
dangerous to perform. The final consideration is the 
integrity of the ring of C l. Preoperative CT scans may 
be more helpful than plain radiographs, as the latter 
may not show an occult fracture or dysplasia. Other 
methods of fixation, or treatment in a halo-vest until 
the ring fracture has healed, may have to be consid
ered as a staged procedure.

Longitudinal skin traction over the shoulders is 
used along with foam protective devices around the 
elbows for arm positioning. Cloth tape is used to pro
vide retraction of the patient’s hair to facilitate pre- 
surgical preparation. A longitudinal m idline incision 
is made, using the spinous process of C2 as a land
mark from the occiput to C3. The posterior arch of 
C l and the lam inae of C2 are dissected subperios- 
teally, w ith care being taken to avoid the venous 
plexus around the C1-C2 articular surface. Lateral 
dissection is lim ited to a depth of 1.5 cm to avoid 
injury to the vertebral artery. Exposure should not 
reach the C2-C3 facet, in order to avoid iatrogenic 
instability in that segment.

Posterior atlantoaxial fusion can be performed 
with wiring techniques using the Gallie method, the 
Brooks method, or their modifications (13, 24). The 
Gallie method is easier to perform and is safer, be
cause the spinous process of C2 rather than a sublam- 
inar wire is used for attachment. The Brooks tech
nique has demonstrated greater rotational stability in 
biom echanical testing (30, 32). The Gallie technique 
is recommended for most flexion injuries, but the 
Brooks method is indicated in cases in w hich greater 
construct stability is needed in extension and rota
tion.

We prefer a m odification of the Gallie technique 
performed by Simmons (Fig. 32.7) (48, 49). A Gallie 
H-graft is fashioned from the iliac crest and con
toured to fit over the posterior arches of C l and C2. 
A U-shaped 20-gauge wire is then passed from caudal 
to cranial underneath the lam inae of C l and passed 
over the bone block and spinous process of C2, and 
the wires are tightened over the posterior portion of 
the block.

In the Brooks method, a double wire loop is passed 
from cranial to caudal beneath the lam inae of C l and 
C2 (Fig. 32.8). Sm all rectangular grafts are fashioned 
from the iliac crest (1.25 cm  X  3.5 cm) and bevel-cut 
to fit wedged into the interlam inar space of C l—2 over 
the ventral wires. Each double wire is then sequen
tially tightened by twisting it over the bone grafts.

Although wiring methods have produced satisfac
tory results for atlantoaxial stabilization, many other 
methods have been reported in  the literature (19, 41,
35). M oskovich and Crockard reported on the use of

interlam inar clamps (Halifax) with interposed bone 
grafts, achieving a fusion rate of 80%  w ithin 12 
weeks (41). He believed that the major advantage of 
the technique was the reduced risk of wire passage 
and the immediate stability provided by the implant. 
W ire cutout in cases in w hich osteoporotic or rheu
m atoid bone was present was reduced by the larger 
bone sm-face area in contact with the device.

Posterior transarticular screw fusion was initially 
reported by Magerl in  1982 (Fig. 32.9) (35). Since that 
tim e its popularity has grown both in Europe and in 
Japan as a method for C1-C2 stabilization but has 
been slower to gain acceptance in the United States. 
This technique has the advantage of providing stable 
fixation of C l on C2 regardless of the integrity of the 
posterior arch of C l or gross instability, and it does 
not require postoperative halo-vest immobilization. 
The indications for the use of this technique are the 
same as for other methods of posterior atlantoaxial 
fusion, w ith one exception. Collapse of the lateral 
masses of C2, seen in inflammatory or degenerative 
arthropathy, are a contraindication to the use of this 
technique (29). Destruction of this structure could 
lead to inadvertent penetration of the vertebral artery 
w ith drill bit advancement.

The patient is placed prone with the head m ain
tained in a head holder. A halo is utilized if preop
erative traction was necessary for fracture reduction. 
The occipitocervical joints must be flexed as much 
as possible w ith slight flexion of the subaxial cervical 
spine to facilitate screw insertion. Confirmation of re
duction can be checked w ith fluoroscopy or plain ra
diographs before surgical preparation. A m idline in 
cision is made from the external occipital tubercle to 
the spinous process of C5 to allow angulation of the 
drill. Posterior C l and C2 exposure is performed lat
erally to allow visualization of the articular facets 
without exposing the vertebral artery, w hich enters 
the canal behind the lateral mass of C2. Care is taken 
to visualize the inferior articular portion of C2 w ith
out destruction of the C 2-3  capsule. The crest of the 
isthmus of C2 and the cranial surface of the laminae 
are exposed. Magerl and Seem an recommend the use 
of Kirschner wires to provide soft-tissue retraction 
for the greater occipital nerve (37). The starting point 
for the drill is at the inferior aspect of C2 in line with 
the straight sagittal line passing through the medial 
aspect of the isthmus and exiting at the posterior as
pect of the upper articular process. The exact caudal- 
cranial angulation is achieved w ith the use of image 
intensification. A second drill is used as the first is 
left to provide direction and rotational stability. The 
screws are then placed through the facet joints into 
the lateral masses of C l. In a biom echanical study of 
posterior atlantoaxial fixation techniques, Grob et al. 
found that the Magerl technique provided the great
est rotational stability (30). We recom m end wiring
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FIGURE 32.7.
Modified Gallie technique for atlantoaxial fusion. A. A 20-gauge wire is passed caudal to cranial. B. The wire is looped over 
the spinous process of C2. C. The wires are tightened over a contoured bone block between Cl and C2. D. Lateral radiograph 
shows a posteriorly displaced odontoid fracture that redisplaced in halo-vest. E. Postoperative lateral radiograph shows 
solid fusion and wiring at G1-C2.

FIGURE 32.8.
Brooks atlantoaxial fusion method. A. Two 20- to 22-gauge wires are passed cranial to caudal. B. Two rectangular bone 
grafts are placed between Cl and C2. C. The wires are tightened over the grafts.
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FIGURE 32.8—continued
D. Lateral radiograph shows the wiring and fusion con
struct in a patient with odontoid nonunion. (Reprinted 
with permission from An HS, Cotier JM. Spinal instrumen
tation, Baltimore: Williams & Wilkins, 1992.)

FIGURE 32.9.
Magerl’s technique of C1-C2 fixation. A . and B . Screws en
ter at the inferior portion of C2, and pass through the facet 
joints into the lateral masses of Cl.

techniques for atlantoaxial stabilization unless the 
posterior arch of C l is deficient. Magerl and Seeman 
recommend additional Gallie wiring to com plem ent 
the C1-C2 screw fixation (37). This rigid fixation may 
eliminate the need to use a postoperative halo, but 
the potential risks and benefits must be considered 
carefully before choosing a particular method. Other,

less com m only used methods include Aprin and 
H arfs internal fixation of C l and C2. Two 18-gauge 
wires are passed beneath the atlas and looped around 
a threaded Steinm ann pin drilled through the base of 
the spinous process of the axis (8).

The most severe com plication of posterior wir
ing procedures is neurological impairment resulting 
from the passage of a wire or excessive m anipulation 
of the fracture. Stauffer indicates that sublaminar 
wires should be passed from cranial to caudal, as he 
believes that the loop is more difficult to pass around 
the spinous processes and that the loop is in jeopardy 
of being pushed into the canal (53). Preoperative re
duction of the fracture w ill negate any excessive ma
nipulation of the fracture site. The potential for wire 
failure can be reduced by m inim izing the m anipu
lation of the strands during placem ent and careful 
sequential tightening with the proper tools.

Application of the Halifax interlaminar clamps 
can be technically  difficult. Proper placem ent of the 
device and tightening of the screws over the bone 
grafts is necessary for success. The interlaminar 
clamp has the potential for rotational instability, and 
loosening of the screws adds to this problem. Strict 
adherence to the outlined surgical technique should 
lim it the potential com plications. Gebhard and Jean- 
neret performed a cadaver study on the potential pit
falls of the transarticular screw fusion of C l and C2 
(26). They found that the spinal cord and vertebral 
artery are not at risk if  the surgical procedure is per
formed as described. Injury to the C2 nerve can be 
avoided by careful dissection of the soft tissues 
around the C1-C2 facets. In a m ulticenter review of 
the technique, Grob et al. listed the incidence of mal- 
positioning of-the screws at 15% , but only 5.9%  of 
the com plications were directly related to the screws 
(29). Pseudarthrosis rate was reported at 0 .6% , with 
eight additional patients having a stable fibrous un
ion.

Subaxial Posterior Cervical Fixation
Posterior fixation of the lower cervical spine (C3—C7) 
is usually accom plished w ith wiring techniques or 
lateral-mass plating. W ire techniques for fusion of 
the lower cervical spine has been the time-tested 
method in both biom echanical and clin ical studies 
since initially  described by Rogers in 1942 (45). It is 
safe and easy to perform, and it does not require so
phisticated instrum entation for application. Bohl- 
m an’s triple-wire technique, w hich is a modifica
tion of Rogers’s initial method, and the Robinson- 
Southw ick technique have becom e the m ain forms of 
cervical stabilization using wire techniques.

Lateral-mass plate fixation of the cervical spine 
was initially  popularized by Roy-Camille and later 
modified by Magerl, who used the hook plate (36,
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46, 47). This particular technique has recently be
come a part of the armamentarium for spinal stabi
lization in the United States. Numerous instrumen
tation systems have been developed and have been 
employed in biomechanical and clinical studies (6, 
22, 34],

Coe et al. have reported that there is no significant 
biom echanical difference between wiring and plat
ing constructs as long as the posterior elem ents are 
intact (18). U lrich et al. found that wiring techniques 
were less effective in resisting rotational and exten
sion forces than plating [56). Sutterlin et al. also

found that plating offered superior stability than wir
ing techniques (55). Roy-Camille et al. found that the 
plate increased construct stiffness by 92%  in flexion 
as compared to 33%  for wire techniques (46).

Indications
Posterior fusion of the lower cervical spine is indi
cated in traumatic instability, postlam inectom y in
stability, and destruction of bony anatomy by neo
plasm, The goal of internal fixation is to allow for 
reduction and m aintenance of alignment, rigid sta-

FIGURE 32.10.
Triple-wire technique. A. Anteroposterior radiograph shows tlie triple-wire teciinique from C5 to C7. (Reprinted with per
mission from An HS, Cotler JM. Spinal instrumentation. Baltimore; Williams & Wilkins, 1992.) B. Lateral radiograph shows 
the wiring and anterior fusion construct from C5 to C7. (Reprinted with permission from An HS, Cotler JM. Spinal instru
mentation. Baltimore: Williams & Wilkins, 1992.) C. Diagram shows that the first wire is passed through holes drilled at the 
base of each spinous process. D. The second and third wires are passed through the same holes and through holes drilled 
in the bone grafts. E. The wires are secured over the grafts.
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FIGURE 32.11.
Facet wire technique. A . Holes are drilled in the facet joint. B . Wires are passed through at each level. C. The wires are 
tightened over the grafts.

ROY -  CAMILLE MAGERL AN

Center Position 1 mm Medial ®  1-2 mm Cephalad 1 mm Medial to Center

FIGURE 32.12.
Comparison of Roy-Camille, Magerl, and An methods of lateral mass screw orientation.
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bilization, and early m obilization. Most cervical fu
sions can be achieved with sim ple wiring techniques 
(14, 15, 20, 25, 42, 44, 45). In cases of postlam inec
tomy instability or incom petent posterior elements 
from fracture, simple wiring techniques cannot be 
utilized. The Robinson-Southw ick method or lateral- 
mass plating can provide stabilization under these 
circum stances.

In flexion-distraction injuries such as unilateral or 
bilateral facet dislocation, the involved cervical seg
ments are quite unstable. They are initially  managed 
with prompt reduction and posterior arthrodesis 
w ith either wire or plate techniques. In acute injuries 
associated with a herniated disc, anterior decom 
pression is performed first, prior to posterior stabili
zation if necessary. Newer anterior plating tech
niques may decrease the need for circum ferential 
fusions in trauma cases. The indication for treatment 
of more subtle ligamentous injuries is based on the 
criteria of W hite et al. for cervical instability. Eleven 
degrees of sagittal angulation and 3.5 mm of sagittal 
translation represent the threshold for stability in  the 
cervical spine (58). More com plex deformities may 
require com bined anterior and posterior fusion, de
pending on the pathology involved. The wiring and 
plating techniques each have their advantages and 
disadvantages, and the surgeon should consider 
these carefully along w ith his or her own experience 
when choosing a particular method.

Technique
The triple-wire technique has been shown to be safe 
and effective in providing immediate stability to an 
injured cervical segment (Fig. 32.10). The patient is 
placed prone in traction after rotation on a Stryker 
frame. Arm positioning at the sides and longitudinal 
skin traction are established before surgical prepa
ration. A m idline incision is then made, using the 
posterior spinous processes of C2 and C7 as land
marks and carried down through the nuchal liga
ment. An intraoperative radiograph is taken to con
firm the involved level. The posterior cervical 
m uscles are m obilized off of the lam inae, and dissec
tion proceeds lateral to-expose the facet capsule and 
lateral mass using the electrocautery. Care is taken 
not to expose any additional level or facet capsule, 
in order to avoid unwanted extension of the fusion 
or iatrogenic instability. A high-speed burr is then 
used to penetrate the cortex at the base of the spinous 
process, and the hole is enlarged w ith the use of a 
towel clip or single limb of a right-angle clamp. An 
18- or 20-gauge wire is passed through the spinous 
process above and below and sequentially tightened. 
The second and third wires are passed through the 
cephalad and caudal holes, respectively. Decortica
tion of the lam inae, facets, and lateral masses is then 
performed with a high-speed burr. Corticocancellous

grafts are fashioned from the iliac crest and the two 
wires are then passed through holes drilled in the 
surface of the grafts and are tightened in place. The 
posterior cortex of the grafts should come to rest just 
beneath the tips of the spinous processes for en
hanced stability. Additional cancellous bone graft 
may be placed w ithin the fusion bed, but not too 
close to adjacent levels.

The Robinson-Southw ick technique involves 
passing wires after drilling holes in the facets from 
superior to inferior (Fig. 32.11). These wires are then 
looped over the bone grafts and tightened. This tech
nique is indicated for use in  postlam inectom y or spi
nous process fractures, when the triple-wire tech
nique can not be used. We prefer to use lateral-mass 
plating in  these instances.

Rigid fixation w ith the use of lateral-mass plating 
is indicated in all cases in w hich wiring techniques 
are used. In addition, postlam inectom y instability 
and incom petency of the posterior elements are in
dications for the use of this technique. In Bohlm an’s 
review of 300 acute cervical spine injuries, 23%  sus-

FIGURE 32.13.
Lateral radiograph shows anatomical reduction, solid pos
terior fusion, and Roy-Camille plate fixation at C4-C5 in a 
patient with unilateral facet joint dislocaLion.
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tained fractures of the faminae, and 12.6% , fractures 
of spinous processes (12). Rigid internal fixation al
lows early m obilization of the patient w ith m inim al 
postoperative external support.

Patients at risk for neurological injury are nasotra- 
cheally intubated and positioned awake with the 
Stryker frame. The nevirological exam ination is then 
repeated to check for any changes. For patients who 
have degenerative conditions or failed anterior fu
sions and for postlam inectom y patients a Mayfield 
head rest w ill sviffice. The knees are placed in flexion 
and the patient is placed in the reverse Trendelen
burg position. Surgical exposure is performed ex
actly as in wiring techniques except that the entire 
lateral mass must be exposed for accurate placem ent 
of screws. A marker is then used to pinpoint the exact 
center of the lateral mass at each level to be fused. 
The AXIS plate system is composed of titanium  and 
has plates with interfacet distances of 11, 13, and 15 
mm intervals and the choice of two screw positions

at each level. A plate template is used over this “road 
m ap” to choose the correct interfacet distance and 
plate length. A small burr is then used to penetrate 
the outer cortex in order to prevent drill bit spin-off. 
The orientation of the plate and lateral mass is then 
checked for proper drill alignment. There are differ
ent recommendations for the lateral mass drilling 
technique (Fig. 32.12); we use the method of An et 
al. and drill 15° cephalad and 25 to 30° laterally for 
safe placem ent of the lateral mass screw (3). A Pen- 
field elevator can be placed w ithin the articular facet 
to provide additional information as to its orienta
tion. The drill is then advanced sequentially with the 
use of special drill-stop guides until the opposite cor
tex is reached. Preoperative radiographs can aide in 
determining the depth of the screw needed to gain a 
purchase the opposite cortex. If technical difficulty 
is encountered in placing the screws or the bone is 
of poor quality, then larger-diameter revision screws 
can be placed in a unicortical fashion to reduce the

FIGURE 32.14.
A. Anteroposterior and B. lateral radiographs show the use of AO semitubular plate and ideal screw placement in a patient 
with a two-level flexion-distiaction injury at C4-C5 and C5-C6.
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likelihood of neurovascular injury. Initial tightening 
of the first screw is performed to give the plate some 
interface stability w hile the remaining screws are 
placed. Traction is reduced to 5 pounds prior to final 
tightening. There are several plates that could be 
used for posterior lateral-mass fixation, such as the 
Roy-Camille plate, the Rene Louise plate, Harms’s 
plate, the AO semitubular plate, the AO reconstruc
tion plate (SjTithes, Paoli, PA), the AXIS plate (Da- 
nek, Inc, M emphis, TN), and others (Figs. 3 2 .1 3 -  
32.16).

If C2 screw placem ent is necessary, then the m e
dial border of the pedicle must be visualized for ac
curate drilling. The starting point is 3 to 5 mm above 
the middle part of the C2-C3 facet. The direction of 
the screw is 10 to 25° medial and approximately 25° 
cephalad. Palpation of the m edial pedicle wall with 
the use of a dental elevator is performed to prevent 
inadvertent cord injury w ith further drilling.

The anatomy at the cervicothoracic junction is 
highly variable, and preoperative CT scans are sug
gested for surgical planning if  pedicle screws are n ec
essary at C7 to T2. The entry point is at the middle 
of the facet and the middle of the transverse pro
cesses (Fig. 32.13). The m edial angulation is about 25 
to 30° (Fig. 32.17). A small lam inotom y can be per
formed at the level and the direction checked w ith a 
Penfield elevator. Alternatively, the hook-plate de

signed by Magerl can be used for stabilization at C7 
(Fig. 32.18). This plate has a hook that attaches to the 
inferior lam ina of C7, and lateral mass screws are 
used at C6 and above.

Follow ing instrum entation, decortication is per
formed w ith a high-speed burr. Before application of 
the plate, the articular facets are decorticated, and a 
small amount of cancellous bone is packed into the 
defect. Graft is carefully placed into the fusion bed 
in order to avoid involvem ent of adjacent levels. The 
wound is closed over suction drainage for 24 to 48 
hours w ith perioperative antibiotics. A Philadelphia 
collar is placed before removal of the tongs or May
field head rest, and the neck is im m obilized for 6 to
8 weeks postoperatively.

Com plications associated with posterior fusion of 
the cervical spine are many. Care is required during 
passage of the wires or application of the screws to 
prevent injury to the spinal cord. Complications as
sociated with posterior interspinous wiring in the 
cervical spine are relatively infrequent. One must 
avoid uim ecessary exposure of the cervical levels be
yond fusion areas in order to prevent creeping fu
sions to adjacent vertebrae. Inadvertent penetration 
into the ligamentum flavum and the spinal canal can 
occur if the surgeon is not careful during subperios
teal dissection. Dural penetration can also occur dur
ing drilling or passage of wires if the holes are placed

FIGURE 32.15.
A. Anteroposterior and B. lateral radiographs show the use of AO reconstruction plate fixation from C3 to C5 and inLerspi- 
nous wiring at C4-C5 m a 62-year-old ankylosing spondylitis patient with fracture-dislocation at C4-C5.
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FIGURE 32.16.
Lateral radiograph shows anterior strut fusion from C4 to 
C6 and posterior laminectomy and plate-screw fixation 
from C3 to C7 in a 59-year-old patient with cervical spon- 
dylotic myelopathy. The spinal cord was severely im
pinged at C4-C5 and C5-C6 by both ligamentnm flavum 
liuckling posteriorly and osteophytes anteriorly. Posterior 
laminectomy and plating were performed first, followed by 
anterior corpectomy and fusion. At C7 the pedicle on one 
side and the lateral mass on the other were used for screw 
fixation. This patient had a significant improvement of my
elopathy, and solid fusion was noted at 1-year follow-up.

too close to the dura. The most common com plica
tion associated w ith wiring procedures in the cervi
cal spine is the loss of fixation and the subsequent 
recurrence of deformity. This com plication is often 
related to the surgeon’s technique and to postopera
tive external support. If a relatively rigid construct is 
accom plished, the patient can be treated postopera- 
tively with a cervicothoracic orthosis. However, if 
the surgical construct is not quite stable, or if the pa
tient’s com pliance is questionable, a halo-vast ortho- 
sis should be used. Com plications associated with

rigid posterior fixation of the cervical spine may in
clude screw impingement on the nerve root, vertebral 
artery injury, and hook impingement on the spinal 
canal. Laminar hooks should be avoided at the in- 
jiued level, where the spinal cord has already been 
compromised by edema or mechanical compression.

Conclusion____________________________
Cervical spinal fixation is continually evolving, and 
better and more stable constructs are becoming avail
able. W ith experience and proper patient selection, 
the use of such instrum entation may help patients to 
avoid postoperative halo-vest im m obilization, en
hance early rehabilitation, and preempt the need for 
any additional surgical treatment. In stabilizing the 
cervical spine, the proper fusion remains the most 
important procedure, and spinal fixation devices 
may be used to augment the stability of the construct 
and enhance the fusion rates.

FIGURE 32.17.
A. The entry point for the thoracic pedicle is at the middle 
of the facet and the middle of the transverse processes.
B. The pedicle is perpendicular to the vertebral axis, and 
medial angulation is about 25 to 30° in the upper thoracic 
region. (Reprinted with permission from An HS, Cotler IM. 
Spinal instrumentation. Baltimore: Williams & Wilkins, 
1992.1
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FIGURE 32.18.
Magerl’s hook-plate fixation. A. The inferior edge of the C7 lamina is prepared for hooks, and the superior edge of the C7 
spinous process is prepared for an H-shaped bone graft. B. The lateral mass screw is directed laterally and superiorly.
C. The bone graft is placed first, and screws are tightened to compress the graft. D. This construct avoids screws in the thin 
lateral mass at C7 E. Lateral radiograph shows nonunion of C6-C7 in a patient with recurrent C7 radiculopathy (arrow). 
F. Anteroposterior radiograph shows the hook-plate fixation from C5 to C7
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CHAPTER THIRTY THREE

Posterior Instrumentation of the 
Thoracolumbar Spine

S. Craig Humphreys and Howard S. An

Introduction
Posterior instrumentation of the thoracic and lumbar 
spine has evolved tremendously over the past 80 
years. Initially, posterior spinal surgery consisted of 
decompression in the form of laminectomy and ru
dimentary fixation with single screws and wires. In 
the late 19th century Hadra, at Galveston, used wires 
to stabilize a fracture-dislocation of the cervical spine 
(14). In 1911 Albee and Hibbs reported the first suc
cessful fusion (1 ,1 8 ). In the 1950s facet screws came 
into wide use. These could achieve reasonable pur
chase and often initial correction, but failures of fix
ation and fusion over time were common, leading to 
the abandonment of facet screws. It has become clear 
that fusion is the key to success with instrumenta
tion. Over time the powerful forces of spinal motion 
will eventually cause the most rigid instrumentation 
system to fatigue and fail.

As our knowledge of the dynamic nature of the 
spine has grown, more sophisticated and powerful 
methods have arisen to provide today’s spinal sur
geon a plethora of instrumentation systems from 
which to choose. However, as the number and type 
of these instrumentation systems has multiplied, 
their effective use has become more difficult. Cur
rently many of the instrumentation systems have 
only small variations in their design and function, 
understanding the principles of proper stabilization

has become more important in order to achieve ad
equate fusion before failure of the hardware can oc
cur. Additionally, with the increasing efforts at cost 
containment many hospitals are limiting the number 
of systems that are in inventory.

Hooks and pedicle screws allow modern instru
mentation to grasp the spine over many segments and 
to distribute more broadly the forces applied. The in
strumentation can be applied to correct a spine in 
multiple planes of deformity and reliably maintain 
reduction until fusion can occur. An understanding 
of the anatomy, pathology, and kinetics of different 
segments of the spine is paramount in choosing the 
appropriate treatment option. For example, a trau
matic kyphotic thoracic spine resulting from anterior 
compression forces may be maintained posteriorly 
by the ligamentous supports and may indeed be cor
rectable through an isolated posterior approach, 
whereas a kyphosis from Scheuermann’s disease of
ten requires an anterior release/fusion and posterior 
instrumentation.

Currently we are able to manipulate the spine in a 
multitude of ways with more modern instrumenta
tion systems. A precise understanding of the pathol
ogy— whether it be traumatic, congenital, develop
mental, neoplastic, or degenerative— and of the 
desired outcome is critical not only in choosing the 
appropriate instrumentation system but also in order

6 7 5
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to ensure its intelligent application. As the recogni
tion of pathology expands with our ability to distin
guish abnormal anatomy more accurately, and as the 
variety of instrum entation increases, the spine sur
geon is better able to approach each patient’s needs 
and achieve superior results. This chapter provides 
a presentation of the systems most com m only used 
and the systems that provide unique approaches to 
posterior instrm nentation of the thoracolumbar 
spine.

Harrington Instrumentation
Though spinal surgery had been dabbled with early 
in the century, the revolution in technique began 
with Harrington in  the 1950s and 1960s in Houston. 
Harrington designed a rod prim arily for treating ch il
dren with poliom yelitis, w hich was endem ic in the 
United States at the time. The techniques of conser
vative care such as Stagnara casting were m inim ally 
effective, and the operative techniques of the day 
were fraught with com plications and m isery for the 
patients. In this environment Harrington understood 
the importance of distraction to correct the inevitable 
collapse of the spine. It was later recognized that fu
sion must accompany the instrum entation for long
term m aintenance of correction. On the basis of this 
understanding, Harrington developed rods with 
hooks to maintain and obtain distraction. Initially the 
attempts were not com bined w ith adequate fusions 
and resulted in numerous rod breakages and dislodg- 
ments. Many revisions of his rod were required be
fore it was widely accepted for general use. It was not 
until Harrington presented his modified construct of 
the rod at the Am erican Orthopaedic Association 
Meeting in 1960 that widespread use of the current 
Harrington rod system began (15, 16).

The Harrington instrum entation system has stood 
the test of time. The results of the use of Harrington 
instrum entation in  idiopathic scoliosis have been 
good even by today’s standards. The instrum entation 
is safe, with a neurologic com plication rate of less 
than 0.5%  [26). A disadvantage of the system is its 
inability to m aintain sagittal balance, causing flat- 
back in the thoracic and, more important, the lumbar 
spine. The loss of lordosis in the lumbar spine can 
result in significant back pain and gait disturbances. 
The pseudarthrosis rate is approximately 4% , and 
the hook dislocation rate is high, reaching as m uch 
as 3%  in the lumbar spine (26).

New techniques have emerged that im prove on 
Harrington’s original design. M odifications by Moe 
and Edwards assisted in applying forces in different 
directions. The Harrington rod may be used in treat
ing traumatic injuries w ith axial loading and flexion 
com pression fractures. Instrum entation usually con

sists of three segments above and two segments be
low the injury zone.

Recently methods of treatment based on modern 
concepts have been presented. The principles out
lined by King and associates generally provide ex
cellent curve correction and restoration of trunk bal
ance in patients w ith spinal deformity (23). The dual 
com pression rod assembly should be used in treating 
kyphosis, whereas com bining com pression and dis
traction w ith rod assembly should be considered for 
a scoliotic curve.

Hook placem ent involves a thorough exposure of 
the spine, followed by preparation of the facet or lam
ina. The up-going hook may be inserted under the 
facet and lamina. The inferior aspect of the facet is 
removed by an osteotome, and the joint cartilage is 
removed. Preparation is carried out by removing a 
portion of the inferior facet and laminar edge with a 
Kerrison punch to square the edges for a flush fit. 
Care should be taken to place the hooks under the 
lam ina and not directly into the bone; if the hook is 
placed between the inner and outer tables of bone, 
the chances of a lam inar or facet fracture with sub
sequent dislodgment are increased. Down-going 
hooks are inserted over the top of the lamina. The 
ligamentum flavum is removed first, and a Kerrison 
punch is used to prepare the superior part of the lam
ina to obtain a flush fit. The down-going hook is an 
intracanal hook, and care must be taken not to com
press the underlying spinal cord.

The com pression assem blies use m ultiple hooks 
configured onto a fully threaded rod. Two sizes of rod 
are used in  the Harrington system: Vs inch and 
inch. W hile the sm aller rod is easier to contour and 
thus easier to insert, it also is more likely to fatigue 
and fail. Two sizes of hooks are available for both 
rods. Above T i l  the hook may be placed over the 
transverse process of the vertebrae instead of over the 
lamina. The hooks are placed into appropriate posi
tions first, and then the spine assembly is laid in and 
attached. Generally three caudad-facing hooks above 
the apex of the curve and two or three cephalad- 
facing hooks below  the apex are placed, with inser
tion of the assembly beginning at the upper level and 
proceeding distally.

In the United States today the Harrington rod has 
becom e antiquated, but the results are still good. 
Many countries still use it because of its ease of as
sembly and low cost. Traumatic injuries can still be 
treated effectively w ith Harrington instrumentation. 
A thorough understanding of m echanics is neces
sary. Distraction fractures such as the ligamentous or 
bony Chance fractures can be treated with compres
sion one level above and one level below.

Axial loading fractures can also be treated with 
Harrington distraction rods. For most axial loading
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injuries, a pattern with three hooks above and two 
below is used. Other systems, such as the Moe 
square-ended rod and the Edwards modular rod with 
or without segmental wiring, can be used in  a similar 
fashion.

Luque Sublaminar Wiring_____________
Because of the difficulty in controlling rotation with 
the Harrington compression/distraction system, the 
Luque wiring and instrum entation system was de
veloped to help correct rotation and severe curva
tures by providing force over many levels of the 
spine. By distributing the forces, the chances of lam 
ina fracture or rod and/or hook pullout are decreased. 
The Luque sublaminar wires may be used together 
with Harrington instrum entation, Luque L-rods, 
Cotrel-Dubousset instrum entation, and others. After 
the primary distraction or com pression force has 
been applied, the wires can provide additional trans
lation or derotation.

The Luque sublaminar w iring’s most common use 
today is for neurom uscular scoliosis. It may be used 
in idiopathic scoliosis for curves greater than 40 to 
45° in the skeletally immature patient. It is particu
larly effective in lordotic deformities in the thoracic 
and lumbar spine.

Luque wiring has m inim al effectiveness in com 
pression or distraction, and its m ainstay is in the con
trol of rotation and in providing many points of fix
ation to distribute the correction force over many 
levels. Significant correction can be obtained because 
the m ultiple points of fixation cumulate to create a 
tremendous force.

For surgical technique, routine exposure of the 
spinous processes, lamina, and transverse processes 
is done, followed by excision of the ligamentum fla- 
vum. A double-action rongeur is used to remove the 
bone overlying the ligamentum flavum in the tho
racic spine; the ligamentum flavum is removed until 
the epidural space is visualized. A Kerrison rongeur 
may be used to clear the ligamentum flavum for wire 
passage. Contouring the sublaminar wires is im por
tant in  preventing damage to the dura and neural el
ements. Uniform contouring also helps the surgeon 
to feel where the distal tip of the wire will be during 
its passage. The end of the Cobb handle works w ell 
for the proper curvature, and it also provides a u ni
form curve that can be duplicated w ell with different 
scrub assistants. Zindrick and colleagues developed 
a m athem atical model that indicated that a sem icir
cular model resulted in less canal penetration than 
the rectangular model (30). He also established that 
the larger the radius of curvature, the less the pene
tration of the canal. Goll and associates videotaped 
the passage of sublam inar wires and came to the fol

lowing conclusions; (a) passage of the sublaminar 
wire must rem ain strictly in the m idline; (bj the tip 
of the sublaminar wire should not be at an angle 
greater than 45°; and (c) the radius of curvature must 
be at least the width of the lam ina (10).

Passing the wire is a gentle, two-handed maneu
ver, usually beginning at the inferior end of the lam
ina and proceeding cephalad. Once the wire is vi
sualized at the proximal end of the lamina, it is 
grabbed with a large needle holder. While advancing 
the wire, a constant upward pressure must be applied 
to avoid inadvertent damage to the dura. Single- and 
double-stranded wires are inserted in the same man
ner. After the wires are passed, they are twisted over 
the lamina to prevent them from migrating into the 
canal or being inadvertently hit, which could push 
them into the spinal cord. The rod is then contoured, 
and the wires are twisted around the rod. As the 
wires are tightened, the spine, via its laminae, is grad
ually pulled to the precontoured rod. Wires should 
be tightened successively to apply the force gradually 
over many wires, and then time should be given to 
allow relaxation of the soft tissues before the wires 
are retightened. Care should be taken not to overtigh
ten the wires and break them. A certain amount of 
experience helps to cut down on wire breakages (8, 
11). Passing wires with the rod in place is much more 
difficult and should be avoided.

Correction of scoliosis can be performed with sev
eral methods, including convex techniques and con
cave techniques. In the convex technique, the prox
im al end of the rod is attached to the spine with four 
or five wires. The opposite end of the spine is then 
pulled to the relatively straight, stable rod by tight
ening many wires successively, thereby straightening 
the curve (Fig. 33.1). Because the rod is contoured, it 
must be securely fixed at each end and not allowed 
to rotate. Rotation of the rod w ill lead to loss of cor
rection. The concave technique is more appropriate 
in thoracic curves associated with significant tho
racic lordosis or lumbar curves. In either technique 
it is important to tighten the wires slowly and to se
cure the rod ends. The Galveston technique can be 
used with segmental wires as well (2, 19). The Gal
veston technique includes bending the rod so that it 
can be introduced into the posterior iliac crest for 
cases in w hich fusion to the pelvis is desired. Often 
patients who have neurom uscular scoliosis require 
fusion to the pelvis for scoliosis combined with se
vere pelvic obliquity. In this situation the segmental 
wiring is placed first. The rods are then laid into po
sition on top of the wiring, and the wires are tight
ened slowly to obtain m axim al correction.

Segmental wiring is not often used in trauma pa
tients but can be used for shear injuries or to enhance 
fixation of the Harrington or similar rods. The
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FIGURE 33.1.
A diagram of Luque rods and sublaminar wires. The con
vex technique involves wiring the proximal end of the rod 
attached to the spine with four or five wires and correction 
of scoliosis by gradual cantilever bending and tightening 
the distal wires.

fracture is then stabilized three levels above and b e
low wfith segmental wriring. Segmental w m ng should 
not be used at the level of the fracture because of 
increased risk of dural tear or neural injury.

Drumm ond Spinous Process Wiring
Segmental spinous process instrum entation w ith spi
nous process wires wasfdeveloped for patients with 
idiopathic scoliosis as a safer alternative to instru
mentation with sublaminar wires. The use of Drum
mond wiring is sim ilar to that of the Luque sublam
inar wiring. It was designed to be used with 
Harrington instrum entation, Moe instrumentation, 
and the Luque L-rod (2, 3]. Drummond selected the 
spinous process because it is readily available and 
accessible to instrum entation, it is safe to work with, 
and there is usually adequate bone stock (8). The 
Drummond method uses a button im plant made of 
316 L stainless steel; an 18-gauge wire is used over 
the button, w hich provides surface area for the wire 
to pull over (2 ,1 7 , 25]. Because the wires are inserted

in pairs, there is a hole in one im plant that allows 
the wires of one im plant to pass through another. Be
cause the wire is placed more posteriorly, it gives a 
greater m echanical advantage to derotation while it 
provides less force to correct translation. Addition
ally, the strength of the spinous process should be 
considered in deciding betw een Drummond and 
Luque wires, as the bone quality of the spinous pro
cess is not as good as that of the cortical bone in the 
lamina.

After the spine has been appropriately cleaned 
and rod placem ent determined, the facets should be 
prepared for fusion, because the rods and wires may 
interfere with later decortication. The wire implants 
are inserted at the base of the spinous process, ventral 
enough to m aintain good bone stock but dorsal 
enough to avoid the spinal canal. A curved awl is 
used to assist in preparation for passage of a wire. 
After all the buttons are in place, an appropriately

FIGURE 33.2.
A diagram of the Drummond Wisconsin buttons and sco
liosis correction construct. After all the buttons are in 
place, the Harrington distraction rod is placed on the con
cave side and the Luque rod on the convex side.
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contoured rod is inserted through the open loops of 
wires. The Harrington distraction rod is placed on 
the concave side, and the Luque rod is placed on the 
convex side (Fig. 33.2). Again it is important that the 
rod be fixed securely so that correction is not com 
promised and the wires can be slowly tightened to 
the desired correction.

Indications for Drummond wiring are similar to 
those for the Luque instrumentation system, namely, 
neuromuscular scoliosis with long curves severe 
enough to need surgical correction. Some adjust
ments have been suggested with certain techniques 
of fixation. In thoracic lordosis or significant hypo- 
kyphosis, it is advised that the wire loops around the 
apex of the curve be twisted. By tightening these 
wires Srst, the prindpa] forces of correctioxi are ap- 
plied to overcome the sagittal deformity rather than 
the coronal component. For rigid curves the tech
nique is modified by inserting two distraction rods 
into the concavity of the major curve.

Modular Spinal Segmental 
Instrumentation________________  

Cotrel-Dubousset Instrumentation
The introduction of the Cotrel-Dubousset (CD) instru
mentation at the Scoliosis Research Society in 1984 
revolutionized our ability both to correct multiplane 
deformities with a single instrum entation system and 
to manipulate the spine in  three dim ensions. The 
ability to use m ultiple hooks allows us not only to 
distribute the forces more effectively but also to ap
ply both com pression and distraction along the same 
rod (6, 7, 9, 12, 27). Luque and Harrington instru
mentation systems were in widespread use and ad
juncts to their functions were being developed reg
ularly in the 1970s and early 1980s. However, their 
use was confined to either com pression or distraction 
forces to achieve reduction. The ability today to con
trol the curve in m ultiple planes allows the surgeon 
to correct the spine in the coronal plane, w hich was 
difficult with earlier systems.

Instrumentation has become so powerful that the 
ideas of overcorrection and balance have become 
commonplace. Consideration of maximum preser
vation of motion segments, the ability to enhance fu
sion, and perhaps avoiding overcorrection are 
weighed against the potential loss of some sagittal or 
coronal correction to obtain overall coronal and sag
ittal balance. Often the coronal plane angular defor
mities do not occur in synchrony with the normal 
sagittal plane curves, and their apices and radii are 
different. The principles of deformity surgery are to 
determine the end vertebrae selection, to define the

structural and compensatory curves, and to locate 
and define the stable and neutral vertebrae. Also im 
portant is the avoidance of stopping at the apex of a 
curve in either the coronal or sagittal plane.

For kyphosis surgery, the end vertebrae should be 
at least one vertebra beyond the structural curve as 
described by the Cobb method or as defined by its 
lying w ithin or anterior to the vertical plumb line. 
The King classification is a useful way to discuss var
ious curve patterns and w ill be used as a model in 
this chapter (23). However, each curve must be eval
uated and critically considered independently, both 
in terms of the patient’s history and with the use of 
appropriate diagnostic studies, to achieve the best 
clin ical results.

In the following discussion some basic instrumen- 
tation methods w ill be covered briefly, using CD as 
our example. Later we w ill discuss differences in the 
TSRH, ISOLA, and M oss-M iami systems. The appli
cation of CD instrum entation should be learned from 
an experienced surgeon. Its technique is not easy for 
the novice spine surgeon. The rod is more flexible 
than the Harrington rod and is studded w ith irregu
larities that allow the application and strong fixation 
of either pedicle screws or hooks. Additionally, be
cause of this locking m echanism , the hooks may be 
applied in either direction and w ith as many sites of 
attachment as desired. The addition of intermediate 
hooks is a powerful addition of force at the area of 
greatest deformity. The system also contains both 
lumbar and thoracic hooks in an open- and closed- 
rod holding design. The availability of low-profile 
hooks has allowed the instrum entation to be posi
tioned closer to the spine and is less prominent in 
thin patients. A discussion of hook placem ent and 
pattern on all different curves is beyond the scope of 
this chapter. Consideration w ill be given to the basic 
King idiopathic scoliosis patterns and to trauma uses 
(23).

The King type III curve (right thoracic curve with 
hypokyphosis) provides a good starting point (Fig.
33.3). The first consideration for hook placem ent is 
the end vertebrae for the left concave rod. The upper 
end vertebra is the neutral vertebra as measured by 
the Cobb method on standing roentgenograms. The 
distal end vertebra is usually the stable vertebra. 
Placem ent of the hooks should be aimed at creating 
a balanced spine in  the coronal plane. However, con
sideration of the lateral roentgenograms is important 
to determine the amount of kyphosis present over the 
upper segment. The fusion should be extended ceph- 
alad if the sagittal deformity is significant. If there is 
preoperative kyphosis at T12 or L l, the distal hook 
should be distal to L l to prevent progressive junc
tional kyphosis. Additionally, the caudal and ceph- 
alad vertebrae should fall w ithin the Harrington sta-
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FIGURE 33.3.
A diagram of the Cotrel-Dubousset (Danek, Inc., Memphis, 
TN) rod and hook configuration for a King type III curve. 
The proximal and distal end vertebrae are the neutral and 
stable vertebrae, respectively. The intermediate hooks are 
placed on the rigid segments of the curve. The rod is dis
tracted or rotated to provide corrections in the coronal and 
sagittal planes. The end hooks on the convex side are 
placed for compression. The intermediate hook on the con
vex side is on the apical vertebra. An additional down- 
going hook one level above the right distal end vertebra is 
usually recommended to provide a more stable claw con
figuration.

ble zone. The position of the intermediate hooks is 
determined by the right side bending films. Those 
discs that do not significantly correct and appear 
most rigid are spanned by an open pedicle hook and 
an open laminar hook, usually over three or four 
levels.

On the right convex rod, at the upper end vertebra 
either a transverse process pedicle claw or a closed 
thoracic laminar hook in a down-going position may 
be used. An intermediate open pedicle hook is used 
at the apex of the curve, prim arily to assist as a der
otation pressure point with convex rod insertion and 
to further stabilize the rod itself. A two-segment claw 
w ill com plete the hook construct at the right lower 
vertebra w ith a cranially facing closed laminar hook 
on the end vertebra and an open laminar hook down- 
going on the vertebra above. The right rod is con
toured into slightly less kyphosis to help with the 
already counterclockw ise rotation. If significant ky
phosis is present either at the thoracolumbar junction 
or at the upper thoracic spine on the lateral view, 
then the rods must be extended to add a compression 
force across the kyphosis.

For a King type I curve or primary lumbar curve 
pattern, hook selection is based on a combination of 
the right thoracic type III pattern and thoracolumbar 
curve patterns. The end vertebrae for the left-sided 
rod are determined by the same criteria as the indi
vidual curve patterns. The lumbar or tlioracolumbar 
pattern is chosen with the use of open laminar hooks 
centered about the apex. In general, six to eight hooks 
are used on the left-sided rod, or pedicle screws may 
be substituted for the lumbar hooks. The right-sided 
rod is inserted with the usual hooks and/or pedicle 
screws. The intermediate hooks include an open ped
icle hook at the apex of the thoracic curve and an 
open laminar hook opposing the down-going hook 
on the left-sided rod. Additional open laminar hooks 
may be placed w ithin the instrumented thoracolum
bar or lumbar curve. The left rod is inserted first, with 
the desired •sagittal plane contour. Rotation is 
achieved and produces simultaneous posterior col
umn lengthening in the thoracic spine and compres
sion force in the lumbar spine. Great care must be 
taken to ensure that m aximum compression is 
achieved at the apex of the lower curve. Once apical 
com pression has been carried out, distraction is 
achieved through the intermediate hooks of the tho
racic curve. The last hook tightened is that on the left 
upper end vertebra. Derotation can accomplish cor
rection of the deformities in the coronal plane as well 
as maintaining thoracic kyphosis and lumbar lordo
sis. Care must be taken to preserve the transition zone 
between the thoracic kyphosis and lumbar lordosis 
at the T12-L1 region. Frequently derotation may cre
ate the transition zone at the TlO region by extending 
lumbar lordosis too proxim ally, w hich produces a 
cosm etically unacceptable high-arched back and pro
tuberant abdomen. Proper rod contouring will pre
vent this cephalad extension of lordosis.

Type II curve patterns are treated in a fashion sim
ilar to curve patterns with right thoracic curves. In
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type IV curves, the end vertebra usually corresponds 
to the stable L4 vertebra. The distal end of fusion may 
be at L3 if  bending radiographs reveal the L3 vertebra 
to be the stable and neutral vertebra. The interm edi
ate vertebrae for the thoracic curve again are chosen 
as they are for a type III curve. In general, six to eight 
hooks are used on the left-sided rod. The right-sided 
rod is inserted writh the usual end vertebrae hooks. 
The left-sided rod is inserted first, with the desired 
sagittal plane contour. Rotation is achieved and pro
duces simultaneous posterior colum n lengthening of 
the thoracic curve and posterior colum n shortening 
of the left thoracolum bar curves, if instrum entation 
extends to the thoracolum bar junction. Great care 
must be taken at this time to ensure that maximum 
compression is achieved through the thoracolumbar 
curves. The right rod is then inserted, w ith the pos
sibility present for derotation of the thoracic curve. 
Usually no additional derotation is achieved in the 
lumbar spine. Several authors have noted that there 
can be increased decom pensation of the entire spine 
with overcorrection and derotation maneuver. Over
correction of curve patterns type II, III, and V with 
derotation frequently result in decompensation. To 
prevent decompensation, type II curves may be 
treated by fusing the thoracic curvature only, and the 
instrumentation should be applied to obtain balance.

The King type V patterns, double thoracic curve 
patterns, have significant upper thoracic curves. Us
ing the usual type III configuration would produce 
increasing decom pensation and shoulder asymme
try. The left upper thoracic curvature must be in
cluded in the fusion to prevent a high-riding left 
shoulder. A temporary right-sided rod may be placed 
into the upper curve to distract and increase the ky
phosis of the upper thoracic curve, at the same time 
partially correcting the scoliosis. The hook pattern 
for the concave rod for the lower right thoracic curve 
is the same as that for the type III configuration. One 
or two hooks are added to correct the left upper tho
racic curve. In general, an attempt is made to insert 
the upper left rod as straight as possible, thus dim in
ishing the lordotic moment arm created with rotation 
and correction of the lower right thoracic curve. The 
right-sided neutralization rod is configured as for a 
type III curve, except that there is extension superi
orly with a closed pedicle hook at the upper end ver
tebra.

In juvenile or adult kyphosis, segmental instru
mentation with hooks provides compression forces 
for correction while enhancing the stability of the 
surgical construct. Sublaminar wires alone should 
not be used in kyphotic cases, since the compression 
forces cannot be effectively applied. Segmental in
strumentation systems that give apical compression 
force and additional compressions at the end verte

brae above and below the apex are ideal for kyphotic 
deformities. W ith the use of modern segmental in 
strumentation, com pression can be used at several 
levels of a construct to aid in reduction of the kypho
sis. Compression can be used above and below the 
apex of the curve. By clawing the end two vertebrae 
with a com bination of different claw patterns and 
compressing the periapical vertebrae, the segments 
above and below  the apex may be corrected initially. 
The final correction occurs with com pression above 
and below  the apex. In addition to compressive 
forces, cantilever bending correction force should be 
applied in reducing the kyphosis. One should avoid 
excessive force to avoid fracturing the lamina.

In most operative cases of kyphosis it is necessary 
to perform an anterior release of four or five segments 
around the apex. Traditionally this has been done 
utilizing a thoracotomy. Modern techniques are al
lowing m inim ally invasive approaches to be more 
readily utilized. Thoracoscopy offers excellent visu
alization and can provide an alternative to the tra
ditional anterior release.

The CD system may also be used in trauma cases. 
Sm aller and more flexible rods are predominantly 
used for scoliosis cases because of the ease of con
touring that they offer. The stiffer and larger rods are 
more often used for trauma cases in w hich strength 
and rigidity are important. Reconstructive procedu
res with trauma and tumor invasion are the most 
common uses. Basic hook patterns involve claws 
above and below the fracture or defect. In trauma 
these patterns vary according to the location of the 
fracture. In the thoracic spine a claw pattern using 
the two or three vertebrae above and below  is often 
used, and in the lumbar spine it is often accom panied 
by pedicle screw instrum entation for the inferior ver
tebrae. Burst type fractures at L l or L2 often require 
a com bination pedicle screw and hook or double 
hook claw pattern with a pedicle screw below to pro
vide a stable fixation w hile preserving distal motion 
segments. Cross-links stabilize the rods by creating a 
rigid rectangular pattern and increasing torsional 
stiffness significantly.

TSRH
The TSRH (Texas Scottish Rite Hospital) instrum en
tation system was originally designed as an adjunct 
to the Luque sublam inar segmental instrumentation 
system. The system provides the original cross-link 
system using the principles of CD but also expanding 
on them (20, 21). The ease of revising and removing 
instrum entations is another advantage. The TSRH in
strumentation system allows the linking of one rod 
to another so that extension of a previously im 
planted system and revision of a failed system are
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easier. The addition of pedicle screws w ith the vari- 
able-angle design expands the system ’s versatility, 
providing the structural rigidity to stabilize fractures, 
tumors, and degenerative disorders in addition to de
formities (Fig. 33.4).

The cross-link system was designed to prevent m i
gration of the rod. However, studies evaluating the 
rigidity of the system showed that the cross-links 
with the TSRH system increased the torsional stiff
ness and the axial stiffness of the rod-wire construct 
(20, 21). The rods must adapt precisely in the grooves 
of the cross-link plate to allow the proper three-point 
contact for a secure link. During final tightening the 
nut must be tightened to a m inim um  of 150 inch- 
pounds. Gurr and colleagues demonstrated an in
creased incidence of arthrodesis when spinal fusions 
were augmented w ith im plants in dogs, but the qual
ity of the fusion mass as a function of the stiffness of 
the construct is still in question (12). The rod in the 
TSRH system is smooth. The advantage of a smooth

FIGURE 33.4.
A diagram of TSRH (Danek, Inc., Memphis, TN) rods for a 
King type IV curve. The instrumentation extends from T4 
to L4. The distal attachment may be accomplished by 
hooks or pedicle screws. The correction of this type of 
curve requires distraction on the concave side of the tho
racic spine and segmental application of forces on the lum
bar spine to preserve lumbar lordosis and to achieve the 
balance of the spine.

rod is that it offers less friction when the rod is slid 
into the hooks during insertion and/or rotation. Ex
cessive friction between a knurled rod and hook body 
may prevent satisfactory rod rotation and displace 
hooks or cause inadvertent com pression of the spinal 
canal. Three levels of rod stiffness are provided: the 
4.8 mm rod, the 6.4 mm (flexible) rod, and the 6.4 
mm (stiff) rod. Increased stability has been achieved 
by widening and deepening the radius between tines 
so that they more firmly grasp the pedicle. The shape 
of the axilla of the hook has been modified so that 
the inferior edge and articular process can be grasped 
by an anatomic rather than a circular design.

Moss-Miami Instrumentation
The M oss-M iami system was designed by Shuffel- 
barger and Harms w ith the goal of segmental fixation 
and sim ple instrum entation (Fig. 33.5). The system 
is designed w ith top-loading, dual-locking implants, 
thus elim inating the preloading process. It is de
signed for universal application in posterior and an
terior spinal surgery for deformities, trauma, and de
generative diseases of the spinal column. The smaller
5 mm rods and low-profile design reduce difficulties 
w ith instrum entation prominence. Cannulated in
struments allow pairs of screws to be placed sequen
tially and nut heads to be loaded and placed in 
proper sequence. This system also has the ability to 
lock rod to rod linkages and for pedicle screw addi
tion. Only six hooks are available for pedicular, lam
inar, and transverse process constructs. All are open 
ended for ease of rod placem ent. The pedicle or sa
cral screw has a polyaxial screw design to ease the 
rod placem ent. The 316-LVM  rods provide excellent 
fatigue resistance and high tensile strength. The ben
efits of this rod lie in its easy m alleability and a lower 
profile than the larger rods. This system is particu
larly useful for correcting deformities in which the 
correction is achieved by cantilever bending as well 
as segmental correcting forces. However, in large 
trauma patients or reconstructive tumor patients in 
w hich more load-bearing may be needed, it may lack 
the strength and durability of its larger counterparts.

■SOLA
The ISOLA instrum entation system is much like the 
TSRH system. Designed in part by Asher, it is an ex
tension of the variable-screw placem ent system 
(VSP) developed by Steffee (28). The hook systems 
attach to the rods in an interference fit, and the 
ISOLA system provides an end-to-end linkage sys
tem. The hook blade tightens against the bone fixa
tion site. Secure connection of the hook to a straight 
or curved smooth rod is provided by the V-groove. 
Two rod sizes are available: 6.35 mm (V4 inch) and 
4.76  mm (®/i6 inch). Four sizes of drop hooks are avail
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FIGURE 33.5.
Moss-Miami (DePuy-Motech, Inc., Warsaw, IN) instrumentation system in a 14-year-old male with King type V curvature. 
A. Anteroposterior radiograph shows 52° right thoracic scoliosis and compensatory 26° left lumbar scoliosis. The upper 
thoracic scoliosis was significant at 30° and rigid. This patient had shoulder asymmetry with higher left shoulder. B. Lateral 
radiograph shows hypokyphotic thoracic spine with relatively well-maintained sagittal alignment. C. and D. Postoperative 
radiographs show Moss-Miami instrumentation from T2 to Ll. The correction of curves and balance were maintained.

able for both rod sizes as well as a variety of new and 
angled hook-to-rod connectors. W ashers of several 
heights and angles are designed to level the screw rod 
placement for ease of restoring lordosis and/or ky
phosis. Additionally, plate-rod com binations [PRC) 
are available in a variety of sizes of plates and in 6.35 
mm and 4 .76 mm rod diameter. Washers for this sys
tem are also available in either 3 mm or 5 mm 
heights, and these have recently becom e available in 
wedges for leveling constructs.

A major principle underlying the use of the ISOLA 
system for deformity surgery is that the coronal plane 
angular deformities do not occur in synchrony with 
the normal sagittal plane curves, and their apices and 
radii are different. M aximal thoracic dorsal displace
m ent normally occurs in  the sagittal plane at T5-T 6, 
and maximal lumbar anterior displacem ent at L4. 
Thoracic scoliosis most com m only has its apices at 
T8-T9, and lumbar scoliosis at L2, though this is 
more variable.

The design of this system is intended to be sur
geon-friendly and to m axim ize versatility with a m in
imum of components. The im plant dimensions are 
standardized to permit maximum flexibility and ver

satility in use. The m echanical objectives are the pro
vision of stability, strength, and durability to main
tain correction and alignment during the healing of 
spine arthrodesis. The ISOLA system is designed for 
adolescent and adult idiopathic scoliosis, burst frac
tures, degenerative stenosis, and spondylolisthesis 
(Figs. 33 .6 -33 .9 ).

Pedicle Screw Instrumentation_______
Pedicle screw instrum entation is now widely used 
among spinal stugeons. Pedicle screws provide the 
ability to manipulate all three columns of the spinal 
colum n from a posterior approach. Much debate still 
exists as to their proper application and placement 
to achieve the best clin ical outcome. Because of the 
force that can be generated with these devices, nor
mal contours can be changed, and problems such as 
iatrogenic flat-back are being encountered. Addition
ally, because the procedure requires precise place
ment, the structures anterior, medial, and lateral to 
the spinal canal may be injured. Anterior to the spi
nal canal are the great vessels and the thorax and ab
domen, medial is the spinal cord, and lateral are the
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FIGURE 33.6.
A diagram of ISOLA (Acromed, Inc., Cleveland, OH) in
strumentation for King type II or III curves Tlie illustration 
here spans from T4 to T12. The left rod is us0d for distrac
tion and the right rod is used for compressiori- Suhlaminar 
wires are frequently used to apply segmental correction on 
the concave side of the curve Rotation maneuver is not 
routinely used with this system.

nerve roots, thorax and abdomen, and retfoperitoneal 
space.

The pedicle screw is the stiffest construct avail
able today and appears to have the highest fusion 
rates (13, 28). In addition, its stiffness allows for 
shorter fusion segments to m aintain stability. The 
pedicle screw can be used with plate aJid rod con
structs as w ell as with hook combinatie^ns. The di
m ensions of the pedicle vary widely. One study 
found a mean transverse diameter of 4.5 mm at T4, 
running to 15 mm at L5, w ith the inner diameter be
ing approximately 80%  of the total. In the thoracic 
spine the angle of the pedicle, posterolateral to an- 
teromedial, was found to range from 13.9° at T4 to
0.3° at T12 (29). The lumbar pedicles roughly ad
vance from posterolateral to anteromedial at 5° per 
level. General placem ent of pedicle screws is 5° at 
L I , 10“ at L2, 15“ at L3, 20° at L4, and 25° at L5.

Though averages in pedicle inclination are helpful 
references, CT, MRI, and roentgenograms should al
ways be looked at before operative pedicular screw 
placement. Specific inclinations, pedicle widths, and 
anomalies can be identified and appropriate action 
taken to place the pedicle screws successfully.

The entrance points and directions are subject to 
debate. Generally the entrance point for the lumbar 
spine is crossed by the line that connects the middle 
of the transverse processes and the lateral edge of the 
facet (Fig. 33 .9A). In the thoracic spine, the entrance 
point is in line w ith the middle of the transverse pro
cess, w hich is about 2 mm below the inferior edge of 
the facet. The thoracic pedicle entry point is also 
crossed by the vertical line that connects the middle 
of the facet 1,oint (Fig,. 33.9B|. Another important con
sideration in achieving effective placement is to 
avoid facet injury in segments that are to be unfused. 
As discussed earlier, bony fusion is the key to suc
cessful outcome with instrumentation. Techniques 
include posterolateral, posterolateral interbody fu
sion (PLIF), and intertransverse approaches. The 
pedicle screw ’s outer diameter is most important in 
pullout strength, though bone m ineral dens'ty can 
also affect pullout strength (24). In traum.d patients 
lumbar fractures can be treated w ith pedicle screws 
one level above and below, because the size of the 
pedicle and the size of the screw can usually stabilize 
the fracture w hile it heals. Fractures of T12 and Ll 
are often better stabilized with a single pedicle screw 
below and two pedicle screws or a combination of 
pedicle screws and/or hooks above. Other common 
indications for pedicle screws are spondylolisthesis, 
degenerative diseases, adult scoliosis, and pediatric 
scoliosis.

One disadvantage of pedicle screw instrumenta
tion is that it has a learning curve. Placement of 
pedicle screws in the lumbar spine should first be 
practiced in the cadaver and then taught by an 
experienced surgeon until some degree of comfort is 
achieved with the technique. The insertion of pedicle 
screws in the thoracic spine is technically difficult 
and fraught with complications, including perfora
tion of the esophagus and the aorta. Its use has very 
specific indications. Only surgeons with a solid un
derstanding of the musculoskeletal structures adja
cent to the pedicles should perform this procedure. 
Rod and hook constructs are usually sufficient to pro
vide adequate stability to allow fusion in the rela
tively stable thoracic spine. The temptation to apply 
new adaptations of existing techniques to various 
clinical situations should be resisted unless less 
risky, equally effective means of treatment are not 
available.

Patient positioning for pedicle screw instrumen
tation is also somewhat controversial. The kneeling 
position tends to place the spine in a more kyphotic
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FIGURE 33.7.
Sixty-five-year-old female with progressive right lumbar scoliosis and severe, unrelenting back pain A. Anteroposterior 
radiograph shows 38° lumbar scoliosis and trunk imbalance of 7.5 cm to the left. B. Lateral radiograph shows that the sagittal 
imbalance is minimal. C. Postoperative anteroposterior radiograph shows ISOLA instrumentation from T9 to L4 with good 
correction of the scoliosis and lateral shift. Sublaminar wires were used on the concave side, with pedicle screws at L3 and 
L4. D. Postoperative lateral radiograph shows the maintenance of lumbar lordosis.
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FIGURE 33.8.
Thirty-eight-year-old female with progressive kyphotic deformity of the thoracic spine (Scheuermann’s disease) and marked 
upper back pain underwent anterior thoracoscopic fusion and posterior ISOLA instrumentation. A. Anteroposterior radio
graph shows no signihcant scoliosis. B. Lateral radiograph reveals 97° kyphotic deformity. C. Postoperative anteroposterior 
and D. lateral radiographs show ISOLA rods spanning from T2 to L2. The hooks are placed in compression constructs with 
two claws above the apex of the kyphosis and two additional claws below the apex on the right rod. The left hooks are 
placed so that the end hooks oppose the right end hooks. There is one claw above and another claw below the apex on the 
left rod.
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FIGURE 33.9.
A. The pedicle entrance point for the himbar spine is crossed by the horizontal line that connects Ihe middle of the transverse 
processes and the lateral edge of the facet. B. In the thoracic spine, the entrance point is in line with the middle of the 
transverse process, which is about 2 mm below the inferior edge of the facet. The thoracic pedicle entry point is also crossed 
by the vertical line that connects the middle of the facet joint. C. Anteroposterior radiograph of 18-year-old male with severe 
back pain and radiculopathy associated wiih high-grade L5-S1 islhmic spondylolisthesis. D. Lateral radiograph shows grade 
III spondylolisthesis with lumbosacral kyphosis.
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FIGURE 33.9— contm ued /
E. Postoperative anteropobtenor radiograph shows L5-S1ISOLA instrumentation and Harms cages that were implanted via 
a PLIF approach F. Postoperative lateral radiograph shows anterior distraction by the Harms cages, reduction of the slip 
angle, and pedicle screw instrumentation at L5-S1 Translation was reduced minimally to prevent neuiologic deficits 
Instrumentation and fusion were performed with applicdtion of load-sharing Haims cages anteriorly, followed by posterior 
compression ISOLA rods. This patient was mobilized immediately, and at 2-year follow-up great pain relief, functional 
recoveiy, and solid fusion were noted.

position, which may affect the final lordosis, how
ever, it allows the abdomen to remain free, thus de
creasing venous bleeding. The four-poster frame en
courages more lordosis and is preferred in cases such 
as osteotomy for flat-back or fusion in patients with 
loss of lumbar lordosis.

Surgical technique for pedicle screw instrum en
tation involves careful cleaning and preparation of 
the spine— including spinous processes, laminae, 
facets, pars interarticularis, and transverse pro
cesses—  and the appropriate landmarks are identi
fied for the placem en! of the pedicle screws. Roent- 
genographic, myelographic, CT, and MRI studies 
should be in plain view in the operating room for 
reference to help w ith appropriate placem ent of the 
pedicle screws. The m idpoint of the transverse pro
cess and a point 2 to 3 mm lateral to the pars inter
articularis is located. The entrance is then burred,

and with the use of a sound or blunt probe the canal 
of the pedicle is located. Markers are placed and 
checked intraoperatively with a lateral radiograph 
for appropriate placement. Adjustments can then be 
made in the cephalad and caudal directions as 
needed. With the use of a feeler, the medial, lateral, 
superior, and inferior walls are felt and checked care
fully to be sure no perforations are present. A Pen- 
field elevator works well for this. Other techniques, 
such as saline injection and visualization with ar
throscopy, have been advocated by other authors if 
any question exists. Tapping is not necessary but 
may be done with a smaller tap. After tapping is com
pleted, the bone is generally decorticated and bone 
graft placed before the final placement of the screws. 
Pedicle screw insertion should be perloimed using 
the largest possible screw diameter that can safely be 
placed in the pedicle as measured on the inner di-
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FIGURE 33.10.
Fifteen-year-old cerebral palsy patient with severe paralytic scoliosis and kyphosis. A. Anteroposterior radiograph shows 
scoliosis and pelvic obliquity in patient who underwent anterior thoracic fusion and posterior fusion with Horizon (Danek, 
Inc., Memphis, TN] instrumentation to the sacrum. B. Lateral radiograph shows severe kyphotic deformity of the thoracic 
spine. C. Postoperative anteroposterior radiograph shows segmental instrumentation and fusion from the upper thoracic 
spine to the sacrum. Good correction of coronal deformity and pelvic balance are noted, D. Lateral radiograph shows 
correction of the kyphotic deformity and pedicle screws in the lower lumbar spine and sacrum.
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ameter. The screw should obtain a depth of approx
imately 80%  of the vertebral body as measured from 
CT or roentgenogram. Screws should be placed par
allel to the endplates, or w ith slightly cephalad an
gulation, and a screw should be placed at every level 
if possible. Care should be taken not to injure or im 
pinge facets not involved in the fusion.

Pedicle screw fixation is used most frequently for 
trauma in the lumbar spine and degenerative disease 
secondary to instability or spondylolisthesis. Trau
matic injuries occur from a variety of m echanism s, 
including axial load or burst, flexion-distraction, 
flexion, shear, or any com bination of these. The ad
vantage of pedicle screw fixation is the ability to con
trol all three spinal colum ns and to shorten the fusion 
segment.

Sacral fixation can be troublesome especially in 
cases that require longer constructs, sagittal plane re
alignments, revisions, and in patients who have weak 
bone (4). The problems of sacral fixation can be at
tributed to several factors; (a) the difficult anatomy 
in this area; (b) the large lum bosacral loads with can
tilever pullout forces across this region; (c] the pos
terior position of spinal im plants in the sagittal 
plane; and (d) the poor bone quality frequently found 
w ithin the sacrum even in patients free of significant 
osteoporosis.

Posterior exposure of the sacrum is done through 
a vertical m idline incision. Care must be taken to 
avoid dural tear in the m idline, particularly in pa
tients who have occult spina bifida. Posterior sacral 
foramina are richly surrounded by venous structures 
and can be sources of significant bleeding. The sa
crum is most commonly exposed for extension of in
strumentation and fusion that extends down to the 
sacrum.

The most common method of fixation to the sa
crum is the S i  screw or ala screw (Fig. 33.10). The 
entrance point of the sacral screw is at the lower 
point of the L5-S1 articulation on the elevated ridge 
of bone. The screw is directed m edially about 25° and 
10° interiorly toward the sacral promontory. This sa
cral screw may be made to gain purchase on the an
terior cortex to enhance the fixation. Alternatively, 
lateral ala screw insertion into the dimple of S i  and 
directed 35° laterally and parallel to the sacral end- 
plate can be considered. The drill bit w ill usually rest 
on the caudal tip of the sacral mass. The drill is 
pushed anteriorly until it abuts the anterior cortex. 
The hole is enlarged w ith larger drill bits or curettes, 
and the sacral screw is inserted without tapping. This 
screw may be driven to gain purchase on the anterior 
cortex as well. The 2 mm hole is enlarged to 3.5 mm 
and the drill bit advanced just through the anterior 
cortex of the lateral sacral ala. A depth gauge should 
be used to select the correct screw length, and the 
screw should not project more than 2 mm beyond the 
anterior cortex of the sacrum. This lateral screw may

be inserted slightly interiorly so that both the medial 
and lateral screws may be inserted into the sacrum. 
Additionally, an S2 screw may be inserted. The S i 
and S2 foramina are exposed. Next, the point is lo
cated that is two-thirds distal to the inferior edge of 
the S i  foramina and two-thirds of the distance from 
true m idline to a line that bisects the midportion of 
Sl/82 foramina. The posterior cortex is opened with 
a burr, and the screw is directed 40 to 45° laterally. 
This screw is pointed toward the anterolateral corner 
of the S1-S2 ala. The instrum entation system used 
w ill also determine the specific technique of sacral 
screw fixation.

Sacral fixation may be inadequate despite the use 
of screws, particularly in cases that require longer 
constructs. Jackson’s intrasacral fixation may en
hance the stability of sacral fixation by transpedicu- 
lar endplate screw fixation and intrasacral rod inser
tion to provide a sacroiliac buttressing effect. 
Additionally, more anterior and distal insertion of 
the rods reduces the moment arm acting on the rods 
and screws. In situ contouring of the rods is made 
easier by the greater distance between the L5 and Si 
screw heads.

There are other types of sacra-pelvic fixation, in
cluding iliosacral screws, iliac screws, and Galveston 
pelvic fixation. These systems are still evolving, and 
continued research is needed to develop a technique 
that is biom echanically sound, safe, and easy for the 
surgeon.

In the Galveston technique, a length of rod is in
serted into each ilium  (2). The placem ent of the iliac 
portion of the rod is intraosseous from a bone entry 
point at the lower level of the posterior superior iliac 
spine, across the posterior ilium  10 to 15 mm above 
the sciatic notch, and into the bone above the acetab
ulum. The tip of the rod should not be pointed to
ward the acetabulum. This may occur if the entry 
point is too cephalad. The optimal rod placement al
lows a maximum length of rod to be inserted, theo
retically reducing stress because of the long lever 
arm. Insertion of the rod requires a bit of feel. The 
surgeon must place a finger in the sciatic notch and 
position the rod with the contralateral hand. The rod 
should be placed 6 to 9 cm into the pelvis. Shaping 
the pelvic portion of the rod can be tricky, but with 
practice it requires two primary bends. The rods 
should be connected by transverse connectors to im
prove torsional stability of the construct.

Conclusion___________________________
The techniques described in this chapter are meant 
to serve as a guide to posterior instrumentation of the 
thoracic and lumbar spine. Many spine fellowships 
are teaching instrumentation techniques so that the 
entering classes of spinal surgeons will have a better
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grasp of instrum entation techniques However, ex
perience plays an important role in achieving opti
mum results Im itations of posterior instrum entation 
alone should be realized in some situations, and in 
dications for anterior instrum entations are discussed 
m the following chapter (5, 22)
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CHAPTER THIRTY FOUR

Anterior Instrumentation of the 
Thoracolumbar Spine

Howard S. An and J. Michael Glover

Introduction
In 1956 Hodgson published his prelim inary report in 
the British Journal of Surgery discussing a radical ap
proach to the treatment of spinal deformity and neu
rologic compromise associated with tuberculous 
spondylitis— anterior spinal fusion (35). Thus began 
the forty-year tim e line chronicling the refinement of 
the anterior approach to the spine for broader appli
cations and the development of anterior spinal in 
strumentation systems to stabilize the vertebral col
umn.

Dwyer first developed an anterior screw and cable 
system in 1964, w hich he applied to the convexity of 
thoracolumbar scoliosis, thereby shortening the ver
tebral colum n (19). He published his prelim inary re
sults of eight cases in 1969. Widespread use of Har
rington’s posterior distraction rods had already 
begun after 1960, in w hich the vertebral colum n was 
lengthened by distracting the concavity of the cur
vature (58).

Although excellent correction and fewer fusion 
levels could be achieved with the Dwyer system, the 
flattening of the lumbar lordosis and pseudarthrosis 
were problematic (36, 42). The Dwyer system was 
best suited to serving as an adjunct to posterior cor
rection and stabilization of com plex deformities seen 
in paralytic scoliosis rather than as a primary appli

cation for treatment of idiopathic scoliosis (30). In 
1976 Zielke described his m odification of the Dwyer 
system. His ventral derotation system (VDS) used a 
threaded rod instead of a cable, creating a more rigid 
device that could be compressed and derotated, pre
serving lum barlordosis (75). Moe and associates per
formed the first Zielke application in  North America 
in 1977 and published their results in 1983, reporting 
an improved ability to derotate the spine and achieve 
significant curve correction over a short fusion area 
(54). However, concern remains about the small cal
iber of the rod and its kyphogenic potential (9). 
Newer segmental spinal instrum entation systems de
veloped for posterior applications such as the Texas 
Scottish Rite Hospital (TSRH) system (Danek, Inc., 
Memphis, TN), the ISOLA system (Acromed, Inc., 
Cleveland, OH), the Moss-Miami system (DePuy-Mo- 
tech. Inc., Warsaw, IN), and others are now being 
used in the manner of the Zielke system for the treat
ment of scoliosis. These newer systems are more rigid 
and less kyphogenic, and they obviate the need for 
postoperative bracing or casting that was required 
w ith the Dwyer and Zielke systems (70).

Instrumentation for spine trauma was pioneered 
by Dickson and Harrington in 1977 using a long pos
terior fusion with Harrington distraction rods (16). 
M odifications of posterior instrum entation systems 
to include sleeves for rods, better hooks, sublaminar
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wires, contoured rods, and pedicle screws have im 
proved reduction techniques. However, bioinechan- 
ical concerns remain about the ability of posterior 
instrum entation systems to stabilize, reduce, and de
compress the spinal canal in  certain fracture patterns 
of the thoracolum bar spine such as burst fractures 
(24, 25, 62).

W ith respect to neural decom pression in  cases of 
burst fractures, it made intuitive sense to approach 
the spinal canal anteriorly, particularly since burst 
fractures are the most common fracture pattern, and 
anterior debridement of the fracture fragments could 
be done more effectively (43, 51), The addition of a 
tricortical strut graft would then provide the needed 
stability. However, this treatment for acute thoraco
lumbar fractures often failed because the graft alone 
could not withstand the com pressive forces in this 
region of the spine (74).

Dunn introduced a device in 1984 for anterior dis
traction and com pression for the treatment of thora
columbar fractures that consisted of two rods con
nected to screws and staples placed laterally in the 
vertebral bodies im m ediately adjacent to the fracture 
site (17). This instrum entation, com bined with spinal 
canal decom pression and strut grafting, achieved the 
goals of spinal stability, neurologic decompression, 
and preservation of m otion segments. However, b e
cause of this device’s prom inence and proxim ity to 
the great vessels, aortic perforation was reported, and 
this device is no longer available [38], Other systems 
have subsequently been developed w ith lower risk 
than the Dunn device, and many of these are cur
rently used for anterior applications, such as the Ka- 
neda device (Acromed, Inc., Cleveland, OH), the U ni
versity plate (Acromed, Inc., Cleveland, OH), the 
Z-plate (Danek, Inc., M emphis, TN), and several 
broad, low-profile, multi-holed/slotted plating sys
tems (6, 29, 40, 44, 59, 73).

Anterior instrum entation developed along two 
lines of application: one for the treatment of scoliosis, 
and the other for the treatment of unstable spinal 
fractures. Today anterior spinal instrum entation sys
tems have indications for wide array of spinal dis
orders, including idiopathic scoliosis (5, 11, 31, 36,
42, 45, 48, 54, 56, 67, 69, 70), congenital scoliosis (5,
45, 54, 67), paralytic scoliosis (5, 8, 45, 46, 50, 53, 54,
56, 57, 67, 68), posttraumatic kyphosis (29, 41, 44,
54, 73), Scheuerm ann’s kyphosis (44), spinal tumors 
(6, 64, 73), spine trauma (6, 29, 40, 44, 73), degener
ative disc disease (6), and pseudarthrosis (6).

Biomechanics_________________________
Spinal stability occurs when the osteoligamentous 
structures successfully resist the physiologic forces 
applied to the spine and prevent incapacitating pain, 
deformity, and neurologic injury (72). D enis’s devel

opment of the three-colum n spine theory has signif
icantly structured the current thinking on spine in
stability (15). However, controversy still exists as to 
w hether the intact posterior colum n or the middle 
colum n is the m ost important factor for resisting de
forming forces on the spine (37).

Spinal instrum entation applied anteriorly or pos
teriorly to the unstable or deformed spine must pro
vide immediate stability and be able to resist the late 
deforming forces until fusion occurs. Long instru
mented fusions are stable but have the disadvantage 
of losing several m otion segments and can cause sig
nificant loss of lumbar lordosis. M cLain et al. showed 
that short-segment pedicle instrumentation (one 
level cephalad and one level caudad) used in treating 
unstable thoracolumbar fractures had a high rate of 
failure w ithin 6 m onths, m anifested by progression 
of deformity and bending or breakage of the screws 
(52). Most of the injuries in this study were burst frac
tures, and this effect is secondary to the cantilever 
bending forces applied to the screws in the absence 
of a reconstructed anterior column. Others have also 
shown that short-segment posterior instrumentation 
alone for the treatment of unstable burst fractures 
does not restore the necessary stiffness of (lie inlacl 
spine, and they recom m end com bination with an an
terior graft (1, 28, 61).

Gurr et al. compared anterior stabilization and 
posterior stabilization constructs in a calf spine cor- 
pectom y model (27). A ll constructs except for the an
terior Harrington rod and polymethylmethacrylate 
construct used an anterior iliac crest strut graft. Tor
sional stiffness was greatest in the anterior Kaneda 
group and in the posterior transpedicular group us
ing Cotrel-Dubdusset and Steffee implants. It was 
least in the anterior-graft-only group and in the pos
terior Harrington rod and Luque rectangle groups. 
This in vitro study evaluated only the effects of initial 
short-term stabilization, since long-term cyclical 
loading was difficult to test in this model. Shono et 
al. showed in a human thoracolumbar spine burst- 
fracture m odel that the anterior Kaneda device was 
the most rigid in axial com pression and torsion, re
storing stability at or near that of the intact spine and 
performing better than posterior Harrington rod 
sleeves and the AO fixateur interne (62). It is also 
more rigid than other anterior spine systems, such as 
the Armstrong plate, the Kostuik-Harrington system, 
and the Zielke system (63, 74). The contoured ante
rior spinal plate (CASP) developed by Armstrong, al- 
though not as rigid as the Kaneda device, is still more 
stiff axially and torsionally than other anterior con
structs, such as the Kostuik-Harrington and Slot- 
Zielke systems, and it has the advantage of being less 
prominent (6, 7). Several sim ilar plate systems such 
as the Z-plate and the University plate have been de
veloped that also allow distraction and compression.
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The stability imparted to the spine by these ante
rior constructs relies on having at least two points of 
bicortical fixation per vertebral body that are con
nected either by two rods, as in the Karteda device, 
or broad plates placed laterally on the vertebrae, as 
in the University Plate or the Z-plate. The Kaneda 
device is further stabilized by two transverse rod-to- 
rod connectors. Distraction forces can be applied di
rectly to the construct to correct deformity and assist 
with graft placem ent, followed by com pression to 
lock the graft in place and enhance fusion.

Single-screw  purchase per vertebral body con
nected by a plate or rod is less stiff, allow^ing the ver
tebrae to rotate around the screw (18). Zielke instru
m entation is less rigid in torsion and should not be 
used alone for the treatm ent of unstable vertebral 
body defects such as those caused by trauma and tu
mors. However, this single-point vertebral fixation al
lows it to be used effectively to derotate the spine in 
the treatment of thoracolum bar and lumbar scoliosis. 
The solid rod systems such as TSRH, Moss-Miami, 
Kaneda rod, and anterior ISOLA rod are applied in a 
manner sim ilar to that of the Zielke system, but the 
biom echanical rigidity they impart to the construct 
is superior (70).

Another point to consider biom echanically when 
selecting an approach and im plant for the treatment 
of burst fractures with neurologic deficit is canal 
clearance for adequate neurologic decompression. 
The neural canal may be cleared indirectly via pos
terior distraction and ligamentotaxis (21, 24), or di
rectly via posterior transpedicular (32), posterolat
eral (23), or anterior decom pression (51). Edwards 
and Levine reported an additional 32%  of canal 
clearance using Harrington rod-sleeves applied pos
teriorly w ithin 48 hours of injury (21). Less clearance 
was achieved when applied after this tim e frame. 
Esses et al. showed reduction from 44%  preoperative 
canal compromise to 16%  using the AO fixateur in 
terne (24). Shono et al. reported that the Harrington 
rod-sleeve and the AO fixateur interne improved the 
initial canal com prom ise by only 12%  and 18% , re
spectively (62). They also observed that the success 
of indirect reduction was predicated upon ligamen
tous continuity, amount of bony retropnlsion, and 
displacem ent of the fragments, all of w hich are dif
ficult to assess preoperatively. Hashimoto et al. have 
shown that neurologic im pairm ent is probable with 
canal clearances of less than 65%  at T l2 , less than 
55%  at L l , and less than 45%  at L2 or lower (33). 
Shono et al. showed that indirect reduction with pos
terior distraction techniques could not improve the 
canal clearance beyond the critical value of Hashi
moto at the thoracolumbar junction, suggesting that 
neurologic impairment would persist (62).

Therefore, in patients w ith major neurologic defi
cits and canal compromise, a com bination of anterior

decompression, strut graft, and instrumentation 
more reliably clears the canal (24, 62) and is biom e
chanically superior to indirect reduction and poste
rior instrum entation (1, 47, 62). This technique also 
has the advantage of a single-stage approach rather 
than a com bined anterior/posterior approach.

Indications/Implants
Several newer anterior spinal systems are available 
for the management of spinal instability caused by 
trauma, tumor, severe disc degeneration, and pseud- 
arthrosis. These include the Kaneda device, the Z- 
plate, the Synthes Thoracolumbar Locking Plate 
(Synthes, Inc., Paoli, PA), and the University plate. 
These devices are generally used from TlO to L5. but 
sm aller im plants are available to apply to the tho
racic spine. The iliac vessels are close to the hard
ware below L4, and so great care must taken in this 
region. These modern systems can distract and com 
press, and they are made of titanium. They use ver
tebral screws w ith bicortical purchase, except the 
Synthes system, w hich uses unicortical screws with 
a locking m echanism  into the plate. The Kaneda de
vice is the strongest but also the most prominent. The 
University plate uses fully threaded bicortical 7.0 
mm cancellous bone bolts that lock the posterior por
tion of the plate to the screws with tapered nuts, 
analogous to the Steffee plate system used in the 
posterior spine. Additional bicortical 6.25 mm 
cancellous screws are placed anteriorly in the plate 
as neutralization screws. The plate is thicker poste
riorly than anteriorly for a very low profile near the 
great vessels.

The indications for anterior spine fusion with in 
strumentation to treat idiopathic scoliosis are pro
gressive, single thoracolum bar and lumbar curves 
greater than 40 to 50° that cause significant imbalance 
of the trunk (48, 69). Double major curves may also 
be addressed by instrumenting the lumbar curve, 
though only if  the thoracic curve is less than the lum
bar curve and is flexible, and correction may be less 
than in single curves (45, 48, 54, 70). Trammell et al. 
identified patients over 50 years of age, curves greater 
than 60°, and rigid curves as groups at high risk for 
failure of the procedure (69).

The selection of fusion levels is based on the con
figuration of the disc spaces and the degree of verte
bral body translation on the standing posteroanterior 
radiograph and bending radiographs. A ll vertebrae 
bordering disc spaces that are open on the convexity 
o f the curve are included in the fusion as well as ver
tebrae that are significantly translated more than 5 
mm from the vertebra below (54). The distal end ver
tebra must be neutrally rotated and horizontal to the 
sacrum on the reverse side-bending posteroanterior 
radiograph to prevent accelerated disc degeneration



6 9 6 SECTION VI: SPINAL PROCEDURES AND INSTRUMENTATIONS

distally (9, 48], The average number of levels fused 
and instrumented is four to five segments.

Surgical Techniques 

Anterior Plate (Z-plate, 
University Plate)
Once the patient’s history, physical exam ination, 
and radiologic evaluation have been com pleted and 
significant neurologic deficit and canal compromise 
has been found, the patient is indicated for an ante
rior decompression, strut graft, and plate/screws 
(Figs. 34.1 and 34.2).

A standard left retroperitoneal or thoracoabdom i
nal approach is preferred because of the ease of lo 
cating and m anipulating the aorta in comparison 
with the inferior vena cava. The spine is exposed one 
level cephalad and one level caudad to the injured 
segment, w hich is confirmed radiographically, and 
the segmental vessels are ligated at all three levels. 
The disc material and cartilaginous endplate of the 
cephalad and caudad levels to the damaged vertebra 
is removed, and a subtotal corpectomy and canal de
com pression is performed, leaving the anterior and 
contralateral cortices intact.

A vertebral body spreader is placed inside the 
corpectomy site against the cephalad and caudad 
endplates to distract and reestablish tension in the 
ligamentous structures, correcting the kyphotic 
deformity. The graft site is then measured from end
plate to endplate, and an autologous tricortical iliac 
crest graft is harvested, shaped, and placed w ithin 
the distracted corpectomy site. The vertebral body 
spreaders are removed, allowing the endplates of the 
cephalad and caudad vertebrae to rest on the graft. 
Additional m orselized graft is placed anteriorly to fill 
the void between the anterior longitudinal ligament 
and the strut graft. M eticulous grafting technique is 
a necessity, because no spinal instrum entation sys
tem w ill compensate for a poor or insufficient graft.

Any ridges or prom inences laterally are reduced 
so that a flat surface is available for the plate. These 
plate systems use two vertebral screws per vertebra, 
and com pression force can be applied. A drill bit is 
placed through an appropriate drill guide and a hole 
is drilled to penetrate both cortices. In general, the 
posterior screw holes are prepared first, as in Z-plate 
and University plate systems. After com pletion of the 
drilling, the hole may be tapped to the measured 
depth. Screws of the appropriate length are selected 
and advanced into the hole, and bicortical purchase 
is confirmed radiographically or by direct palpation. 
The plate is placed over the bolts, and the corre
sponding nut is tightened to secure the plate to the 
bolts.

W hile the nut is being tightened the compressor is 
placed so that the strut graft is loaded in compres
sion. Additional anterior screws are placed so that 
triangulation is achieved w ith the two vertebral 
screws per vertebral body.

Anterior Rod Systems: 
Zielke Instrumentation
The m odification of the Dwyer procedure that Zielke 
introduced in 1976, also known as ventral derotation 
spondylodesis [VDS), was designed to correct both 
the coronal plane deformity and the rotational defor
m ity of scoliosis. This system uses the vertebral body 
screws that are connected by a threaded rod, provid
ing fine adjustment to the com pression force. The 
Zielke system is prim arily used for correcting iso
lated thoracolum bar or lumbar deformities, and its 
m ain advantage over posterior instrumentations is 
that fewer levels need to be fused, allowing more mo
bile m otion segments to rem ain distal to fusion. The 
Zielke instrum entation may be augmented with pos
terior instrum entation to enhance the rigidity of the 
construct w hile saving distal m otion segments (Fig.
34.3). This system may also be applied to the anterior 
aspect of the thoracic spine, but the indications, ad
vantages, and outcomes of anterior rod instrumenta
tions are not w ell delineated at this time for thoracic 
scoliosis.

The surgical techniques for VDS are exacting. The 
exposure of the thoracolum bar spine is made over the 
convexity of the curve. The bed of the tenth rib is 
usually used for a thoracoabdom inal approach. The 
vertebral bodies are exposed, and segmental arteries 
and veins are Isolated  and ligated individually. The 
vertebral bodies are exposed circum ferentially to the 
opposite side, and m alleable retractors are positioned 
to protect the great vessels. Radiographs are obtained 
to confirm the levels of dissection. First, meticulous 
removal of the intervertebral discs is done. The disc 
material is removed to the posterior longitudinal lig
ament, and the annulus fibrosus on the concave side 
of the curve should be excised as well. The endplates 
should be fish-scaled to enhance the fusion rate. 
Zielke screws are placed in the middle of each ver
tebra from the superior-inferior aspect and the pos
terior one-third from the anterior-posterior aspect. 
An awl is used to make the initial entry point, and a 
screw of appropriate length is inserted to the oppo
site cortex. The surgeon should palpate the opposite 
cortex and the tip of the screw to confirm the proper 
length of the screw. Zielke staples may be used as 
anchors at the proximal and distal ends of the instru
m entation system, and plain washers may be used in 
the middle segments. The 3.2 mm threaded rod is 
placed over the screw heads. The derotation and lor- 
dosing bridge is attached to the threaded rod, which
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FIGURE 34.1.
A 49-year-old male who sustained an Ll burst fracture with 75% canal compromise resulting in incomplete paraplegia. 
This patient underwent anterior decompression, strut grafting, and University plate fixation from T12 to L2. His neurologic 
status improved a Frankel grade, and solid fusion and maintenance of alignment was noted at follow-up. A. Lateral radio
graph shows the burst fracture and kyphotic angulation. B. Postoperative computed tomography scan shows decompression 
to the opposite pedicle and strut iliac crest graft, rib grafts, and the University plate. C. Sagittal reconstruction view shows 
the sfrut graft, canal decompression, and correction of the kyphotic deformity.

is anchored to each screw. W hen the spine is m aneu
vered into derotation and lordosis, the disc space 
should open up anteriorly. M orselized bone graft is 
placed in the disc space. In order to enhance lordosis 
of the lumbar spine, a structural graft or cage may be 
placed anterior to the line of the com pression rod.

Compression is applied in the corrected position, 
thus locking the spine in  the lordotic and derotated 
position. The excess rod is trimmed, and a chest tube 
insertion and closure is done as usual. Postopera- 
tively, a thoracolum bosacral orthosis (TLSO) is worn 
for 5 to 6 months.
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FIGURE 34.2.
A 60-year-old female with plasmacytoma at T12 resulting in significant kyphotic deformity, lower extremity weakness, and 
conus medullaris syndrome After failure of radiation and chemotherapy, this patient underwent anterior spinal cord de
compression, strut grafting, and University plate fixation She recovered bladder and sphmcter function completely and 
had significant improvement of motor strength A. Postoperative anteroposterior radiograph shows solid fusion and plate 
fixation from T i l  to Ll. B. Lateral radiograph shows correction of the kyphotic deformity and plate fixation. There was 
slight subsidence of the graft and the plate abutting on the TlO -Tll disc region, but the patient remained asymptomatic

Anterior Solid Rod Systems (TSRH, 
Anterior ISOLA, Moss-Miami, 
Kaneda, Etc.)
The Zielke system is a flexible rod system that offers 
fine adjustment capability during instrumentation. 
The solid rod systems such as TSRH, anterior ISOLA, 
or M oss-M iami lods are rigid, and they provide more 
powerful correcfive force and more stable constructs 
(Figs. 34 .4 -34 .6 ). The indications for rigid rod sys
tems for scoliosis are essentially the same as for the 
Zielke rod. The TSRH  system uses rods of 4.8 mm or 
6.4 m m  in  diameter and screws of 5.5 mm and 6.5 
mm in  diameter. The screws may be standard or vari

able-angle types. The ISOLA system uses either 6.35 
min (V4 inch) or 4.76 mm inch) rods that are con
nected to vertebral screws with a top-loading set 
screw m echanism . Moss-Miami rods are 5 mm in di
ameter, and the connection between the monoaxial 
or polyaxial screws and the rod is achieved by a top- 
loading inner set screw and outer nut mechanism.

The Kaneda anterior spinal device consists of the 
vertebral plate, vertebral screw, paravertebral rod, 
nut. and transverse fixators. The vertebral plate has 
tetra-spikes, w hich are fixed into the lateral vertebral 
body. The vertebral screw  is tapered and self-tappmg 
w ith a neck diameter of 6.0  mm. The diameter of the 
paravertebral rod is 5.5 mm. The nuts are fixed into
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FIGURE 34.3.
A 16-yeai’-old with right thoracolumbar curve at 49°. 
A. and B. Upright coronal and sagittal roentgenograms 
preoperatively. C. and D. Upright coronal and sagittal 
roentgenograms at ultimate follow-up. Excellont cor
rection and maintenance of balance was achieved, 
(Courtesy of Keith Bridwell.)

the screw-head holes on the rod from both sides. The 
top and bottom vertebral bodies are fixed with an or
dinary plate and screws, and the vertebral bodies 
between the top and the bottom are fixed with the 
one-hole vertebral plate and screw. The anterior and 
posterior paravertebral rods are coupled with the

transverse fixators. The rod of the multisegmental fix
ation system is flexible (the rod diameter is 4.0 mm). 
If the deformity is easily correctable, the rigid para
vertebral rod will be applicable.

After exposure, disc excision, and endplate prep
aration, the screws are placed in the posterior one-
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FIGURE 34.4.
A 15-year-old female with left thoracolumbar curve at 50°. A. and B. Upright coronal and sagittal roentgenograms preop- 
eratively. C. A push-prone roentgenogram showing the flexibility of the left thoracolumbar curve D. and E. Upright coronal 
and sagittal roentgenograms in the patient postoperatively Her parents were very concerned that she maintain spinal 
flexibility Excellent cosmetic correction and maintenance of balance have been achieved with a very short anterior fusion 
and instrumentation (Courtesy of Keith Bridwell.)
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FIGURE 34.5.
A 29-year-old cerebral palsy patient 
with progressive right lumbar scoli
osis and hyperlordosis of the lumbar 
spine of 110° that causes pain and in
terferes with sitting. This patient un
derwent posterior release of the in- 
terspinous ligaments, capsules, and 
ligamentum flavum from T i l  to L5, 
anterior discectomy, fusion, and 
ISOLA rodding from LI to L4, and 
posterior instrumentation and fusion 
from T i l  to the sacrum. A. Antero
posterior radiograph shows scoliosis 
and pelvic tilt due to hyperlordosis 
of the lumbar spine. B. Lateral radio
graph shows 110° lordosis of the 
lumbar spine. C. Postoperative an
teroposterior radiograph shows good 
correction of scoliosis and ISOLA in
strumentation from T i l  to sacrum.
D. Postoperative lateral radiograph 
shows correction of lordosis to 68°. 
The anterior ISOLA rod from Ll to 
L4 was applied in compression to 
correct both scoliosis and lordosis. 
Posterior instrumentation was ap
plied in distraction to correct the hy
perlordosis. This patient has good 
sitting balance and maintenance of 
correction.
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FIGURE 34.6.
A 35-year-old patient with neurofibromatosis presented with severe kyphoscoliosis and paraplegia. The kyphotic deformity 
was so severe that skin decubitus was developing over the apex of the kyphosis and sitting balance was affected. This patient 
underwent simultaneous anterior and posterior procedures. The procedures included anterior decompression ol the spinal 
cord over the apex of the kyphosis, anterior vertebral body excision, posterior osteotomy, anterior strut gralting and TSRH 
rod fixation, and posterior TSRH rod fixation and fusion. A. A sagittal Tl-weighted magnetic resonance image shows 170° 
kyphosis and compression of the great vessels anteriorly. B. A reconstructed sagittal computed tomography scan shows 
dystrophic kyphotic deformity with complete myelographic dye. C. Intraoperative photograph shows the anterior decom
pression and fibula strut grafts and TSRH rod fixation. Posterior incision is made simultaneously, and posterior instrumen
tation was performed as well. D. Postoperative lateral radiograph shows correction of the kyphosis to 65° and anterior and 
posterior TSRH rod fixations. This patient had solid fusion both anteriorly and posteriorly with maintenance of correction 
at follow-up.
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third of the vertebral bodies. If staples are used, the 
prongs of the staple should go into the endplate. The 
rod is contoured for lordosis between L I and L3 and 
is relatively straight betw een T i l  and L l. The rod is 
then linked to each screw successively. The rod is 
usually seated from the caudal to cephalad direction. 
The rod is rotated 90° into lordosis. The disc spaces 
are packed with m orselized bone grafts or structural 
grafts, and the instrum entation is compressed and 
tightened. For the Kaneda system, the vertebral 
prongs are fixed on the top and bottom vertebral bod
ies. If the scoliotic curve is rigid, the flexible rod 
(measuring 4 mm in  diameter) is used w ith the one- 
hole plates and nuts on the interm ediate levels. If the 
curve is relatively flexible, the semirigid rod (5.5 mm 
diameter) is used. After inserting the rod into the 
screw-head holes on the most cephalad and caudal 
vertebral bodies, a com pression force is applied to 
correct scoliosis. After packing bone chips (usually 
sectioned rib) into the disc spaces, a screw is inserted 
into each intermediate vertebral body, and the nuts 
are tightened on the rod w hile force is being applied 
at the scoliotic/kyphotic apex for correction of defor
mity. Zielke derotator instrum entation can be used 
as well. Having an assistant push the hump with the 
palm of the hand can be helpful. An anteroposterior 
roentgenogram is taken before closure to check the 
lateral curvature, as overcorrection may occur in  a 
flexible curve. Anterior com pression rod systems 
may also be used for correction of other deformities, 
such as thoracic scoliosis and hyperlordosis of the 
lumbar spine. In short, rigid kyphotic deformities, 
the anterior rod systems are used to distract the an
terior colum n of the spine. Postoperatively, a thora- 
columbosacral orthosis (TLSO) is used for 5 to 6 
months.

Complications
The anterior approach to the thoracolumbar spine is 
an extensive exposure and is associated with num er
ous com plications (71). Extensive knowledge of the 
anatomy, m eticulous dissection of the soft tissues, 
and accurate placem ent of the instrum entation are 
absolutely necessary to m inim ize morbidity and 
mortality.

Injury to the spinal cord or cauda equina may oc
cur during removal of the intervertebral disc and 
bone, during insertion of screws into the vertebral 
bodies, or from vascular insult. M echanical damage 
to the neural elements is largely preventable. Screw 
insertion should be done parallel to the posterior lon
gitudinal ligament and in a posteroanterior direction 
to avoid penetration of the spinal canal. Avoid ligat
ing segmental arteries close to the intervertebral 
foramen, especially between the fifth and ninth

thoracic vertebrae, w hich can disrupt collateral 
circulation to the cord. Temporary occlusion of seg
mental arteries with observation for somatosensory 
evoked potential (SSEP) changes may be helpful in 
preserving key arterial flow to the spinal cord. If para
plegia is noted after surgery, roentgenograms should 
be taken to rule out penetration of the spinal canal 
by a screw or bone graft. Spinal cord contusion can 
be detected by magnetic resonance imaging. Injury to 
the superior hypogastric plexus or the presacral 
nerves resulting in im potence and retrograde ejacu
lation in the male may occur with anterior ap
proaches to the lumbosacral spine.

If a neurologic deficit is noted during or after sur
gery, corrective force must be reduced immediately. 
Myelogram, computed tomography, or magnetic res
onance imaging may also be helpful in looking for 
epidural hematoma or cord contusion if  the deficit is 
found postoperatively. If hematoma is present, it 
should be drained expeditiously. The onset of neu
rologic deficit as a result of edema or cord ischem ia 
may be delayed for several days (39). Instrumentation 
should be removed even in late cases in w hich the 
clear cause of the neurologic deficit is not found.

Prevention of major vessel injury is a major con
cern during anterior exposures to the spine. Injury to 
the aorta or vena cava is most commonly caused by 
overly vigorous retraction (3). Great caution should 
be used during removal of the rim of the annulus fi- 
brosus. It is beneficial to have an assistant hold a 
Chandler elevator between the vessels and the spinal 
colum n during disc removal (60). W hen instrum en
tation is used, it is important to use screws of the 
appropriate length so that they w ill not extend far 
beyond the opposite cortex and risk penetration of a 
major vessel (49). Late hemorrhage caused by ero
sion, leakage, or false aneurysm formation of the ves
sel has been known to occur (18, 20, 38). If bleeding 
is encountered during surgery, manual finger pres
sure or an arterial clamp is used to halt bleeding be
fore formal vascular repair.

In anterior fusions with instrumentation, instru
m entation failure may or may not be related to pseud- 
arthrosis. Early screw pullout, rod or plate failure, 
tilting of the end screw, and vertebral fracture are 
related to surgical technique and quality of bone. 
Zielke instrum entation failure is more likely in older 
adults who have large, rigid curves.

Respiratory com plications may include atelecta
sis, pneumonia, pleural effusion, pneumothorax, 
chylothorax, hemothorax, acute respiratory distress 
syndrome, respiratory failure, pulmonary thrombo
embolism, and fat embolism (2, 10, 26, 71). Chylo
thorax may follow anterior surgery of the spine (13,
14, 22, 55). Leakage in the lym phatic system should 
be recognized during surgery, and the stump should
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be ligated proxim ally and distally. Treatment of chy- 
lothorax consists of chest tube drainage and decreas
ing the patient’s fat intake, although Dehart et al. 
showed that these patients did w ell without post
operative drainage (14). Postoperative pulmonary 
problems such as atelectasis and pneum onia are par
ticularly common in adults, patients with nonidi- 
opathic scoliosis, patients with mental retardation, 
and in anterior procedures (2). Preoperative medical 
consultation should be routine in these patients.

Postoperative ileus may occur after anterior spine 
surgery. Ileus is usually managed w ith nasogastric 
suction and delaying oral feeding until bowel sounds 
return. Narcotics should be used as necessary in the 
early postoperative period, but prolonged use can 
disturb gastrointestinal m otility. Ileus may be con
fused w ith true m echanical obstruction of the bow
els. Particularly in the scoliosis patient, superior 
m esenteric artery syndrome may occur, w hich gives 
symptoms of nausea and vomiting due to a high in 
testinal obstruction (4). This syndrome is a result of 
a m echanical com pression of the third part of the du
odenum as it passes between the superior mesenteric 
artery anteriorly and the aorta and vertebral column 
posteriorly. W hen the scoliotic patient undergoes in 
strumentation, resultant correction of the curve nar
rows the angle between the superior m esenteric ar
tery and the aorta and compresses tlie duodenum. 
Upper gastrointestinal studies w ith barium swallow 
are diagnostic. The treatment of this syndrome 
should consist of nasogastric suction, left lateral de
cubitus positioning, and occasional m odification or 
removal of the external brace. Surgical intervention 
is rarely needed, as prolonged nasogastric suction, 
intravenous hydration, and parenteral nutrition usu
ally corrects this malady.

Urinary tract infections and urinary retention are 
the most common com plications following anterior 
spine surgery (71). Late hydronephrosis as a result of 
retroperitoneal fibrosis has been reported (12, 65).

Sympathectomy effect is common after an exten
sive anterior procedure. The patient reports that the 
opposite leg is cooler than the leg on the side that 
was operated on. The sym pathetic trunk should be 
carefully retracted during the procedure and pre
served as much as possible. Fortunately, this com 
plication lasts temporarily, typically 3 to 4 months, 
and is rarely disabling (66). Injury to the spleen has 
been reported in a patient who underwent left-side 
anterior surgery for scoliosis (34).

Conclusion____________________________
The benefits of anterior instrum entation include a 
short segment fusion that preserves m otion segments; 
better torsional and axial rigidity in com parison with 
posterior systems; and decom pression and stabiliza

tion of the spine via a single approach. However, 
greater risk is involved, because the anterior ap
proach is more technically  demanding than a poste
rior approach and because of the proximity of the 
hardware to the great vessels. W ith m eticulous tech
nique, the anterior approach with instrumentation 
can yield satisfying results with m inim al complica
tions.
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FIGURE 35.1.
Seventeenth century model of hard wired transmission 
ot pain signals of Rene Descartes Transmission of pain is 
direct exact and immutable (From Melzack R Wall PD 
Pain mechanisms a new theory Science 1965 150 971 
Copyright 1965 American Academy for the Advancement 
of Science )

sponse to a nerve in jection w ill depend on the 
balance of small and large-fiber block convergent 
signals from other sites, and descending m odulation 
induced by stress For example, the block of one of 
the inputs may decrease total stim ulation below the 
threshold for triggering the spinal neuron, producing 
pain rehef even though pathology is widespread 
Neural interactions may also lead to reduced percep 
tion of back pam secondary to pam  from needle m- 
sertion and the stress of a block procedure, without 
blocking the site of pathology

The likelihood that a spinal neuron w ill respond 
to an input is not hxed These neurons may becom e 
sensitized by repeated input, especially from small 
pain hbers (Fig 35 3) Once exposed to these condi
tioning stim uli, they may send a pam signal to the 
brain even after nonpainful input a phenom enon 
termed allodynia hiput from other areas may also 
produce a signal due to convergence of fibers from 
diffeient sources on the dorsal horn cell (Fig 35 3} 
After sensitization of the cord, blockade of nerves 
outside the area of primary pathology may result in 
some relief, spuriously indicating the injured area 
Pain relief may be prolonged far beyond the presence 
of the local anesthetic if spinal sensitization dim in
ishes during the interval of blockade Surgical nerve

ablation rarely duplicates pam relief from blockade 
because of the spinal sensitization produced by in 
tense conditioning stim uli from neural injury at the 
time of surgery and from the neuroma afterward

Limitations Due to Local 
Anesthetic Effect
Injected local anesthetic rarely results in a physio 
logic transection of the nerve Rather, the mterrup 
tion IS variable and partial Sm all fibers and rapidly 
hrmg hbers are blocked most completely Therefore 
the response to diagnostic block w ill depend on the 
relative contribution of large and small fibers to the 
pam , and on the hrmg pattern of the nerves Both of 
these factors are hard to predict

Circulating local anesthetic absorbed from the area 
of in jection may be analgesic at distant sites of pa
thology, especially m  injured nerves Serum levels 
created by many clin ically  used blocks are adequate 
to dim m ish spontaneous signal generation from in 
jured nerves (Fig 35 4) This could mistakenly indi 
cate the injected nerve as the pathogenic one

Limitations Due to Anatomic  
Considerations
The use of blocks for diagnosis and prognosis de 
pends on an assumption of anatomic consistency We 
expect nerve structures to be found m predictable

FIGURE 35.2.
Melzack and Wall s gate control theory Two important 
components are incorporated into this description of pam 
signal modulation First competition for access to the cen 
tral nervous system between pain signals transmitted by 
small hbers (S) and nonpainful input transmitted by large 
hbers [L) is mediated by interneurons in the substantia gel 
atinosa of the spinal cord dorsal horn These segmentalin 
teractions determine ascending output by the transmitter 
(T) cells Secondly descending signals from the brain (cen 
tial control) influence ascending spinal cord output as well 
(Reprinted with permission from Melzack R Wall PD Pam 
mechanisms a new theory Science 1965 150 971 Copy 
right 1965 American Academy for the Advancement of 
Science )
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FIGURE 35.3.
Spinal sensitization and convergence. Painful input trans
mitted by small fibers, especially from deep somatic sites, 
(1) provides conditioning stimuli that can make pain-trans- 
mitting second-order neurons of the spinal cord (2) more 
likely to fire, a process termed sensitization. After sensiti
zation, dorsal horn cells may fire after noninjurious low 
intensity input transmitted by large fibers, which may orig
inate in the area of original stimulation or in distant tissues 
(3) that send convergent input to the dorsal horn cell. (After 
Fields HL. Pain. McGraw-Hill, 1987:90-91.)

FIGURE 35.4.
Systemic effects of local anesthetics. Section of the sciatic 
nerve in a rat creates a neuroma, represented by a tangle of 
nerve fibers at the nerve end in the upper drawing. Record
ing from distal fibers at R shows spontaneous nerve activity 
and bmsts of activity in response to minimal mechanical 
stimulation, both absent in normal nerves. These neuro
pathic pain signals, represented in the tracing below, are 
suppressed by low circulating levels of local anesthetic 
from systemic injection at the arrows. (After Devor M, Wall 
PD, Catalan N. Systemic lidocaine silences ectopic neu
roma and dorsal root ganglion discharge without blocking 
nerve conduction. Pain 1992;48;262.)

places and to have predictable connections. There 
are important lim itations to these expectations. Like 
any biologic feature, most anatomic parameters show 
variability about a norm. For example, Tuffier’s line 
between the iliac crests crosses the vertebral column 
most often at the L 4 -5  disc (perhaps higher on av
erage in men than in women), but the range is from 
as low as the L5-S1 disc to as high as the L 3 -4  disc 
(Fig. 35.5) (48, 101, 126). A normal distribution also

describes the level of the term ination of the spinal 
cord and of the term ination of the dural sac (91 ,129). 
This indicates that surface and palpation landmarks 
are unreliable indicators of deep structures.

The number and location of structures is also vari
able. The distribution of nerve roots to the interver- 
tebral foramina is anomalous in about 8%  of subjects, 
including, for example cases in w hich two root pairs 
exit at one level w ith an adjacent empty foramen (87, 
119, 121). The clin ical consequence of anomalous 
anatomic arrangements is the development of anes
thesia in an unexpected distribution after foraminal 
in jection, with resulting diagnostic ambiguity.

The separation of peripheral sensory input into a 
discernible segmental pattern is a fundamental con
cept underlying many diagnostic blocks. The distri
bution of fibers to dermatomes has been mapped 
using zoster eruptions, residual sensation after 
sectioning the roots on either side of an intact seg
ment, absent sensation after root section or anesthe
sia, vasodilatation during stim ulation of roots, or 
pain w ith nerve root com pression and visceral dis
ease (17). The dermatome diagrams these methods 
produce show considerable disagreement. There is 
also variability in the formation of segmental spinal 
nerves and their peripheral distribution. M ultiple in 
terconnections of adjacent roots are found within the 
dural sac in all subjects, w ith between three and nine 
such intersegmental anastomoses at the upper cer
vical region and a sim ilar number at the lumbosacral 
level (124, 125). Furthermore, extensive overlap be
tween consecutive peripheral dermatomes is evi
dent, since the division of an individual root rarely 
produces an appreciable loss of sensibility. As a con
sequence, sensory changes after local anesthetic in 
jections about the vertebral colum n are variable. 
There is also segmental inconsistency in the motor 
innervation of the extrem ities. Marked departure 
from the usual distribution of L5 and S i  motor fibers 
is found in 16%  of subjects, in whom stim ulation of 
a nerve root produces movement typical of the other 
root (158).

Methods
Diagnostic blocks should be performed in a manner 
that yields the most certain inform ation possible in 
order not to add to the inherent ambiguity of clinical 
pain. In many cases, needle position should be con
firmed by radiologic imaging. Determination of seg
mental level is unreliable without confirmation by 
radiography, and studies of a variety of in jection pro
cedures have shown inadequate consistency of nee
dle placem ent without imaging (54 ,130). Since small 
volumes of local anesthetic must be used in order to 
m inim ize spread to untargeted nerves, meticulous 
needle placem ent is required to ensure adequate
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FIGURE 35.5.
Palpation is an unreliable means of determining vertebral level. The frequency distribution of bony segmental levels at 
which Tuffier’s line, which connects the iliac crests, crosses the vertebral column is shown (diamonds/dashed line). Also 
shown are the distributions for the levels at which the dural sac ends (circles/dot-dash line), and at which the spinal cord 
ends (squares/solid line). [Reprinted with permission from Hogan Q. Tuffier’s line: the normal distribution of anatomic 
parameters. Anesth Analg 1993;78:194-195.)

blockade of the desired nerve. Injectiori of a small 
amount of radio-opaque contrast prior to the anes
thetic can identify passage to an undesired nerve or 
in an ineffective direction. The usefulness of guiding 
needle insertion by the nature of provoked pain is 
lim ited by the lack of specificity of deep sensations 
(109, 114).

Pain before and after blockade should be evaluated 
by asking the patient to rate the intensity betw een 0 
(none) and 10 (worst imaginable) to facilitate com 
m unication and documentation. Provocative m ea
sures such as palpation of a tender area or joint move
ment may reveal changes in  incident pain w hen 
compared before and after the block, and spontane
ous pain may respond to a block differently than in
duced pain. If the patient is not feeling his or her 
usual pain at the time of a diagnostic block, little can 
be learned about the pain m echanism . W hen pain is 
relieved by neural blockade, the duration of analgesia 
should be determined. R elief lasting only the ex
pected duration of the anesthetic effect (at most 2 
hours for lidocaine hydrochloride, 4 hours for bupi- 
vacaine) suggests an ongoing peripheral focus of n o 
ciception. If relief obviously outlasts the anesthetic,

a central process potentiating pain transmission may 
be involved.

Pain relief, however, cannot be the only measured 
parameter. Independent confirmation of neural 
blockade is necessary, since performing the proce
dure correctly and w ith care does not guarantee that 
the intended nerve w ill be anesthetized and the de
sired physiologic change achieved. Detailed sensory 
and motor testing before and after in jection can iden
tify somatic nerve block effects. A bility to sense the 
scratch from a folded corner of a foil alcohol pad 
wrapper indicates small-fiber (nociceptive) function, 
w hile dull touch perception indicates large-fiher 
function. Stim uli should be performed as consis
tently as possible, since a stimulus that is more in
tense, more frequently repeated, or more broadly dis
tributed may be perceived w hile weaker stimuli are 
blocked (141).

Pain caused by the procedure itself may result in 
confused diagnosis, since relief following the injec
tion may be the relief of the iatrogenic pain and not 
of the preexisting pain for w hich the block was done. 
Also, intense pain from the procedure may diminish 
the perceived severity of the original pain by activat
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ing descending pain suppression (Fig. 35.6), creating 
the illusion that neural blockade effects relieved the 
pain (140). Judicious use of local anesthetics in the 
superficial tissues, use of small needles, and careful 
needle guidance lim it the pain of the procedure.

The placebo response is a thorny but central issue 
in diagnostic blockade. There can never be certainty 
that pain relief follow^ing nerve block is due to the 
block and not a placebo response. In general terms, 
placebo responses are incom plete, are inconsistently 
repeatable, and may lack the appropriate time course 
for the onset or duration of the active agent. In jec
tions, like surgery, are especially potent placebos 
(51). No personality features predict a placebo re
sponse (94). Saline in jection can be used to seek a 
placebo response. However, individuals are not con
sistent in being responders or nonresponders, and 
most individuals w ill eventually respond to a pla
cebo if  administered repeatedly, so it is hard to con
clude m uch from identifying a placebo response (76). 
Certainly, this is not a means to determine if  the pain 
is real. In a sense, placebos are active agents since 
an endogenous opioid m echanism  is evident (63, 
92, 97).

Local Infiltration
The most direct means of identifying a source of pain 
is by in jection of local anesthetic directly into the 
site, such as in the area of a scar or tender m uscle. If 
relief follows superficial in jection, it suggests that 
deeper sites are not involved. Pain that persists after 
anesthetizing overlying skin or m uscle im plies the 
indirect com pression of an inflamed nerve root, joint, 
or other structure.

Skin that is hyperesthetic in the area of a scar is 
probably so because of spinal sensitization and m e
chanical sensitivity of neuromata in the skin. Suc
cessful analgesia with local anesthetic in jection may 
be followed by attempts at longer relief by the in jec
tion of depot steroids.

Lidocaine 1% or bupivacaine 0.5%  is injected 
through a 2 2-gauge or 25-gauge needle under the skin 
along a scar or into the area of tender m uscle or fas
cia. Large tender areas requiring more than about 20 
mL injectate are probably best treated by other 
means. Triam cinolone diacetate or methylpredniso- 
lone may be added in the ratio of about 1 mL per 8 -1 0  
mL anesthetic. Physical therapy should be consid
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FIGURE 35.6.
Descending modulation. Signals from pri
mary afferent fibers are transmitted to various 
parts of the brain by axons originating in dor
sal horn cells and conveyed in the spinotha
lamic tract. Ascending pain signals may trig
ger descending systems in the centers shown, 
which then suppress activity of the dorsal 
horn cell and block afferent transmission of 
pain signals. (Reprinted with permission from 
Cousins MJ, Phillips GD, eds. Acute pain 
management. LorLdon- Churchill Llviivgstoiie, 
1986.)



7 1 2 SECTION VI: SPINAL PROCEDURES AND INSTRUMENTATIONS

ered during the interval of analgesia to take best ad
vantage of the injection. Repeat in jections can be pur
sued at intervals as short as 2 days but should not be 
continued unless the period of relief is progressively 
prolonged, indicating an eventual resolution. Except 
in the case of in jections every few m onths, continued 
in jection therapy without evidence of progress is not 
indicated.

Trigger points are a special case of m yofascial pain 
in w hich the tenderness and pain are focused to one 
or several small sites in the m uscle where a palpable 
lump is evident. This com m only accom panies other 
structural or neurologic maladies. Histologic and 
electromyographic study of these areas has not iden
tified a pathogenic m echanism , but relief following 
local anesthetic in jection may be long lasting. It is 
possible that the inherent m yotoxicity of local anes
thetics has a therapeutic role [75). A ll local anesthet
ics release calcium  from intracellular stores, result
ing in activation of proteases and cell destruction. 
Mature myocytes have such stores in sarcoplasm ic 
reticulum , but nerves, vessels, and immature myob
lasts lack calcium  reservoirs and are spared. Regen
eration of m uscle fibers is prompt, and the loss of 
m uscle is rarely evident. The replacem ent of old 
m uscle cells by new cells might be the means of re
lieving trigger-point pain by injection.

Some doubt regarding the specificity of the tissue 
injection is raised by reports showing comparable ef
ficacy from less specific techniques, such as dry nee
dling of trigger points (93) and jet in jection of local 
anesthetic into the skin overlying trigger points (128). 
Prelim inary observations suggest that botulinum  
toxin in extremely dilute concentrations may give 
prolonged relief (27). Tissue in jection is rarely dan
gerous, but pneumothorax is possible at thoracic lev
els. Diagnostic interpretation should consider nearby 
nerves. For instance, relief after piriformis m uscle 
trigger-point in jections could also be the result of the 
spread of anesthetic to the adjacent sciatic nerve.

Peripheral Nervq Block_______________
The in jection of local anesthetic or steroid on a pe
ripheral nerve is occasionally used in the diagnosis 
and treatment of back pain. Plexopathy following in 
jury may respond to steroid treatment, using stan
dard anesthetic approaches to the brachial, lumbar, 
or sacral plexus. Block of peripheral branches of the 
sciatic nerve may relieve pain in well-docum ented 
cases of lum bosacral radiculopathy (86, 154). This 
surprising response perhaps results by blocking an
tidrom ic im pulses that arise from the nerve root or 
dorsal root ganglion and are propagated to the pe
riphery, producing changes in nociceptor sensitiv
ity (2).

Sympathetic Blockade
Deep somatic sensation from the vertebral column is 
supplied by afferent fibers that follow sympathetic 
pathways (65, 83). Specifically, the costovertebral 
joints, anterior longitudinal ligament, and much of 
the annular ligament are directly innervated by 
branches of the rami communicantes and sympa
thetic trunks (64). The extensive neural plexus in the 
anterior epidural space that supplies sensation to the 
anterior dura, posterior longitudinal ligament, and 
the posterior portion of the annular ligament of the 
disc is made of small afferent fibers that enter the 
vertebral canal as the sinuvertebral nerves, or nerves 
of Luschka. These originate from the rami commu
nicantes as m ultiple fine structures and hence enter 
the intervertebral foramina (Fig. 7A). Connection to 
their somata in the posterior root ganglia is by way 
of the paravertebral sympathetic trunks. Fibers from 
the sinuvertebral nerves may span as many as eight 
vertebral segments and cross the midline, contribut
ing to the poor somatotopic specification of vertebral 
sensation.

Sym pathetic pathways for vertebral sensations has 
been documented in experimental settings by elec- 
trophysiologic monitoring and in awake human sub
jects by provoking back pain with electrical stimu
lation of the sympathetic trunks and rami (6, 60,142,
150). Local anesthetic blockade of the sympathetic 
trunk is occasionally used for treatment of back pain, 
especially in m ultiply operated backs in which more 
w ell-established techniques have been exhausted. If 
local anesthetic block produces relief, phenol injec
tion may produce a more lasting effect, although the 
response is usually not permanent and genitofemoral 
neuralgia may ensue in perhaps 10% of cases. De
spite the anatomic and physiologic appeal of this ap
proach, there is only prelim inary support so far (19,
32, 50).

Sacroiliac Injection
The sacroiliac joint is well innervated and a probable 
source of back pain in some patients (145). Injection 
into healthy joints produces pain in and around the 
joint, into the gluteal area, and occasionally into the 
posterior thigh and knee (55). It is often difficult to 
ascertain the contribution of sacroiliac disease to low 
back pain. Physical examination maneuvers are only 
weakly indicative of disease, and anatomic irregular
ities in the joint space are expected even in asymp
tomatic individuals, so anesthetic injection may be 
necessary to distinguish sacroiliac disease from myo
fascial pain or facet and disc disease (18, 45, 133, 
149).

Injection may be performed without imaging at the 
level of the posterior superior iliac spines (Fig.
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FIGURE 35.7.
Innervation of deep somatic structures of the 
vertebral column. A. The sensory plexus of 
the anterior dura and posterior longitudinal 
ligament, as well as the innervation of the 
outer portion of the annulus fibrosus of the 
disc, are supplied by afferent fibers that 
track through the sympathetic chain via the 
sinuvertebral nerves and the rami commu- 
nicantes. B. Posterior structures are inner
vated by branches of the posterior (dorsal) 
primary ramus of the segmental spinal 
nerve. The facet joint is innervated by ram
ifications of the medial branch of the poste
rior primary ramus. (Reprinted with permis
sion firom Brown DL. Regional anesthesia 
and analgesia. Philadelphia: WB Saunders, 
1996:62-63.1

35 .8A). The needle is inserted at the m idline and di
rected laterally at a 45° angle and advanced through 
the sacroiliac ligaments until contact is made with 
bone. Repositioning once or twice is necessary in or
der to find the deepest point between the ilium  and 
sacrum. Three to 5 mL local anesthetic containing 1 
mL depot steroid is injected at this point. Because of 
the relative inaccessibility of the joint line, this 
method frequently fails to deliver the injectate into 
the joint space. However, it is not clear that true intra- 
articular placem ent is necessary for a therapeutic re
sponse, and benefit may be a result o f sacroiliac lig
ament response or diffusion into the capsule.

More accurate needle placem ent into the joint 
space itself (Fig. 35 .8B) requires radiologic imaging 
(55, 70). W ith the patient prone, a slightly oblique 
fluoroscopic image is obtained to superimpose the 
anterior and more medial posterior joint lines of the 
inferior pole of the joint. Along this axis, a 22-gauge 
spinal needle is directed anteriorly and laterally into 
the joint. About 1 mL radiopaque dye is injected and 
spreads into the joint i f  the needie is correctiy posi

tioned. Tears of the joint capsule m aybe noted (136). 
For diagnostic purposes, the nature and distribution 
of pain elicited by needle contact with the joint and 
by contrast in jection can be compared to the patient’s 
usual pain. This is of unproved value, however, since 
exact reproduction of the pain is not significantly 
more frequent in patients who obtain relief following 
anesthetic in jection than in those with a negative re
sponse to anesthetic.

A prospective study of the diagnostic use of x-ray 
controlled in jection indicated that 30%  of patients 
with chronic low back pain below L5 were relieved 
by local anesthetic sacroiliac injection, most of 
whom exhibited a tear in the joint capsule (136). 
Most subjects w ith tears, however did not obtain re
lief from block. Groin pain was a distinguishing com
plaint of subjects who obtained relief from injection 
of the joint. Radiation of pain below the knee was as 
common in patients relieved by sacroiliac injection 
as in those w ith no response. In our clin ic (Reynolds 
AR, Abram SE, unpublished data, 1984), 28 of 35 pa
tients given sacroiiiac in jections o f iocaZ anesthetic
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FIGURE 35.8.
Injection into A. the area of the sacroiliac joint, or B. the joint space of the sacroiliac joint.

without x-ray guidance had pain relief. Seven of 20 
patients subsequently in jected w ith triam cinolone 
diacetate in pursuit of a therapeutic response had 
more than 75%  relief at the end of 6 months of fol- 
low-up. In one other uncontrolled study of patients 
who had seronegative spondyloarthropathy, 81%  
had more than 70%  relief of their pain, and only 26%  
had a relapse [108). There are no controlled studies 
testing the value of this therapy.

Facet Injection
There is controversy concerning the frequency with 
w hich the facet joints, or zygapophyseal joints, are 
the source of back pain. There is no doubt that the 
joint capsule, hbroadipose m enisci, and synovial 
folds are w ell innervated (59 ,112). That these nerves 
convey pain-producing im pulses is evident from the 
presence in the joint of the neuropeptide substance 
P, w hich is associated w ith nociceptive fibers (49). 
Also, in jection of hypertonic saline into or around 
the lumbar facet joint capsule produces pain in the 
back, buttocks, and proximal thigh, w hile distension 
of normal cervical facet joint capsules produces uni
lateral pain ranging from occipital and the upper 
neck for the atlanto-occipital, atlantoaxial, and C2- 
C3 joints to scapular pain from the C6-C7 joint (44,
46, 109, 114). Physiologic recordings in laboratory

animals have documented mechanoreceptive sen
sory fields in facet joints (26, 156).

Despite the clear ability of facet joints to produce 
pain, the incidence of facet pain as the primary 
pathogenesis of clinical back pain is unclear. First, 
intervertebral - disc degeneration is present in all 
cases of lumbar facet disease evident by computed 
tomography (CT) or magnetic resonance imaging 
(MRI) (22). In addition, stimulation of other vertebral 
elements by injection or during surgery on awake pa
tients using local anesthesia evokes pain in the back, 
hip, and buttock indistinguishable from pain pro
duced by facet irritation (47, 53, 71, 85, 89 ,1 1 6 ,1 4 3 ,
151). Therefore, it is difficult on the basis of symp
toms to distinguish pathology of the facets from other 
sources. For the same reasons, the role of facet pa
thology in generating pain in any particular patient 
is usually ambiguous. Imaging is also unreliable, 
since degenerative facet arthritis is seen in CT scans 
of 10.4%  of asymptomatic patients (152). It is in this 
setting that injection of the joint or the facet nerves 
leading to the joint is performed to identify their con
tribution to the patient’s pain.

Technique
For the performance of facet blocks, imaging with flu
oroscopy is essential. With advanced disease and
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joint changes, CT imaging may be helpful (117). For 
lumbar facet joint in jection, the patient is placed 
prone with a pad under the abdomen to lessen the 
lumbar lordosis. The desired facet is identified with 
the x-ray beam in a sagittal or m inim ally oblique an
gle (Fig. 35 .9A] (24). Since the lumbar facets are 
curved, the joint w ill also be apparent on more 
oblique views, but this reveals the joint at its anterior 
portion, w hich cannot be directly pvmctured. After 
marking the skin and preparing the area, local anes
thetic is in jected superficially. A 22-gauge spinal nee
dle is inserted along the axis of the beam  and directed 
into the joint space. The bone adjacent to the joint 
space rises in a ridge, and the needle tip may need to 
be “walked up” over this ridge before it falls into the 
joint space. Usually, it can be sensed when the nee

dle slides between the opposing articular surfaces 
(Fig. 35 .9B), and a deviation of the needle tip may 
also be apparent.

The patient should be asked to compare the dis
tribution of pain created by needle contact with the 
joint to the usual pain. Injection of 0.5 mL water- 
soluble contrast (e.g., iopamidol] confirms proper 
placem ent by outlining the joint space. Distension of 
the capsule at the superior and especially the inferior 
recesses of the joint space create a dumbbell shape, 
and anterior spread in the joint is seen as a medial 
sheet. After intra-articular placem ent is confirmed, 
1 mL lidocaine 1%  or bupivacaine 0.5%  is injected. 
Steroid (e.g., 20 mg m ethylprednisolone acetate or
25 mg triam cinolone diacetate) is usually included 
in pursuit of long-term benefits (2 3 ,9 5 ,1 0 0 ) .The prin-

A

FIGURE 35.9.
A. Lumbar facet joint injection. The plane of the joint space is more coronal in orientation at L5-S1 (lower needle) than at 
higher levels such as L3-L4 (upper needle). B. Needle in place for left L4-L5 facet joint injection.
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cipal risk of the procedure is mistaken in jection into 
a nerve root or the subarachnoid space (61). If the 
patient is not sedated, contact w ith a nerve root will 
incite lancinating pain, and aspiration w ill usually 
indicate entry into the cerebrospinal fluid (CSF).

To in ject into a cervical facet joint, either a lateral 
or posterior approach may be used. In the posterior 
method, the patient is positioned prone with a cush
ion under the chest to allow marked flexion of the 
neck. The x-ray beam is angled into the plane of the 
facets, and the needle is directed at the m idpoint of 
the joint. The lateral approach uses a lateral fluoro
scopic view achieved with the patient lying on the 
uninvolved side (Fig. 35 .10A). Care must be taken to 
assure that the images of the right and left joints are 
superimposed, since it im possible to distinguish the 
target joint from the contralateral one. The needle is 
then directed toward the m idpoint of the joint, and 
confirmation of entry is obtained by contrast in jec
tion (Fig. 35.1 OB). Intrathecal or intra-arterial in jec
tion is particularly dangerous at cervical levels, so 
the needle should be advanced cautiously, aspiration 
should precede injection, and the full dose should 
only be administered after a test dose of 0.25 mL.

Upper cervical joints may be difficult to image, and 
the head may need to be turned slightly to one side. 
Techniques are available for in jection of the atlanto- 
occipital and lateral atlantoaxial joints (44).

Changes in symptoms in response to the block 
should be monitored by repeating the physical ex
amination w ithin the half hour following the injec
tion, w ith attention focused on the maneuvers that 
provoked the pain prior to injection. The patient’s 
pain may be attributed to a facet source if  the pain 
produced by needling is sim ilar to the usual pain, if 
pain relief is noted in response to local anesthetic 
injection, and if  the postblock sensory exam shows 
no evidence of segmental spinal nerve block.

As an alternative to in jection into the joint space, 
afferent traffic from the joint may be interrupted by 
block of the medial branch of the posterior primary 
ramus of the spinal nerve, w hich innervates the facet 
joint (Fig. 3 5 .7B). In the lumbar region, the medial 
branch of the posterior primary ramus travels cau- 
dally and m edially from the intervertebral foramen 
across the junction of the superior articular process 
and the transverse process (14). It passes along bone 
between the mammillary process on the base of the

FIGURE 35.10.
A. Cervical facet joint injection (lower needle) using a lateral approach, and for cervical facet nerve block (upper needle).
B. Arthrogram after left C5-C6 cervical facet joint injection with 0.5 mL contrast medium, showing accumulation in the 
superior and inferior joint capsule.
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superior articular process and the accessory process 
on the inferior and medial end of the transverse pro
cess, enclosed by the m am m illo-accessory ligament. 
At this point it gives off branches to the inferior pole 
of the facet joint at that level. The nerve continues 
caudally along the lam ina in a medial direction, giv
ing off another set o f articular branches to the supe
rior pole of the next joint. The L5 nerve crosses over 
the base of the sacral ala instead of a transverse 
process.

By these routes, each facet receives term inal fibers 
from two posterior rami (e.g., the L4-L5 facet is in 
nervated at its upper pole by branches from L3 and 
at its lower pole by branches from L4) so two in jec
tions are necessary to anesthetize a joint. Blockade of 
the dorsal primary ramus can be achieved by in jec
tion of 1 mL or less local anesthetic on the dorsal 
aspect of the transverse process at the medial end of 
its superior edge (Fig. 35.11] (15], Since there is no 
cutaneous innervation by these branches, adequacy 
of the block cannot be confirmed by superficial ex
amination. Provocative stim uli of the joint, such as 
m echanical or chem ical irritation, should be re
peated after the block to check adequacy of dener
vation.

Cervical facets may sim ilarly be blocked by in jec
tion of the nerves prior to their arrival in the joint 
capsule (Fig. 35.10A) (7 ,13 ]. As in the lumbar region, 
each joint is innervated by nerves from two levels 
(e.g., the C5-C6 facet is innervated by branches from

FIGURE 35.11.
Blockade of the lumbar median branch of the dorsal pri
mary ramus for nerve block of the facet joint.

the C5 and C6 spinal nerves]. From the intervertebral 
foramen, the medial branch of the posterior primary 
ramus crosses the middle of the lateral aspect of 
the articular pillar. At this site, 0.5 mL anesthetic 
through a needle placed by a lateral approach can 
effect blockade. The C2-C3 facet differs in having a 
disproportionate innervation from the C3 medial 
branch, w hich crosses over the lateral aspect of the 
joint space, and m inim al contribution from C2 (16). 
Whereas two in jections are required for complete 
blockade of the other cervical joints, innervation to 
the C2-C3 articulation can be blocked by in jection on 
the outer surface of the joint capsule at the m idpoint 
of its lateral aspect. Guidance for cervical medial 
branch in jection is best achieved using fluoroscopy 
in the lateral position, and the risks in these nerve 
in jections are the same as those m entioned for in jec
tion into the cervical facet itself.

Evaluation: Diagnosis
The application of block techniques has been used to 
gain insight into the frequency of the facet as a clin 
ical source of pain. In a noncontrolled and non
blinded study of patients who had chronic low back 
pain without radiculopathy, 38%  had relief after in 
jection into the suspected joint, but 25%  of those as
signed to receive m edial branch nerve blockade of a 
randomly chosen joint also had immediate relief 
[106]. Both of these rates are comparable to the ex
pected frequency of placebo response. Total absence 
of pain after in jection of local anesthetic into the lum
bar facets is less common, occurring in only about 
7%  of back pain patients (23, 82]. Such studies in
dicate that in typical patient groups suspected of hav
ing facet disease, the facets may be an origin of at 
least part of the patients’ pain but rarely the unique 
or major source.

The ability of blockade techniques to prove facet 
disease conclusively is uncertain. The are several 
sources of inaccuracy. Even if  m echanical irritation 
of the joint capsule during facet in jection produces 
discomfort resembling the patient’s typical pain, this 
may not reliably indicate the site of the patient’s pa
thology, since cervical (46, 99] and lumbar (99, 105, 
109, 114] facet stim ulation produces broadly over
lapping areas of pain distribution even into the distal 
extremity. Patients in whom their usual pain is rec
reated by facet stim ulation are not necessarily the 
same patients in whom local anesthetic in jection in 
the joint relieves pain (52), and there is a poor cor
relation between pain provocation and relief from lo
cal anesthetic in jection (138]. In one study, 31%  of 
patients who had a positive response to pain provo
cation failed to have relief after anesthetic injection 
into that lumbar facet, and 40%  who had relief from 
in jection had not had typical pain during needle
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stim ulation or distension of the facet capsule with 
contrast medium (115).

Since the specificity of facet denervation depends 
on limiting anesthetic spread to the joint or the 
nerves to the joint, further uncertainty may result 
from undesired anesthetic spread. The facet joints are 
not capacious, and rupture during intra-articular in
jection has been identified after injection of more 
than 1 mL into cervical facets and after most lumbar 
injections and also has been demonstrated in cadaver 
facet injections [37, 42, 4 3 ,1 1 5 ). This spills local an
esthetic into neighboring tissues, so pain that is re
lieved by facet injection could in fact be pain from 
pathology in muscle, periosteum, or ligaments. Pas
sage of anesthetic into the epidural space or the in- 
tervertebral foramen, which occurs routinely with 
capsule rupture, could interrupt nociception from 
sensitive structures in the vertebral canal, such as an
terior dura and posterior longitudinal ligament, or 
from any distal site by effects on afferent fibers in the 
spinal roots (37). Spondylolysis is found in 18%  of 
patients suspected of having lumbar facet pain (103). 
With this condition, intra-articular facet injection is 
consistently followed by spread of solution into the 
epidural space and to adjacent and contralateral fac
ets, and even laterally along a spinal nerve, limiting 
the specificity of the test (57, 103, 111).

These sources of error limit the diagnostic utility 
of facet injection. In one study, facet block produced  
relief in 47%  of low back pain patients, but a repeat 
injection was positive in only 31%  of the patients 
who had initial positive blocks (137). This indicates 
either a strong placebo component or subtle technical 
difficulties that cannot be controlled. Relief after 
facet injection has been evaluated as a prognostic in
dicator for response to posterolateral lumbosacral fu
sions, but block results did not reliably predict sur
gical outcome (81).

Caution must also be used when interpreting 
blockade of medial branches of the posterior primary 
rami, since these injections denervate not only the 
joints they supply but also the muscles, ligaments, 
and periosteum into which they ramify. Since each 
medial branch supplies parts of two facets, complete 
denervation of one facet requires partial blockade of 
the one above and the one below. Therefore, relief 
obtained from the blocks cannot distinguish among 
pain originating at any of the three. Since medial 
nerve blockade more accurately simulates the ef
fect of radiofrequency denervation than does intra- 
articular injection, it is the appropriate diagnostic 
test prior to that procedure.

Because there is no histopathologic standard for 
confirming facet arthropathy as a source of pain, val
idation of facet block as a diagnostic measure is ul
timately impossible. However, the evidence from 
multiple studies suggests that facet blockade is useful

in resolving back pain pathogenesis if its limitations 
are borne in mind.

Evaluation: Therapeutic Application
Therapeutic responses have been reported following 
intra-articular zygapophyseal joint injection, espe
cially if steroid is included, usually about 20 to 40 
mg of methylprednisolone acetate or the equivalent. 
Steroid injected into the lumbar facet joints results 
in significant relief outlasting the local anesthetic in
30 to 54%  of selected patients who have back pain 
(25, 37, 69, 100, 117). Response rates are lower for 
patients who have had previous lumbar spine sur
gery, and after surgery, extra-articular injection is 
less likely to be therapeutic (99, 100). It should be 
noted, however, that pain returns by 6 months in 
many of the steroid responders. Beneficial effects of 
cervical facet injection with steroid have been re
ported in 91%  of patients, but recurrence occurred 
in one-half of them (132). In another series, even 
though there was complete initial relief from cervical 
facet local anesthetic blockade, there was no lasting 
benefit from steroid injection (77).

Only two controlled and randomized trials of facet 
steroid injection have been reported. In one, the re
sults after steroid injection were no different from 
those after saline injection (95). In the other study, 
saline injected into lumbar joints produced no dis
cernible difference from steroid injection until 6 
months afterward, at which time patients injected 
with steroid more frequently indicated improvement 
in their pain (23). This study has been interpreted as 
showing the inefficacy of steroid facet injections, be
cause of the modest differences between the treat
ment and control groups and the delay in response 
(39). However, the selection criteria for facet joint in
jection candidates included no history, physical ex
amination, or imaging criteria, and all other therapy 
(except acetaminophen) was discontinued upon in
jection.

From the available evidence, it should be con
cluded that the therapeutic efficacy of intra-articular 
steroid in the facet joint has not been proved. How
ever, if the joint is to be entered for a diagnostic 
block, steroid injection adds little additional risk and 
may be beneficial. It is most appropriately used as a 
component of a rehabilitation program.

Selective Spinal Nerve Injection_____
Anesthetic injection of a segmental nerve by a para
vertebral approach, also known as a foraminal injec
tion (and mistakenly referred to as nerve root injec
tion) has diagnostic as well as therapeutic potential. 
As with facet blockade, the quality and distribution 
of the pain produced by needle contact with an in
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dividual nerve may be compared with the patient’s 
complaint. Relief following anesthesia of the nerve 
also further indicates that the nerve is the source of 
pain.

Selective nerve injection is typically used in the 
setting of diagnostic confusion, such as when the his
tory, physical examination, imaging, and electromy
ography are inconclusive or contradictory. Other 
similar circumstances include the multiply operated 
hack, patients with pathology identified at multiple 
levels, and back and hip disease occurring in com 
bination. Often, selective spinal nerve block is used 
for surgical planning, such as for determining the site 
of foraminotomy.

Therapy for radiculopathy may be attempted by 
steroid injection in the immediate vicinity of the af
fected nerve. This approach may be chosen particu
larly if a midline injection into the epidural space is 
impossible. Steroid applied outside the foramen by 
paravertebral injection also may be successful in 
combination with epidural injection or when epi
dural injection has failed because of nerve injury 
within or lateral to an occluded intervertebral fora
men.

Technique
This procedure is best performed with radiologic im 
aging to select the proper level and to confirm needle 
placem ent at the lateral aspect of the intervertebral 
foramen. For lumbar in jections (Fig. 35.12A ), the pa
tient is placed prone and the skin is marked overlying 
the pedicle of the same numbered vertebra as the 
nerve that is to be blocked [e.g., the L5 pedicle for 
the L5 nerve). The lumbar roots pivot tightly under 
the pedicles as they enter the intervertebral foramina 
where the posterior root ganglion sits im mediately 
caudal to the pedicles (30, 72). The target for needle 
insertion should be at the outer portion of the fora
men, in line with the lateral edge of the pedicles. A 
site for needle insertion is chosen about 3 cm lateral 
to the skin mark to produce a mesiad angle that will 
allow the needle to pass under the overhanging lam 
ina. A 22-gauge spinal ne6dle is suitable for most sub
jects. Local anesthetic in the skin and deeper tissues 
makes the approach to the vertebra more com fort
able, and frequent fluoroscopic checks dim inish the 
need for m ultiple insertions. The needle can be di
rected to contact the transverse process first. After 
determining this depth, the nerve should be identi
fied w ithin 2 or 3 cm of further needle advancement 
after sliding inferior to the transverse process (88, 
146).

Gentle contact of the needle with the nerve con
firms exact placement by the production of a pares
thesia. The patient is then asked if the quality and 
distribution of the provoked sensation is similar to

the usual pain. A mechanical paresthesia also assures 
that the needle is within the nerve sheath (epineu- 
rium) or close to it, where even a small volume of 
local anesthetic will be effective. Injection of 0.2 to
0.5 mL non-ionic water-soluble contrast medium  
(e.g., iopamidol) reveals the extent of solution spread 
along the nerve if the needle is properly placed (Fig. 
35.12B). In an anterior/posterior view, the normal 
contour of the nerves is straight as they travel later
ally and inferiorly. A deformity may offer diagnostic 
evidence of a lateral extruded fragment of disc ma
terial. If contrast outlines the nerve but fails to flow 
proximally as it usually does, foraminal stenosis may 
be the cause. Once the needle is suitably placed, 1 
mL local anesthetic, typically lidocaine 1% orbupi- 
vacaine 0 .25% , is injected to anesthetize the nerve. 
This may be mixed with 20 to 40 mg of methylpred- 
nisolone acetate or the equivalent in pursuit of a last
ing response.

Successful blockade is evident if a segmental sen
sory deficit develops. These changes may be subtle, 
so scratch and cold sensation should be tested as well 
as touch. Since neural dysfunction is part of the base
line pathophysiology, a careful examination is nec
essary before injection for comparison. Maneuvers 
that produced pain prior to the block such as straight- 
leg-lift or walking should be repeated afterward to 
evaluate the effect of the block. Optimal insight into 
the origin of the pain is gained by testing two or three 
adjacent nerves on separate occasions (135). Possible 
complications include nerve injury and extensive 
block, but the risk for these is limited by using only 
small volumes of local anesthetic, monitoring fluo
roscopic images, and aborting injection if it is accom 
panied by intense pain (58).

The first sacral nerve is blocked by a transsacral 
approach with the patient prone. Because of the lum
bar lordosis, fluoroscopic guidance is improved 
when the beam is angled caudally, to be perpendic
ular to the sacrum. With the posterior and anterior 
sacral foramina superimposed in the image, the nee
dle can be passed to make contact with the spinal 
nerve in the middle portion of the canal. The rest of 
the block is done as it is at lumbar levels.

Cervical spinal nerve block is performed with the 
patient in the supine position and also requires flu
oroscopy to be confident that the appropriate nerve 
is injected. A 22-gauge needle is inserted with a 
somewhat caudal angle to avoid entry into the inter
vertebral foramen and is directed to the transverse 
process (C5 for the C5 nerve, etc.). The brachial 
plexus overlying the spinal nerves is avoided by en
tering in  a plane anterior to the plexus. A paresthesia 
can usually be elicited by searching anteriorly and 
posteriorly along the shelf of transverse process be
tween the anterior and posterior tubercles. The rest 
of the procedure is the same as that for lumbar in jec
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FIGURE 35.12.
A. Anatomy and technique of lumbar selective spinal nerve injection. The needle is first directed to (1] the transverse 
process to ascertain proper depth, and is then redirected (2) inferior and just beyond the transverse process where a par
esthesia is sought. B. Spread of injectate with selective spinal nerve injection. This posteroanterior x-ray image shows the 
distribution of 0.5 mL contrast medium injected after paresthesia of the right L5 nerve. Contrast medium is seen spreading 
proximally (arrow), medial to the pedicle into the epidural space, and distally along the nerve. The needle and tubing 
connected to it are also seen.

tions. Special care in aspirating for blood prior to in 
jection is necessary, since the vertebral artery is in 
the vicinity of the cervical spinal nerves. Local an
esthetic volumes as small as 0.25 mL in jected into 
the vertebral artery can produce a seizure, since it is 
delivered to the brain undiluted. Needle placem ent 
w ithin the foramen risks subarachnoid injection. 
Even the small volumes of local anesthetic that are 
used could produce hypotension or respiratory m us
cle dysfunction if in jected into the cervical subarach
noid space.

Evaluation
The pain provocation portion of the spinal nerve in 
jection test exam ines pain quality and distribution. 
Duplication of the typical quality of the pain as a cri
terion is supported by the demonstration that in 
flamed nerves are more sensitive to m anipulation 
than normal nerves (53, 143). W hereas m echanical 
stim ulation of normal nerves produces paresthesias, 
an inflamed nerve reproduces characteristic radiat
ing pain when touched. The distribution of the 
evoked sensation is less certain to be reliable. Since 
pain with the stim ulation of different roots produces 
overlapping areas of radiation, these patterns may 
not distinguish the involved root from adjacent ones 
(143).

Pain relief with blockade of a spinal nerve cannot 
distinguish between pathology of the proximal nerve 
in the intervertebral foramen or pain transmitted 
from distal sites by that nerve. Both tissue injury in 
the nerve’s distribution and neuropathic pain would 
each be relieved by a proxim al block of a nerve. The 
ability of in jection to block vertebral pain without 
blocking hip pain has not been demonstrated. The 
accuracy of spinal nerve block depends upon limit
ing spread of anesthetic to the selected nerve alone. 
Flow  into the intervertebral foramen and epidural 
space is commonly observed and definitely compro
m ises this assumption (36, 41, 67, 88, 147). Not only 
w ill this block pain transmitted by the sinuvertebral 
nerve from the dura, posterior longitudinal ligament, 
and annular ligament of the intervertebral disc, but 
also the spread via the epidural space to other seg
mental levels could produce misleading results. For 
instance, in jection of a normal nerve S i  with spread 
to an inflamed L5 nerve could produce relief, with 
the guilty nerve assumed to be S i .  For this reason 
in jection volumes should be lim ited to only 1 to 2 
mL, and the test should not be used outside the con
text of thorough overall evaluation.

The ability of selective spinal nerve blocks to di
agnose disease and predict surgical outcome has 
been exam ined in  a few retrospective studies. The
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fraction of patients who have had in jections indicat
ing radiculopathy and in whom surgery confirmed 
radicular pathology at the level indicated by the test 
(positive predictive values) ranges from 87%  to 
100%  (41, 67, 88, 135). The reliability of a negative 
response is poorly studied, because few patients have 
had surgery after a negative test. The proportion of 
patients who had a negative in jection test and who 
are confirmed at surgery to have normal nerve roots 
(negative predictive value) is betw een 27%  and 38%  
in the small number of patients operated on despite 
a negative test (41, 67). Only one prospective study 
has appeared, and it showed a positive predictive 
value of 95%  and an untested negative predictive 
value (146). In general, the accuracy of nerve blocks 
is better than imagiivg or electromyography (67 ,1 4 6 ). 
No studies using controls or blinding have been con
ducted on the diagnostic accuracy of lumbar selec
tive spinal nerve blocks, and the utility of cervical 
diagnostic spinal nerve injections has not been for
m ally examined in any fashion. A positive paraver
tebral spinal nerve in jection test does not predict suc
cess by neuroablative surgery, either by dorsal 
rhizotomy or by dorsal root ganglionectomy (9 8 ,1 2 2 , 
123).

Despite the lack of conclusive studies and lim ita
tions in the interpretation of this technique, a broad 
group of surgical authorities have found benefits in 
the use of spinal nerve in jection for planning decom 
pressive surgery on com plicated patients. There is a 
need for controlled and blinded studies to refute or 
support these beliefs. It has no role in evaluating pa
tients for neuroablative procedures. Therapeutic re
sponses are occasionally seen after selective spinal 
nerve injection, especially if  steroid has been used. 
This may be attributable to steroid effects (see below) 
or increased blood flow to the compressed root sec
ondary to blockade of sympathetic vasomotor fibers 
(155). However, no controlled study has been de
signed to test the value of this treatment.

Epidural Injections____________________
Treatm ent of radiculopa:thy and back pain w ith the 
epidural in jection of steroids is a w ell-established 
therapeutic method. Despite its extensive use, how
ever, there rem ains a vigorous controversy over the 
suitable application of epidural steroid in jections, 
particularly with regard to indications and com pli
cations.

The rationale for steroid treatment of radiculopa
thy stems from the recognition of the central role of 
inflammation in  the production of pain after leakage 
of nucleus pulposus from the intervertebral disc. Un
like uninjured roots, inflamed dorsal roots are exqui
sitely m echanosensitive, generating prolonged repet
itive firing upon slight m anipulation (78). Dorsal root 
ganglia are m echanically sensitive even in the ab

sence of injury. As demonstrated in awake patients, 
m anipulation of nerve roots produces the character
istic pain of radiculopathy only when the root is in 
flamed (89, 143). Histologic studies and intraopera
tive observations confirm the consistent association 
of nerve root pain w ith inflammation (96). Further 
support for the inflammatory etiology of radiculopa
thy is derived from the observation that pain resolves 
despite the persistence of myelographic changes (11). 
Autogenous nucleus pulposus produces a vigorous 
inflammatory reaction when injected into the epi
dural space, by two possible m echanism s (68, 110). 
A reaction may be provoked directly by the trem en
dous concentrations of phospholipase Az present in 
nuclear material (134). This enzyme initiates the ar- 
achidoTvic acid cascade central to the inflammatory 
response. Secondly, because the avascular nucleus of 
the disc is isolated from the body’s immune m echa
nism s, its proteoglycans are antigenically active in 
provoking an autoimmune response, contributing to 
inflammation (12, 107, 118).

The w ell known anti-inflammatory efficacy of cor
ticosteroids is a logical means of addressing the fun
damental pathophysiology of radiculopathy in the 
presence of disc herniation. Additionally, injured 
nerves are a source of spontaneous signal generation, 
w hich is promptly quelled by topically applied cor
ticosteroid (38). This begins in m inutes, far sooner 
than can be attributed to an anti-inflammatory effect, 
and it is probably a result of a direct effect on neu
ronal membrane receptors to produce cell hyperpo- 
larization (79). Furthermore, a probably minor con
tribution to the analgesic effect of steroids in painful 
conditions is a result of a selective and reversible 
conduction blockade of the small, pain-transmitting 
C-fiber axons (84). A final steroid effect may be mod
ulation of sensory processing in the substantia gela- 
tinosa of the spinal cord dorsal horn (56).

Radiculopathy caused by tumor may also respond 
to epidural steroid administration. Patients who have 
conditions other than radiculopathy, such as strain, 
degenerative joint disease, spondylolisthesis, spinal 
stenosis, and idiopathic back pain, are additionally 
frequent subjects for epidural steroid injection. The 
rationale behind epidural steroid in jection for non- 
radicular back pain is sim ilar to that for radiculopa
thy, although the target nociceptive sources are struc
tures other than the nerve root, such as the posterior 
longitudinal ligament, anterior dura, annular liga
m ent, or possibly the sinuvertebral nerves and rami 
com m unicantes subserving these structures. The 
lack of a clear inflammatory causal component in 
back pain without radiculopathy predicts a less con
sistent beneficial response.

In addition to steroids and local anesthetics, other 
agents are occasionally in jected epidurally for pain
ful chronic back conditions. M orphine has been 
added to steroid epidural in jections w ith the appar
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ent result of prolonging the analgesic response in 
postlam inectom y patients, presumably because of an 
action upon opioid receptors in the spinal cord (31). 
Since results have not been encouraging in subse
quent controlled studies, this approach has few in 
dications (34, 131). Hypertonic (10% ) saline has also 
been included in epidural in jections for the treat
ment of pain (127). Large volumes of injectate (up to 
50 mL) are used, and repeated in jections are given on 
a daily basis. The goal is lysis of epidural adhesions, 
local anesthetic effect, and reduction of tissue edema, 
but these outcomes have not been proved. Since hy
pertonic saline also has neurolytic potential, this 
utility of this technique is uncertain.

Technique
A thorough physical exam ination im m ediately be
fore the in jection procedure provides the basis for 
comparison with a subsequent exam ination after the 
block. An intravenous line is not usually necessary, 
but emergency resuscitation equipment and a phy
sician capable of resuscitative measures must be 
available. Vital signs should be monitored through
out the procedure. Sedation should be avoided, since 
an obtunded patient may fail to respond to the con
tact of a needle or catheter w ith a nerve or spinal 
cord. The procedure is contraindicated if there is in 
fection at the in jection site, if  there is any degree of 
spina bifida, and if  the patient is receiving anticoag
ulants. Nonsteroidal anti-inflammatory agents prob
ably do not significantly increase the risk of bleeding 
from the injection.

Epidural needle insertion may be performed with 
the patient in the sitting or the lateral position. Iden
tification of the m idline, a key to success in perform
ing epidural anesthesia, is more easily achieved with 
the patient sitting, particularly in a stout subject. Af
ter sterile skin preparation, local anesthetic is in 
jected in the skin and deeper fascial and ligamentous 
structures to permit perfection in needle placem ent 
without the anguish that repeat insertions may cause. 
Also, insertion of the large epidural needle is easier 
after identification of the spinous processes (and 
therefore the midline) using the smaller-gauge needle 
for exploration and anesthetic in jection.

A 17-gauge or 18-gauge needle is used for epidural 
placem ent, usually a standard type w ith an eccentric 
orifice and slightly curved tip (Tuohy needle) to 
lessen the chance of dural puncture. The needle 
passes in sequence through the skin, subcutaneous 
tissue, supraspinous and interspinous ligaments, and 
thence into the ligamentum flavum (Fig. 35.13). Be
cause of the perpendicular orientation of the lumbar 
and cervical spinous processes, a m idline needle 
must enter at an angle nearly perpendicular to the 
axis of the dural sac. The depth of the vertebral canal

FIGURE 35.13.
Lumbar epidural injection The patient is usually in a more 
flexed position than shown here

from the skin is highly variable, depending on the 
level in the vertebral column, the amount of subcu
taneous fat, body size, and needle angle, such that no 
safe rule of thumb can be applied.

When the needle tip enters the elastin of the liga
mentum flavum, it is possible to discern a change in 
the texture of the tissues, with a firm homogeneous 
resistance to advancement rather than the fibrous 
quality characteristic of the more superficial collag
enous ligaments. Compression of the ligamentum fla
vum will reproduce the pain in some patients with a 
highly irritable inflamed nerve. Upon passing ante
rior to the ligamentum flavum, injected air or saline 
readily passes into the plane between the nonadher
ent dorsal fat pad and the canal wall. This is the “loss 
of resistance” noted when the syringe plunger sud
denly yields to pressure exerted during needle ad
vancement. Rotation of the needle should be 
avoided, for this increases the chances of the point’s 
penetrating the dura. Aspiration through the needle 
is performed to check for return of CSF or blood, in 
which cases the needle is removed and reinserted at 
the same or an adjacent level. With age, loss of disc 
height causes spinous processes to contact one an
other. Arthritic changes in the facets further compli
cate entry into the vertebral canal as the space be
tween the laminae of adjacent vertebrae is narrowed. 
Even in younger individuals, bone may grow into the 
margins of the ligamenta flava, which may also make 
needle placement difficult.
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After entry of the needle tip into the epidural 
space has been confirmed, the therapeutic solution 
is slowly injected. The most common and suitable 
m ix is 2 mL depot corticosteroid (methylpredniso- 
lone acetate 40 mg/mL, or triam cinolone diacetate 25 
mg/mL) diluted in 5 mL lidocaine 1% . Initial in jec
tion may produce a mild temporary provocation of 
radicular pain by com pression of the nerve. W hen 
the entire in jection has been com pleted, the patient 
is placed in a lateral position v f̂ith the painful side 
down to assist in distribution of the solution to that 
side. This position should be m aintained for 15 m in
utes or so, and when the patient first arises there 
should be assistance available, since lower extrem 
ity m uscle weakness may temporarily compromise 
weightbearing. It is advisable not to have the patient 
drive him- or herself home. The brief interval of relief 
from the local anesthetic in the in jection can be used 
to further physical therapy. All other therapeutic ef
forts should be continued during a course of in jec
tions.

At cervical levels, the same technique may be used 
as at lumbar levels, but great care must be taken to 
avoid excessive depth of needle placem ent or sudden 
movement of the patient. An alternative technique

uses a drop of saline or anesthetic solution placed in 
the needle hub, w hich can be seen to be sucked into 
the needle as the tip enters the epidural space.

Solution should be in jected as close as possible to 
the suspected site of radiculopathy. At lumbar levels, 
the line betw een the iliac crests often crosses the ver
tebral colum n at the L 4 -5  disc. Although this is not 
totally reliable because of natural variability in ana
tom ic parameters, the error w ill rarely be more than 
a one-segment deviation, w hich is unlikely to matter 
(73). A greater problem is encountered with in jec
tions in patients who have had previous surgery at 
the intended in jection site. Needle placement 
through the surgical scar cannot be predictably 
guided to what remains of the epidural space in the 
operative site. If there is no free space without scar 
adhesions, the needle may inadvertently be passed 
into the subarachnoid space.

A more desirable approach in postlaminectomy 
patients is to pass a catheter through a needle placed 
in the sacral hiatus. W ith the patient prone, an epi
dural needle is passed through the skin and the sa
crococcygeal membrane into the sacral epidural 
space (Fig. 35.14A). If fluoroscopic guidance is not 
used, failure rates are high, including unrecognized

FIGURE 35.14.
A. Caudal catheter technique for epidural steroid administration, showing the needle in place prior to passage of the catheter. 
The dural sac, also depicted, ends at about the second sacral level B. Injection of contrast medium and anesthetic/steroid 
solution (curved arrows) through a caudal catheter (straight arrow) passed to the level of the L5-S1 disc The lucency in the 
contrast medium is due to displacement of contrast medium hy the midlme dorsal epidural fat
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placem ent of the needle outside the spinal canal or 
w ithin an vessel (130). After confirming accurate nee
dle entry into the caudal canal, a catheter with a stiff
ening stylet can be guided cephalad into the prox
imity of the suspected inflamed root (Fig. 35.14B). 
Often scarring can be recognized by resistance to fur
ther catheter advancement and by the exclusion of 
contrast in jected through the catheter. Using the cau
dal epidural space as an access route assures that the 
tip through w hich the solution is in jected w ill be in 
the right tissue plane, and fluoroscopic observation 
confirms that the catheter has passed proxim ally 
to the necessary level. Although these measures 
make sense, the superiority of in jection through a 
catheter over in jection through a needle placed just 
w ithin the sacrococcygeal membrane has not been 
proved. The great variability in anatomy of the sa
cral canal and the occasional high volume of the 
canal is a further incentive not to rely on delivery 
of solution to the L5 or S I  nerve roots without a cath
eter (148).

The indications for further in jections depends on 
the response to the first. If adequate relief is provided 
by a single injection, then additional in jections need 
not be performed. If no response was apparent after 
the first in jection, either the m edication did not reach 
the involved nerve or the problem is not responsive 
to this regimen. The inclusion of local anesthetic in 
the injectate allows a distinction to be made between 
these possibilities. If there is no relief im mediately 
after in jection of a solution containing local anes
thetic, it is likely that it did not enter the epidural 
space or was excessively distant from the involved 
root, and the block should be repeated. If local an
esthetic produces a temporary effect, but no response 
to the steroid is evident w ithin 6 days, then little w ill 
be gained by further in jection, since most steroid re
sponses should occur w ithin this tim e frame (62). 
However, further steroid treatment might be chosen 
despite an initial negative response in a patient who 
has a high surgical risk in whom all other options 
have been exhausted.

The most common pattern of response to the first 
epidural injection of steroids for radiculopathy pain 
is relief that begins about 2 to 6 days after the injec
tion and is either incomplete or does not persist. In 
this setting, a second injection is indicated, usually 
after an interval of 10 to 14 days. A decision to per
form a third injection should be based on the re
sponse to the second using the same paradigm. It is 
unlikely that additional injections after three will 
contribute any benefit. The indiscriminate practice of 
three mandatory injections and inappropriate admin
istration of prolonged series of blocks has tarnished 
the reputation of a technique that should be used on 
a thoughtful basis.

Evaluation
Several recent reviews weigh the data available re
garding the efficacy and risk of epidural steroid in
jection for back pain and radiculopathy (4, 9, 66). 
W hile numerous uncontrolled series have been re
ported in support of the technique, there are rela
tively few carefully controlled and blinded studies. 
Of these, the majority have shown benefits of epi
dural steroid in jection therapy over controls, includ
ing lessened pain, decreased analgesic requirements, 
more prompt return to work, and greater mobility 
(20, 21, 4 0 ,1 5 7 ). Response rates in the steroid-treated 
groups are around 60% , about twice the recovery rate 
in the control groups (20, 40). In another controlled 
study, epidural steroid in jection showed no benefit 
in pain of short duration, but steroid injection 
yielded better results than the control-treatment 
group’s response for pain of longer duration (8). Neg
ative studies have also been published that fail to 
demonstrate any benefit from epidural steroid injec
tion compared to control treatments, adding confu
sion to the consideration of steroid use for radiculop
athy and back pain (33, 144). However, these studies 
have serious lim itations, including the use of only 2 
mL solution, in jection at the same interspace regard
less of the level of pathology, evaluation of the pa
tient after only 24 to 48 hours, the use of no more 
than one injection, prolonged bed rest, and failure to 
use other concurrent therapies. All of these factors 
w ill tend to produce fewer successes, and they do not 
reflect conventional practice. Considering treatment 
a failure if  it provides less than 75%  relief of symp
toms does not acknowledge the desire of chronic 
pain patients for any degree of relief (33).

The probability of a favorable outcome from epi
dural steroid in jections strongly depends on the un
derlying disease (3, 9, 66). Radiculopathy is the op
tim al indication, whereas bony abnormalities such as 
spinal stenosis, spondylosis, or spondylolisthesis are 
less responsive to this treatment. The frequency of 
success is m uch dim inished by previous laminec
tomy. Other factors associated with diminished effi
cacy include prolonged duration of pain, loss of work 
from pain, a persistent pattern of pain, sleep disrup
tion, unemploym ent because of pain, and low edu
cational level. In general, once the multifaceted 
chronic pain syndrome has evolved, with emotional, 
social, pharmacologic, financial, and legal ramifica
tions, even an accurately aimed therapeutic attack 
upon the ancestral pathophysiologic source may no 
longer be adequate.

Side effects and com plications may occur after 
epidural steroid in jection, either from the needle pro
cedure, local anesthetic effect, or system ic absorption 
of the corticosteroid (4). Needle injury may include
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unintended dural puncture with the possible devel
opment of headache, hematoma, or the introduction 
of infection. The incidence of dural puncture should 
be less than 2% in skillful hands, while bleeding and 
infection are extremely rare. Hemodynamic or ven
tilatory compromise might occur if lidocaine is in
jected in the subarachnoid space, but this malposi
tion of the needle tip should be recognized by 
aspiration of CSF through the needle. Intravascular 
injection of these doses have not been reported to be 
problematic.

Systemic levels of corticosteroid are generated by 
epidural injections sufficient to suppress plasma cor
tisol levels for three weeks. Cushingoid side effects 
have been occasionally reported, including changes 
in fat distribution, weight gain, fluid retention, hy
pertension, and even congestive heart failure. These 
events are also rare, but subjects prone to such com 
plications because of preexisting disease should be 
treated cautiously.

The most aggressive critique leveled at the use of 
epidural steroid in jections has asserted an unaccept- 
ably high risk of neurologic com plication (120). It is 
contended that the polyethylene glycol component 
of the depot preparations of m ethylprednisolone ac
etate and triam cinolone diacetate may cause arach
noiditis, as has occasionally been noted following in 
trathecal in jection of these agents. The evidence for 
this is anecdotal, and the patients in these cases have 
typically had preexisting neural disease and received 
m ultiple in jections into the subarachnoid space. By 
the most pessim istic estimate, arachnoiditis may oc
cur in as many as 10%  of subarachnoid depot steroid 
injections (120). However, eight series of intrathecal 
steroid in jections encompassing 358 patients failed 
to produce a single case of arachnoiditis (4). None
theless, because of this concern, because intrathecal 
steroids may also produce transient aseptic m enin
gitis, and because intrathecal in jection offers little 
benefit beyond epidural adm inistration for treatment 
of sciatica, conventional practice dictates that in jec
tion of depot corticosteroids into the cerebrospinal 
fluid should rarely be done (1). Caution should be 
exercised to avoid intrathecal placem ent during in 
tended epidural injection. Testing for aspiration of 
CSF through the needle is certainly indicated, and 
some recom m end in jection of an initial 2 mL dose of 
local anesthetic alone to seek evidence of intrathecal 
effect (anesthesia) prior to the in jection of steroid.

An alarmist view condemning epidural steroid in
jections as well as intrathecal in jection is based on 
mistaken evidence. Reports cited by the principal 
critic as showing the toxicity of the polyethylene gly
col component, present in 3%  concentrations in de
pot steroid preparations, in fact studied propylene 
glycol 80% , (28, 104), or other irritants (80), but not

polyethylene glycol alone (120). Exam ination of the 
effects of polyethylene glycol on peripheral nerves in 
concentrations from 3 to 40%  showed only tempo
rary conduction block at concentrations of 20%  or 
higher (10). Another study found neuropathic 
changes after depot corticosteroid only after injection 
w ithin the neural fascicle, where local anesthetic or 
even normal saline also produces injury (102, 139). 
Blind in jection of depot steroid preparation around 
rat sciatic nerves produced pathologic changes w ith
out dysfunction, but intrafascicular in jection could 
have been a factor (153). Reassurance is derived from 
studies showing m inim al histologic response to com
m ercial preparations of depot steroids administered 
in the epidural space and even intrathecally (5, 29, 
35). No case of arachnoiditis has been reported fol
lowing depot steroid in jection into the epidural 
space (4).

It is clear that strongly divergent views are voiced 
regarding the indications and safety of steroid in jec
tions for back pain and radiculopathy (74). A sound 
approach is to use the technique in the context of 
other conservative therapies such as physical ther
apy, mild analgesics, and lim ited bed rest for acute 
and subacute disease. A decision to use the tech
nique should include consideration of the likelihood 
of success as w ell as the desirability of alternative 
therapy such as surgery. Finally, it is rarely reason
able to perform more than three injections in a 3- to 
6-m onth interval.
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CHAPTER THIRTY SIX

Percutaneous Procedures 
in the Lumbar Spine

Hallett H. Mathews and Bruce E. M athem

Introduction
With the explosion of spinal surgery techniques over 
the past fifty years there has been a growing interest 
in less invasive procedures. As was the case with 
other surgical specialties, the first minimally inva
sive procedures in spinal surgery were biopsy tech
niques involving needle biopsy of bony spinal pa
thology. Though today many of these procedures are 
of more historical than practical significance, they 
are important in that they represent the development 
of percutaneous approaches to the spine that served 
as the foundation for later developments. These early 
procedures were for diagnostic purposes, but they 
rapidly led to the development of therapeutic pro
cedures for the chemical treatment of disc disease 
and for surgical decompression. With the develop
ment of fiberoptic technology and improved visual
ization there have been significant advancements in 
diverse areas of minimally invasive spinal surgery, 
ranging from endoscopic disc removal to combined 
endoscopic percutaneous fusion techniques.

The benefits of less invasive spinal procedures can 
be summarized into several basic areas. First is sur
gical access to the spine without the comorbidities of 
open spinal surgery. The soft-tissue destruction and 
potential for biomechanical destabilization are well 
known in open spinal surgery, and most of this com 
orbidity can be avoided with minimally invasive

techniques. In addition, most of the recovery in
volved in open spinal procedures is due to the soft- 
tissue dissection that is necessary in these ap
proaches. Minimally invasive techniques do not 
involve such extensive tissue dissection, and pa
tients undergoing these procedures are often dis
charged from the hospital much earlier, resulting in 
significant cost savings. Finally, current endoscopic 
techniques allow the surgeon to visualize directly the 
abnormality that is causing the patient’s symptoms 
as well to confirm the corrective measures taken.

In this survey of percutaneous techniques for the 
lumbar spine attention will be given to the early de
velopment of these techniques, the evolution of ther
apeutic procedures, and the current state of mini
mally invasive spinal procedures as well as a forecast 
for future developments.

Biopsy Techniques
The first percutaneous lumbar spine procedures date 
from the 1930s with the advent of needle biopsy for 
spinal pathology (23, 24). In the 1950s Craig devel
oped a percutaneous core biopsy technique that is in 
use today (lOj. Since there were few imaging tech
niques at the time, and radiographic diagnosis of spi
nal pathology was lim ited, there was a need for the 
development of such procedures. As imaging of the
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spine improved and the use of computed tomography 
(CT), magnetic resonance imaging (MRI), and nuclear 
m edicine bone scanning became more common, the 
need to perform needle biopsies of the spine de
creased. Interestingly, with the recent resurgence of 
infectious diseases of the spine such as tuberculosis, 
the Craig needle biopsy is being used with more 
frequency.

Patient selection for needle biopsy of the lumbar 
spine should include patients who have undiag
nosed abnormality on imaging for w hich a diagnosis 
w ill guide therapy. Examples of this include the di
agnosis of m etastatic disease to the spine, which 
would be treated by radiation therapy, or a culture- 
based diagnosis of vertebral infection as a guide to 
antibiotic therapy. It would not be appropriate to per
form a biopsy procedure on patients in cases in 
w hich the decision has already been made that no 
further treatment w ill be used regardless of the di
agnosis. In addition, patients who have a suspected 
or confirmed diagnosis of renal cell carcinom a and 
patients who have a bleeding diathesis should not 
have a biopsy, because of the high risk of uncontrol
lable hemorrhage.

Needle biopsy is usually performed in the oper
ating room with local anesthesia to allow the patient 
to respond im mediately to radicular impingement. 
The patient is placed in the lateral position and a 
posterolateral needle approach is used. Fluoroscopy 
localizes the level of interest and then a needle entry 
is made 8 to 10 cm lateral to the m idline at a 45° 
trajectory toward the vertebral body. Sequential flu
oroscopic images can be viewed as the needle is ad
vanced and directed toward the area of biopsy w ithin 
the vertebral body. Once the needle is placed on the 
vertebral body, the position is confirmed with an
teroposterior and lateral fluoroscopy. A large dilator/ 
cannula is placed over the needle to expand the tract 
through the soft tissues, and then a cutting needle 
with a large bore is placed over the dilator to cut a 
core-type biopsy from the vertebral body. Gentle as
piration on the needle as it is removed w ill aid in  the 
retrieval of the sample after it has been cut. If the 
patient experiences radicular pain that corresponds 
to the level of the biopsy, then needle location should 
be confirmed by two-view fluoroscopy and the nee
dle should be checked for cerebrospinal fluid. In ad
dition, it is becoming more common to perform ver
tebral biopsy procedures under CT guidance to allow 
the biopsy of m uch sm aller lesions and to aid in nee
dle placement.

The success of needle biopsy in  the lumbar spine 
has been somewhat lim ited laecause of small biopsy 
size and a confined ability to localize sm all lesions. 
It has a low com plication rate, with local hemorrhage 
and neural injury the most common.

This technique is best used for patients in whom 
a tissue diagnosis is required but in whom other.

more aggressive surgical treatments are not being 
considered.

Discography___________________________
Discography is another of the early diagnostic per
cutaneous procedures of the lumbar spine that de
veloped under the conditions of the limited imaging 
m odalities of the 1940s. During a time when radio- 
graphic exam ination of the spine was limited to plain 
roentgenograms and myelography, discography pro
vided a m odality for studying disc abnormalities di
rectly. As myelogram with CT and MRI have become 
the primary means of imaging the lumbar spine, the 
role of discography has becom e controversial. De
spite a collection of recommendations on the indi
cations for performing discography relative to defin
ing its role (9, 21, 35, 51, 55), a significant consensus 
supports the premise that it provides little or no new 
inform ation beyond MRI (36). We subscribe to the 
recent position statement of the North American 
Spine Society that describes discography as an in
vasive procedure that is indicated as a provocative 
test to distinguish discogenic pain as the source of a 
patient’s symptoms, for the evaluation of symptom
atic discs in patients who have multilevel disc de
generation, and as an adjunct in  patients in whom 
diagnostic testing results are equivocal (12). In ad
dition, discography is excellent at diagnosing annu
lar pathology, such as annular tears (Fig. 36.1), which 
are a common source of discogenic pain without 
nerve root compression. Discography is clearly not 
indicated in every case of lumbar disc disease, but

FIGURE 36.1.
Axial computed tomography after discogram injection. 
Note the large annular tear and extravasation of contrast 
into the epidural space.
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FIGURE 36.3.
A. Advanced inner discogram needle into nucleus pulposus of L4-5 disc. B. Extravasation of contrast medium into the 
epidural space after discography. The patient had a significant pain response to this injection.

ous approach. Thus chemonucleolysis represents 
one of the first therapeutic percutaneous procedures.

In the mid 1960s chem onucleolysis using the en
zyme chymopapain gained enthusiastic acceptance 
for the m inim ally invasive treatment of acute disc 
herniation. W hile stiJl widely accepted in other areas 
of the world, the technique underwent a decline in 
acceptance in the United States during the early 
1980s because of the incidence of anaphylactic re
actions and transverse m yelitis. Transverse m yelitis 
com plications have been shown to be related to in 
jection technique rather than to the enzyme. Fur
thermore, as a result of sensitivity testing and hista
mine prophylaxis the incidence of anaphylaxis has 
becom e quite low (17). Chem onucleolysis remains a 
m inim ally invasive therapeutic modality with exten
sive worldwide use but variable acceptance in this 
country.

The indications for chym opapain therapy are sim 
ilar to those for any m inim ally invasive disc proce
dure. These include leg pain greater than back pain 
w ithpossible radicular symptoms and neurologic def
icit. Additionally, there should be radiologic evi
dence of herniated or sequestered disc with nerve 
root impingement, ideally at only one level, and fail
ure of conservative care management. Patients who 
have undergone prior lumbar spine surgery are gen
erally not candidates for chymopapain treatment, 
since scarring may cause anatomic alterations that 
can make the surgical approach difficult and the ther
apeutic effect unpredictable.

Contraindications to the procedure include hyper

sensitivity to chymopapain, structural pathology be
yond focal disc pathology such as instability or ste
nosis, and other medical conditions that would 
prohibit surgery, such as pregnancy. Alexander has 
noted that patient medication profiles may be a key 
to additional contraindications. Patients who are tak
ing beta-blockers may be more difficult to treat in the 
event of anaphylaxis because of the decreased effec
tiveness of epinephrine, which is administered to 
treat the reaction. Because of the ongoing concern for 
anaphylaxis, many practitioners premedicate pa
tients with a prophylactic regimen of corticosteroids, 
diphenhydramine, and cimetidine (1).

Via the posterolateral approach with the patient in 
the lateral or prone position, a small-gauge needle is 
introduced into the center of the pathologic disc 
space. Biplanar fluoroscopic verification of needle 
positioning in the central nucleus is crucial in assur
ing the appropriate delivery of the enzyme.

Discography has become more common prior to 
injection as a means of verifying a contained disc and 
to rule out communication of the nucleus with the 
epidural space.

Chemonucleolysis has its limitations. It is a non- 
selective disc debulking technique, and after the pro
cedure the natural history includes disc-space col
lapse and possible neural compression. Yet the 
evolution of disc-space collapse in the patient un
dergoing other percutaneous procedures maybe sim
ilar. The rapid resolution of radicular symptoms with 
only transient low back pain provides chemonucle
olysis with a high degree of acceptance in the well-



CHAPTER 36: PERCUTANEOUS PROCEDURES IN THE LUMBAR SPINE 7 3 5

selected patient who has the potential for a timely 
return to quality-of-life activities w ith m inim al re
strictions.

The overall success rate for chym opapain therapy 
in one cohort study was reported at 76%  (38). Revel 
and colleagues have compared chem onucleolysis 
with automated percutaneous lumbar discectomy, 
reporting success rates of 66%  and 4 1 % , respectively 
(46).

Chem onucleolysis does not interfere with surgical 
options in the event of recurrence, and it represents 
significant cost savings in comparison w ith open 
surgery (16).

Percutaneous N ucleotom y____________
The clin ical outcomes of chem ical disc degradation 
by chem onucleolysis stim ulated interest in other 
techniques for m inim ally invasive therapeutic in- 
tradiscal procedures in the lumbar spine. The first 
technique that evolved was percutaneous nucleo
tomy, developed independently and almost sim ul
taneously by Hoppenfeld (15) and Hijikata (13, 14). 
The technique involves uniportal access to the cen
tral nucleus for treatment of herniated nuclear pa
thology (Fig. 36,4). Through manual removal of a 
measured amount of nucleus pulposus, there is in- 
tradiscal depressurization with subsequent reduc
tion in nerve root com pression and tension in pain 
fibers of the annular structure.

W ith the groundwork laid by chem onucleolysis, 
experience demonstrated sim ilar selection criteria 
for what came to be known as percutaneous discec
tomy. Chief among these are leg pain greater than 
back pain with root tension signs, radiculopathy, and 
radiologic evidence of contained disc herniation. 
Central and paracentral disc herniations are more ac
cessible via the percutaneous posterolateral ap
proach than are far lateral or foraminal herniations.

Patients are usually placed in the right or left lat

eral position, with variation in surgeon preference. 
Fluoroscopic guidance provides for placem ent of a 
guide-wire in the central portion of the disc. Discog
raphy may follow with subsequent advancement of 
cannulae of increasing size followed by an annular 
trephine that iits w ithin the largest cannula. W ith a 
twisting motion, the trephine fenestrates the annulus 
and is advanced under fluoroscopic guidance to the 
predetermined guide-wire location. W ith the seating 
of the trephine, m anual instruments and suction al
low for removal of intranuclear m aterial, with the pa
tient often noting the reduction or relief of radicular 
symptoms as a result o f intradiscal depressurization 
and dim inished irritation of the offending nerve root.

Long-term results of percutaneous nucleotomy 
techniques alone or of central disc decompression 
procedures have never been shown to be greater than 
placebo. In 1994 Mathews and associates reported a 
57%  overall success rate of percutaneous nucleo
tomy using laser disc decom pression techniques (30).

Manual and suction disc depressurization was ad
vanced w ith the introduction of percutaneous auto
mated discectom y by Onik and associates (42). This 
device features a uniportal percutaneous nucleotomy 
approach with the adjunct of a suction-cutting m ech
anism  intradiscally that shaves nuclear material 
when it is drawn into the nucleotom y device (11, 26, 
27). This instrument has since evolved into a steer- 
able and visual intradiscal device for intradiscal 
decompression.

Early Visualized  
intradiscal Procedures 
The success of uniportal nonvisualized intradiscal 
procedures along with optical advancements associ
ated with large-joint arthroscopy induced Schreiber, 
Suezawa, and Leu to experim ent with discoscopy in 
biportal percutaneous nucleotom y (48, 50) (Fig.
36.5). The success of their work coincided w ith the 
work of Kambin and associates in the development 
of arthroscopic m icrodiscectom y (18, 20) and with

FIGURE 36.4.
Uniportal nucleotomy showing placement of the needle 
into the central nucleus pulposus. Note the location and 
direction of the needle in comparison with the disc herni
ation.

FIGURE 36.5.
Biportal discoscopic nucleotomy showing visualized ac
cess to the central portion of the disc.
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that of Mayer and Brock, who reported on percuta
neous endoscopic discectom y (34). These procedures 
allow visualized manual, automated, or even laser 
discectom y aided by irrigation and suction of debris.

In the discoscopic procedure percutaneous nu- 
cleotomy techniques are employed, w ith the patient 
in the prone position, via the posterolateral approach 
into the central nucleus for direct or contralateral in 
spection and visualization of anatomy and central or 
posterocentral neuropathology (Fig. 36.5). The abil
ity to visualize disc depressurization procedm’es as
sists in the correction of abnormality. Key to the suc
cess of intradiscal intervention has been the 
definition of approach parameters and the refinement 
of instrumentation, both in  size and optics, w hich 
facilitates the verification of the corrective measures 
taken.

The posterolateral approach has been the princi
pal mode of access, using cannulae that have ranged 
in size from 2.5 to 6.8 mm. W ith the question of ap
proach came that of intradiscal working parameters. 
Kambin proposed a biportal approach to a triangular 
working zone with the boundaries being the spinal 
nerve, the endplate of the inferior vertebral body, and 
its proximal articulating facet (19).

One additional nucleotom y procedure varying 
slightly in the m echanism  of action is laser disc de
compression. First introduced by Choy and col
leagues, laser ablation and suction removal of intra
nuclear material promotes disc depressurization 
with relief of symptoms (8). Laser wavelengths in 
cluding Nd:YAG, KTP-532, excim er, and Ho:YAG 
sidefire laser have provided variable success rates in 
relief of symptoms, reported to range from 57%  with 
the KTP-532 wavelength to as high as 84%  w ith the 
Ho:YAG (4, 5, 30, 43, 45, 52). Patient selection on the 
basis of contained virgin disc pathology seems to be 
the greatest predictor of successful outcome in per
cutaneous laser disc decom pression w ith pulsed 
wavelength delivery via posterolateral cannula ac
cess with or without visualization.

For all nucleotom y procedures, success rates are 
generally accepted to be approximately 70 to 80% , 
with risks corresponding to earlier percutaneous pro
cedures, including nerve root trauma, infection, 
bowel perforation, and vascular insult w ith retroper
itoneal hematoma or frank hemorrhage (33).

As w ith the earliest m inim ally invasive tech
niques, patient satisfaction is based on therapeutic 
effect through percutaneous intervention without 
biom echanical destabilization and w ith tim ely re
covery and return to the activities of daily living.

Spinal Endoscopy
Variable-angle lenses and advances in  flexible fiber- 
optics com bined to introduce the concept of spinal 
endoscopy during the late 1980s. The early devel

opment featured epiduroscopy concurrent with open 
surgery employed by Stoll (54). Further evolution of 
the endoscopic device was pioneered by Mathews 
along w ith Stoll and featured the introduction of a 
flexible steerable endoscope with a working channel 
providing greater latitude for visualization, resec
tion, and documentation of pathology (32).

The current working channel scope features a 4.5 
mm outer diameter w ith a 2.5 mm working channel. 
A pair of fiberoptic imaging bundles provides for 
30,000-pixel resolution, a 2 to 30 mm depth of field, 
and a 70° visualization field (Fig. 36.6). The result is 
imaging with significant clarity and specificity, ele
ments that are essential for the definitive identifica
tion and surgical management of anatomic structures 
at risk and of neuropathology. Differential lensing ne
cessitates a clear understanding of spatial orientation 
in order to manipulate the scope for appreciation of 
landmarks and relationships in a safe working zone.

A variety of surgical tools may be employed under 
visualization for resection and removal of herniated 
nuclear tissue. M iniaturized manual instruments are 
commonly used for nerve decompression and disc 
removal through the working channel. Resection of 
pathologic nuclear tissue may be provided by motor
ized instruments such as a Diskector^“  (Sofamor- 
Danek), w hich resects tissue by a guillotine-like ac
tion. The Ho'.YAG sidefire laser has also been 
successfully used for laser vaporization of hernia
tions and fragments, both intradiscally and in the 
epidural space, under direct visualization (4, 5).

A key com ponent to successful endoscopic visu
alization in the foramen and the epidural space is the 
use of high-volume free-flow irrigation, which cre
ates a working space and carries away debris result
ing from surgical intervention. In addition, cooling 
the irrigating solution to 62°F aids hemostasis and 
provides an anesthetic effect on the nerve roots.

Though spinal endoscopic techniques were 
launched employing the posterolateral approach into

FIGURE 36.6.
Working channel fiberoptic endoscope showing the 2.5 
mm working channel and the paired fiberoptic bundles 
(Sofamor-Danek, Inc., Memphis, TN)
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FIGURE 36.9. ^
The foraminal approach compared to the percutaneous 
nucleotomy approach. Note that percutaneous nucleo- 
tomy is an intradiscal approach; the foraminal approach 
allows direct dissection and removal of herniated disc 
material.

FIGURE 3 6 .1 0 .^
A. and B. The transforaminal approach and the relation
ship of the endoscope to the foramen, the exiting nerve 
root, and the herniated disc material.

site with the monitor and endoscopic light source lo
cated at the foot of the table so that visualization is 
unobstructed. The C-arm is located opposite the sur
geon and is positioned to allow unobstructed antero
posterior and lateral imaging throughout the proce
dure. Equipment and endoscopic tools are usually 
placed on a stand between the surgeon and the video 
monitor.

The foraminal epidural endoscopic procedure is 
preceded by verification of the surgical level with flu
oroscopic imaging of a needle or Kirschner wire 
placed at the level of planned surgical intervention. 
Discography usually follows to verify the contained 
nature of the disc, although it is not required for the 
procedure. The foraminal approach begins 9 to 13 cm 
from the m idline with advancement to the pars in- 
terarticularis, and then a medial directing of the nee
d le -fo r docking on the foraminal ligament (Fig. 
36.11]. A cannula is passed over the needle, and the 
needle is withdrawn (Fig. 36.12A ,B). The endoscope 
is passed through the cannula, and the working chan
nel is used for dissection through the foraminal lig
ament. Then visualized passage is made through the

FIGURE 36.11.
Needle placement for the foraminal approach. Starting 9 to 
13 cm from the midline, the needle is advanced to the pars 
interarticularis. The trajectory is then dropped and the nee
dle slides under the pars into the foramen.
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foramen until entry into the epidural space (Fig.
36.13).

Cool, free-flow irrigation quickly creates a poten
tial working space, w hich facilitates the dissection 
and evacuation of epidural fat and debris as w ell as 
a medial pedicular landing, slightly cephalad to the 
disc, positioned in the safe working zone, as previ
ously defined by the exiting and traversing nerve root 
and the disc. The irrigation, ideally m aintained at 
62°F, also promotes intraoperative hem ostasis and lo
cal analgesic effect. In addition, bubbles generated 
during irrigation w ill gravitate posteriorly, resulting 
in the so-called bubble sign, w hich aids in m aintain
ing spatial orientation [Fig. 36.14]. Free-flow epidu
ral irrigation must have a passive outflow during the 
surgical procedure. From the foraminal working 
zone, surgical exploration and intervention can pro
ceed intradiscally or can effectively m im ic myelos- 
copy and m icrodiscectom y, working within the canal 
and the epidural space.

Endoscope inserted 
through cannula

FIGURE 36.13.
The needle has been removed and the working channel en
doscope has been placed through the cannula into the fo
ramen. Instruments can then be passed through the work
ing channel to dissect under direct visualization.

Dural sac

Nerve root 
& vessel

Disc
matenal

FIGURE 36.12.
A. Needle being advanced through the foramen. B. Cannula 
being advanced over the needle into the foramen. Instru
ments can then be passed through the working channel to 
dissect under direct visualization

FIGURE 36.14.
Endoscopic view showing the traversing nerve root and the 
associated blood vessel as well as herniated disc material. 
Note the air bubble, which serves as a guide for orientation.

The parameters of the foraminal safe zone in the 
epidural space have allowed access with endoscopes 
varying in size, but usually lim ited to 6.3 mm or less, 
as demonstrated by M irkovic and colleagues (37).

The unrestricted navigation associated with the fo
ram inal approach into the epidural space allows 
identification, inspection, and avoidance of anatomic 
structures and surgical correction with documenta
tion of pathology. The foraminal approach is espe
cially indicated for paracentral, foraminal, and far- 
lateral herniations, and sequestered free fragments 
are fair game because of the endoscopic mobility. The 
foraminal approach is extremely important for foram
inal and extraforaminal herniations. Mathews has
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defined four zones of extraforaminal herniations: 
zone 1 at pedicle level; zone 2 at disc level; zone 3 is 
beneath the exiting root; and zone 4 is superior to the 
exiting root. Fragments in  zone 4 are usually not ac
cessible via the foraminal approach and should rep
resent an indication for an open procedure (Mathews 
HH, Savas PE, M athern BE, Long BH, Mason S, un
published work, 1996).

Indications for foraminal epidural endoscopic sur
gery include lumbar herniations that may be con
tained but can be uncontained w ith migration and 
sequestration but must be lim ited to less than 50%  
of the canal diameter to allow navigational access 
(Fig. 36.15A ,B).

Contraindications to the technique are stenosis,

epidural fibrosis, gross instability, and multilevel pa
thology. Relative contraindications to foraminoscopy 
are obesity, because of the size of instruments rela
tive to the girth of the patient, and previous surgery, 
w hich is associated w ith predictable scar, limiting 
excursion during endoscopic techniques. Advanced 
age must also be considered a relative contraindica
tion because of the high probability of stenosis and 
of degenerated, fibrotic disc material prone to recur
rence wdthout more radical discectomy and not ame
nable to manual endoscopic techniques employing 
delicate instrumentation.

For contained epidural endoscopic lumbar sur
gery, neural elem ents are no longer at high risk since, 
rather than being moved, they can be seen and

FIGURE 36.15.
A. Sagittal MRI shovving large uncontained disc herniation at L4-5 B. Postoperative MRI after transforaminal endoscopic 
discectomy showing complete resection of the herniated disc fragment.
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avoided as abnormalities are identified and their 
correction with manual and/or automated tools can 
be visualized, verified, and documented. Flexible 
fiberoptic instrum entation joined w ith foraminal 
access has allowed visualized exploration and sur
gical intervention for neuropathology sim ilar to the 
technique of m icrodiscectom y. As such it has been 
compared to m icrodiscectom y through a cannula. 
Intracanal, intradiscal, and epidural space access 
has resulted in a technique w ith high specificity and 
patient satisfaction.

Com plications associated with foraminal epidural 
endoscopic surgery are reduced in com parison with 
other percutaneous procedures because of the sur
geon’s ability to visualize all elem ents of the proce
dure. The most common surgical event is steep iliac 
crest anatomic obstruction to approach at L5-S1, 
w hich has been w ell described for all percutaneous 
procedures even with the aid of curved access can- 
nulae. The incidence of postoperative headache re
sponsive to blood patch has been documented but 
unexplained in the absence of intraoperative se
quelae suggestive of dural insult. D iscitis and he
matoma are other potential com plications. Foram inal 
epidural endoscopic surgery, though the latest and 
most promising dim ension in m inim ally invasive ac
cess to the lumbar spine, has several deficits; ch ief 
among these is the diversity in practitioners’ insight 
into spatial orientation and understanding of anat
omy, pathology, and structures at risk. The technique 
has a significant learning curve for both surgeon and 
staff, and outcomes are critically linked to patient 
selection.

Percutaneous Fusion Procedures
Two m inim ally invasive techniques currently in use 
for interbody fusion have becom e recognized for sta
bilization of the lumbar spine. These are foraminal 
epidural endoscopy-assisted interbody fusion with 
or without percutaneous internal fixation, and lapa
roscopic transperitoneal L4—S i  or laparoscopic ret
roperitoneal L2—L5 discectom y w ith anterior lumbar 
interbody fusion.

Percutaneous Lum bar 
Interbody Fusion
Foram inal epidural endoscopy-assisted interbody 
procedures were developed on the basis of the ex
perience of Sw iss practitioners Schreiber, Leu, and 
Hauser, who used percutaneous external fixators as 
stabilization followed by percutaneous biportal an
terior interbody fusions (22, 49]. This technique was 
succeeded by a single-stage procedure reported by 
Mathews (31).

Clinical indications for percutaneous interbody

fusion procedures include gross instability or spon
dylolisthesis as w ell as degenerative scoliosis and 
arachnoiditis. Relative contraindications include 
spinal stenosis; smoking, as a variable influencing fu
sion rate and mass; long-term chronic pain, w hich 
may affect clin ical outcome relative to patient satis
faction and insurance status; advanced age, with po
tential suboptimum bone integrity; and obesity, in 
w hich excessive physical forces may overstress in
strumentation. Clinical assessment must be aug
mented through the evaluation of flexion-extension 
plain roentgenograms as w ell as MRI or flexion/ 
extension myelogram w ith postmyelogram CT and 
often w ith the addition of discography.

At surgery, the patient is positioned on a radiolu- 
cent frame and provided local anesthesia and intra
venous sedation. High-quality fluoroscopy verifies 
access to the disc via the foramen from a skin starting 
point 9 to 13 cm from the midline. Following discog
raphy and com plete discectom y with endplate prep
aration using manual, automated, or laser tools, spi
nal anesthesia allows bone graft harvest, pedicular 
fixation, and arthrodesis.

For instrum entation, the sharp end of a 0.062 
guide-wire is advanced through the skin 1 cm lateral 
to the area for cannulization, followed by anteropos
terior fluoroscopic verification. The fluoroscope is 
then angled at 15° off the AP position in line with the 
pedicle to be instrumented. Once the guide pin is 
confirmed as centered within the pedicle and the cor
tex is palpated, it is tapped into place to prevent 
“w alking” until advancement is desired. Tissue di
lators protect m uscle until the guide pin is advanced 
and seated into the vertebral body w ith anteropos
terior and lateral fluoroscopic verification. This pro
cedure is repeated for each pedicle to be instru
mented. Sm all incisions are then made, and the 
subcutaneous tissue is dissected suprafascially. A 
three-com ponent tissue dilator serves for drilling, 
and then placem ent of 7.0 cannulated self-tapping 
screws advanced to a 50%  depth of all pedicles. 
Plates are placed, with adjustment of ipsilateral and 
contralateral screws followed by cross-linking and 
locking nuts and final biplanar fluoroscopic verifi
cation (Fig. 36.16A ,B). Bone grafting is done w ith en
doscopic visualization, and then closure is per
formed.

Potential com plications include infection, failure 
of instrum entation, nerve damage, and failure of ar
throdesis, w hich has been the most significant issue, 
given soft grafting techniques. W ith prospective 
studies and advancement in bone substitutes, foram
inal epidural endoscopic lumbar spine stabilization 
continues to offer the potential for decreased surgical 
morbidity, dim inished hospitalization, and reduced 
long-term im pact on lifestyle, and a higher likelihood 
of return to the presurgical activities of daily living.
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FIGURE 36.16.
A. and B. Anteroposterior and lateral roentgenograms showing percutaneously placed suprafascial subcutaneous fixation 
as part of percutaneous interbody fusion procedure.

Percutaneous A nterior Lum bar 
Interbody Fusion
For anterior colum n collapse w ith early signs, in
cluding disc disruption syndrome and disc-space 
collapse, endplate inflammation, edema, and sclero
sis (Fig. 36.17), laparoscopic transperitoneal discec- 
tomy with anterior lumbar interbody fusion has 
shown early promise (29). Other proposed indica
tions have included disc herniation and m inim al in 
stability as w ell as selected deformities and fractures.

Early work with laparoscopic access to the inter- 
vertebral disc was done by Obenchain, who reported 
success with laparoscopic discectom y techniques 
iirst at L5-S1, and later at L 3 -4  and L 4 -5  (39-41).

Patients present w ith anterior colum n pain, radic
ulitis, and vague pelvic and/or groin pain. Discogra
phy may be helpful in determining the true pain 
generators in the confirm ation of the diagnosis. 
Preoperative MRI staging is highly recommended if 
not required to determine the location of the aorta 
and iliac vein confluence and to determine the skin 
portal of entry, usually 5 cm  above the pubic sym
physis for parallel access to the endplates and the 
center of the disc (Fig. 36.18A ,B), thus reducing the 
potential for intraoperative vascular trauma and 
hemorrhage.

FIGURE 36.17.
Preoperative sagittal MRI showing desiccated and col
lapsed L5-S1 disc. Discography confirmed that the L5-S1 
disc degeneration was the symptomatic pain generator for 
this patient.

At surgery, the patient is placed in mild Trende
lenburg position on a diving board table with excel
lent fluoroscopic capabilities assured. Adjuncts to 
surgery include general endotracheal anesthesia, Fo
ley catheter, and nasogastric tube for appropriate de-
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FIGURE 36.18.
A. Sagittal MRI used for preoperative staging prior to lap
aroscopic anterior lumbar interbody fusion. Skin markers 
(B and D) correspond to the entry points used to approach 
the corresponding disc levels. B. Bifurcation of iliac ves
sels, which, when considered in conjunction with axial im
ages, confirms appropriateness of laparoscopic approach.

compressions. Preoperative bowel preparation may 
also be advised.

It is highly recommended that a general surgeon 
accom plish the multiportal approach for abdominal 
laparoscopy. A discogram needle under fluoroscopic 
view w ill confirm disc location. W ith CO2 seal, can- 
nulated dilators and cannulated drill bits or regular 
osteotomes facilitate the spine surgeon’s prepara
tion of the graft bed following discectom y using 
manual and/or automated instrum ents under direct 
or fiberoptic visualization (Fig. 36.19A ,B], B icortical 
Cloward-type dowels or rectangular tricortical blocks 
are then harvested from the iliac crest through a sep
arate incision, and disc height is restored by progres
sive interspace distraction w ith delivery and loading 
of the graft.

Other investigators have pursued a sim ilar surgi
cal technique but with the use of a cage im plant for 
the purpose of restoring disc height and foraminal 
aperture (56). The procedure has also been performed 
using cage or bone in retroperitoneal dissection with

and without CO2 insufflation. Theoretical com plica
tions for the technique include trauma to the ureter, 
bowel perforation, and anterior spinal artery syn
drome as w ell as trauma to great vessels and to the 
hypogastric plexus with transient or permanent ret
rograde ejaculation. In actual clin ical work, there 
have been reports of vascular laceration with subse
quent conversion to open anterior lumbar interbody 
fusion (ALIF). In such instances the vascular misad
venture has been attributed to the surgical learning
curve.

Laparoscopic transperitoneal discectom y with an
terior lumbar interbody fusion, either instrumented 
or noninstrumented, seems in its early stages to pro
vide a reasonably safe alternative to traditional ALIF. 
W ith surgeon experience, the procedure offers short
ening of operative tim e in com parison w ith either tra
ditional anterior or posterior fusion procedures with 
concom itant reduction in anesthesia time. There is 
also a potential comparative reduction in surgical 
m orbidity, including blood loss, biom echanical de- 
stabilization, hospital length of stay, and analgesic 
requirements. Successful surgical outcome depends 
on a skilled laparoscopist who is fam iliar w ith the 
anatomy and structures at risk, and on optimum pre
operative MRI staging.

M acM illan and colleagues have described a trans- 
sacral approach via two 1-inch m uscle-splitting in
cisions. The horizontal position of the sacroiliac joint 
is entered w ith a guide-wire traversing the bony 
sacrum and across the endplate at L5-S1. This is 
performed bilaterally, creating crossed wires on an
teroposterior fluoroscopic views. Discectom y and 
endplate preparation is then performed via the trans- 
sacral intradiscal approach. Bone or screws are in
serted after dissection and fusion for fixation. Initial 
results are promising, and the procedure may carry 
less risk than laparoscopy for L5-S1 access (25).

Mayer has proposed a m icroscopic mini-ALIF via 
transperitoneal and retroperitoneal approaches. The 
technique appears to advance closer to optimum, less 
morbid anterior colum n intervention (Mayer HM, 
personal com m unication, 1996).

Long-term prospective outcome studies of nonin
strumented as w ell as instrum ented m inim ally in
vasive ALIF w ill be essential to demonstrate and 
validate efficacy, decreased morbidity, and cost- 
effectiveness.

Th e  Future of M inim ally  
Invasive Spine Surgery
Currently recognized m inim ally invasive techniques 
all continue to have lim itations in their applicability 
and versatility. These relative shortcomings foster 
the ongoing development of surgical alternatives de
void of the com orbidities associated with open sur
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!■
FIGURE 36.19.
A. Large transabdominal cannula docked in the anterior portion of the L5-S1 disc. The placement and securing of this 
cannula are done in conjunction with a laparoscopic general surgeon. B. Lateral roentgenogram showing a large curette in 
the L5-S1 disc space preparing the graft bed for laparoscopic placement of the bone dowels.

gery. Combining aggressive approaches w ith ad
vanced technology offers an exciting field of spine 
surgery that warrants development.

The progressive advancement of fiberoptic tech
nology and working channel endoscopy has pro
vided approaches more aggressively targeted toward 
pathologic tissues. These advanced techniques offer 
exciting possibilities for future technology, including 
the development of disc sealing devices, disc rehy- 
dration, and the insertion of carrier m echanism s for 
bone morphogenic protein.

Technology must continue to address the issue of 
endoscope size and indications. W hile sm aller en
doscopes have allowed entry into the spinal canal for 
access to extraforaminal herniations, the develop
ment of larger scopes w ill create opportunities to ad
dress large collagenized fragments, paramedian her
niations, and subarticular stenosis.

Herniated nuclear m aterial and other abnormali
ties present in many shapes, sizes, and locations. 
With the development of a family of endoscopes and 
associated working channel tools, further develop
ment and refinement of surgical techniques w ill ex
pand the indications and interventions for m inim ally 
invasive correction of spinal defects and deformities.
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CHAPTER THIRTY SEVEN

Microsurgery for Lumbar 
Disc Disease

John A. McCulloch

Introduction
Patient selection for surgery for lumbar disc disease 
largely determines outcome. W hether or not you use 
the m icroscope to com plete the surgical exercise w ill 
have little effect on the outcome [16). In fact, when 
you first start to use the m icroscope, your tim e to 
com plete the surgical exercise w ill be extended and 
your com plication rate (e.g., dural tears) w ill in 
crease. So why do we even consider the m icroscope?

Every surgeon wants to “see better” and “see 
m ore,” w hich is why the m icroscope is so useful in 
spine surgery. The by-product is a sm aller incision 
and wound (1 inch in length) for single-segment sur
gery. These wounds have less postoperative m orbid
ity and permit earlier patient m obilization (e.g., out
patient m icrodiscectom y). In addition, these wounds 
heal with less scar tissue since there is less m uscle 
dissection and less healing by secondary intention.

In 1913 W illiam  Halsted remarked, “I believe that 
the tendency w ill always be in the direction of ex
ercising greater care and refinem ent in operating, and 
that the surgeon w ill develop increasingly a respect 
for tissues; a sense w hich recoils from inflicting, un
necessarily, insult to structures concerned in the pro
cess of repair.” This historic observation is becoming 
more important as more surgery is being performed

through lim ited exposures. The ability to do spine 
surgery through lim ited exposure has been brought 
about by two modern factors. First, there is a much 
better understanding of syndromes that affect func
tion in the low back. An example is the better dis
tinction between a radicular syndrome resulting from 
a disc herniation and one resulting from subarticular 
stenosis. Second, more sophisticated investigative 
tools, such as computed tomography (CT) scanning 
and magnetic resonance imaging (MRI), allow an ac
curate clin ical diagnosis on w hich to base a surgical 
decision. Not only is an accurate clin ical diagnosis 
possible, but an exact definition and localization of 
the pathology w ithin the spinal canal is also avail
able, allowing for lim ited surgical intervention.

A n a to m y Essential for Using a 
Lim ited Surgical Incision______________
Anatomy is the foundation of all surgical successes. 
But the moment you reduce the size of your wound 
and give up a broad surgical field is the moment you 
realize the importance of an extrem ely detailed (mil
lim eter by m illim eter) knowledge of spinal anatomy. 
The following concepts w ill help you grasp that in
timate detail.

7 4 7
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Concept 1: Th e  Skeletal A n a to m y  
of the Lum bar Spine
The anatomic unit of the lumbar spine is a vertebral 
body and a disc below (Fig. 37.1 A). Just as the brain 
needs a skull for protection, the spinal cord and 
cauda equina need skeletal coverings. To provide 
this protection, each vertebral segment has attached 
posterior elements. For a moment, ignore the disc 
space and concentrate on an imaginary line joining 
the inferior pedicle borders (Fig 37 .lA ). There are six 
named posterior elements, three lying above that line 
(all paired) and three lying below (two of the three 
paired). Lying right on that dividing line is the pars 
interarticularis.

Concept 2: Nerve Root A n a to m y
The neural structures in the lower lumbar spinal ca
nal include the dural sheath, containing the cauda 
equina, and bilaterally exiting nerve roots for each 
anatomic segment. The exiting nerve root is num 
bered according to the pedicle beneath w hich it 
passes (Fig. 3 7 .IB ) (unlike in the cervical spine, 
where a nerve root is numbered according to the ped
icle above w hich it passes). Lumbar nerve roots are 
intim ately related to the pedicle beneath w hich they 
pass; when looking for a nerve root in the spinal ca
nal, a good rule to obey is to locate its adjacent ped
icle. Not only does each anatomic segment have 
paired exiting roots, but also there are the more m e
dial traversing nerve roots (Fig. 37 .IB ).

Concept 3: Im aging Localization  
of Pathology
The eyes of today’s microsurgeon are the sensitive 
imaging m odalities of MRI and CT. To help localize 
lesions w ithin the spinal canal, a “three-storied an
atomic house” for each spinal segment is proposed 
(Fig. 37.2A). This concept helps the surgeon reformat 
in his or her m ind the exact location of pathology in 
the interface between the disc/vertebral column and 
the neural colum n (Fig. 37.2B).

Using the inferior border of the pedicles as an ar
tificial division line (Fig. 37.1A ), each anatomic seg
ment can be divided into three “stories,” as in a 
house. (The choice of the concept “stories in a 
house” w ill become evident in the next few pages).

Now let us reconsider the posterior elements (take 
another look at Figure 37 .lA ). Of these six elements, 
only two are located in a single story— the pedicle 
and the transverse process are located exclusively in 
the third story. The superior facet is not only in the 
third story but it also overlies the disc space (first 
story) of the segment above. Sim ilarly, the inferior 
facet straddles the territory of the first and second 
stories; the cephalad border of the lam ina encroaches 
on the third story of the same anatomic level, and the 
caudal border overhangs the first story of that ana
tom ic segment.

The next exercise is to “read the stories,” an ex
ercise that allows the surgeon to reformat and exactly 
localize pathology w ithin the interface between the

A

I
)

Anatomic
segment

FIGURE 37.1.
A. The anatomic unit of the lumbar spine is the vertebral body and the disc below. The posterior elements are shown, 
three above the broken infrapedicular line and three (lamina, spinous process, and inferior facet) below this line. B. Each 
anatomic segment has an exiting root and traversing root(s). If this is the fourth anatomic segment, the exiting root would 
be numbered L4.
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FIGURE 37.2.
A. The “three-storied anatomic house” concept for each 
anatomic segment: first story—the disc level; second 
story—the foramina! level; third story—the pedicle level.
B. This three-storied house concept applies to reading pa
thology in the interface between the disc/vertebral column 
and the common dural sac (between the two black lines].

disc/vertebral colum n and the neural colum n (Fig. 
37 .3A -F).

Concept 4: W indow s of O pportunity  
into the Spinal Canal
In linking the anatomic segments and studying the 
posterior elements, it is possible to construct three 
‘ V in d ow s of opportunity” into the spinal canal (Fig. 
37.4A). You are already familiar with the routine in- 
terlam inar window. This unilateral interlaminar 
window can be used to enter the opposite side of the 
spinal canal (window 2 in Fig. 37.4A). The third w in
dow of opportunity into the spinal canal is the inter- 
transverse window. The use of these three windows 
of opportunity into the spinal house is facilitated by 
the magnification and illum ination inherent in the 
m icroscope.

The Interlaminar Window
The so-called “standard lam inectom y” has utilized 
the interlam inar window. The salient anatomic fea
tures of this window are as follows.

1. THE DIMENSIONS OF THE WINDOW

Note on the x-ray that w ith descending levels in the 
lumbar spine the dim ensions of the interlaminar 
window becom e broader and higher (Fig. 37.4B).

This makes entry into the canal for an L5-S1 discec- 
tomy a relatively easy procedure— compared to, say, 
an L 2 -3  discectomy.

2. LAMINAR OVERHANG

Also note that with ascending levels there is more of 
the inferior edge of the lam ina that overhangs the disc 
space (Fig. 37.4B). This phenom enon is lessened by 
surgical frames that flex the lumbar spine and in
creased by surgical frames that allow positioning of 
the patient in a neutral or lordotic position. It is an 
important fact to be aware of when trying to retrieve 
a disc herniation from the second story of L l, L2, L3, 
or L4, as a considerable portion of the cephalad lam
ina has to be removed for a direct view of this 
pathology.

3. LAMINAR OVERHANG AND WRONG 
LEVEL EXPOSURES

Laminar overhang and the anteriorly sloping lamina 
create the setting for wrong level exposures (Fig. 
37.4C). Add this to a patient who has degenerative 
disc disease with a narrowed interlaminar distance, 
who is short, obese, loose-jointed, and positioned on 
a kneeling surgical frame (e.g., the Andrew’s frame], 
w hich cannot reduce lordosis, and it is a reasonable 
expectation that a lim ited surgical incision w ill re
sult in wrong level exposure.
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4. CONTENTS OF THE LUMBAR SPINAL CANAL

The more proxim al lumbar spinal canal levels have 
three more salient anatomic features;

1. They contain more neural tissue. L I  has conns 
medullaris and all of the lumbar and sacral roots, 
whereas L5 has no cord and only the L5 to S5 sa
cral roots.

2. The canal space available for neural tissue at L l is 
m uch reduced compared to L5.

3. The proximal lumbar roots take a more horizontal 
course in exiting through the foramen. This makes 
the L l  root less m obile than the S I  root.

In summary; An exposure of an L 2 -3  disc is a 
m uch more difhcult technical exercise than that of

an L5-S1 disc because of lam inar overhang, a smaller 
canal w ith greater neural contents, and the more hor
izontally exiting roots. If the disc herniation is up in 
the second story of a proximal lumbar anatomic seg
ment, you have a real m icrosurgical challenge.

5. THE AXILLARY DISC RUPTURE

The axilla of the L5 traversing nerve root and the S i  
traversing root are related to the disc space as shown 
in  Figure 3 7,5A. This is an important relationship to 
appreciate, because an axillary disc, w hich is more 
prone to occur at L5-S1 (Fig. 37.5B), can displace a 
nerve root far into the subarticular region and out of 
direct view, where it can be damaged by the unwary 
surgeon.

FIGURE 37.3.
A. A disc herniation in the first story of the L5 anatomic segment, and B. a schematic for the same C. A disc herniation 
migrating from the first story of L5 into the third story of the S i anatomic segment, and D. a schematic for the same E. A 
disc herniation that has migrated up into the second story of L5 [arrow), and F. a schematic for the same



FIGURE 37.4.
A. The windows of opportunity into the spinal canal: (1) 
interlaminar; (2] contralateral interlaminar from ipsilateral 
interlaminar; (3) intertransverse. B. Note the interlaminar 
windows (made even larger still at L5-S1 by a spina bifida).
C. If “laminar overhang” is not appreciated, it is easy to 
slide cephalad on the lamina of L4 and end up in L3-4 
(arrow) instead of L4-5.

i 0
0 0

0 D

FIGURE 37.5.
A. Note that the axilla of the S i root is in the first story of L5, whereas the axilla of the L5 root is in the third story of L5—a 
fact that makes axillary disc herniations more common at L5-S1 than at L4-5. B. An axillary disc herniation L5-S1 right. 
The SI nerve root is displaced into the lateral recess (arrow). C. Migratory patterns of disc ruptures: (a) down into the third 
story of the segment below; (b) direct lateral; (c) up into the foramen; (d) up into the second story within the canal; (e) 
medially. D. The “safety net” of “whitish” fat can be found at the inferior edge of the interior facet (inset).
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6. THE MIGRATING DISC RUPTURE

Disc herniations usually occur in the posterolateral 
quadrant of the disc space, but they can migrate as 
extruded and sequestered fragments (Fig. 37 .5C). The 
MRI scans in Figure 37.3 show migrated disc frag
ments; the posterior elem ent anatomy has to be u ti
lized to arrive at the exact location of the migrated 
fragment.

7. LOCATING THE INTERLAMINAR WINDOW—
"THE SAFETY NET"

After dissecting soft tissue off of the interspinous/ 
interlaminar windows and positioning the frame re
tractor, look for the “safety net” (Fig. 37 .5D). This 
area is labeled the safety net because it is marked by 
the facet fat pad (a “w hiter” fat than normal); deep 
to it lies the joint surface of the superior facet. Plung
ing a sharp instrum ent into the safety net is harmless, 
because the cartilaginous surface of the superior facet 
protects the nerve root. Once the safety net has been 
identified, it is then easy to move along the cephalad 
or caudal laminar borders.

8. ENTERING THE SPINAL CANAL THROUGH 
THE INTERLAMINAR WINDOW

There are basically three ways to cross the ligamen- 
tum flavum to enter the spinal canal:
1. Transligamentous
2. Through the cephalad lam ina
3. Through the caudal lam ina 

Transligamentous. Only if a normal interlaminar
space is present is this a viable option. If degenerative 
changes have narrowed the disc space and/or re
sulted in facet hypertrophy or shingling of the lam 
ina, this approach should not even be tried. W hen 
directly crossing the ligamentum flavum, a word of 
caution is in order: The L5-S1 ligamentum flavmn 
has a tremendous variation in thickness from patient 
to patient. It can be very thin, especially in the pres
ence of any congenital lumbosacral anomaly, such as 
spina bifida; one bold stroke used to cross the m id
portion of such a ligament may land you in a sea of 
cerebrospinal fluid because of a dural laceration.

Through the cephalad lamina. Because of the fre
quency of a narrowed interlam inar space in lam inec
tomy, many surgeons prefer to remove a portion of 
the proximal (or cephalad) lam ina before crossing lig
amentum flavum. Often it is recommended that the 
ligamentum flavum be detached w ith an elevator be
fore the proximal lam inectom y is attempted. Rather, 
remember that the lam ina is thicker (anterior/poste
rior dimension) laterally and thinner m edially. Use 
this knowledge with the Kerrison m edially on the 
lamina, and dissect sublaminar as you are removing 
the edge of the lamina.

Through the caudad lamina. Probably the easiest 
way to enter the spinal canal is through the superior

edge of the caudad lamina. This is easy because of 
two anatomic factors: (a) the ligamentum flavum at
taches to the posterosuperior edge of the caudad lam
ina and is easy to remove (Fig. 37.6); and [b) the 
shape of the dural sheath and adjacent nerve root 
leaves a small, safe area of entry along the midportion 
of the lamina.

Spinal Stenosis and Window  #2
The salient anatomic features of spinal stenosis and 
the unilateral interlam inar window for bilateral and 
canal surgery are as follows.

1. THE CENTRAL AND LATERAL ZONES

Spinal stenosis can be divided into central canal ste
nosis or lateral zone stenosis (Fig. 37.7A). Central ca
nal stenosis is a true circum ferential encroachment 
on cauda equina territory w ith annular bulging an
teriorly (with or without a spondylolisthesis), facet 
joint hypertrophy laterally, and ligamentum flavum 
infolding posteriorly (Fig. 3 7 .7B). Note that the pre
dominant location of the lesion in acquired spinal 
canal stenosis is largely in the first story of the ana
tom ic segment, w ith some extension of the lesion 
into contiguous portions of the second story of the 
same segment and the third story of the adjacent cau
dad segment.

2. THE ATTACHMENTS OF THE LIGAMENTUM FLAVUM

Using the knowledge of attachment of the ligamen
tum flavum, it is possible to decompress the lesion 
in spinal canal stenosis with a lim ited microsurgical

FIGURE 37.6.
The origin (o) of the ligamentum flavum from the anterior 
half of the cephalad lamina, and its insertion (I) on the su
perior edge of the caudad lamina.
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FIGURE 37.7.
A . The lateral canal subzones and the central canal, B . A sagittal spin-echo (proton density) MRI in spinal canal stenosis 
and degenerative spondylolisthesis.

exposure (Fig. 37.8A). The cephalad lam ina is re
moved proxim ally until the origin of the ligamentum 
flavum fibers is seen. This is evident as a thinning of 
the ligamentum flavum proxim ally and the sighting 
of the “blue” common dural sac. Next, remove the 
medial edge of the facet joint. Finally, complete the 
interlaminar decom pression by removing the supe
rior edge of the caudad lam ina, w hich removes the 
insertion of the ligamentum flavum.

3. THE TWO LEAVES OF THE LIGAMENTUM FLAVUM

Another useful anatomic fact during this decompres
sion is the cleft that usually separates the right and 
left leaves of the ligamentum flavum. Using this nat
ural division, it is easy to remove the m edial por
tion of the ligamentum flavum, moving cephalad to 
caudad.

4. THE VIEW OF THE CONTRALATERAL CANAL FROM 
THE IPSILATERAL INTERLAMINAR WINDOW

By retracting (and saving) the interspinons ligament 
and rotating the patient away from the ipsilateral 
side, it is possible to use the m agnification and illu 
m ination of the m icroscope to see the contralateral 
side of the spinal canal. W ith careful preparation it 
is possible to do a bilateral decom pression of spinal 
stenosis through a unilateral interlam inar window 
(Fig. 37.8B,C).

Window #3— The Intertransverse Window
For years spine surgeons have been using the inter
lam inar window for entry to the spinal canal. W ith 
the discovery of the foraminal disc (Fig. 37 .9A) by 
CT and MRI, it seemed only natural to try to retrieve

FIGURE 37.8.
A. The shaded area represents the ligamentum flavum that 
must be removed to decompress one-half of the spinal ca
nal in acquired (degenerative) spinal canal stenosis. B. Af
ter the ipsilateral side of the canal is decompressed, roll the 
table away from you and, working anterior to the intact 
interspinous/supraspinous ligament complex, decompress 
the contralateral side of the canal. Obviously this is being 
done without elevating the paraspinal muscles on the con
tralateral side. C. An anterior/posterior schematic to show 
this technique.

that disc rupture through the “tried-and-true” inter
laminar window. These herniations are located lat
eral to the pars interarticularis in the foraminal zone 
(Fig. 37 .9B). Unfortunately, these disc ruptures lie in 
M acnab’s hidden zone (Fig. 37 .9C), and retrieval is 
difficult through the interlam inar window. All too of
ten in the orthopaedic com m unity the disc fragment 
was missed, in order to save the facet joint and m ain
tain stability, while in the neurosurgical community 
the facet was sacrificed to properly see the nerve root 
and the pathology. To avoid this dilemma, the inter
transverse window is proposed as a route to retrieve 
foraminal pathology.
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The Intertransverse Window to the Foram en
The salient anatomic features are as follows
1 The foramen The boundaries of the foramen are 

shown m  Figure 37.9B.
2 The roof of the foramen At the L l, L2, L3, and L4 

anatomic segments, note that the lateral border of 
the pars interarticularis is on the same sagittal 
plane as the medial border of the pedicle (Fig.

FIGURE 37.9.
A. A forammal disc herniation (arrow) m the second story 
of the L4 anatomic segment B. The boundaries of the fo
ramen are from the medial borders of the pedicles to the 
lateral border of the pedicles, and from the inferior border 
of one pedicle down to the superior border of the pedicle 
below C. These disc herniations he in Macnab’s hidden 
zone D. At all lumbar levels except L5, the lateral border 
of the pars interarticularis lies on the same sagittal plane 
as the medial border of the pedicle E. The sagittal-plane 
relationship between the lateral border of the pars interar- 
ticularis and the medial border of the pedicle at L5

FIGURE 37.10.
A. The Wiltse paraspmal split (one and one-half fingers- 
breadth off the midline] The disc rupture is the solid black 
dot anterior to the transverse process B. The forammal disc 
herniation (broken circle), the accessory process (A) on the 
medial/inferior edge of the transverse process

37.9D) The only exception to this lumbar rule is 
at the L5 anatom ic segment, where the sagittal 
plane for the lateral border of the pars is at mid- 
pedicle (Fig 37.9E) If you accept that the foramen 
IS bordered by adjacent pedicles, then the foramen 
has no bony roof. Rather, the roof of the foramen 
is the intertransverse ligament To enter the L l, L2, 
L3, or L4 foramen from w ithin the spinal canal, it 
is necessary to cross the pars (sacrihcing the infe
rior facet) to gam a direct view of pathology. Using 
this anatomic concept, it becom es evident that to 
retrieve a foram inal disc fragment it is m uch easier 
to take the paraspinal approach, crossing the soft- 
tissue intertransverse ligament roof of the foramen 
(Fig 37.10A).

3. The lateral bolder of the pedicle The little- 
mentioned accessory process at the proximal in
ferior border of the transverse process marks the 
lateral edge of the pedicle (Fig. 37.10B)

4. The disc lateral to the pars. In looking at Figure 
37 .9D it becomes evident that a reasonable portion 
of the disc space lies lateral to the pars interarti
cularis This IS more obvious m  the proximal lum
bar segments, but even at L4 a reasonable portion 
of the disc space lies lateral to the pars. It is nec
essary to remove a small portion of the tip of the 
superior facet to gain entry to the disc space.

5. The paraspinal surgical approach The paraspinal 
surgical approach to a foraminal disc is shown in 
Figure 37 11

Indications for M icrosurgery  
for Lum bar Disc Herniation (LDH) 

Herniation
The indications for microsurgery for a lumbar disc 
herniation are no different from those for a standard 
lumbar discectomy. The microscope will not “do”
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Step 1

FIGURE 37.11.
The paraspinal approach to a lumbar disc herniation. Step 1: Identify the accessory process and dissect the intertransverse 
hgament off the transverse process at this level. Step 2: Open the capsule of the facet joint and resect it laterally. Step 3: 
With a Kerrison rongeur dissect up the anterior lateral border of the pars interarticularis, separating the intertransverse 
ligament from the fibers of the ligamentum flavum. Step 4: Join steps 1 and 3 to be able to reflect the intertransverse ligament 
laterally and (Step 5] inferiorly. Step 6: Find the nerve root encased in fat, and then locate the disc rupture that will usually, 
but not always, be found medial to the nerve root.

the surgery: it is sim ply a technical aid like a sharp 
scalpel or your favorite probe. The indications for mi- 
crodiscectom y are as follows.

A General Statement
One only has to review the natural history of lumbar 
disc disease to realize that spinal surgeons play a pal
liative role in  the management of this problem. The 
most outstanding study on the natural history of lum 
bar disc disease was done by W eber (14). He ran
domly assigned large groups of patients with un
equivocal signs of a disc herniation to surgical and 
nonsurgical groups. W eber has shown that although 
surgery initially increases the yields of good results, 
its advantages disappear on longer follow-up (Table 
37.1).

Hakelius also com pleted a retrospective study of 
583 patients w ith unilateral sciatica (4). His results 
were sim ilar to W eber’s in that the surgically treated 
patients initially had a better result, but by 6 months 
there was no difference between the two groups of 
patients (Table 37.2). He did show that on a 7-year 
follow-up, the conservatively treated group had more

TABLE 37.1
Weber’s Results (1983)
Tim e Since 
Surgery
1 year 
4 years

10 years

N onsurg ica l Surgical
Results Results
60% better 92% better
No statistical difference between 

tfie  tw o groups 
No difference between 4-year and 

10-year follow-up

low back pain, more sciatic discomfort, more recur
rences, and more lost time from work.

One can only conclude from these and other stud
ies, including those on the natural history of sciatica 
due to a disc herniation, that it is a transient, self- 
limiting condition. Satisfactory resolution over time 
is likely to occur, regardless of the method of treat
ment intervention, be it surgical or conservative 
treatment. If one is proposing surgical intervention, 
it becomes essential to prove that surgery carries with 
it a high rate of initial success with limited risk to 
the patient and at the least expense possible to the 
payers for the service (11).
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TABLE 37.2
Hakelius’s Results (583 patients)
Tim e Since Surgery
Immediate
6 months

7 years

Results
Surgical results better 
No difference between surgery and 

conservative treatm ent 
Nonsurglcal patients had more 

episodes of low back pain and 
sciatica and more lost tim e from  
work

The following are the indications for surgery in
cases of herniated nucleus pulposus (HNP);

Absolute Indications
1. Bladder and bowel involvement: The cauda 

equina syndrome. The acute m assive disc hernia
tion that causes bladder and bowel paralysis is 
usually a sequestered disc that requires immediate 
surgical excision for the best prognosis (5).

2. Increasing neurologic deficit. In the face of pro
gressing weakness, it is wise to intervene early 
with surgical excision of the disc rupture.

Relative Indications
1. Failure of conservative treatment. This is the most 

common reason for surgical intervention in the 
presence of a lumbar disc herniation. Ideal con
servative treatment is treatment that occurs over at 
least 6 weeks and not more than 3 months and re
sults in improvement in the patient’s symptoms 
and signs. During that time the amount of com 
plete bed rest that should be prescribed is 2 to 3 
days. Other conservative measures such as m edi
cation (analgesics, anti-inflammatory agents, m us
cle relaxants), m odalities (heat and cold), and ex
ercises may be used (1). The key to measuring the 
success of conservative treatment is not only the 
patient’s relief of pain but also the improvement 
in straight-leg-raising ability. If a patient goes to 
bed with appropriate m edication for 2 to 3 days 
and there is no improvement in sciatic discomfort 
or in straight-leg-raising ability, it is likely that the 
patient is going to follow a protracted conservative 
course, and surgical intervention is indicated. It is 
proposed that surgical intervention in the acute ra
dicular syndrome occur before 3 months of symp
toms have gone by, in order to try to avoid the 
chronic pathologic changes that can occur w ithin 
a nerve root.

2. Recurrent sciatica. Conservative treatment can 
also fail in that the patient experiences recurrences 
of the sciatic syndrome. Table 37.3 outlines the use 
of “recurrences of sciatica” as an indication for 
surgical intervention.

3. Significant neurologic deficit with significant 
straight-leg-raising reduction. This is a relative in

dication for surgical intervention for an HNP. 
Again, W eber has shown that these patients even
tually recovered just as w ell with nonsurgical in
tervention (14]. These patients are in extreme pain 
and often cannot wait for the benefits of conser
vative care. On the rare occasion, these patients 
present with severe pain that has resolved as the 
neurologic deficit has increased; they also should 
undergo surgery when the MRI demonstrates a 
large LDH.

4. A disc rupture into a stenotic canal. I recommend 
quick intervention surgically when the neurologic 
deficit is shown on MRI to be associated with a 
narrowed spinal canal such as in acquired canal 
stenosis, subarticular stenosis, or congenital ste
nosis.

5. Recurrent neurologic deficit. If a patient who has 
sciatica and a neurologic deficit has been success
fully treated w ith conservative care only to have a 
neurologic deficit reappear w ith recurrent sciatic 
symptoms— operate.

Contraindications to Surgical Intervention
Before intervening surgically for the acute radicular 
syndrome due to a lumbar disc herniation, it is es
sential to have an accurate clin ical diagnosis of the 
cause of the sciatica, an anatomic level of the lesion, 
and support for both clin ical im pressions by some 
form of investigation. If there is not a perfect conso
nance between the patient’s clin ical presentation, the 
anatomic level, and the structural lesion as demon
strated on myelography, CT scanning, or MRI, the po
tential for a poor result increases dramatically (Table 
37.4].

Patients who have a significant nonorganic com 
ponent (Table 37.5) to their disability are usually a 
contraindication to surgical intervention. The pres
ence of a nonorganic com ponent to a disability does 
not immunize a patient from a disc herniation. On 
the other hand, few patients w ith a significant non- 
organic component to their disability do in fact have 
a disc rupture as part of their causative pathology.

TABLE 37.3
Recurring Sciatica®: Indications for Surgery
Episode o f 
Sciatica
First

Prognosis
90% of patients w ill get better and stay better 

w ith conservative care 
Second 90% of patients w ill get better, but 50% of the

patients w ill have a recurrence of 
symptoms; consider surgery 

Third 90% of the patients w ill get better, but almost
all w ill have recurrent episodes of sciatica; 
propose surgery

“ This condition is to be distinguished from recurrent HNP (disc her
niation recurnng after previous surgery).
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TABLE 37.4
Contraindications to Surgery for an HNP
Wrong patient (poor potential for recovery, e.g., workm en's 

compensation patient off work fo r more than 3 years) 
W rong diagnosis (e g., other pathology causing the leg 

symptoms)
Wrong level
A painless lumbar disc herniation (do not operate fo r prim ary 

com plaint of weakness or paraesthesias, in absence of pain) 
An inexperienced surgeon applying poor technical skills 
Lack of adequate instruments

TABLE 37.5
Symptoms and Signs Suggesting a 
Nonorganic Component to Disability
Symptoms
1 Pam IS m ultifocal in d istribution and nonmechanical 

(present at rest)
2. Entire extrem ity is painful, numb, and/or weak
3 Exremity gives way (as a result, the patient carries a cane)
4 Treatment response 

a No response
b. "A lle rg ic ”  to treatment
c. Not on treatment

5. M ultiple crises, m ultiple hospital admissions/investigations, 
m ultiple doctors 

Signs
1. Tenderness is superficial (skin) or nonanatomic (e.g., over 

body of sacrum)
2 Simulated movement tests are positive
3 Distraction tests are positive
4. Whole leg is weak or numb
5 "Academ y A w ard" performance

Lum bar Disc Herniation in Special Circumstances
Disc herniations do not always occur in  simple, un
com plicated situations. Below  are some particular 
situations that may be related to an LDH causing 
sciatica.

LDH WITH SPONDYLOLISTHESIS

Patients who have a spondylolisthesis may suffer 
from a disc rupture, causing an acute radicular syn
drome. Most of these w ill occur at the level above the 
spondylolisthesis. A disc herniation at the same level 
of the slip usually occurs into the foramen. For the 
former situation, sim ple disc excision or chem onu
cleolysis is all that is required; for the latter (disc ex
cision at the slip level), discectom y should be accom 
panied by a stabilization procedure.

LDH IN SPINAL STENOSIS

Spinal stenosis can occur in the central canal or lat
eral zones. It can be an asymptomatic or a m ildly 
symptomatic condition that can suddenly convert to 
a significant disability when a disc herniation occurs. 
Investigation in these patients is somewhat inconclu 

sive, because the stenosis does not allow a clear de
piction of the disc rupture. It is only when the pre
senting symptoms are analyzed and the dominance 
of the leg pain is ascertained that one w ill suspect a 
small disc herniation in the presence of a stenotic 
canal or lateral zone stenosis.

Sim ple m icroscopic removal of the disc herniation 
along w ith a local decom pression of the stenotic seg
ment is the proposed method of treatment. If it is as
certained in the patient’s history that the stenotic 
com ponent was significantly symptomatic before the 
occurrence of the LDH, a wider decompression is 
needed to treat both the stenosis and the LDH.

LDH IN INSTABILITY

Patients who have a long history of back pain and 
significant degenerative disc disease on roentgeno
gram may suffer from a disc herniation at the degen
erative level. W hether or not this instability should 
be treated at the time of the disc excision is a difficult 
question to answer. The author feels that if the disc 
degeneration and LDH are confined to one level, it is 
reasonable to consider fusion. If the disc degenera
tion is present at m ultiple levels, either on roentgen
ogram, discography, or MRI, simple disc excision is 
the best choice.

LDH IN THE ADOLESCENT PATIENT

The younger patient with a disc herniation presents 
a special problem. As outlined in DeOrio and 
B ianco’s series from the Mayo Clinic, a number of 
these patients go on to repeat surgical procedures af
ter their initial surgical intervention [2], Because of 
the high incidence of protrusions rather than disc ex
trusions, it is proposed that in this age group the op
tim al treatment is chem onucleolysis rather than sur
gical intervention (9).

RECURRENT LDH (AFTER DISCECTOMY)

Reherniation of disc material occurs in approxi
m ately 2 to 5%  of patients. The recurrence may occur 
at any interval after surgery (days to years) and is 
most often at the same level and same side. If the 
recurrence is at the same level and opposite side or 
another level, it can be considered a “virgin LDH” 
and the principles discussed earlier in this chapter 
apply. Unfortunately, most recurrences are at same 
level and same side, and scar tissue from the previous 
surgery introduces a whole new elem ent to diagnosis 
and treatment.

The surgical approach to a recurrent lumbar disc 
herniation (same level, same side) can be summa
rized as follows:

■ Scarring “tacks” down the dura to the back of the 
disc space so that a sm aller amount of herniated 
nuclear material is capable of producing a signif
icant amount of pain and neurologic deficit.
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■ Because of the im m obility of the scarred dura, 
transdural ruptures, although rare, can occur (6).

■ Determining the anatomic level by clin ical assess
ment can be difficult because:
■ Some neurologic changes are residual from the 

prior LDH.
■ The dura may not only be im m obilized, it may 

also be distorted from the scar tissue, leading to 
lower root involvem ent than usual for the level 
of the LDH (e.g., a recurrent L 4 -5  HNP may af
fect a number of sacral roots.)

■ Investigation can be difficult to interpret because 
of the scar tissue. To a large extent, this reduces 
the reliability of myelography and has led to the 
use of intravenous Conray-enhanced CT and intra
venous gadolinium  DTPA—enhanced MRI

■ Not only are the clin ical assessm ent and investi
gation difficult, the surgery is also difficult and 
prone to com plications such as missed pathology, 
dural tears, and neurologic damage. A basic prin
ciple in repeated surgery is to gain as wide an ex
posure as possible to deal writh the recurrent pa
thology. The microsurgeons are flying in  the face 
of this principle, but with accurate localization of 
the recurrent pathology by preoperative investi
gation, m icrosurgical intervention presents some 
advantages (3).

THE FORAMINAL DISC HERNIATION

A foraminal disc herniation is depicted in Figure 
37.9. It is a disc extrusion or sequestration that lies 
in M acnab’s hidden zone (10). It occurs in the older 
age group, usually at the L 4 -5  or L 3 -4  level, and 
causes severe anterior thigh pain. In order to live up 
to the surgical principles of seeing all the pathology 
that needs to be excised w hile preventing damage to 
important structures (the nerve root and inferior 
facet), this disc herniation should be approached 
through W iltse’s (17) m uscle-splitting paraspinal 
approach.

THE CAUDA EQUINA SYNDROME

Very large disc ruptures can be approached micro- 
surgically. The m agnification and illum ination allow 
clear identification of tissue planes betw een neural 
tissue (dura) and disc-annulus. The author has used 
the m icrosurgical hem ilam inectom y approach in 
nine cases of cauda equina syndrome with no com 
plication and full recovery for patients seen and op
erated on in an emergency setting

Other Indications fo r  M icrosurgery  
fo r  Lum bar Disc Disease
1) Spinal Stenosis

a) Canal stenosis
b) Lateral zone stenosis

Problem s w ith  the M icroscope and 
M icrosurgery
Sw itching from loupes to the m icroscope obviously 
requires a learning curve. This is not a great hurdle 
to the young surgeon-in-training, but it can be a prob
lem for the established surgeon. The advantages of 
the m icroscope over loupes are summarized in Table 
37.6.

Problem s w ith  the M icroscope
Hand-eye coordination. Sm all wounds leave little 
room for visualization. This necessitates the use of 
instruments that are longer (e.g., 8-inch Kerrison) and 
narrower than standard, in order to keep the operat
ing hand out of the held. Interpose a m icroscope in 
this situation, and the only thing visible to the op
erating surgeon is the working end of the surgical in
strument. The loss of hand-eye coordination is a ma
jor problem for some surgeons.

Loss of peripheral vision. The m icroscope delivers 
excellent visualization w ithin its field, but zero vi
sualization outside its field. This paradox also re
quires travel along the learning curve.

“Overhang is the enemy. ” W ithin the visual field, 
the surgeon must constantly struggle to be sure that 
“overhang” does not narrow the field.

Th e  M icroscope
The m icroscope is nothing more than binoculars 
looking through a magniiying glass. The usual setup 
for spine microsurgery is:

■ Eyepieces = .10 X  m agnification
■ Binocular tube length = 1 7 0  mm
■ M agnification chamber = 1 .6  times
■ Objective lens = 350 mm

TABLE 37.6
The Advantages of the Microscope Over Loupes'*

Loupes M icroscope
Magnification Limited in extent and Relatively unlim ited and

fixed changeable
Illum ination Not parallel to line of Parallel to line of vision

vision (paraxial) (coaxial)
3 D Vision Limited w ith less Maintained w ith 25 mm

than 65 mm skin skin incision
incision

Patient size The larger the Neutralized (every
patient, the larger patient is made the
the wound same size by the
required optics)

Teaching Assistants excluded Assistants included
Surgeon's Fixed Sparred

neck

I ne m om ent you decide to  lim it your exposure via the microscope, 
you WiJI becom/i a m jj^h  in regard to  Wg'CaJ
anatomy and pathology
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The formula for m agnification is: 
Binocs

Objective 

170

X eyepieces x  mag. cham ber =  IVi

350
X 10 X 1.6 = 7 -8  tim es m agn ifica tion

Problem s w ith  M icrosurgery
We are all aware of the problems of anesthesia and 
wounds that are part o f any surgical exercise. There 
are also some general problems particular to spine 
surgery. But there are problems that are specific to 
lumbar microsurgery;
■ Wrong level exposure
■ Retained pathology
■ Hemorrhage
■ Dural tears and neural injury
■ Infection

Wrong level exposure. W hen you reduce your lum
bar wound to a minimum, you give up the ability to 
count up from the sacrum for level identification, and 
you im m ediately expose yourself to the three most 
common errors in spine microsurgery:
1. Exposure of the wrong level
2. Exposure of the wrong level
3. Exposure of the wrong level

Clearly identify your level of intervention before 
making the skin incision. I prefer image intensifier 
localization on lateral view before patient prepara
tion and draping (Fig. 37.12). Secondly, know your 
pathology and where exactly you w ill find it; if  it is 
not there, you are at the wrong level and need an 
intraoperative x-ray.

Retained pathology. Preventing retained pathol
ogy requires a clearly thought-out game plan before 
incision. First, know what pathology you w ill en
counter and where it is located. Second, remember 
you are doing nerve root surgery, not disc surgery. 
You are operating because the nerve is “pinched” 
and you are going to leave the nerve “unpinched” 
(freely mobile). Third, probe in all directions to be 
sure that no fragments are left behind.

Hemorrhage. The average blood loss in a simple 
discectom y performed by an experienced m icrosur
geon is 25 mL. If the loss rises to 150 to 200 mL and 
the surgical field is a “bloody m ess,” the surgeon can
not see, and com plications w ill occur. Prevent this 
problem with the following steps:
■ Patients m ust cease taking anti-inflammatory med

ication 7 to 10 days preoperatively.
■ Position the patient on the operating table so that 

the abdomen is free of pressure and there is no 
vena cava pressure producing backflow through 
Batson’s plexus into the epidural veins.

■ Use hypotensive anesthesia when the patient’s 
general health permits.

■ Use tamponade frequently and use bipolar coag
ulation judiciously.

Dural tears and/or neural injury. Excessive hem 
orrhage and the use of inappropriate instrumentation 
are the causes of dural tears. Recognize the causes 
and practice prevention. If a dural tear occurs and is 
evident (e.g., dorsal dura), it must be repaired. If the 
tear cannot be seen and w ill tamponade itself (e.g., 
ventral dura), do not attempt a repair (you w ill make 
it worse). Sim ply pack the area w ith absorbable gel
atin sponge (Gelfoam) and keep the patient in bed for 
48 hours.

Infection. W ilson first pointed out the apparent 
higher infection rate following microsurgery in com 
parison with that of conventional lam inectom y (16). 
This is thought to be a result of the presence of un
draped, unsterile m icroscope eyepieces that may be 
touched by the operating room personnel. Observing 
very strict sterile technique, performing expeditious 
surgery, and using prophylactic antibiotics have re
duced the incidence of discitis to 3 in  2500 cases in 
the author’s practice.

Technical Com plications  
M eriting Special M ention
Short incision and force. W hen you have a deep 
wound with a 1-inch opening and you use force, 
there is only one way you can go, and that is deep— 
deep into a spina bifida, and damage the cauda 
equina; deep into the disc, and damage the vascular 
tree, the bowel, or the genitourinary system.

Dural tears and root injury. W hen you are oper
ating in a sm,all wound, force can damage the dura 
and/or nerve roots. Use the proper instrumentation 
w ith precision. If you end up with an inadvertent 
durotomy, exercise one principle: If the tear w ill tam
ponade itself (e.g., anterior dural tears), ignore it; if 
the tear w ill not tamponade itself (e.g., dorsal tear in 
the laminotomy defect), you must repair it with a 
watertight seal.

Techniques of Sim ple  
M icrodiscectom y  

Anesthesia
The author prefers general anesthesia because of pa
tient comfort, airway control in the prone position, 
and the potential use of hypotensive anesthesia.

Position
The kneeling frames are the easiest to use and 
they routinely remove pressure from the abdominal 
cavity.
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c
FIGURE 37.12.
A An image mtensi&er is used to mark (with a needle) the mferior edge of the disc space Obviously sterile preparation of 
the skin is done before the needle is inserted B The needle is placed in the paraspinal muscles so that it is aligned with 
the inferior edge of the spinous process and parallel with the inferior edge of the disc space to be exposed The arrows show 
proper needle placement for L5 S i and L4—5 C The skin is marked and the needle removed and the patient is prepared 
and diaped for surgery
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Level Identification
Do this before patient preparation and draping, using 
an image intensifier.

Skin Incision and Exposure  
of Interlam inar Space
The skin incision, Va to % inch on either side of the 
marking line, is made beside the spinous processes 
rather than in the midUne. Blunt dissection is used 
to expose the lumbodorsal fascia, w hich in turn is 
opened in a curvilinear fashion (Fig. 37.13A). The 
skin opening and fascial incision are designed to do 
the least amount of damage to the interspinous- 
supraspinous ligament complex. The subperiosteal 
m uscle dissection and elevation are com pleted and 
the retractor inserted. At this juncture the m icro
scope is moved into position.

Entry Into the Spinal Canal
The author prefers not to excise the ligamentum fla- 
vum but rather preserve it as a flap based m edially 
(Fig. 37.13B).

Extent of Interlam inar Exposure  
Relative to  Pathology
W ith the knowledge of the location of the pathology 
in the spinal canal, a plan of cephalad-caudad lam i
nar excision can be followed. For example:

■ A third-story HNP in the L5 segment requires re
moval of some of the cephalad and caudad laminar 
edges during an L4-L5 exposure.

■ A second-story HNP in the L4 segment requires 
removal of at least one-half of the cephalad lam 
ina.

Th e  Lateral Edge of the Nerve Root
Once in the spinal canal, finding the lateral edge of 
the nerve root using blunt dissection is the most im
portant step. The pedicle is the key to finding nerve 
roots. After the lateral border of the nerve root is de
fined and the root retracted medially, it is possible to 
become more aggressive with the Kerrison to achieve 
the cephalad or caudad laminar excision necessary 
to deal with the pathology.

Ftap ot

FIGURE 37.13.
A . A flap of lumbodorsal fascia is created to avoid tearing tiie supraspinous ligament complex with retraction (s = spinous 
process, m = midline, arrow points to apex of flap, which is 1 cm off midline]. B. A flap of ligamentum flavum is created. 
SP = spinous process; CD = common dural sac; R = root; D = disc; IF = inferior facet; SF = superior facet.
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If you cannot find the lateral edge of the nerve root, 
the reason may be one of the following:

■ An axillary disc displacing the root laterally
■ Failure to remove an osteophytic lipping off the 

medial edge of the superior facet
■ Adhesions
■ Anomalous roots

Sharp tools should not be used in  the spinal canal 
until the lateral border of the nerve root has been 
clearly identified and mobilized.

If you are having trouble finding the lateral edge 
of the nerve root or are wondering whether there is 
any root lateral to the root you have identified, re
member the following basic rule: Nerve roots are in
timately related to pedicles. If you cannot find a 
nerve root, find a pedicle and the root w ill be im 
m ediately medial to it; if you have a nerve root iso
lated, check that the medial bony wall of the pedicle 
is lateral to your probe to prove that no other nerve 
tissue is lateral to you at that particular point.

Retraction of the Nerve Root
Before retracting the nerve root, be sure that you have 
its lateral border clearly defined and that no adhe
sions are present. Microsurgery is a two-handed pro
cedure: One hand holds and m anipulates the root, 
the other hand operates. For this reason, it is best for 
the surgeon to hold the root retractor, w hich allows 
proper positioning of the retractor relative to the 
operating tool (e.g., pituitary rongeur) and promotes 
the use of interm ittent root retraction during the 
operation.

Dealing W ith Canal Pathology
The object of the surgical exercise is to leave a freely 
mobile nerve root. This requires removal of the ob
vious portion of ruptured disc and also includes a 
search of the canal, along w ith probing of the fora
men, for residual disc or bony pathology.

Rem oving Intradiscal Tissue
How much disc to remove from w ithin the disc cavity 
is an unanswered question. Removal of as m uch disc 
as possible im plies curettage of the interspace, in 
cluding removal of the endplates. Critics of this ap
proach point out the following drawbacks:

■ It is not possible to remove all intradiscal material 
in this manner, no matter how long the surgeon 
works.

■ This aggressive approach increases the risk of 
damage to visceral structures anterior to the disc 
space.

■ The incidence of the chronic back pain produced 
by conditions such as sterile discitis and instabil
ity is increased.

■ Although there are some articles in the literature 
to suggest that this extensive intradiscal debride
ment decreases the recurrent LDH rate, there are 
other articles refuting that position. In the end, the 
only reasonable prospective controlled study was 
Spangler’s, w hich suggested that lim ited disc ex
cision is all that is necessary (12].

Advantages of Lim ited Disc Removal
The advantages of lim ited disc removal are as fol
lows:

■ Less trauma to endplates and less dissection
■ Less nerve root m anipulation
■ Lower infection rate
■ Lower com plication rate for structures anterior to 

disc space (vessel perforation)
■ Less disc space settling postoperatively

M icrosurgery for Lateral 
Zone Stenosis 
Subarticular stenosis is easily dealt with through a 
m icrosurgical approach. Foram inal encroachm ent is 
best handled with a surgical approach lateral to the 
pars interarticularis (Fig. 37.10).

M icrosurgery for Spinal 
Canal Stenosis
Spinal canal stenosis is either congenital or acquired 
(degenerative). It may also present as a combined 
congenital and acquired stenosis, w hich is quite 
common in men of large stature. In single-segment 
degenerative stenosis (Fig. 37.7) it is possible to per
form a bilateral interlaminar decompression through 
a unilateral interlam inar window (Fig. 37.8). The 
procedm e is greatly facilitated with the microscope.

Results of M icrosurgery  
for Lum bar Disc Disease
As noted in the introduction to this chapter, spinal 
surgeons play a palliative role in the management of 
lumbar disc rupture. The early results of microdis- 
cectom y are no better than those of standard lami- 
nectom y-discectom y (7, 13), but the patient is much 
better off, with less postoperative morbidity, earlier 
discharge from hospital (e.g., outpatient surgery), and 
an earlier return to work.
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Lim ited Surgical intervention  
for Lum bar Fusion 
We have known for a long time that uninstxumented 
multisegmental lumbar fusions have a high pseud- 
arthrosis rate. Spinal surgeons using instrumentation 
have shown us that rigid immobilization of the seg
ments to be fused leads to a much higher fusion rate. 
Unfortunately, it has come at the cost of more im
mediate complications and long-term breakdown of 
adjacent unfused segments because of the stress- 
shielding of rigid instrumentation. Can we learn from 
their experiences? The reason for the high pseudar- 
throsis rates in uninstrumented fusions is the usual 
attendant long incision and muscle elevation in the 
lateral gutter. On closure, this loose “soft-tissue en
velope” offers no immobilization to the bone graft. 
Use of the soft-tissue envelope concept to elevate 
only those soft tissues necessary to lay down the bone 
graft, which in turn will close and rigidly immobilize 
the bone graft, will likely lead to higher fusion rates 
without the complications of instrumentation (Fig.
37.14).

Conclusion

Before the contributions of Semmelweis and Lister, 
infection of the surgical wound was expected. The 
advent of aseptic techniques, the introduction of an
tibiotics, and the improvements in surgical tech
niques changed all that and have made modern sur
gery possible. Before these advances, avoiding an 
infection was considered luck; now an infection in a 
clean wound is rare.

Today’s surgeons are at another threshold: We 
make the incision and we expect scar. Is there some 
way we can reduce scar— and when its formation is 
necessary, is there some way we can control its for
mation? To a certain extent this has been accom 
plished with such interposition membranes as fat or 
the ligamentum flavum flap. It appears that the initial 
proposal by LaRocca and Macnab of using absorb
able gelatin sponge (Gelfoam) has not stood the test 
of time (8). But they did observe that in order to re
duce scar tissue, the laminectomy should be as re
stricted as possible, consistent with thorough decom
pression of the involved nerve. This is the approach

FIGURE 37.14.
A. The hmited “soft-tissue envelope” approach to fusion. The open arrow points to the separate fascia incisions to complete 
the fusion on each side. The heavy arrow pomts to the extent of muscle elevation to “open the soft-tissue envelope.” B. An 
L5-S1 fusion, 2 months after surgery, accomplished through the “hmited soft-tissue envelope” approach.
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that should be taken to lumbar disc surgery, and the 
m icroscope facilitates such a step.

References_____________________________
1. Bell GR, Rothman RH. The conservative treatment of 

sciatica. Spine 1984;9:54-56.
2. DeOrio fK, Bianco AJ. Lumbar disc excision in children 

and adolescents. J Bone Joint Surg 1982;64A:991-996.
3. Goald HJ. A new microsurgical reoperation for failed 

lumbar disc surgery. ] Microsurgery 1986;7:63-66.
4. Hakelius A. Prognosis in sciatica: a clinical follow-up 

of surgical and non-surgical treatment. Acta Orthop 
Scand Suppl 1970;129:1076.

5. Hardy RW Jr., David HR Jr. Extradural spinal cord and 
nerve root compression from benign lesions in the lum-

 ̂ bar area. In: Youmans JR, ed. Neurological surgery. 
Philadelphia: WB Saunders, 1990.

6. Hodge CJ, Binet EF, Keiffer SA. Intradural herniation of 
lumbar intervertebral disc. Spine 1979;3:346-350.

7. Kahanovich N, Viola K, McCulloch JA. Limited surgical 
discectomy and microdiscectomy; a clinical compari
son. Spine 1989;18:24-27.

8. LaRocca H, Macnab I. The laminectomy membrane. J 
Bone Joint Surg 1974;56B:24-27.

9. Lorenz M, McCulloch JA. Chemonucleolysis for her
niated nucleus pulposus in adolescents. J Bone Joint 
Surg 1985;67A:1402-1404.

10. Macnab I. Negative disc exploration. J Bone Joint Surg 
1971;53A:891-903.

11. Scoville WB, Corkilig G. Lumbar disc surgery: tech
nique of radical removal and early mobilization. J Neu- 
rosurg 1973;39:265-269.

12. Spengler DM. Results with limited excision and selec
tive foraminotomy. Spine 1982;6:604-607.

13.Tullberg T, Isacson J, Weidenhielm L. Does micro
scopic removal of lumbar disc herniation lead to better 
results than the standard procedure? Spine 1993; 
18:24-27.

14. Weber H. Lumbar disc herniation: a controlled pro
spective study with ten years of observation. Spine 
1983;8:131-140.

15. Williams RW. Microlumbar discectomy: a conservative 
surgical approach to the virgin herniated lumbar disc. 
Spine 1978;3:175-182.

16. Wilson DH, Harbaugh R. Microsurgical and standard 
removal of the protruded lumbar disc: a comparative 
study. Neurosurgery 1981;8:422-427.

17. Wiltse LL. Alar transverse process impingement of the 
L5 spinal nerve: the far-out syndrome. Spine 1984; 
9:31-38.



CHAPTER THIRTY EIGHT

Bone Grafting Procedures
Lawrence T. Kurz

Introduction
The aim of this chapter is twofold. The first is to pre
sent techniques for harvesting autogenous bone from 
various donor sites, including the iliac crest, the rib, 
and the fibula. The second is to discuss the com pli
cations that may arise from the harvesting procedures 
themselves.

Harvesting Techniques

ilium
Many methods have been described for harvesting 
cancellous and corticocancellous bone from the il
ium. However, a number of methods have an inher
ent disadvantage. The trapdoor method (Fig. 38.1), 
the cortical subcrestal window (Fig. 38.2), trephine 
curettage (Fig. 38.3), and oblique sectioning of the 
crest (Fig. 38.4) all render only a portion of the entire 
cancellous bed available for harvest (28, 31). Using 
only a curved gouge may be problematic because the 
shape and size of the pieces are uneven and incon
sistent. In order to bridge the transverse processes, 
the graft pieces should ideally be 5 to 7 mm in width 
and at least 6 cm in length. The small width of these 
pieces increases the total surface area of the graft. Ide
ally, the cancellous thickness of the graft should be 
5 to 10 mm.

Posterior Ilium
The placem ent of the skin incision for posterior iliac 
graft harvest depends on the operative procedure be
ing performed. In a m idline approach to the lower 
lumbar spine, the skin incision can be extended dis- 
tally, and the crest may be exposed through subcu
taneous or’fascial splitting dissection underneath the 
lumbodorsal fascia. An alternate method requires a 
separate oblique or vertical incision made into the 
skin overlying the posterior iliac crest.

W ith a paraspinal approach to the lumbar spine 
with two skin incisions, the extension of only one 
skin incision distally is needed to directly expose the 
posterior iliac crest. However, in a paraspinal ap
proach through a single m idline incision, distal ex
tension of the skin incision is preferred.

Exposing the posterior ilium  begins with incising 
the periosteum covering the iliac crest. Although us
ing a Cobb elevator for subperiosteal stripping of the 
outer-table m uscles is the most common method of 
exposure, the surgeon may find that significant bleed
ing ensues from trauma to the m uscle itself. An ex
cellent technique to m inim ize blood loss is atrau
matic “peeling” of the outer-table m uscle and 
periosteum off of the ilium  with a pick-up and elec
trocoagulation. After m uscle stripping, a Taylor re
tractor is placed deep into the wound and is oriented 
perpendicularly to the floor. The tip of the retractor 
should not be pointed distally, since this may place

7 6 5
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FIGURE 38.1.
Coronal section of the ilium indicating 
the trapdoor method of harvesting bone 
graft The periosteum and fascial attach
ments of the iliacus and abdominal wall 
muscles remain intact on the inner edge 
of the horizontal cut through the iliac 
crest, thus allowing the crest to be 
“hinged back” like a trapdoor.

FIGURE 38.2.
The suhcrestal window technique of harvesting bone graft. 
The iliac crest is left completely intact.

the tip close to the sciatic notch. A long piece of 
gauze (or a sterile m etal chain) is placed on the han
dle of the retractor, from w hich a 5-pound weight is 
suspended, thereby leaving both of the surgeon’s 
hands free.

Harvesting the graft w ith osteotomes requires v i
sualization of the entire width of the iliac crest. The 
periosteum is peeled off of the m edial portion of the 
crest, all the way over to the edge of the inner table. 
Beginning at the edge of the crest, a % -inch straight 
osteotome is then malleted in a ventral direction (Fig. 
38 .5A). The surgeon should strive to keep the plane 
of the osteotome perpendicular to the plane of the 
ilium. About one-half of the blade of the osteotome 
should project through the outer cortex, w hile the 
rest should project into the intram edullary cavity be
tween the two tables. Successive vertical cuts are

AP PA

FIGURE 38.3.
Lateral, AP, and PA views of the pelvis depicting the tre
phine curettage method of harvesting bone graft from the 
ilium. Small black rectangles indicate the areas with the 
greatest amount of bone: the iliac tubercle anteriorly, and 
the posterior superior spine posteriorly.

then made in a sim ilar fashion, about 7 mm apart, 
parallel to the original cut (Fig. 38 .5A). The dorsal (in 
reference to the patient) edges of the cuts are con
nected along the crest w ith a 1-inch curved osteo
tome (Fig. 38 .5B). The plane of the osteotome blade 
should be parallel to the plane of the ilium , w ith the 
curve of the blade facing the outer table. The ventral 
edges of the cuts are then connected along the outer 
table to prevent the cuts from propagating into the
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I l ia c u s  m

FIGURE 38.4.
The method of Wolfe and Kawamoto for har 
vesting bone grafts The ihac crest is obhquely 
sectioned and reconstituted with wire, thus al
lowing good cosmesis

SI Joint

Iliac Table

FIGURE 38.5.
Corticocancellous and/or cancellous grafts may be removed from the outer table of the iliac crest A. Longitudinal cuts are 
made in the outer table of the iliac crest with a 1/2 inch straight osteotome B. A straight osteotome is used to elevate the 
corticocancellous strips off of the outer table C. A curved osteotome is used along the outer table of the iliac crest along 
the mferior border of the previously made longitudinal osteotomies D. The bone graft harvesting is completed by removal 
of the corticocancellous strips
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sciatic notch (Fig. 38 .5C). The 1-inch curved osteo
tome is then placed at the medial edge of the vertical 
cuts on the crest, in a ventral direction [Fig. 38.5D). 
Each pass of the osteotome w ill encompass approx
imately three vertical strips. These coronal cuts 
should be continued ventrally until the end of the 
previously cut strips is reached.

Once these corticocancellous strips have been re
moved, purely cancellous strips may be taken in the 
usual fashion w ith a curved gouge. These strips w ill 
be thinner and more uniform in size than corticocan
cellous strips taken with a gouge. After the inner ta
ble has been reached and no more strips can be har
vested, small chips of cancellous bone may be 
harvested with large angled curettes.
%

Anterior Ilium
Bone graft may be harvested from the anterior ilium  
in a m anner sim ilar to that from the posterior ilium , 
that is, in strips and chips. More frequently, however, 
full-thickness grafts are harvested from the anterior 
ilium. W hen this is desired, both the outer and the 
inner tables must be subperiosteally stripped. A skin 
incision is made just proximal or distal to the anterior

iliac crest. Alternatively, if a retroperitoneal or tho
racoabdom inal approach to the lumbar spine is being 
performed, subcutaneous dissection over the crest, 
but superficial to the abdominal m usculature, allows 
the surgeon to avoid a separate skin incision. The 
next step is to incise the periosteum overlying the 
anterior iliac crest, thereby releasing the abdominal 
wall m uscles from their insertion on the crest itself 
(Fig 38.6]. Then stripping the inner-table (iliacus) 
and outer-table (gluteus medius and tensor fascia 
lata) m uscles subperiosteally can be accom plished, 
thus exposing the full thickness of the ilium  for har
vest. Full-thickness grafts may be taken using an os
cillating saw or an osteotome.

Rib
Ribs are harvested almost exclusively for use during 
transthoracic or thoracoabdom inal approaches to the 
spine. A rib is frequently removed as part of the ex
posure. The rib may be harvested after dissection 
through the latissim us dorsi and trapezius muscles 
has brought the rib into view (Fig. 38.7]. The peri
osteum over the rib is incised, either sharply with a 
scalpel or with the use of electrocautery (Fig. 38.8).

External oblique 
muscle

Iliohypogastric
nerve

Internal oblique 
muscle

Transversus muscle

Ilioinguinal
nerve

Lateral femoral 
cutaneous nerve

lliacus muscle

Femoral nerve

Psoas muscle

(Gluteal muscles) 
maximus, 
medius, 
minimus

FIGURE 38.6.
Coronal section of the lower abdomen and pelvis showing the neural structures in the iliac fossa and abdominal wall. The 
peritoneum is closely applied to the inner surface of the abdominal wall and iliacus muscles.
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leg by elevating it or by using a com pression bandage. 
A tourniquet is then inflated. The skin incision par
allels the posterior border of the fibula and should be 
centered at the junction of the middle and distal 
thirds of the bone. The incision is carried down 
through the interm uscular septum onto the fibula 
bone itself. Strict subperiosteal dissection w ill ele
vate the peroneal m uscles located on the anterolat
eral surface of the bone, the extensor digitorum lon- 
gus m uscle from the anterior surface, the tibialis 
posterior m uscle from the anteromedial surface, the 
flexor hallucis longus m uscle from the posteromedial 
surface, and the soleus m uscle from the posterior sur
face. W hile these m uscles may not be individually 
recognizable, it is essential to m aintain a subperios
teal cutting depth on the fibula when circum feren- 
tially stripping the bone. After the bone is com pletely 
stripped, a graft may be harvested w ith either a Gigli 
saw or an oscillating saw.

Com plications  

ilium  Harvest

Pain
No prospective studies have been published dem
onstrating w hich harvesting technique is the least 
painful. Flin t, among others, has reported that many 
patients have discomfort at the donor site long after 
their recipient sites have becom e pain free (14). Daw
son et al. found that 12%  of patients who had un
dergone posterior iliac bone graft harvest for lumbar 
arthrodesis had donor-site pain that persisted for 
more than 3 to 6 months after surgery (10). Bloom- 
quist and Feldm an found no difference in pain ex
perienced by patients when comparing anterior and 
posterior approaches (3). After the removal of even 
very small bone grafts from the anterior ilium  for an
terior cervical fusions, De Palm a et al. noted that 14%  
of patients had severe but temporary pain at the 
donor site, and 36%  had severe and persisting pain 
(11). It therefore seems prudent for the surgeon, 
whenever possible, to select a method of harvesting 
that requires as little dissection as possible. Of all the 
methods of harvesting cancellous bone, trephine cu
rettage (Fig. 38.3) is probably the least painful, as 
muscle stripping and dissection are m inimal.

Nerve Injury
There are seven nerves that may be damaged during 
the harvesting of bone graft from the ilium ; the lateral 
femoral cutaneous, ilioinguinal, iliohypogastric, and 
femoral nerves during an anterior approach to the il
ium, and the superior cluneal, sciatic, and superior 
gluteal nerves during a posterior approach.

Injury to the lateral femoral cutaneous nerve can 
lead to numbness or dysesthesias in a large area of

PA

FIGURE 3 8 .1 1 .
AP and PA v ie * s  of the leg. The dotted area depicts the 
cutaneous innervation of the lateral femoral cutaneous 
nerve.

the lateral aspect of the thigh (Fig. 38.11). Its ana
tom ic course, in close proxim ity to the anterior su
perior iliac spine, renders the nerve prone to injury 
when bone grafts are harvested from the anterior il
ium. The normal course of the nerve is anterior and 
inferior to the anterior superior iliac spine, just deep 
to the inguinal ligament (Fig. 38.12). However, in up 
to 10%  of cases the nerve takes an anomalous course 
over the anterior crest up to 2 cm  lateral to the an
terior superior iliac spine (Fig. 38.13) (16). Injury to 
the nerve has been reported in up to 10%  of cases, 
often presenting as “meralgia paresthetica,” which is 
characterized by pain, paresthesias, or numbness in 
the distribution of the nerve (17). Resolution often 
occurs w ithin 3 months without any treatment. Per
sistent pain or paresthesias that do not resolve on 
their own may be treated successfully with local 
nerve blocks or neuroma excision.
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Psoas muscle

Lateral femoral 
cutaneous nerve

Anomalous lateral 
femoral cutaneous 
nerve

2 cm

Sartorius muscle

FIGURE 38.12.
AP view of the right hemipelvis showing the normal course 
of the lateral femoral cutaneous nerve.

FIGURE 38.13.
AP view of the right hemipelvis showing an anomalous 
course that the lateral femoral cutaneous nerve may take. 
It may course over the iliac crest up to 2 cm lateral to the 
anterior superior iliac spine.

The ilioinguinal nerve is mostly a sensory nerve 
that supplies sensation to a large area of the groin 
(Fig. 38.14]. Its anatomic course takes it between the 
abdominal wall m uscles, and distally it overlies the 
iliacus m uscle (Fig. 38.15). Injury to this nerve has 
been reported in the form of ilioinguinal neuralgia, 
w hich is characterized by pain, paresthesias, or 
numbness in the distribution of the nerve (29]. The 
cause of this nerve injury is probably a neuropraxia 
resulting from retraction of the iliacus and abdominal 
w all m uscles when exposing the inner table of the 
anterior ilium . Treatment w ith local nerve blocks has 
been successful.

The iliohypogastric nerve courses slightly proxi
mal to the ilioinguinal nerve and supplies motor fi
bers to the lowermost portion of the abdominal wall 
and sensation to the skin surrounding the anterior 
two-thirds of the iliac crest (Fig. 38.14]. Iliohypogas
tric neuralgia may arise in a fashion sim ilar to that of 
ilioinguinal neuralgia.

The femoral nerve (L2, L3, and L4] passes behind 
the psoas m uscle, courses over the iliacus muscle, 
and enters the thigh under the inguinal ligament (Fig.

FIGURE 38.14.
AP view indicating the cutaneous innervation of the ilio
inguinal, femoral, and iliohypogastric nerves.
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FIGURE 3 8 .1 5 .
AP view showing the normal course of the 
ilioinguinal and iliohypogastric nerves.

Psoas muscle

Quadratus 
lumborum muscle

lliacus muscle
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Ilioinguinal
newe
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4th lumbar 
artery

Iliolumbar
artery

lliacus
muscle

I V C Aorta

ASIS

Deep circumflex 
iliac artery

External iliac artery 

Femoral nerve

FIGURE 3 8 .1 6 .
AP view of the lower abdomen and pelvis showing the course of the neurovascular structures of the iliac fossa: the femoral 
nerve and the deep circumflex iliac, iliolumbar, and fourth lumbar arteries.
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38.16). It supplies motor branches to the m uscles of 
the anterior compartment of the thigh and medial 
lower leg and foot (Fig. 38.14). The nerve is in a vul
nerable location in the iliac fossa, and avoidance of 
injury requires careful dissection and retraction dur
ing harvesting of bone from the mner table of the an
terior ilium.

The superior cluneal nerves (L l, L2, and L3) sup
ply sensation to a large area of the buttocks (Fig. 
38 17). They pierce the lumbodorsal fascia and cross 
the posterior iliac crest beginning 8 cm lateral to the 
posterior superior iliac spine (Fig. 38.18). A number 
of patients have formed neuromas at the donor site; 
unresponsive to cortisone injections, they have been 
painful enough to require surgical excision. Tran
sient or permanent numbness over the skin of the 
buttock is a fairly common postoperative com plaint 
from patients who have had bone removed from a 
posterior site.

The sciatic nerve, a condensation of the sacral 
plexus (L4 to S3), exits the pelvis to enter the gluteal 
region through the sciatic notch and courses down

Superior 
cluneal nerves

FIGURE 38.17.
PA view of the back m which the dotted area depicts the 
cutaneous innervation of the superior cluneal nerves

FIGURE 38.18.
PA view of the pelvis showing the superior cluneal nerves 
as they cross over the posterior iliac crest beginning 8 cm 
lateral to the posterior superior ihac spine

the posterior thigh (Fig. 38.19). This nerve may be 
injured because of its proxim ity to the sciatic notch. 
Our cadaver studies show that frequently the sciatic 
nerve is still m anifested as five components of the 
sacral plexus for a distance of 1 to 5 cm  below the 
proximal border of the sciatic notch. Therefore, in 
jury to the nerve near the notch may mim ic a lum
bosacral nerve root injury rather than a complete sci
atic nerve injury.

The superior gluteal nerve courses with the su
perior gluteal artery through the sciatic notch to sup
ply motor branches to the gluteus medius and m ini
mus and the tensor fascia lata m uscles (Fig. 38.19). 
Significant injury to this nerve in the region of the 
notch may m anifest itself as weakness of hip abduc
tion.

Arterial Injury
The superior gluteal artery branches off of the inter
nal iliac artery before exiting the pelvis (Fig. 38.19). 
It then enters the gluteal region through the most 
proxim al portion of the sciatic notch to supply the 
bulk of the gluteal m uscle mass (Fig. 38.20). One re
ported injury resulted in the formation of an arterio
venous fistula of the superior gluteal vessels, docu
mented by an arteriogram 2 weeks after surgery (13). 
The fistula was caused by penetration of the sciatic 
notch with the sharp tip of the Taylor retractor used 
for exposure during harvesting. M assive hemorrhage 
deep in the sciatic notch from errant penetration of 
an osteotome or gouge during harvest from the pos
terior ilium  is a formidable com plication to deal 
with. The injured superior gluteal artery usually re
tracts proxim ally into the pelvis. Successful control 
of bleeding may necessitate rem oval of bone from the 
sciatic notch to expose the retracted, injured vessel. 
In some cases a separate retroperitoneal approach
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Superior gluteal 
artery and nerve

Sciatic notch

Piriformis
muscle

FIGURE 38.19.
PA view of the pelvis showing the neurovas
cular structures in the sciatic notch. Note that 
the sciatic nerve may still be manifested as in
dividual components of the sacral plexus for 1 
to 5 cm  below the superior border of the notch. 
The superior gluteal artery and nerve course to
gether and are the superiormost structures in 
the notch.

Posterior
sacroiliac
ligaments

Sacral plexus 
(U  L5 S-| S2 S3)

'Sciatic nerve

S e c tio n  g lu te u s  m ed iu s  m

P ir i fo rm is  m

----------G luteus m in im us m
Superior 

"  G lu tea l a and n

-----------S c ia t ic  n

FIGURE 38.20.
PA view of the deep structures of the right buttock. The 
superior gluteal artery and nerve course together between 
the gluteus medius and gluteus minimus muscles to send 
extensive branches to them.

may be required in order to gain access to the vessel 
for ligation.

There are three major arterial structures that tra
verse the anterior surface of the iliacus m uscle in the 
iliac fossa: the fourth lumbar artery, the iliolum bar 
artery, and the deep circum flex iliac artery (Fig.

38.16). They frequently anastomose w ith each other 
and provide an extensive supply of blood to the 
psoas, quadratus lum bom m , and iliacus m uscles. 
These vessels can be injured when bone grafts are 
being harvested from the inner table of the anterior 
ilium.

Infection
The rate of infection of donor sites is less than 1% 
and thus no different from that in other orthopaedic 
procedures. An important aspect of bone grafting in 
infected recipient sites is to prevent cross-contam i
nation by using separate instruments, gowns, and 
gloves. In addition, suction drainage and liberal use 
of topical hem ostatic agents w ill decrease hematoma 
formation, w hich might decrease the incidence of in
fection. Deep donor site wound infections are treated 
w ith incision, drainage, and appropriate antibiotic 
therapy.

Hematoma
Harvesting bone graft can generate substantial blood 
loss. Cancellous bone bleeding can be profuse, lead
ing to hematoma formation in as many as 10%  of pa
tients (11, 27, 30). Posterior wounds have a much 
lower incidence of significant hematoma formation, 
probably because of the hem ostatic effect of pressure 
on posterior wounds in the supine position (12). The 
anterior iliac crest is very superficial, and local he- 
mostasis from tamponade is difficult.

Numerous methods have been used for hemostasis 
of donor sites, including m icrocrystalline collagen (6,
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23), bone wax (1, 3), thrombin-soaked gelatin foam 
[28), and in jection of an epm ephrine and saline so
lution (18) Thrombin-soaked gelatin foam is most 
advantageous if  removed from the wound prior to 
closure. In addition, the incidence of donor site he
matomas has been reduced to less than 1% through 
the use of closed suction drainage fcir 1 or 2 days 
following surgery. Although theoretically the ex
posed bone could continue bleeding iiidefinitely un
der suction drainage, this is not observed in clin ical 
practice, and all donor site wounds are routinely 
drained.

Gait Disturbance
As many as 3%  of patients exhibit a gluteal gait fol
lowing bone graft harvest from the posterior ilium  (2, 
7). Gait analysis can demonstrate th^t after having 
bone graft removed from the anterior crest, some pa
tients exhibit a limp or an abductor lurch because of 
extensive stripping of the outer-table m uscles, lead
ing to weakness of the hip abductors, prim arily the 
gluteus medius muscle. A number of patients have 
also had difficulty clim bing stairs and rising from a 
sitting position. Prevention is the best measure; glu
teal fascia must be securely reattached to the peri
osteum of the crest.

Cosmetic Deformity
Cosmetic deformity has been a problem following 
full-thickness graft harvest from the anterior iliac 
crest, w hich alters the superior contour. Three tech
niques lend them selves to preservation of the crestal 
outline The subcrestal window com pletely avoids 
the crest (Fig. 38.2). In addition, Wolfe and Kawa
moto described a method of obliquely sectioning the 
crest (Fig. 38.4) that allows for reconstitution and re
portedly excellent cosm esis (31) Furthermore, the 
trapdoor method (Fig. 38.1) reconstitutes the crest 
and affords an excellent cosm etic result.

Ureteral Injury
The ureter descends in the pelvis and makes a sharp 
posterior angle at the sciatic notch (Fig- 38.21). Es- 
calas and De W ald reported on a patient who had 
postoperative fever, ileus, hematuria, and hydrone
phrosis after extensive electrocoagulation deep in the 
sciatic notch in order to control massive hemorrhage 
from an injury to the superior gluteal vessels (13). 
The patient had sustained a fulguration injury to the 
ureter, w hich resolved w ithin 5 months without any 
treatment.

Fracture
Stress fractu res of the iliu m  after b o n e graft harvest 
Tare\y dcctit an d  \iave \Deen T epoited  t b -
m o v al of fu ll-th ick n ess grafts from  the an terio r iliu m  
(19). W hen h arvestin g  large, fu ll-tljick n ess grafts

—  Ureter

FIGURE 38.21.
AP view showing the course of the ureter The sharp pos
terior angle it makes in the pelvis brings it into close prox
imity to the sciatic notch

from the anterior ilium , it is important to leave a wide 
margin of bone from the anterior superior iliac spine 
to prevent stress fracture resulting from the down
ward pull of the rectus femoris and sartorius muscles 
(Fig. 38.22). The distal bone graft cut should not de
viate anterom edially, in order to avoid breaking 
through the ilium  anteroinferior to the anterior infe
rior iliac spine.

Peritoneal Perforation
The peritoneum  is closely applied to the inner sur
face of the abdominal wall and iliacus m uscles (Fig.
38.6). The integrity of the peritoneum may be threat
ened during bone harvesting from the inner table of 
the anterior ilium . Peritoneal perforation has oc
curred after exuberant stripping of the crestal peri
osteum and of the abdominal wall and iliacus m us
cles during exposure of the inner table. Repair with 
primary suture is recommended.

Hernia
The abdominal w all m uscles are firmly attached to 
the iliac crest and prevent herniation of abdominal 
contents over fne crest 17ig. ^B.li'j.Tne lYiacus muscle 
prevents herniation through defects in the ilium. 
Routine exposure of the inner table detaches these
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FIGURE 38.23.
Horizontal section of the sacroiliac joint showing the pos
terior ligamentous complex.

FIGURE 38.22.
Lateral view of the ilium showing three important struc
tures that originate in close proximity to the anterior su
perior iliac spine: the inguinal ligament and the sartorius 
and rectus femoris muscles.

m uscles and may lead to a weakening of this “retain
ing w all.” Herniation of abdominal contents has been 
reported only after removal of full-thickness grafts 
that include the crest [4, 5, 9 ,1 5 , 20, 22, 2 4 -2 6 ]. None 
have been reported w ith subcrestal windows. Her
nias can be prevented by securely reapproximating 
the abdominal w all fascia to the ilium  by passing 
heavy sutures through the fascia and holes drilled in 
the bone.

Sacroiliac Joint Injury
Most of the stability of the sacroiliac joint arises from 
its strong posterior ligamentous com plex (Fig. 38.23). 
This com plex is composed of the short and long sa
croiliac ligaments superficially and the deeper the in
terosseous ligaments (Fig. 38.24] (continuous with 
the posterior capsule]. These ligaments m aybe dam
aged during removal of full-thickness grafts from the 
region of the posterior superior iliac spine. Although 
most symptoms of sacroiliac joint instability m ani
fest as m echanical and ifiterm ittent pain, more seri
ous symptoms, such as those related to dislocation 
or subluxation of the joint, have been reported (8, 21, 
30).

Rib Harvest
Complications of rib harvest are usually limited to 
pain, lung injury, and intercostal neurovascular 
damage.

Pain
The pain following rib harvest can be quite severe. It 
is usually incisional, and tends to radiate from the 
costovertebral end of the rib resection. Although

Posterior supenor 
Iliac spine

■Short posterior
sacroiliac
ligaments

Long posterior 
t sacroiliac 

ligaments

FIGURE 38.24.
PA view showing the posterior sacroiliac ligaments and 
their proximity to the posterior superior iliac spine.

long-term problems are rare, since symptoms tend to 
resolve w ithin a few days of surgery, short-term prob
lems are frequent. In the immediate postoperative pe
riod, and for up to 48 hours thereafter, patients tend 
to splint, resulting in shallow  respirations and poor 
drainage of secretions. Pneum onia is not uncommon. 
The incidence of intercostal pain and its possible se
quela of pneum onia may be reduced by nerve block 
at the costovertebral junction with a long-acting an
esthetic. This is usually instituted just prior to 
wound closure, and it can easily be repeated percu- 
taneously in the early postoperative period.

Lung Damage
Lung damage, if  it occurs, is usually in the form of 
direct fulguration. These burns usually cause only
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m inor problems. However, the lung should be in 
spected before closure, especially for any overt 
bleeding.

Intercostal Neurovascular Injury
If this bundle of nerve, artery, and vein is injured, it 
usually occurs during subperiosteal stripping of the 
rib. The bundle is located in a groove on the postero- 
inferior edge of each rib. If hemorrhage ensues from 
an injury, the vascular structure(s) must be coagu
lated or ligated.

Fibular Harvest
Fibular harvest may be com plicated by injuries to the 
ankle joint or to the neurovascular structures.

A nkle Joint
Fibular graft should be harvested from the junction 
of the m iddle and distal thirds of the fibular shaft. 
The syndesmosis of the ankle joint ends about 10 cm 
proxim al to the ankle joint itself, so harvest should 
approach no closer than this 10 cm margin. Disrup
tion of this syndesmosis may cause symptoms of in 
stability of the ankle joint.

Common Peroneal Nerve
The common peroneal nerve runs over the neck of 
the fibula in tlae substance of the peroneus longus 
m uscle, and divides into deep and superficial 
branches. This nerve could be injured if  dissection 
or resection of the fibula is carried out too proxi- 
mally.

D eep Neurovascular Bundles
There are tŵ o deep neurovascular bundles surround
ing the fibular shaft that must be avoided. One con
tains the deep peroneal nerve and the anterior tibial 
artery and vein. This bundle lies anteromedial to the 
fibular shaft, on the interosseous membrane. After 
stripping the extensor digitorum longus and the ex
tensor hallucis longus m uscles, if  the surgeon strays 
anteromedially along the interosseous membrane, 
this bundle may be damaged. The second neurovas
cular bundle to be avoided contains the tibial nerve 
and peroneal artery and vein. This bundle lies medial 
to the fibula. During stripping of the tibialis posterior 
m uscle from the anterom edial surface of the fibular 
shaft, this bundle can be injured.

Clinical Recom m endations
Strict attention to subperiosteal dissection m ini
m izes bleeding and hematoma formation, because all 
of the m uscles have an extensive blood supply. Suc
tion drainage has been shown to decrease the in c i
dence of significant hematoma formation.

Ilium
W hen approaching the posterior ilium , a lim ited in
cision w ithin 8 cm of the posterior superior iliac 
spine w ill avoid the superior cluneal nerves and pre
vent the formation of painful neuromas or bother
some numbness over the buttocks (Fig. 38.18). The 
sciatic notch should be avoided because the sciatic 
nerve, tlie ureter, and the superior gluteal artery and 
nerve lie close to this region (Figs. 38.19 and 38.21). 
In addition, when taking full-thickness grafts from 
the posterior ilium , attempts should be made to pre
serve as m uch of the ligamentous structures as pos
sible to avoid sacroiliac joint instability (Fig. 38.24).

W hen approaching the outer table of the anterior 
ilium , the incision should stop 2 cm lateral to the 
anterior superior iliac spine to avoid the sartorius 
m uscle and the inguinal ligament, w hich attach 
there, as w ell as the lateral femoral cutaneous nerve 
(Fig. 38.25). This w ill also help to avoid fracture of 
the ilium . W hen obtaining bone graft from the outer 
table, avoid penetrating the inner table to prevent in- 
jm-y to the neurovascular structures that are present 
in the iliac fossa overlying the iliacus muscle; this 
includes the deep circum flex iliac, iliolumbar, and 
fourth lumbar arteries, and the ilioinguinal, iliohy
pogastric, femoral, and lateral femoral cutaneous 
nerves (Figs. 38.6 and 38.16). Secure reapproxima
tion of the gluteal fascia helps to prevent a gluteal 
gait.

W hen the inner table of the anterior ilium  is ap
proached, careful retraction of the abdominal wall

Start of 
incision 
1 - 2 cm

FIGURE 38.25.
Approach to the anterior iliac crest. The skin incision  
should begin at least 2 cm  lateral to the anterior superior 
iliac spine.
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and iliacus m uscles may prevent injury to the nerves 
that overlie the iliacus m uscle, including the lateral 
femoral cutaneous, the ilioinguinal, the iliohypogas
tric, and the femoral nerves, and also the peritoneum 
(Fig. 38.6). Secure closure of the fascia of the abdom
inal w all m uscles decreases the risk of herniation of 
abdominal contents through defects in the iliac crest.

Rib
In harvesting rib grafts, the stripping of the rib must 
be strictly subperiosteal in order to avoid the most 
common com plications of injury to the intercostal 
neurovascular bundle and the lung. Postoperative 
pain and splinting can be m inim ized by in jection of 
long-acting anesthetic at the costovertebral junction 
just prior to closure.

Fibula
W hen harvesting fibular grafts, strictly subperiosteal 
stripping must be performed in order to avoid injury 
to the neurovascular bundles (Fig. 38.10). Ankle joint 
instability may be avoided by resecting the fibula at 
least 10 cm proxim al to the ankle joint, thereby 
avoiding the syndesmosis.

Conclusion
Awareness of the possible com plications, knowledge 
of the relevant anatomy, and strict attention to the 
technical details of harvesting autogenous bone 
grafts w ill aid the surgeon in planning the approach 
and minimizing the risk.
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