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Preface
The th ird edit ion of the Synopsis of Spine 
Surgery  reflects the rapid advances in  the 
field since the first  edit ion—advances that  
have changed our approach to pat ient  care, 
part icularly involving m inim ally invasive 
surgery. In  addit ion, significant advances 
have been m ade in  bone physiology and 
biologics. The third edit ion  succinctly 
sum m arizes these advances w ith the 
reader being able to quickly reference 
these new  spine surgical developm ents. 

The prem ise behind th is book is to 
concisely sum m arize inform at ion in  
an  out line form at . The reader is able to 
peruse broad topics in  an  expedit ious 
m anner, w hile being directed to key 

references that  m ay provide greater 
detail on topics of part icular in terest . This 
book is w rit ten  prim arily for or thopedic 
surgeons and neurosurgeons-in -t rain ing. 
The easy-to-read form at also m akes th is 
an  excellent  resource for pract icing spine 
surgeons as well as nonoperat ive spine 
physicians. 

We hope that  th is book w ill provide our 
readers w ith  a thorough understanding 
of the m odern  field of spine surgery in  
the m ost  efficacious m anner possible, 
increasing the qualit y of care given to 
spine pat ients.

How ard S. An, MD
Kern Singh, MD
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1

1.1 Basic Anatomy of the Spine
I. Vertebral colum n.

A. The spinal colum n has speci cally adapted anatom ical features to m aintain  
stabilit y, protect  neural elem ents, and allow  range of m ot ion.

B. Stabilit y is augm ented by the in tervertebral disks, ligam ents, and m uscles.
C. There are 33 vertebrae in  the spinal colum n (7 cervical, 12 thoracic, 5 lum bar,  

5 sacral, and 4 coccygeal).
D. There are four sagit tal curves in  the vertebral colum n.

1. Cervical lordosis (20–40°).
2. Thoracic kyphosis (20–50°).
3. Lum bar lordosis (31–79°).
4. Sacral kyphosis.

E. The kyphot ic curves are called prim ary because they form  during the fetal 
period.
1. Caused by the wedge-shaped nature of ver tebrae.

F. The lordot ic curves are called secondary because they begin  to form  during 
the late fetal period and cont inue to form  after bir th . Head and body weight 
contributes to their form at ion.
1. Caused by di erences in  the anteroposterior dim ensions of the 

in tervertebral disks.
G. Each ver tebra consists of a posterior bony arch  and an  anterior body, both  of 

w hich surround the ver tebral canal.
1. Posterior bony arches between two adjacent ver tebrae form  a foram en for 

the spinal nerve roots.
2. Anterior bodies of the lum bar spine suppor t  80% of the axial load on the 

spinal colum n.
H. Posterior bony arch  com ponents (Table 1.1).

II. In tervertebral disks (Table 1.2).
A. There are 23 in tervertebral disks in  the spinal colum n (6 cervical, 12 thoracic,  

5 lum bar).
B. Each disk is located between adjacent ver tebral end plates, w hich are covered 

by hyaline and  brocar t ilage and supported by subchondral bone.
C. Vertebral disks m ake up one quarter of the spinal colum n height . The disks 

expand w hen the colum n is horizontal because water and nut rients enter the 
disk, but they collapse under the st ress of prolonged standing or sit t ing.

D. The disk is a relat ively avascular st ructure w ith  the outer layers receiving 
nutr ients from  the end ar terioles and the cent ral port ions receiving nutrients 
by di usion from  the ver tebral end plates.

E. Each disk consists of an  outer annulus  brosus, w hich  surrounds a cent ral 
nucleus pulposus (Fig. 1.1).

1 Anatomy and Surgical Approaches
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Table 1.1 Posterior bony arch components

Components Function

Pedicles and laminae Form the borders of the vertebral canal with the posterior 
border of the vertebral body

Spinous and 
transverse processes

At tachment sites for supporting ligaments and muscles

Articular processes The superior articular process of the caudal vertebrae forms a 
facet joint with the inferior articular process of the cephalad 
vertebrae bilaterally. 
The articular facet joints support 20% of the axial load on the 
spinal column.
The pars interarticularis is the bony region between the 
superior and inferior articular processes of an individual 
vertebra.

Table 1.2 Histological characteristics of the intervertebral disk

Intervertebral  
disk component Characteristics

Annulus  brosus •  10–20 layers of concentric lamellae of  brocartilage
•  Type I collagen
•   Lat tice made of sheets running in opposite directions that give 

the disk greater rotational strength
•  Thickest portion is anterior. Thinnest portion is posterolateral.
•   Outer portions of the annulus are continuous with the anterior 

and posterior longitudinal ligaments.

Nucleus pulposus •   Mucoid type II collagen and water-imbibing proteoglycans 
(e.g., aggrecan)

•  Cushions axial load
•   Cannot be compressed under pressure due to it s  uid nature, 

but rather will deform in all directions
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Fig. 1.1 The nerve structures of the lumbar plexus.
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1.2 Neuroanatomy
I. Spinal cord.

A. Gross st ructure.
1. The spinal cord typically ends at  L1–L2 (conus m edullaris).

a. It  m ay be as h igh as T12 or as low  as L2–L3.
b. In  new born infants, the cord ends at  L2–L3.

2. Length: 45 cm  cord and 25 cm   lum  term inale (10% increase in  length  w ith  
 exion, m ost ly at  C1, T1, and L1, least  at  C6 and T6).

3. Mean diam eter (10 m m , t ransverse diam eter greater than sagit tal diam eter).
4. Relat ionship between cord and ver tebral segm ents (Fig. 1.2) (Table 1.3).

Fig. 1.2 The spinal cord and nerve 
roots. The spinal cord emerges from 
the foramen magnum as a continu-
ation of the medulla oblongata and 
ends in a cone-shaped structure 
known as the conus medullaris. The 
location of the conus medullaris is 
usually the L1–L2 intervertebral disk 
in adults. The cervical cord enlarges 
maximally at the C6 vertebra to pro-
vide C3–T2 innervation to the upper 
limbs, and the lumbosacral enlarge-
ment is present at  T11–L1 vertebral 
segments to provide L1–S3 cord seg-
ments to the lower extremities.
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B. In ternal st ructures (Fig. 1.3) (Table 1.4).
1. The peripheral w hite m at ter and central gray m at ter.

a. Gray m at ter: cell bodies of e erent  neurons.
(1) Posterior horns: som atosensory.
(2) Anterior horns: som atom otor.
(3) In term ediolateral horns: visceral.
(4) Re ex som at ic centers.

b. White m at ter: nerve  bers and glia.
(1) Posterior funiculus: poster ior colum ns (fasciculus cuneatus laterally 

and gracilis m edially).
(2) Lateral funiculus: lateral cor t icospinal and lateral spinothalam ic 

fasciculus.
(3) Anterior funiculus: anter ior spinothalam ic t ract .

2. Cent ral ependym al canal: passage of cerebrospinal  uid.
3. Spinal cord syndrom es (Table 1.5).

C. Vascularit y of the spinal cord.
1. Cervical spine.

a. The anterior spinal ar tery: the m ajor vessel for anterior and central 
aspects of the cord:
(1) Two m edullary feeders at  the brain  stem  by the vertebral ar teries.
(2) Other m edullary feeders from  the ver tebral ar teries and ascending 

cervical ar teries, par t icularly C2 and C6 from  the left  and C2, C5, C6 
from  the right .

b. Two poster ior spinal ar teries from  the posterior inferior cerebellar 
ar ter ies have m inim al contribut ion  to the central gray m at ter.

2. Thoracolum bar spine.
a. The anterior spinal ar tery, two poster ior spinal ar teries.

Table 1.3 Relationship between cord and 
vertebral segments

Cord segment Vertebral segment

C1 C1

C8 C7

T6 T5

T12 T8

L2 T10

L5 T11

S3 T12

http://www.myuptodate.com


1 Anatomy and Surgical Approaches6

Fig. 1.3 (a,b) Cross section of the spinal cord with the outer white mat ter and the inner gray mat ter. 
The white mat ter of the spinal cord contains nerve  bers 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 spi-
nothalamic tract and other descending tracts. The lateral spinothalamic tracts cross through the ven-
tral commissure to the contralateral side of the cord. The gray mat ter of the spinal cord contains cell 
bodies of e erent and internuncial neurons.

a

b
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b. Feeders.
(1) Superior in tercostal ar tery: branch of deep cervical ar tery, w hich is a 

branch of the right  subclavian  ar tery, feeds the cord at  the cervical–
thoracic junct ion.

(2) One to  ve segm ental vessels: tenuous blood supply for the upper 
thoracic cord (watershed crit ical zone from  T4 to T10).

(3) The ar tery of Adam kiew icz (80% from  T10 from  the left , but  origin  
m ay vary from  T5 to L5) supplies the thoracic cord.

(4) Anastom otic loop of the conus m edullaris from  aort ic segm ental and 
lateral sacral ar teries.

3. Venous drainage (azygos and hem iazygos veins).
a. Veins of the spinal cord anteriorly and posteriorly.
b. Batson’s plexus: from  basiocciput to the coccyx.
c. Clin ical signi cance: m etastat ic dissem inat ion and infect ions

II. Spinal m eninges (Fig. 1.4).
A. Dura m ater: outer covering of the spinal cord.
B. Leptom eninx: pia m ater (outer lin ing of the cord) and arachnoid m em brane 

(t ransparent sheet  contain ing the cerebrospinal  uid).

Table 1.4 Spinal cord function

Components Notes

Motor function Cerebral cortex
Internal capsule
Corticospinal tract
Pyramidal tract (90% 
decussate at the medulla 
to the contralateral lateral 
corticospinal fasciculus)
Anterior horn cells

Lateral corticospinal fasciculus: 
tracts for the upper extremities 
are medial to the lower 
extremities

Sensory function Fasciculus gracilis: lower limbs 
and below midthorax
Fasciculus cuneatus: upper 
limbs and above midthorax

Sensory tracts cross to the 
opposite side in the medulla 
oblongata and to the sensory 
cortex
Tactile discrimination, 
proprioception, and vibration sense

Lateral spinothalamic 
fasciculus: pain, temperature, 
and light touch

Most  bers cross through the 
ventral commissure to the 
opposite side and ascend through 
the lateral spinothalamic tract

Anterior spinothalamic 
fasciculus: crude touch

Posterior cord syndrome: only 
crude touch is spared
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Table 1.5 Spinal cord syndromes (incomplete cord injury)

Syndrome Characteristics Common causes Recovery

Central 
cord 
syndrome
(most 
common)

Greater motor de cit 
in upper extremities 
(medial tracts of the 
lateral corticospinal 
fasciculus) compared 
with the lower 
extremities (lateral 
tracts).

Extension injury 
mechanism in 
patients with 
spondylosis 
due to anterior 
osteophytes and 
posterior infolded 
ligamentum  avum 
(pincer e ect)

Good prognosis (full 
functional recovery 
is rare)
Lower extremity and 
bladder function 
recover before 
upper extremities

Anterior 
cord 
syndrome

Motor function and 
sensation to light 
touch are impaired. 
The posterior column 
functions (pressure and 
proprioception) are 
spared.

Direct compression 
of anterior spinal 
cord or anterior 
spinal artery injury 
from bony spicules

Worst prognosis
10–20% motor 
recovery

Brown–
Séquard 
syndrome

Pain and temperature loss 
are contralateral and one 
or two levels below the 
injury, whereas motor and 
proprioception loss are 
ipsilateral and at the level 
of the injury. The motor 
paralysis is  accid at the 
level of the injury (lower 
motor injury). Below the 
level of injury, the motor 
paralysis is spastic (upper 
motor injury).

Penetrating trauma 
(stab wound to the 
back)

Excellent prognosis
99% recovery of 
ambulatory function

Posterior 
cord 
syndrome
(very rare)

Loss of proprioception 
and vibration sense only 
(posterior spinal cord).

Injury to the 
posterior spinal 
artery

Rare and not well 
characterized
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Fig. 1.4 (a,b) Cross section of the spinal cord and meninges. The spinal cord is covered by the pia 
mater, which is the outer lining of the cord, and the transparent arachnoid mater, which contains the 
cerebrospinal  uid. The dura mater is the outer covering of the spinal cord. 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 midway between the exiting spinal nerves.

a

b
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C. Dentate ligam ent: between the dorsal and vent ral nerve roots, stabilizes the 
spinal cord w ith in  the dura.

D. Septum  post icum  between the pia and arachnoid on the dorsal aspect  from  
lower cervical to conus regions.

E. Epidural space: space between the bone and dura.
1. Space: 2 m m  at  L3–L4, 4 m m  at  L4–L5, 6 m m  at  L5–S1.
2. Plica m ediana dorsalis durae m atris: a m edian fold at  the lum bosacral region.

F. Term inat ion  of the dura/arachnoid envelope varies from  S1–S2 to S2–S3, and 
the dura invests the  lum  term inale and at taches to the coccyx.

III. Spinal nerves.
A. Thir ty-one pairs of spinal nerves: 8 cervical, 12 thoracic, 5 lum bar, 5 sacral,  

1 coccygeal.
B. The spinal root  nerve consists of m otor and sensory root lets, the dorsal root  

ganglion , and the spinal nerve.
1. Sympathet ic connect ions by preganglionic (w hite) ram i and unmyelinated 

postganglionic (gray) ram i.
2. Branches: sinuvertebral nerve to the annulus of the disk, and dorsal ram us 

for facets and posterior m uscles.
a. The sinuvertebral nerve reenters the spinal canal through the foram en 

to lie anterior to the nerve root and cranial to the disk. The sinuver tebral 
nerves innervate the posterior longitudinal ligam ent , the posterior par t  
of the annulus, and the vent ral par t  of the dura. The sinuver tebral nerves 
t ypically ascend to innervate the superior disk as well.

b. The dorsal prim ary ram i gives m edial (innervates facet  join ts above and 
below, segm ental m uscles, and in terspinous ligam ent), lateral (innervates 
iliocostalis m uscle), and occasionally in term ediate (innervates 
longissim us m uscle) branches.

C. The C1 nerve em erges above the C1 vertebra, and the C8 em erges above the T1 
ver tebra. In  the thoracic and lum bar regions, the spinal nerves em erge beneath  
the pedicles bearing the sam e num ber.

D. Spinal nerves in  the in terver tebral foram ina:
1. Cervical spine: no in tervertebral foram en for C1 and C2, but  C3–C8 escape 

through corresponding foram ina occupying ~ 75% of space.
2. Thoracic spine: thoracic spinal nerves are sm all and occupy 20% of the 

foram en and exit  below  the pedicle.
3. Lum bar spine: large lum bar nerves occupy 33% of the foram en and exit  

obliquely below  the pedicle.
4. Sacrum : anterior ram i em erge through the anter ior sacral foram ina, and 

posterior ram i through the posterior sacral foram ina.
E. Derm atom es and myotom es (Fig. 1.5) (Table 1.6).
F. Dynam ics:

1. L5 or S1 nerve roots m ay glide up to 1 cm  during  exion–extension.
2. The spinal cord and nerve roots generally st retch  in   exion and relax in  

extension, but  the spinal canal and foram en enlarge in   exion and narrow  in  
extension.

G. Cauda equina:
1. Lum bar and sacral roots are organized in  a speci c pat tern .
2. Fift y percent  com pression of the thecal sac leads to dysfunct ion.
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H. Nerve root anom alies (Kadish  and Sim m ons) (Fig. 1.6):
1. Type I: in t radural anastom osis.
2. Type II: anom alous origin  of nerve roots.
3. Type III: ext radural anastom osis.
4. Type IV: extradural division.

I. Vasculature of the nerve root:
1. Proxim al and distal radicular ar ter ies anastom ose in  the proxim al th ird of 

the root  in  the foram en, w hich m ay be a vascular-de cient area.
2. In t rinsic vasculature: in terfascicular and in t rafascicular vessels w ith  

compensat ing coils and ar teriovenous anastom osis allow  considerable 
in terfascicular m ot ion and st retch  of the root .

3. A th in  pia m ater allows exchange of m etabolites w ith  cerebrospinal  uid.
4. Mechanical com pression causes vascular compression, w hich m anifests in  

neuroischem ic claudicat ion  clin ically.
J. Plexus:

1. Cervical and brachial plexus.
a. The anter ior ram i of C1–C4 form  the cervical plexus.

Fig. 1.5 (a–c) Anterior and posterior dermatomes.

a

b

c
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Table 1.6 Myotome and dermatome distribution

Nerve 
root Motor Sensory  Re ex

C4 Diaphragm and trapezius Base of neck None

C5 Deltoid and biceps Upper outer arm Biceps brachii

C6 Wrist extensors Thumb Brachioradialis

C7 Triceps and wrist  exors Long  nger Triceps brachii

C8 Finger  exors Lit tle  nger None

T1 Intrinsic muscles of the hand Medial forearm None

L1 Transversus abdominis Inguinal region None

L2 Iliopsoas Upper thigh None

L3 Quadriceps Anterior and medial 
thigh

None

L4 Tibialis anterior Anterior knee, medial 
leg, ankle, and foot

Patellar tendon

L5 Extensor hallucis longus First web space Hamstring

S1 Gastrocnemius Posterior thigh,  
small toe

Achilles tendon

S2 Bladder sphincter Posterior thigh and 
leg

Bulbocavernosus 
(S2–S3)

S3–S5 Anal sphincter (S3) Perineum, anus Anal tone (cauda 
equina syndrome)

Fig. 1.6 The four types of nerve root anomalies.
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b. The anter ior ram i of C5–T1 form  the brachial plexus.
(1) Branches: suprascapular (C5–C6), subscapular (C5–C6), subclavius  

(C5–C6), long thoracic (C5–C7), m usculocutaneous (C5–C6), m edian  
(C5–T1), axillary (C5–C6), radial (C5–T1), m edial cutaneous nerve of arm  
and forearm  (C8–T1), medial cutaneous (C8–T1), ulnar (C8–T1).

2. Lum bosacral and coccygeal plexus.
a. Lum bosacral t runk (L4, L5) and S1, S2, S3, and S4 anterior ram i.
b. Sciat ic (L4–S3) and pudendal (S2–S4) nerves.
c. Branches: superior gluteal (L4–S1), infer ior gluteal (L5–S2), nerve to 

the obturator in ternus, nerve to the quadratus fem oris (L5–S2), and the 
posterior cutaneous nerve of the th igh (S1–S3).

d. Anterior coccygeal plexus: S5 and coccygeal anterior ram i to becom e 
anterior caudal nerve.

IV. Autonom ic system s (sym pathet ic and parasym pathet ic system s).
A. Sympathet ic centers.

1. C8 to L4 spinal cord.
2. Sympathet ic t runk and ganglions: cervical to sacral.
3. Cardioaccelerator center, sweat  glands, vasom otor, bronchopulm onary, 

abdom inal splanchnic, anorectal/bladder cont inence, and ejaculat ion  center.
4. Loss of sympathet ic system .

a. Peripheral vasodilat ion  (hypotension), bradycardia, inabilit y to perspire, 
and hypotherm ia due to spinal cord injury (injury of the preganglionic 
 ber and in term ediolateral cell colum n).

b. Horner’s syndrom e: drooping of upper eyelid  (ptosis), enophthalm os, 
contract ion  of the pupil (m iosis), absence of sweat ing (anhidrosis) (injury 
to cervical or  rst  thoracic sympathet ic chain).

c. Urogenital problem s: ret rograde ejaculat ion  due to improper closing of 
the bladder neck (injury to the hypogast ric plexus).

d . Autonom ic dysre exia.
(1) Spinal cord injury above sympathet ic splanchnic visceral out ow  (T6).
(2) Hypertension, sweat ing, headache,  ushing (return  of re ex).

B. Parasym pathet ic system s: brain  stem  and sacral spinal cord (visceral and penile 
erect ion  funct ions).

1.3 Surgical Anatomy 
I. Cervical spine (Fig. 1.7).

A. Bony anatomy (Fig. 1.8).
1. Atlas: no vertebral body, anterior tubercle (longus colli at tachm ent), 

poster ior tubercle (rectus m inor and suboccipital m em brane at tachm ent), 
and large t ransverse processes w ith  t ransverse foram en (superior and 
inferior oblique m uscle at tachm ent).
a. The posterior neural arch  fuses at  3 years, and anterior neural arch  (two 

sites) fuses at  7 years.
b. The at las has large t ransverse processes, w here the superior and inferior 

oblique m uscles at tach. The t ransverse foram en is located w ith in  the 
t ransverse process, through w hich the ver tebral ar tery passes.
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Fig. 1.7 The human spine. (a) Posterior musculature of the spine.

a
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Fig. 1.7 (Continued) The human spine. (b) Posterior musculature of the spine and its innervation.

b
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Fig. 1.8 (a–d) Morphology of the C4 and C7 vertebrae from superior and lateral views.

c. The posterior arch has a groove along its superior border for the vertebral 
artery, w hich runs along it  on its way to the foram en m agnum  of the skull.

d. Superior ar t icular facets form  the atlanto-occipital ar t iculat ion  w ith  the 
occipital condyles. This join t  accounts for the m ajorit y of  exion and 
extension of the head.

e. The inferior ar t icular facet  contributes to the at lantoaxial join t .
f. The pont iculus post icus (arcuate foram en) is a m alform ed bony bridge 

between the posterior superior ar t icular process and the superior m argin  
of the posterior arch  of the atlas.
(1) The arcuate foram en contains the vertebral ar tery and the 

suboccipital nerve.
(2) It  can  be m istaken for a posterior arch .
(3) Lateral m ass screw  placem ent  through the arcuate foram en can cause 

vertebral ar tery injury.
2. Axis: odontoid process w ith  oval ar t icular facet  anteriorly, m aking a synovial 

join t  w ith  the anterior arch  facet  and large bi d  spinous process (rectus 
m ajor and infer ior oblique m uscle at tachm ent).
a. The synchondrosis between the dens and arch  and the neurocent ral cleft  

between the body and arch  fuse at  3 to 6 years.
b. The pedicle of the axis is large and projects m edially at  30° and superiorly 

at  20°.

a b

c d
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c. The t ransverse ligam ent  secures the dens to the anterior arch  of the at las. 
Extension of th is ligam ent  superiorly and inferiorly creates the cruciform  
ligam ent .

d. Responsible for the m ajorit y of cervical rotat ion  around the axis.
e. The alar ligam ents connect  the odontoid to the occipital condyles, fur ther 

stabilizing the join t .
f. The t ransverse processes also contain  the t ransverse foram en w ith  the 

vertebral ar tery.
3. C3–C6 ver tebrae: bi d  spinous processes, pedicle, lam inae, ar t icular 

processes, lateral m ass (between the ar t icular processes), t ransverse 
processes w ith  anterior and posterior tubercles and t ransverse foram en 
(carot id tubercle for C6 anterior tubercle and vertebral ar tery in  the 
foram en), uncinate processes (“join ts of Luschka”), and t r iangular vertebral 
foram en.
a. The superior surfaces of the cervical ver tebrae are concave, and the 

inferior surfaces are convex.
b. The cervical ver tebrae have sm all bodies com pared w ith  the vertebral 

canal.
c. The facets gradually becom e steeper and oriented m ore sagit tally as one 

progresses dow n the cervical spine.
(1) The lateral m asses are bony regions between the cervical facets just  

lateral to the lam inae.
d. The vertebral ar tery t ravels w ith in  the t ransverse foram ina, dividing it  

in to posterior and anter ior tubercles, between w hich passes the exit ing 
nerve root .

4. C7 ver tebra: large, th ick spinous process and not  bi d.
a. Transit ional vertebra w ith unique characterist ics.
b. Inferior surface larger than superior surface.
c. Taller and shallower lateral m asses.
d . The pedicles enlarge star t ing w ith  C7 and going dow n the spine.
e. The spinous process is the site of at tachm ent of the ligam entum  nuchae.
f. It  has t ransverse foram ina but  the ver tebral ar tery passes through them  

in  only 5% of pat ients.
B. Ligam entous anatomy and ar t iculat ion .

1. Atlanto-occipital ar t iculat ion: ar t iculat ion  between the condyles of the 
occipital bone superior facets of the atlas, supported by anterior and 
posterior occipital m em branes (cont inuat ion  of the anter ior longitudinal 
m em branes and ligam entum   avum , respect ively), and capsule ( exion, 
extension, and lateral m ot ion).

2. Atlantoaxial ar t iculat ion  (Fig. 1.9).
a. Rotat ional m ovem ent  between the odontoid process and anterior arch  of 

the at las (responsible for 50% of cervical rotat ion).
b. Ligam ents.

(1) Anterior and posterior at lantoaxial ligam ents.
(2) Transverse ligam ent: across the arch  of at las to hold the dens against  

the anterior arch  of the at las (cruciform  ligam ent of the at las: 
t ransverse ligam ent plus superior and inferior extension).
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(3) Alar ligam ent (sides of dens to condyles of occipital bone) and apical 
ligam ent  (from  the apex of the dens to the foram en m agnum  as a 
rem nant  of the notochord in  th is area).

(4) Tectoral m em brane: cont inuat ion of the posterior longitudinal 
m em brane.

3. C2–C7 art iculat ion .
a. Flexion and extension m ot ion.
b. Facet  join t  and capsule: horizontal plane (45° oblique) of the join t  and 

weak capsule allow  m ore m obilit y than lum bar and thoracic vertebrae.
c. Ligam ents.

(1) Anterior and posterior longitudinal ligam ents.
(2) Ligam entum   avum : from  the posterior aspect  of the lam ina below   

to the anterior aspect  of the lam ina above w ith  de ciency in  the 
m idline.

(3) In terspinous ligam ent: oblique orientat ion  from  the posterior 
superior aspect to the anterior infer ior aspect .

(4) Supraspinous ligam ent .
(5) Ligam entum  nuchae:  broelast ic septum  from  the occiput  to C7.

d. In tervertebral disks: annulus  brosus and nucleus pulposus.
C. Muscles.

1. Poster ior m uscles.
a. Super cial: t rapezius (from  the external occipital protuberance and C7 to 

the T12 spinous processes to inser t  at  the lateral clavicle, acrom ion, and 
spine of the scapula).

b. In term ediate: splenius capit is and cervicis.
c. Deep: sem ispinalis capit is, sem ispinalis cervicis, and m ult i dus w ith  

rotators.

Fig. 1.9 Ligamentous anatomy of the upper cervical spine.
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2. Suboccipital m uscles.
a. Rectus capit is posterior m ajor: C2 spinous process to inferior nuchal line.
b. Rectus capit is posterior m inor: C1 posterior tubercle to inferior nuchal line.
c. Obliquus capit is inferior: C2 spinous process to t ransverse process of C1.
d. Obliquus capitus superior: C1 t ransverse process to occipital bone 

between superior and inferior nuchal lines.
3. Anterior m uscles.

a. Platysm a: from  deltoid and pectoral fascia to m andible and skin , 
innervated by facial (VII) nerve.

b. Sternocleidom astoid: from  sternum  and clavicle to m astoid process.
c. St rap m uscles of larynx: sternohyoid and sternothyroid m uscles.
d. Om ohyoid: superior and inferior bellies to depress the hyoid bone.
e. Longus colli: an ter ior aspect  of the vertebral bodies.

II. Thoracolum bar spine, sacrum , and coccyx.
A. Bony and ligam entous anatomy (Fig. 1.9).

1. Thoracic vertebrae (Fig. 1.10).
a. Mechanically st i er and less m obile because of r ib at tachm ent .
b. Physiological kyphosis (pr im ary curve).
c. The upper and m iddle thoracic vertebrae have stabilit y against  

anteroposterior t ranslat ion , and the lower thoracic ver tebrae have 
stabilit y against  rotat ion  due to facet  join t  orientat ion .

d. The t ransverse processes decrease from  T1 to T10.
e. The spinal canal is circular and has less free space for the spinal cord than 

the cervical and lum bar region.
f. Art icular facets for r ibs: body and t ransverse process and ligam ents 

(radiate and costovertebral ligam ents between the body and rib, and 
costot ransverse and in ter t ransverse ligam ents between the t ransverse 
process and rib).

g. Connected to the ribs at  the junct ion  between the body and the pedicle 
and also at  the t ransverse costal facet  of the t ransverse process. The 
t ransverse processes are posteriorly angulated to leave room  for the ribs.

h . A hear t-shaped body w ith  a possible depression due to the descending 
aorta on  the left  side. The spinous processes are long, slender, and 
dow nward-point ing so that  they overlap the ver tebral arches of the 
inferior vertebra.

2. Lum bar vertebrae (Fig. 1.11).
a. St rong facet  join t  and capsule for rotat ional stabilit y and superior 

ar t icular processes (m am m illary process) are lateral and anterior to the 
inferior ar t icular process below.

b. Pedicles: st rong and directed posteriorly 1 m m  inferior to the t ip of the 
inferior ar t icular process in  the m iddle of the t ransverse processes. They 
arise from  the upper par t  of the vertebral body.

c. Triangular spinal canal.
d. Ligam ents:

(1) Supraspinous ligam ent: ends around L3.
(2) In terspinous ligam ent: oriented obliquely from  cephalad to caudad 

from  posterior to anter ior.
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Fig. 1.10 (a–c) Bony anatomy of 
the thoracic spine.

(3) Posterior longitudinal ligam ent .
(4) Anterior longitudinal ligam ent .
(5) Ligam entum   avum : from  the posterior aspect  of the lam ina below  

to the anterior aspect  of the lam ina above.
e. Kidney-shaped ver tebral bodies that  are w idest  t ransversely.
f. The facets are in  a sagit tal orientat ion , lim it ing the axial rotat ion . 

The except ion is the L5–S1 facet  because it  is m ore coronal to resist  
anteroposterior t ranslat ion .

g. More prom inent  pars in terar t icularis.
h . Broad and tall spinous process.

a

c

b
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i. Sm aller t ransverse process:
(1) The L5 t ransverse process at taches to the iliolum bar ligam ent .
(2) The accessory process is on  the m edial aspect  of the t ransverse 

process w here it  joins the posterior bony arch .
3. Sacrum  and coccyx (Fig. 1.12).

a. Bony st ructures of the sacrum : ala, prom ontory, m edian  sacral crest , 
sacral foram ina, ar t icular surface (Fig. 1.13).

b. Coccyx: three or four elem ents and the last  two to three segm ents are 
fused.
(1) At tachm ent  site for the m uscles of the pelvic  oor.

c. Sacroiliac join t .
(1) Art icular process: sacral hyaline car t ilage and iliac  brocart ilage.
(2) Ligam ents: in terosseous sacroiliac ligam ent , posterior sacroiliac 

ligam ent , and anterior sacroiliac ligam ent .
d. Connect ing ligam ents.

(1) Sacrotuberous ligam ent: sacrum  to ischial tuberosity.
(2) Sacrospinous ligam ent: divides pelvis in to greater and lesser sciat ic 

notches.
(3) Iliolum bar ligam ents: L5 t ransverse processes to ala of sacrum .

Fig. 1.11 Bony anatomy of the lumbar spine.

http://www.myuptodate.com


1 Anatomy and Surgical Approaches22

Fig. 1.12 (a) Anterior and (b) posterior anatomy of the sacrum.

a

b
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B. Soft  t issue st ructures.
1. Muscles.

a. Super cial.
(1) Lat issim us dorsi: origin  from  T6 to T12, lum bar spine, sacrum , and 

poster ior iliac crest  and lower four r ibs to insert  at  the bot tom  of the 
in ter tubercular groove of the hum erus.

(2) Levator scapulae: origin  from  C1 to C4 t ransverse processes to insert  
at  the m edial border of the scapula above the spine.

(3) Rhom boid m inor: origin  from  C7 to T1 to inser t  at  m edial border of 
the scapula at  the root  of the spine.

(4) Rhom boid m ajor: or igin  from  T2 to T5 and insert ion  at  the m edial 
border of the scapula below  the spine.

Fig. 1.13 (a–d) Bony anatomy of the sacrum.

a

b
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b. Deep m uscles of the back.
(1) Super cial layer (t ransversocostal group or erector spinae): 

iliocostalis, longissim us, and spinalis.
(2) Deeper layer (t ransversospinal group): sem ispinalis, m ult i dus, and 

rotators.
(3) Deepest  layer: in terspinales and in ter t ransverse m uscles.

1.4 Surgical Approaches
I. Cervical spine.

A. Posterior approaches: reverse Trendelenburg posit ion  and May eld tongs help 
to secure the head and m inim ize venous bleeding in  the surgical  eld .
1. Posterior approach to occiput to C1–C2 (Fig. 1.14):

a. Midline incision  from  the external occipital protuberance to C2 spinous 
process (6–8 cm ).

Fig. 1.14 The course of the vertebral artery and the greater occipital nerve in relation to the posterior 
midline.
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b. Ligam entum  nuchae and paravertebral m uscle dissect ion to the poster ior 
elem ents of C1 and C2.

c. Lateral exposure should not go beyond 1.5 cm  on the C1 ring (cervical 
ganglion  and vertebral ar tery), w ith  care not  to fracture the C1 ring.
(1) Aberrant anatomy should be ident i ed (pont iculus post icus).

d. Separate occipitoat lantal and atlantoaxial m em branes from  the bone and 
w ir ing.

e. Occiput: m ake drill holes above the foram en m agnum  and rem ove bone 
distally for decompression. External occipital protuberance can be used 
for w iring for fusion.

f. Neurovascular st ructures:
(1) Suboccipital nerve (C1): w ith in  the suboccipital t r iangle (m otor).
(2) Greater occipital nerve (C2): beneath  and over the inferior oblique 

m uscle (sensory).
(3) Third occipital nerve (lateral to the suboccipital t r iangle [sensory]).
(4) Vertebral ar tery: from  C6 t ransverse foram en to at las t ransverse 

foram en and pierces the lateral angle of the posterior at lanto-
occipital m em brane.

2. Posterior approach to the lower cervical spine:
a. Midline incision  dow n to the spinous processes and lam ina (in terlam inar 

space is w ide, and caut ion  should be taken to avoid penetrat ion to the 
dura).

b. Lateral exposure to the t ransverse processes, exposing the facets and 
lateral m asses.

c. Lam inectomy, foram inotomy (resect ion  of the m edial aspect  of superior 
and inferior facets), or excision  of disk or osteophytes of the join ts of 
Luschka to decompress the nerve roots.
(1) The C5 nerve root form s ~ 45° w ith  the spinal cord; th is angle 

increases as one descends and is ~ 90° at  the C8 level.
(2) Nerve roots (foram en borders): disks and join ts of Luschka anteriorly, 

zygapophyseal join ts posteriorly, pedicles superiorly and inferiorly. 
Also, the ver tebral ar tery is anterior to the roots.

B. Anterior approaches: Gardner–Wells tongs are used for t ract ion  and to keep the 
neck slightly extended (Fig. 1.15).
1. Anterior m edial approach to the m idcervical spine (Sm ith–Robinson).

a. Landm arks:
(1) Hard palate: arch  of the atlas.
(2) Lower border of m andible: C2–C3.
(3) Hyoid bone: C3.
(4) Thyroid car t ilage: C4–C5.
(5) Cricoid cart ilage: C6.
(6) Carot id tubercle: C6.

b. Use a t ransverse incision from  the m idline to the anterior border of the 
sternocleidom astoid.

c. Split  the platysm a longitudinally or t ransversely.
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d. Incise the pretracheal fascia im mediately anterior to the 
sternocleidom astoid, followed by blunt  nger dissection to the  
vertebral bodies, retracting the carotid sheath (carotid artery, internal 
jugular vein, and vagus nerve) laterally, and retract the strap m uscles, 
trachea, and esophagus m edially (Fig. 1.16).

e. The superior thyroid ar ter ies m ay lim it  dissect ion  above C3–C4 and the 
inferior thyroid ar tery below  C6 (m ay ligate and divide).

f. Divide the prevertebral fascia and anterior longitudinal ligam ent  in  the 
m idline, ret ract ing the longus colli laterally.

g. Neurovascular and vital st ructures (Fig. 1.17):
(1) Recurrent  laryngeal nerve: ascends in  the neck between the t rachea 

and esophagus from  the arch  of the aorta on  the left  side and runs 
along the t rachea after hooking around the subclavian  ar tery on the 
right side. It  crosses from  lateral to m edial to the m idline t rachea in  
the lower par t  of the neck, m aking the right-sided approach slight ly 
m ore vulnerable. Protect  it  by placing the ret ractor below  longus colli 
m uscles.

(2) Sym pathet ic nerves and stellate ganglion: avoid dissect ion  out  onto 
the t ransverse processes and keep dissect ion  subperiosteal.

(3) Carot id sheath  contents: from  the m edial to lateral carot id 
ar tery, in ternal jugular vein , and vagus nerve anterior to the 
sternocleidom astoid m uscle.

(4) Esophagus: take precaut ion on deep m edial ret ract ion .

Fig. 1.15 The infrahyoid and sternocleidomas-
toid muscles.

http://www.myuptodate.com


1 Anatomy and Surgical Approaches 27

Fig. 1.16 Blunt  nger dissection is done through the Smith–Robinson interval toward the anterior 
cervical spine.

Fig. 1.17 The neural and vascular structures of the neck.
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C. Other anterior approaches to the cervical spine:
1. Transoral approach to C1–C2 (Fig. 1.18):

Fig. 1.18 (a,b) The transoral approach, which allows 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 lower half of the clivus.

a

b
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a. Fiberopt ic nasotracheal in tubat ion  and nasogast r ic tube are used.
b. The pat ient  is placed in  the supine posit ion  w ith  the head held in  slight  

extension using the May eld fram e.
c. The oral cavity is cleansed w ith  chlorhexidine, and perioperat ive 

ant ibiot ics w ith  an  in t ravenous cephalosporin  and m etronidazole are 
inst ituted for 72 hours as prophylaxis against  wound infect ion .

d. The key surgical landm ark is the anterior tubercle on  the at las to w hich 
the anterior longitudinal ligam ent  and longus colli m uscles are at tached.

e. The t ransoral ret ractors are inserted, exposing the posterior oropharynx. 
The area of the incision is in  lt rated w ith  1:200,000 epinephrine.

f. A m idline 3 cm  ver t ical incision  centered on the anter ior tubercle is 
m ade through the pharyngeal m ucosa and m uscle.

g. The tubercle of the at las and anterior longitudinal ligam ent  are exposed 
superiosteally, and the longus colli m uscles are m obilized laterally.

h . A high-speed bur m ay be used to rem ove the anterior arch  of the at las to 
expose the odontoid process.

2. An anterom edial approach to the upper cervical spine by de Andrade and 
Macnab:
a. The neck is hyperextended, and the chin  is turned to the opposite side.
b. A skin incision is m ade along the anterior aspect of the sternocleidom astoid 

m uscle and curved toward the m astoid process.
c. The platysm a and the super cial layer of the deep cervical fascia are 

divided in  the line of the incision  to expose the anter ior border of the 
sternocleidom astoid.

d. The sternocleidom astoid m uscle is ret racted anteriorly and the carot id  
ar tery laterally.

e. The superior thyroid ar tery and lingual vessels are ligated. The facial 
ar tery is ident i ed at  the upper por t ion  of the incision , w hich helps to 
 nd the hypoglossal nerve adjacent to the digast ric m uscle.

f. The superior laryngeal nerve is in  close proxim ity to the superior thyroid 
ar tery, and excessive ret ract ion  of th is nerve should be avoided.

g. St ripping of the longus colli m uscle exposes the anter ior aspect of the 
upper cervical spine and basiocciput .

3. Anterior ret ropharyngeal exposure of the upper cervical by McAfee:
a. A right-sided submandibular transverse incision and division of the platysma 

leads to the sternocleidomastoid muscle and its deep cervical fascia.
b. The m andibular branch of the facial nerve should be ident i ed w ith  the 

aid of a nerve st im ulator, and the ret rom andibular vein  is ligated during 
the in it ial stage of dissect ion .

c. The anterior border of the sternocleidom astoid m uscle is m obilized. The 
subm andibular salivary gland and the jugular digast r ic lym ph nodes are 
resected.

d. Care should be taken to suture the duct  in  the salivary gland to prevent a 
salivary  stula.

e. The digast ric tendon is divided and tagged for later repair.
f. The hypoglossal nerve is next ident i ed and m obilized. The carot id 

sheath  is opened, and ar terial and venous branches are ligated, including 
the superior thyroid ar tery and vein , lingual ar tery and vein , ascending 
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pharyngeal ar tery and vein , and facial ar tery and vein , beginning 
inferiorly, progressing superiorly.

g. The superior laryngeal nerve is also ident i ed and m obilized.
h . The prever tebral fasciae are t ransected longitudinally to expose and 

dissect  the longus colli m uscles.
4. The anterolateral ret ropharyngeal approach by Whitesides and Kelley:

a. The skin  incision  is m ade from  the m astoid along the anter ior aspect of 
the sternocleidom astoid.

b. The external jugular vein  is ligated, and the greater auricular nerve is 
spared if possible.

c. The sternocleidom astoid and splenius capitus m uscles are detached from  
the m astoid, leaving a fascial edge for later repair. The spinal accessory 
nerve should be ident i ed and protected.

d. Retract  the carot id contents along w ith  the hypoglossal nerve anteriorly, 
w hile ret ract ing the sternocleidom astoid posteriorly. Blunt dissect ion  
leads to the t ransverse processes and anterior aspect  of C1–C3.

5. Lateral approach to the cervical spine by Verbiest:
a. The exposure is achieved by dissect ing anterior to the carot id sheath  and 

exposing the ver tebral ar tery and nerve roots posterior to the t ransverse 
processes.

b. This lateral approach m ay be used for lesions that  are localized laterally 
or if the vertebral ar tery m ust be exposed.

6. Cervicothoracic junct ion: anterior exposure of the upper thoracic vertebrae 
m ay be accom plished through the low  cervical, supraclavicular approach, 
sternum -split t ing approach, or t ransthoracic approach (Fig. 1.19, Fig. 1.20, 
Fig. 1.21, Fig. 1.22, and  Fig. 1.23).
a. Low  cervical approach to C6–T2: an  extension of the anterom edial 

approach to the lower cervical spine.
b. The supraclavicular approach to C6–T2.

(1) A t ransverse incision above the clavicle and a dissect ion  posterior to 
the carot id sheath .

(2) After incision of the platysm a m uscle, the clavicular head of the 
sternocleidom astoid is divided. The fascia beneath  is divided to 
release the om ohyoid from  its pulley.

(3) The subclavian  ar tery and it s branches, w hich include the 
thyrocervical t runk, suprascapular ar tery, and t ranscervical ar tery, 
m ust be ident i ed. The dom e of the lung and the phrenic nerve are in  
close proxim ity to the scalenus anterior m uscle.

(4) Division of the scalenus anterior m uscle exposes the Sibson’s fascia in  
the  oor of the wound, w hich covers the dom e of the lung.

(5) Sibson’s fascia is divided t ransversely using scissors, and the visceral 
pleura and lung should be ret racted inferiorly.

(6) The t rachea, the esophagus, and the recurrent laryngeal nerve m ust  
be protected during m edial ret ract ion . The posterior thorax, stellate 
ganglion , and upper thoracic vertebral bodies are now  visible looking 
from  above dow nward through the thoracic in let . The recurrent  
laryngeal nerve should be ident i ed and protected. Likew ise, the 
inferior thyroid ar tery and vertebral ar tery should be ident i ed. The 
thoracic duct  should be ident i ed if approached from  the left .
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Fig. 1.19 (a) The sternal-split ting approach. (b) After division of the platysma, the deep cervical 
fascia is divided sharply.

a

b
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Fig. 1.20 To complete the exposure, the esophagus, trachea, and brachiocephalic trunk are gently 
retracted to the right, and the thoracic duct is retracted to the left.

http://www.myuptodate.com


1 Anatomy and Surgical Approaches 33

Fig. 1.21 (a) A T-shaped incision is performed during the sternal split t ing approach. (b) Deeper 
exposure reveals the sternocleidomastoid and pectoralis major muscles.

a

b
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Fig. 1.22 The sternal and clavicular heads of the sternocleidomastoid are detached at the level of 
the manubrium.
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Fig. 1.23 (a) The medial third of the clavicle and a rectangular piece of the manubrium are removed. 
(b) Retraction of the vessels and trachea exposes the cervicothoracic junction.

a

b
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c. Thoracotomy to T1–T4 (Fig. 1.24, Fig. 1.25, Fig. 1.26, Fig. 1.27, Fig. 1.28, 
and  Fig. 1.29).
(1) The right-sided approach is preferred to avoid the left  subclavian  

ar tery, w hich is m ore curved than the right  brachiocephalic ar tery.
(2) The incision is m edial and inferior to the scapula. The scapula 

is ret racted laterally by dividing the t rapezius, lat issim us dorsi, 
rhom boids, and levator scapulae m uscles.

(3) The chest  is entered through the th ird rib.
(4) The poster ior 7 to 10 cm  of each of the second, th ird, fourth , and  fth  

r ibs m ay be rem oved.
(5) Exposure of the vertebrae is m ade w ith  an  L-shaped incision in  the 

pleura.

Fig. 1.24 (a) High transthoracic approach to the upper cervicothoracic spine. (b) The trapezius mus-
cle is divided close to the spinous processes and parallel to the skin.

a
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d. The sternum -split t ing approach to C4–T4.
(1) The skin  incision is m ade anterior to the left  sternocleidom astoid 

m uscle and extends along the m idsternal area dow n to the xiphoid 
process.

(2) After division of the platysm a m uscle and super cial cervical fascia, 
blunt  dissect ion  is done between the laterally situated neurovascular 
bundle and m edial visceral st ructures.

(3) The ret rosternal adipose and thym us t issues are ret racted from  the 
m anubrium .

Fig. 1.25 (a) The rhomboid major is divided near it s insertion, and the serratus anterior muscle is 
divided as caudally as possible. (b) The scapula can then be retracted superolaterally, and the perios-
teum can be incised.

a

b
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Fig. 1.26 Retractors are positioned and the upper thoracic spine is exposed.

(4) A m edian sternotomy should be perform ed carefully to prevent 
injury to the pleura. The sternohyoid, sternothyroid, and om ohyoid 
m uscles are ident i ed and t ransected as necessary.

(5) The inferior thyroid ar tery is ligated and t ransected.
(6) Blunt  dissect ion  is perform ed from  the cranial toward the caudal 

por t ion  unt il the left  brachiocephalic vein  is exposed.
(7) Retract ion  of the carot id ar tery laterally, brachiocephalic vein  

inferiorly, and t rachea m edially exposes the vertebrae.
II. Thoracolum bar spine.

A. Posterior approaches: the pat ient  is usually posit ioned on the four-poster or 
Relton-Hall fram e (Surgm ed, Dorval, Quebec, Canada) for the thoracolum bar 
spine and kneeling posit ion  for the lum bar spine.
1. Thoracic spine.

a. Poster ior: m idline exposure of the posterior elem ents (spinous process, 
lam ina, facets, pedicle, and t ransverse processes).
(1) Transpedicular approach: the thoracic pedicle is located by crossing 

a horizontal line at  the m idport ion  of the t ransverse process and 
a vert ical line at  the junct ion  between the lam ina and t ransverse 
process.

(2) Posterolateral: costot ransversectomy approach:
(a) A C-shaped curved incision is m ade along the paraspinous 

m uscles, spanning about  four to  ve ribs.
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(b) The m iddle part  of the incision  should be ~ 2.5 in  from  the 
m idline.

(c) By underm ining the skin  and subcutaneous t issue, exposure of 
the paraspinous m uscles and posterior elem ents of the spine is 
completed.

(d) The t rapezius and lat issim us dorsi m uscles are divided either 
longitudinally or t ransversely.

(e) The rib and t ransverse process are resected at  one to four 
levels, depending on the extent  of the lesion. The rib is exposed 
subperiosteally and excised ~ 3.5 inches lateral to the vertebra and 
disart iculated at  the costover tebral junct ion .

(f) Careful ret ract ion  of the pleura w ill lead to the vertebrae.
2. Lum bar spine.

a. Lam inectomy or lam inotom y:
(1) Expose the spinous process, lam ina, and ligam entum   avum .
(2) Excise the ligam entum   avum  to enter the epidural space.
(3) Rem ove part  of the superior facet  to decom press the lateral recess.
(4) Ret ract  the nerve root  m edially to rem ove the o ending disk 

m aterial.
b. Transpedicular approach  (Fig. 1.26): the pedicle is located by crossing 

a horizontal line at  the m idport ion  of the t ransverse processes and a 
vert ical line at  the lateral edge of the superior facet .

B. Anterior approaches:
1. Thoracic spine:

a. Transthoracic approach by rem oving a rib and dividing the pleura (Fig. 1.27).
(1) The skin  incision is m ade along the rib in tended for rem oval from  

the anterior m argin  of the lat issim us m uscle anteriorly to the 
costochondral junct ion.

Fig. 1.27 The incision employed for a transthoracic approach to the spine.
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Fig. 1.28 (a) The anterior aspect of the latissimus is divided, exposing the underlying rib. (b) The 
underlying rib is dissected free of the periosteum.

Fig. 1.29 The overlying rib is resected near its articulation with the costovertebral junction. The pari-
etal pleura is incised, and the overlying prevertebral fascia is identi ed. Shown are the ligated segmen-
tal vessels overlying the thoracic vertebrae.

a b
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(2) The anter ior aspect  of the lat issim us m uscle can be underm ined or 
m inim ally incised, and the posterior border of the serratus anter ior 
m uscle is m obilized or t ransected.

(3) The lateral m argin  of the t rapezius m uscle is m obilized and 
t ransected if necessary.

(4) Rib resect ion  is then perform ed by  rst  incising the overlying 
periosteum  in  the m idpor t ion  of the r ib using elect rocautery. A rib 
st r ipper is then used to dissect  o  the in tercostal m usculature.

(5) The rib is divided at  the costochondral junct ion anter iorly, elevated 
and resected as far posteriorly as the exposure w ill allow.

(6) The chest  is then sharply entered in  the center of the rib bed, and the 
lung ret racted anteriorly and inferiorly.

(7) The pleura overlying the vertebral bodies is then incised and the 
segm ental vessels ligated as needed in  the m iddle of the vertebral 
bodies.

b. Thoracoabdom inal approach by rem oving the tenth rib and dividing the 
diaphragm  and entering through the ret roperitoneal space.
(1) A skin  incision is m ade over the tenth  rib from  the lateral border of 

the paraspinous m usculature to the costal car t ilage. The incision is 
curved anter iorly to the edge of the rectus sheath .

(2) The dissect ion  is extended dow n to the m uscle layers to rem ove the 
10th  r ib.

(3) The costal car t ilage is split  after rem oval of the 10th  r ib. The pleura 
is incised and the lung is ret racted, and the ret roperitoneal space is 
ident i ed by the light  areolar t issue.

(4) Blunt  dissect ion  is perform ed to m obilize the peritoneum  from  the 
undersurface of the diaphragm  and abdom inal wall.

(5) After the peritoneum  is ret racted, the external oblique, in ternal 
oblique, and t ransverse abdom inis m uscles of the abdom en are 
divided one layer at  a t im e.

(6) The diaphragm  is incised circum ferent ially 1 in  from  its peripheral 
at tachm ent to the chest  wall. Marker st itches or clips are placed for 
resuturing the diaphragm  later.

(7) For the exposure of the T12–L1 region, the crus of the diaphragm  is 
cut  and m obilized.

(8) The segm ental vessels are t ied and ligated as necessary to m obilize 
the aor ta.

2. Lum bar spine.
a. Anterolateral ret roperitoneal approach: lateral decubitus posit ion .

(1) Dissect ion  is through the external oblique, in ternal oblique, and 
t ransverse abdom inis m uscles (skin  incision depends on the level of 
exposure).

(2) The ret roperitoneal space is entered laterally by ident ifying 
the ret roperitoneal fat , taking care to avoid penetrat ion  of the 
peritoneum  just  lateral to the rectus sheath .

(3) Blunt  dissect ion  anterior to the psoas m uscle should lead to the 
spine.
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(4) One should ident ify the genitofem oral nerve on the anterior surface 
of the psoas m uscle and the sympathet ic chains m edial to the m uscle 
(Fig. 1.30):

(a) The L4–L5 level is at  m ost r isk for neural and vascular injury.
(b) Prevent ion: direct  visualizat ion  w hile dissect ing the psoas m uscle 

w ith  concurrent  neurom onitoring.
(5) The ureter is under the peritoneum  anteriorly.
(6) Vessels (aorta or vena cava) are m obilized, and segm ental vessels are 

ident i ed in  the m iddle port ion  of the vertebral bodies and ligated as 
necessary.

(7) Dissect ion  of the psoas m uscle should be accompanied w ith  t r iggered 
elect romyography.

b. Anterior m uscle-split t ing approach.
(1) A vert ical param edian incision is m ade from  the um bilicus to the 

pubis at  the edge of the rectus.
(2) The fascia of the rectus abdom inis is divided, and the m uscle is 

ret racted m edially.
(3) The posterior rectus sheath  is carefully divided along the peritoneal 

at tachm ent .
(4) Blunt  nger dissect ion  of the peritoneum  leads to the lower lum bar 

spine (L3–S1).

Fig. 1.30 The anterolateral peritoneal approach demonstrating the genitofemoral nerve on the ante-
rior surface of the psoas muscle and the sympathetic chains.
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c. Transperitoneal approach to lum bosacral junct ion .
(1) A vert ical or t ransverse incision is m ade above to the pubis (Fig. 1.31 

and  Fig. 1.32).
(2) The peritoneum  is entered, and the bowel st ructures are ret racted 

(Fig. 1.33a).
(3) The poster ior peritoneum  is lifted and divided.
(4) The iliac vessels are m obilized to expose L4–S1 (Fig. 1.33b).

Fig. 1.31 (a) The transperitoneal 
approach to the lumbar spine. 
(b) The vertical incision splits the 
rectus abdominis in the midline 
linea alba.

a
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Fig. 1.32 (a) The overlying peritoneum is incised, 
with care to avoid damaging the underlying peri-
toneum. (b) The abdominal viscera are retracted, 
and the underlying vertebral bodies are exposed.

a
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Fig. 1.33 (a) The omentum and peritoneal contents are re ected, exposing the bifurcation of 
the aorta. (b) Retractors are placed along the common iliac arteries bilaterally, exposing the L5–S1 
interspace.

a
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2.1 History
I. Degenerat ive disorders of the spine.

A. History is the m ost  im portant component  of the pat ient  evaluat ion .
1. Establishes the in it ial di erent ial diagnoses.
2. Guides physical exam inat ion and select ive diagnost ic tests.

B. Spinal pain  can be described as m echanical versus nonm echanical, or axial 
versus radicular.
1. Mechanical versus nonm echanical.

a. Mechanical pain  tends to be associated w ith  act ivit y.
(1) Relieved by rest .
(2) Progressively worse over the course of the day.

b. Nonm echanical pain  is t ypically due to tum ors or infect ions.
(1) Independent of act ivit y.
(2) Worse at  n ight .
(3) Not  relieved by rest  or im m obilizat ion .

2. Axial versus radicular.
a. Axial pain  is usually di use.

(1) Referred pain  to the scapula or shoulder in  cervical spine disorders.
(2) Referred pain to the buttock or posterior thigh in lum bar spine disorders.

b. Radicular pain  is t ypically associated w ith  paresthesia, num bness, or 
weakness in  a derm atom al dist r ibut ion  (Fig. 2.1).
(1) Associated w ith  tension signs (Table 2.1).

C. Myelopathy (Fig. 2.2):
1. Presents w ith  poorly characterized pain .

a. Vague sensory and m otor sym ptom s over a long period of t im e are also 
com m on.

2. Associated w ith  neck, arm , or leg pain  in  a nonderm atom al pat tern  or w ith  
pain  in  a cervical derm atom e.

3. Characterized by a slow  and broad-based gait .
4. Problem s w ith  upper-ext rem ity  ne m otor funct ions.

a. Di culty w ith  fastening but tons is noted early.
b. Lower-extrem ity dysfunct ion and spast icit y.
c. Bowel and bladder dysfunct ion are noted later.

5. Associated w ith  pathological long t ract  signs (Table 2.2).
II. Traum at ic disorders.

A. The airway, breath ing, and circulat ion  (ABC) should be checked  rst  in  any 
t raum a pat ient .

B. The m echanism  of injury should be sought .
C. Pain  and neurological sym ptom s should be docum ented.

2 History and Physical Examination
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III. Spinal deform ity.
A. Deform ity and pain  are the two m ost  com m on present ing com plain ts.

1. Pain  is a m ore om inous sign in  the child.
a. There are several possible et iologies:

(1) Spinal cord or bony tum or.
(2) Scheuerm ann’s disease.
(3) Spondylolisthesis.

Fig. 2.1 (a,b) Motor examination for cervical and lumbar nerve roots.

a

b
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2. In adults, pain associated w ith deform ities tends to be present at the convexity.
a. Due to m uscle fat igue early.
b. Localizes to the concavity w hen degenerat ive changes have occurred later.

B. Medical h istory, fam ily h istory, onset  of m enarche, t im e of curve detect ion , and 
progression should be obtained in  the adolescent  scoliot ic pat ient .

2.2 Physical Examination
I. Inspect ion .

A. Look for obvious deform it ies in  both  the coronal and the sagit tal plane.
1. Coronal plane (Fig. 2.3).

a. Scoliosis evaluated by a plum b line dropped from  the seventh  cervical 
vertebra.

b. Pelvic obliquity.
c. Shoulder im balance.
d. Scapular protuberance.
e. Rib prom inence.

Table 2.1 Nerve tension signs

Cervical tension signs Findings

Spurling’s Neck extension and rotation toward the painful side 
causes radicular limb pain.

Compression Axial loading on the head reproduces pain.

Distraction test Skull traction relieves pain.

Shoulder abduction Elevation of painful limb relieves pain.

Lumbar tension signs Findings

Lasegue’s (straight leg  
raise [SLR])

Elevation of painful limb causes radicular limb pain, 
not back pain. Pain should be reproduced with  
< 60° of hip  exion.

Bowstring After reproducing the patient’s pain and obtaining 
a positive Lasegue’s sign, the knee is  exed. This is 
positive if the patient’s pain resolves with  exion of 
the knee.

Fajersztajn’s (contralateral SLR) Elevation of the nonpainful limb causes back and 
limb pain on the opposite side (usually means 
sequestered or large extruded herniated disk).

Femoral stretch (reverse SLR) Hip extension in either the lateral decubitus or 
prone position stretches the femoral nerve and 
reproduces pain in the L3 or L4 distribution.
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Fig. 2.2 Myelopathic motor examination  ndings. (a) Finger escape sign. (b) Jaw-jerk re ex. Myelo-
pathic motor examination  ndings. (c) Ho man’s sign. (d) Babinski’s sign.

2. Sagit tal balance and regional deform it ies.
a. Norm al cervical lordosis: 20 to 40°.
b. Norm al thoracic kyphosis: 20 to 45°.
c. Norm al lum bar lordosis: 40 to 60°.

B. Look for skin  or subcutaneous lesions.
1. Café au lait  spots in  neuro brom atosis pat ients.
2. Midline tufts of hair, dimples, or rosy spots m ay indicate occult  spinal 

dysraphism .
C. Muscle at rophy should be observed in  neurologically im paired pat ients.

II. Palpat ion .
A. Bony palpat ion .

1. Spinous processes.
2. Posterior superior iliac spines: “dim ples”.
3. Scapula and r ibs.
4. Iliac crests.
5. Sacrum  and coccyx.
6. Trochanter and ischial tuberosity.

B. Soft  t issue palpat ion  for spasm  or t r igger point  tenderness.
1. Trapezius m uscle.
2. Rhom boid/levator m uscles.

a

c

d

b
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3. Paravertebral m uscles.
4. Gluteus m uscles.
5. Piriform is m uscle.
6. Sciat ic nerve.

III. Range of m ot ion.
A. Cervical spine.

1. Flexion: 45° (the chin  touches the chest).
2. Extension: 75°.
3. Lateral bending: 40°.
4. Rotat ion: 75°.

Table 2.2 Myelopathic signs

Long tract sign/re ex Findings/provocative maneuver

Lhermit te’s grip release Neck  exion causes electric shock sensation or paresthesias 
radiating into the upper and lower extremities. Patient 
has trouble making a  st and fully extending  ngers 
repeatedly—normal 20 times in 10 seconds.

Finger escape Ask the patient to keep the  ngers in full extension and 
the ulnar digits tend to gradually  ex and abduct.

Jaw jerk Hyperre exia on tapping the jaw suggests an upper motor 
neuron lesion at the level of the brain stem; involves the 
masseter and temporalis muscles and the  fth cranial nerve.

Shimizu  
(scapulohumeral)

Tapping the tip of the spine of the scapula and the 
acromion elicits elevation of the humerus. Re ex suggests 
spinal cord compression at the upper cervical region.

Inverted radial Tapping of the brachioradialis tendon causes spastic  nger 
 exor contraction instead of normal extension of the wrist. 
Positive re ex suggests spinal cord compression at the C6 
region.

Ho man’s Holding the middle  nger extended and suddenly 
extending the distal interphalangeal joint (DIP) will 
produce  nger and thumb  exion.

Babinski’s Gentle stimulus applied to the lateral aspect of the sole 
of the foot starting over the heel extending toward the 
 fth digit . A positive Babinski’s sign refers to the initial 
dorsi exion of the great toe upward and the spreading of 
the other toes.

Clonus Rhythmic, nonvoluntary movements of the muscle with 
 rm passive continuous stretch
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B. Thoracolum bar spine.
1. Flexion: 80° (m easure the distance from  the t ip  of hands to the  oor).
2. Extension: 40°.
3. Lateral bending: 40°.
4. Rotat ion: 45°.

IV. Neurological exam inat ion  of individual roots.
A. Sensory tests.

1. Four dist inct sensat ions w ith de ned anatom ical pathways in  the spinal cord:
a. Pain  percept ion  m ay be tested w ith  de ned anatom ical pathways of the 

spinal cord.

Fig. 2.3 Pelvic obliquity, shoulder imbalance, scapular protuberance, and rib prominence in the cor-
onal plane in a scoliosis patient.
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b. Light  touch m ay be tested w ith  a cot ton swab.
c. Tem perature m ay be tested w ith  two test  tubes contain ing either a hot  or 

a cold solut ion .
d. Propriocept ion begins distally at  the distal phalanx or great  toe and 

proceeds proxim ally to each larger join t .
2. The aim  of sensory test ing is to ident ify w hether there is a derm atom al 

pat tern  of sensory dysfunct ion , w hich would suggest  spinal root  pathology, 
or a possible glove/stocking dist r ibut ion that  would suggest  a neuropathy 
(Table 2.3) (Fig. 2.4).

B. Motor tests.
1. Muscle tone—resistance to passive range of m ot ion.

a. Hypertonia m ay indicate an  upper m otor nerve lesion .
b. Hypotonia m ay indicate a lower m otor nerve lesion.

2. Muscle st rength .
a. Grade 5: norm al.
b. Grade 4: weak against  resistance.
c. Grade 3: m ot ion against  gravity.
d . Grade 2: m ot ion w ith  gravity elim inated.

Table 2.3 Anatomy of dermatomal distribution

Nerve root Dermatomal distribution

C5 Upper outer arm

C6 Thumb

C7 Long  nger

C8 Lit tle  nger

T1 Medial forearm

T4 Nipple

T10 Umbilicus

L1 Groin

L2 Anterior thigh

L3 Knee

L4 Medial malleolus

L5 Great toe

S1 Small toe

S2 Posterior thigh

S3–S5 Anal
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e. Grade 1: evidence of contract ilit y.
f. Grade 0: no evidence of cont ract ilit y.

3. Motor root test ing/re exes (Table 2.4).
V. Special provocat ive tests (Fig. 2.5).

A. Adson’s test .
1. Test  to evaluate thoracic out let  syndrom e.
2. Abduct , extend, and externally rotate the arm  w hile feeling the radial pulse. 

Also rotate the head toward the test ing arm .
a. If the pulse disappears w ith reproduct ion of symptom s, the test is posit ive.

B. Sacroiliac tests.
1. Pat rick’s test:  exion, abduct ion, and external rotat ion  of the h ip cause pain  

referred from  the sacroiliac join t .
2. Gaenslen’s test: dropping the leg on the table (extension of the h ip) causes 

pain  in  the ipsilateral sacroiliac join t .

Fig. 2.4 (a,b) Normal distribution of dermatomal levels.

a

b
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C. Bulbocavernous re ex (Fig. 2.4):
1. Monitoring the anal sphincter contract ion  in  response to squeezing the glans 

penis or clitoris or pulling an  indwelling Foley catheter.
D. Schober’s test .

1. Norm al lum bar excursion is usually > 5 cm . Mark 10 cm  from  the posterior 
superior iliac spine level w hen the pat ient  is standing erect , and m easure 
the distance on forward  exion. If it  becom es < 15 cm , one should suspect  
ankylosing spondylit is.

E. Waddell’s signs.
1. Nonorganic physical exam   ndings.
2. If three or m ore signs are found, it  is suggest ive that  the pat ient’s pain  

complaints m ay not  be anatom ical.
a. Nonanatom ical or super cial tenderness that  is not propor t ional to exam  

 ndings.
b. Sim ulated rotat ion  or com pression tests:

(1) Inst ruct  the pat ient  to stand w ith  the feet  together and rotate the 
pat ient’s pelvis or press on  the top of the head. These m aneuvers 
should not cause pain .

c. Extending the leg in  the sit t ing posit ion  is negat ive but st raight leg 
raising in  the supine posit ion  is m arkedly posit ive.

d. Weakness and sensory  ndings that  do not correspond to accepted 
derm atom al dist r ibut ion .

e. Verbal or physical overreact ion  to a part icular m aneuver.

Table 2.4 Motor strength testing

Root Muscles  Re ex

C5 Deltoid, biceps Biceps

C6 Biceps, wrist  extensors Brachioradialis

C7 Triceps, wrist  exion Triceps

C8 Finger  exors

T1, T2 Hand intrinsics

T2–T12 Intercostals,  
rectus abdominis

Beevor’s sign (abdominal)—asymmetric 
contraction of the umbilicus with 
stimulation of the abdomen

L1–L3 Iliopsoas

L4 Tibialis anterior Patellar tendon

L5 Extensor hallucis longus Posterior tibial tendon

S1 Peronealis, gastrocnemius Achilles
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Fig. 2.5 (a) Adson’s and the (b) modi ed Adson’s test  to evaluate for thoracic outlet  syndrome.

a

b
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3 Radiographic Anatomy

3.1 General Considerations
I. The abilit y to properly diagnose and t reat  spinal pathology requires a thorough 

understanding of the norm al spinal anatomy.
II. Pat ient  sym ptom s m ust correlate w ith  posit ive im aging  ndings to surgically 

address the speci c pathology.
III. Once a diagnosis is con rm ed, the surgeon m ust plan  the best  surgical t reatm ent 

opt ion based on each pat ient’s individual anatomy.
IV. Plain   lm  radiographs are often  the  rst  im aging study obtained for m ost  spine-

related com plain ts.
A. Lateral views are useful to assess spinal alignm ent  and instabilit y.

1. Cervical spine (Fig. 3.1).
2. Lum bar spine (Fig. 3.2).

B. Open-m outh  view : to assess the dens and at lantoaxial join t  (Fig. 3.3).

Fig. 3.1 Lateral plain  lm radiograph of (A) the 
anterior border of the vertebral bodies, (B) the pos-
terior border of the vertebral bodies, and (C) the 
junction of the laminae and spinous processes.
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V. Magnet ic resonance im aging (MRI) is part icularly useful to analyze regional 
anatomy and assess the safety and feasibilit y of surgery.
A. Cervical spine (Fig. 3.4).
B. Lum bar spine (Fig. 3.5).

VI. Computed tom ography (CT) can also be used for preoperat ive planning (Fig. 3.6).

Fig. 3.2 Lumbar spine (lateral plain 
 lm radiograph in extension). 1, superior 
articular process (SAP); 2, inferior articu-
lar process (IAP); 3, spinous process; 4, 
intervertebral disk space (no evidence of 
anterior slip).

Fig. 3.3 Radiograph, open-mouth 
view. 1, dens; 2, atlantoaxial joint.
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Fig. 3.4 Magnetic resonance 
imaging axial cut at C4 demonstrat-
ing normal anatomy. 1, trachea; 2, 
esophagus; 3, transverse process 
(foramina transversaria); 4, spinal 
cord (note the high-intensity signal 
surrounding the spinal cord (cere-
brospinal  uid); 5, external carotid 
artery; 6, internal carotid artery; 7, 
internal jugular vein; 8, facet joint 
complex; dot ted line, surgical plane 
for ACDF.

Fig. 3.5 Lumbar spine (magnetic 
resonance imaging, T2—axial cut 
L4–L5 disk). 1, left common iliac 
artery (immediately after bifur-
cation of the abdominal aorta; 2, 
inferior vena cava (prior to bifurca-
tion of the left and right common 
iliac veins; 3, left psoas muscle; 
4, spinal canal (cauda equina); 5, 
facet joint; MF, multi dus muscle; 
LS, longissimus muscle; arrow, 
intermuscular Wiltse plane (used 
in minimally invasive approaches 
and pedicle screw placement).

Fig. 3.6 Lumbar spine (axial computed tomog-
raphy at L3). P, pedicle; SP, spinous process; TP, 
transverse process; dot ted lines, trajectory for 
spinal access needles and pedicle screws.
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3.2 Common Spinal Pathologies
I. Spondylosis: degenerat ive spinal disease.

A. Frequent  radiographic  ndings.
1. Loss of cervical lordosis.
2. Disk space narrow ing (Fig. 3.7).
3. Osteophyte form at ions (Fig. 3.8).

a. Osteophytes can  be observed in  plain   lm  radiographs, but  CT bet ter 
delineates the size and extent  of osteophyt ic form at ion (important  for 
surgical planning).

Fig. 3.7 Lateral plain  lm radiograph. 1, 
normal disk height; 2, decreased disk height; 
solid line, loss of cervical lordosis; dotted 
line, normal cervical lordosis.

Fig. 3.8 Lumbar spine (sagit tal computed 
tomography). Notice osteophyte formation 
anteriorly. L1, pedicle; L3, inferior articular 
process (IAP); L4, superior articular process 
(SAP); L5–S1, spondylosis.
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B. MRI changes.
1. Reduced disk signal on  T2.

a. T2 is the preferred m odalit y to characterize disk pathology. A norm al disk 
w ill dem onstrate a h igh-in tensity nucleus surrounded by a low-intensity 
annulus.
(1) Loss of disk height and darkening of the in tervertebral disk are 

com m on MRI  ndings in  degenerat ive disk pathology (Fig. 3.9 and  
Fig. 3.10).

Fig. 3.9 Sagit tal magnetic res-
onance imaging cut of cervical 
spine. 1, posterior arch of C1 
(atlas); 2, spinal cord; 3, C5–C6 
disk degeneration with poste-
rior disk protrusion; C7, spinous 
process.

Fig. 3.10 Magnetic resonance 
imaging, axial cut at C5–C6. 
1, platysma muscle; 2, thyroid 
gland; 3, common carotid artery; 
4, internal jugular vein; 5, normal 
exiting nerve root; 6, facet joint; 
7, longus colli muscle; 8, deep 
cervical muscles; 9, trapezius; 10, 
left  herniated nucleus pulposus 
(HNP) causing foraminal stenosis.
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2. Facet  join t  hyper t rophy.
3. In tervertebral disk bulge or prot rusion (herniated nucleus pulposus).

a. Central.
b. Paracent ral.
c. Far lateral (Fig. 3.11 and  Fig. 3.12).

Fig. 3.11 Magnetic resonance 
imaging axial cut at L5–S1. 1, 
left common iliac vein; 2, left  
paracentral herniated nucleus 
pulposus; 3, left L5 lamina; 4, 
ilium.

Fig. 3.12 Magnetic resonance 
imaging sagit tal cut through the 
spinous process. 1, end of spinal 
cord (conus medullaris); 2, nor-
mal L3–L4 intervertebral disk 
intensity; 3, L5–S1 disk degener-
ation with posterior herniation.
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II. Vertebral body collapse.
A. Compression fractures in  osteoporot ic pat ients.
B. Pathological fractures from  tum ors (m ore often  m etastat ic).
C. Character ized by loss of vertebral body height w ith or w ithout segm ental 

kyphosis in  lateral plain   lm  radiographs (Fig. 3.13 and  Fig. 3.14).
D. CT is the best  im aging study for assessing bony anatomy.

Fig. 3.13 Lateral plain  lm radiograph. L1 body 
demonstrates decreased body height with local 
kyphotic deformity.

Fig. 3.14 Magnetic resonance 
imaging axial cut at the L1 body. 
1, bony defect consistent with 
compression fracture.
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III. Spinal stenosis.
A. Narrow ing of the spinal canal or neuroforam en can cause neurological 

sym ptom s (Fig. 3.15, Fig. 3.16, and Fig. 3.17).
B. Narrow ing of the spinal canal m ore often  occurs in  elderly pat ients (> 60 years) 

due to degenerat ive changes (Fig. 3.18):
1. Disk prolapse.
2. Hypert rophic facet  join ts or ligam entum   avum .
3. Degenerat ive spondylolisthesis.

C. MRI is the m odalit y of choice for assessing size and shape of the spinal canal.

Fig. 3.15 Magnetic resonance 
imaging axial cut at C5–C6 disk 
space: severe spinal stenosis. 
1, central spinal stenosis (note 
the absence of high-signal cere-
brospinal  uid surrounding the 
spinal cord).

Fig. 3.16 Magnetic reso-
nance imaging axial cut at 
L4–L5 disk space. 1, severe 
lumbar spinal stenosis; 2, 
facet joint hypertrophy.
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Fig. 3.17 Magnetic resonance 
imaging (MRI) sagittal cut through 
the spinous process. 1, end of spinal 
cord (conus medullaris); 2, L3–L4 disk 
prolapse; 3, L4–L5 disk prolapse. MRI 
sagit tal cut through right pedicles. 4, 
L1 pedicle; 5, normal L2 exiting nerve 
root; 6, stenosed L4 nerve root.

Fig. 3.18 Magnetic resonance 
imaging sagit tal cut through 
the left-side pedicles. 1, normal 
nerve root (high-intensity fat 
surrounding low-intensity nerve 
root); 2, L3 pedicle; 3, L4 spinous 
process; 4, L5 foraminal stenosis.

IV. Spondylolisthesis.
A. Refers to the forward slip of a vertebral body on the one below  (Fig. 3.19).
B. More often  occurs as a result  of a defect  in  the pars in terar t icularis but  can  also 

occur as a result  of degenerat ive disk disease.
C. Plain  lm  radiographs are used to determ ine the degree of the listhesis (Fig. 3.20).
D. MRI allows visualizat ion  of neural st ructures.

1. Spinal cord.
2. Spinal nerve roots.

a. Foram inal stenosis.
E. CT im aging is the m ost sensit ive for detect ing a pars defect .

1. It  can  also be used for preoperat ive planning.
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Fig. 3.19 Magnetic resonance 
imaging axial cut L5–S1 disk. 1, left 
foraminal stenosis; 2, facet joint 
arthropathy; SP, spinous process.

Fig. 3.20 Lateral plain  lm radio-
graph ( exion). 1, L2 spinous process; 
2, L2 inferior articular process; 3, L3 
superior articular process; 4, L4–L5 slip 
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4 Spinal Imaging and Diagnostic Tests

4.1 Imaging Modalities
I. General considerat ions.

A. Spinal im aging m odalit ies (Table 4.1):
1. Plain  radiographs.
2. Computed tom ography.
3. Magnet ic resonance im aging (MRI).
4. Bone scin t igraphy.
5. Myelography.
6. Angiography.
7. Diskography.

B. A thorough history and physical exam inat ion  should lead to a prelim inary 
clin ical diagnosis that  should predicate both  the select ion  and the t im ing of 
im aging tests.
1. Diagnost ic tests should be used to con rm  inform at ion ascer tained during 

the h istory and physical exam inat ion.
C. Select ion  of im aging tests should be based on the appreciat ion  of the sensit ivit y, 

speci cit y, and accuracy of various im aging m odalit ies in  conjunct ion  w ith  
di erent disease processes.
1. Acute neck or back pain  and radiculopathy:

a. The natural h istory is that  of im provem ent  w ith  conservat ive t reatm ent .
b. Diagnost ic im aging should be delayed unt il 4 to 6 weeks after the onset  of 

sym ptom s.
(1) There are except ions to an  earlier im aging evaluat ion:

(a) Traum a.
(b) Progressive neurological de cit .
(c) Suspected neoplasm  or infect ion .

2. Im aging evaluat ion  alone w ithout clin ical correlat ion  is associated w ith  an  
extrem ely h igh false-posit ive rate.
a. Plain  radiographs show  aging and degenerat ive processes in  vir tually all 

individuals after the age of 40 years (Fig. 4.1).
b. MRI  ndings of the cervical spine dem onst rate the follow ing:

(1) Four teen percent  of asym ptom at ic individuals < 40 years old and 28% 
> 40 years old had evidence of a herniated disk.

(2) Degenerat ive disk disease is m ore com m on in  asym ptom at ic 
individuals, w ith  an  incidence of 25% for < 40 years old and 56% for  
> 40 years old.

c. MRI  ndings of the lum bar spine dem onstrate the follow ing:
(1) In  asym ptom at ic individuals, a herniated disk was noted in  21% of 

pat ients between 20 and 39 years of age and 36% of individuals > 60 
years of age.
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Fig. 4.1 (a) Lateral radiograph of the lumbar 
spine demonstrating a vacuum disk sign at  L4–
L5. This is suggestive of disk space collapse and 
disk degeneration. (b) Lateral radiograph of 
the cervical spine demonstrating disk degen-
eration. (Reproduced from Bohndorf K, Imhof 
H, Pope TH Jr. Musculoskeletal Imaging: A Con-
cise Multimodalit y Approach. Stut tgart, Ger-
many: Georg Thieme Verlag; 2001: Figs. 9.61 
and 9.62, with permission.)

(2) Spinal stenosis is found in  21% of those > 60 years of age, and bulging 
disks are found in  > 50% of pat ients in  all age groups.

II. MRI (Fig. 4.2).
A. Contraindicat ions:

1. Ferrous m etal im plants in  the brain .
2. Metal debris in  the eye.
3. Inner ear implants.
4. Pacem akers.

a

b
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B. Im aging around m etal im plants is poor unless special techniques are used and if 
the m etal is t itanium  instead of stain less steel.

C. T1- versus T2-weighted im ages take advantage of in t rinsic t issue propert ies 
(Fig. 4.3) (Table 4.2).
1. Repet it ion  t im e (TR): t im e between radiofrequency (RF) pulses.
2. Echo t im e (TE): t im e between RF and recording.
3. T1-weighted im age: short  TR (400–600 m s), short  TE (5–30 m s).
4. T2-weighted im age: long TR (1,500–3,000 m s), long TE (50–120 m s).

D. Special indicat ions:
1. Postoperat ive scar versus recurrent  disk herniat ion .

a. Use of gadolin ium  contrast .
b. The scar is vascular and enhances w ith  gadolin ium . The disk does not  

enhance w ith  contrast  agents. This is observed on T1-weighted sequence.
2. Infect ion  versus tum or.

a. In  spinal osteom yelit is, there is abnorm al t issue w ith  decreased signal 
in tensit y on T1-weighted im ages and increased signal in tensit y on T2-
weighted im ages at  the disk m argin .

b. In  tum ors, the in tervertebral disk is spared, and sim ilar changes are noted 
involving the ent ire vertebral body.

3. Com pression fractures versus pathological fractures.
a. More di cult  to di erent iate.
b. In  pathological fractures.

(1) Ent ire ver tebral body involvem ent .
(2) Frequent involvem ent  of the pedicle.
(3) Presence of soft  t issue m asses.
(4) Canal com prom ise.

Fig. 4.2 Magnetic resonance imag-
ing (T2 sagit tal image) of the lumbar 
spine with decreased signal intensity 
at the L4–L5 and L5–S1 interspace 
with minimal loss of disk height.

http://www.myuptodate.com


4 Spinal Imaging and Diagnostic Tests72

c. In  osteoporot ic compression fractures.
(1) No involvem ent  of the pedicle.
(2) Par t ial involvem ent  of the ver tebral body.

4. Spinal cord injury.
a. Dist inguishes spinal cord edem a versus hem orrhage.

(1) Edem a is bright on T2- and decreased on T1-weighted im ages (Fig. 4.4).

Table 4.2 Magnetic resonance imaging  ndings of human tissue

Tissue type T1 signal T2 signal

Cortical bone Low Low

Tendon/ligament Low Low

Hyaline cartilage Intermediate Intermediate

Free water Low High

Adipose High Low

Abscess Intermediate High

Fig. 4.3 (a,b) T1-weighted magnetic resonance imaging (axial and sagit tal) of the lumbar spine. 
(c,d) T2-weighted MRI imaging (axial and sagit tal) of the lumbar spine.

a b

c d
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(2) Hem orrhage is br ight  on  T1- and decreased on T2-weighted im ages 
(Fig. 4.5).

E. Disk degenerat ion  (Fig. 4.6 and  Fig. 4.7):
1. A radial tear of the annulus  brosus is out lined as a  ssure extending from  

the nucleus to the periphery.
a. A high-in tensit y zone in  the posterior annulus suggests a radial tear that  

m ay be clin ically signi cant .
2. Modic end plate changes:

a. Type 1 (Fig. 4.8).
(1) Low intensity on T1-weighted im age and high intensity on T2-weighted 

im age.
(2) Associated w ith  segm ental spine instabilit y and pain .

b. Type 2 (Fig. 4.9).
(1) High intensity on T1-weighted im age and norm al on T2-weighted im age
(2) Fat ty m arrow  changes around the end plates.
(3) Less likely to be sym ptom at ic.

c. Type 3 (Fig. 4.10).
(1) Hypointense on T1- and T2-weighted im ages.
(2) Sclerot ic advanced degenerat ive changes w ith  less segm ental m ot ion.

Fig. 4.4 T2-weighted magnetic resonance imaging demon-
strating increased signal intensity suggestive of spinal cord 
edema. (Reproduced from Uhlenbrock D. MR Imaging of the 
Spine and Spinal Cord. Stut tgart, Germany: Georg Thieme 
Verlag; 2004: Fig. 7.6, with permission.)
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Fig. 4.5 (a,b) T1-weighted magnetic resonance imaging demonstrating increased signal intensity 
suggestive of hemorrhage. (Reproduced from Uhlenbrock D. MR Imaging of the Spine and Spinal Cord. 
Stut tgart , Germany: Georg Thieme Verlag; 2004: Fig. 8.2a,b, with permission.)

a b
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Fig. 4.6 Axial cut (computed tomographic scan) at L4 that demonstrates the pedicles and bony anat-
omy. Note: the thecal sac can be visualized as well.

Fig. 4.7 (a) Lateral diskogram demonstrating extravasation of dye at the L5–S1 level suggestive of 
an annular tear. (b) Computed tomography postdiskography (sagit tal) demonstrating extravasation of 
dye posteriorly at  L4–L5.

a b
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Fig. 4.8 (a–c) Sagit tal magnetic resonance imaging demonstrating type 1 Modic changes. (Repro-
duced from Imhof H, et  al. Spinal Imaging. Direct Diagnosis in Radiology Series. Stut tgart , Germany: 
Georg Thieme Verlag;  2008: Figs. 3.4 and 3.5, with permission.)

Fig. 4.9 Sagit tal magnetic resonance imaging demon-
strating type 2 Modic changes. (Reproduced from 
Uhlenbrock D. MR Imaging of the Spine and Spinal 
Cord. Stut tgart, Germany: Georg Thieme Verlag; 2004: 
Fig. 4.31, with permission.)

a b c
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4.2 Electrodiagnostic Tests
I. Elect romyography (EMG) and nerve conduct ion  studies (NCSs).

A. EMG/NCS only evaluates the m otor t racts of the nerve root .
1. Radiculopathy m ay also involve m otor, sensory, and autonom ic  bers of the 

nerve root .
B. Com pound m uscle act ion  potent ial in  peripheral nerves w ill show  reduced 

am plitude in  propor t ion  to the am ount of axonal degenerat ion  that  occurs after 
a com pressive nerve root  lesion .

C. Com pound m uscle act ion  potent ial in  peripheral nerves is m ore m arked w hen 
m ult iple roots are involved, as in  lum bar spinal stenosis.

D. Nerve conduct ion  velocity or latency should not  be a ected by a focal proxim al 
lesion, such as in  radiculopathy.

E. The gold standard for elect rodiagnosis of radiculopathy is needle EMG.
1. The earliest  EMG  nding in  acute radiculopathy is a decrease in  the num ber 

of m otor unit  potent ials seen on recruitm ent .
2. An increase in  the num ber of polyphasic m otor unit  potent ials m ay be seen 

early.
3. Prolonged H re ex latency for C7 or S1 roots and reduced num ber of F waves 

in  weak m uscles m ay be observed after several days of radiculopathy.
4. Spontaneous m otor act ivit y,  brillat ions, and posit ive F waves are the 

hallm arks of acute radiculopathy.
5. Large, long-durat ion , polyphasic potent ials indicate reinnervat ion .
6. As the radiculopathy resolves, polyphasic potent ials tend to reduce in  the 

num ber of phases, but  the m otor unit  potent ials m ay rem ain  larger and 
be of longer durat ion  than the norm al m otor unit  potent ials of uninvolved 
m uscles.

Fig. 4.10 (a,b) Sagit tal magnetic resonance imaging demonstrating type 3 Modic changes. (Repro-
duced from Uhlenbrock D. MR Imaging of the Spine and Spinal Cord. Stut tgart , Germany: Georg 
Thieme Verlag; 2004: Fig. 4.33, with permission.)

a b
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F. Indicat ions for EMG/NCS:
1. Clin ical  ndings suggest  other neurological disorders, such as anterior horn  

cell disease, nerve ent rapm ent  syndrom e, cervical stenosis, am ong others.
2. Im aging studies and clin ical  ndings do not correlate well in  pat ients w ith  

suspected radiculopathy.
3. In  cases w here neurological progression or deter iorat ion  m ust  be 

docum ented.
II. Som atosensory evoked potent ials (SSEPs) and m otor evoked potent ials.

A. Assess sensory t racts from  a peripheral nerve to the posterior colum n of the 
spinal cord (Fig. 4.11).

B. Most com m only used as an  in t raoperat ive m onitoring technique to protect  the 
spinal cord during surgery.

C. Derm atom al SSEPs can be used to m onitor nerve root  funct ion  during surgery.
D. Motor evoked potent ials assess the m otor pathway in  the spinal cord, 

par t icularly during anterior procedures of the spine that  m ay jeopardize the 
anterior part  of the spinal cord.

Fig. 4.11 Cortical somatosensory-evoked potential from the posterior columns. (Reproduced from 
Devlin VJ, Schwartz DM. Intraoperative neurophysiologic monitory during spinal surgery. J Am Acad 
Orthop Surg 2007;15(9):549–560, with permission.)
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5 Intraoperative Neuromonitoring

5.1 General Considerations
I. In t roduct ion .

A. Contemporary in t raoperat ive neurophysiological m onitoring (IONM) of the 
spinal t racts stem s from  advancem ents m ade in  the 1970s.

B. Prior to m odern  m odalit ies, the Stagnara wake-up test  was the gold standard 
for the assessm ent  of global m otor funct ion .
1. Character ized by awakening the pat ient  to assess m otor funct ion .
2. Pat ient  was awakened after crit ical points during the procedure (e.g., 

implant placem ent , curve reduct ion).
a. Lim ited applicat ions outside of scoliosis correct ion .

3. Signi cant  lim itat ions of the wake-up test .
a. Poor pat ient  cooperat ion .
b. Lack of real-t im e m onitoring.
c. False-negat ives.
d . Venous air em bolism .
e. Inabilit y to detect  delayed neurological insults.
f. Inabilit y to take expedit ious correct ive m easures.

C. Som atosensory evoked potent ial (SSEP) m onitoring was the  rst  advancem ent  
in  IONM.
1. Sensory dorsal colum n–m edial lem niscus pathway.

D. Recent advances include the assessm ent of t ranscranial m otor evoked potent ials 
(tcMEPs) and elect romyography (EMG).
1. Enable real-t im e m onitoring of the m otor t racts and nerve roots and lim it  

signal in terference from  anesthesia.
E. Num erous variables confound IONM.

1. Anesthesia (m ost com m on).
2. Body temperature.
3. Degree of neural developm ent (age, neurom uscular com orbidit ies, delayed 

developm ent).
4. Mean ar terial pressures.
5. Medicat ions.
6. Length of procedure.
7. Personnel expert ise.

II. Som atosensory evoked potent ials (SSEPs):
A. Elicited by the st im ulat ion  of a peripheral nerve, t ypically either the posterior 

t ibial, peroneal, u lnar, or m edian nerves.
B. The signal t raverses the dorsal colum n m edial lem niscus pathway in  the spinal 

cord to the brain .
C. The ascending signal is captured by an  am pli er placed on the head, w hich then 

records cor t ical SSEPs.
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1. Subcort ical responses can also be t racked by placing the ampli er elect rodes 
on the anterior or posterior neck.

2. Subcort ical SSEPs are thought to be less inhibited by the e ects of anesthesia 
and the degree of neural developm ent .

D. Am plitude reduct ion  of > 50% or latency of m ore than 10% of baseline is cause 
for concern .

E. Signi cant lim itat ions of SSEPs:
1. Not t rue real-t im e m onitoring, because the potent ials m ust sum m ate w hen 

they are recorded.
2. Lack of m otor t rack m onitoring.
3. Signi cantly a ected by neuroanesthesia.

III. Transcranial m otor evoked potent ials:
A. Record the descending m otor cort icospinal t racts.
B. Character ized by t ranscranial st im ulat ion .
C. A recording elect rode is placed in  the subdural space of the spine, or a 

subderm al elect rode can be used to record the peripheral m usculature.
1. Descending st im ulat ion  can sum m ate temporally or spat ially to t r igger 

skeletal m uscle act ion , thereby producing com pound m uscle act ion  
potent ials (CMAPs).

2. Epidural m onitoring is characterized by m onitoring the D-wave, w hich 
represents direct  st im ulat ion  of the cort icospinal neurons.

D. Myogenic MEPs (m MEPs):
1. Assess the nerve roots and peripheral nerves.

E. A loss of MEPs or a sudden decrease in  75% of am plitude is characterist ic of 
neural insult .

IV. Elect romyography:
A. Placem ent  of concentr ic needle elect rodes in to the ext rem ity m usculature 

to record am plitude, frequency, durat ion , and shape of the m otor unit  act ion  
potent ial.
1. Assesses spinal nerve root insults due to st retch  or direct  injury.
2. Records changes in  the pat tern  of m otor unit  act ion  potent ials as a result  of 

nerve root  injury/irr itat ion .
3. Provides real-t im e inform at ion to the surgeon to reverse any noxious st im uli 

to the nerve roots.
a. False negat ives are often  encountered if nerve root injury results from  

vascular injury or prolonged st retch  injury, w hich m ay have a delayed 
presentat ion .

B. Triggered EMG (tEMG).
1. Used during implant placem ent  w ith  t ranspedicular screw   xat ion .
2. A current  is applied to the pedicle screw  head after placem ent , and the 

CMAPs of the corresponding nerve root m usculature are recorded.
3. Assess the signal in tensity required to depolarize the m usculature:

a. With  pedicle wall breach, the st im ulus m agnitude is signi cantly lower 
than control values, because there is less impedance of current   ow  to 
the neural elem ents.

b. Less than 10 m illiam ps m ay be indicat ive of a m edial wall breach.
4. Cont inuous EMG is used w hile the surgeon is t raversing the psoas m uscle in  

an  e ort  to prevent  lum bosacral plexus injury.
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V. Anesthet ic e ects:
A. Need to st r ike a balance to provide adequate anesthesia w hile ensuring reliable 

and m eaningful IONM.
B. Inhalat ional agents, including sevo urane, iso urane, and des urane, are often  

implicated for producing latency in  SSEPs.
C. Total in t ravenous anesthesia (TIVA) is often  used in  conjunct ion  w ith  IONM to 

prevent  suppression of cort ical responses.
D. Neurom uscular blocking agents in terfere w ith  the acquisit ion  and reliabilit y of 

MEPs and EMG recordings.
1. There is considerable controversy regarding the use of par t ial 

neurom uscular blocking agents in  conjunct ion  w ith  IONM.
VI. Mult im odal m onitoring w ith  SSEPs and MEPs is t ypically used at  m ost centers to 

account for lim itat ions of each m odalit y.
VII. Correct ive m easures:

A. If an  in t raoperat ive neurom onitoring aler t  arises, the  rst  steps involve 
hem odynam ic stabilizat ion .
1. Maintain  MAPs at  least  around 60 m m  Hg and tem porarily raise pressures as 

an  in it ial step.
2. Check the pat ient’s body tem perature.
3. Check for technical issues.

a. Pat ient  posit ioning.
b. Monitoring equipm ent m alfunct ion.
c. Drug infusion dosing.
d. Lines.

B. Reverse previous surgical m aneuver (im plant placem ent , curve correct ion , rod 
placem ent , dist ract ion).

C. If none of the correct ive m easures resolves the issue, an in t raoperat ive wake-up 
test  should be considered.

D. There is considerable controversy regarding w hether the case should be 
discont inued if neuropotent ials cannot be restored.
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6.1 General Considerations
I. In t roduct ion .

A. Funct ional spinal unit .
1. In terver tebral disk.
2. Adjacent vertebral bodies.
3. Facet  join t  com plex.

B. Spinal stabilit y.
1. Under physiological loading, there is neither abnorm al st rain  nor excessive 

m ot ion in  the funct ional spinal unit .
2. This stabilit y is m aintained by the bony and ligam entous com ponents of the 

funct ional spinal unit , m uscular tension, abdom inal and thoracic pressures, 
and rib cage support .

C. Sagit tal balance.
1. De ned and m aintained by the cervical lordosis, thoracic kyphosis, lum bar 

lordosis, and pelvic t ilt .
2. On a standing lateral plain   lm  radiograph, the weight-bearing axis or 

plum b line should cross C1, C7, T10, and S2.
3. Modulat ion  of back extension by the paraspinal m uscles can help center the 

weight-bearing axis over the pelvis and feet .
4. Addit ional m aintenance of the sagit tal balance is achieved by ret roversion of 

the pelvis (pelvic t ilt ).
II. Kinem at ics.

A. Cervical spine.
1. Occipitoatlantal join t  (occiput–C1).

a. Thir teen  degrees  exion/extension.
(1) Head nod.

b. Eight degrees lateral bending.
c. Four degrees axial rotat ion .
d. Coupled m ot ion.

(1) Occipitoatlantal extension w ith  chin-out  m aneuver.
2. Atlantoaxial join t  (C1–C2) (Fig. 6.1).

a. Approxim ately 45° of axial rotat ion .
b. Ten degrees  exion/extension.
c. No lateral  exion.

3. Subaxial cervical spine.
a. Flexion/extension.

(1) Greater m obilit y in  the sagit tal plane due to the orientat ion  of the 
facet  join ts (45° horizontal plane).
(a) C2–C3 (8°).

6 Biomechanics of the Spine and  
Spinal Instrumentation
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(b) C3–C4 (13°).
(c) C4–C5 (12°).
(d) C5–C6 (17°).
(e) C6–C7 (16°).
(f) C7–T1 (9°).

b. Lateral bending.
(1) Sixty degrees coupled w ith  rotat ion .

(a) The spinous processes rotate toward the convexity.
c. Axial rotat ion .

(1) Fifty percent  of cervical rotat ion  takes place in  the subaxial cervical 
spine.

B. Thoracic spine.
1. The ribs and steep orientat ion  of the facets lim it  range of m ot ion (ROM).

a. Flexion/extension.
(1) Seventy- ve degrees com bined sagit tal m ot ion.
(2) Flexion is greater than extension.
(3) Flexion increases caudally.

b. Axial rotat ion .
(1) Seventy degrees axial rotat ion .
(2) Rotat ion  decreases caudally.

c. Lateral bending.
(1) Seventy degrees lateral bending.

2. More  exion/extension and lateral bending m ot ion is present  in  the lower 
vertebral segm ents, but  there is less rotat ion .

Fig. 6.1 Power’s ratio (BC/DA) > 1 signi es anterior occipitoatlantal instabilit y. The distance between 
the basion and the spinolaminar line of C1 is divided by the distance between the posterior margin of 
the foramen magnum (opisthion) and the posterior margin of the anterior arch of C1.
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3. Som e degree of rotat ion  accompanies lateral bending.
a. Spinous processes rotate toward the convexit y in  the upper thoracic 

region.
b. In  the m iddle to lower thoracic region, the direct ion  of coupling is not 

consistent .
C. Lum bar spine.

1. Flexion/extension.
a. Eighty– ve degrees com bined  exion/extension ROM.
b. Flexion is greater than extension.
c. Mot ion is greater caudally.

2. Lateral bending.
a. Thir ty degrees ROM.

3. Axial rotat ion .
a. Sagit tal orientat ion  of the facets lim its rotat ion .
b. Rotat ion  is least  at  L5–S1.

III. Biom echanics of spinal instabilit y, or thosis, and inst rum entat ion .
A. Occiput–cervical spine (Table 6.1).

1. C2 fractures.
a. Odontoid fractures produce C1–C2 instabilit y.
b. C2 pedicle or the hangm an’s fracture (t raum at ic spondylolisthesis of C2) 

(Fig. 6.2):
(1) Unstable in   exion.

B. Fixat ion  of the upper cervical spine.
1. Posterior m ethods.

a. C1 lateral m ass screw /C2 pedicle screw  (Fig. 6.3 and  Fig. 6.4).
(1) St rongest  biom echanical  xat ion .

2. Anterior odontoid screws (Fig. 6.5).
a. Biom echanically st ronger w ith  two screws.

(1) One screw  m ay be adequate clin ically.
3. C2 t ranslam inar screw.

a. Used if the posterior elem ents are in tact .
C. Biom echanics of the lower cervical spine.

1. White and Panjabi checklist  for clin ical instabilit y (Table  6.2).
a. Anatom ical com ponents.

(1) Anterior stabilit y.
(a) Annulus  brosus.
(b) Anterior longitudinal ligam ent .
(c) Ver tebral body.

(2) Posterior stabilit y.
(a) Posterior longitudinal ligam ent .
(b) Facet  join t  and capsules.
(c) Lam ina and in terspinous ligam ents.

2. Ligam entous disrupt ion  of > 3.5 m m  or 11° indicates instabilit y (Fig. 6.6).
3. Bony disrupt ion:

a. Ver t ical com pression and com pressive  exion injuries.
(1) The status of the posterior colum n in  uences the overall stabilit y.
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Table 6.1 Biomechanical measurements

Pathology Measurement Abnormal Notes

Occiput–C1 
instability

Distance from the tip 
of the dens to basion 
of the occiput

Greater than 1 mm 
translation on  exion–
extension is abnormal

Powers ratio used to 
determine anterior 
atlanto-occipital 
dislocation

A ratio > 1 signi es 
anterior atlanto-
occipital instabilit y

Distance between the 
basion (midpoint of 
the anterior margin 
of the foramen 
magnum) and the 
spinolaminar line of 
C1 divided by the 
distance between the 
posterior margin of 
the foramen magnum 
(opisthion) and the 
posterior margin of 
the anterior arch of C1

Basilar 
invagination

McGregor’s line Greater than 4.5 mm 
odontoid projection 
above the foramen 
magnum

Ranawat’s C1–C2 
index

Less than 13 mm is 
abnormal

Redlund–Johnell O–
C2 index

Less than 34 mm 
(men)
Less than 29 mm 
(women)

Atlantoaxial  
(C1–C2) 
instability

Atlantodens interval 
(ADI)

ADI > 3 mm indicates 
rupture of the 
transverse ligament
Greater than 5 mm of 
ADI indicates rupture 
of the transverse and 
alar ligament
Greater than 4.5 mm 
is abnormal in children

Transverse ligament 
is essential for 
stability

Space available for 
the cord (SAC)

SAC < 14 mm 
impinges on the 
spinal cord

Atlas fracture with 
> 6.9 mm lateral 
displacement indicates 
rupture of the 
transverse ligament
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Fig. 6.2 Illustration of type II hangman’s fracture.

Fig. 6.3 (a–c) Starting points and trajectory for a C1 lateral mass screw (Harms technique) and a C2 
pedicle screw.

a

b

c
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Fig. 6.4 (a) Anteroposterior and (b) lateral radiographs demonstrating a C1–C2 posterior cervical 
fusion accomplished via a C1 lateral mass screw and C2 pedicle screw.

Fig. 6.5 (a) Open mouth and (b) lateral radiographs demonstrating anterior odontoid screw  xation 
for a C2 dens fracture.

Table 6.2 White and Panjabi checklist  for clinical instabilit y

1. A total of 5 points or more is considered unstable.
a. Disruption of anterior elements: 2
b. Disruption of posterior elements: 2
c. Relative sagit tal plane translation > 3.5 mm: 2
d. Relative sagit tal plane rotation > 11°: 2
e. Positive stretch test : 2
f. Cord damage: 2
g. Root damage: 1
h. Abnormal disk narrowing: 1
I. Dangerous loading anticipated: 1

a b

a b
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(a) Lam inectomy or facetectomy.
i. Lam inectomy.

• Eighteen percent loss of stabilit y.
• Lam inectom y at  C2 or C7 causes greater instabilit y.

ii. Lam inectomy plus facetectomy.
• Sixty percent  loss of stabilit y.
• Part ial bilateral facetectomy (> 50%) causes instabilit y.

D. Cervical fusion.
1. Anterior cervical fusion.

a. Disrupt ion  of all an ter ior ligam ents reduces st rength  by 52%.
(1) Anterior in terbody fusion restores stabilit y to 100% of norm al in  

 exion.
(2) Fifty- ve percent restoration in extension (Sm ith–Robinson–type graft).
(3) Bone m ineral densit y a ects the compressive st rength  of the graft .
(4) Anterior in terbody fusion plus plat ing adds st rength  in  extension.

2. Posterior cervical inst rum entat ion .
a. In terspinous w iring.

(1) Thir t y-three percent of norm al stabilit y in   exion.
(a) St rength  varies w ith  di erent  techniques.

b. Posterior lateral m ass screw–rod (Fig. 6.7 and  Fig. 6.8).
(1) St rongest  in  both   exion (92%) and extension (60%).

c. Pedicle screw.
(1) Greatest  level of r igidity in  all planes of m ot ion.
(2) High incidence of m edial wall violat ion .
(3) Done with either  uoroscopic im aging or lam inoforam inotomies or both.

E. Cervical orthosis (Table 6.3) (Fig. 6.9).

Fig. 6.6 (a,b) Ligamentous disruption of > 3.5 mm or 11° indicative of instabilit y.

a b
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Fig. 6.7 Comparison schematic of (a) Magerl, (b) Anderson, and (c) An methods of lateral mass 
screw orientation.

Fig. 6.8 Close-up diagram of the 
An technique of lateral mass screw 
placement.

a b c
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Table 6.3 Cervical orthosis

Type Notes

Soft collar – Used only for comfort
– Does not maintain stability

Philadelphia (Miami J) collars  
(Fig. 6.9)

–  Thirty percent of normal  exion/extension 
allowed

–  Ine ective in controlling rotation and lateral 
bending

Four-poster-type orthosis –  Good for controlling  exion/extension at the 
midcervical level (20% of normal motion is 
allowed)

Cervicothoracic-style orthosis
Sterno-occipital-mandibular 
immobilized (SOMI) brace
Rigid cervicothoracic braces  
(Yale t ype)

–  Good for controlling upper cervical spine  exion 
(C2–C5)

– Does not restrict extension e ectively
– Good for controlling  exion/extension
– Controls rotation slightly
– Controls bending by only 50%

Halo devices –  Best for restriction of all planes of motion, 
particularly for the upper cervical spine

– Cannot maintain distractive force (Fig. 6.10)

Fig. 6.9 Immobilization of the cervical spine.
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F. Thoracic and thoracolum bar spine inst rum entat ion .
1. Support ing st ructures:

a. Anterior.
(1) Anterior and posterior longitudinal ligam ents.
(2) In terver tebral disk.
(3) Ver tebral body.

b. Posterior.
(1) Ligam entum   avum .
(2) Facet  join ts.
(3) Pedicle.
(4) Costover tebral–t ransverse com plex.

Fig. 6.10 (a–d) Halo application. The safe zone is shown for anterior halo pin placement. Anterior 
pins should be placed below the equator of the skull, lateral to the supraorbital nerve. The patient’s 
eyes should be closed during halo placement to allow the patient to blink normally once the halo is 
placed.

a b

c d
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2. The thoracic spine is m echanically st i er and less m obile than the lum bar 
spine.
a. St ress concentrat ion due to change in  st i ness at  the thoracolum bar 

junct ion .
3. Thoracic or thoracolum bar t raum a:

a. Thoracolum bar injury classi cat ion  and severit y (TLICS) score (Table  6.4).
(1) Classi cat ion system  based on injury m orphology, in tegrit y of the 

diskoligam entous com plex, and neurological status.
(2) Operat ive m anagem ent  is warranted if the TLICS score is ≥ 5.

(a) A score of 4 can be m anaged w ith  nonoperat ive or operat ive 
m anagem ent  (dealer’s choice).

(b) A score < 4 should be t reated nonoperat ively.
b. Spine stabilit y.

(1) Three-colum n classi cat ion  of Denis (Fig. 6.11) (Table 6.5).
(a) If two or m ore colum ns are disrupted, the spine is considered to 

be unstable.
(b) If the m iddle colum n is disrupted, the spine is regarded as 

unstable.
i. Middle-colum n disrupt ion  is less important  above T8 because 

of the stabilit y provided by the rib cage.
c. Compression fractures.

(1) Anterior colum n failure.

Table 6.4  Thoracolumbar injury classi cation and  
severit y (TLICS) classi cation

Score

Morphology
Compression fracture
Burst fracture
Translational/rotational fracture
Distraction

1
2
3
4

Neurological involvement
Intact 0

Nerve root involvement
Cord, conus medullaris compromise
Incomplete
Complete
Cauda equina

2
3
2
4

Posterior ligamentous complex
Intact
Suspected injury
Injured

0
2
3
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(2) End plates are weaker than the in terver tebral disks.
(a) Displacem ent of the nucleus pulposus in to the vertebral body 

m ay occur.
(3) Bony fractures are m ore com m on in  older osteoporot ic pat ients.

d. Burst  fractures.
(1) Anterior and m iddle colum n failure.
(2) Neurological injuries are com m on secondary to ret ropulsion of the 

m iddle colum n.

Fig. 6.11 Three-column classi ca-
tion of Denis.

Table 6.5 Denis classi cation

Anterior column Anterior longitudinal ligament
Anterior annulus  brosis
Anterior half of the vertebral body

Middle column Posterior longitudinal ligament
Posterior annulus  brosis
Posterior half of the vertebral body

Posterior column Pedicle
Facet joints
Lamina
Spinous processes
Interspinous and supraspinous ligaments
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e. Fracture/dislocat ion .
(1) Three-colum n failure.
(2) Shear/t ranslat ional,  exion/dist ract ion , or  exion-rotat ion  injuries.
(3) Posterior stabilizat ion  is required.

4. Inst rum entat ion  for thoracolum bar fractures:
a. Purpose:

(1) Early m obilizat ion .
(2) Prevent late deform ity and pain .
(3) Indirect  decom pression by dist ract ion  and extension in  t raum at ic 

injuries.
(4) Tem porary stabilizat ion  unt il fusion m atures increases healing rates.

b. Transpedicular inst rum entat ion  (Fig. 6.12):
(1) Provides the st i est  const ruct  w ith  the shor test  segm ent fusion.
(2) The gold standard for thoracolum bar fracture m anagem ent .

c. Anterior fusion:
(1) Prim ary t reatm ent in  fractures w ith  neurological de cit .
(2) Adjunct t reatm ent  after posterior inst rum entat ion .
(3) Anterior plate const ruct  is equal to a const ruct  w ith  an  anterior st rut  

graft  plus posterior t ranspedicular inst rum entat ion .
d. Percutaneous fracture  xat ion:

(1) Uses m inim ally invasive techniques in  an  e or t  to lessen 
in t raoperat ive blood loss, operat ive t im e, postoperat ive pain , and 
risk of infect ion , and to lessen  the e ects on  posterior paraspinal 
m usculature and stabilit y

(2) These bene ts are param ount  for polyt raum a pat ients, w ho carry the 
greatest  r isk for com plicat ions.

(3) One screw  m ay be adequate clin ically.

Fig. 6.12 (a,b) Thoracic pedicle screw starting points.a

b
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e. Som e evidence suggests that  thoracolum bar burst  fractures m ay not 
require fusion.
(1) Surgical m anagem ent  of thoracolum bar fractures involves the 

restorat ion  of ver tebral height and avoidance of kyphosis.
(2) Often  supplem ented w ith  t ranspedicular screw   xat ion  for r igid 

stabilizat ion .
(3) In  addit ion , fusion enables early rehabilitat ion  and am bulat ion .
(4) Recent , albeit  weak, evidence suggests that  posterior inst rum entat ion  

alone provides com parable outcom es to inst rum entat ion  and fusion 
for thoracolum bar fractures.

5. Spinal deform it ies in  the thoracolum bar spine:
a. Scoliosis.

(1) Lateral  exion w ith  rotat ion  of the spinous process toward the 
concavity of the spine.

(2) Hypokyphosis and posterior wedging of the ver tebral body are 
frequently seen (Fig. 6.13).

(3) Correct ion .
(a) Thoracic curve: dist ract ion  on the concave side corrects coronal 

alignm ent and produces thoracic kyphosis, w hich is generally 
desired.

(b) Lum bar curve: com pression on the convex side corrects coronal 
alignm ent and restores lum bar lordosis.

Fig. 6.13 Hypokyphosis and posterior wedging of the vertebral body.
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(c) Bending and t ranslat ion:
i. Cant ilever bending and segm ental  xat ion  correct  the 

deform ity in  the coronal and sagit tal plane.
ii. Rotat ion–derotat ion  also corrects the deform ity in  coronal 

and sagit tal planes by shift ing the regions of the spine en  bloc.
b. Kyphosis.

(1) The anterior colum n fails w ith  compression.
(2) The poster ior colum n fails w ith  tension.
(3) Deform ity increases the m om ent  arm , further increasing deform ity.
(4) Eccentr ic loading a ects car t ilaginous grow th.

(a) Compression decreases grow th anteriorly.
(b) Tension increases grow th posteriorly.

(5) Various inst rum entat ions are used to correct  kyphot ic deform it ies.
(a) Posterior compression rods can correct  m ild and  exible curves 

(Fig. 6.14).
(b) Greater curves should be approached by com bined anterior and 

poster ior fusion and inst rum entat ion .
i. Posterior inst rum entat ion  is applied w ith  cant ilever bending 

and com pression forces.

Fig. 6.14 Posterior rod instrumentation.
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G. Lum bar and lum bosacral spine.
1. Stabilit y (Fig. 6.15):

a. Anterior stabilit y:
(1) Anterior longitudinal ligam ent .
(2) Vertebral body.
(3) Annulus  brosus.

b. Posterior stabilit y:
(1) Facet  join t .

c. The role of the m uscles, including the erector spinae, abdom inal m uscles, 
and psoas, is im portant  in  overall stabilit y.

Fig. 6.15 (a–d) White and Panjabi’s criteria for lumbar segmental instability.

a b

c d
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2. Lower lum bar and lum bosacral spine.
a. Degenerat ive disk and facet  diseases.

(1) In tervertebral disk.
(a) Annulus  brosus.

i. Collagen  bers arranged in  an  oblique direct ion .
ii. Provides axial loading stabilit y and 40 to 50% torsional 

stabilit y.
(b) Nucleus pulposus.

i. The gel-like core acts as a ball bearing, changing the center of 
rotat ion .

(2) In t radiskal pressure.
(a) The load on the disk is about  tw ice the body weight  w hen sit t ing.
(b) Thir ty percent  lower disk pressure w hen standing.
(c) Fift y percent  lower disk pressure w hen lying on the side.
(d) Eighty to 90% lower disk pressure w hen lying supine com pared 

w ith  sit t ing.
(3) Disk degenerat ion .

(a) Shifts the instant  center of rotat ion  posteriorly.
(b) Increases st ress to the facet  join t .
(c) Disk degenerat ion  a ects the m ot ion of the funct ional spinal 

unit .
i. Early disk degenerat ion  w ith  radial tears of the annulus 

 brosus decreases st i ness in   exion, lateral bending, and 
rotat ion .

ii. Advanced disk degenerat ion  w ith  loss of disk height and 
osteophytes increases the st i ness.

(d) P rrm ann classi cat ion  of disk degenerat ion  (Fig. 6.16):
i. Based on T2-weighted MRI  ndings.
ii. Provides a standard nom enclature to classify disk 

degenerat ion .
(4) Facet  join ts.

(a) Provide torsional stabilit y.
(b) Support  < 20% of load w ith  weight  bearing.

b. Spondylolisthesis.
(1) Abrupt change in  st i ness across the lum bosacral junct ion.
(2) The pars in terar t icularis is st rong but  suscept ible to fat igue fractures, 

especially w ith  extension injuries.
(3) Shear st ress at  the pars in terar t icularis:

(a) Physiological  exion cont racture of the h ip and secondary 
hyperlordosis create a pincerlike e ect  from  the superior 
ar t icular process of S1 and the inferior ar t icular process of L4.
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H. Biom echanics of t ranspedicular inst rum entat ion .
1. Anatomy.

a. The pedicle is a cylinder of cort ical bone.
(1) The horizontal diam eter from  T9 to L5 increases from  7 m m  to 1.5 cm  

(Fig. 6.17).
(a) The vert ical diam eter is ~ 1.5 cm .
(b) The inner diam eter is < 80% of the outer diam eter.
(c) The pedicle screw  diam eter should be sm aller than the inner 

diam eter.
(2) The pedicle depth  is ~ 45 to 50 m m  from  the entrance point  to the 

anter ior ver tebral m argin .
b. Entrance points and direct ions (Fig. 6.12):

Fig. 6.16 Algorithm for a grading system and assessment of lumbar disk degeneration. (P rrmann 
CWA, Metzdorf A, Zanet ti M, et  al. Magnetic resonance classi cation of lumbar intervertebral disc 
degeneration. Spine 2001;26(17):1873. Lippincot t  Williams & Williams, Inc. Used with permission.)
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2. Pedicle screw  design and biom echanics.
a. St ructural characterist ics.

(1) The m ost signi cant  factor for pullout st rength  is the outer (m ajor) 
diam eter.

(2) Deeper threads increase the pullout  st rength .
(a) Bending st rength  dim inishes due to a sm aller m inor diam eter 

(Fig. 6.18).
(b) Pullout st rength  is also increased by the depth  of penet rat ion .
(c) Not signi cant ly a ected by the shape of thread.

3. Transverse connectors.
a. Im portant for less r igid system s.
b. Im portant if t r iangulat ion  technique is to be used.
c. Im portant in  the osteoporot ic spine.
d. Im proves torsional stabilit y of the const ruct .

Fig. 6.17 Pedicle diameter (mm) as a function of spinal level. (Courtesy of Orthobullets.)
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I. Sacral/pelvic  xat ion .
1. Types:

a. Galveston technique.
b. Iliosacral screw.
c. Sacral screws.
d. Sacral alar screws.
e. Iliac screws (iliac bolts).
f. Transiliac bar.
g. S2 alar iliac screw  (S2AI).
h . In t rasacral rods (Jackson).
i. Dunn–McCarthy rods (through S1 foram en).

2. Screws are generally bet ter than hooks in  the sacrum .
a. Sacral  xat ion  w ith  a single sacral screw  has a h igh failure rate (pullout).
b. S1 screw:

(1) Anterom edial direct ion  toward the sacral prom ontory below  the 
superior sacral end plate.
(a) Safest  and biom echanically acceptable.

c. S2 screw:
(1) Weak but m ay enhance overall stabilit y.
(2) The screw  is directed 30 to 40° laterally.

(a) Avoid penetrance of the anterior cortex if the screw  is directed 
laterally to avoid injuries to the iliac vein , lum bosacral t runk, and 
sigm oid colon.

Fig. 6.18 Lateral radiograph of the lumbar 
spine. Note that the sacral screw has broken 
because fusion has not occurred. Pedicle 
screws will eventually fail with cyclical load-
ing if a solid arthrodesis is not obtained.
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J. Inst rum entat ion  rigidit y and st i ness.
1. A rigid im plant  const ruct  increases fusion m ass.
2. May also cause device-related osteoporosis (st ress sh ielding):

a. St ress sh ielding by rigid inst rum entat ion  is ~ 15%.
b. The bene t  of r igid inst rum entat ion  outweighs the st ress-shielding 

phenom enon.
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7 Physiology of Bone Healing and Fusion

7.1 General Considerations
I. Bone cells and extracellular m atrix.

A. Cells (Fig. 7.1).
1. Osteoblasts.

a. Responsible for form ing the st ructural bone m at rix and regulat ing 
osteoclast  act ivit y.

b. Derived from  the bone m arrow  st rom al cells and periosteal m em brane 
cells.

c. Secrete t ype I collagen.
d. Express parathyroid horm one receptors and alkaline phosphatase.

(1) Crit ical for regulat ing bone product ion.
2. Osteocytes.

a. Act ive osteoblasts em bedded w ith in  the m ineralized m atrix.
b. Do not express alkaline phosphatase.
c. Com m unicate via canaliculi and regulate bone hom eostasis.

Fig. 7.1 Bone resorption and bone formation and associated factors.
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3. Osteoclasts.
a. Mult inucleated bone resorbing cells.
b. Hem atopoiet ic cells that  derive from  the m onocyte/m acrophage fam ily.
c. These cells have a ru  ed border that  secretes proteases and ions, w hich 

help dissolve the bony m atr ix (Howship’s lacunae) (Fig. 7.2).
d. Tightly regulated by the receptor act ivator of nuclear factor kB ligand 

(RANKL).
B. Extracellular m atrix (ECM).

1. The ECM consists of 60 to 70% m ineral m atrix and 20 to 25% organic m atrix.
a. Mineral m at rix.

(1) Provides the compressive st rength  of bone.
(2) Calcium  (hydroxyapat ite) and phosphate (t r icalcium  phosphate) 

m ake up the m ajorit y of the m ineral m atr ix.
b. Organic m atrix.

(1) Composed prim arily of t ype I collagen (90%).
(a) It s t r iple helical conform at ion cont ributes tensile st rength  to the 

ECM.
II. Bone form at ion.

A. Ossi cat ion  (Fig. 7.3).
1. In t ram em branous (e.g., pelvic bones): form at ion of bone direct ly from  

m esenchym al t issue.
2. Endochondral (e.g., ver tebrae): m esenchym al t issue is  rst  replaced by a 

car t ilage m odel, w hich then undergoes ossi cat ion .
B. Key grow th factors and cytokines.

1. Bone m orphogenet ic proteins (BMPs).
2. Transform ing grow th factor-b (TGF-b).
3. Basic  broblast  grow th factor (bFGF).
4. Insulin  grow th factor (IGF).
5. In terleukins (ILs).

Fig. 7.2 Microscopic hema-
toxylin-eosin image of osteo-
clasts and Howship’s lacunae.

http://www.myuptodate.com


7 Physiology of Bone Healing and Fusion106

III. Bone repair and rem odeling (Fig. 7.4).
A. Hem atom a and in  am m atory response.

1. Predom inant  cell t ypes.
a. Macrophages.
b. Platelets.

2. Cytokines.
a. IL-1, IL-6.
b. TGF-b.
c. Prostaglandin  E2.

B. Early stage.
1. Predom inant  cell t ypes.

a. Mesenchym al cells.
b. Fibroblasts.

2. Protein  expression.
a. BMP.
b. TGF-b.

C. Hem atom a m aturat ion .
1. New  collagenous m at rix is produced and slowly replaced by cart ilage 

form at ion (endochondral ossi cat ion).
2. Collagen types I and II are predom inant .

D. Conversion of car t ilage to bone.
1. The form ed hyper t rophic cart ilage is slowly replaced by bone.

Fig. 7.3 Mesenchymal stem cell di erentiation into endochondral versus intramembranous bone 
formation.
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2. Protein  expression:
a. BMP.
b. TGF-b.
c. IGFs.
d. Collagen types I and V.
e. Osteocalcin .

E. Bone rem odeling.
1. Newly form ed bone (woven bone) is then rem odeled through t ight  

regulat ion  between osteoblasts and osteoclasts.

7.2 Physiology of Bone Grafts
I. Types of grafts.

A. Autograft .
1. Iliac crest  bone graft  (ICBG) is the gold standard.

B. Allografts.
1. Fresh , frozen.
2. Freeze dried.
3. Cort ical cancellous chips.
4. Dem ineralized bone m atrix (DBM).

II. Bone graft  use in  spine surgery (Fig. 7.5).
A. Induces fusion between vertebral segm ents.
B. Replaces bone defects secondary to t raum a, tum or, or infect ions.

III. Bone graft  incorporat ion .
A. Undi erent iated progenitor cells are recruited from  the host  bed and the 

im planted autograft .
1. Osteogenic cells from  the autograft  help to form  the in it ial bone m atrix 

(osteogenesis).

Fig. 7.4 Process of bone repair and remodeling.

http://www.myuptodate.com


7 Physiology of Bone Healing and Fusion108

B. Chem otaxis of these progenitor cells is induced by the release of in t racellular 
cytokines and protein  expression as a result  of the follow ing:
1. Cell death .
2. Surgical t raum a.
3. Decort icat ion .
4. Low  oxygen tension and low  pH.

C. Undi erent iated progenitor cells becom e chondroblasts and osteoblasts 
m ediated by grow th factors and cytokines (endochondral ossi cat ion).

D. The graft’s protein  m atrix acts as a sca old for bony ingrow th.
IV. General categories of bone grafts.

A. Subst itutes: general term s for m aterials or com posite grafts to be in tended to 
replace autografts (e.g., allograft , DBM, BMP).

B. Extenders: used in  com binat ion  w ith  autograft  to increase the am ount  of 
osteoconduct ive and osteoinduct ive factors for fusion (e.g., calcium  phosphate 
ceram ics, allograft , DBM).

C. Enhancers: m aterials used in  conjunct ion  w ith  autograft  to increase the rate of 
fusion; should not  be used alone (e.g., DBM, BMP, stem  cells).

V. Factors a ect ing spinal fusion.
A. Pat ient  factors.

1. Age.

Fig. 7.5 Use of bone graft .
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2. Sm oking (n icot ine consum ption).
3. Diabetes m ellitus.
4. Metabolic bone disease.
5. Vitam in D de ciency.

B. Anatom ical regions.
1. Spine segm ent .

a. Cervical spine.
(1) Less body m ass to support .
(2) Minim al in terver tebral displacem ent  and m icrom ot ion due to larger 

contact  area between adjacent vertebral bodies.
(3) Low  st rain  environm ent  opt im izes bone form at ion.
(4) Fusion rates are 82 to 100%.

b. Thoracic spine.
(1) Rib at tachm ents provide addit ional stabilit y and m inim ize  exion, 

bending, and rotat ion  of ver tebral segm ents.
(a) Associated w ith  h igh fusion rates.

(2) The thoracolum bar t ransit ion  (T12–L1), however, is h ighly m obile.
(a) Suscept ible to m icrom ot ion, hardware failure, and fusion failure 

(pseudar throsis).
c. Lum bar spine.

(1) High join t  react ion  forces.
(2) The prim ary m ot ion is  exion and extension, w ith  m inim al lateral 

 exion and rotat ion .
(3) Poster ior elem ents dem onstrate greater excursion than the anterior 

colum n.
(4) Inst rum entat ion  that  counteracts the large forces of the lum bar spine 

is crit ical to prom ote spinal fusion.
(5) Fusion rates range from  70 to 100%.

C. Surgical procedures.
1. Prim ary or revision surgery.
2. Levels of fusion.
3. Inst rum entat ion .
4. Surgical techniques.

a. Met iculous decor t icat ion .
b. Graft  preparat ion .

D. Types and quant it y of bone graft .
E. Medicat ions.

1. Nonsteroidal ant i-in  am m atory drugs.
2. Chem otherapy.
3. Cort icosteroid exposure.

F. Radiat ion .
G. Elect rical st im ulat ion .
H. Ult rasonography.
I. Spinal alignm ent .
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8 Bone Grafts, Substitutes, and Biologics

8.1 General Considerations
I. Types of bone grafts and biologics.

A. Autograft .
1. Iliac crest  bone graft  (gold standard).
2. Local bone graft .

B. Allografts.
1. Fresh , frozen, or freeze dried.
2. Cort ical cancellous bone chips.
3. Dem ineralized bone m atrix (DBM).

C. Ceram ics.
D. Bone m orphogenet ic proteins (BMP-2, BMP-7).
E. Bone m arrow  aspirate and stem  cells.

II. Propert ies of bone grafts.
A. Osteogenic: direct ly provide cells that  go on to produce bone.

1. Exam ples include bone m arrow  aspirate and autologous bone grafts.
B. Osteoinductive: contain factors that induce progenitor cells into bone-form ing cells.

1. Exam ples include BMPs (BMP-2 and BMP-7).
C. Osteoconduct ive: provide a sca old for new  bone form at ion.

1. Exam ples include DBMs.
III. Autograft  versus allograft  (Table 8.1).

8.2 Allografts
I. DBM.

A. Proper t ies.
1. Allograft bone that is treated w ith acid extraction to isolate grow th factors and 

structural proteins (collagen). The resulting bone m atrix contains < 8% calcium .
a. DBM does not contain  osteoprogenitor cells.
b. Good osteoconduct ive proper t ies.

2. Biologic e ects vary w idely am ong com m ercially available DBMs.
a. Preparat ion .

(1) Dem ineralizat ion .
(2) Sterilizat ion .
(3) Carrier.

(a) Glycerol.
(b) Calcium  hyaluronate.
(c) Cellulose.

(4) Am ount and rat ios of BMPs.

http://www.myuptodate.com


8 Bone Graft s, Subst itutes, and Biologics112

b. Donor characterist ics.
(1) Pat ient  age and gender.
(2) Bisphosphonate ut ilizat ion .

B. Urist  reported on DBM-induced bone form at ion in  1965.

8.3 Synthetic Substitutes
I. Ceram ics.

A. Proper t ies.
1. Com binat ion of m etallic and nonm etallic inorganic elem ents held together 

by ionic or covalent  bonds.
2. Do not provide osteogenic or osteoinduct ive proper t ies.
3. Provide im m ediate st ructural suppor t  and are osteoconduct ive.

B. Biom echanical st rength .
1. Low  fracture resistance and tensile st rength .
2. Quest ionable indicat ion  for anterior graft ing w ithout supplem ental  xat ion .

C. Bonding and release of BMPs.
D. Calcium –based ceram ics.

1. Hydroxyapat ite, t r icalcium  phosphate.
2. Calcium  sulfate.

Table 8.1 Autograft versus allograft

Type of graft Autograft Allograft

Osteogenic + –

Osteoinductive + ±

Osteoconductive + +

Donor site morbidity + –

Immune reaction − ±

Disease transmission − ±

Types •  Cortical
•  Corticocancellous
•  Cancellous
•  Vascularized
•  Bone marrow aspirate

•  Fresh
•  Frozen
•  Freeze dried
•  Cortical cancellous chips
•  Demineralized bone matrix

Limitations •  Limited supply
•   Large defects (tumor, 

infection)

•  Slow incorporation
•   High incidence 

of resorption in 
posterolateral fusions
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3. Calcium  phosphate cem ents.
4. Calcium  phosphate ceram ics.

E. Clin ical use of ceram ics.
1. Anterior spinal applicat ion .

a. Com binat ion  w ith  cages or plates.
2. Filling bony defects (ver tebroplasty/kyphoplasty).
3. Graft  extenders.

8.4 Grow th Factors (Biologics)
I. Bone m orphogenet ic proteins (BMP-2 and BMP-7) (Fig. 8.1).

A. Proper t ies.
1. Mem bers of the t ransform ing grow th factor-b superfam ily.
2. Potent osteoinduct ive proper t ies.
3. Associated w ith  increased fusion rates com pared w ith  allograft .
4. BMPs are soluble, locally act ing, and naturally occurring signaling proteins.

a. Induce m esenchym al cells to di erent iate in to cart ilage and bone-
form ing cells:
(1) Have the abilit y to induce bone form at ion in  both  soft  t issue (m uscle, 

tendons) and bone.
b. Tightly cont rolled regulatory m echanism s cause bone induct ion only at  

the site of BMP and only w hile BMP is present .
c. The biologic e ect  of com m ercially available recom binant hum an BMPs 

w ill depend on the dose and m ethod of delivery.
B. Food and Drug Adm inist rat ion–approved BMPs.

1. Infuse (BMP-2; Medt ronic).
a. Approved for a single-level anterior lum bar in terbody fusion (ALIF) from  

L4–S1 to t reat  degenerat ive disk disease.
(1) To be used w ith  a tapered in terbody fusion device.

b. Approved for acute, open t ibial shaft  fractures after in it ial in t ram edullary 
nail  xat ion .

Fig. 8.1 Regulatory mechanisms in the action of bone morphogenetic proteins.
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2. OP-1 (BMP-7; Olympus).
a. Approved for the repair of sym ptom at ic, posterolateral (in ter t ransverse) 

lum bar spine pseudarthrosis in  pat ients for w hom  autologous bone and/
or bone m arrow  harvest  are not feasible.

b. Pat ients m ust have at  least  one of the follow ing com orbidit ies: 
osteoporosis, diabetes, or n icot ine use.

c. Approved for recalcit rant  long bone nonunions w here the use of 
autograft  is unfeasible and alternat ive t reatm ents have failed.

d. Available as sterile dry pow der and put ty.
C. Controversies w ith  BMPs.

1. Majorit y of BMP use is o -label.
2. Reported adverse e ects.

a. Neuroforam inal bone grow th.
b. Osteolysis.
c. Retrograde ejaculat ion .
d. Dysphagia.
e. Airway com prom ise.
f. Cancer.

3. Biased and con icted reports in  the literature.
a. Yale Open Data Access (YODA) project .

(1) Quest ionable underreport ing of com plicat ions.
(2) Lim ited random ized, cont rolled prospect ive studies.
(3) Lack of consistent  repor t ing and underpowered analyses.

II. Bone m arrow  aspirate and stem  cells (Fig. 8.2).
A. Most  com m on sources.

1. Iliac crest  and ver tebral body.
2. The num ber of stem  cells in  the bone m arrow.

a. One in  50,000 in  young individuals.
b. One in  2,000,000 in  the elderly.
c. Potency of m arrow  aspirate m ay be increased via centr ifugat ion  or clonal 

expansion.
3. Com m ercially available stem  cell–derived bone graft  subst itute.

a. Provides a sca old for bony ingrow th.
b. Contains adult  m esenchym al cells and osteoprogenitor cells to prom ote 

bone form at ion.
c. Screened cellular allograft  that  underwent  select ive rem oval of 

im m unogenic elem ents (blood cells, w hite blood cells, osteoclasts).
d. Undergoes ant im icrobial and ant ifungal t reatm ent .
e. The processed t issue has a 5-year shelf life, because it  is cryopreserved.

B. Potent ial bene ts of m esenchym al stem  cells (MSCs).
1. Oxidat ive st ress m odulat ion .
2. Autogenous bone contains osteoblast ic cells.

a. Spinal fusion is largely m ediated by these cells.
b. In  pat ients w ith  reduced cellular stores (chronic illness, elderly, 

osteoporosis), MSC m ay aid in  obtain ing a solid  fusion.
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3. Secret ion  of cytokines and grow th factors:
a. Im m unom odulat ion .
b. Ant i-in  am m atory e ects.
c. Angiogenesis.
d. Ant iapoptot ic e ects.
e. Osteogenic propert ies.

4. Self-renew ing.
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9 Evaluation and Management of  
Spinal Cord Injury

9.1 General Considerations
I. In t roduct ion .

A. Approxim ately 12,000 to 14,000 spinal cord injuries (SCIs) occur in  North  
Am erica per year.
1. They m ost  com m only occur in  adolescent m ales.
2. Most are related to m otor vehicle collisions.

II. Prehospital evaluat ion  period.
A. Care of any t raum a pat ient  begins w ith  im m obilizat ion  of the spine at  the scene 

of injury.
B. Am erican College of Surgeons m nem onic for in - eld  m anagem ent  of a t raum a 

pat ient:
1. A—airway.
2. B—breathing.
3. C—circulat ion .
4. D—disabilit y.
5. E—exposure and environm ent .

C. All t raum a pat ients should be im m obilized w ith  a r igid cervical or thosis and 
t ransferred using lateral bolsters.
1. The patient should be placed on a long backboard secured w ith tapes or straps.
2. Helm eted ath letes:

a. Helm et and shoulder pads should not  be rem oved.
III. Em ergency room  m anagem ent .

A. Polyt raum a pat ients m ay have an  altered level of consciousness and are 
vulnerable to further worsening of their neurological injuries.

B. Once the ABCs have been established, a thorough but focused physical 
exam inat ion  should assess the pat ient’s neurological funct ion .
1. The ent ire spinal colum n should be palpated for “step -o ” or m isalignm ent 

of the spinous processes.
C. Head t raum a:

1. Glasgow  Com a Scale.
a. Total score can  range from  15 (norm al responses to st im uli) to 3 (no 

response or com atose) (Table  9.1).
D. Evaluat ion  of airway and breath ing:

1. Elect ive in tubat ion should be perform ed in  pat ients w ith  severe head 
injuries or w ho are unable to protect  the airway because of a depressed level 
of consciousness (Glasgow  Com a Scale score < 8).

2. Pat ients w ith  SCIs (part icularly above C5) having di culty w ith  respirat ion  
should be considered for elect ive in tubat ion .

3. Manual in -line stabilizat ion  of the cervical spine during orotracheal 
in tubat ion   m inim izes m ot ion of the unstable cervical spine.
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E. Neurological exam inat ion (Fig. 9.1):
1. The Am erican Spinal Injury Associat ion  (ASIA) standard of neurological 

test ing provides a concise and detailed m ethod of evaluat ing spinal cord and 
peripheral nerve root funct ion .
a. Sensat ion  is determ ined in  all 28 derm atom es bilaterally by the pat ient’s 

abilit y to detect  the sharp end of a pin  (Fig. 9.2).
b. Motor funct ion is docum ented and graded 1 to 5 based on resistance to 

physical m anipulat ion  or gravity (Table 9.1).
c. Based on both  the m otor and the sensory exam inat ion, the pat ient  is 

fur ther classi ed or graded using the ASIA m odi cat ion  of the Frankel 
neurological classi cat ion  system  (Table 9.2).

F. SCIs:
1. Com plete injury.

a. No funct ional m otor (less than grade III m otor st rength) or sensory 
act ivit y below  the zone of injury.

2. Incom plete injury.
a. Part ial preservat ion  of m otor or sensory funct ion  below  the zone of 

injury.
G. Im aging evaluat ion:

1. In it ial radiographs.
a. Standard anteroposterior/lateral views of the cervical, thoracic, and 

lum bosacral spine.
(1) Ten to 15% of pat ients have noncont iguous spinal colum n fractures.

Table 9.1 Glasgow Coma Scale

Eye opening Spontaneous 4

Voice 3

Pain 2

None 1

Verbal response Oriented 5

Confused 4

Inappropriate 3

Incomprehensible 2

None 1

Motor response Obeys commands 6

Localized pain 5

Withdraws 4

Decorticate 3

Decerebrate 2

None 1
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Fig. 9.1 Clinical manifestations of spinal cord injury according to level of injury.
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b. Always visualize the alignm ent of the cervicothoracic junct ion.
c. Computed tom ography (CT):

(1) Used to further delineate bony anatomy.
(2) Helpful in  visualizing the cervicothoracic (C7–T1) junct ion.
(3) A CT scan m ust be obtained if C7–T1 is not visible on lateral 

radiographs.
(a) Most t raum a centers have now  begun rout inely obtain ing CT 

scans of the cervical spine as the gold standard for cervical spine 
clearance, obviat ing the need for plain  radiographs.

d. Magnet ic resonance im aging:
(1) Used in  all cases of neurological com prom ise.
(2) Useful for visualizing soft  t issue anatomy and disrupt ion.

H. Treatm ent:
1. The severit y of the in it ial impact on  the spinal cord is t ypically re ected by 

the pat ient’s in it ial neurological presentat ion .
2. The extent of the pat ient’s neurological recovery is not  solely dependent  on  

the prim ary injury.
a. Secondary injury to the spinal cord results from  a physiological cascade.

(1) In it ial hem orrhage followed by in  am m ation, m em brane hydrolysis, 
ischem ia, calcium  in  ux, and cellular apoptosis.

Fig. 9.2 American Spinal Injury Association spinal cord injury assessment form. (From the American 
Spinal Injury Association. International Standards for Neurological Classi cation of Spinal Cord Injury. 
Revised 2002. Chicago, IL: American Spinal Injury Association; 2006. Reproduced with permission.)
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3. Pharm acological in tervent ion:
a. The m ost  com m only used agent  is m ethylprednisolone. However, the 

extent  of recovery in  term s of im proved funct ional abilit y and the risk to 
the pat ient  have been extensively debated.
(1) Nat ional Acute Spinal Cord Injury Study (NASCIS) guidelines are m ost 

com m only used.
(2) Methylprednisolone: bolus dose of 30 m g/kg of body weight over 

15 m inutes, followed by a 45-m inute pause, and then a 23-hour 
cont inuous infusion of 5.4 m g/kg/h  if the pat ient  presents < 3 hours 
after injury.

Table 9.2 American Spinal Injury Association (ASIA) Classi cation Scale

1.  Determine if patient is in spinal shock.
      – Check bulbocavernosus re ex.

2.  Determine neurologic level of injury.
      •   Lowest segment with intact sensation and antigravity (3 or more) muscle function 

strength.
      •   In regions where there is no myotome to test, the motor level is presumed to be 

the same as the sensory level.

3.  Determine whether the injury is COMPLETE or INCOMPLETE.
      •   COMPLETE de ne as ASIA A
          –  no voluntary anal contraction (sacral sparing) AND
          –  0/5 distal motor AND
          – 0/2 distal sensory scores (no perianal sensation) AND
          – bulbocavernous re ex present (patient not in spinal shock)
      •   INCOMPLETE de ned as
          – voluntary anal contraction (sacral sparing)
          – sacral sparing critical to determine complete vs. incomplete
          – OR palpable or visible muscle contraction below injury level OR
          – perianal sensation present

4.  Determine ASIA Impairment Scale (AIS) Grade:

ASIA Impairment Scale

A Complete No motor or sensory function is present in the sacral segments S4–S5.

B Incomplete Sensory function preserved but no motor function is preserved 
below the neurological level and includes segments S4–S5.

C Incomplete Motor function is preserved below the neurological level, and 
more than half of key muscles below the neurological level have a 
muscle grade less than 3.

D Incomplete Motor function is preserved below the neurological level, and 
at least half of key muscles below the neurological level have a 
muscle grade of 3 or more.

E Incomplete Motor and sensory function are normal.

Source: Kirshblum SC, Burns SP, Biering-Sorensen F, et al. International standards for 
neurological classi cation of spinal cord injury (Revised 2011). J Spinal Cord Med 
2011;34(6):535–546. Used with permission.
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(3) If the pat ient  presents between 3 and 8 hours after injury, the steroid 
infusion is cont inued for a total of 48 hours.

b. The NASCIS II Trials advocated for the adm inist rat ion  of h igh-dose 
steroids w ith in  8 hours of injury if the follow ing contraindicat ions are 
absent:
(1) Cauda equina syndrom e.
(2) Nerve root  injury.
(3) Life-threatening pat ient  status.
(4) SCI secondary to gunshot .
(5) Pregnancy.
(6) Pat ient  younger than 13 years of age.
(7) Substance addict ion .
(8) Chronic steroid use.

c. Num erous authors have quest ioned the validit y of the study design and 
have refuted the  ndings of the NASCIS t rials.

d. In  2013, the Congress of Neurological Surgeons and the Am erican 
Associat ion  of Neurological Surgeons recom m ended against  the use of 
steroids follow ing an  SCI.
(1) Lack of evidence that  dem onstrates bene cial outcom es.
(2) Greater r isk of potent ial side e ects (gast roin test inal bleeding, 

infect ion , avascular necrosis of the fem oral head).
4. Surgical t im ing:

a. Data from  the Surgical Tim ing in  Acute Spinal Cord Injury Study (STASCIS) 
t rials suggest  that  early in tervent ion w ith decompression and stabilizat ion  
m ay potent iate bet ter neurological recovery follow ing an  SCI.
(1) Prim ary injury from  physical com pression or contusion.
(2) Secondary injury from  the dow nstream  cascade of events that  result  

follow ing the prim ary insult:
(a) Neuroprotect ion  involves the prevent ion of secondary injury 

w ith  the expedit ious decompression of neural elem ents.
(b) The potent ial for neuroprotect ion  varies inversely w ith  t im e.

(3) Decompression w ith in  24 hours of injury results in  im proved 
neurological outcom es at  6-m onth  follow -up.
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10 Cervical Spine Trauma

10.1 General Considerations
I. In t roduct ion .

A. Fift y thousand cervical spinal colum n or cord injuries are repor ted yearly in  the 
United States.

B. Most spinal colum n or cord injuries occur in m ales between the ages of 15 and 24.
C. Mechanism :

1. Motor vehicle accidents are the m ost com m on cause (40–56%) (Fig. 10.1).
2. Falls (20–30%).
3. Gunshots (12–21%).
4. Spor ts (6–13%).

D. The m idcervical spine (C4–C6) is the m ost  com m only a ected anatom ical 
region.

II. Pat ient  evaluat ion .
A. A detailed h istory, including the m echanism  of injury as well as associated 

injuries, is required.
B. Early recognit ion  of the injury begins in  the  eld .

1. A cervical collar and spine board are applied to the pat ient .
2. The pat ient  is t ransferred to an  em ergency departm ent .

a. The t raum a resuscitat ion  team  evaluates airway com petency, breath ing, 
and circulat ion .

3. Anteroposterior and lateral radiographs of the ent ire spine can be obtained.
4. Com puted tom ography (CT) is the m ost sensit ive and speci c im aging study 

to diagnose cervical spine injuries (Fig. 10.2).
a. In t ravenous contrast  is useful to determ ine ver tebral ar tery injury.

C. Cervical spine t ract ion:
1. Indicat ions.

a. Unstable fractures or fracture dislocat ions of the cervical spine w ith  or 
w ithout neurological de cits.

b. Dam age cont rol therapy for cervical spine fractures w hile the pat ient  is 
being t reated for other injuries.

2. Contraindicat ions.
a. Com plete perm anent quadriplegia.
b. Unstable fractures w ith  deter iorat ing neurological signs.
c. Stable fractures.
d. A pat ient  w ho is not  awake, aler t , and cooperat ive.

3. Technique: Gardner-Wells tongs (Fig. 10.3).
a. The skin  over the tem poral fossa is in  lt rated w ith  a local anesthet ic 

agent . The pins are posit ioned 2 cm  above the external auditory canal 
and below  the tem poral r idge. The pins are t ightened unt il the spring-
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loaded indicator prot rudes 1 m m  above the surface. In it ially, 10 lb of 
t ract ion-weight  is used. Weights are added at  10 lb increm ents every 20 
m inutes. Serial neurological exam s are perform ed and radiographs are 
taken after each weight is placed.

4. Complicat ions.
a. Failure to reduce: a bilateral, irreducible facet  dislocat ion  is unstable and 

should be t reated w ith  urgent  open reduct ion  after m agnet ic resonance 
im aging (MRI) is perform ed.

b. Change in  the neurological status: w ith  any change in  the neurological 
status of the pat ient , the weights should be rem oved im m ediately and an  
MRI scan should be obtained em ergent ly.

Fig. 10.1 Mechanism of whiplash injuries of the head and neck.
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III. Upper cervical injuries.
A. Occipital condyle fractures.

1. Rare injury.
2. One-th ird occur in  conjunct ion w ith  at lanto-occipital dislocat ions.
3. Diagnosis is m ost  com m only m ade incidentally w ith  a head CT scan.

a. Ligam entous injury, in t racranial hem atom a, and neurological de cit  m ay 
accom pany th is injury.

4. Treatm ent:
a. Usually rigid orthosis or halo vest  for 3 m onths.
b. A  exion–extension  lm  is obtained at  3 m onths.
c. Occipital–cervical ar throdesis for resultant  instabilit y.

B. Occiput–C1 dislocat ion .
1. Unstable and alm ost  always fatal.

a. Survivors usually have severe neurological de cits.
2. Violent , tw ist ing, or  exion-extension force on the head.
3. Disrupt ion of all ligam entous at tachm ents.
4. Radiographic diagnosis.

a. Harr is radiographic lines.
5. Treatm ent .

a. Closed reduct ion .
b. Occipital-cervical fusion.

Fig. 10.2 (a) Sagit tal computed tomographic 
(CT) images of the cervical spine demonstrat-
ing spinal stenosis and spondylosis. (b) Axial CT 
images of the cervical spine demonstrating spi-
nal stenosis and spondylosis at  the level of the 
C3 vertebrae. (c) Axial CT images of the cervical 
spine demonstrating spinal stenosis and spondy-
losis at  the level of the C4 vertebrae.

a

b

c
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C. C1–C2 subluxat ion .
1. More com m on in  children  than in  adults.
2. Com m on complaints.

a. Neck pain  w ith  evidence of tor t icollis.
b. Suboccipital pain .
c. Lim ited cervical rotat ion .

D. May be associated w ith  odontoid or at las fractures.
1. Rupture of t ransverse ligam ent .

a. Anterior at lantodens in terval (ADI).
(1) Three to 5 m m  indicate rupture of the t ransverse and alar ligam ents.
(2) Seven to 8 m m  indicate com plete ligam entous disrupt ion.
(3) Greater than 10 m m  causes spinal cord compression.

Fig. 10.3 Gardner-Wells tongs in place with traction.
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b. Treatm ent .
(1) If instabilit y is 3 to 5 m m , halo or r igid orthosis is used for 2 to 3 

m onths.
(2) If instabilit y is > 5 m m , then fuse C1–C2.

2. Atlantoaxial rotatory  xat ion .
a. The head is t ilted toward the side of  xat ion  and the chin  and C2 spinous 

process are pointed toward the opposite direct ion .
E. Fracture of at las (C1) (Fig. 10.4).

1. Axial loading disrupts the at lantal r ing.
2. Neurological injury is rare because of the w ide spinal canal.

a. Cranial nerve injuries m ay be observed.

Fig. 10.4 Levine and Edwards classi cation of atlas fractures. (a) Normal anatomy. (b) Posterior arch 
fracture. (c) Classic Je erson’s or burst fracture. (d) Avulsion fracture of the anterior arch. (e) Lateral 
mass fracture. (f) Unilateral ring fracture.

a b

c d
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3. An anteroposterior open-m outh  odontoid view  to assess the lateral m asses 
of C1 relat ive to the lateral m ass of C2:
a. Greater than 6.9 m m  w idening of the lateral m ass indicates a t ransverse 

ligam entous rupture.
(1) Allow  at las fractures to heal  rst  w ith  halo im m obilizat ion  for 2 to 3 

m onths.
(2) C1–C2 fusion m ay be done if instabilit y is > 5 m m .

4. Treatm ent:
a. Cervical or thosis for 3 m onths if nondisplaced.
b. Halo vest  for 3 m onths if displaced or delayed union.
c. Poster ior C1–C2 fusion for nonunion.

F. Fractures of the odontoid (Fig. 10.5).
1. Type I.

a. Rare avulsion  fractures of the t ip .
(1) Stable and t reatm ent  is w ith  a cervical collar.

2. Type II.
a. Fractures at  the base of the odontoid:

(1) Anterior displacem ent  ( exion injury).
(a) More com m on than posterior displacem ent (extension injury).

Fig. 10.5 Anderson and D’Alonzo classi cation of odontoid fractures. (a) Odontoid tip avulsion. 
(b) Fracture at the base of the dens. (c) Fracture within the body of C2. (d) Lateral view of a fracture 
at  the base of the dens.

a b

c d
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b. The nonunion rate is 20 to 80%.
(1) Risk factors for nonunion.

(a) Age over 50 years.
(b) More than 4 m m  displacem ent .
(c) Posterior angulat ion .

c. Treatm ent:
(1) Halo t ract ion  for reduct ion of fracture.

(a) If acceptable reduct ion is achieved, then a halo jacket  is applied 
for 12 weeks and a cervical collar for 6 weeks.

(b) Indicat ions for C1–C2 fusion:
i. Delayed union or nonunion.
ii. Redisplacem ent  follow ing halo placem ent .
iii. Fractures at  h igh risk for nonunion (> 4 m m  displacem ent , 

older pat ient).
(c) Treatm ent  opt ions for odontoid fractures associated w ith  C1 r ing 

fracture:
i. Consider posterior C1–C2 screw   xat ion  or anter ior odontoid 

screw   xat ion .
ii. Halo in it ially to let  C1 heal, then C1–C2 fusion if C2 nonunion 

develops.
3. Type III.

a. Fracture through the body.
(1) Nondisplaced.

(a) Treat  w ith  a cervical or thosis or halo.
(2) Displaced.

(a) Halo jacket  for 3 m onths.
G. Traum at ic spondylolisthesis of the axis—hangm an’s fracture (Fig. 10.6).

1. Mechanism .
a. Acute hyperextension injury.

2. Types (Table 10.1).
3. Treatm ent .

a. Type I.
(1) Halo jacket for 12 weeks.

b. Type II.
(1) Cervical t ract ion  to reduce displacem ent  and allow  callus form at ion.
(2) Halo jacket for 10 to 12 weeks.

c. Type IIA.
(1) Reduct ion in  extension followed by halo vest  im m obilizat ion .

d. Type III or late instabilit y/nonunion.
(1) Anterior C2–C3 fusion.
(2) Posterior screw   xat ion  (C2–C3 plat ing).

H. Subaxial cervical t raum a.
1. Allen–Ferguson classi cat ion  of subaxial t raum a.

a. Classi cat ion  is based on the m echanism  of injury.
b. Provides a biom echanical understanding of the injury pat tern .
c. Classi cat ion (Allen) (Fig. 10.4, Fig. 10.5, Fig. 10.6, Fig. 10.7, and Fig. 10.8) 

(Table 10.2).
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2. Subaxial cervical spine injury classi cat ion  (SLIC) system  for cervical spine 
injuries (Table 10.3).
a. Classi cat ion  is based on the m orphology of the fracture, the stabilit y of 

the posterior ligam entous com plex, and the pat ient’s neurological status.
b. A score < 4 can be t reated nonoperat ively, w hereas a score > 4 requires 

surgical in tervent ion . A score of 4 is surgeon’s choice.
IV. Treatm ent of speci c injuries.

A. Unilateral or bilateral facet  dislocat ions.
1. Cervical t ract ion  to reduce dislocat ion  as soon as possible followed by 

cervical ar throdesis.
a. In  an  awake, cooperat ive pat ient , MRI can be perform ed after at tem pted 

reduct ion .
(1) If the pat ient  is obtunded/in toxicated, obtain  a prereduct ion MRI to 

rule out  an  associated disk herniat ion .

Fig. 10.6 E endin classi cation of hangman’s fracture. (a) Normal anatomy. (b) Type I nondisplaced 
(< 3 mm of displacement). (c) Type IIa—no translation, signi cant angulation, anterior longitudinal 
ligament intact, posterior longitudinal ligament and C2–C3 disk space disrupted. (d) Type III—anterior 
C2–C3 displacement, angulation, and facet dislocation. 

a
b
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B. Facet  dislocat ions w ith  herniated disk.
1. Closed reduct ion m ay be dangerous, producing fur ther neurological de cits.

a. Anterior diskectomy and fusion m ay be perform ed  rst .
(1) Cervical fusion and stabilization m ay be accomplished by either anterior 

grafting and plate  xation or anterior grafting and posterior  xation.
(2) If radiculopathy is present w ith  an  associated facet  fracture, rem oval 

of the fracture fragm ent is recom m ended during posterior fusion.
C. Fractures of C3–C7 vertebral bodies.

1. Wedge compression fractures.
a. Cervical collar for 6 weeks if poster ior elem ents are in tact .
b. Halo jacket im m obilizat ion  if there is signi cant  com pression or posterior 

elem ents are disrupted.
c. Poster ior fusion m ay be necessary in  cases w ith  severe kyphot ic 

angulat ion  or in  cases of late instabilit y (Fig. 10.7 and  Fig. 10.8).
2. Teardrop fractures.

a. Always unstable due to signi cant  bony com m inut ion  and associated 
disrupt ion  of the anter ior ligam entous complex.

b. Posterior ligam ents are frequently injured as well.
c. Treatm ent: posterior fusion.

3. Fractures of the spinous process (clay-shoveler’s fracture).
a. Stable  exion injury w ith  avulsion  fracture.
b. Treatm ent .

(1) Cervical collar.

Table 10.1 Levine classi cation of traumatic spondylolisthesis of the axis (hangman’s 
fracture)

Type Displacement and angulation Other characteristics

I Minimal displacement < 3 mm 
without angulation

– Bilateral pars fracture
–  C2–C3 ligamentous structures are intact

IA Minimal displacement with lit t le  
or no angulation

–  Fracture lines extend through foramen 
transversarum on computed tomography 
(possible vertebral artery injury)

II Signi cant displacement > 3 mm 
and angulation > 11°

–  Most common fracture subtype
–  Posterior longitudinal ligament is 

disrupted
–  Anterior longitudinal ligament is usually 

intact

IIA Minimal displacement (< 3 mm) 
and angulation > 11°

–  Additional widening of posterior part of 
C2–C3 disk space

III Associated C2–C3 facet dislocation –  Unilateral or bilateral facet dislocation

Steven C. Kirshblum, Stephen P. Burns, Fin Biering-Sorensen, et al. International stan-
dards for neurological classi cation of spinal cord injury (Revised 2011). The Journal of 
Spinal Cord Medicine, 2011; 34(6): 535-546. Used with permission.
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Fig. 10.7 Anteroposterior cervical spine 
radiograph demonstrating a unilateral C5–
C6 facet dislocation with the spinous pro-
cess of C5 rotated toward the right.

Fig. 10.8 Magnetic resonance 
imaging of a 32-year-old man who 
sustained a bilateral C5–C6 facet 
dislocation with signi cant cord 
compromise.
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Table 10.2 Mechanistic classi cation (Allen–Ferguson)

Category Findings

Compression- exion Failure of the anterior column via compression
Posterior column distraction

Vertical compression Burst fractures

Distraction- exion Facet dislocations

Compression-extension Posterior column compression
Anterior column distraction

Lateral- exion Uncommon

Distraction-extension Associated with disk space widening and/or retrolisthesis

Table 10.3 The subaxial cervical spine injury classi cation system (SLIC)  
for cervical spine injuries

Morphology

No abnormalit y 0

Compression 1

Burst +1 = 2

Distraction (e.g., facet dislocation, unstable teardrop  
or advanced-stage  exion compression injury) 

4

Diskoligamentous complex

Intact 0

Indeterminate (e.g., isolated interspinous widening, 
magnetic resonance imaging signal change only) 

1

Disrupted (e.g., widening of disk space, facet perch  
or dislocation) 

2

Neurological status

Intact 0

Root injury 1

Complete cord injury 2

Incomplete cord injury 3

Continuous cord compression in set ting of neurological 
de cit  (neuro modi er) 

+1
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4. Soft  t issue injury.
a. Extension-accelerat ion  “w hiplash”.

(1) Involves anterior longitudinal ligam ent , anter ior m usculature, and 
in terver tebral disk.

(2) Sym ptom s.
(a) Pain  in  the neck; referred pain  to the head, shoulder, and 

arm ; dysphagia; ocular sym ptom s; dizziness; and tem poral 
m andibular problem s.

(b) Treatm ent .
i. Brace acutely and m ay need surgery later if cervical 

spondylosis is problem at ic.
b. Flexion-decelerat ion  injury.

(1) Muscle st rain  and greater auricular nerve st retch, in terspinous 
ligam ent , capsular tear, posterior longitudinal ligam ent , and posterior 
aspect  of the disk.

(2) Treatm ent .
(a) Conservat ive  rst  and if unstable by White’s criteria and 

sym ptom at ic, then  posterior w iring and fusion.
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11.1 General Considerations
I. In t roduct ion .

A. The thoracolum bar spine is the m ost  com m on site of spinal injuries.
1. Transit ion  from  less m obile spine segm ents in  the thorax to relat ively 

hyperm obile spinal segm ents in  the lum bar spine.
B. Most injuries occur in  m ales (age 15–29) and are m ost  com m only the result  of a 

m otor vehicle accident (50%) or a fall from  > 6 feet  (25%).
C. Most injuries occur between T11 and L1 (52%).

1. L1–L5 (32%).
2. T1–T10 (16%).

D. Associated injuries are com m on and m ay occur in  up to 50% of pat ients, usually 
the result  of a dist ract ive force.
1. In t ra-abdom inal bleeding from  liver and splenic injuries.
2. Arterial or venous vessel disrupt ion.
3. Pulm onary injuries.

a. Hem othorax.
b. Pulm onary contusion.

4. Noncont iguous spine injuries (5%).
II. Pat ient  evaluat ion .

A. General assessm ent .
1. Respiratory, cardiothoracic, abdom inal, urological evaluat ion .
2. Head/cervical spine status.

B. Neurological assessm ent .
1. Frankel scale and Am erican Spinal Injury Associat ion  (ASIA) m otor index.
2. Spinal cord, conus, cauda equina, root  injuries.

C. Radiological evaluat ion .
1. All pat ients w ho have injuries suspicious for spinal t raum a should undergo 

plain  radiographic im aging (anteroposter ior or lateral) of all ver tebral levels.
2. Plain  X-ray is the in it ial screening m odalit y:

a. Com puted tom ography.
(1) Best  im aging m odalit y for evaluat ion  of the m iddle colum n, especially 

w ith  sagit tal reconst ruct ions.
b. Magnet ic resonance im aging.

(1) Most useful in  evaluat ing the spinal cord and soft  t issue disrupt ion 
(disk/ligam entous injury).

III. Classi cat ion  m ethods.
A. Spine stabilit y (Denis classi cat ion) (Fig. 11.1).

1. Three colum ns:
a. Anterior colum n.

11 Thoracolumbar Spine Fractures
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(1) Anterior longitudinal ligam ent , anterior annulus  brosus, and 
anter ior half of the vertebral body.

b. Middle colum n.
(1) Posterior longitudinal ligam ent , posterior annulus  brosis, posterior 

half of the vertebral body.
c. Posterior colum n.

(1) Pedicles, facet  join ts, lam ina, spinous processes, and in terspinous and 
supraspinous ligam ents.

2. Clinical applicat ion:
a. Instabilit y is de ned as a disrupt ion  of two or m ore of the three spinal 

colum ns.
b. If the m iddle colum n is disrupted, then the spine is unstable except  in  the 

follow ing:
(1) Thoracic ver tebrae above T8 (stabilit y provided by the ribs).
(2) L4–L5 w here the posterior colum n is in tact  (signi cant weight  

bearing through the posterior colum n because of lordosis).
(3) Distract ion injuries w here fractures occur through the cancellous bone.

3. Stabilit y is not “black and w hite”; it  is a gray zone (Denis).
a. Stable fractures.

(1) Transverse process.
(2) Spinous process.
(3) Art icular process.
(4) Pars in terar t icularis.
(5) Compression fractures.

B. Thoracolum bar injury classi cat ion  and severit y (TLICS) score.
1. Operat ive t reatm ent  is based on three factors (Table 11.1).

a. Morphology of the fracture.
(1) Compression.
(2) Burst .

Fig. 11.1 (a,b) The three columns of the spine as described by Denis. 

a b
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(3) Translat ional/rotat ional.
(4) Dist ract ion .

b. Poster ior ligam entous complex.
(1) In tact .
(2) Indeterm inate/suspected.
(3) Injured.

c. Neurological status.
(1) In tact .
(2) Root  injury.
(3) Cord.

(a) Incomplete.
(b) Complete.

(4) Cauda equina syndrom e.

Table 11.1 Components of the Thoracolumbar  
Injury Classi cation and Severity Score

Morphology of the fracture

1. Compression

2. Burst

3. Translational/rotational

4. Distraction

Posterior ligamentous complex

1. Intact

2. Indeterminate/suspected

3. Injured

Neurological status

1. Intact

2. Root injury

3. Cord

    a. Incomplete

    b. Complete

4. Cauda equina syndrome
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IV. Treatm ent .
A. General considerat ions.

1. Mult ifactorial.
a. Neurological status of the pat ient .

(1) An anterior approach is preferred in  pat ients w ho are neurologically 
com prom ised and have anterior-based com pression (i.e., ret ropulsed 
vertebral body fragm ents).

b. Poster ior ligam entous com plex in tegrit y.
(1) If disrupted, requires reconst ruct ion  of the poster ior tension band.

c. Fracture m orphology.
2. Tim ing of surgery.

a. Im m ediate operat ive in tervent ion  theoret ically gives the best  chance for 
reduct ion  and neural recovery but  is not  clin ically proven.

b. Indicat ions for acute surgical in tervent ion:
(1) Progressive neurological de cit .
(2) Irreducible dislocat ions.
(3) Open or contam inated injuries.

c. Early surgery (2–3 days):
(1) Easier reduct ion and decompression via ligam entotaxis.
(2) Earlier m obilizat ion  of the pat ient .
(3) Potent ial operat ive com plicat ions.

(a) Transportat ion  issues regarding pat ients w ith  severe spinal 
instabilit y.

d . Late surgery (7–10 days):
(1) Argum ents for delayed in tervent ion include providing a chance for 

the spinal cord to recover from  t raum a and edem a.
(a) Skeletal t ract ion  and closed reduct ion and m otorized rotat ing 

bed for pat ients w ith  deform ity or dislocat ions.
3. External im m obilizat ion .

a. Above T5: cervicothoracic–lum bosacral or thosis.
b. T6–L4: Jewet t  hyperextension or thoracolum bar–sacral or thosis (TLSO) 

braces.
c. L5–S1: pantaloon cast .

B. Neurological status and stabilit y.
1. Neurologically in tact  w ith  a stable spine.

a. Com m on in  com pression fractures, seat  belt–type injuries and burst  
fractures of the lower lum bar spine.

b. Orthosis or body cast .
2. Neurologically in tact  w ith  an  unstable spine.

a. Com m on in  burst  fractures and severe com pression fractures.
b. Operat ive stabilizat ion  to prevent  neurological loss.
c. Early rehabilitat ion  is preferred.

3. Neurologically com prom ised and spine unstable.
a. Burst  fractures or fracture dislocat ions of the lower thoracic spine and 

lum bar spine (Fig. 11.2).
b. Anterior decom pression w ith  or w ithout  poster ior stabilizat ion .
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C. Speci c fracture t reatm ent .
1. Compression- exion injuries.

a. Anterior colum n injury alone usually does not cause neurological de cit s.
(1) Factors suggest ive of instabilit y and disrupt ion of the posterior 

ligam entous com plex.
(a) Greater than 50% collapse.
(b) Thir ty-degree angulat ion .
(c) Thir ty-degree kyphosis.

b. Treatm ent:
(1) Conservat ive if anter ior colum n failure alone.

(a) Hyperextension orthosis.
(2) Middle colum n failure.

(a) Operat ive in tervent ion if unstable.
2. Dist ract ion   exion injuries (seat  belt  injury) (Fig. 11.3).

a. Bony Chance fracture w ithout  subluxat ion  or dislocat ion .
(1) Hyperextension body cast .

Fig. 11.2 (a) Sagit tal magnetic resonance imaging 
(MRI) of a 34-year-old man who sustained a burst  frac-
ture to the T12 vertebral body. Note the retropulsion 
of the posterior vertebral body with compression of 
the anterior thecal sac. (b) A postoperative anteropos-
terior radiograph following an anterior L1 corpectomy 
and fusion using a titanium Harms mesh cage and an 
anterior plate and screw construct.a

b
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Fig. 11.3 (a) A sagit tal computed tomographic 
reconstruction of a fracture-dislocation of the tho-
racolumbar spine demonstrating marked vertebral 
body displacement and canal narrowing. (b) Sag-
it tal magnetic resonance imaging of the thoraco-
lumbar spine of the same patient demonstrating 
marked canal narrowing. Note the draping of the 
spinal cord over the posterosuperior edge of the 
caudal thoracic vertebrae. (c) A postoperative lat-
eral radiograph of the same patient demonstrat-
ing reduction of the spinal deformity followed by 
a fusion and stabilization with segmental pedicle 
screw anchors spanning three levels above and 
below the level of injury.

a

b

c
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b. Ligam entous  exion-dist ract ion  injury.
(1) Posteriorly inst rum ented ar throdesis.
(2) Injury is through soft  t issue st ructures w ith  a decreased likelihood of 

healing.
3. Torsional  exion injuries (fracture-dislocat ions) (Fig. 11.4).

a. Frequently cause com plete paraplegia.
b. Surgical posterior stabilizat ion  and fusion are necessary for early 

rehabilitat ion .
4. Vert ical compression injuries (burst  fractures).

a. Neurological involvem ent is com m on secondary to a ret ropulsed 
posterior vertebral body fragm ent .

b. Treatm ent for pat ients w ithout  neurological com prom ise:
(1) Conservat ive t reatm ent w ith  acute bed rest  and TLSO orthosis 

m ay be o ered for pat ients w ho have no neurological de cits w ith  
m inim al deform ity.

(2) Vertebral body cem ent  augm entat ion  (kyphoplasty):
(a) Recom m ended for osteoporosis-related fractures w ithout  

neurological com prom ise.
(b) E cacy of these procedures rem ains controversial.
(c) May help restore ver tebral body height  and alleviate pain .
(d) Risks: cem ent leak, adjacent body fractures.

c. Surgical opt ions for neurologically comprom ised pat ients:
(1) An anterior approach is preferred in  certain  situat ions.

(a) Large ret ropulsed anterior fragm ent  w ith  signi cant neurological 
de cits.

(b) In tervent ion  delayed > 2 weeks.
(2) A posterior approach is preferred if the compressive fragm ent  

(i.e., fracture lam ina or infolded ligam entum   avum ) is located 
posterolaterally, w ith  m inor neurological de cits.
(a) A posterior approach is required for fracture-dislocat ions and in  

situat ions associated w ith  t raum at ic dural tears.
(b) Both  anter ior and posterior approaches m ay be needed in  three- 

colum n injuries.
i. Part icularly in  situat ions w ith  neurological comprom ise and 

posterior ligam entous injuries.
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Fig. 11.4 (a) Sagit tal T2-weighted magnetic 
resonance imaging demonstrating a com-
plete fracture-dislocations through the L5 
vertebral body due to a distraction-extension 
injury mechanism. (b) A lateral postoperative 
radiograph of the lumbosacral spine following 
reduction of the fracture-displacement and 
stabilization with pedicle screw instrumenta-
tion from L4 to S1.
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12 Spinal Rehabilitation and  
Disability Evaluation

12.1 Rehabilitation of Back and Neck Pain
I. General considerat ions.

A. It  is est im ated that  80% of the general populat ion  su ers at  least  one disabling 
episode of back or neck pain  in  their lifet im e.

B. The m ajorit y of pat ients recover w ithout  sequelae.
C. Many pat ients w ho do not  recover have no clear pathophysiological diagnosis as 

a basis for cont inued pain .
D. Advances in  m edical technology have contr ibuted to increased costs associated 

w ith  the evaluat ion  and t reatm ent  of persistent  back or neck pain .
E. It  is well established that  if disabilit y involves lit igat ion  (worker’s com pensat ion  

or personal injury), the outcom e is less predictable and the problem  is less 
likely to resolve quickly.

II. Treatm ent  of acute neck or low  back pain .
A. Evaluate for a neurological de cit that m ay necessitate urgent surgical intervention.
B. Diagnost ic im aging is rarely necessary for acute episodes w hen no t raum a is 

involved. (The except ion to th is is an  occupat ional injury w here m edicolegal 
issues m ay need to be addressed at  a later t im e.)

C. The in it ial goal is pain  relief, because these pat ients often  experience severe, 
disabling pain  and spasm .

D. Appropriate m edicat ion  includes nonsteroidal ant i-in  am m atory drugs 
(NSAIDs), short-term  narcot ic analgesics (2–4 days only), and m uscle relaxants 
if spasm  is a signi cant  physical  nding.

E. Nonpharm acological pain-reducing m odalit ies include heat , ice, rest , 
posit ioning, relaxat ion , and m assage.

F. The m ost im portant  early in tervent ion  is pat ient  educat ion .
G. Pat ients w ith  low  back or neck pain  em brace m any myths that  m ay in terfere 

w ith  recovery. The extra t im e spent  on  in it ial educat ion w ill pay o  in  term s of 
a quicker recovery.

H. Essent ial com ponents of pat ient  educat ion  include the follow ing:
1. Likely causes of current  condit ion  based on a discussion of sim ple anatomy 

(m odels or pictures are often  helpful).
2. Natural h istory of the injury.
3. Bene ts of m aintain ing act ivit y w ith  a brief discussion of speci c 

aggravat ing act ivit ies.
4. Inst ruct ion on progressive exercise program s emphasizing both  endurance 

(cardiovascular condit ioning) and strength (isom etrics and core stabilizat ion).
5. Once the acute episode has subsided, educat ion  on health  prom otion and 

lifestyle changes (weight  loss, m aintenance exercise, sm oking cessat ion , 
and st ress m anagem ent) m ay help prevent recurrences or decrease their 
frequency and severit y.
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6. Form al physical therapy m ay be inst ituted in it ially or reserved for later if 
necessary, depending on the individual’s preinjury physical condit ioning, 
m ot ivat ion , and physical dem ands of daily act ivit ies, including job 
requirem ents.

III. Rehabilitat ion  of chronic injury.
A. General considerat ions.

1. Controversy exists as to w hen acute pain  becom es chronic.
2. It  is generally accepted that  there is a lack of progress toward 

recovery, despite assum ed cont inued t issue healing, and no speci c 
pathophysiological diagnosis.

3. Chronic pain involves psychosocial as well as physical components (Fig. 12.1).
4. The goal is to im prove funct ion and m axim ize qualit y of life, not  necessarily 

to elim inate the pain .
B. Role of psychiat ric disease.

1. The frequency of depression, anxiety, and schizophrenia am ong surgical 
candidates for spine surgery is increasing.

2. Depression is m ore likely to be encountered am ong fem ale surgical 
candidates, w hereas schizophrenia is m ore com m on am ong m ale pat ients.
a. Dem ent ia has no gender preference am ong spine surgery candidates.

Fig. 12.1 The psychological e ects of chronic pain.
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3. There is considerable evidence that  suggests that  psychiat ric com orbidit ies 
are an  independent  r isk factor for adverse in-hospital events follow ing spine 
surgery.
a. Dem ent ia is associated w ith  a h igher r isk of perioperat ive m ortalit y.

4. Recent  m eta-analyses recom m end, w ith  weak evidence, that  pat ients w ith  
chronic low  back pain  w ho have psychiat ric com orbidit ies should be t reated 
w ith  nonoperat ive m anagem ent .

C. Funct ional restorat ion  program s.
1. Repeated m easures of factors related to the injury or disabilit y, such as 

st rength , endurance, and coordinat ion .
2. Use funct ional capacity m easures as a basis of m onitoring progress and goal 

at tainm ent .
3. Outcom es vary and m ay be secondarily m easured by subscores of improved 

qualit y-of-life scales, sym ptom  interference scales, object ive st rength  or 
endurance m easures, and decreased use of m edicat ion .

4. Factors found to contr ibute to poorer outcom es (in  term s of return  to work 
only) include h igh pret reatm ent  self-repor ted scores for pain , depression, 
and disabilit y; relat ively shor t  work h istory prior to injury; previous surgical 
failure; and job dissat isfact ion .

5. Pat ients w ith  chronic neck pain  m ay bene t  from  sim ilar program s.
6. Form al funct ional restorat ion  program s should be reserved for carefully 

selected pat ients due to the h igh cost  and the variabilit y of outcom es.
D. Pain  centers.

1. Mult idisciplinary program s are generally based on a m edical m odel.
2. Use a variety of passive and/or invasive pain-reducing m odalit ies, including 

heat , cold, u lt rasound, m assage, t ranscutaneous elect rical nerve st im ulator 
(TENS) unit , acupuncture, and inject ions.

3. Incorporate concepts of behavior m odi cat ion , such as biofeedback, st ress 
m anagem ent , coping st rategies, and relaxat ion  techniques.

4. Address occupat ional issues, such workplace m odi cat ion .
5. This m ay be the m ost appropriate environm ent for detoxi cat ion  from  

narcot ics w hen th is is necessary.
6. Treatm ent of chronic pain  w ith  invasive m ethods, such as im plantable 

m orphine pum p, spinal cord st im ulator, sym pathectom y, and rh izotomy, is 
controversial.

E. Inject ions for t reatm ent  of back and neck pain .
1. Medicat ions, such as local anesthet ics and steroids, are injected in to various 

locat ions w ith in  the vertebral colum n for both  diagnost ic and therapeut ic 
reasons.

2. Indicated as an  adjunct  m odalit y for temporary pain  relief so that  exercises 
and rehabilitat ion  can ensue.

3. May be used in  response to a speci c diagnosis established by im aging or 
based on a clin ical diagnosis based on history and physical alone.

4. The placebo e ect  is always possible and di cult  to prove.
5. Types of therapeut ic inject ions:

a. Local t r igger point  inject ion  can be used in  pat ients w ith  m uscular, 
tendinous, or myofascial pain  w ith  m arked point  tenderness.

http://www.myuptodate.com


12 Spinal Rehabilitat ion and Disabilit y Evaluat ion 145

b. An epidural steroid is indicated for persistent  radiculopathy despite 
NSAIDs in  pat ients w ith  a herniated disk or spinal stenosis.

c. A nerve root block is indicated for diagnosis of foram inal nerve root 
com pression and for relief of radicular symptom s due to foram inal 
stenosis.

d. Facet joint injection is indicated for symptom atic facet joint pain syndrom e.
(1) Most pat ients should have painful extension and spinal im aging 

show ing facet  join t  ar thrit is.
(2) Facet  join t  syndrom e is di cult  to diagnose, and inject ion  is 

unpredictable for pain  relief.
e. In t radiskal steroid inject ion  is controversial and m ay be indicated for 

pat ients w ith  diskogenic back pain .

12.2 Impairment and Disability Evaluation
I. General considerat ions.

A. Physicians are called upon to determ ine physical impairm ent to sat isfy insurers, 
em ployers, and governm ent agencies.

B. Im pairm ent  rat ings are often  required in  worker’s com pensat ion , personal 
injury, or applicat ions for Social Securit y disabilit y.

C. De nit ions:
1. Im pairm ent  is a funct ional or anatom ical loss.

a. It  results from  a m edical condit ion  and can be tem porary or perm anent .
2. Disabilit y  is the extent  to w hich  a person can cont inue to funct ion  w ith  the 

impairm ent considering the occupat ional dem ands, t rain ing, educat ion , and 
other psychosocial factors.

3. W hole person  refers to the person prior to the illness or injury.
a. Describes the person as a sum  of all par ts (both  anatom ical and 

psychological. Im pairm ent is determ ined by the loss of one par t  as 
compared w ith  the w hole, thus the term  part ial disabilit y .

b. The exact  im plem entat ion  of th is principle varies state by state.
4. Healing period is de ned as the t im e w hen progress is being m ade toward 

improvem ent  of pain  or funct ion  and t reatm ent cont inues.
5. Healing plateau  is de ned as the t im e w hen t reatm ent  is for m aintenance, 

and fur ther signi cant changes in  status are not  ant icipated; th is is also 
know n as m axim um  m edical im provem ent .

II. Determ inat ion  of disabilit y and im pairm ent .
A. Four com ponents for determ ining im pairm ent  and disabilit y.

1. Determ ine causalit y:
a. Requires an  opinion about the relat ionship between the circum stances 

that  caused the impairm ent and the resultant  im pairm ent  itself.
2. Apport ionm ent:

a. Determ ine the role of “preexist ing condit ions,” such as degenerat ive join t  
disease, in  determ ining im pairm ent  from  an injury.

b. The Am erican Medical Associat ion  has  ve t ypes of apport ionm ent:
(1) An occupat ional disorder aggravated by a supervening occupat ional 

disorder.
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(2) An occupat ional disorder aggravated by a supervening other 
occupat ional condit ion  ar ising out  of or in  the course of em ploym ent  
by the sam e employer.

(3) An occupat ional disorder aggravated by a supervening other 
occupat ional condit ion  ar ising in  the course of employm ent by a 
di erent  employer.

(4) An occupat ional disorder aggravated by a preexist ing 
nonoccupat ional condit ion .

(5) An occupat ional disorder aggravat ing a preexist ing nonoccupat ional 
condit ion .

3. Determ ine end of healing:
a. Often  an  arbit rary period based on the individual clin ician’s pract ice, 

pat ient  populat ion , local culture, and experience (Maxim um  Medical 
Im provem ent).

4. Assign impairm ent  rat ing.
a. May be tem porary or perm anent .
b. Encompasses both  residual symptom s as well as perm anent  rest r ict ions.
c. Ult im ately should be based on an  object ive assessm ent of the pat ient’s 

abilit y to perform  cer tain  funct ional tasks, such as sit t ing, lift ing, 
gr ipping, and pushing.

d. Form al evaluat ion  m ethods are evolving.
(1) None are yet  proven to be m ore object ive or reliable than the t reat ing 

physician’s com plet ion  of the work capacity evaluat ion  form  based 
on his or her est im at ion of the pat ient’s current abilit ies.

III. Spinal im pairm ent rat ing.
A. There are m any rat ing system s available, including ones developed by the 

Am erican Medical Associat ion  and the Am erican Academy of Orthopaedic 
Surgeons.

B. Elem ents for determ ining im pairm ent  include the follow ing:
1. Range of m ot ion.

a. Measured w ith  goniom eter or inclinom eter.
2. Neurological im pairm ent .

a. Includes sensory changes, loss of re ex, and loss of m otor funct ion  
(weakness to paralysis).

3. Speci c diagnosis or surgical in tervent ion.
4. Psychosocial im pairm ent .

a. Includes such item s as act ivit ies of daily living, social funct ioning, 
concentrat ion, and coping.

C. The clin ician  w ill bene t  from   nding one rat ing system  and using it  
consistent ly so as to becom e m ost  pro cient .

D. Treat ing physicians m ust not  view  im pairm ent rat ings as re ect ions of 
t reatm ent failure.
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13 Biochemical Aspects of  
Intervertebral Disk Degeneration

13.1 General Considerations
I. In tervertebral disk.

A. Cells.
1. Notochordal cells:

a. Present  em bryologically and disappear by adult  life.
2. Chondrocyte-like cells.
3. Likely originate from  chondrocytes in  the car t ilaginous end plate.
4. No signi cant  cell turnover.
5. These cells undergo apoptosis w ith  aging and disk degenerat ion .

B. Gross st ructures (from  peripheral to central) (Fig. 13.1).
1. Outer  brous annulus  brosus.

a. Prim arily collagen  brils that  are aligned in  oblique layers.
b. Lim ited vascular and nerve supply.
c. Sinuver tebral nerve runs poster iorly.
d . Sympathet ic  bers run  anteriorly.

2. Inner annulus  brosus.
a. Fibrocart ilaginous t issue.

(1) Gradually blends w ith  the nucleus pulposus.
(2) Posterolaterally the annulus is th inner and has m ore disorganized 

collagen and a greater proport ion  of ver t ical  bers.
(a) Weakest  part  of annulus.
(b) Contr ibutes to a greater propor t ion  of disk herniat ions.

3. Transit ion  zone.
a. Thin  zone of  brous t issue between the inner annulus and the nucleus 

pulposus.

Fig. 13.1 Basic anatomical structures of the 
disk in relationship to the neural elements.
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4. Nucleus pulposus.
C. Mat rices (Table 13.1).

1. Collagens.
D. Disk degenerat ion .

1. Collagen synthesis and content  increase in  the nucleus.
2. Decreased concent rat ion  of cross-linking in  the annulus.
3. Decreased water content .

E. Proteoglycans (PGs).
1. PG aggregates’ const ituents.

a. Central hyaluronan  lam ent .
b. Link proteins at tach  m ult iple glycosam inoglycan m olecules.
c. Large PGs.

(1) Aggrecan.
(a) Sim ilar to ar t icular car t ilage.
(b) Half the size of PGs found in  cart ilage.
(c) Higher kerat in  sulfate:chondroit in  sulfate rat io.
(d) Higher m olecular weights of kerat in  sulfate.
(e) Increased hyaluronan content .
(f) Im portant  in  water retent ion .
(g) Provides com pressive st rength .

d. Sm all PGs.
(1) Biglycan, decorin , lum ican,  brom odulin .
(2) Involved in  organizat ion  of collagen and  brillin  form at ion.
(3) PG content  and synthesis vary depending on age, region, and 

degenerat ion .
(a) PG act ivit y in  a norm al adult  annulus is approxim ately one-th ird 

lower than in  a young nucleus.
(b) Synthet ic act ivit y is greatest  in  the inner annulus.

Table 13.1 Components of the intervertebral disk

Annulus (70%)

1. Predominantly type I

2. Type I, II, III, V, VI, IX, XI

3. Predominantly type II

4. Type II, VI, IX, and XI provide tensile strength

Collagen cross-linking by covalent bonds via modi cation of lysine/hydroxylysine residues

Highest concentration of cross-linking in nucleus

Nucleus (20%)

1. Predominantly type II

2. Type II, VI, IX, and XI
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F. Aging and degenerat ion  (Fig. 13.2).
1. The kerat in  sulfate:chondroit in  sulfate rat io increases w ith  age.
2. Nonaggregat ing PGs or PGs that  cannot  bind to hyaluronic acid increase.

G. Hom eostasis of in terver tebral disk m etabolism .
1. Anabolic enzym es, grow th factors, and cytokines.

a. Grow th factors.
(1) Transform ing grow th factor-b (TGF-b), b  broblast  grow th factor 

(FGF), insulin-like grow th factor-1 (IGF-1), platelet-derived grow th 
factor (PDGF), bone m orphogenet ic protein-2 (BMP-2), BMP-4, BMP-7.

(2) IGF-1, epiderm al grow th factor (EGF), FGF, and TGF-b st im ulate 
m at rix synthesis.

(3) FGF prom otes proliferat ion  of chondrocytes in  degenerat ive disks.
(4) IGF-1 st im ulates proteoglycan synthesis in  the nucleus.
(5) BMPs, such as BMP-2, BMP-7, and latent  m em brane protein  (LMP)-1, 

have been show n to upregulate PG synthesis in  vit ro and in  vivo.
2. Catabolic enzym es and cytokines.

a. Enzym at ic degradat ion  of the m atrix:
(1) Matrix m etalloproteinases (MMPs):

(a) Collagenase, gelat inase, st rom elysin .
(2) Proin  am m atory cytokines and free radicals increase in  degenerat ive 

disks.
(a) Nit ric oxide, prostaglandin  E2 (PGE2), and in terleukin  (IL)-6 are 

increased in  degenerated disks.
(b) Phospholipase A2, tum or necrosis factor alpha (TNF-a), and IL-1 

are increased in  herniated disks and radiculopathy.
b. Cytokine blockers such as IL-1, TNF blockers, and t issue inhibitors of 

m etalloproteinase can upregulate PG synthesis by blocking catabolic 
processes.

H. Nutrit ion  by di usion  through the end plates (Fig. 13.3).
1. Blood supply to the end plates and outer annulus decreases w ith  aging.

a. Lactate concentrat ion  increases.
b. pH decreases.
c. Cellular m etabolism  is a ected w ith  decreased nutrit ion  (Fig. 13.4).

I. Biologic st rategies for in tervertebral disk (IVD) degenerat ion  repair or 
regenerat ion .
1. Grow th factors.

a. BMPs.
b. Blocking cytokine pathways.

2. Therapeut ic gene t ransfer.
a. Viral.
b. Nonviral.

3. Cell t ransplantat ion .
a. IVD cells.
b. Chondrocytes.
c. Mesenchym al stem  cells.

http://www.myuptodate.com


13 Biochemical Aspects of Intervertebral Disk Degenerat ion 151

Fig. 13.2 Varying stages of disk degeneration (I–V) categorized via the Thompson grading scale. (a) 
Cadaveric specimens and corresponding (b) magnetic resonance images. Grade I represents a healthy 
disk, and grade V represents a disk with osteophytic end plate changes, loss of disk height, and loss 
of water content.

a b

http://www.myuptodate.com


13 Biochemical Aspects of Intervertebral Disk Degenerat ion 152

Fig. 13.3 Diagram demonstrating the 
di usion of nutrients into the interver-
tebral disk space.

Fig. 13.4 Therapeutic approach for repair of intervertebral disk degeneration.
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4. Cells and m at rix t ransplantat ion .
5. Molecules (pept ides or other compounds) that  upregulate the anabolic 

pathway and dow nregulate in  am m atory or pain  pathways.
J. Biologic disk regenerat ion .

1. Increases the synthesis and content of PG and collagen.
2. May im prove biom echanical propert ies of the disk or the m ot ion segm ent in  

early stages of disk degenerat ion .
a. May not  be e ect ive if disk degenerat ion  is severe and the posterior 

st ructures are com prom ised.
b. Use of grow th factor st im ulat ion  to restore nucleus height and m etabolic 

funct ion .
3. May not  address pain  percept ion.

K. Potent ial lim itat ions or unanswered quest ions of grow th factor for IVD repair.
1. Durat ion  of therapeut ic e ect  in  vivo.
2. Opt im al dosage.
3. Opt im al delivery system .

a. Inject ion .
b. Prolonged delivery system s.
c. Carr iers.
d . Mult iple proteins.

4. E ect  of biom echanical st resses on disk m etabolism  and in  uence of grow th 
factors on  cells.

5. E cacy of nonsurgical pain-relieving procedures.
a. Chem onucleolysis.

(1) Minim ally invasive procedure involving the inject ion  of an  enzym e 
from  papayas called chym opapain .

(2) The enzym e m etabolizes disk m aterial that  has bulged to reduce 
nerve root  com pression.

(3) In  2003, the Food and Drug Adm inist rat ion  discont inued the sale of 
chym opapain  due to grow ing repor ts of hem orrhage, pain , paralysis, 
allergic react ions, fatal anaphylact ic shock, and t ransverse myelit is.
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14 Degenerative Cervical Spine Disorders

14.1 Cervical Degenerative Disease
I. Clin ical categories.

A. Diskogenic axial pain  w ith  or w ithout  referred pain .
B. Disk herniat ion .

1. Myelopathy.
2. Radiculopathy.

C. Cervical spondylosis (Table 14.1).
1. Radiculopathy (foram inal stenosis).
2. Myelopathy (spinal cord com pression).

II. History and exam inat ion .
A. Cervical radiculopathy.

1. Derm atom al pain  dist ribut ion (Fig. 14.1).
a. Spurling’s sign .

(1) Pain  exacerbated by neck extension and rotat ion  toward the 
sym ptom at ic side.

b. Shoulder abduct ion relief sign .
(1) Pain  am eliorated by shoulder abduct ion (m ore often  present w ith 

soft  disk herniat ions).
2. Neurological  ndings (nerve root dist r ibut ion).

a. Num bness.
b. Paresthesias.

Table 14.1 Demographics of cervical spine disease

Cervical spondylosis Disk herniation

Age > 50 < 50

Sex Male > female Male = female

Onset Insidious Acute

Location of pain Neck and arm Arm

Neck sti ness Yes No

Weakness Yes Yes or no

Myelopathy More common Less common

Dermatomal distribution Multiple Single
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c. Weakness.
d. Hypore exia.

B. Cervical m yelopathy.
1. Pain  is usually absent .

a. Discom for t  varies from  a dull ache to sharp pain .
2. Symptom s:

a. Wide, ataxic gait  pat tern .
b. Poor hand dexter it y.

(1) But toning shir t .
(2) Writ ing.
(3) Holding onto a co ee m ug.

Fig. 14.1 Dermatomal distribution of cervical and thoracic nerve roots.
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3. Physical exam   ndings:
a. Hyperre exia.
b. Posit ive Ho m an’s sign: pressing the dorsal surface of the m iddle  nger 

elicit s a re ex cont ract ion  of the thum b and index  ngers.
c. Inver ted brachioradialis re ex: brachioradialis tendon tap elicits a re ex 

 exion of the  ngers.
d. Posit ive Babinski’s sign: lateral st im ulat ion  of the plantar surface of the 

foot elicits toe extension.
e. Posit ive Lherm it te’s sign: tapping the posterior neck in  neck  exion 

elicit s paresthesia dow n the back and in to the extrem it ies.
f. Myelopathic hand syndrom e:

(1) Thenar at rophy.
(2) Posit ive  nger escape sign: the pat ient  cannot keep the fourth  and 

 fth  digit  of the hand in  extension.
(3) Posit ive grip  release test: pat ient  has t rouble m aking a  st  and fully 

extending  ngers—norm al is 20 t im es in  10 seconds.
(4) Dysdiadochokinesia: loss of coordinat ion  and dexterit y of the hands 

during rapid m ovem ent .
III. Diagnost ic im aging (Fig. 14.2  and  Fig. 14.3).

A. Plain  radiographs.
1. Anteroposter ior, lateral, and oblique views.

a. Overall alignm ent:
(1) Pat ients w ith  spondylosis m ay have a loss of lordosis or a 

spondylolisthesis.

Fig. 14.2 Schematic of an axial cut through the cervical spine. The shaded area in section I represents 
the lamina that is removed in a laminectomy. Section II represents the bone removed to perform a 
thorough foraminotomy.
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b. Narrow ing of the in terver tebral disk space.
c. Degenerat ive changes in  the zygapophyseal join ts and the presence of 

osteophytes.
d. Foram inal narrow ing is observed on the oblique views (Fig. 14.4).

B. Computed tom ography w ith  myelography.
1. Modalit y of choice for those w ho cannot undergo m agnet ic resonance 

im aging (MRI).
2. Good for postoperat ive im aging if inst rum entat ion  present .
3. Invasive procedure that  involves in t radural inject ion  of radiopaque dye.

C. MRI (Fig. 14.5).
1. Im aging m odalit y of choice for cervical disk disease.
2. Good for evaluat ing space available for the cord:

a. Less than 13 m m  is relat ive stenosis.
b. Less than 10 m m  is crit ical stenosis.

3. Part icularly useful to rule out  spinal cord lesions, such as syringomyelia, 
tum ors, and myelom alacia.

4. Correlat ion  w ith  clin ical symptom s is crit ical, because the false-posit ive rate 
is h igh.

Fig. 14.3 Cross-sectional view of a cervical vertebra. The neuroforamen is divided into three areas: 
the medial zone, the middle zone, and the lateral zone. 
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IV. Di erent ial diagnosis (Table 14.2).
V. Treatm ent  for cervical radiculopathy.

A. Conservat ive t reatm ent: a 70 to 80% successful outcom e is expected w ith  2 to 3 
m onths of conservat ive t reatm ent .
1. Acute phase ( rst  2 weeks).

a. Nonsteroidal ant i-in  am m atory m edicat ions.
b. Oral steroids.
c. Short-term  analgesics (lim ited use of narcot ics).
d. Ice or heat  applicat ion .
e. Act ivit y m odi cat ion .

(1) Soft  collar.
(2) Hom e t ract ion .

2. In term ediate healing phase (3–4 weeks).
a. St retching and isom etr ic exercises.
b. Physical therapy:

(1) Modalit ies if the pat ient  is not im proving.
c. Epidural steroids m ay be considered for persistent  radicular pain .

3. Rehabilitat ion  phase (> 4 weeks).
a. Cardiovascular condit ioning.
b. Vigorous st rengthening exercise program .

B. Operat ive indicat ions:
1. Progressive signs of root  or cord dysfunct ion.
2. Failure of conservat ive t reatm ent  in  relieving radicular pain  or neurological 

de cits.

Fig. 14.4 An oblique cervical spine 
radiograph demonstrating neuroforam-
inal stenosis secondary to osteophyte 
formation at the uncinate processes.
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3. Axial pain  w ithout  radiculopathy should be t reated conservat ively as long as 
possible, because surgical results are less predictable.

VI. Surgical techniques.
A. Anterior cervical surgery.

1. Indicat ions.
a. Cent ral soft  disk herniat ion .
b. Bilateral radiculopathy at  the sam e level.
c. Unilateral soft  disk or foram inal stenosis.

(1) Anterior approach is preferred in  pat ients w ith  signi cant neck pain  
in  addit ion  to radiculopathy.

d. One- or two-level spondylot ic myelopathy.
e. Kyphot ic sagit tal alignm ent .

Fig. 14.5 (a–c) Sagit tal magnetic reso-
nance imaging of the cervical spine. (From 
Uhlenbrock D. MR Imaging of the Spine 
and Spinal Cord. Stut tgart, Germany: Georg 
Thieme Verlag; 2004: Fig. 4.70. Reproduced 
with permission.)

a b

c
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2. Anterior cervical diskectomy and fusion (ACDF).
a. Allograft  w ith  local autograft  m ay be used for fusion w ith  

inst rum entat ion .
(1) No iliac crest  graft  site m orbidity.
(2) Recom binant  hum an bone m orphogenet ic protein-2 (rhBMP-2) was 

used o  label as an  allograft  to adjunct  ar throdesis in  the anter ior 
cervical spine.
(a) In  2007, the Food and Drug Adm inist rat ion  (FDA) issued public 

health  not i cat ions regarding the risk of dysphagia and severe, 
som et im es fatal, soft  t issue swelling causing airway com prom ise 
w ith  the use of rhBMP-2 in  the set t ing of an  ACDF.

(b) Subsequently, the rate of rhBMP-2 use in  the anter ior cervical 
spine has declined substant ially.

Table 14.2 Di erential diagnosis of cervical spine pathology

Pathology  Di erential

Trauma – Cervical sprain
– Traumatic neuritis (brachial plexus)
– Post traumatic instabilit y

Tumor –  Superior sulcus (Pancoast) tumor with C8 radiculopathy and 
Horner’s syndrome

– Spinal cord tumors
– Metastatic disease
– Primary bone tumors

In ammatory 
conditions

– Rheumatoid arthritis
– Ankylosing spondylitis

Infections – Diskitis
– Osteomyelitis
– Soft t issue abscess
– Shoulder disorders
– Rotator cu  tears
– Impingement syndrome

Neurological 
conditions

– Demyelinating disease (Guillain–Barré syndrome)
– Amyotrophic lateral sclerosis

Others – Thoracic outlet syndrome
– Re ex sympathetic dystrophy
– Angina pectoris
– Peripheral nerve entrapments
– Multiple sclerosis
– Acute brachial neuritis (Parsonage–Turner syndrome)
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b. In terbody cage devices:
(1) Can hold graft  m aterials.
(2) Provide st ructural stabilit y.
(3) Maintain  foram inal height .
(4) Titanium  and carbon  ber cages were popularized.

(a) These m etallic cages had a greater m odulus of elast icit y than 
bone, result ing in  cage subsidence.

(b) Disk height  collapse and kyphot ic deform ity.
(5) Polyetheretherketone (PEEK) cages were subsequently in t roduced 

(Fig. 14.6):
(a) Radiolucent .
(b) Nonabsorbable and biocom pat ible.
(c) Com parable m odus of elast icit y to bone.
(d) Reduced risk of cage subsidence.

(6) PEEK cages are produced as nonexpandable, expandable, and 
stackable m odels.
(a) Nonexpandable PEEK cages have prede ned dim ensions, end 

plate angles, and heights.
i. Risk for im plant displacem ent .

Fig. 14.6 Illustration of a polyetheretherketone 
(PEEK) cage. (From Albert  TJ, Lee JY, Lim MR. Cer-
vical Spine Surgery Challenges. New York, NY: 
Thieme Medical Publishers; 2008: Fig. 18.5. Repro-
duced with permission.)
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(b) Expandable PEEK cages contour to the pat ient’s anatomy w ith  
m inim al in t raoperat ive m odi cat ions.
i. Par t icularly advantageous for corpectomy defects.

c. Use of anterior inst rum entat ion  (plat ing):
(1) Single-level in terbody fusion is quite stable, and fusion rates are 

excellent , w ith  no need for postoperat ive bracing.
(2) Inst rum entat ion  is recom m ended in  the follow ing:

(a) Single-level fusions w ith  allograft .
(b) Avoid postoperat ive bracing.
(c) Mult iple-level in terbody fusions.
(d) High-risk pat ients:

i. Revision fusion.
ii. Sm okers.

3. Anterior cervical corpectomy and fusion.
a. St rut  allograft  and anterior plate inst rum entat ion  for stabilit y.

(1) Avoids postoperat ive halo vest .
b. Expandable cages (PEEK/t itanium ).

(1) Easier to contour and  t  to the corpectomy t rough.
B. Cervical disk ar throplasty (CDA).

1. Replacem ent of an  in terver tebral disk w ith  an  ar t i cial disk device.
2. Purpose was to design m ot ion-sparing devices in  an  e or t  to reduce 

adjacent  segm ent degenerat ion .
3. Currently  ve are FDA-approved:

a. Bryan Disc (Medtronic Sofam or Danek).
b. Prest ige Disc (Medt ronic Sofam or Danek).
c. ProDisc-C (Synthes Spine).
d . Secure C disc (Globus Medical, Inc.).
e. PCM disc (NuVasive, Inc.).

4. Several FDA invest igat ive device exemption t rials as well as other prospect ive 
studies have dem onstrated the long-term  noninferiority of CDA w hen 
compared w ith ACDF for the m anagem ent of degenerat ive disk disease.

5. The rates of adjacent  segm ent  degenerat ion  between CDA and ACDF are st ill 
subject  to controversy.
a. Sim ilarly, the rates of revision  and reoperat ion  have also been scrut in ized 

due to author and indust ry bias.
C. Posterior cervical surgery.

1. Indicat ions.
a. Unilateral soft  disk herniat ion  or foram inal stenosis in  pat ients w ith  

radiculopathy and no signi cant  axial symptom s (posit ive Spurling’s sign  
and no segm ental kyphosis).

b. Cervical spondylot ic myelopathy (m ore than three levels of pathology).
c. Ossi cat ion  of the posterior longitudinal ligam ent  (OPLL).
d. Neutral or lordot ic sagit tal alignm ent .

2. Lam inoforam inotomy (Fig. 14.7).
a. Mot ion-preserving procedure.
b. Treatm ent  of cervical radiculopathy w ith  m inim al axial symptom s.
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3. Lam inoplasty (Fig. 14.8).
a. Com parable outcom es and com plicat ions w hen com pared w ith  

lam inectomy and fusion and ACDF.
b. Mot ion-preserving procedure.
c. Sam e indicat ions as lam inectomy and fusion (lam inoplasty is preferred 

in  pat ients w ith  m inim al axial neck pain  and no signi cant  instabilit y).
d . Technique w ith  or w ithout  inst rum entat ion: inst rum entat ion  allows for 

earlier m obilizat ion  and theoret ically reduced rates of postoperat ive axial 
neck pain .
(1) French door.

(a) Midline opening.
(b) Bilateral h inges.

(2) Open door (m ore com m on).
(a) Opening side.
(b) Hinge side.

Fig. 14.7 Step-by step methodology for performing a posterior cervical foraminotomy. (a) A cut ting 
bur is used to thin the lamina (labeled I) at  the junction of the lateral mass–lamina. (b) Twenty- ve 
percent of the lateral mass is removed, exposing the lamina (II), superior articular process of the infe-
rior lamina (V), facet joint (IV), and ligamentum  avum (VI). (c) A curet te is used to remove the supe-
rior articular process overlying the nerve root.

a

b

c
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4. Lam inectomy and fusion w ith  inst rum entat ion  (sam e indicat ions as 
lam inoplasty and preferred for pat ients w ith  signi cant  neck pain , bilateral 
foram inal stenosis requiring foram inotom ies in  addit ion  to lam inectom y and 
instabilit ies such as spondylolisthesis).
a. Stabilizat ion  is recom m ended w hen perform ing lam inectom y to prevent  

post lam inectomy kyphosis.
(1) Lateral m ass screw   xat ion .
(2) Pedicle screw  (C2, C7, T1).

Fig. 14.8 (a) Preoperative cervical magnetic resonance imaging demonstrating spinal stenosis extend-
ing from C3 to C7. (b) A laminoplasty from C3 to C7 was performed (postoperative lateral radiograph 
demonstrating the placement of titanium cervical plates and allograft). (c) Postoperative axial computed 
tomography demonstrating placement of the titanium plate. (d) Postoperative axial computed tomog-
raphy demonstrating placement of the machined allograft.

a b

c d
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(3) C2 Translam inar screw   xat ion .
(a) Screws are placed in  between the inner and outer tables of the 

lam ina.
(b) Potent ial opt ion  if the posterior elem ents of C2 are in tact .
(c) Indicat ions include the follow ing:

i. Atlantoaxial instabilit y.
ii. Osteoar thrit is.
iii. Failed C1–C2 ar throdesis.

VII. Com plicat ions.
A. Anterior cervical surgery.

1. Pseudarthrosis.
2. Graft  dislodgm ent , resorpt ion , or collapse.
3. Dysphagia.
4. Hoarseness.
5. Vertebral or carot id ar tery injury.
6. Dural tears.
7. Esophageal or t racheal injury.
8. Nerve injury: C5 nerve root palsy also occurs in  anterior surgery; the rates of 

C5 palsy are slightly decreased relat ive to posterior cervical surgery.
B. Poster ior cervical surgery.

1. Neurological de cit .
2. Axial neck pain .
3. C5 nerve root  palsy.

a. Believed to occur secondary to posterior cord m igrat ion  and st retch  
injury to the C5 nerve root .

b. C5 palsy occurs w ith  all cervical approaches, including anterior 
techniques. The rates of C5 palsy are greatest  w ith  poster ior 
lam inectomy/fusion and lam inoplasty. Nevertheless, C5 palsy m ay occur 
follow ing anterior cervical fusions.

VIII. Postoperat ive m anagem ent .
A. No rigid collar is needed after inst rum ented procedures.

1. The pat ient  m ay begin  range of m ot ion exercises in  the im m ediate 
postoperat ive period.

2. Soft  collars m ay be used for pat ient  com for t .
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15 Degenerative Thoracic Spine  
Conditions

15.1 General Considerations
I. In t roduct ion .

A. Thoracic pain  m ay be due to several di erent et iologies (Table 15.1).
1. The incidence is ~ 15%.
2. It  frequently presents in  the four th  to sixth  decade of life.
3. Clin ical presentat ion:

a. May be either radicular or myelopathic.
(1) The thoracic canal is relat ively sm all.
(2) Subtle myelopathic symptom s are signi cant .
(3) Radiculopathy involves radiat ing pain  around the associated r ib.

B. Diagnosis:
1. Thoracic disk herniation is frequently seen on magnetic resonance imaging (MRI).

a. MRI is m ost useful because of the w ide  eld of view.
(1) Provides inform at ion regarding the status of disk degenerat ion  and 

spinal canal im pingem ent  (Fig. 15.1).
(2) High false-posit ive rate.
(3) Also useful in  ruling out infect ions and tum ors.

b. Computed tom ography (CT) w ith  myelography:
(1) More accurate assessm ent of spinal cord impingem ent  (Fig. 15.2).
(2) Invasive im aging study.

2. Thoracic stenosis:
a. Ossi cat ion  of posterior longitudinal ligam ent .

(1) Com m on in  Asian  populat ions.

Fig. 15.1 (a) T2-weighted sagittal magnetic resonance imaging (MRI) demonstrates a herniated disk at T12–
L1. (b) A T2-weighted axial MRI demonstrates a left paracentral disk herniation with foraminal impingement.

a b
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Table 15.1 Di erential diagnosis of thoracic pain

Category Etiologies

Cardiovascular Angina pectoris

Myocardial infarction

Mitral valve prolapse

Pericarditis

Aortic aneurysm

Pulmonary Pneumonia

Carcinoma

Pneumothorax

Pulmonary embolus

Pulmonary e usion

Mediastinal Esophagitis

Tumors

Intra-abdominal Hepatitis

Abscess

Cholecystitis

Gastrointestinal Peptic ulcer disease

Hiatal hernia

Pancreatitis

Retroperitoneal Pyelonephritis

Ureteral stone

Aneurysm

Neurological Intraspinal cyst/tumor

Demyelinating disease

Transverse myelitis

Infectious Osteomyelitis

Diskitis

Epidural abscess

Tuberculosis
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Category Etiologies

Traumatic Compression fractures

Rib fractures

Neoplastic Metastatic disease

Multiple myeloma

Intradural tumors

Metabolic Osteoporosis

Osteomalacia

Paget’s disease

Miscellaneous Herpes zoster

In ammatory disease

Polymyalgia rheumatica

Fig. 15.2 Computed tomographic myelography of the disk herniation in Fig. 15.1, demonstrating 
e acement of the spinal cord.
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b. Ossi cat ion  of ligam entum   avum .
(1) Posterior spinal cord com pression.
(2) Treated w ith  poster ior thoracic decompression.

c. Spondylosis.
II. Treatm ent  of thoracic disk disease.

A. Conservat ive m odalit ies.
1. Nonsteroidal ant i-in  am m atory drugs.
2. Exercise program .
3. Muscle st rengthening and cardiovascular  tness.
4. Physical therapy and m odalit ies as necessary.
5. Conservat ive t reatm ent should be t r ied for at  least  6 m onths in  pat ients 

w ithout myelopathy.
B. Surgery.

1. Indicat ions.
a. Thoracic disk herniat ion  w ith  myelopathy.
b. Thoracic radicular pain  w ithout myelopathy that  becom es unrelent ing 

and resistant  to conservat ive t reatm ent  for at  least  6 m onths.
2. Surgical techniques.

a. Lam inectomy alone m ay address one- or two-level pathology.
(1) Instrum ented fusion after lam inectomy is recom m ended for m ult ilevel 

cases or high-risk patients to prevent postoperat ive kyphosis.
b. Costot ransversectomy:

(1) An opt ion in  posterolateral herniated disk cases.
c. Most  cases require an  anter ior approach w ith  or w ithout fusion.

(1) Fusion is advocated in  pat ients w ith  the follow ing:
(a) Signi cant  back pain .
(b) Evidence of spinal instabilit y.
(c) Iat rogenic instabilit y secondary to rem oval of bone/disk for 

decom pression.
(d) Kyphot ic deform ity.

d. Anterior inst rum entat ion  m ay be used in  kyphot ic cases.
e. Thoracoscopic diskectomy is an option that m ay decrease surgical morbidity.

(1) Very surgeon dependent .
(2) Sharp learning curve.

f. Minim ally invasive thoracic approaches have gained popularit y.
(1) Retropleural approach: m inim izes the need for postoperative chest tube.
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16.1 General Considerations
I. In t roduct ion .

A. Incidence.
1. Eighty percent of the populat ion  w ill experience back pain .
2. Two to 3% w ill experience concom itant lower extrem ity radiculopathy.

B. Age:
1. Mean age of onset  is 35 years.
2. Unusual in  pat ients under 20 years and over 60 years of age.
3. Herniated disks in  children  are rare.

a. Slippage of an  ent ire disk and ver tebral end plate or “slipped ver tebral 
apophyses” m ay m im ic a herniated disk.

4. Herniated disk in  the elderly is also uncom m on.
a. May be associated w ith  spinal stenosis.

C. Gender rat io is approxim ately equal.
1. Fem ales t ypically present  a decade later.

D. Natural h istory of low  back pain  and radiculopathy:
1. Low  back pain  resolut ion:

a. Fift y to 60% recover w ith in  1 week.
b. Ninety- ve percent  recover in  3 m onths.

2. Radiculopathy resolut ion:
a. Fift y percent  recover in  1 m onth .
b. Seventy- ve percent  recover in  1 year.

3. Surgical results are bet ter after 1 year and m ay persist  for up to 4 years 
(Spine Pat ient  Outcom es Research Trial [SPORT]).

E. Epidem iological r isk factors:
1. Genet ic predisposit ion .

a. Currently thought to have the m ost  im pact  on  degenerat ive disk disease, 
thanks to contribut ions by the Tw in Spine Study by Bat t ie et  al.

2. Cigaret te sm oking.
3. Depression.
4. Sedentary lifestyle.
5. Obesity.
6. Occupat ional (theoret ical).

a. The Tw in Spine Study dem onstrated that  occupat ion  (repet it ive heavy 
lift ing, dr iving) had lit t le e ect  on  disk degenerat ion .

II. Pathogenesis.
A. In tervertebral disk (IVD) degenerat ion  (Fig. 16.1).

1. Decreased nutrit ion  to the IVD.
a. End plate sclerosis.
b. Decreased vascularit y.

16 Lumbar Disk Disease:  
Pathogenesis and Treatment Options
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(1) O2 tension decreases.
(2) Lactate increases.
(3) pH decreases in  the center of the nucleus pulposus.

2. Decreased water content .
a. Norm ally 88%; decreases to 60% by the eighth  decade.

3. Increased likelihood of annular tears w ith  aging.
a. Decreased proteoglycan content of the nucleus pulposus leads to greater 

peripheral annular loading and less central nucleus pulposus resistance.
b. An annular tear m ay cause low  back pain  w ithout  radiculopathy.

(1) This associat ion  is st ill controversial.
c. Nociceptors are found on the outer annulus and posterior longitudinal 

ligam ent .
(1) The posterolateral corner is m ost  suscept ible to a tear from   exion/

rotat ion  or torsional st resses.
4. Herniat ion .

a. Types of disk herniat ion  (Table 16.1).
b. Locat ions.

(1) Most  com m on at  L4–L5 and L5–S1, less com m on at  h igh lum bar and 
thoracic regions.

Fig. 16.1 Schematic demonstrating the morphological changes associated with degeneration in the 
intervertebral disk. Signal intensit y (magnetic resonance imaging) decreases as degeneration pro-
gresses with loss of disk height.
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Table 16.1 Morphology of disk herniations

Type Findings

Protrusion Broad-based disk bulge

Extrusion Disk herniation through the posterior longitudinal ligament;  
the fragment is larger than its base but still in continuity

Sequestered Complete displacement of the disk with no continuity of the 
fragment and the intact disk

Fig. 16.2 (a) Schematic demonstrating the ana-
tomical orientation of the exiting and traversing 
nerve root in relation to the intervertebral disk. 
Note that the exiting nerve root can be a ected 
only by a far lateral disk herniation. (b) Typically, 
posterolateral disk herniations a ect the travers-
ing nerve root. A magnetic resonance imaging 
scan shows a posterolateral L5–S1 disk herniation 
impinging on the left S1 nerve root.

(2) Classically posterolateral w ith  im pingem ent  of the t raversing nerve 
below  (i.e., L4–L5 herniated nucleus pulposus [HNP] a ects the 
t raversing L5 nerve root) (Fig. 16.2).

(3) Axillary herniat ion:
(a) Usually due to cephalad and m edial m igrat ion  of the disk 

fragm ent .
(b) Medial ret ract ion  becom es di cult  and dangerous (Fig. 16.3).

a

b
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(4) A sm all cent ral disk herniat ion  m ay cause back pain  w ithout  
radiculopathy or cauda equina syndrom e.

(5) Ext rem e lateral or foram inal herniat ion:
(a) Impinges upon the exit ing nerve root  above the disk level.
(b) More com m on in  older pat ients.
(c) Typically found at  L3 and L4 (Fig. 16.4).

(6) In t radural herniat ion  is ext rem ely rare.
B. Nerve roots.

1. Anatomy.
a. Each lum bar nerve root exits below  the pedicle and above the disk.

(1) For exam ple, the L5 nerve exits below  the L5 pedicle and above the 
L5–S1 disk.

b. The dorsal root  ganglion lies in  the in terver tebral foram en inferior to the 
pedicle, w hich m ay be the m ain  source of pain .

c. Each nerve root has three branches.
(1) Ventral ram us for m otor funct ion

Fig. 16.3 Illustrations and magnetic resonance imaging demonstrating various types of lumbar 
disk herniations. (a,b) Left paracentral L5–S1 disk herniation. (c,d) Sequestered disk fragment that 
migrated inferiorly to the level of the S1 pedicle. (e,f) L5–S1 axillary disk herniation.

a b c

d e f
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(2) Sinuvertebral nerve.
(a) Innervates the outer layer of the posterior annulus  brosus.
(b) Anterior par t  of the annulus  brosus has sym pathet ic 

innervat ion , and the a erent   bers connect w ith  the 
sinuver tebral nerves.

(3) Dorsal ram us branch.
(a) Innervates the facets and poster ior m uscles.

C. Biochem ical pathology of disk herniat ion .
1. Annulus  brosus and nucleus pulposus cells produce the extracellular 

m atr ix.
a. Prim arily collagen and proteoglycans.
b. With  aging and disk degenerat ion , the cells die (apoptosis), and the 

m atr ix content  is decreased.
c. Both  anabolic and catabolic processes m aintain  the in tegrit y of the 

m atr ix.
(1) Proin  am m atory cytokines regulate the catabolic processes.

(a) Tum or necrosis factor alpha, in terleukin-1, phospholipase A2, 
prostaglandins.

(2) Grow th factors regulate the anabolic processes.
(a) Bone m orphogenet ic protein  (BMP).

2. Di usion through the end plates or nutrit ional pathway is also altered by 
degenerat ive changes.

3. An annular tear or HNP is in it ially associated w ith  signi cant in  am m ation.
a. Cytokine leakage through the annular defect  m ay cause radiculopathy.
b. Nucleus pulposus fragm ents elicit  in  am m atory and neurotoxic changes 

w ithout signi cant  m echanical compression.
(1) Rest , ant i-in  am m atory drugs, or epidural steroids frequently 

alleviate the sym ptom s by decreasing the in  am m atory react ion .
4. The HNP fragm ent  elicit s signi cant  in  am m atory react ion  and undergoes 

subsequent resorpt ion .

Fig. 16.4 An axial magnetic reso-
nance imaging scan demonstrating 
a large far lateral disk herniation at  
L5–S1 causing impingement on the 
right L5 nerve root.
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III. Clin ical evaluat ion .
A. History.

1. Sciat ica or radiculopathy.
a. Frequently becom es greater than back pain  in  large extruded or 

sequestered disk herniat ions.
b. Typically resolves w ith  t im e in  m ost  prot ruded disk herniat ions.
c. Derm atom al dist ribut ion .

(1) Pain  is classically worse w ith  sit t ing, coughing, sneezing, and forward 
 exion.

(2) Pain  is usually alleviated by lying and rest .
B. Physical exam inat ion .

1. Observat ion  of the pat ient’s behavior, pain  response, spine balance, gait , 
m uscle spasm , m uscle at rophy is im portant .

2. Bony and soft  t issue palpat ion:
a. Midline tenderness is frequent  at  the involved level.
b. Sciat ic notch  and tenderness along the course of the sciat ic nerve m ay be 

present  in  radiculopathy.
c. Paraspinal m uscle spasm  m ay be palpable.

3. Range of m ot ion:
a. Norm al range of m ot ion is ext rem ely variable am ong individuals and 

even changes from  m orning to evening.
(1) Pain  reproduct ion at  ext rem es of m ot ion is a helpful sign .

(a) Painful lum bar  exion suggests diskogenic et iology.
(b) Painful lum bar extension suggests facet  disease.

b. Lateral bending m ay cause ipsilateral lower extrem ity pain  in  pat ients 
w ith  posterolateral or lateral herniated disks.
(1) Lateral bending away from  the symptom at ic lim b m ay aggravate pain  

in  pat ients w ith  an  axillary herniated disk.
c. Painful dysrhythm ic range of m ot ion m ay indicate m echanical instabilit y, 

part icularly w hen st raightening from  forward  exion.
4. Neurological exam inat ion:

a. Motor, sensory, and re ex de cits m ay be present  along a speci c nerve 
root dist r ibut ion .

b. Special tests:
(1) St raight leg raise.

(a) Elevat ion of a painful lim b causes radicular lim b pain .
i. Record the degree of elevat ion  that  reproduces pain .

(b) Dorsi exion of the foot  w hile raising the leg also st retches the 
sciat ic nerve and causes pain .

(2) Cont ralateral leg raise test .
(a) Posit ive if elevat ion of a nonpainful lim b causes back and lim b 

pain  on the opposite side.
i. Usually implies sequestered or large extruded herniated disk.

(3) Reverse st raight  leg raise test  (fem oral nerve st retch  test).
(a) Fem oral extension in  a prone posit ion  st retches the fem oral 

nerve reproducing pain  in  the L3 or L4 dist r ibut ion .
5. Di erent ial diagnosis of low  back pain  (Table 16.2):
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6. Dist inguishing spondylogenic causes of low  back pain:
a. Diskogenic.

(1) HNP.
(a) Leg pain , tension signs, neurological de cits.

b. Annular tears.
(1) Back pain  and referred pain  to the but tock (cont roversial).
(2) Midline tenderness, painful forward  exion, back pain  increased w ith  

st raight  leg raising test .
c. Myofascial syndrom es.

(1) Tenderness on the a ected m uscles rather than in  the m idline.
(2) Pain  w ith  act ive contract ion  and w ith  passive st retch  (contralateral 

bending).
d. Posterior elem ents.

(1) Spondylolysis.
(a) Painful extension and rotat ion  toward opposite side.

(2) Facet  syndrom e.
(a) Tenderness unilaterally over the join t .
(b) Painful hyperextension and bending.

(3) Spinal stenosis.
(a) Neurogenic claudicat ion .
(b) Painful extension of the back.

Table 16.2 Di erential diagnosis of low back pain

Type  Di erential

Viscerogenic Abdominal and renal

Neoplastic Primary and metastatic bone tumors

Neurogenic Spinal cord tumors or cysts

In ammatory 
diseases

Ankylosing spondylitis, Reiter’s syndrome, in ammatory bowel 
diseases, and psoriatic arthritis (sacroiliit is)

Infectious Diskitis, osteomyelitis, psoas abscess

Spondylogenic Myofascial syndromes
Iliolumbar syndrome, piriformis syndrome, quadratus 
lumborum syndrome, and  brositis (trigger point syndrome)
Motion segment disorders
Disk disease, facet syndrome, spinal stenosis
Bony problems
Fractures, including osteoporotic compression fractures
Spondylolisthesis
Sacral lesions, coccyx pain
Psychogenic
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7. Diagnost ic studies:
a. Plain  X-rays.

(1) Detect  spondylolysis/spondylolisthesis.
(2) Disk space narrow ing.
(3) Scoliosis.
(4) Tum ors.
(5) Infect ion .

b. Magnet ic resonance im aging (MRI).
(1) Im aging m odalit y of choice for herniated disks and for spinal stenosis.
(2) Use of gadolin ium  cont rast  increases accuracy w hen evaluat ing 

postoperat ive disk herniat ions and m ay be helpful in  evaluat ing for 
tum or or infect ion  (Fig. 16.5).

(3) Gadolin ium  (on T1-weighted im ages) enhances in  vascular scar t issue 
and does not  enhance in  a recurrent disk herniat ion .

(4) Computed tom ographic (CT) scan or CT myelography:
(a) If MRI is cont raindicated.
(b) CT m ay be bet ter in  pat ients w ith  degenerat ive scoliosis or in  

pat ients w ith  m etal im plants.
c. Diskography.

(1) Perform ed in  pat ients w ith  suspected diskogenic back pain  w ithout  
radiculopathy.

(2) Reproduct ion of back pain  w ith  inject ion  of dye in to the suspected 
disk and evidence of an annular tear are considered posit ive  ndings.
(a) Posit ive  ndings m ust take in to context the pat ient’s sym ptom s 

and psychosocial status (e.g., som at izat ion , chronic pain).
(b) Controversial as the accuracy also depends on the physician  

perform ing diskography, and the needle puncture of the disk m ay 
accelerate degenerat ion  over t im e.

Fig. 16.5 Sagit tal T1-weighted mag-
netic resonance imaging demonstrat-
ing enhancement of lesions following 
administration of gadolinium contrast. 
(From Chen C, Chen WL, Yen H. Candida 
albicans lumbar spondylodiscitis in an 
intravenous drug user: a case report. 
BMC Res Notes 2013;6:529. Repro-
duced with permission.)
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d. Bone scan.
(1) Perform  a bone scan if suspicious for tum or or infect ion .

IV. Conservat ive t reatm ent .
A. Proven m ethods.

1. Pat ient  educat ion  (“back school”).
a. Decreased m echanical st ress and expectat ion .

2. Cardiovascular  tness program s.
3. Sm oking cessat ion .
4. Maintenance of ideal body weight .

B. Unproven m ethods.
1. Prolonged bed rest , m uscle relaxants, t ract ion , bracing, and m anipulat ion
2. Narcot ics and t ranquilizers have not  been show n to im prove outcom es.

a. They m ay be used for acute sym ptom s (1–5 days).
3. Epidural steroids have not been proven to be helpful.

a. Use in  selected pat ients w ith  persistent  leg pain  to help w ith  
rehabilitat ion .

V. Operat ive m anagem ent .
A. Indicat ions.

1. Failure of conservat ive t reatm ent for at  least  6 weeks.
2. Progressive neurological de cits.
3. Presence of neurological  ndings.

a. Radicular pain .
b. Posit ive tension sign or neurological de cits.
c. Posit ive im aging study w ith  clin ical correlat ion .

B. Surgical techniques (Fig. 16.6 and  Fig. 16.7) (Table 16.3).
VI. SPORT.

A. Pat ient  populat ions.
1. Clinical and radiographic diagnosis of HNP.

a. Persistent  sym ptom s despite 6 weeks of nonoperat ive t reatm ent .
b. Random ly assigned to operat ive and nonoperat ive cohor ts.

B. Operat ive versus nonoperat ive t reatm ent  outcom es.
1. In tent-to-t reat  analysis: both  operat ive and nonoperat ive t reatm ent  

dem onstrated sim ilar im provem ent of sym ptom s at  1 and 2 years.
a. Surgical t reatm ent was associated w ith  a faster recovery, bet ter physical 

funct ion , and overall sat isfact ion .
2. As-t reated analysis: pat ients t reated surgically dem onstrated greater 

im provem ent in  pain  and funct ion  after 2 years com pared w ith  those 
t reated nonoperat ively.

C. Cont roversies.
1. High crossover rate.

a. Forty- ve percent of patients in the nonoperative cohort underwent surgery.
b. For ty percent  of pat ients in  the surgical cohort  did not  undergo surgery.

2. Nonoperat ive m anagem ent .
a. Not standardized.
b. Pat ients were required to have had a 6-week course of nonoperat ive 

m anagem ent  for enrollm ent , w hich  likely a ected the crossover rate.
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Table 16.3 Various techniques of disk treatment

Surgical technique Findings

Open diskectomy – Bet ter visualization of nerve
– More muscle dissection
– Longer hospital stay
– Potential for iatrogenic instabilit y

Microscopically assisted 
diskectomy

– Limited muscle dissection
– Improved visualization and lighting

Percutaneous diskectomy –  Techniques include chemonucleolysis, percutaneous 
diskectomy, and laser diskotomy

–  Inferior results when compared with microscopically 
assisted diskectomy

Intradiskal electrothermal 
therapy

– Intradiskal procedure for primary diskogenic back pain
–  Results demonstrate equivocal results when compared 

with placebo

Fig. 16.6 A typical L5–S1 laminotomy and diskectomy. (a) The interlaminar exposure starts with 
removal of the ligamentum  avum. (b) Additional removal of laminar bone is performed until the 
lateral portion of the nerve root is visualized. (c) The nerve root is gently retracted medially, and the 
herniated disk is removed with the aid of a pituitary rongeur.

3. In tent-to-t reat  versus as-t reated analysis.
a. In tent-to-t reat  analysis com pared pat ients according to their assigned 

cohort .
(1) This dem onstrated no di erence in  prim ary outcom es between 

groups in  pat ients w ith  disk herniat ion; that  is, pat ients assigned to 
nonoperat ive t reatm ent were counted as nonoperat ive pat ients if 
they crossed over and had surgical in tervent ion.

b. As-t reated analysis com pared pat ients according to the t reatm ent  
ult im ately received.
(1) Pat ients w ho underwent surgery dem onstrated improved and 

sustained outcom es com pared w ith  those t reated nonoperat ively.

a b
c
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Fig. 16.7 (a) A Wiltse paraspinal 
approach for excision of a lateral 
disk herniation. (b) Intermuscular 
dissection is between the multi -
dus and longissimus.

a

b
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17 Surgical Management of Lumbar 
Degenerative Disk Disease

17.1 General Considerations
I. In t roduct ion .

A. Lifet im e incidence of low  back pain  is est im ated to a ect  80% of the general 
populat ion .
1. Fourteen percent of new patient visits to physicians are related to low back pain.
2. Second only to respiratory infections as the most common cause of work absence.

B. One hundred sixty- ve lum bar spine operat ions per 100,000 individuals occur 
each year in  the United States.

C. Lum bar fusion for diskogenic pain  and lum bar lam inectom ies for radicular 
sym ptom s are the m ost com m on spine surgeries perform ed.

D. Risk factors for low  back pain :
1. Prior h istory of low  back pain .
2. Increasing age.
3. Sm oking (n icot ine consum pt ion).
4. Medical com orbidit ies.
5. Lower socioeconom ic status.
6. Psychological dist ress (depression).

II. Et iologies (Table  17.1).
A. Red  ags in  clin ical presentat ion  that  require fur ther invest igat ion .

1. History of signi cant t raum a.
2. History of previous m alignancy.
3. Age > 50 years.
4. System ic symptom s (fever, chills, anorexia, recent weight loss).
5. Severe progressive neurological de cit .

a. Especially saddle anesthesia or bowel/bladder dysfunct ion .
6. Ongoing infect ion .
7. History of im m unosuppression.

III. Diagnost ic tools.
A. Establishing a pathoanatom ical diagnosis is the key to successful surgical 

outcom es (Table  17.2).
B. Arriving at  a conclusive diagnosis m ay be di cult; as m any as 85% of pat ients 

are categorized as having idiopathic low  back pain .
C. Plain  radiographs:

1. Flexion-extension  lm s.
D. May dem onstrate dynam ic instabilit y (spondylolisthesis):

1. Oblique  lm s.
E. Helpful in  evaluat ing the in tegrit y of the pars in terar t icularis in  the set t ing of 

an  isthm ic spondylolisthesis:
1. Lum bar spine  lm s are unnecessary for at  least  4 weeks in  a pat ient  w ith  

new-onset  low  back pain  w ithout any of the previously m ent ioned red  ags.
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F. Com puted tom ography (CT):
1. Allows excellent  visualizat ion  of the bony anatomy of the vertebral colum n.
2. Not as sensit ive as m agnet ic resonance im aging (MRI) for visualizat ion  of 

soft  t issue st ructures.
3. CT myelography is an  excellent  im aging m odalit y for evaluat ing spinal 

stenosis, but MRI is used because it  is less invasive.
G. MRI:

1. Excellent  axial, coronal, and sagit tal visualizat ion  of the soft  t issues and 
neural st ructures both  w ith in  and surrounding the vertebral colum n.

2. Excellent  for the evaluat ion  of neural com pression w ithin  the canal and 
foram en.

3. With  disk degenerat ion , T2-weighted MRI dem onstrates darkening of the 
disks due to loss of water, but  th is  nding does not predict  the developm ent  
of back pain  in  asym ptom at ic pat ients.

Table 17.1 Etiologies and di erential diagnosis for lower back pain

Type  Di erential

Idiopathic or nonspecif c (85%)

Degenerative disk disease Diskogenic pain
Disk herniation
Degenerative scoliosis

Developmental Isthmic spondylolisthesis
Idiopathic scoliosis

Congenital

Traumatic

Infectious Osteomyelitis
Diskitis

In ammatory Ankylosing spondylitis
Psoriatic spondylitis
Reiter’s syndrome

Neoplastic

Metabolic Osteoporosis
Paget’s disease of bone

Referred Dissecting aortic aneurysm
Renal vein thrombosis
Renal stones
Acute myocardial infarction
Pancreatitis
Duodenal ulcer
Pelvic disease
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H. Single-photon em ission  CT (SPECT/CT):
1. Com binat ion of SPECT (high sensit ivit y and speci cit y) and CT (high 

resolut ion).
2. Physiological im aging that  can  detect  in  am m atory changes in  the lum bar 

spine.
3. SPECT im aging detects gam m a rays from  radioisotopes injected in to the 

pat ient .
4. Useful in  detect ing facet  join t  ar thropathy (Fig. 17.1).
5. Facet  inject ions (Fig. 17.2):

a. Rat ionalized by the hypothesis that  facet  ar thr it is contributes to low  back 
pain .

b. There are few  well-designed studies to evaluate e cacy; thus the use of 
inject ions to predict  surgical outcom es for pat ients w ith  low  back pain  is 
not  supported.

I. Diskography (Fig. 17.3):
1. Perform ed by the in t roduct ion of a needle in to the nucleus pulposus and 

inject ion  of contrast  to visualize in ternal  ssures or tears.
2. Saline m ay also be injected in to the disk to reproduce pain .

Table 17.2 Anatomical sources of lumbar spine pain

Intervertebral disks –  Primary pain generator in set ting of degenerative disk 
disease; pain  bers present in the outer third of the annulus 
 brosus

–  Biochemical factors that can mediate painful stimuli: 
prostaglandins, lactic acid, substance P

–  During disk degeneration, nerve ingrowth has been 
observed into deeper aspects of the annulus  brosus and 
even into the nucleus

Facet joints –  Extensively innervated with pain  bers.
–  Synovial folds of the joint lining also possess pain  bers.
–  Proprioceptive nerve endings also present, which mediate 

protective muscular re exes.

Musculoligamentous 
structures

–  Both anterior and posterior longitudinal ligaments (PLL) 
possess sensory innervation. PLL has been found to have 
 bers containing substance P. Unencapsulated nerve  bers 
found in paraspinal musculature respond to metabolites 
accumulated during prolonged muscle contraction or 
spasm.

Neural structures –  Pain from mechanical nerve root compression is thought to 
require the presence of in ammation.

–  Dorsal root ganglion is sensitive to direct pressure and 
vibratory forces.

–  Increase in genetic expression of neuropeptides (substance P) 
in response to mechanical nerve root compression
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3. The com binat ion of pain  w ith  disk inject ion  and  ndings of disk 
degenerat ion  on CT-diskography increases the likelihood that  a part icular 
disk is involved w ith  the pat ient’s pain .
a. Rem ains controversial, especially w ithout  a cont rol.

4. Important   ndings:
a. Re-creat ion  of sim ilar pain  w ith  inject ion  (concordance).
b. Pain  at  low  pressurizat ion .

(1) High pressurizat ion  m ay result  in  a false posit ive.
c. Disk accepts > 2 m L of dye.

5. Highly cont roversial:
a. In  2009, Carragee et  al repor ted that  diskography was associated w ith  

accelerated disk degenerat ion , disk herniat ion , and loss of disk height in  
pat ients w ithout  serious lower back pain .

b. The validit y of th is diagnost ic in tervent ion has not  been proven.
(1) The lack of a gold standard diagnost ic study for diskogenic back pain  

lim its the assessm ent  of the diagnost ic validit y.
(2) Carragee et  al repor ted that  nearly 50% of pat ients w ho had surgery 

after a posit ive diskography reported signi cant pain .
(a) Thus a posit ive diskography was not h ighly predict ive in  

ident ifying a disk lesion that  was responsible for the pat ient’s 
sym ptom s.

c. Diskography is associated w ith  a variable false-posit ive rate in  pat ients 
w ithout  low  back pain .
(1) Pain-free pat ients—10%.

Fig. 17.1 Single-photon emission computed tomography (SPECT/CT).
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(2) Chronic pain  (not in  lower back)—40%.
(3) Som at izat ion  disorder—75%.

d. In  carefully selected pat ients w ith  norm al psychosom at ic states (not 
involved in  lit igat ion), diskography m ay provide useful diagnost ic 
inform at ion in  the set t ing of nonspeci c lower back pain .

IV. General surgical indicat ions.
A. Mechanical instabilit y.
B. Neurological de cits.
C. Indicat ions for pat ients w ith  low  back pain  w ithout  radicular sym ptom s

1. Unrem it t ing back pain  and disabilit y for m ore than 1 year.
2. Failure of physical therapy and nonoperat ive t reatm ent m odalit ies.

a. Nonsteroidal ant i-in  am m atory drugs (NSAIDs), heat , ice, weight  loss, 
act ivit y m odi cat ion .

Fig. 17.2 A facet injection is performed in the lumbar spine.
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3. Absence of psychiat ric disorders and com pensat ion  or ligat ion  issues.
4. Isolated single-level disk degenerat ion  on MRI w ith  concordant pain  on 

diskography or single-level stat ic or dynam ic instabilit y.
V. Surgical procedures.

A. General principles.
1. Low  back pain  m anagem ent  largely focuses on spinal fusion.
2. Decompression is indicated in  the set t ing of leg pain  and nerve root 

com pression.
3. Mot ion preservat ion  procedure w ith  lum bar total disk ar throplasty.

B. Spinal fusion principles.
1. Prevents fur ther segm ental m ot ion.

a. More appropriate for spinal instabilit y.
C. Keys to at tain ing a solid ar throdesis.

1. Met iculous preparat ion  of the graft  site (decort icat ion).
2. Supplem entat ion  w ith  appropriate t ype and am ount  of bone graft .
3. Considerat ion  of lum bar spine biom echanics.

a. Maintain ing or restoring the norm al lordosis in  the sagit tal alignm ent of 
the lum bar spine.

4. Opt im izing system ic condit ions that  in  uence bone healing.
a. Nicot ine, cort icosteroids, NSAIDs, nut rit ion , and infect ion .
b. Concern  for new  or progressive degenerat ion  of adjacent levels to the 

fused segm ents m andates that  m inim um  num bers of levels be fused, 
especially in  younger individuals.

VI. Lum bar fusion techniques (Table 17.3).
A. Posterolateral (in ter t ransverse process) fusion (PLF).

1. Involves either a posterior or a posterolateral m uscle-split t ing approach.

Fig. 17.3 (a,b) Contrast  dye injection into the nucleus pulposus.

a b
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2. Involves decort icat ion  of t ransverse processes and placem ent of an  
autogenous bone graft  along the t ransverse processes.

3. The pseudar throsis rate w ithout inst rum entat ion  is est im ated to be between 
25 and 45%.

4. Inst rum entat ion  lowers the pseudarthrosis rate (15–25%).
5. There is st ill som e preserved m ot ion after th is procedure because of the 

in tact  disk anteriorly.
a. If the disk is the m ain  source of pain , pat ients m ay dem onstrate 

persistent  back pain  (controversial).
B. In terbody fusion.

1. Principles.
a. Resect ion  of diseased in terver tebral disk:

(1) In  appropriately selected pat ients w ith  diskogenic back pain , 
rem oving the in tervertebral disk should resolve pat ient  sym ptom s.

b. Rigid inst rum entat ion  and bone grafts provide in it ial stabilit y to the 
anterior colum n.
(1) Poster ior  xat ion  w ith  pedicle screws provides addit ional  xat ion for 

selected cases.
c. A solid in terbody fusion generally occurs at  6 m onths to 1 year follow ing 

surgery.
2. Techniques.

a. Posterior lum bar in terbody fusion (PLIF) (Fig. 17.4 and  Fig. 17.5).
(1) Extract ion  of the disk through a posterior approach via a w ide 

lam inectomy w ith  preservat ion  of the facet  join t .
(2) The approach can be w idened w ith  the rem oval of the lower th ird of 

the inferior facet  and m edial two-th irds of the superior facet .
(3) This is followed by posterior inst rum entat ion .

Fig. 17.4 Bony resection required in a (a) posterior lumbar interbody fusion and (b) transforaminal 
lumbar interbody fusion.

a b
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Fig. 17.5 Working zones of the (a) posterior lumbar interbody fusion and (b) transforaminal lumbar 
interbody fusion in relation to the neurovascular structures.

b. Transforam inal lum bar in terbody fusion (TLIF) (Fig. 17.6 and  Fig. 17.7).
(1) Decreased/m inim al m anipulat ion  of neural elem ents w hen compared 

w ith  PLIF.
(2) A par t ial or com plete facetectomy is perform ed to enable access to 

the disk space.
(3) Can be perform ed bilaterally.

c. Anterior lum bar in terbody fusion (ALIF) (Fig. 17.8 and  Fig. 17.9).
(1) Indirect  decom pression of the exit ing roots w ith  the restorat ion  of 

disk space and foram inal height .
(2) Lim ited decompression of posterior elem ents w hen com pared w ith  

PLIF and TLIF procedures.
(3) Fusion occurs readily w ith  th is approach because of com pression on 

the graft .
(4) Can be used in  a revision set t ing after a previous posterior surgery to 

avoid dissect ion  of scar t issue.
(5) Approaches:

(a) Open left  ret roperitoneal approach.
(b) Open t ransperitoneal approach.
(c) Laparoscopic approach.

d. Lateral lum bar in terbody fusion (Fig. 17.10).
(1) Lateral ret roperitoneal approach.
(2) Considered a variant  of ALIF.
(3) Can be used for thoracic and lum bar in terbody fusion.
(4) Associated w ith  a signi cantly reduced r isk of injury to the great  

vessels.

a b
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Fig. 17.6 Intraoperative photograph of the L4–L5 interspace demonstrating the dorsal root ganglion 
of the L4 nerve root (exiting).

Fig. 17.7 (a–d) Removal of the disk material and placement of the interbody cage with bone graft 
material.

a b

c d
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Fig. 17.8 Postoperative lateral radiograph of an 
anterior LT Cage (Medtronic) at  L5–S1.

Fig. 17.9 Anterior lumbar interbody fusion procedure.
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(5) The disk space is reached through a t ranspsoas approach.
(a) Risk of injury to the lum bar plexus.
(b) The genitofem oral nerve is m ost  com m only injured 

(postoperat ive groin  and th igh paresthesia).
(c) In t raoperat ive neurom onitoring is crit ical during passage 

through the psoas.
e. Axial lum bar in terbody fusion (AxiaLIF).

(1) Minim ally invasive technique that  uses the presacral space to create a 
surgical working plane.

(2) Can only address L4 to S1 disk pathology.
(3) Risk of rectal injury, sacral fracture, and pelvic hem atom a.
(4) Special implants provide axial com pression between vertebral bodies.
(5) Lim ited evidence in  the published literature has dem onst rated 

variable outcom es and fusion rates.
VII. Mot ion-preserving procedures (total disk ar throplasty).

A. Principles.
B. Biom echanical studies have dem onstrated that  m ot ion-preservat ion  devices 

are associated w ith  lower st resses on  adjacent segm ents w hen com pared 
w ith  t radit ional fusion techniques in  an  e or t  to reduce adjacent segm ent 
degenerat ion .

C. Indicat ions:
1. Indicated for one- or two-level diskogenic back pain  w ithout  radiculopathy.

Fig. 17.10 Exposure for the lateral 
lumbar interbody fusion.
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D. Outcom es com pared w ith  lum bar ar throdesis:
1. Mid- and long-term  data are now  available to compare lum bar total disk 

replacem ent (TDR) w ith  fusion procedures.
a. TDR has dem onstrated com parable safety and e cacy to lum bar fusion 

procedures at  7 years.
b. Early experience w ith  TDR has dem onstrated sat isfactory clin ical 

outcom es w ith  acceptable complicat ion  (14.4%) and reoperat ion  (7.2%) 
rates.

c. Superiorit y of TDR over lum bar fusion has not been proven w ith  regard 
to adjacent-level degenerat ion .

d. Studies have reported revision rates between 7.7 and 32.1% at  5 years (up 
to 39.3% at  10 years), depending upon the device.

VIII. Conclusions.
A. Low  back pain  is a m ult ifactorial issue.
B. Careful pat ient  select ion  is the key to successful clinical outcom es in  pat ients 

w ith  nonspeci c low  back pain .
1. Pathological  ndings in  im aging studies m ust  be carefully assessed and 

correlated w ith  the pat ient’s h istory and physical exam   ndings.
2. Psychosom at ic evaluat ion  m ay play an  important  role in  select ing pat ients 

w ho undergo surgery for lower back pain .
C. Nonspeci c low  back pain  rem ains a cont roversial area w ith  lim ited 

understanding of the pathoanatomy and bene ts of the available t reatm ent  
opt ions.

D. Num erous surgical techniques exist  for the at tainm ent of lum bar ar throdesis.
E. Motion preserving devices (TDR) have been dem onstrated to be a safe and 

e ect ive alternat ive to lum bar fusion surgery. However, the theoret ical 
advantage of reducing adjacent-segm ent  degenerat ion  rem ains unproven.
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18 Lumbar Spinal Stenosis

18.1 General Considerations
I. In t roduct ion .

A. De nit ion: narrow ing of the spinal canal (central stenosis), lateral recess (lateral 
recess stenosis), or foram en (foram inal stenosis) w ith  neural im pingem ent that  
produces sym ptom s of neurogenic claudicat ion  or radiculopathy.

B. Degenerat ive spinal stenosis evidenced on im aging studies is signi cant  only if 
clin ically sym ptom at ic.

C. More com m on after the  fth  decade.
D. Men m ore a ected than wom en.
E. Associated w ith  disk degenerat ion .

II. Classi cat ion .
A. Congenital: usually developm ental and prim arily central canal stenosis (Fig. 18.1).

Fig. 18.1 (a,b) Measurements of the bony 
anatomy and spinal canal.

a

b
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1. Characterist ics.
a. Earlier clin ical presentat ion  (four th  and  fth  decade).
b. Mult ilevel involvem ent .
c. Fewer degenerat ive changes on im aging.
d. Subtle anatom ical changes that  m ay com press the thecal sac.

2. Radiographic  ndings.
a. Sm aller cross-sect ional spinal canal area.
b. Shor ter anterior-posterior (AP) pedicle length .
c. The m idline, axial AP canal diam eter, m edial–lateral vertebral body 

w idth , and sagit tal AP canal diam eters are sm aller.
d. Sm aller AP pedicle length  to ver tebral body rat io.
e. No di erence in  the AP vertebral body diam eter, ver tebral body height , 

canal w idth , or pedicle w idth .
B. Acquired (m ost com m on in  the sixth  decade).

1. Degenerat ive stenosis.
a. Cent ral stenosis.

(1) Enlargem ent  of the infer ior ar t icular process, ligam entum   avum , 
and in tervertebral disk prot rusion or herniat ion .

b. Lateral stenosis.
(1) Enlargem ent  of the superior ar t icular process and ligam entum  

 avum .
c. Foram inal stenosis.

(1) Narrow ing of the foram en secondary to far lateral disk herniat ion  and 
pars hyper t rophy in  isthm ic spondylolisthesis.

2. Degenerat ive spondylolisthesis.
a. For exam ple, at  the L4–L5 level, the L5 nerve is ent rapped between  

the inferior ar t icular process of L4 and the posterior aspect  of the body  
of L5.

3. Com bined.
a. Disk herniat ion , superim posed on a degenerat ive or congenitally stenot ic 

canal.
4. Iat rogenic.

a. Postlam inectomy, postfusion, post–disk surgery.
5. Post t raum at ic.

a. Secondary to ret ropulsion  of bone in  a burst  fracture and fracture 
dislocat ion .

6. Miscellaneous.
a. Paget’s disease,  uorosis.
b. Dwar sm  (achondroplast ic).

III. Pathogenesis.
A. Variat ions of the spinal canal m ay predispose to spinal stenosis.

1. Three t ypes of spinal canal.
a. Round canal.
b. Oval canal.
c. Trefoil canal (15%).

(1) Napoleon hat  shape.
(2) A t refoil canal predisposes to lateral recess stenosis.
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B. Disk degenerat ion:
1. Aging versus degenerat ion .
2. Changes in  the collagen, proteoglycans, and water content .

C. Facet  join t  involvem ent:
1. Follows disk degenerat ion .
2. Join t  car t ilage loss, hypert rophy, osteophytes, and subluxat ion.

D. Three-join t  com plex:
1. Two posterior facet  join ts and the disk are all involved in  the pathogenesis.
2. Degenerat ive changes of the three-join t  com plex secondary to repeated 

rotat ional and com pression injuries.
3. In terver tebral disks develop circum ferent ial and radial tears w ith  a loss of 

disk height .
4. Posterior join ts undergo synovit is, car t ilage dest ruct ion , and osteophyte 

form at ion.
a. Results in  capsular laxity, ligam entum   avum  hyper t rophy or buckling, 

and join t  instabilit y or subluxat ion .
5. Instabilit y:

a. Degenerat ive spondylolisthesis.
b. Ret rolisthesis.
c. Degenerat ive scoliosis.
d . Rotatory subluxat ion .

E. L4 or L5 nerves are m ore typically a ected:
1. Greater com pressive and shear st resses.
2. Pedicles of the lower lum bar spine have convex inferior borders as compared 

w ith  the concave inferior border in  the upper lum bar spine.
3. Disk degenerat ion  is m ost  com m on at  L4–L5 and L5–S1.

F. Neural com pression:
1. Anatom ical site of com pression:

a. Cauda equina and thecal sac (cent ral canal).
b. Traversing nerve root  (lateral recess).
c. Dorsal root  ganglion (in terver tebral foram en).
d. Spinal nerve (extraforam inal).

2. The cauda equina is compressed centrally from  the anteroposterior direct ion  
at  the in tervertebral disk level..
a. Bulging disk anter iorly.
b. Ligam entum   avum  and facet  join ts poster iorly.

3. The nerve root can be compressed at m ult iple anatom ical locat ions (Fig. 18.2).
a. Ent rance zone.

(1) Posterolateral herniated disk.
(2) Hypert rophic superior ar t icular process.

b. Middle zone.
(1) Pars in terar t icularis (spondylolysis).

4. Exit  zone (foram en) (Fig. 18.3):
a. Anatomy.

(1) Bounded by vertebral body and disk anter iorly, pedicles superiorly 
and inferiorly, and pars, ligam entum   avum , and t ip of superior 
ar t icular process posteriorly.
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Fig. 18.2 Various anatomical locations for nerve root compression.
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(2) Laterally herniated disk or annulus.
(3) Superior facet  subluxat ion m ay compress the nerve against  the 

pedicle, body, or bulging annulus.
b. Ext raforam inal com pression.

(1) Ext rem e lateral or ext raforam inal herniated disk.
(2) Also know n as far-out syndrom e.

(a) The exit ing nerve root  is compressed between the t ransverse 
processes of L5 and the sacral ala in  spondylolisthesis (L5–S1).

(3) Transverse process fracture or bone graft  anterior to the t ransverse 
processes.

5. Dim ensions of stenosis (Fig. 18.4):
a. Central.

(1) Absolute stenosis: m idsagit tal lum bar diam eter < 10 m m .
(2) Relat ive stenosis: 10 to 13.5 m m .

b. Lateral recess.
(1) Less than 3 to 4 m m .

c. Foram en.
(1) Foram inal height  < 15 m m .
(2) Posterior disk height < 3 m m  (80% likelihood of nerve root  

com pression).
6. Pathophysiology of radiculopathy:

a. Com binat ion  of com pression and in  am m ation.
(1) Compression alone m ay not  cause pain .
(2) In  am m atory m ediators:

(a) Phospholipase A2.
(b) Neuropept ides.

b. Dynam ic instabilit y.
(1) Spinal canal and foram en.

Fig. 18.3 (a) Anatomical location of the nerve root within the neuroforamen. (b) Neuroforaminal 
stenosis with nerve root impingement secondary to facet hypertrophy and osteophytic compression 
secondary to the superior articular process.

a b
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c. Venous stasis.
d. Arter ial ischem ia.
e. Nut rit ional de cit .

(1) Abnorm al cerebrospinal  ow.
f. Percent  const rict ion  of cauda equina.

(1) Twenty- ve percent: no de cits.
(2) Fift y percent  or greater: m otor de cits and complete loss of 

som atosensory evoked potent ials (SSEPs).
IV. Clin ical  ndings.

A. Pain.
1. Variable:

a. Monoradiculopathy.
b. Bilateral neurogenic claudicat ion .
c. At ypical leg pain .
d. Cauda equina sym ptom s.

2. Typically in  the lower back, but tock, and lower extrem it ies.
3. Pain  is worse w ith  standing and walking.
4. Relieved by rest ,  exed posture, and sit t ing.
5. The history is the key in  m aking the diagnosis of spinal stenosis.

B. Claudicat ion-like sym ptom s in  50%.
1. One m ust rule out vascular claudicat ion .
2. In  vascular claudicat ion:

a. Relief after rest  is m ore prom pt .
b. Flexion of the spine does not relieve sym ptom s.

(1) For exam ple, bicycling and walking uphill m ay not cause neurogenic 
claudicat ion  because the spine is  exed.

3. Vascular and neurogenic claudicat ion  m ay coexist .

Fig. 18.4 (a) Cross-sectional view of the normal anatomy of the neural structures within the spinal 
canal. (b) Computed tomographic myelography demonstrating central stenosis with signi cant liga-
mentum  avum hypertrophy.

a b

http://www.myuptodate.com


18 Lumbar Spinal Stenosis 203

C. Physical exam inat ion .
1. Paucity of object ive  ndings.
2. The sciat ic tension sign is often  negat ive.
3. Neurological de cits m ay or m ay not  be present .
4. The m ost important  sign  is painful and lim ited extension.
5. Thorough abdom inal and vascular exam inat ion should be done rout inely.

a. Vascular changes m ay dem onstrate lower ext rem ity ulcer form at ion, hair 
loss, edem a, and skin  m ot t ling.

D. Diagnost ic tools.
1. Plain  radiographs.

a. Disk space narrow ing or degenerat ive disk disease.
b. End plate osteophytes and sclerosis.
c. Facet  enlargem ent  or osteophyte form at ion.
d. Narrowed neuroforam inal canal.
e. Loss of lum bar lordosis.

2. Magnet ic resonance im aging (Fig. 18.5).
a. Best  m odalit y for evaluat ing lum bar spinal stenosis.
b. Excellent  for soft  t issue details, but  bony m argins are bet ter 

dem onstrated by CT scans.
E. Congenital stenosis.

1. Lum bar spinal stenosis t ypically a ects individuals over 60 years of age, but  
younger pat ients w ith  congenital stenosis present  in  the fourth  and  fth  
decades.

2. The present ing sym ptom s are som ew hat  di erent  in  that  m any su er w ith  
low  back pain  (LBP) w ith  or w ithout  neurogenic claudicat ion .

Fig. 18.5 Magnetic resonance imaging demon-
strating spinal stenosis secondary to a herniated 
lumbar disk. (From Imhof H, ed. Spinal Imaging 
[Direct Diagnosis in Radiology]. Stut tgart, Ger-
many: Georg Thieme Verlag; 2008: Fig. 3.35. 
Reproduced with permission.)
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3. LBP is t ypically worse w ith  standing and walking as compared w ith  
diskogenic LBP, w hich is t ypically worse w ith  sit t ing.

4. The spinal canal is narrow  at  m ult iple levels w ith  short  pedicles. The sagit tal 
canal to ver tebra rat io is < 0.4 (Singh et  al).

5. The pat ients w ith  congenital stenosis present ing w ith  “neurogenic LBP” 
are frequently m isdiagnosed as diskogenic LBP and are given inappropriate 
t reatm ent .

6. Treatm ent  is in it ially conservat ive as for other stenot ic pat ients, but  if there 
is no response, m ult ilevel lam inectomy is recom m ended rather than fusion.

V. Di erent ial diagnoses.
A. Traum a (sprains, st rains, com pression fractures).
B. Infect ions (ver tebral osteomyelit is).
C. In  am m atory disorders.
D. Congenital defects (achondroplasia).
E. Metabolic (osteoporosis, Paget’s disease).
F. Degenerat ive (disk herniat ion , facet  syndrom e).
G. Neoplasm s (in t raspinal, bone tum ors, and m etastasis).
H. Neurological disorders (peripheral neuropathies).
I. Circulatory (abdom inal aort ic aneurysm , vascular claudicat ion).
J. Myofascial syndrom es.
K. Psychoneurot ic problem s.

VI. Treatm ent .
A. Conservat ive.

1. Nonsteroidal ant i-in  am m atory drugs.
2. Lum bosacral corsets.
3. Flexion exercises.
4. Epidural or foram inal inject ion .

B. Surgery.
1. Indicat ions.

a. Cauda equina syndrom e.
b. Progressive m otor weakness.
c. Lim b pain  that  is unresponsive to conservat ive t reatm ent  and if 

sym ptom s signi cant ly a ect  qualit y of life.
2. Surgical techniques (Fig. 18.6).

a. Decom pression: the key is adequate decom pression w hile preserving 
stabilit y of the m ot ion segm ent by undercut t ing the facet  join t  and 
preserving the pars in terart icularis. For m ult ilevel decom pression, care 
m ust be taken to preserve the pars in terar t icular is in  the upper lum bar 
spine, because the pars is m ore m edial. Therefore, lam inectomy is m ore 
lateral at  the facets, w hich is the locat ion  for lateral recess stenosis, and 
m ore m edial or narrower at  the pars.
(1) Central stenosis:

(a) Lam inectomy (Fig. 18.7).
(2) Lateral recess:

(a) Rem ove an  overgrow n superior facet  by undercut t ing.
(3) Foram inal decompression: foram inal decompression requires m ore 

facet rem oval, but every e ort m ust be m ade to preserve the facet joint  
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as m uch as possible by undercut t ing and using special instrum ents, 
such as a curved foram inotomy rongeur or rasp (Fig. 18.8).
(a) If the nerve root  is t ight  after lam inectomy and facet  

undercut t ing, addit ional sites m ay be responsible for nerve 
com pression.
i. Superior facet  against  posterior vertebral body.
ii. Superior facet  against  pedicle.
iii. Superior facet  or pedicle against  bulging lateral annulus.
iv. Inferior facet  and ver tebral body (degenerat ive 

spondylolisthesis).
v. Transverse processes of L5 and sacral ala (“far-out  syndrom e”).

b. Lum bar fusion:
(1) Approaches.

(a) Posterior: posterolateral fusion, posterior lum bar in terbody 
fusion, and t ransforam inal lum bar in terbody fusion.

(b) Anterior: anterior lum bar in terbody fusion, extrem e lateral 
lum bar in terbody fusion.

(2) Fusion is recom m ended w hen there is stenosis in  conjunct ion w ith  
the follow ing condit ions:
(a) Unstable degenerat ive scoliosis or kyphosis.

i. Progressive curves.
ii. Curves > 20°.
iii. Loss of sagit tal balance and lum bar lordosis.

Fig. 18.6 Steps for a lumbar laminectomy.
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iv. Lateral listhesis.
v. Flexible curves.
vi. Pat ients w ith  radicular sym ptom s on the concave side of the 

curve.
(b) Degenerat ive spondylolisthesis.
(c) Iat rogenic instabilit y.

i. Greater than 50% facet  resect ion  bilaterally.
ii. Rem oval of one complete facet  complex.

(d) Recurrent  sam e-level or adjacent-level decom pressions.
(3) Motion preservat ion.
(4) In terspinous spacers.

(a) Approved by the Food and Drug Adm inist rat ion .
(b) The m echanism  of act ion  is local dist ract ion  and kyphosis that  

theoret ically reduces soft  t issue infolding in to the cent ral canal 
(ligam entum   avum ).

(c) Indicat ions:
i. Neurogenic claudicat ion  pain  that  is relieved w hen the spine 

is  exed.
ii. Spondylolisthesis up to grade 1.5 (Table 18.1).

Fig. 18.7 (a) Standard midline incision made for a lumbar laminectomy. (b) The spinous processes 
have been removed. The shaded area depicts the lamina needed to be removed to accomplish a cen-
tral decompression. (c) A curet te is used to remove the ligamentum  avum from the undersurface of 
the lamina to gain access to the spinal canal. (d) A Kerrison rongeur is used to remove the lamina in a 
piecemeal fashion. (e) The Kerrison rongeur is then used to undercut and remove bone and the liga-
mentum  avum within the lateral recess. (f) A Kerrison rongeur is gently placed into the neuroforamen 
to undercut the superior-articular process to create space for the exiting nerve root. (g) The shaded 
areas represent the area of bone and soft tissue needed to be removed to ensure a thorough central 
and lateral recess decompression. 

f g
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C. Spine pat ient  outcom es research  t r ials (SPORT).
1. Pat ient  populat ions.

a. Spinal stenosis w ithout  spondylolisthesis.
b. Minim um  12 weeks of symptom s.
c. Random ly assigned to operat ive and nonoperat ive cohorts.

2. Operat ive versus nonoperat ive outcom es in  pat ients w ith  spinal stenosis.
a. The m ajorit y of pat ients (89%) underwent decom pression surgery 

w ithout fusion.

Table 18.1 Comparison of vascular and neurogenic claudication

Findings Vascular Neurogenic

Claudication distance Fixed Variable

Relief after cessation of activity Immediate Delayed

Relief of pain Standing Flexion or sit t ing

Uphill walking Pain No pain

Bicycling Pain No pain

Location and radiation Distal to proximal Proximal to distal

Atrophy Rare Occasional

Back pain Uncommon Common

Skin Loss of hair Normal

Fig. 18.8 (a.b) Magnetic resonance imaging fol-
lowing a foraminal decompression in the lumbar 
spine.a

b
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b. As-t reated analysis dem onst rated that  pat ients t reated surgically 
reported greater im provem ent  in  pain  and funct ion  through 2 years 
com pared w ith  those t reated nonoperat ively.

3. Controversies.
a. High crossover rate:

(1) For ty-nine percent  of pat ients in  the nonoperat ive cohort  underwent  
surgery.

(2) Thir ty-two percent  of pat ients in  the surgical cohort  did not  undergo 
surgery.

b. Nonoperat ive m anagem ent was not  standardized.
(1) Included physical therapy, chiropract ic, inject ions.

c. In tent-to-t reat  versus as-t reated analysis:
(1) The in tent-to-t reat  analysis compared pat ients according to their 

assigned cohort .
(a) This dem onstrated no di erence in  prim ary outcom es between 

groups in  pat ients w ith  disk herniat ion .
(b) In  th is analysis, if a pat ient  was assigned to the nonoperat ive 

t reatm ent arm , but went on  to have surgery, that  pat ient  was 
counted as a nonoperat ive pat ient .

(2) The as-t reated analysis com pared pat ients according to the t reatm ent 
ult im ately received regardless of their assigned t reatm ent  arm .

(3) Pat ients w ho underwent surgery dem onstrated improved and 
sustained outcom es com pared w ith  those t reated nonoperat ively at   
4 years.
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19 Lumbar Spondylolisthesis

19.1 General Considerations
I. In t roduct ion .

A. De nit ions.
1. Spondylolisthesis—displacem ent  of one vertebra on another.
2. Spondylolysis—lytic defect  in  the pars in terar t icularis.

a. Bone between the superior and inferior ar t icular processes.
II. General considerat ions.

A. Hereditary factors.
1. The fam ilial tendency is st ronger in  dysplast ic t ype (94%) com pared w ith  

isthm ic t ype (32%).
2. More com m on in  w hite m ales (6.4%), less com m on in  black fem ales (1.1%).

a. Higher incidence am ong Eskim o populat ion  (up to 45%).
3. Associat ion  w ith  spina bi da of the sacrum  and dysplast ic changes of the 

bony elem ents in  h igh dysplast ic t ypes.
B. Epidem iology.

1. More com m on in  m en than in  wom en.
2. Higher incidence am ong football players, fem ale gym nasts, and soldiers 

carrying heavy backpacks.
3. Lower incidence am ong nonam bulatory pat ients.

III. Biom echanics.
A. Abrupt change in  st i ness across the lum bosacral junct ion .

1. The pars in terar t icularis is st rong but  suscept ible to fat igue fractures.
a. Especially w ith  extension injuries.

2. Shear st ress at  the pars can be increased by  exion contractures of the h ip 
and secondary hyperlordosis.
a. Pincerlike e ect  on  L5 pars from  the superior ar t icular process of S1 and 

inferior ar t icular process of L4.
IV. Classi cat ions.

A. Modi ed Wiltse (Table  19.1).
B. Spinal deform ity study group L5–S1 classi cat ion  (Fig. 19.1).

1. Based on the sacropelvic m orphology, slip grade, and spinal balance.
2. Type 1 and 2 spondylolisthesis carry a lower r isk of progression compared 

w ith  t ype 3.
3. Reduct ion is likely warranted for t ypes 5 and 6.

C. Classi cat ion  of spondylolisthesis (Marchet t i–Bartolozzi).
1. Developm ental.

a. De cient  “bony hook,” anatom ical abnorm alit ies of the L5 pedicle, pars, 
inferior facets.
(1) High dysplasia.

(a) Severe bony anom alies w ith  signi cant  kyphosis.
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Table 19.1 Wiltse spondylolisthesis classi cation

Type Name Description  A ected level

I Congenital/dysplastic Dysplasia of the sacrum,  fth 
lumbar arch, facets, or both

L5–S1

II Isthmic/spondylolytic Pars interarticularis defect L5–S1

III Degenerative Degeneration of the facets 
and disk

L4–L5 (90%)
L3–L4 or L5–S1 (10%)

IV Traumatic Fracture of the neural 
arch excluding the pars 
interarticularis

L5–S1

V Pathological Pathological lesion or 
generalized metabolic 
disturbance

Any level

VI Iatrogenic Iatrogenic disruption of the 
facet, ligament, disk, or bone

Any level

Fig. 19.1 Spinal deformity study group L5–S1 classi cation for spondylolisthesis.
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(b) Com m on during 7 to 20 years of age.
(c) Com pensatory lum bar hyperlordosis.

(2) Low  dysplasia.
(a) Slower progression.
(b) Frequently asym ptom at ic.
(c) Disk degenerat ion  aggravates the m ot ion segm ent instabilit y.

(3) Acquired.
(a) Traum at ic (acute vs. chronic st ress fractures).
(b) Postsurgical.
(c) Pathological.
(d) Degenerat ive.
(e) Speci c ent it ies (m odi ed Wiltse classi cat ion).

2. Congenital or dysplast ic (14%).
a. Epidem iology.

(1) Displacem ent occurs early.
(a) Typically during the adolescent grow th spurt .
(b) Two:one fem ale:m ale rat io.
(c) Genet ic com ponent .

i. Increased risk am ong all a ected  rst-degree relat ives.
b. Et iology.

(1) Congenital or dysplast ic abnorm alit y of the L5–S1 facet  join t:
(a) Prevents proper ar t iculat ion .
(b) Displacem ent  is early but lim ited based on the in tact  poster ior 

neural arch .
i. Increased rate of neurological symptom s (25–35%).

(2) The pars in terar t icular is is in tact  but poorly developed or elongated.
c. Clin ical  ndings.

(1) Pain  radiat ing in to lower ext rem it ies.
(a) Lit t le or no back pain .

(2) Cauda equina.
d. Treatm ent .

(3) Most congenital spondylolisthesis pat ients w ith  progression of the 
slip require decom pression and ar throdesis.

3. Isthm ic spondylolisthesis.
a. Epidem iology.

(1) Most com m on spondylolytic disorder am ong children and young adults.
(a) Com m on from  7 to 20 years.
(b) Onset  usually coincides w ith  adolescent  spurt , and progression  

occurs between 10 and 15 years of age.
(2) Most  com m on at  L5 over S1 vertebrae (95%).
(3) Most  often  asymptom at ic.

(a) Low  back pain  and radiculopathy (L5 nerve root) m ay develop.
b. Clin ical  ndings.

(1) Rest ricted forward  exion of the h ips and back.
(2) Tight  ham st rings.
(3) Flat  but tock (ver t ical sacrum ).
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(4) Lum bosacral kyphosis.
(5) Com pensatory lordosis.
(6) Anterior prot rusion of the pelvis.
(7) Pelvic waddle gait .

c. Roentgenographic  ndings (Fig. 19.2).
(1) Defect  at  the pars in terar t icularis:

(a) Seen at  the neck of the “Scot t ie dog” project ion  on oblique view.
(2) Trapezoidal L5 ver tebral body:

(a) Rounded sacral dom e.
i. On an  anteroposterior (AP) view  th is appears as the reverse 

“Napoleon’s hat” sign .
(3) Computed tom ographic scan dem onstrates the pars defects and stenosis.

(a) Single-photon em ission computed tom ography (SPECT) can detect  
m etabolic act ivity in  the region of the pars interar t icularis defect .

(4) Magnet ic resonance im aging (MRI) is the study of choice for assessing 
spinal stenosis.
(a) May dem onstrate “w ide canal sign .”

i. Suggest ive of a bilateral pars defect .
(5) Radiographic m easurem ents:

(a) Meyerding classi cat ion .
i. Grade I: 0 to 25% slip.
ii. Grade II: 26 to 50% slip .
iii. Grade III: 51 to 75% slip .
iv. Grade IV: 76 to 100% slip.
v. Grade V: spondyloptosis or > 100% slip.

Fig. 19.2 An L4–L5 spondylolisthesis with neu-
roforaminal impingement of the L4 nerve root 
within the foramen.
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(b) Slip  angle (Fig. 19.3).
i. The angle of kyphosis is m easured as the angle between 

the superior end plate of L5 and a line perpendicular to the 
poster ior border of the sacrum .

ii. Most sensit ive indicator of potent ial instabilit y.
iii. Correct ion  of the slip  angle is the m ost  im portant  goal of 

surgical reduct ion .
iv. Correct ion  of the slip  is not  important in  achieving clin ical 

success.
v. In  h igh-grade spondylolisthesis, an  in terbody m ay help 

achieve reduct ion .
(c) Lum bar index.

i. Measurem ent of the wedging of the anterior L5 vertebral body
• Rat io of the posterior and anterior height  of the slipped 

vertebra.
d. Treatm ent

(1) Act ivity m odi cat ion (nonoperat ive).
(a) Back and abdom inal st rengthening exercise.
(b) Ham string st retching.
(c) Brace if persistent  pain  despite act ivit y m odi cat ion .
(d) A posit ive bone scan or SPECT scan implies the potent ial for 

osseous healing via im m obilizat ion .

Fig. 19.3 Measurement of slip angle. 
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(2) Operat ive.
(a) Goals of surgery.

i. Pain  reduct ion .
ii. Prevent ion of fur ther slippage.
iii. Restorat ion  of norm al posture.
iv. Prevent ion of neurological de cits.

(b) Surgical techniques.
i. Direct  pars repair.
ii. Posterolateral fusion w ith  or w ithout  decom pression.

• Possible slip  reduct ion .
• Possible inst rum entat ion .

iii. Possible in terbody fusion (anterior lum bar in terbody fusion, 
poster ior lum bar interbody fusion, t ransforam inal lum bar 
in terbody fusion) (Fig. 19.4).

(c) Pseudarthrosis.
i. Fusion rate decreased in  sm okers (57%) versus nonsm okers 

(95%).
ii. Com m on in  in  situ  fusions w ithout  inst rum entat ion .

• Increased st ress across fusion m ass.
• Di culty in  exposing L5 t ransverse process.

(d) Slip  progression.
i. Occurs in  33% of cases regardless of the presence of a solid  

fusion (uninst rum ented).
ii. Increased risk of progression.

• High-grade slips.
• Gill lam inectomy.
• No postoperat ive im m obilizat ion .

(e) High-grade slip  reduct ion.
i. May cause L5 nerve root neurapraxia.
ii. Full correct ion  is not needed.
iii. Correct ion  of the kyphosis is m ost  important .
iv. Reduct ion improves the fusion rate.

D. Degenerat ive spondylolisthesis.
1. Epidem iology.

a. Most often  occurs at  the L4–L5 level.
b. Five t im es m ore com m on in  wom en.
c. Symptom s usually appear after age 40.

2. Clinical  ndings.
a. Low  back pain  w ith  bilateral lower ext rem ity radiat ion .

(1) Fifty percent  of pat ients have radiculopathy, m ost  com m only in  the 
L5 nerve root  dist r ibut ion .

b. St i ness is not a com m on  nding.
(1) Most  pat ients are hyper exible.

c. Associated complain ts of stenot ic symptom s.
(1) Proxim al m uscle weakness.

http://www.myuptodate.com


19 Lumbar Spondylolisthesis216

Fig. 19.4 Images demonstrating the minimally invasive 
transforaminal lumbar interbody fusion and percutaneous 
pedicel screw placement. (a) Intraoperative anteroposterior 
(AP)  uoroscopic image demonstrating placement of the 
guidewires along the medial wall of the pedicle. (b) Intra-
operative image demonstrating removal of the ligamentum 
 avum and coagulation of the epidural veins overlying the 
disk space via the tubular retractor system. (c) Intraopera-
tive “bulls-eye” view  uoroscopic image demonstrating the 
advancement of guidewires for percutaneous pedicle screw 
placement. (d) Intraoperative lateral  uoroscopic image 
demonstrating pedicle screw placement in the L4 and L5 
pedicles. (e) Postoperative lateral radiograph demonstrat-
ing pedicle screw placement in the L4 and L5 pedicles with 
posterior instrumentation.

a

b
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e
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(2) Neurogenic claudicat ion .
(a) Shopping car t  sign .

i. Relief w ith  forward  exion.
3. Radiographic  ndings.

a. Plain  radiographs.
(1) A standing lateral radiograph is m ore sensit ive than a non-weight-

bearing view.
(2) Flexion–extension views:

(a) Greater than 4 m m  of m ot ion is considered indicat ive of dynam ic 
instabilit y.

(b) Greater than 10° of m ot ion.
b. CT myelogram .

(1) Determ ines am ount  of spinal stenosis.
(2) Evaluates degree of osteopenia.
(3) Detailed view  of facet  hypert rophy.
(4) The t raversing nerve root  is compressed by the superior ar t icular 

process of the inferior vertebrae.
c. MRI.

(1) Gold standard for evaluat ion  of disk, ligam ents, and neural st ructures.
(2) Provides inform at ion regarding neurological compression.
(3) Delineates synovial cysts and hyper t rophic ligam entum   avum .

4. Treatm ent .
a. Nonoperat ive.

(1) Short-term  bed rest  (1–2 days).
(2) Nonsteroidal ant i-in  am m atory drugs.
(3) Oral steroids.

(a) Best  reserved for acute exacerbat ions of leg pain .
(4) Physical therapy.

(a) Range of m ot ion.
(b) Aerobic condit ioning.

b. Operat ive (Fig. 19.5).
(1) Indicat ions.

(a) Persistent  or recurrent  severe leg pain .
(b) Progressive neurological de cit .

(2) Treatm ent opt ions (Table  19.2).
5. Spine pat ient  outcom es research t r ials (SPORT).

a. Pat ient  populat ions.
(1) Pat ients w ith  degenerat ive spondylolisthesis and spinal stenosis.
(2) Persistent  sym ptom s (e.g., radicular leg pain , neurological 

claudicat ion) for 12 weeks.
(3) Assigned random ly to operat ive and nonoperat ive cohorts.

b. Operat ive versus nonoperat ive t reatm ent  outcom es.
(1) Surgery consisted of standard lum bar decom pression w ith  or w ithout 

single-level fusion .
(a) Iliac crest  bone graft  w ith  or w ithout  poster ior pedicle screw  

 xat ion .
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(2) The surgical cohort  dem onstrated greater im provem ents in  pain  and 
funct ion  after 2 years com pared w ith  those t reated nonoperat ively in  
the as-t reated analysis.

c. Cont roversies.
(1) High crossover rate:

(a) For ty-nine percent  of pat ients in  the nonoperat ive cohort  
underwent surgery.

(b) Thir ty-six percent  of pat ients in  the surgical cohort  did not 
undergo surgery.

Fig. 19.5 Images of an 18-year-old man with a high-grade L5–S1 isthmic spondylolisthesis and bilat-
eral L5 radiculopathy. (a) Anteroposterior radiograph showing that the L5 transverse processes overlie 
the sacrum due to the severe slip. (b) Lateral radiograph showing the grade 3 slip. (c) Magnetic reso-
nance imaging scan shows typical changes at L5–S1 rounding of the sacral dome. (d,e) Postoperative 
radiographs demonstrating the placement of interbody cages to increase the fusion rate with supple-
mentary pedicle screw  xation.
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(2) Nonoperat ive m anagem ent  was not  standardized.
(3) Surgical procedures were not standardized.

(a) Decompression alone.
(b) Decom pression and fusion.

i. Autograft  w ith  iliac crest  bone graft  (ICBG).
ii. Fusion w ith  or w ithout  posterior inst rum entat ion .
iii. Bone m orphogenet ic protein  was not  used.

(4) In tent-to-t reat  versus as-t reated analysis:
(a) In tent-to-t reat  analysis com pared pat ients according to their 

assigned cohort .
i. This dem onstrated no di erence in  prim ary outcom es 

between groups in  pat ients w ith  spondylolisthesis.
ii. Pat ients assigned to nonoperat ive t reatm ent were counted 

as nonoperat ive pat ients even if they crossed over and had 
surgical in tervent ion .

(b) As-t reated analysis com pared pat ients according to the t reatm ent  
ult im ately received.

(c) Pat ients w ho underwent surgery dem onst rated improved and 
sustained outcom es com pared w ith  those t reated nonoperat ively 
for 4 years.

E. Traum at ic spondylolisthesis.
1. Extrem ely rare injuries.
2. A posterior fracture m ay be part  of a larger injury.

a. Be suspicious for a fracture or dislocat ion  of the spine.

Table 19.2 Surgical options for adult spondylolisthesis

Procedure Advantages Disadvantages Complications

Laminectomy –  Rapid pain relief
–  Avoids morbidity 

of a fusion

–  Does not address 
instabilit y

–  Slip progression 
(25–50%)

Laminectomy 
with 
posterolateral 
fusion

–  Decreased slip 
progression if 
fusion obtained

–  Possible failure of 
fusion

–  Increased rate of 
pseudarthrosis as 
compared with 
noninterbody 
techniques

Instrumented 
fusion with 
interbody graft

–  Increased fusion 
rates

–  Partial reduction 
of deformity

–  Allows for more 
aggressive 
decompression

–  Improves slip 
angle

–  Longer operative 
times

–  Instrument 
placement

–  Increased 
infection rate

–  Implant migration 
or failure
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F. Pathological spondylolisthesis.
1. Generalized bone disease.

a. Osteoporosis and osteom alacia.
(1) Instabilit y results from  cont iguous st ress fractures healing in  an  

elongated pat tern .
b. Paget’s disease and osteogenesis im perfecta.
c. Prim ary or secondary neoplasm .

Suggested Reading

Blum enthal C, Curran  J, Benzel EC, et  al. Radiographic predictors of delayed instabilit y 
follow ing decom pression w ithout fusion for degenerat ive grade I lum bar spondylolis-
thesis. J Neurosurg Spine 2013;18(4):340–346

Longo UG, Loppini M, Rom eo G, Ma ulli N, Denaro V. Evidence-based surgical m anage-
m ent  of spondylolisthesis: reduct ion  or ar throdesis in  situ . J Bone Joint  Surg Am  
2014;96(1):53–58

Poussa M, Rem es V, Lam berg T, et  al. Treatm ent of severe spondylolisthesis in  adolescence 
w ith  reduct ion or fusion in  situ: long-term  clin ical, radiologic, and funct ional out-
com e. Spine 2006;31(5):583–590, discussion 591–592

Wat ters WC III, Bono CM, Gilber t  TJ, et  al; North  Am erican Spine Society. An evidence-based 
clin ical guideline for the diagnosis and t reatm ent  of degenerat ive lum bar spondylolis-
thesis. Spine J 2009;9(7):609–614

 Weinstein  JN, Lurie JD, Tosteson TD, et  al. Surgical versus nonsurgical t reatm ent  for lum -
bar degenerat ive spondylolisthesis. N Engl J Med 2007;356(22):2257–2270

Weinstein  JN, Lurie JD, Tosteson TD, et  al. Surgical com pared w ith  nonoperat ive t reat-
m ent  for lum bar degenerat ive spondylolisthesis. four-year results in  the Spine Pat ient  
Outcom es Research  Trial (SPORT) random ized and observat ional cohorts. J Bone Join t  
Surg Am  2009;91(6):1295–1304

http://www.myuptodate.com


221

20 Adult Spinal Deformity

20.1 General Considerations
I. In t roduct ion .

A. Adult  scoliosis is m ore r igid than adolescent spinal deform ity (ASD) and is m ore 
likely to be sym ptom at ic.

B. The curve m ay progress, especially if the curve is > 50° (Fig. 20.1).
1. The curve m ay progress 1 to 2° per year.

II. Risk factors for lum bar curve progression:
A. Lateral and rotatory listhesis.
B. Large apical rotat ion .

III. Spinal stenosis, disk disease, and osteopenia are associated pathologies.
A. Asym m etrical loss of disk height  and vertebra m ay contribute to the increase in  

Cobb angle.
IV. Adult  scoliosis is m ore likely to be sym ptom at ic, w ith  pain  and disabilit y.

Fig. 20.1 (a,b) Cobb angle measurement.

a b
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A. Pain  often  originates on the convexity of the curve due to m uscle fat igue. This is 
followed by facet  degenerat ion  on the concave side.

B. There is increased incidence of low  back pain  if the lum bar curve is > 45°.
C. It  is necessary to rule out other sources of pain , such as abdom inal aneurysm , 

renal stones, and tum ors, as well as disk disease and spinal stenosis.
D. Pain , in  the absence of a progressive curve, is rarely an  indicat ion  for surgery.
E. Sciat ica m ay result  from  nerve root com pression  in  the concavit y of the curve.

V. Respiratory comprom ise m ay occur, result ing in  dyspnea, pulm onary hypertension, 
and cor pulm onale.

VI. Adults often  have other m edical com orbidit ies that  m ake the surgery m ore risky.
VII. Sacropelvic radiographic param eters (Table 20.1) (Fig. 20.2).
VIII. Classi cat ion:

A. Scoliosis Research Society (SRS)—Schwab Adult  Spinal Deform ity Classi cat ion  
(Schwab et  al).
1. Uses radiographic param eters and pat ient-reported funct ional assessm ent 

scores.
a. Radiographic param eters were correlated w ith  funct ional outcom es.

2. Curve type involves the assessm ent  of coronal deform ity w ith  added sagit tal 
deform ity m odi ers (Fig. 20.3).
a. Curve Type T: thoracic m ajor curve > 30° (apical T9 or h igher).
b. Curve Type L: thoracolum bar or lum bar m ajor curve > 30° (apical T10 or 

lower).

Table 20.1 Sacropelvic radiographic parameters

Radiographic 
parameter Measurement Note

Pelvic incidence 
(PI = PT + SS)

Angle between the straight line 
from the femoral head to the 
midpoint of the sacral plate and a 
perpendicular line to the sacral plate

Will not change position 
after skeletal maturity 
(morphological parameter)

Pelvic tilt (PT) Angle between the straight line 
from the femoral head to the 
midpoint of the sacral plate and a 
vertical line from the femoral head

Changes with position and 
increases with age due 
to compensatory forces 
(positional parametera)

Sacral slope (SS) Angle between the sacral plate 
and the horizontal axis

Changes with position 
(positional parametera)

Sagit tal vertical 
axis

A plumb line is drawn in the 
sagit tal axis from the C7 vertebral 
body, and the distance from the 
posterosuperior sacral end plate 
to the plumb line is measured

Measurement of global 
alignment.
If plumb line is posterior to 
the S1 vertebral body, it  is 
negative (normal). If anterior, 
it  is referred to as positive.

aIf one positional parameter changes, it  a ects all other parameters.
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Fig. 20.2 (a,b) Sacropelvic radiographic parameters.

Fig. 20.3 The SRS–Schwab adult spinal deformity classi cation: assessment and clinical correlations 
based on a prospective operative and nonoperative cohort. (Neurosurgery 2013;73(4):559–568.)

a b
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c. Curve Type D: double m ajor curves > 30°.
d. Curve Type N: no m ajor coronal deform it y.

3. Sagit tal m odi ers (three t ypes).
a. All are correlated w ith  pain  and disabilit y and are im portant  for 

preoperat ive planning and determ inat ion  of operat ive m anagem ent .
b. Pelvic incidence (PI) – LL.
c. Pelvic t ilt  (PT) (pelvic ret roversion).
d. Sagit tal vert ical axis (SVA).

IX. Evaluat ion:
A. Careful h istory and exam inat ion, including previous evaluat ions for scoliosis:

1. Assessm ent of kyphosis, lordosis, r ib hump, and curve  exibilit y.
2. Neurological exam inat ion.

B. X-rays: 36 in  standing anteroposterior and lateral to m easure m agnitude of the 
curvatures and obtain  radiographic param eters as already de ned:
1. It  is im portant to m ake sure that  the pat ient  is not  exing the knees, w hich 

w ill cause underest im at ion of sagit tal im balance.
2. Pat ients w ith  spinal stenosis and deform ity m ay  ex forward to relieve 

spinal stenosis sym ptom s. It  is im portant  to assess both  st ructural  at -
back and funct ional or  exible kyphosis to avoid overest im at ing sagit tal 
im balance.

C. Radicular pain  or sym ptom s of spinal stenosis warrant m agnet ic resonance 
im aging to assess for neural com pression.

X. Treatm ent:
A. Goals of t reatm ent  include im provem ent  of funct ional im provem ent  and pain  

and restorat ion  of coronal and sagit tal alignm ent .
B. Conservat ive t reatm ent is indicated for nonprogressive curves causing localized 

back pain . The t reatm ent plan  incorporates the general principles of t reat ing 
back pain , including a br ief period of rest , nonsteroidal ant i-in  am m atory 
drugs, st retching, an  exercise program , and nerve blocks.

C. Radiographic param eters, as determ ined by the SRS—Schwab Classi cat ion , 
should guide surgical planning.
1. Goal param eters include the follow ing:

a. LL = PI ± 9.
b. PT < 20°.
c. SVA < 50 m m .

XI. Techniques:
A. Operat ive m anagem ent  is likely warranted w ith  sym ptom at ic pat ients and 

should be guided by the target  radiographic param eters as already stated.
B. Relat ively  exible thoracic curves or balanced double m ajor curves require 

posterior fusion and inst rum entat ion .
C. Rigid and severe unbalanced thoracic curves (> 80° curves) m ay require anterior 

release and fusion followed by poster ior fusion and inst rum entat ion .
D. Relat ively  exible thoracolum bar or lum bar curves can be t reated by anterior 

fusion  w ith  inst rum entat ion  (if there is no kyphosis and the curve is lim ited to 
T10 to L4).

E. Severe and r igid thoracolum bar or lum bar curves > 75°, redundant statem ent , 
and associated kyphosis m ay require anterior release and fusion followed by 
posterior fusion and inst rum entat ion .
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F. Degenerat ive scoliosis w ith  radiculopathy requires posterior lam inectomy 
and fusion w ith  t ranspedicular inst rum entat ion  of the lum bar spine w ith  or 
w ithout anterior fusion.

XII. Complicat ions:
A. Higher than adolescent  spine, especially pulm onary problem s.
B. Pseudarthrosis is less for com bined anter ior and posterior approach than for 

posterior fusion alone.
C. Flat-back syndrom e (loss of lum bar lordosis) m ay result  if the posterior 

surgical techniques produce a dist ract ive force or if the anterior technique 
produces signi cant  com pression force along the lum bar spine. Segm ental 
inst rum entat ion  and preservat ion  of the lum bar lordosis and sagit tal balance 
are crit ical.

D. Proxim al junct ional kyphosis (PJK) (Fig. 20.4):
1. Postoperat ive adjacent-segm ent  pathology that  is de ned as a kyphosis of  

> 10° of the cephalad ver tebrae above a previously inst rum ented segm ent:
a. If severe enough, m ay warrant  a revision  procedure.

Fig. 20.4 Proximal junctional kyphosis.
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2. Risk factors:
a. Increased age.
b. Fusion to sacrum .
c. Circum ferent ial fusion.
d. Thoracoplasty.
e. Upper inst rum ented vertebrae at  T1–T3.

3. Prevalence of 17 to 39%, m ost ly at  2 years.
4. There is m oderate evidence suggest ing that  PJK does have deleterious e ects 

on  funct ional outcom es.
E. Infect ion:

1. Incidence of 0.5 to 8%.
2. More com m on w ith  posterior surgery.

F. Neurological com plicat ions:
1. Incidence of 1 to 5%.
2. Most  com m on w ith  com bined posterior and anterior surgery.

G. Pulm onary em bolism :
1. Incidence of 1 to 20%.
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21.1 General Considerations
I. Classi cat ion  (Table  21.1).

21.2 Idiopathic Adolescent Scoliosis
I. Et iology.

A. Neurom uscular.
1. Changes in  the m uscle  ber t ypes and m uscle spindles have been 

dem onstrated.
2. Increased calm odulin  level, w hich is responsible for the regulat ion  of m uscle 

cont ract ion , and decreased m elatonin  levels (calm odulin  antagonist) have 
been dem onstrated in  pat ients w ith  idiopathic adolescent scoliosis (IAS).

B. Horm onal.
C. Connect ive t issue.

1. Elast ic and collagen  bers are the prim ary elem ents that  suppor t  the spine.
2. Abnorm alit ies of the collagen/proteoglycan in  the in terver tebral disks have 

also been reported.
D. Genet ic: 5:1 fem ale preponderance (> 10° curves), fam ilial (20 t im es greater 

likelihood in  fam ilies) w ith  m onozygot ic tw in  concordance rate of 73%, genet ic 
(sex-linked t rait  w ith  incomplete penet rance and variable expressivity).

E. Melatonin  or serotonin  abnorm alit ies.
II. Anatom ical characterist ics.

A. Lateral curvature or deform ity in  the coronal plane.
B. Decreased thoracic kyphosis or thoracic hypokyphosis (deform ity in  the sagit tal 

plane):
1. Earlier accelerated spinal grow th as com pared w ith  norm al individuals m ay 

be related.
C. Ver tebral rotat ion: the spinous process rotates toward the concavity (deform ity 

in  the axial plane) and causes rib hum p.
D. Pat terns of thoracic scoliosis:

1. King classi cat ion  (Table  21.2): helps determ ine fusion levels for surgery 
(not  all curves  t  in to th is classi cat ion).

2. Lenke classi cat ion: newer, m ore extensive, classi es the curves based on 
curve type, coronal lum bar m odi er, and thoracic sagit tal pro le (Fig. 21.1).
a. Four series of plain   lm  spine radiographs are used: upright  

posteroanterior, lateral, supine right-bending, and supine left -bending.
b. Curves can be classi ed in to six t ypes:

(1) Type 1: Main  thoracic (MT).
(2) Type 2: Double thoracic (DT).
(3) Type 3: Double m ajor (DM).
(4) Type 4: Triple m ajor (TM).

21 Pediatric Spinal Deformity
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Table 21.1 Classi cation of pediatric spinal deformity

Classif cation Type Subtypes

Nonstructural Postural
Sciatic
In ammatory
Compensatory

Structural Idiopathic Infantile (< 3 years)
Juvenile (3–10 years)
Adolescent (10 years through 
maturity)

Neuromuscular
Neuropathic
Myopathic

Cerebral palsy
Syringomyelia
Poliomyelitis
Spinal muscular atrophy
Friedreich’s ataxia
Arthrogryposis
Muscular dystrophy
Myotonia dystrophica

Congenital Diastematomyelia, spina 
bi da, hemivertebra, wedge 
vertebra, unsegmented 
bar with contralateral 
hemivertebra, block vertebra

Neuro bromatosis

Mesenchymal disorders Marfan’s syndrome
Ehlers–Danlos syndrome

Rheumatoid disease

Trauma

Extraspinal contracture Burns
Thoracic surgery

Osteochondral dystrophies

Infection

Metabolic disorders

Related to lumbosacral joint

Tumors
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Table 21.2 King classi cation system

Type  King classif cation Notes

Double major right thoracic 
and left  lumbar

I Lumbar curve is larger than 
the thoracic curve

Right thoracic and 
compensatory left  lumbar

II Thoracic curve is larger 
than the lumbar curve

Right thoracic III Left lumbar curve does not 
cross the midline

Right thoracolumbar IV

Double thoracic V

Fig. 21.1 Lenke classi cation. (From Lenke LG, Betz RR, Harms J, et  al. Adolescent idiopathic scoliosis: 
a new classi cation to determine extent of spinal arthrodesis. J Bone Joint Surg Am 2001;83-A:1169–
1181. Reproduced with permission.)
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(5) Type 5: Thoracolum bar/lum bar (TL/L).
(6) Type 6: Thoracolum bar/lum bar–m ain  thoracic (TL/L-MT).

c. The m ajor curve is the largest  curve.
d. Minor curves are then evaluated for st ructural criteria.

(1) St ructural curve: coronal plane r igidity > 25° upon side-bending or 
kyphosis > 20° on sagit tal radiographs.

e. Spinal ar throdesis should include only the m ajor curve and the st ructural 
m inor curves.

f. A lum bar coronal m odi er is determ ined.
(1) A central sacral ver t ical line (CSVL) is draw n vert ically from  the 

m idpoint  of S1.
(a) Modi er A: the CSVL t raverses between the pedicles of the apical 

vertebrae.
(b) Modi er B: the CSVL lies between the m edial border of the 

concave pedicle and the lateral edge of the apical ver tebral body.
(c) Modi er C: the CSVL is not adjacent to the lateral border of the 

apical ver tebral body.
g. The last component involves assessm ent of the sagit tal thoracic alignm ent .

(1) The Cobb angle from  T5 to T12 is m easured.
(2) If the Cobb angle is +10 to +40°, a norm al m odi er is assigned.
(3) A m inus sign  indicates a Cobb angle < 10° (hypokyphot ic curve).
(4) A plus sign  indicates a Cobb angle > 40° (hyperkyphot ic).

h . For ty-two di erent  t ypes of curves are possible because t ype 5 and 6 
curves are associated w ith  a lum bar coronal m odi er of “C.”

3. Isolated lum bar or thoracolum bar curves.
III. Natural h istory and prognosis.

A. Prevalence: 25/1,000 (2.5%) exhibit  > 10° curves and (0.4%) 4/1,000 exhibit   
> 20° curves (Table 21.3).

IV. Diagnosis.
A. Screening: generally occurs in  school children  aged 10 to 14:

1. Leads to a substant ial num ber of referrals.
2. One-th ird of all referrals have scoliosis to som e degree.
3. Genet ic test ing is available to determ ine the risk of curve progression in  

pat ients w ith  AIS:
a. ScoliScore (Transgenom ic, Inc.).

(1) Thought  to determ ine the r isk of curve progression past  40°.
(2) Should be used as an  adjunct to clin ical exam inat ion and 

radiographic  ndings.
(3) There is m ixed evidence regarding the e cacy of th is genet ic test .

B. History: age, gender, onset  of m enarche, pain , fam ily h istory.
1. Pain occurs in  up to 30% of pat ients w ith  AIS.
2. Peak grow th occurs in  girls at  age 11 to 12 and in  boys at  age 13 to 14.

C. Physical exam inat ion:
1. Observat ion .

a. Asym m etry of shoulder level, breasts, waist , or pelvis.
b. Protruding scapula or r ibs.
c. Loss of thoracic lordosis.
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d. Adam s forward bend test .
(1) The pat ient  bends at  the waist  to 90°.
(2) During the process, assess for asym m etry in  bending and rotat ional 

deform ity of thoracic and lum bar curves.
2. Measurem ents.

a. A scoliom eter is used to m easure the r ib hum p (rotat ional deform ity on 
forward bending).

b. A plum b line dropped from  C7 indicates coronal balance relat ive to the 
gluteal cleft .

c. Leg length  discrepancy.
3. Neurological exam inat ion.

a. Deep tendon re exes.
b. Abdom inal re exes.

(1) Check for sym m etrical um bilical m ovem ent  upon lateral to m edial 
light  st roke on the abdom en.

(2) Asym m etrical m ovem ent correlates w ith  neural axis pathology.
D. X-ray exam inat ion:

1. The Cobb angle (Fig. 21.2) is used to determ ine the m agnitude of the curve. 
The upper and lower end ver tebrae of each curve are ident i ed. A line is 
draw n at  the upper end of the cranial end vertebra along the end plate or 
by m arking the upper or lower m argin  of the pedicles. A line is then draw n 

Table 21.3 Factors contributing to curve progression

Curve  
magnitude

The greater the angulation and rotation, the greater the tendency 
for progression. For example, a 20° curve has a 20% likelihood of 
progression, and a 40° curve has a 60% likelihood of progression.

Age Younger age is a more important prognostic factor than gender 
or family history. Ninety percent of spinal growth has occurred at 
puberty; however, this age has the highest risk of progression.

Risser score A score of 1 or less has a higher likelihood of progression.

Curve size Shorter curves progress more

Location The lower the curve is in the spinal column, the greater the 
likelihood of progression (thoracic < lumbar).

Flexibility Sti er curves in immature individuals and more  exible curves in 
mature individual are more likely to progress.

Gender Girls are more commonly a ected, especially for larger curves.

Family history

Slender spine
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at  the lower end of the caudal vertebra of the curve, using the end plate or 
pedicles. A right angle to th is line is then draw n. The angle to be m easured is 
the angle form ed by the two lines at  the end vertebrae.

2. Bone age determ inat ion can be useful to help determ ine the risk of spinal 
curve progression.
a. Risser sign  (Fig. 21.3):  ossi cat ion  of the iliac epiphysis progresses from  

the anterior iliac spine poster iorly. A Risser 0 has the least  ossi cat ion  
and greatest  r isk of progression, w hereas a Risser 5 indicates the 
epiphysis has fused w ith  the iliac crest , and the r isk of progression is 
m inim al.

b. A ring apophysis fusion indicates cessat ion  of all vertebral body grow th 
potent ial.

c. Left  w rist  and hand: the X-ray is compared w ith  standards in  the 
Greulich  and Pyle at las.

E. Pulm onary funct ion  test: > 70° curves have decreased vital capacity, 
part icularly w ith  hypokyphosis.

F. Indicat ions for m agnet ic resonance im aging (MRI):
1. Neurological abnorm alit ies.

Fig. 21.2 (a,b) Cobb angle analysis for manual adolescent idiopathic scoliosis measurements.

a b
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Fig. 21.3 (a–d) The Risser Sign: Ossi cation 
of the iliac apophysis progresses from the 
anterior iliac spine posteriorly. A Risser 0 has 
the least  ossi cation and greatest  risk of pro-
gression, while a Risser 5 indicates the apophy-
sis has fused with the iliac crest and the risk of 
progression is minimal.

a

b c

d
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2. Congenital vertebral abnorm alit ies.
3. Juvenile and infant ile onset .
4. Rapid progression.
5. Cutaneous m anifestat ions of dysraphism .

V. Managem ent .
A. Goals of t reatm ent .

1. Prevent progression and m aintain  balance.
2. Maintain  respiratory funct ion.
3. Reduce pain  and preserve neurological status.
4. Cosm esis.

B. Nonoperat ive t reatm ent .
1. For m ost  pat ients w ith  scoliosis, progression m ay not  be severe enough to 

warrant t reatm ent .
2. Observat ion  is indicated for curves < 25° in  im m ature pat ients and > 50° in  

m ature pat ients.
a. Obtain  X-ray 3 m onths after the  rst  visit  and then every 6 to 9 m onths 

for curves < 20° and every 4 to 6 m onths for curves > 20°.
b. A signi cant  change is de ned as progression of > 10° in  curves < 20° and 

> 5° in  curves > 20°.
3. Exercise is indicated only as an  adjunct t reatm ent , especially for pat ients 

w ith  obesit y, back pain , lum bar hyperlordosis,  exible kyphosis, and t runk 
and extrem ity m uscle t ightness.

4. Orthosis: curve > 30 to 45° ( rst  visit ) and > 25° w ith  docum ented 
progression in  im m ature pat ients (Risser 3 or less):
a. Not  for cervicothoracic curves and hypokyphot ic thoracic curves.
b. The goal is to prevent progression: ~ 85%  of com pliant  pat ients 

dem onstrate progression cessat ion  and improve (~ 50% correct ion), but  
m ost  pat ients tend to return  w ith in  5° of the original curve after the 
brace t reatm ent  is ceased.

c. Protocol: the pat ient  m ust  wear the brace 23 hours a day unt il 2 years 
after m enarche or Risser 4 and be weaned o  in  1 year (part-t im e wear is 
also reported).

d . Orthosis t ypes:
(1) Thoracolum bar sacral or thosis (Boston overlap).

(a) Appropriate up to T8 apex.
(b) All curve types.
(c) Medium  compliance.

(2) Bending brace (Charleston).
(a) Thoracolum bar and lum bar curves (25–35°).
(b) Best  com pliance.

(3) Mehta cast .
(a) Treatm ent opt ion for very young children .

(4) Cervico Thoracolum bar Sacral Orthosis (CTLSO) (GB Orthopaedics).
(a) Thoracic curves w ith  apex above T7.
(b) Low  compliance.

5. Elect rical st im ulat ion t reatm ent  has been abandoned.
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C. Operat ive t reatm ent .
1. Indicat ions for surgery.

a. Progressive curves > 40 to 45° in  grow ing children  (Fig. 21.4).
b. Failure of bracing.
c. Progressive curves beyond 50° in  adults.

Fig. 21.4 A 17-year-old girl with 
adolescent idiopathic scoliosis. 
(a) Anteroposterior radiograph 
demonstrating a 49° right tho-
racolumbar curve with main-
tenance of the overall coronal 
balance. (b) Lateral radiograph 
demonstrates relatively preserved 
sagit tal alignment. Postoperative 
(c) anteroposterior and (d) lateral 
radiographs with an anteroposte-
rior release and fusion.

a b

c d
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2. Goals of surgery.
a. Spinal and pelvic balance is m ore im portant than curve correct ion .
b. Prevent respiratory comprom ise.
c. Prevent back pain .
d. Cosm esis.

3. Operat ive m anagem ent  based on the Lenke classi cat ion .
a. Type 1: posterior fusion and inst rum entat ion  (PFI) is favored.

(1) Lower extent ver tebrae (LEV) is controversial.
b. Type 2: require PFI.

(1) The proxim al fusion level (T2 or T3) is determ ined by the size of the 
proxim al thoracic curve and shoulder alignm ent .

(2) LEV is controversial.
c. Type 3: PFI is warranted.
d. Type 4: Rare and warrants fusion of the proxim al thoracic curve, m ain  

thoracic curve, and thoracolum bar/lum bar curves.
(1) May require an  anterior release for r igid curves.

e. Type 5: Only require fusion of the thoracolum bar/lum bar curve given 
that  it  is st ructural (anter ior or posterior).

f. Type 6: PFI of the m ajor thoracolum bar/lum bar and the m inor thoracic 
curve.

VI. Instrum entat ion .
A. Contem porary system s.

1. Vertical Expandable Prosthetic Titanium  Rib (VEPTR) (Synthes Spine) (Fig. 21.5).
a. Received hum anitarian  device exem pt ion status to t reat  chest  wall and 

spinal deform ity associated w ith  thoracic insu ciency syndrom e.
b. Maxim izes lung volum e by expanding the rib cage and enabling grow th 

and correct ion  of the spinal deform ity.
c. Long-term  outcom es w ith  VEPTR are pending, because sagit tal deform ity 

rem ains unaddressed.
2. Grow ing rod inst rum entat ion .

a. Used in  adolescent children  to enable norm al grow th of the spine w hile 
addressing spinal deform ity correct ion .

b. Requires lengthening at  periodic in tervals.
VII. Surgical technique.

A. In t raoperat ive cell saver system .
B. In t raoperat ive neurom onitoring and wake-up test  or m otor evoked potent ials.
C. Fusion technique:

1. Subperiosteal dissect ion  out to the t ips of the t ransverse processes.
2. Decort icat ion , facet  car t ilage excision.
3. Iliac crest  autograft  or r ib graft  from  thoracoplasty.

D. Inst rum entat ion  techniques: m ost deform ity correct ions are now  perform ed 
using the pedicle screw–based system s.

VIII. Postsurgical care, outcom es, and complicat ions.
A. Bracing after surgery is not required.
B. Pat ients are slowly advanced in  their act ivit ies unt il full recovery in  6 to 12 

m onths.
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Fig. 21.5 (a–j) Vertical expandable prosthetic titanium rib in the pediatric spinal deformity patient.

a b c d

e f g h

i j
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C. Depending on inst rum entat ion  used, correct ion  percentage varies from  50 to 
75%.

D. Fusion below  L3 increases the incidence of lower back pain .
E. Posterior spinal inst rum entat ion  has a reoperat ion  rate of 5 to 19%.
F. Other com plicat ions:

1. Delayed infect ion .
a. Incidence of 1 to 7%.
b. Requires hardware rem oval and ant ibiot ics.

2. Late-onset  surgical pain .
a. Incidence of 5%.
b. Requires hardware rem oval.

3. Pseudarthrosis.
a. Incidence of 3%.
b. Com pression inst rum entat ion  or bone graft  needed for t reatm ent .

Fig. 21.6 Types of congenital 
scoliosis. (a) Unilateral unseg-
mented bar. (b) Block vertebra. 
(c) Fully segmented hemiverte-
bra. (d) Semisegmented hemi-
vertebra. (e) Nonsegmented 
hemivertebra.

a b

c d e
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21.3 Idiopathic Infantile and Juvenile Scoliosis
I. Idiopathic infant ile scoliosis.

A. Usually detected at  2 to 3 m onths of age.
B. Greater incidence in  boys than girls.
C. More com m on in  England.
D. Ninety percent of cases involve the left  thoracic.
E. Prognosis:

1. Sixty to 70% of cases resolve spontaneously.
F. Two types of progressive curves:

1. Benign curves are t ypically characterized by > 1-year onset , double curves, 
and greater  exibilit y.

2. Malignant curves are characterized by > 1-year onset , thoracic locat ion , and 
rigid curves.

G. Good prognosis if Mehta angle (r ib–vertebral angle) is < 20° and the convex rib 
does not overlap the vertebral body on the posteroanterior radiograph (phase I). 
In  phase II, there is an  overlap between the rib and ver tebral body, and the 
prognosis is worse.

H. The t reatm ent  consists of bracing for curves > 30°. If the curve is progressive, 
surgery is recom m ended. Opt ions include subcutaneous rod or telescoping rod 
w ithout  fusion or com bined anterior and posterior fusion.

II. Idiopathic juvenile scoliosis.
A. The right  thoracic pat tern  is the m ost  com m on.
B. Variable progression: one-th ird are observed, one-th ird are braced, and one-

th ird require surgery.
C. Brace if > 30°.
D. Surgery if progressive curve > 45° despite brace t reatm ent , especially during 

puberty.

21.4 Other Type of Scoliosis
I. Congenital scoliosis (Fig. 21.6).

A. Failure of segm entat ion  or form at ion or both .
B. Associated anom alies: genitourinary (renal agenesis, ureteral obst ruct ion).
C. Paralyt ic scoliosis.
D. Neuro brom atosis.

II. Neurom uscular scoliosis (Fig. 21.7).
A. General considerat ions.

1. Bracing does not  prevent  the natural progression of the scoliosis.
2. Di erences in  surgical approach include the length  of fusions and operat ing 

on sm aller curves.
3. Hooks and screws are used m ore frequently.
4. Segm ental Luque w ires are used.
5. Increased rates of complicat ions.

B. Cerebral palsy.
1. Scoliosis a ected by the im balance of the paraspinal m uscles.
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Fig. 21.7 A 13-year-old boy with neuromuscular scoliosis. (a) Anteroposterior and (b) lateral radio-
graphs. There appears to be lumbar hyperlordosis and a compensatory thoracic kyphosis. (c,d) Postop-
erative radiographs demonstrate a combination of pedicle screw, hook, and sublaminar wiring  xation.

a b

c d
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2. Surgery.
a. Curves > 50°.
b. Levels to be repaired:

(1) Am bulatory pat ient .
(a) Proxim al to distal stable ver tebra.

(2) Nonam bulatory pat ients.
(a) T2 to pelvis.

c. Usually posterior approach but  anterior approach m ay need to be 
perform ed for curves > 100°.

C. Myelom eningocele.
1. Secondary to bir th  defect: exposure of the m eninges and spinal cord m ay 

result  in  bowel, bladder, m otor, and sensory de cits.
2. Incidence of 1 in  1,000: correlated w ith  folate de ciency in  pregnancy.
3. Fifteen  percent  of pat ients w ith  th is de cit  are allergic to latex.
4. MRI is used for diagnosis due to the neurological com plicat ions.
5. Surgery:

a. Indicated for pat ients w ho have di culty w ith  sit t ing or are at  r isk for 
developing pressure sores.

b. A com bined posterior and anterior approach is used.
D. Spinal m uscular at rophy.

1. Progressive weakness due to loss of anterior horn  cell neurons.
2. Three t ypes.

a. Type I (Werdnig–Ho m ann disease).
(1) Onset  in  neonatal period and death  by age 2.

b. Type II.
(1) Onset  at  ~ 5 to 6 m onths of age.

c. Type III.
(1) Onset  before age 3 and progressive weakness w ith  loss of am bulatory 

st rength  by age 15.
(2) Surgery.

(a) Indicated in  progressive scoliosis.
(b) The approach should be anterior and posterior for a young 

pat ient  w ith  large curves and only posterior for the older pat ient  
w ith  sm aller curves.

E. Duchenne’s m uscular dyst rophy.
1. X-linked recessive disorder.
2. Spinal deform ity develops secondary to m uscle im balance only after loss of 

am bulat ion .
3. Increased incidence of m alignant  hyper tension w ith general anesthesia.
4. Preoperat ive pulm onary funct ion and cardiac contract ilit y assessm ent  are 

necessary.
5. Surgery:

a. Indicated in  progressive scoliosis > 25 to 30%.
b. A T2 to sacrum  posterior approach is used.
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21.5 Kyphotic Deformities
I. General considerat ions of kyphot ic deform it ies.

A. Anatom ical variat ion .
1. Cervical lordosis, thoracic kyphosis, and lum bosacral lordosis
2. The sagit tal plum b line (odontoid) should norm ally cross C7–T1, T12–L1, 

and the posterior aspect  of the sacrum  (S1).
3. Norm al thoracic kyphosis:

a. Twent y to 45°, m ean = 34°.
4. Norm al lum bar lordosis:

a. Forty to 60°.
b. Two-thirds of lordosis occur between L4–L5 and L5–S1.

B. Biom echanics.
1. Anterior colum n failure results in  compression, and posterior colum n failure 

results in  tension.
2. Posterior st ructures:

a. The lam ina and ligam entum   avum  are relat ively st ronger in  resist ing 
tension than facets, capsules, and in terspinous ligam ents.

3. Deform ity increases the m om ent  arm , w hich can result  in  fur ther 
decompensat ion .

4. Eccentric loading can a ect  car t ilaginous grow th.
a. Com pression decreases grow th anter iorly.
b. Tension increases grow th posteriorly, result ing in  increased kyphosis.

C. Classi cat ion  (Table 21.4).
D. Speci c kyphot ic deform it ies.

1. Postural kyphosis.
a. Most com m on in  adolescents and young adults.
b. Round back deform ity.
c. Modest  kyphosis (40–60°).
d. Sm ooth  and  exible.
e. No radiographic changes.
f. No speci c t reatm ent—conservat ive m anagem ent .

2. Congenital kyphosis.
a. May be single or m ult ilevel.

(1) Type I.
(a) Failure of form at ion (hem iver tebra).
(b) Worse prognosis for progression  and paraplegia.
(c) Upper spinal levels have a worse prognosis than lower levels.

(2) Type II.
(a) Failure of segm entat ion  (bar).

(3) Type III.
(a) Com binat ion of I and II.

(4) Treatm ent .
(a) Nonoperat ive t reatm ent  is ine ect ive.
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(b) Surgery:
i. Type I lesions.

• Posterior in  situ  fusion if < 50° at  1 to 5 years.
• Anterior and poster ior fusion if > 50° and older children .
▫  Bet ter correct ion  and m aintenance.
▫  Lower rate of pseudar throsis.

Table 21.4 Classi cation of kyphotic deformities

Type Notes

Postural

Congenital Defect of formation
Defect of segmentation
Mixed

Neuromuscular (Fig. 21.8)

Scheuermann’s disease (Fig. 21.9)

Myelomeningocele Developmental (late paralytic)
Congenital (present at birth)

Traumatic Due to bone, ligament, and/or cord injury

Postsurgical Postlaminectomy
Following excision of a vertebral body

Postirradiation

Metabolic Osteoporosis
– Senile
– Juvenile
Osteomalacia
Osteogenesis imperfecta

Skeletal dysplasia Achondroplasia
Mucopolysaccharidoses
Neuro bromatosis

Collagen disease Marie–Strümpell disease

Tumor Benign
Malignant
– Primary
– Metastatic

In ammatory and infectious
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• Anterior decom pression.
▫  Release of all the tethering st ructures:

– Anterior longitudinal ligam ent .
– In tervertebral disk and end plate.
– Posterior longitudinal ligam ent .

▫  In traoperat ive dist ract ion and correct ion  of the deform ity:
– Rib,  bula, or iliac crest  st rut  grafts.

▫  Sim ultaneous or second-stage posterior fusion w ith  
compression inst rum entat ion .

▫  Postoperat ive bracing is recom m ended.
ii. Type II lesions.

• Posterior fusion only if kyphosis is < 55°.
▫  For severe deform it y, an  anterior osteotomy and 

correct ion  and fusion  m ay be at tem pted followed by a 
posterior fusion.

• Skeletal t ract ion  is contraindicated as it  m ay cause 
paraplegia.

3. Scheuerm ann’s disease (juvenile kyphosis).
a. Scheuerm ann  rst  described radiological m anifestat ion  of th is disease in  

1920.
(1) The incidence is 0.4 to 8.3% of the populat ion , but  only 1% seek 

m edical at tent ion .
(2) Pathogenesis is unknow n.

(a) Fam ilial tendency w ith  no genet ic link.
(b) Collagen weakness and stunted ossi cat ion  of the vertebral end 

plate are characterist ic.
(c) Osteopenia.
(d) Nutr it ional de ciencies.
(e) Mechanical alterat ions and m uscle weakness have been 

theorized.
i. No scient i c evidence exists.
ii. Grow th centers adjacent to the ver tebral end plate (not r ing 

apophyses):
• Anterior car t ilaginous colum ns experience stunted grow th 

w ith  axial loading.
• Posterior physis hypert rophy due to tensile forces.

iii. With  kyphot ic deform ity, spinal  exors becom e st ronger than 
extensors because of the m om ent  arm .

(3) Pathoanatomy:
(a) Thickened and contracted anter ior longitudinal ligam ent .
(b) Wedging of the anterior vertebral bodies.
(c) Nucleus pulposus.

i. Prot rusion anteriorly and in to the bony spongiosa (Schm orl’s 
nodes).

(4) Clin ical  ndings:
(a) Onset is com m only between 12 and 14 years of age.
(b) Equal m ale:fem ale rat io.
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(c) Deform ity is the m ost com m on present ing complaint .
(d) Pain  occurs in  ~ 50% am ong those w ho seek m edical at tent ion .

i. Increased rate of symptomatology if the lumbar spine is involved
• Som e pat ients develop lum bar spondylolysis later.

(5) Physical exam inat ion:
(a) Increase in  thoracic kyphosis (r igid).
(b) Com pensatory lum bar and cervical lordosis:

i. Round shoulders.
ii. Forward t ilt ing of the head.

(c) Muscle tightness and contractures are seen, typically in the hamstrings.
(d) Thir ty percent  have an  associated m ild scoliosis.

(6) Radiographic  ndings:
(a) Early:

i. Disordered endochondral ossi cat ion .
ii. Irregular end plates.
iii. Narrow ing of the in terver tebral disk space.
iv. Schm orl’s nodes.

(b) In term ediate:
i. Vertebral wedging.
ii. Increasing kyphosis > 45°.

• More than 5° of anterior wedging in  three or m ore 
vertebrae at  the apex of the kyphosis (Sorenson’s criteria).

(c) Late:
i. Degenerat ive changes.

• Osteophytes.
• Facet  hypert rophy.

(d) Standing lateral and supine hyperextension views are used to 
assess the rigidit y of the curve.

(7) Treatm ent:
(a) Observat ion is indicated for m ild deform ity w ith  m inim al 

sym ptom s.
(b) Bracing indicat ions:

i. Vertebral wedging > 5°.
ii. Kyphot ic curves between 45 and 65° and 1 to 2 years of 

grow th rem aining:
• Milwaukee brace for apex above T9.
• Thoracolum bar Sacral Orthosis (TLSO) for the apex below  

T9 and thoracolum bar curves.
iii. Curve correct ion  and wedging im provem ent of ~ 40% can be 

expected after 6 to 12 m onths.
iv. The brace should be weaned w ith skeletal m aturit y, but  loss of 

correct ion  is expected after 10 years.
(c) Exercise:

i. St ressing pelvic t ilt , abdom inal st rengthening, spinal 
 exibilit y, and thoracic spine extension exercises is an  
important  part  of the t reatm ent  plan .
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(8) Surgery:
(a) Indicat ions.

i. Severe deform it y after grow th complet ion  w ith  unrelent ing 
pain.
• Typically > 75° and > 10° wedging in  three or m ore 

cont iguous ver tebral bodies.
ii. Resistance to bracing after 6 m onths.
iii. Neurological signs or symptom s.

(b) Techniques.
i. Posterior-only inst rum ented fusion.

• Curves < 75° and bending correct ion  to < 50°.
• Posterior inst rum entat ion  should extend the ent ire 

kyphot ic region, and distally it  should include one lordot ic 
vertebra (usually L1 or L2). The posterior sacral vert ical 
line is a vert ical line that  crosses the posterior superior 
corner of the sacrum . The ver tebra that  bisects th is line 
is som et im es considered as the end ver tebra for fusion to 
prevent  junct ional deform ity.

ii. Anterior fusion (t ransthoracic approach) followed by posterior 
fusion  and inst rum entat ion .
• Curves > 75° w ith  m inim al bending correct ion  (> 50°).

(c) Postoperat ive protocol.
i. TLSO for 6 to 9 m onths unt il solid fusion.

(d) Complicat ions.
i. Pseudarthrosis and inst rum entat ion  failure (greater in  

posterior fusion alone).
ii. Loss of correct ion .
iii. Infect ion .
iv. Pulm onary complicat ions.
v. Neurological de cits.

4. Neurom uscular kyphosis (Fig. 21.8).
a. Associated condit ions:

(1) Poliomyelit is.
(2) Anterior horn  cell diseases (spinal m uscular at rophy).
(3) Cerebral palsy.
(4) Charcot–Marie–Tooth  disease.
(5) Muscular dyst rophy.
(6) Friedreich’s ataxia.

b. Lack of the extensor m uscle st rength  contributes to developm ent  of a 
kyphot ic deform ity.

c. The natural h istory is progressive even after skeletal m aturit y.
d . Treatm ent:

(1) Bracing unt il the pat ient  is ~ 11 to 12 years old to m axim ize t runcal 
height .

(2) Poster ior fusion w ith  inst rum entat ion  in  m ilder and  exible curves.
(a) Compression inst rum entat ion  is preferred over Luque rods w ith  

sublam inar w ires for correct ion  of kyphosis.
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(b) Com bined anterior and posterior fusion  w ith  inst rum entat ion  in  
severe  xed deform it ies.

5. Myelom eningocele.
a. Congenital.

(1) It  is generally not recom m ended to correct  deform ity at  bir th  
because of the lack of bone stock and associated problem s.

b. At 3 to 5 years of age, posterior resection followed by correction of kyphosis.
(1) Posterior inst rum entat ion  should be applied two to three ver tebrae 

proxim al to the apex.
(2) Followed by 6 to 9 m onths of bracing.

Fig. 21.8 Images of a 44-year-old man with neuro bromatosis who presented with severe kyphosco-
liosis and paraplegia. A simultaneous anterior and posterior approach was performed on this patient to 
combine anterior and posterior procedures. The steps of the procedures included a posterior osteot-
omy, anterior vertebrectomy, spinal cord decompression, anterior fusion with strut grafting, posterior 
compression instrumentation, and anterior instrumentation, in this order. (a) Preoperative magnetic 
resonance image showing 170° kyphosis with cord compression. (b) Computed tomographic (CT) 
myelogram demonstrating severe kyphotic deformity with signal cuto  distal to the T9 vertebra. 
(c) Intraoperative photograph showing anterior vertebrectomy,  bular strut graft, and anterior instru-
mentation. (d) Postoperative radiograph showing 65° of kyphosis.

a b

c

d
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Fig. 21.9 Preoperative radiographs of an 18-year-old woman with Scheuermann’s kyphosis. (a) 
Anteroposterior radiograph demonstrating no coronal plane deformities. (b) Lateral radiograph mea-
suring 80° of kyphosis from T1 to T12. (c,d) Because of the patient’s relative  exibility, an all posterior 
approach was performed, restoring her sagit tal balance.

a b

c d
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6. Developm ental or paralyt ic kyphosis.
a. The deform ity is progressive because the extensors of the spine 

(sacrospinalis and quadratus lum borum  m uscles) rotate anteriorly to 
increase  exion force.

b. Treatm ent:
(1) Bracing is indicated for young pat ients w ith  m ild deform ity.
(2) Posterior fusion involving long fusion to the sacrum .
(3) Anterior release and fusion followed by posterior fusion w ith  

com pression inst rum entat ions.
7. Post t raum at ic kyphosis.

a. Acute or late secondary to severe com pression fractures, burst  fractures, 
or fracture-dislocat ions.

b. More com m on for unstable fractures after conservat ive t reatm ent .
c. Symptom s include deform ity, pain , and neurological de cit .
d. Treatm ent:

(1) Observat ion and conservat ive t reatm ent if the deform ity causes m ild 
pain  that  is controllable.

(2) Surgery is m ost com m only done by a com bined anterior and 
posterior fusion.
(a) Anterior decompression w ith  anterior inst rum entat ion  alone 

m ay be done if adequate correct ion  has been achieved and the 
inst rum entat ion  is stable.

(b) Poster ior-only t ranspedicular osteotomy m ay be done if there is 
no neurological com pression.

8. Postsurgical kyphosis.
a. Usually observed after lam inectomy for spinal cord tum ors and 

syringom yelia.
b. Fusion is recom m ended at  the t im e of surgery w hen extensive 

lam inectomy has been perform ed.
c. Severe deform ity is approached w ith  a com bined anterior and posterior 

fusion .
9. Infect ious kyphosis (Fig. 21.10).

a. Infect ion  m ay be caused by tuberculosis and pyogenic osteomyelit is.
b. The thoracolum bar junct ion  is m ost com m only a ected.
c. Treatm ent:

(1) Ant ibiot ic t reatm ent  includes long-term  in t ravenous ant ibiot ics and 
bracing.

(2) Anterior debridem ent  and fusion indicat ions:
(a) Unresponsive to m edical t reatm ent .
(b) Mult iple-level involvem ent .
(c) Spinal cord com pression.
(d) Presence of an  abscess.

(3) Progressive kyphosis needs anterior and posterior procedures.
10. In  am m atory kyphosis (ankylosing spondylit is).

a. Characterized by loss of a lum bar lordosis and increased cervical and 
thoracic kyphosis.

b. Prim ary locat ion  of disabling deform ity should be assessed.
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c. Hip  exion contracture should be corrected  rst .
(1) May avoid the need for spinal surgery.

d. Lum bar osteotomy is indicated for a signi cant loss of lum bar lordosis.
(1) Types of osteotomy.

(a) Sm ith–Petersen/Ponte opening wedge extension osteotomy.
i. Typically perform ed at  L2–L3 and L3–L4 junct ion  followed by 

inst rum entat ion  and fusion.
ii. The angle of correct ion  corresponds to the spine  exion 

deform ity on standing.
iii. The apex of the osteotomy should be anterior to the neural 

tube and at  the junct ion  of the posterior longitudinal ligam ent 
and in terver tebral disk.

(b) Pedicle subtract ion  osteotom y.
i. Does not lengthen the anterior colum n.
ii. A closing wedge osteotomy shor tens the vertebral colum n and 

is safer neurologically.
iii. Posterior resect ion  of the lam ina, pars, and pedicles is 

perform ed followed by a vertebral wedge resect ion .

Fig. 21.10 A 65-year-old man with old tuberculosis who had a posterior fusion 40 years prior. 
Despite severe kyphosis, this patient was ambulatory with minimal symptoms. (a) Lateral radiograph 
showing severe angular kyphosis. (b) Sagit tal T2-weighted magnetic resonance image (MRI) showing 
an old granuloma and spinal cord compression at the apex of the kyphotic deformity.

a b
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11. Flat  back syndrom e.
a. Et iologies.

(1) Dist ract ion  of the lum bar spine (Harrington inst rum entat ion).
(2) Lum bar fusion w ith  loss of lordosis.

b. Clin ical  ndings.
(1) Sagit tally im balanced posture.
(2) Back pain  w ith  referred pain  dow n to legs.
(3) Transit ion  syndrom e above and below  kyphosis.
(4) Com pensatory h ip and knee  exion contractures.

c. Treatm ent .
(1) Conservat ive t reatm ent w ith  nonsteroidal ant i-in  am m atory drugs, 

physical therapy, range of m ot ion exercises, pain  m anagem ent .
(2) Surgery.

(a) Lum bar osteotomy to balance the sagit tal contour of the spine.
i. Pedicle subtract ion  osteotomy.
ii. Sm ith–Petersen  osteotomy.
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22 Pediatric Cervical Spine Disorders

22.1 General Considerations
I. Developm ental anatom y.

A. Atlas.
1. Neurocentral synchondrosis form s at  6 to 24 m onths.

a. Fusion begins at  4 to 6 years.
b. Poster ior synchondrosis fuses at  5 years.

B. Dens.
1. Two prim ary ossi cat ion  centers coalesce at  1 to 3 m onths of age.
2. Separated from  the ver tebral body by a dentocentral synchondrosis that  

fuses at  6 to 8 years.
C. Norm al variants.

1. Posterior bi d C1 arch .
2. Bipart ite superior ar t icular surface of the at las.
3. Pseudonotch of the at las.
4. Absence or part ial absence of the posterior arch  of the at las.
5. Posteriorly displaced spinolam inar line of the axis.
6. Posteriorly angulated dens.
7. Pseudosubluxat ion of the axis (< 10 years old).

II. Physical exam inat ion .
A. Lim ited range of m ot ion.
B. Tor t icollis.
C. Facial asym m etry.
D. Associated abnorm alit ies.

1. Scoliosis, renal, cardiac, or other head and neck anom alies.
III. Diagnost ic evaluat ion  (Fig. 22.1 and  Fig. 22.2).

A. A  exion-extension view  is very im portant to assess stabilit y.
B. Crit ical m easurem ents on   exed lateral view:

1. Atlantoaxial in terval: 4.5 m m  (children), com pared w ith  3 m m  (adults).
a. From  the posterior aspect  of the anterior C1 arch  to the odontoid process.

2. Space available for spinal cord (SAC): 13 m m .
a. Determ ines the m inim al am ount of space required w ith in  the spinal 

canal to accom m odate the spinal cord.
IV. Speci c disorders.

A. Basilar invaginat ion  (Fig. 22.3).
1. Deform ity of the bones at  the base of the skull at  the m argin  of the foram en 

m agnum .
a. The odontoid is m igrated cephalad.
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2. Types.
a. Prim ary.

(1) Congenital.
(2) Associated w ith  other  ndings.

(a) Atlanto-occipital fusion.
(b) Hypoplasia of at las.
(c) Bi d posterior arch  of the at las.
(d) Odontoid abnorm alit ies.
(e) Klippel–Feil syndrom e.

b. Secondary.
(1) Developm ental condit ion  w ith  softening of the base of the skull.
(2) Associated w ith  other clin ical disorders.

(a) Osteom alacia.
(b) Rickets.
(c) Paget’s disease.
(d) Osteogenesis imperfecta.
(e) Renal osteodyst rophy.
(f) Rheum atoid ar thrit is.
(g) Neuro brom atosis.
(h) Ankylosing spondylit is.
(i) Achondroplasia.

Fig. 22.1 Lateral illustration of the normal relationship of the C1–C2 articulation demonstrating the 
atlantodens interval (ADI) and the space available for cord (SAC).
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3. Clin ical  ndings.
a. Com m only becom e sym ptom at ic in  second and th ird decades.

(1) Short  neck.
(2) Asym m etric face.
(3) Tort icollis.
(4) Weakness/paresthesias.
(5) Cranial nerve palsies.
(6) Cerebellar signs (unsteady gait  and nystagm us).
(7) Pain  (head and neck).

Fig. 22.2 (a) In  exion, the space available for cord (SAC) may decrease between the posterior aspect of 
the dens and the anterior aspect of the C1 posterior ring. (b) In extension, the SAC may decrease between 
the posterior aspect of the dens and the anterior aspect of the C2 lamina or the foramen magnum.

a

b
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(8) Syncope and dizziness (vertebral ar tery compression).
(9) Seizures/hydrocephalus (cerebrospinal obst ruct ion).

4. Treatm ent .
a. Posterior im pingem ent .

(1) Suboccipital craniectomy and decompression of the posterior r ing of 
C1 w ith  posterior stabilizat ion .

b. Anterior impingem ent .
(1) Mobile odontoid:

(a) Occipitocervical fusion in  extension is recom m ended.

Fig. 22.3 An 18-year-old man with osteogenesis imperfecta and basilar invagination presented with 
unrelenting headache, neck pain, and myelopathy. (a) Lateral radiograph demonstrating basilar invagi-
nation with the odontoid protruding into the foramen magnum. (b) Magnetic resonance imaging scan 
showing the odontoid indenting the brain stem. (c) Postoperative lateral radiograph showing a triple 
wire technique and posterior occipital–cervical fusion.

a b

c
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(2) If the odontoid cannot  be reduced, anterior excision of the odontoid 
and posterior stabilizat ion  are recom m ended.

B. Klippel–Feil syndrom e (Fig. 22.4).
1. Congenital fusion of cervical vertebrae.
2. Failure of norm al segm entat ion  of the cervical spine during the th ird to 

eighth  week.

Fig. 22.4 A 55-year-old man with Klippel–Feil syndrome and basilar invagination. The patient pre-
sented with severe neck pain and headache. (a) Lateral radiograph showing congenital fusion between 
C3–C4 and C5–C6. (b) Magnetic resonance imaging also shows the congenitally fused vertebrae with 
disk degeneration at  C4–C5. Basilar invagination is noted as well. (c) Postoperative radiograph show-
ing an occiput–C6 fusion with plate–screw  xation.
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3. Associated anom alies.
a. Genitourinary (35%).
b. Central nervous system .
c. Cardiopulm onary.
d. Sprengel’s deform it ies (40%).
e. Upper ext rem ity anom alies.
f. Scoliosis (60%).

4. Clin ical  ndings.
a. Low  poster ior neck line.
b. Shor t  neck.
c. Lim ited neck m ot ion.

(1) The m ajorit y of pat ients have a norm al appearance w ith  m ild 
rest r ict ion  of m ot ion.

5. Radiographic  ndings.
a. Ver tebral synostoses.
b. Flat tening and w idening of the vertebral bodies.
c. Absent  disk spaces or hypoplasia.

6. Treatm ent .
a. The m ajorit y of pat ients are asym ptom at ic.

(1) Symptom s m ay appear later in  life.
b. Conservat ive t reatm ent  is indicated for m ost  pat ients.

(1) Ant i-in  am m atory m edicat ions.
(2) Exercise program .

c. Fusion m ay be indicated in  select  pat ients w ith  instabilit y and spinal cord 
im pingem ent .

C. Anom alies of the odontoid.
1. Et iology.

a. Traum a.
(1) Salter I fracture w ith  a nonunion (Fig. 22.5).

b. Congenital.
(1) Failure to fuse (norm ally fuses at  3–6 years).

2. Clin ical  ndings.
a. Neck pain .
b. Tort icollis.
c. Neurological sym ptom s.

3. Treatm ent .
a. Conservat ive if stable.
b. Surgical in tervent ion.

(1) Indicat ions for surgical stabilizat ion .
(a) More than 7 to 10 m m  of instabilit y even w ithout  symptom s.
(b) Atlantodens in terval (ADI) > 4.5 m m  w ith   exion-extension  lm s 

and SAC < 13 m m .
(2) Technique.

(a) C1–C2 fusion w ith  w ire  xat ion:
i. The vertebral ar tery is proport ionally closer to the m idline in  

the child.
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(b) Preoperat ive t ract ion  and reduct ion  m ay be necessary.
(c) Postoperat ive halo vest  stabilizat ion .
(d) C1–C2 fusion w ith  C1–C2 t ransart icular screw   xat ion:

i. More rigid and avoids halo vest  postoperat ively.
(e) Occiput–C2 fusion is necessary if the C1 ring is de cient .

D. Congenital at lanto-occipital fusion.
1. Failure of segm entat ion .
2. Most  com m only recognized anom aly of the craniovertebral junct ion .
3. Prone to C1–C2 instabilit y if associated w ith  C2–C3 fusion or anom alies of 

the odontoid (70%).
4. Associated w ith  dwar sm , funnel chest , pes cavus, syndactyly, cleft  palate, 

and genitourinary anom alies.
5. Clin ical  ndings.

a. Short  neck, rest r icted neck m ot ion, and tort icollis.
b. Fift y percent have relat ive basilar impressions secondary to dim inished 

ver tebral height of the at las r ing.
c. Neurological involvem ent , especially if the odontoid is above the foram en 

m agnum  level.
6. Radiographic  ndings.

a. Flexion-extension view.
(1) ADI > 3 to 4 m m .
(2) SAC < 13 m m .

7. Treatm ent .
a. Conservat ive t reatm ent .

(1) Cervical collar.
(2) Tract ion .

b. Surgery.
(1) Occiput–C1–C2 fusion after t ract ion  and reduct ion if C1–C2 

instabilit y is present .
(2) Posterior decom pression and fusion if there is poster ior compression 

of the spinal cord.

Fig. 22.5 Illustration of the three types of odontoid fractures.
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E. Tort icollis (w ry neck).
1. Typically discovered in  the  rst  6 to 8 weeks of life.
2. Ischem ia and contracture of the sternocleidom astoid m uscle m ay be 

pathogenic.
a. Venous occlusion and  brous replacem ent of t issue secondary to 

in t rauter ine posit ion .
3. Clin ical  ndings:

a. Twenty percent  associated incidence of congenital h ip  dislocat ion .
b. Eight y- ve percent of cases involve the right  side.
c. The head is t ilted toward the involved side, and the chin  is rotated to the 

opposite side.
d. Soft , nontender enlargem ent  beneath  the skin  resolves in  6 to 12 weeks.
e. Contracture of the m uscle follows w ith  decreased range of m ot ion of the 

neck.
f. Facial asym m etry and m ild dorsal com pensatory scoliosis.

4. Di erent ial diagnosis:
a. Congenital cervical spine anom alies.
b. Extraocular m uscle im balance.

5. Treatm ent:
a. St retching exercise, posit ioning, and brace.

(1) Eighty- ve to 90% response w ith in  1 year.
b. Surgical indicat ions.

(1) After 1 year if persistent  facial asym m etry.
(2) Head t ilt ing.
(3) Decreased range of m ot ion.

c. Surgical opt ions.
(1) Unipolar/bipolar release.

(a) Bipolar release w ith  Z-lengthening gives the best  results.
i. Be careful of the posterior auricular nerve and spinal 

accessory nerve.
F. Atlantoaxial instabilit ies.

1. Et iologies.
a. In  am m ation.

(1) Pharyngeal infect ion  (Grisel’s syndrom e).
(2) Juvenile rheum atoid ar thr it is.

b. Dow n’s syndrom e.
(1) Twenty- ve percent  incidence.
(2) Boys older than 10 years are at  greater r isk for myelopathy follow ing 

rupture of t ransverse ligam ent .
c. Dysplasia.

(1) Achondroplasia.
(2) Diast rophic dysplasia.
(3) Spondyloepiphyseal dysplasia.
(4) Morquio’s syndrom e.
(5) Larsen’s syndrom e.

d. Congenital anom alies.
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e. Spontaneous rotatory subluxat ion  of C1–C2.
(1) Fielding classi cat ion .

(a) Type I.
i. Sim ple shift  w ithout displacem ent .

(b) Type II.
i. Less than 5 m m  of C1–C2 displacem ent .

(c) Type III.
i. Greater than 5 m m  of C1–C2 displacem ent .

2. Treatm ent .
a. Conservat ive.

(1) Mild rotatory deform ity.
(a) Collar.
(b) Analgesics.

b. Surgical.
(1) C1–C2 fusion if neurological sym ptom s present .
(2) SAC < 13 m m .

G. Traum at ic cervical injuries.
1. Cervical spine fractures.

a. Vertebral fractures account  for 2 to 3% of all ch ildhood injuries.
b. Fifteen  percent of all spinal cord injuries occur in  children .
c. Under 10 years, bony injuries are less com m on.
d. Pat ient  posit ioning m ay be a problem  in  children  under 5 years.

(1) The head is larger than the t runk.
(a) The back board m ay displace the fracture.
(b) Keep the head lower than the chest .

2. Radiographic evaluat ion .
a. In terpretat ion  of cervical radiographs is m ore di cult .

(1) Incomplete ossi cat ion .
(2) Norm al anatom ical variants.

(a) Pseudosubluxat ion of C2–C3.
b. Spinal cord injury w ithout  radiographic abnorm alit y (SCIWORA):

(1) Com m on in  children  under 10 years.
(2) Magnet ic resonance im aging (MRI) is helpful in  ident ifying the 

locat ion  and extent  of injury.
3. Speci c injuries.

a. Occipitoatlantal instabilit y.
(1) Most  injuries are fatal.
(2) Radiographs:

(a) More than 1 m m  increase in  distance between odontoid t ip  and 
basion.

(b) Power’s rat io (distance from  the basion to the poster ior arch  of 
C1:distance from  the opisth ion to the anterior arch  of C1).
i. Greater than 1 is consistent  w ith  instabilit y.

(3) Treatm ent:
(a) Occiput–C1 fusion and halo brace.
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b. Je erson fracture (Fig. 22.6).
(1) Axial loading injury m echanism .

(a) Usually have an  associated head injury.
(b) More com m only recognized due to the increased use of 

com puted tom ography (CT).
(2) Radiographic  nding.

(a) Widening between odontoid and lateral m ass of C1.
(b) Overhang of the lateral m ass of C1 m ay be norm al in  a child due 

to di erent ial ossi cat ion .
(c) CT is the best  for delineat ing fractures and helps to di erent iate 

the follow ing:
i. Neurocentric synchondrosis (fused by 6 years).
ii. Posterior synchondrosis (fused at  5 years).
iii. Irregular ossi cat ion .

• Especially the anterior arch  m ay have m ult iple ossi cat ion  
centers.

(3) Treatm ent .
(a) Minerva orthosis or halo brace, depending on displacem ent or 

rupture of the t ransverse ligam ent .
c. Odontoid fractures.

(1) Usually occur in  children  < 4 years old because synchondrosis fuses 
by 6 years.

(2) Radiographs.
(a) Angulat ion  of odontoid w ith  displacem ent  (ADI > 4.5 m m ).
(b) Flexion-extension radiographs.

i. May dem onst rate instabilit y and displacem ent of the fracture.
ii. Great  caut ion  should be taken during the  exion and 

extension exam inat ion .

Fig. 22.6 Axial computed tomographic 
image of a Je erson fracture. (From Imhof 
H, ed. Spinal Imaging [Direct Diagnosis 
in Radiology]. Stut tgart, Germany: Georg 
Thieme Verlag; 2008: Fig. 2.16b. Repro-
duced with permission.)
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(3) Treatm ent .
(a) Reduct ion by poster ior t ranslat ion  and m ild extension.
(b) Minerva or halo vest .

i. Nonunion (rare).
• Loss of cont inuity between the odontoid and body of C2 (os 

odontoideum ).
ii. Malunion (com m on).

d. Hangm an’s fracture—bilateral fracture of the C2 pedicles (t raum at ic 
spondylolisthesis of C2 on C3) (Fig. 22.7).
(1) Mechanism  of injury:

(a) Extension or dist ract ion .
(b) Com m only associated w ith  facial abrasions or fractures.

(2) The m ajorit y of pat ients rem ain  neurologically in tact .
(3) Radiographs:

(a) Fractures of the pedicles and displacem ent or angulat ion  m ay be 
signi cant .

(4) Treatm ent:
(a) Closed reduct ion.

i. Poster ior t ranslat ion  and slight extension.
(b) Minerva or thosis or halo vest .

e. Lower cervical spine injuries (Fig. 22.8).
(1) Bony injuries are less com m on in  children  under 10 years.
(2) Cervical dislocat ions should be reduced as soon as possible.
(3) Stabilizat ion  is perform ed using poster ior spinous process w ires and 

fusion using iliac crest  bone graft .

Fig. 22.7 Lateral radiograph of a hangman’s fracture (bilateral C2 pedicle fracture). (From Imhof H, 
ed. Spinal Imaging [Direct Diagnosis in Radiology]. Stut tgart , Germany: Georg Thieme Verlag; 2008: 
Fig. 2.18. Reproduced with permission.)

a b
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23 Spinal Tumors

23.1 General Considerations
I. Evaluat ion .

A. History:
1. Pain  (localized vs. radicular) is the m ost com m on chief com plain t  (85% of 

pat ients).
a. Other com m on present ing sym ptom s include m otor weakness (41%) and 

a palpable m ass (16%).
2. Pain  secondary to a spinal tum or is t ypically localized, progressive, 

unrelent ing, nonm echanical, and worse at  n ight .
a. Pat ients do not have relief w ith  rest .

3. System ic signs and sym ptom s:
a. Fevers/chills.
b. Lethargy.
c. Unexplained weight  loss.

4. Neurological symptom s m ay be present , such as weakness, sensory changes, 
or bowel and bladder changes.

5. Age m ay help to narrow  the di erent ial diagnosis.
a. In  older pat ients, m etastasis and m ult iple myelom a are m ore com m on.

6. A history of a prim ary tum or elsew here in  the body raises the concern  of 
m etastases.
a. Metastat ic tum ors are m ore com m on than prim ary tum ors in  the spine.

Table 23.1 Common metastatic spine tumors

Primary tumor Risk factors

Breast cancer First-degree relative

History of increased estrogen exposure (early menarche, late 
menopause, nulliparity, prolonged hormone replacement therapy)

Radiation exposure

Prostate cancer Increased age (> 45 years)

Bladder outlet obstruction

Thyroid cancer Iodine excess/de ciency

Radiation exposure

Lung cancer History of smoking

Renal cell carcinoma Tobacco use
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b. The spine is the m ost  com m on site of bone m etastases.
c. See Table 23.1  for r isk factors.

B. Physical exam inat ion  of the spine should include palpat ion , range of m ot ion, 
and neurological exam inat ion .
1. Neurological exam inat ion.

a. Detailed m otor exam inat ion .
b. Sensory exam inat ion.

(1) Light  touch.
(2) Pinprick.
(3) Vibrat ion .
(4) Assessm ent of long t ract   ndings.

(a) Re exes.
2. Physical exam inat ion of potent ial m etastat ic foci (Table 23.2).

C. Diagnost ic studies:
1. Helpful in  di erent iat ing tum or from  infect ion:

a. White blood cell count (WBC), erythrocyte sedim entat ion  rate, and 
C-react ive protein  should all be elevated w ith  infect ion  and norm al or 
slightly elevated w ith  tum or.
(1) Except ion is lym phom a, w hich is associated w ith  an  elevated WBC.

2. Mult iple myelom a is associated w ith  protein  spikes on serum  or ur ine 
analysis.

3. Thyroid-st im ulat ing horm one and free T4 levels are useful in  ident ifying 
thyroid disease.

4. Prostate-speci c ant igen (PSA) is useful for prostate cancer.
5. Calcium  and phosphate are com m only associated elect rolyte abnorm alit ies 

that  m ay need to be corrected.
6. Radiological evaluat ion  (Table  23.3):

a. Osteolyt ic lesions: breast  (85%), renal cell, thyroid, and lung.
b. Osteoblast ic lesions: breast  (15%) and prostate (Fig. 23.1).

Table 23.2 Classic physical exam  ndings in metastatic spine tumors

Primary tumor  Physical exam f ndings

Breast cancer Hard,  xed, nontender breast mass

Nipple retraction

Skin erythema or edema

Prostate cancer Large, hard, nodular prostate on digital rectal examination

Thyroid cancer Painless, palpable thyroid

Lung cancer Baseline change in cough

Hemoptysis

Renal cell carcinoma Classic triad of hematuria,  ank pain, and abdominal mass

Tobacco use
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Table 23.3 Diagnostic imaging of spine tumors

Imaging study Advantages Disadvantages

Plain 
radiography

Simple screening method 
Helpful in diagnosis (benign 
vs. malignant, osteolytic vs. 
osteoblastic)

Low sensitivity (> 50% of 
cancellous bone loss is needed for 
radiographic identi cation of bone 
destruction)  
Winking owl sign

Bone scan Most sensitive tool for 
metastases (osteoblastic 
lesions)

Low speci city (cannot 
di erentiate fracture, infection, 
and neoplasm)

Computed 
tomography

Best for evaluating bone 
destruction
Important for preoperative 
planning

Ine ective as a screening tool

Magnetic 
resonance 
imaging

High sensitivity, especially 
when used with gadolinium 
Provides information about 
soft t issue component 
Helpful in evaluating spinal 
cord compression

Extent of cord compression does 
not consistently correlate with 
symptoms or outcome

Myelography Good visualization of 
epidural metastasis and cord 
compression

Invasive

Angiography Selective embolization of 
the neoplasm may decrease 
bleeding during surgery

Invasive

Fig. 23.1  Osteoblastic lesions in the L3 and L4 
vertebral bodies.
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7. Magnet ic resonance im aging (MRI) di erent iat ion  of infect ion , fracture, and 
tum or (Table  23.4).

D. Prim ary tum or t ypes:
1. See Table 23.5, Table 23.6, Table 23.7, and  Table  23.8.

E. Staging:
1. Weinstein–Boriani–Biagini system  (Fig. 23.2) (Table 23.9).

a. Three-dim ensional descript ion  of tum or invasion.
F. Treatm ent:

1. Goals:
a. Establishm ent of a de n it ive diagnosis.
b. Maintenance of neurological funct ion .
c. Restorat ion  of spinal stabilit y.
d . Pain  relief.
e. Control of local tum or and prevent ion  of m etastases.

Table 23.4 Magnetic resonance imaging  ndings in spinal infection versus tumors versus 
compression fractures

Diagnosis T1 T2  Di erentiating f ndings

Vertebral 
osteomyelitis

–  Decreased signal 
within disk and 
end plates

–  Loss of end plate 
de nition

–  Increased signal 
within disk and 
end plates

–  Loss of end plate 
de nition

–  Disk/end plate involvement 
> vertebral body

–  Hyperintense abscesses 
on T2 

–  Tuberculous spondylitis 
does not involve 
contiguous levels

–  Soft tissue mass is poorly 
de ned

Osteoporotic 
compression 
fracture

–  Decreased 
signal in the 
involved body

–  Incomplete 
marrow 
replacement

–  Increased signal 
in the body 

–  Incomplete 
marrow 
replacement

–  Returns to isointensity on 
T1 and T2 

–  Marrow preservation in 
the posterior third of the 
body

Neoplastic 
disease

–  Decreased 
signal

–  De ned area 
of in ltrative 
edema

–  Pedicle 
involvement

–  Increased signal
–  De ned area 

of in ltrative 
edema

–  Pedicle 
involvement

–  No disk or cartilaginous 
involvement 

–  Noncontiguous 
involvement is frequent

–  No restoration of normal 
signal intensity as in 
fracture

–  Soft t issue masses are 
eccentric, large, and well 
de ned
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2. Treatm ent  is dictated by diagnosis, locat ion  of tum or, and general health  of 
the pat ient .

3. Radiat ion  versus surgery:
a. In  2005, Patchell et  al repor ted the results of a m ult icenter, random ized, 

cont rolled t r ial that  compared the outcom es associated w ith  surgery plus 
radiat ion  versus radiat ion  alone for pat ients w ith  nerve com pression 
from  m etastat ic cancer to the spine.

Fig. 23.2  The Weinstein–Boriani–Biagini system for spinal tumor staging.

Table 23.9 Weinstein–Boriani–Biagini staging system

Type Notes

Anatomical zones Twelve pie-like zones starting at the spinous 
process and rotating clockwise

Involvement of di erent vertebral 
layers

Extraosseous soft tissue
Intraosseous (super cial)
Intraosseous (deep)
Extraosseous (extradural)
Extraosseous (intradural)

Speci cation of the spinal 
segment(s) involved
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(1) Advantages of surgery plus postoperat ive radiat ion  versus radiat ion  
alone.
(a) A greater num ber of pat ients were able to walk after t reatm ent 

(84% vs 57%).
(b) Longer m aintenance of cont inence.
(c) Greater m uscle st rength , funct ional abilit y, and increased 

survival.
(d) Decreased requirem ent of cort icosteroid and opioid m edicat ion  

after t reatm ent .
(e) The study was term inated early due to the signi cant  advantage 

of the surgical t reatm ent over radiat ion  alone.
4. Radiat ion  therapy is recom m ended for the follow ing pat ients:

a. Cord com pression caused by a soft  t issue tum or w ithout com prom ise of 
the surrounding bony architecture.

b. Radioresponsive tum ors:
(1) Hem atopoiet ic.
(2) Prostate.
(3) Breast .

c. Decompression w ith  concom itant radiat ion  therapy is associated w ith  
superior outcom es w hen com pared w ith  radiotherapy alone for pat ients 
w ith  m etastat ic cancer causing spinal cord compression.

d. Spinal radiat ion  prior to surgical in tervent ion is associated w ith  greater 
rates of wound com plicat ions (dehiscence, infect ion , revision) and 
adverse surgical outcom es.

5. Surgery:
a. Indicat ions.

(1) Diagnost ic evaluat ion .
(2) Curat ive excision (benign tum ors and cer tain  m alignant  tum ors).
(3) Spinal instabilit y or deform ity secondary to neoplast ic bone 

dest ruct ion .
(4) Neurological deteriorat ion.
(5) Failure of previous radiat ion  therapy.
(6) Radiat ion-resistant  tum ors.
(7) Unrem it t ing pain .

b. Surgical st rat i cat ion .
(1) Diagnosis of tum or.

(a) Benign versus m alignant (Fig. 23.3 and  Fig. 23.4).
(b) Prim ary versus m etastat ic.

(2) Stage.
(a) Degree of spinal involvem ent .
(b) Potent ial m etastat ic spread.

(3) Neurological status.
(a) Prim ary indicator of postsurgical outcom e.

i. Rapid progression of sym ptom s (< 1 week) is a poor 
prognost ic indicator.

ii. Pat ients w ith  severe de cits (inabilit y to walk, loss of bowel/
bladder funct ion) are less likely to recover.
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Fig. 23.3 Examples of primary benign tumors of the spine. (a) Computed tomography (CT) scan demon-
strating an osteoid osteoma with a central nidus and sclerotic rim at the posterior part of the vertebral 
body. (b) Lateral radiograph demonstrating an osteoblastoma of C2 with an expansile sclerotic bone. (c) 
Lateral radiographs demonstrating vertebra plana at C6 due to eosinophilic granuloma. (d) Lateral lumbar 
radiograph showing a hemangioma with osteopenia and vertical striations of the vertebral body.

(4) Prognosis.
(5) St ructural stabilit y (Fig. 23.5).
(6) Pain  status.

c. Surgical approach.
(1) Excise the ent ire lesion if possible.

(a) Total en  bloc spondylectomy (Fig. 23.6 and  Fig. 23.7).
i. Accomplished through a posterior approach.
ii. Par t icularly useful if excising the lesion is curat ive.

• Chondrosarcom a.
(2) Approach anteriorly or posteriorly or both  depending on the locat ion  

of the tum or.
(a) A decom pressive lam inectomy does not  address anterior 

pathology and predisposes pat ients to postoperat ive instabilit y.

a

b c d
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(3) Metastat ic tum ors are usually approached anteriorly if the spinal 
cord compression is anterior.
(a) Reconstruct ion  can be perform ed w ith  autograft , allograft , 

m ethyl m ethacrylate cem ent , or synthet ic m aterials.
i. Autograft /allograft  allows potent ial biologic incorporat ion .
ii. Methyl m ethacrylate o ers instantaneous stability but m ay fail 

in  pat ients w hose expected life span is prolonged (> 1 year).
iii. Pat ients w ho receive postoperat ive irradiat ion  have decreased 

chances of achieving biological fusion .
d. Stereotact ic radiosurgery (SRS).

(1) Delivers very h igh doses of radiat ion  to an  ult raspeci ed locus of 
t issue in  an  e ort  to m inim ize dam age to the surrounding st ructures.

(2) Coupled w ith  robot ic navigat ion  to guide the t rajectory of the 
radiat ion  beam  in  six dim ensions.

(3) Advancem ents in  SRS, including in tensity-m odulated radiotherapy, 
have fur ther am pli ed the precision  and accuracy of radiotherapy to 
lim it  dam age to the spinal cord.
(a) This h igh level of precision allows for m ult iple t reatm ents, if 

necessary.
(4) Can be used in  conjunct ion w ith  surgical decom pression.

Fig. 23.4 Intradural neuro broma. (a) Anteroposterior myelography showing a myelographic block at 
L1 due to a neuro broma. The myelographic block is smooth and meniscal in shape (arrows) due to the 
intradural adhesions, whereas extradural lesions produce a ragged margin. (b) Computed tomographic 
scans showing erosion of the vertebral body and pedicle due to expansion of intradural neuro bromas.

a b
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Fig. 23.5 Images of a 17-year-old girl with giant cell tumor involving the sacrum. (a) Anteroposte-
rior view of the spine and pelvis showing a destructive lesion involving the sacrum and left  sacroiliac 
joint. (b) Lateral radiograph showing a destructive lesion at S1–S2. Note that the sacrum is not well 
demarcated. (c) Computed tomographic scan showing the extent of the tumor with involvement of 
the left  sacroiliac joint.

a b

c
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Fig. 23.5 (Continued) Images of a 17-year-old girl with giant cell tumor involving the sacrum. 
(d) T2-weighted sagit tal magnetic resonance image showing a large tumor extension into the pel-
vis anteriorly and into the spinal canal posteriorly. (e,f) A posterior approach was used to perform a 
laminectomy of L5 and the sacrum with excision of the tumor. Reconstruction was performed with a 
transiliac  bular graft , lumbar pedicle screws, bilateral iliac screws, and rod  xation. The patient was 
mobilized immediately, and healing was evident without recurrence at  follow-up.

d e

f
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Fig. 23.6 (a) Axial computed tomographic image of a chondrosarcoma in the sacrum. (b) Micro-
scopic image of chondrosarcoma cells.

a

b
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Fig. 23.7 (a,b) Anteroposterior and lateral radiographs following total spondylectomy for a T11 
chordoma with spinal instrumentation and graft in position. (From Dickman CA, Fehlings MG, 
Gokaslan ZL. Spinal Cord and Spinal Column Tumors. New York, NY: Thieme Medical Publishers; 2006: 
Fig. 34.14. Reproduced with permission.)
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24 Spinal Infections

24.1 General Considerations
I. Vertebral osteomyelit is.

A. Incidence/risk factors.
1. Approxim ately 2 to 7% of all osteomyelit is (1–2% in  children).
2. Lum bar > thoracic > cervical.
3. Males > fem ales (2:1).
4. More com m on after the  fth  decade of life (> 50% of cases).
5. Risk factors include diabetes, m alnutrit ion, perioperat ive hyperglycem ia, 

obesity, sm oking, im m unocomprom ise (steroids, HIV/AIDS), previous surgery.
B. Et iology.

1. Hem atogenous spread is the m ost com m on route for vertebral osteomyelit is.
a. Urinary t ract  is the m ost  com m on source (e.g., urinary t ract  infect ions, 

t ransient bacterem ia from  genitourinary procedures).
b. Soft  t issue infect ions.
c. Respiratory infect ions.

2. Unident i ed source.
3. Direct  inoculat ion  (e.g., penet rat ing t raum a, invasive spinal procedure).
4. Causat ive bacter ia (in  order of frequency):

a. Gram -posit ive aerobic cocci (> 80%).
(1) Staphylococcus aureus (> 50%).

(a) Methicillin -resistant  S. aureus (7%).
(2) Streptococcus (10–20%).
(3) Coagulase-negat ive Staphylococcus (10%).
(4) Propionibacterium  acnes (delayed infect ion).

b. Gram -negat ive aerobic cocci (15–20%).
(1) Most  com m on origin  is from  the urinary t ract  (Escherichia coli, 

Pseudom onas aeruginosa, Proteus).
c. Gast roin test inal t ract  organism s.

(1) Salm onella (rare).
(a) More com m on in  pat ients w ith  sickle cell.

d . Granulom atous infect ions (far less com m on).
(1) Mycobacterium  tuberculosis, fungi, spirochetes.
(2) More com m on in  the thoracic region.

C. Pathology.
1. Inoculat ion .

a. Hem atogenous spread to the vertebral m etaphysis m ost  likely occurs via 
r ich  ar terial anastom osis (nutrient  ar tery) (Fig. 24.1).
(1) Batson’s valveless venous plexus is not considered to play a 

signi cant  role in  bacterial hem atogenous seeding.
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(2) Vertebral m etaphysis is a low - ow  environm ent  that  m ay allow  for 
the direct  spread of bacteria in to and across the in terver tebral disk.

2. Spread to the in tervertebral disks.
a. Bone/disk dest ruct ion  (Fig. 24.2).

(1) Bacter ia produce enzym es that  digest  disk t issue.
(2) Bone resorpt ion by osteoclasts is act ivated by various in  am m atory 

m ediators.
3. Soft t issue extension.

a. Psoas abscess.
b. Paraspinal m uscle abscess.
c. Epidural abscess.

(1) May result  in  neurological com prom ise secondary to direct  
com pression of the spinal cord and nerve roots.

D. Clin ical  ndings.
1. Delay in  diagnosis is com m on.
2. Back or neck pain  is the m ost com m on present ing complain t  (90%).

a. Sym ptom s are t ypically present  for m ore than 3 m onths in  50% of 
pat ients.

b. Acute presentat ion  w ith  sept icem ia and toxem ia is ext rem ely rare.
3. Localized pain  and tenderness w ith  a decreased range of m ot ion are the 

m ost  consistent   ndings.
4. History of fever > 100°F (w ith  or w ithout chills) is present in  over 50% of 

pat ients.
5. In  children , a limp and refusal to walk are characterist ically present .

Fig. 24.1 Sagit tally sectioned human fetal specimen (26 weeks gestation), injected, cleared, and 
transilluminated, showing cartilage canals and absence of vessels in nucleus pulposus. (A) Cartilage 
canal; (B) nucleus pulposus; (C) hyaline cartilage; (D) ossi ed vertebral body.
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E. Laboratory  ndings (Table 24.1).
F. Radiographic im aging studies (Table 24.2).
G. Treatm ent .

1. Goals.
a. Establish  a t issue diagnosis and ident ify the organism .
b. Eradicate the infect ion .
c. Provide long-term  pain  relief.
d. Prevent or relieve any neurological de cits.
e. Restore spinal stabilit y/alignm ent .

Fig. 24.2 A 76-year-old woman with rheumatoid arthrit is and a T12–L1 diskitis/L1 osteomyelitis. 
Results of three needle biopsies were negative. (a,b) Anteroposterior and lateral radiographs demon-
strated a diskitis at  T12–L1 with destruction of the L1 vertebral body. (c) T1-weighted sagit tal mag-
netic resonance imaging (MRI) sequence shows decreased signal throughout and across the T12–L1 
disk space. The end plates are blurred and indistinct. (d) T2-weighted sagit tal MRI sequence shows 
high signal within the T12–L1 disk and the L1 vertebral body. 

a b

c

d
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2. Principles.
a. Medically opt im ize the pat ient .

(1) Nut rit ional supplem entat ion .
(2) Correct  any laboratory abnorm alit ies.

b. Treat  ext raspinal sources of infect ion .
(1) Urinary t ract .
(2) Cardiovascular (infected throm bus).
(3) Gast roin test inal.

c. Broad-spect rum  ant ibiot ics should be star ted, and then ant ibiot ic 
therapy should be speci c to the organism  ident i ed.

Fig. 24.2 (Continued) A 76-year-old woman with rheumatoid arthritis and a T12–L1 diskitis/L1 osteo-
myelitis. Results of three needle biopsies were negative. (e) T1-weighted sagit tal MRI sequence with 
gadolinium shows enhancement of the T12–L1 disk space and L1 vertebral body. There is a slight 
amount of enhancing tissue in the anterior epidural space without compression of the conus medul-
laris or cauda equina. (f) T1-weighted axial MRI sequence with gadolinium shows enhancement of 
the T12–L1 disk space. (g,h) Anteroposterior and lateral radiographs taken 6 months after surgery 
demonstrating incorporation of the bone graft anteriorly with solid  xation posteriorly.

e f

g

h
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d. Erythrocyte sedim entat ion  rate (ESR) and C-react ive protein  (CRP) levels 
are useful to obtain  prior to therapy.
(1) May be followed as an  indicat ion  of t reatm ent e cacy.

3. Operat ive t reatm ent .
a. Indicat ions.

(1) Cases that  have failed nonoperat ive m anagem ent .
(2) Progressive neurological de cit .

(a) Due to direct  com pression from  the infect ion .
(b) Due to progressive deform ity or instabilit y.

(3) Abscess or granulom a form at ion.
(a) Ant ibiot ics are ine ect ive.

(4) In t ractable pain  not  responsive to conservat ive m easures.
b. Technique (Fig. 24.3).

(1) Anterior approach is the m ost  useful for vertebral body debridem ent  
(corpectomy).
(a) Lam inectomy alone for decom pression is cont raindicated 

because of the potent ial for spinal destabilizat ion .

Table 24.1 Laboratory markers in spinal infections

Test Findings

ESR Elevated at presentation in more than 80% of cases

ESR normalizes in two-thirds of patients adequately treated

WBC > 10,000/mm 3 in more than 50% of cases

WBC count has a low sensitivity for diagnosis

CRP More sensitive and speci c than ESR for monitoring postoperative 
spine infections

Blood cultures Most useful in children with vertebral pyogenic osteomyelitis

Only positive in ~  35% of patients

Reliable in detecting the o ending organism

Needle biopsy False-negative examinations are common when patient is on antibiotics

Open biopsy Indicated if needle biopsy is negative, nondiagnostic, or both despite 
high clinical suspicion

Lower false-negative rate than closed biopsy

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; WBC, white 
blood cell count.
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(2) Autogenous bone graft  is the gold standard for reconst ruct ion  (iliac 
crest , r ib, or  bula).
(a) However, autograft- lled t itanium  cages and cor t ical st rut  

allograft  have dem onstrated good clin ical results.
(b) Titanium  alloys have dem onstrated lower bacterial adhesion than 

stain less steel alloys and are now  com m only used in  the set t ing 
of anterior corpectom ies.

(c) More recent ly, polyetheretherketone (PEEK) in terbody devices 
(expandable) have been successfully used in  the set t ing of a 
corpectomy for a spinal infect ion .

(3) Thoracic and lum bar ver tebral osteomyelit is m ay be t reated by 
a single posterior approach (debridem ent  and  xat ion) using an  
in terbody technique.

Table 24.2 Diagnostic imaging in spinal infections

Imaging study Findings

Plain radiographs –  Findings lag behind clinical presentation (at least 2 weeks 
from the onset of infection)

–  Disk space narrowing with erosive changes (75%)
–  Osteolysis, di use osteopenia, focal defect
–  50% trabecular bone destruction before radiographic 

evidence is noted
–  Osteosclerosis (11%)
–  Chronic cases may reveal spontaneous bone fusion (50%)

Nuclear imaging –  E ective as an initial screening tool
–  Earlier detection and localization when compared with 

plain  lms
–  Combination of gallium (in ammatory) and technetium 

(bone) scans provides > 90% accuracy in diagnosis
–  Indium-111-labeled leukocyte (white blood cell) scans are 

not sensitive in the spine
–  High false-negative rate may be related to leukopenia

Computed tomography –  Best modalit y for identifying bone destruction

Magnetic resonance 
imaging

–  Imaging modalit y of choice for spine infections
–  T1-weighted images—decreased signal around adjacent
–  T2-weighted images—high signal intensity in bodies near 

adjacent end plates and disk space end plates and disk space
–  Loss of end plate de nition
–  Involved portions of disks and vertebral bodies enhance 

with gadolinium
–  Allows for visualization of soft t issue involvement 

(paraspinal, psoas abscess)
–  Best imaging modality to di erentiate infection versus tumor
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II. Epidural abscess.
A. Et iology.

1. Associated w ith  ver tebral pyogenic osteomyelit is in  28% of cases.
2. S. aureus m ost  com m on causat ive organism  (~ 60%).
3. Regional or locat ion  frequencies:

a. Thoracic (50%).
(1) Neurological de cits are m ore com m on.

b. Lum bar (35%).
c. Cervical (14%).

4. Most  cases are in  adults (rare in  children).
a. Postoperat ive (16%).

B. Clin ical presentat ion .
1. Highly variable, leading to m isdiagnosis and delayed t reatm ent  in  > 50% of 

pat ients.
2. Localized spine tenderness is m ore com m on.
3. Nuchal r igidity and other m eningeal signs are possible.
4. With  or w ithout  neurological de cit .

C. Diagnosis.
1. ESR is elevated in  > 98% of cases.
2. White blood cell count  (WBC) is unreliable.

Fig. 24.3 (a) A corpectomy procedure. 

a
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3. Magnetic resonance im aging (MRI) is the im aging m odality of choice (Fig. 24.4 
and  Fig. 24.5).
a.  In tense focal signal on  T2.
b. Epidural m etastasis and subdural abscess should be considered in  the 

di erent ial.
D. Treatm ent .

1. Epidural abscess requires urgent  surgical at tent ion .
2. Epidural abscess in  the presence of a worsening neurological de cit  is a 

surgical em ergency.
a. Except ions.

(1) Nonoperat ive t reatm ent consist ing of ant ibiot ic therapy w ith  close 
m onitoring m ay be considered if surgery would endanger the 
pat ient’s life.

III. Disk space infect ions.
A. Epidem iology/et iology.

1. May occur as a result  of direct  inoculat ion .
a. Surgical procedures.

(1) Diskogram .
(2) Diskectomy.
(3) In t radiskal elect rotherm al therapy (IDET).

Fig. 24.3 (Continued) (b) Incorporation of an expandable cage.

b
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2. Hem atogenous spread:
a. This is the route m ost com m only encountered in  the pediat ric 

populat ion .
(1) Blood supply from  the disk is from  the surface of the adjacent 

vertebral bodies.

Fig. 24.4 Sagit tal T2-weighted magnetic reso-
nance image demonstrating increased signal inten-
sit y of the intervertebral disks and vertebral bodies 
between L2–L5 suggestive of vertebral osteomyeli-
tis with disk involvement. (From Imhof H, ed. Spinal 
Imaging (Direct Diagnosis in Radiology). Stut tgart , 
Germany: Georg Thieme Verlag; 2008: Fig. 4.46. 
Reproduced with permission.)

Fig. 24.5 Sagit tal T2-weighted magnetic resonance imaging 
of a subdural abscess versus epidural metastases in the cervical 
spine. (From Uhlenbrock D. MR Imaging of the Spine and Spi-
nal Cord. Stut tgart, Germany: Georg Thieme Verlag; 2004: Fig. 
6.50. Reproduced with permission.)
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3. The lum bar spine is m ost  com m only involved.
B. Clin ical  ndings.

1. The typical pat ient  is between 2 and 7 years of age.
a. Pat ients m ay not  com plain  of back pain .
b. Lim ping, refusal to walk, or h ip pain  m ay be present ing sym ptom s.

2. ESR and WBC are elevated.
3. MRI or bone scan is posit ive early in  the disease (Fig. 24.6).

a. Plain  radiographs m ay dem onstrate narrow ing of the in tervertebral 
space, sclerosis, or bony erosion.

C. Treatm ent .
1. Surgery is rarely indicated or needed.
2. Im m obilizat ion  w ith  a brace.
3. Ant ibiot ic therapy.
4. Biopsy is indicated if ant ibiot ics are not  e ect ive.

IV. Tuberculosis of the spine.
A. Epidem iology/et iology.

1. Most  com m on granulom atous infect ion  in  the world.
2. Hem atogenous spread is the m ost  com m on source (pulm onary or 

gast roin test inal infect ions).

Fig. 24.6 (a,b) Sagit tal T1-weighted magnetic resonance imaging demonstrating decreased signal 
intensity, epidural collection, and irregularit y of the cervical spine suggestive of vertebral osteomyeli-
tis. (From Uhlenbrock D. MR Imaging of the Spine and Spinal Cord. Stut tgart, Germany: Georg Thieme 
Verlag; 2004: Fig. 6.48. Reproduced with permission.)

a b
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3. The spine is the m ost  com m on source of skeletal involvem ent .
a. Most cases involve the anterior spine.
b. Involvem ent of adjacent  levels from  expansion through the disk space.
c. Fift y percent  of infect ions are localized and can be categorized (Fig. 24.7).

(1) Peridiskal (m ost com m on): star ts in  the m etaphysis and spreads 
under the anterior longitudinal ligam ent .

Fig. 24.7 Radiographic features of the three types of tuberculous spondylitis. (a,b) Peridiskal involve-
ment is characterized by disk-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 with 
minor deformity. (c) Anterior multilevel disease is distinguished by scalloped erosions of the anterior 
aspect of several adjacent vertebrae (T11, T12, L1). (d) Central involvement resembles a tumor with 
central body rarefaction and bone destruction followed by collapse (L1 and L2).

a b

c

d
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(2) Central (rare): star ts w ith in  a single ver tebral body.
(3) Anterior (rare): star ts under the anterior longitudinal ligam ent .

B. Clin ical presentat ion/diagnosis.
1. Pain is present  w ith  evidence of system ic illness.

a. Fever, m alaise, and weight loss.
2. Local tenderness, m uscle spasm , and lim ited range of m ot ion.
3. Tissue biopsy can be di cult  because of the long incubat ion period for 

mycobacterium .
a. Fift y percent  false-negat ive rate.

4. Di erent ial diagnosis:
a. Neoplasm s.
b. Sarcoidosis.
c. Charcot spine.

C. Radiological evaluat ion .
1. MRI is the m odalit y of choice.

a. Unique characterist ics of tuberculosis versus pyogenic infect ions.
(1) Disk space is often  spared.
(2) Involvem ent  of anterior bodies over cont iguous segm ents.
(3) Paraspinal abscesses and granulom as are dist inguished w ith  the use 

of gadolin ium .
D. Treatm ent .

1. Conservat ive m anagem ent .
a. Ant ituberculous drugs const itute  rst -line t reatm ent .
b. Nine to 12 m onths of therapy.
c. Successful therapy is associated w ith  a fall in  the serial ESR values, a 

decrease in  pain , and weight gain .
2. Surgical m anagem ent .

a. Indicat ions:
(1) Failure to respond to ant ituberculosis therapy.
(2) Neurological comprom ise or evidence of progressive spinal instability.

b. The Hong Kong procedure (Fig. 24.8):
(1) Anterior approach for anterior pathology.
(2) Radical debridem ent  and rem oval of all necrot ic t issue.
(3) St rut  graft /fusion using autograft  or allograft  restoring anterior 

colum n suppor t .
(4) Posteriorly supplem ented inst rum entat ion  in  m ore than two levels 

anter iorly.
c. Lam inectomy alone is contraindicated.

V. Postoperat ive infect ions.
A. Risk factors (Table 24.3).
B. Prevent ion .

1. Optim izat ion  of pat ient  r isk factors prior to surgery.
2. St rict  sterile technique.
3. Dilute iodine in  irr igat ion  solut ion  or dilute iodine wound soak prior to 

closure.
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4. Vancomycin  m ixed bone graft  or pulse lavage.
a. Most recent  m eta-analyses dem onstrate favorable outcom es.
b. Results m ay depend on the incidence of postoperat ive spinal infect ions in  

the local populat ion .
(1) Vancomycin  m ixed bone graft  is likely m ore e cacious if the num ber 

to t reat  is greater.

Fig. 24.8 Tuberculosis of the lumbar spine. A 52-year-old man with disseminated tuberculosis was 
treated with 1 year of therapy with three antituberculous drugs. He presented with progressive low 
back pain and neurogenic claudication. (a) Anteroposterior and (b) lateral lumbar spine radiographs 
show collapse of L2 and L3 with kyphotic deformity. (c,d) T1-weighted image sagit tal magnetic res-
onance imaging (MRI) sequence demonstrates decreased signal in the bodies of L1 to L4, kyphotic 
deformity, and epidural mass composed of necrotic bone, disk, and purulent debris. (e,f) T2-weighted 
sagit tal MRI sequence demonstrates areas of high signal intensity within the L2 and L3 vertebral bodies 
and in the anterior paraspinal region.

a b
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C. Presentat ion .
1. Elevated ESR and WBC w ith  concom itant  fever and wound drainage are 

suspicious signs.
D. Diagnosis.

1. MRI w ith  gadolin ium  enhancem ent is the best  m odalit y to detect  an  SSI.
2. Ver tebral and soft  t issue changes m ust  be di erent iated between norm al 

postoperat ive changes and ver tebral osteomyelit is.
a. Both  states are associated w ith  t ype 1 end plate changes characterized by 

adjacent m arrow  edem a and hypointense signal on  T1 im aging.
b. Gadolin ium  contrast  dem onstrates areas of enhancem ent in  the disk 

space.
c. Infect ion  is associated w ith  circum ferent ial disk enhancem ent , w hereas 

linear areas of enhancem ent  are m ore consistent  w ith  norm al changes.
E. Early versus late.

1. Early infect ions are t ypically recognized by system ic com plain ts.
a. Fevers, chills, local wound erythem a, drainage, increased back pain

2. Late infect ions:
a. More com m on, part icularly in  the presence of inst rum entat ion .

(1) Di cult  clin ical diagnosis that  should be considered if signi cant r isk 
factors are apparent .

Table 24.3 Risk factors for postoperative infections

Diabetes mellitus

Chronic corticosteroid use

Chemotherapy

Revision surgery

Prolonged operative time (> 4 h)

Morbid obesity

Preoperative/postoperative infectious condition

Tooth abscess

Urinary tract infection

Pneumonia

Open sores

Prolonged drainage from the surgical wound
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F. Super cial versus deep.
1. Di cult  to di erent iate by physical exam inat ion.

a. Irr igat ion  and debridem ent  should include opening the deep fascial layer 
to evaluate for the presence of an occult  deep wound infect ion .

G. Managem ent .
1. The type of postoperat ive infect ion  dictates m anagem ent:

a. Super cial SSIs respond to a course of in t ravenous ant ibiot ics and/or 
bedside drainage.

b. Medical therapy alone is unsuccessful w ith  subfascial infect ions due to 
poor ant ibiot ic penetrat ion .
(1) May warrant  m ult iple episodes of extensive debridem ent  of infected 

and necrot ic t issue.
2. Inst rum entat ion  should be retained to m aintain  the stabilit y of the spinal 

colum n; however, loosened implants should be rem oved, and the pat ient  
should be m onitored closely for pseudarthrosis.

3. Negat ive-pressure wound therapy:
a. Vacuum -sealed suct ion  device that  encloses the surgical wound.
b. Enhances would healing and closure due to the follow ing m echanism s:

(1) Rem oval of in terst it ial  u id that  reduces in terst it ial  u id pressure 
and enhances blood perfusion.

(2) Negat ive pressure causes m echanical st im ulat ion  that  facilitates cell 
grow th, increases blood  ow, and reduces bacterial load.
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25 Rheumatoid Arthritis

25.1 General Considerations
I. Epidem iology.

A. Most com m on during the  fth  and sixth  decade.
B. Fem ale > m ale (3:1).
C. Twenty- ve to 80% of pat ients w ith  rheum atoid ar thrit is (RA) w ill have cervical 

spine involvem ent .
1. The thoracic and lum bar spine are rarely a ected.

II. Pathogenesis.
A. Complex in teract ion  between genes and environm ent .

1. Genet ic com ponent .
a. Increased suscept ibilit y m ediated by HLA-DR ant igens.
b. Twelve to 15% concordance rate of RA between ident ical tw ins.

2. Environm ental components.
a. Sm oking (st rongest  evidence).

(1) Increases suscept ibilit y 20 to 40 t im es.
(2) Act ivates in  am m atory cascade result ing in  com plem ent  at tachm ent  

to the t issues.
b. Other environm ental components.

(1) Infect ions (no causal e ect  has been proven).
(a) Mycoplasm a.
(b) Proteus m irabilis.
(c) Epstein–Barr virus (EBV).
(d) Ret rovirus.

(2) Occupat ion exposure.
(a) Silica.

(3) Alcohol in take.
B. Cellular in teract ion  w ith synovial t issue.

1. T lym phocytes.
a. Const itute > 50% of cells in  m ost  RA synovium .
b. Act ivate B cells to increase ant ibody product ion.
c. A defect in program m ed cell death (apoptosis) results in lymphoproliferation.
d. Ant igens that  can  induce a T cell–m ediated adapt ive im m une response:

(1) Type II collagen.
(2) Im m unoglobulin  G (IgG).
(3) Cit rullinated proteins.
(4) Glycoproteins (secreted by synovial cells and chondrocytes).

2. Angiogenesis and cell m igrat ion .
a. New  synovial blood vessels are form ed.

(1) Increases  uid t ransudat ions.

http://www.myuptodate.com


25 Rheumatoid Arthrit is296

(2) Prom otes t ransm igrat ion  of lym phocytes in to the synovium  and 
polym orphonuclear leukocytes in to the synovial  u id.

3. Tum or necrosis factor (TNF).
a. Act ivates product ion  of adhesion cells in  newly form ed endothelial cells.
b. Helps recruit  in  am m atory cells in to the synovium .
c. Inhibits apoptosis of in  am m atory cells.
d. Induces the product ion of cytokines to propagate the in  am m atory 

cascade.
4. Cellular com ponents in  synovium  and synovial  u id.

a. Synovium .
(1) T lymphocytes (CD4).
(2) Fibroblast-like synoviocytes.

(a) Mediate in it ial dest ruct ion  of car t ilage at  the car t ilage–pannus 
junct ion  (periphery of join ts).

b. Synovial  uid.
(1) T lymphocytes (CD8).
(2) Neutrophils.

III. Clin ical  ndings.
A. Insidious onset .
B. Const itut ional sym ptom s.
C. Sym m etrical polyar thrit is.

1. Morning st i ness.
2. Joint  pain  and swelling.
3. Wrist  and  nger involvem ent  (does not  a ect  distal in terphalangeal [DIP] 

joint).
4. Axial spine is involved in  20 to 50% of the cases.

D. Ext ra-ar t icular involvem ent .
1. Subcutaneous nodules.
2. Pleuropericardit is.
3. Episclerit is.

E. Variable clin ical course.
1. Spontaneous exacerbat ions and decrease in  sym ptom s.
2. St ructural dam age is cum ulat ive and irreversible.

IV. Laboratory  ndings.
A. Synovial  u id aspirate (rarely obtained in  pract ice).

1. In  am m atory e usion.
2. Leukocyte count 1,500 to 25,000/m m 3.
3. Predom inance of polym orphonuclear (PMN) cells.

B. Serological tests.
1. Not used for screening purposes.
2. Rheum atoid factor (RF) (75–85%).
3. Ant icit rullinated pept ide ant ibodies (ACPA) (> 95%).
4. Posit ive serological  ndings can be present  as early as 10 years prior to any 

sym ptom s.
5. Both  RF and ACPA are associated w ith  a h igher r isk of developing erosive 

join t  dam age and funct ional im pairm ent .
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C. Other hem atologic  ndings.
1. Anem ia of chronic disease.
2. Elevated ESR and CRP.

V. Radiographic studies.
A. All RA pat ients should have cervical spine exam inat ion.

1. Plain   lm  radiographs.
a. Helps determ ine at lantoaxial instabilit y.
b. Used to predict  r isk of paralysis.

2. Magnet ic resonance im aging (MRI).
a. Useful in  visualizing spinal cord com pression due to odontoid pannus 

(space available for the cord [SAC]).
3. Com puted tom ographic (CT) scan.

a. Provides excellent bony detail.
b. Excellent  abilit y to detect  spinal cord com pression from  synovial pannus 

if perform ed w ith  in t rathecal cont rast .
c. Reserved for pat ients w ith  cont raindicat ion  to MRI (e.g., pacem akers).

VI. Cervical spine deform ity.
A. Instabilit y depends on the severit y of the disease process.
B. Subluxat ion  appears 1 decade after the disease onset .
C. Radiographic progression of subluxation has been observed in 35 to 80% of patients.

1. Seven to 34% w ill develop a neurological de cit .
2. Recent evidence has dem onstrated that  aggressive early m edical t reatm ent  

w ith  disease-m odifying ant irheum at ic drugs (DMARDs) can signi cantly 
decrease the risk of cervical spine at lantoaxial disorders.

D. Atlantoaxial instabilit y (or subluxat ion) (Fig. 25.1):
1. Most com m on cervical spine abnorm alit y in  RA (49%).
2. Results from  erosive synovit is in  the follow ing join ts:

a. Atlantoaxial.
b. Atlanto-odontoid.
c. Atlanto-occipital.

3. Radiographic  ndings.
a. Anterior at lantodens in terval (AADI):

(1) Distance between the posterior m argin  of C1 to the anterior surface 
of the odontoid:
(a) The norm al distance is 3 m m  in  adults and 4.5 m m  in  children .

(2) AADI is an  unreliable predictor of paralysis because of poor 
correlat ion  between the AADI and the degree of cord com pression as 
show n by m agnet ic resonance im aging (MRI).
(a) AADI ≥ 8 m m  has a posit ive predict ive value (PPV) of 61% and a 

negat ive predict ive value (NPV) of 56%.
b. The poster ior at lantodens in terval (PADI) has been dem onst rated as a 

bet ter predictor of paralysis.
(1) The in terval between the posterior dens and the anterior m argin  of 

the lam ina at  C1 is m easured in  a lateral plain   lm  radiograph.
(a) An in terval ≤ 14 m m  has a PPV of 69% and an  NPV of 94% w ith  

regard to predict ing paralysis.
(b) Preferred screening test .
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(2) Lim itat ions:
(a) Retro-odontoid synovial pannus m ay occupy as m uch as 3 m m  of 

space.
(b) May not represent  the t rue SAC.
(c) PADI < 14 m m  on lateral plain   lm  radiograph warrants MRI.

i. PADI ≥ 13 m m  m easured on MRI represents spinal cord 
com pression.

4. Clinical sym ptom s.
a. Neck pain .
b. Headache.
c. Vert igo.
d. Myelopathy.

(1) Paresthesias.
(2) Abnorm al gait .
(3) Bowel/bladder di  cult ies.
(4) Di  culty w ith   ne m otor control.

E. Atlantoaxial im pact ion  or basilar invaginat ion  (Fig. 25.2):
1. Second m ost com m on cervical spine abnorm alit y in  RA (38%).
2. Character ist ics:

a. Superior m igrat ion  of the odontoid (SMO).
b. Vert ical subluxat ion of the axis.
c. Pseudobasilar invaginat ion .

3. Synovit is and car t ilage dest ruct ion  of the occipitoat lantal and at lantoaxial 
joints.

Fig. 25.1 Sagit tal T2-weighted mag-
netic resonance imaging taken of the 
patient demonstrating that the spinal 
cord is decompressed in extension.
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4. Symptom s include occipital headache, myelopathy, or brain  stem  
com pression signs.

5. Radiographic m easurem ents (Table 25.1) (Fig. 25.3):
a. Used to ident ify the degree of odontoid encroachm ent on  the spinal cord.
b. Most  are di cult  to reproduce.

Fig. 25.2 (a) Illustration and (b) radiograph demonstrating the measurements of the skull, including 
McRae’s line, Chamberlain’s line, Wackenheim’s line, and Ranawat’s line. (Fig. 25.2b from Bohndorf 
K, Imhof H, Pope TH Jr. Musculoskeletal Imaging: A Concise Multimodalit y Approach. Stut tgart , Ger-
many: Georg Thieme Verlag; 2001: Fig. 9.105. Reproduced with permission.)

a

b
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Table 25.1 Radiographic lines to measure superior migration of the odontoid

Name Measurements Characteristic Results

McGregor line Line connecting 
posterior margin of 
the hard palate to the 
most caudal point of 
the occiput

Most consistent 
reference

Vertical set tling is 
de ned as migration 
of odontoid > 4.5 mm

Redlund–Johnell 
line

Distance between 
the midpoint of the 
inferior margin of the 
body of the axis to the 
McGregor line

Measures the 
occiput to C2 
complex

Increased risk of 
neurological injury 
with values < 34 mm 
for men and < 29 mm 
for women

Ranawat index Distance between the 
center of the pedicle 
of the axis and the 
transverse axis of the 
atlas

Evaluates the 
C1–C2 segment

< 13 mm is diagnostic 
of vertical set tling

McRae line Connects the anterior 
and the posterior 
margins of the 
foramen magnum

The tip of the 
odontoid should lie  
1 cm below this line

Fig. 25.3 Lateral plain  lm radiograph demonstrating the anatomical landmarks used to draw the 
(a) McGregor line (McG), Redlund–Johnell line (RJ), McRae line (McR), and (b) the Ranawat index. HP, 
hard palate; TA, transverse axis of atlas; CP, center of pedicle of axis.

a b
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6. MRI m easurem ents:
a. Any degree of at lantoaxial im pact ion  on plain   lm  radiograph warrants 

MRI.
b. Cervicom edullary angle:

(1) E ect ive indicator of cord distor t ion .
(2) The angle form ed by lines draw n parallel to the anterior border of the 

m edulla and upper cervical spinal cord.
(3) Angles < 135° have been associated w ith  myelopathy.

F. Subaxial subluxat ion  (Fig. 25.4):
1. Least  com m on deform ity in  RA (10–20%).

Fig. 25.4 (a) Illustration and (b,c) lateral radiographs demonstrating subaxial subluxation of the cer-
vical spine. (Fig. 25.4b,c reprinted from Imhof H, ed. Spinal Imaging [Direct Diagnosis in Radiology]. 
Stut tgart , Germany: Georg Thieme Verlag; 2008: Figs. 4.2, 4.3. Reproduced with permission.)

a

b

c
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2. Synovit is of facet  join ts, in terver tebral disks (spondylodiskit is), and 
in terspinous ligam ent .

3. Osteophytes are rarely observed.
4. Mult ilevel involvem ent:

a. Part icularly com m on at  C2–C3 and C3–C4 region.
b. Degenerat ive involvem ent  t ypically occurs at  C5–C6.

5. End plate erosions are present  in  12 to 15% of pat ients.
6. On lateral plain   lm  radiographs a canal diam eter < 14 m m  represents a 

h igher r isk of neurological involvem ent  and warrants MRI.
7. RA pat ients w ith  a previous upper cervical fusion have an  increased risk of 

developing subaxial subluxat ion .
VII. Treatm ent  considerat ions.

A. Avoid the developm ent of an  irreversible neurological de cit .
B. Prevent sudden death  from  unrecognized neural com pression (~ 10%).
C. Early aggressive m edical m anagem ent:

1. DMARDs: m echanism s of act ion  in  RA are unclear.
a. Methot rexate (MTX).

(1) Inhibits the purine m etabolism s, result ing in  accum ulat ion  of 
adenosine (st rong ant i-in  am m atory e ects).

(2) Inhibits T cell act ivat ion and expression of adhesion m olecules.
(a) Decreases product ion of T cell–m ediated in  am m atory cytokines.

(3) Also inhibits folic acid m etabolism .
(a) Pat ients should consum e folic acid supplem ent  during t reatm ent .

b. Sulfasalazine.
(1) Associated w ith  increased product ion of adenosine (sim ilar to MTX).
(2) Free radical scavenger.
(3) Inhibits TNF by inducing m acrophage apoptosis.
(4) Appears to suppress B cell funct ion, but  not  T cells.

c. Hydroxychloroquine (HCQ).
(1) Decreases T cell act ivat ion by in terfering w ith  ant igen-present ing 

cells.
(a) As a lipophilic weak base, it  t respasses the cell m em brane and 

accum ulates in  lysosom es, increasing the in t racellular pH.
i. In  m acrophages and dendrit ic cells, the increase of 

in t racellular pH inhibits ant igen coupling w ith  ant igen-
present ing pept ides.

(b) HCQ blocks toll-like receptors (TDR) that  are responsible for 
act ivat ing dendrit ic ant igen-present ing cells.

2. Soft  cervical collars:
a. Relieve sym ptom s but  do not  prevent  disease progression.

D. Predictors of postoperat ive neurological recovery:
1. Ranawat  classi cat ion (Table 25.2).

a. More severe preoperat ive neurological de cit s are associated w ith  a 
poorer neurological recovery.

2. Locat ion of disease.
a. Proxim al locat ion  of the pathology worsens the prognosis.
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3. PADI.
a. Preoperat ive.

(1) A PADI < 10 m m  is associated w ith  poor prognosis.
(2) In  pat ients w ith  isolated at lantoaxial subluxat ion w ith  PADI > 10 m m  

predicted im provem ent was at  least  one Ranawat  class.
(3) In  com bined at lantoaxial subluxat ion and impact ion recovery was 

associated w ith  a PADI ≥ 13 m m .
(4) All patients with a PADI ≥ 14 mm demonstrate signi cant motor recovery.

4. Factors that  do not  predict  neurological recovery.
a. Age.
b. Gender.
c. Durat ion  of paralysis.
d. Preoperat ive AADI.

VIII.  Indicat ions for surgical stabilizat ion .
A. Spinal instabilit y w ith  accom panying:

1. In t ractable pain .
2. Neurological defect .

B. Radiographic param eters (regardless of neurological involvem ent).
1. Atlantoaxial subluxat ion w ith  PADI ≤ 14 m m .
2. Superior odontoid m igrat ion  ≥ 5 m m .
3. Subaxial subluxat ion w ith  sagit tal canal diam eter ≤ 14 m m .
4. Cervicom edullary angle < 135°.

IX. Surgical stabilizat ion .
A. General considerat ions.

1. Preoperat ive halo t ract ion  can provide pain  relief, correct  deform ity, and 
arrest  or reverse neurological deteriorat ion .

2. Awake  beropt ic in tubat ion w ithout  neck extension is indicated.
B. Speci c condit ions.

1. Atlantoaxial subluxat ion (Fig. 25.5).
a. Posterior at lantoaxial fusion.
b. C1–C2 t ransart icular screw   xat ion  (Magerl).

(1) May not be technically possible depending on the deform ity and 
course of the vertebral ar tery.

c. C1–C2 lateral m ass/pedicle screw   xat ion  (Harm s const ruct).

Table 25.2 Ranawat classi cation of rheumatoid myelopathy

Class Clinical characteristics

I No neural de cit

II Subjective weakness with hyperre exia and dysesthesia

IIIA Objective weakness and long-tract signs; ambulatory patient

IIIB Objective weakness and long-tract signs; nonambulatory patient
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2. Superior m igrat ion  of the odontoid (Fig. 25.6a).
a. Posterior occipitocervical fusion.
b. Anterior decom pression via t ransoral resect ion  of the odontoid is 

indicated w hen there is evidence of signi cant anterior pannus or 
m arked ver t ical t ranslocat ion  of the odontoid (> 5 m m ).

3. Subaxial subluxat ion.
a. Poster ior cervical fusion w ith  lateral inst rum entat ion .

(1) Rarely, w hen notable subluxat ion is present  and cannot be reduced, 
anterior decom pression w ith  corpectomy and reconst ruct ion  w ith  
st ru t  bone graft ing m ay be indicated (Fig. 25.6b,c).

X. Postoperat ive outcom es.
A. Recent  improvem ent  in  outcom es.

1. Earlier diagnosis.
2. Decrease in  use of cort icosteroids.
3. Improvem ent  w ith  com binat ion  DMARDs t reatm ent .
4. Bet ter inst rum entat ion .

B. Occipitocervical fusion for at lantoaxial im pact ion  (Casey et  al).
1. Bet ter outcom es compared w ith  those w ithout  occipital fusion.
2. Fort y- ve percent dem onstrated neurological improvem ent .

Fig. 25.5 Techniques for posterior cervical screw  xation, including the Magerl, Sonntag, and Harms 
techniques.
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3. Ninety-seven percent  dem onstrated pain  relief.
4. Progression of subaxial instabilit y below  the level of fusion was the m ain  

cause of failure (reoperat ion).
5. Perioperat ive m ortalit y was 10%.

C. Anterior and/or posterior decom pression and fusion for subaxial subluxat ion  
(Olerud et  al).
1. Neck pain  was t ypically relieved.
2. Myelopathy was associated w ith  worsened outcom es.
3. Surgery is recom m ended before pat ients develop myelopathy.

Fig. 25.6 (a) Preoperative sagit tal magnetic 
resonance imaging of a 76-year-old man with 
rheumatoid arthrit is who presented to the 
emergency room with the inability to swallow 
and speak. A large rheumatoid pannus is noted 
to cause upper cervical cord compression 
and destruction of the dens. (b,c) Postoper-
ative anteroposterior and lateral radiographs 
demonstrating occipital cervical  xation (C2 
pedicle screws and C3–C6 lateral mass screws). 
The patient was decompressed with C2–C4 
laminectomies and traction, allowing resto-
ration of normal cervical lordosis.

a

b c
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D. General com plicat ions.
1. High infect ion  rate (25%).
2. Pseudarthrosis (poor bone qualit y).
3. Adjacent-level instabilit y.
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26 Seronegative Spondyloarthropathies

26.1 General Considerations
I. In t roduct ion .

A. Group of in ammatory disorders a ecting various joints and periarticular structures.
B. Extraskeletal m anifestat ions:

1. Gast roin test inal (GI).
2. Skin .
3. Ocular.
4. Cardiac.
5. Respiratory.

C. The m ajorit y of cases are HLA-B27 (+) and rheum atoid factor (RF) (−).
D. Most laboratory  ndings are nonspeci c.

II. Ankylosing spondylit is (Fig. 26.1).
A. Epidem iology.

1. Mainly predom inant  during second and th ird decades of life.

Fig. 26.1 (a) Lateral radiograph of a patient with ankylosing spondylitis with severe sagit tal plane 
imbalance. (b) Anteroposterior radiograph following an L2 pedicle subtraction osteotomy. (c) Lateral 
radiograph shows the osteotomy site at L2 with correction of the positive sagit tal balance. (Fig. 26.1a 
from Imhof H, ed. Spinal Imaging (Direct Diagnosis in Radiology). Stut tgart , Germany: Georg Thieme 
Verlag; 2008: Fig. 4.18. Reproduced with permission.)

a b c
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2. Males > fem ales.
a. Men typically present  a m ore severe disease expression.
b. Prevalence is 1 in  1,000.
c. Mostly Caucasian  (HLA-B27).

B. Pathogenesis.
1. HLA-B27 posit ive in  88 to 96% of pat ients (nonspeci c).

a. Eight  percent of general populat ion .
2. Synovit is from  lym phocyte and plasm a cell in  lt rate.
3. Chronic in  am m atory changes (cart ilage dest ruct ion  and bony erosion) to 

the axial skeleton.
a. Bilateral sacroiliit is is the m ost com m on and earliest  sign  of disease 

(pathognom onic).
b. Enthesit is at  tendon bony insert ions.

C. Clin ical  ndings.
1. Insidious onset:

a. Sym ptom s are generally present  for 3 m onths.
2. Sym ptom s include low  back pain  and st i ness.

a. Worsened in  the m orning and im prove w ith  act ivit y.
3. Fifteen  to 25% have peripheral join t  ar thrit is.
4. Forward- exed posture:

a. Decreased lum bar lordosis.
b. Increased thoracic kyphosis.

5. Physical  ndings:
a. Lim ited range of m ot ion of the lum bar spine (Schober’s test).
b. Decreased chest  expansion (< 7–8 cm ).
c. Posit ive sacroiliac st ress m aneuver (Pat rick’s test).
d. Rigid kyphot ic spine.

(1) Most e ect ive m easure of spinal deform ity is the chin–brow  to 
vert ical angle.

(2) Occiput  to wall test  (cervical spine involvem ent).
e. Com pensatory h ip  exion contractures.
f. Tenderness over the ischial tuberosit y, greater t rochanter, anterior-

superior iliac spine (ASIS), and iliac crest  (enthesit is).
6. Extraskeletal m anifestat ions:

a. General com plain ts
(1) Fat igue.
(2) Weight loss.
(3) Low -grade fever.

b. Gast roin test inal.
(1) In  am m atory bowel disease.

c. Cardiac.
(1) Cardiac conduct ion defects.
(2) Aort it is.

d. Acute ir it is (m ost com m on extraskeletal complain t).
(1) Pain .
(2) Photophobia.
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(3) Blurred vision.
e. Pulm onary  brosis (cause of death  in  10% of pat ients).

(1) Dyspnea and cough.
f. Amyloidosis.

D. Laboratory  ndings.
1. HLA-B27 (~ 90%): often  not  ordered due to h igh cost .
2. Elevated erythrocyte sedim entat ion  rate (ESR) and C-react ive protein  (CRP).
3. Anem ia of chronic disease (norm ochrom ic/norm ocyt ic).
4. RF (−).
5. Antinuclear ant ibody (ANA) (−).

E. Radiographic  ndings (Fig. 26.2 and  Fig. 26.3) (Table 26.1).

Fig. 26.2 (a,b) Radiograph demonstrating sclerosis and erosion at the sacroiliac joint. (c) Axial com-
puted tomographic image demonstrating erosions at  the sacroiliac joint. (From Bohndorf K, Imhof H, 
Pope TH Jr. Musculoskeletal Imaging: A Concise Multimodality Approach. Stut tgart , Germany: Georg 
Thieme Verlag; 2001: Figs. 9.112, 9.113. Reproduced with permission.)

a b

c
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F. Treatm ent .
1. Nonoperat ive.

a. Physical therapy.
(1) Extension exercises.
(2) Sw im m ing.

b. Respiratory therapy.
(1) Breathing exercises.
(2) Cessat ion of sm oking.

c. Medicat ions.
(1) Nonsteroidal ant i-in  am m atory drugs (NSAIDs).

(a) Sym ptom at ic pain  relief.

Fig. 26.3 Anteroposterior radiograph demonstrating 
bamboo spine in a patient with ankylosing spondylitis. 
(From Imhof H, ed. Spinal Imaging [Direct Diagnosis in 
Radiology]. Stut tgart, Germany: Georg Thieme Verlag; 
2008: Fig. 4.27. Reproduced with permission.)
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(2) Cort icosteroids (short  courses w ith  tapering dose).
(a) System ic.
(b) Topical drops (uveit is).

(3) Disease-m odifying m edicat ions.
(a) Sulfasalazine (m ost bene cial).
(b) Methotrexate.

(4) Tum or necrosis factor alpha (TNF-α ) inhibitors.
(a) Adalim um ab and etanercept .
(b) Never  rst-line t reatm ent .

(5) Bisphosphonates.
2. Surgical m anagem ent .

a. Indicat ions.
(1) Flexion deform ity associated w ith  pain  and neurological com prom ise.
(2) Loss of horizontal gaze (e.g., chin  on chest  deform ity).
(3) Unstable spine fractures.

b. Spinal deform ity in  ankylosing spondylit is.
(1) Loss of lum bar lordosis and thoracic kyphosis.
(2) Prim ary locat ion  of disabling deform ity should be assessed.

Table 26.1 Radiographic  ndings

Type Notes

Sacroiliit is erosion  
(Fig. 26.2)

–  Reactive bone and fusion of the joint (on the lower portion 
of iliac side  rst)

–  Bilateral and symmetric
–  Magnetic resonance imaging is more sensitive than plain 

 lm radiographs to detect in ammatory changes in the 
sacroiliac joint

Spine –  Syndesmophyte formation from the margins of the 
vertebral bodies (“bamboo spine”) (Fig. 26.3)

–  Vertical paravertebral ossi cation
–  Erosion of the vertebrae (“squaring of the vertebral body”)
–  Osteoporosis, disk and apophyseal joint narrowing

Occult fractures –  Occur with minimal trauma
–  Lumbar spine and lower cervical spine are the most 

common sites of fracture
–  Plain radiographs can be di cult  to interpret
–  Computed tomography can be hard to interpret because 

of the di culty in obtaining true axial cuts
–  Magnetic resonance imaging is the most reliable test for 

occult fractures and hematoma evaluation
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(3) Osteotom ies:
(a) Cervical.

i. Osteotomy at  C7–T1 junct ion  w ith  lam inectomy from  C6 to T2 
is considered for prim ary cervical kyphosis.

(b) Thoracic.
i. In  severe kyphot ic thoracic deform ity, m ult iple posterior 

thoracic resect ion  osteotom ies can be done after anterior 
osteotom ies.

ii. Costot ransverse osteotom ies.
iii. Thoracic kyphosis can  often  be addressed via a lum bar 

osteotomy.
(c) Lum bar.

i. Osteotom ies are perform ed typically between L2 and L4.
• Pedicle subtract ion  (closing wedge) osteotomy (CWO).
• Modi ed Sm ith–Petersen  (opening wedge) osteotomy 

(OWO) (Fig. 26.4).
ii. OWO versus CWO:

• No di erence in  postoperat ive pain  scores.
• Sim ilar radiographic outcom es.
▫  Sagit tal vert ical axis.
▫  Lum bar lordosis.
▫  Global kyphosis.

• Com plicat ions.
▫  Greater blood loss w ith  CWO.
▫  No signi cant  di erences in  other com plicat ions (e.g., 

durotom ies, ileus, infect ions, neurological injuries).
III. React ive ar thrit is.

A. Epidem iology.
1. Males > fem ales.
2. More com m on in  Caucasians.
3. Associated organism s.

a. Chlam ydia.
b. Cam pylobacter.
c. Yersinia.
d. Shigella.
e. Salm onella.

B. Clin ical presentat ion .
1. Classic clin ical t r iad.

a. Urethrit is.
(1) Balanit is circinata (painless ulcer in  the glans penis).

b. Conjunct ivit is.
(1) Ir it is.
(2) Uveit is.
(3) Episclerit is.
(4) Corneal ulcerat ion .
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Fig. 26.4 (a) The closing wedge pedicle subtraction and (b) the opening wedge Smith–Petersen 
osteotomy procedures.

a

b
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c. Polyarthrit is.
(1) Asym m etric.
(2) Appears 2 to 4 weeks after infect ious event .
(3) Lower ext rem it ies > upper extrem it ies.

(a) Rare h ip involvem ent .
(4) Enthesit is (in  am m ation of the connect ive t issue between a tendon 

or ligam ent and bone).
(a) Achilles tendon.

(5) Lower back pain .
(a) Sacroiliit is (3–10% progress to ankylosing spondylit is).

C. Laboratory  ndings.
1. Elevated ESR.
2. RF (−) and ANA (−).
3. Chronic anem ia.
4. HLA-B27 (+) (> 90%).

D. Radiographic  ndings.
1. Periost it is in  the heel and toes.
2. Sacroiliit is (unilateral).
3. Nonm arginal asym m etric syndesm ophytes (large and bulky).

IV. Psoriat ic ar thrit is.
A. Epidem iology.

1. A ects 5 to 7% of pat ients w ith  psoriasis.
2. A ects 0.1% of the general populat ion .
3. Male = fem ale.
4. Onset  ranges between the th ird and sixth  decade.
5. More com m on in  Caucasians.

B. Clinical  ndings.
1. Arthrit is (precedes skin  lesions in  15% of cases).

a. Spine st i ness > 30 m inutes.
b. Oligoar t icular and m onoar t icular.

(1) Asym m etric.
(2) Distal in terphalangeal (DIP) involvem ent .

c. Enthesit is.
d. Sacroiliit is.

2. Skin  lesions.
a. Balanit is circinata.
b. Oral ulcers.
c. Keratoderm a blennorrhagica.

3. Key features.
a. Nail pit t ing.
b. Sausage-shaped digits.

C. Laboratory  ndings.
1. Elevated ESR and CRP.
2. HLA-B27 (+) (20%).
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D. Radiographic  ndings.
1. Asym m etric sacroiliit is (autofusion).
2. Bony erosion.
3. Syndesm ophyte form at ion (bam boo spine).

E. Treatm ent .
1. Physical therapy.

a. Range of m ot ion exercises.
2. Medicat ions.

a. NSAIDs.
(1) Aspirin , indom ethacin , or naproxen.

b. Second-line.
(1) TNF-α  inhibitors (in  ixim ab).
(2) Methot rexate.

V. Enteropathic ar thrit is (in  am m atory bowel disease).
A. Epidem iology.

1. Males > fem ales.
2. Associated w ith pat ients w ith Crohn’s disease and ulcerat ive colit is (10–20%).

B. Clin ical  ndings.
1. Arthrit is.

a. Asym m etric.
b. Monoart icular or polyart icular.

(1) Large join ts.
(a) Peripheral ar thr it is im proves w ith  gast roin test inal improvem ent .

(2) Spine (sacroiliit is).
(a) Bilateral (sim ilar to AS).
(b) Independent  of bowel disease.

2. Extra-ar t icular sym ptom s.
a. Erythem a nodosa (Crohn’s).
b. Pyoderm a gangrenosum  (UC).
c. Oral ulcers.
d. Uveit is.

C. Laboratory  ndings.
1. Chronic anem ia.
2. Elevated ESR and CRP.
3. RF (−) and ANA (−).
4. Ant ineutrophil cytoplasm ic ant ibodies (ANCA) (+) (60%).
5. Five percent HLA-B27 (+).
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– radiographic, 57–66
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– lum bar degenerat ive disease, 

178
– spinal infect ions, 285t
– tum ors, 266t
bony arch  com ponents, posterior, 

2t
Brow n-Sequard syndrom e, 8f
Bryan Disc ar t i cal disk, 162
bulbocavernous re ex, 54f, 55
burst  fractures, 94, 138f, 140

C
C1 (at las) fracture, 126–127
C1 lateral m ass screw /C2 pedicle 

screw, 85, 87f, 88f
C1–C2 subluxat ion, 125
C2 t ranslam inar screw, 85
central cord syndrom e, 8f
cent ral sacral ver t ical line (CSVL), 
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cerebral palsy, 239, 241, 246
cervical degenerat ive disease, 

154–165
– cervical disk ar throplast y (CDA), 

162
– com plicat ions, 165
– di erent ial diagnosis, 158, 160t
– im aging, 156–157, 158f, 159f
– postop m anagem ent , 165
– surgical techniques, 159–165
–– anterior cervical corpectomy 
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cervical disk ar throplasty (CDA), 
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anterior fusion , 95
anterior horn cell disease (spinal 
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anterior lum bar in terbody fusion 
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anterior odontoid screws, 85, 88f
ar thrit is, en teropath ic 

(in  am m atory bowel disease), 
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arthrit is, psoriat ic, 314–315 
ar thrit is, react ive, 312, 314
arthroplasty, total disk, 194–195
art i cial disks, 162
ast rocytom a, 271t
atlan toaxial im pact ion , 298–301
atlantoaxial instabilit ies, 259–260, 

297–298
atlantoaxial join t , 83, 84f
atlan toaxial subluxat ion , 303–304f
atlan todens in terval (ADI), 86t , 

125, 252, 253f, 297–298, 301f, 
303

atlas (C1) fracture, 126–127
autogenous bone graft , 285
autografts, 107, 111
– vs allografts, 112f
axial lum bar in terbody fusion  

(AxiaLIF), 194

B
Babinski’s sign, 50f, 51t , 156
balance, sagit tal, 83
basilar invaginat ion, 252–256, 

298–301
Beevor’s sign , 55t
biom echanical m easurem ents, 86t
biom echanics, 85–89
bisphosphonates, 311
bone cells, 104–105
bone form at ion, 105, 106f
bone grafts, 107–109. See also 

speci c graft t ypes
bone m arrow  aspirate and stem  

cells, 111, 114–115
bone m orphogenet ic proteins 

(BMP-2, BMP-7), 111, 113–114
– controversies, 114
– Infuse (BMP-2), 113
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disk herniat ion , 154t , 167, 167f, 
175f

– thoracic, 167, 167f, 169f
disk regenerat ion, biologic, 153
disk replacem ent , total (TDR), 195
disk space collapse, 70f
disk space infect ions, 287–289
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– m icroscopically assisted, 180t
– open, 180t
– percutaneous, 180t
diskography, 67, 69t , 75f
– lum bar degenerat ive disease, 

178, 185–188
disks, ar t i cial, 162
dislocat ions
– facet , 1
– occiput–C1, 124
dist ract ion   exion  injuries (seat 

belt  injury), 138–140
Dow n’s syndrom e, 259
Duchenne’s m uscular dyst rophy, 

241
dysdiadochokinesia, 156
dysplasia, 259

E
elect rodiagnost ic tests, 77–78
elect romyography (EMG), 77–78, 

80, 81
elect romyography, t r iggered 

(tEMG), 81
enteropath ic ar thrit is 

(in  am m atory bowel disease), 
315

eosinophilic granulom a, 268t
ependym om a, 271t
epidural abscess, 286–287, 288f
etanercept , 311
Ew ing’s sarcom a, 269t
ext racellular m atrix (ECM), 105

F
facet dislocat ion, 131f
facet inject ion , 187
facet syndrom e, 177
Fielding classi cat ion , 260
 nger escape sign, 50f, 51t
 at-back syndrom e, 225, 251
 exion injur ies, 138–140
four-poster-type or thosis, 91t
fracture  xat ion , percutaneous, 95
fractures
– at las (C1), 126–127
– burst , 94, 140
– clay-shoveler’s, 130
– com pression, 93–94
– hangm an’s, 85, 87f, 128, 129f, 

130t , 262, 262f

com puted tom ography (CT), 58, 
59f, 67, 68t , 75f

– ankylosing spondylit is, 309f
– cervical degenerat ive disease, 

156–157
– chondrosarcom a, 278f
– fracture-dislocat ion  of the 

thoracolum bar spine, 139f
– giant  cell tum or, 276f
– hern iated disk, 167, 169f
– Je erson  fracture, 261f
– lum bar degenerat ive disease, 

178, 184, 185, 186f, 187f
– neuro brom a, 275f
– osteoid osteom a, 274f
– rheum atoid ar thrit is, 297
– spinal cord injury, 119
– spinal infect ions, 285t
– spinal stenosis, 124f
– spondylosis, 124f
– tum ors, 266t
congenital at lan to-occipital fusion , 

258
congenital scoliosis. See scoliosis, 

congenital
cord syndrom es, 8f
cort ical cancellous chips, 107
costot ransversectomy, 170
CT. See com puted tom ography (CT)

D
de Andrade and Macnab 

anterom edial approach to the 
upper cervical spine, 29

decom pression , 204, 205f
degenerat ive disease, cervical. See 

cervical degenerat ive disease
degenerat ive disease, thoracic. See 

thoracic degenerat ive disease
degenerat ive spondylolisthesis, 

215, 217–219
dem ineralized bone m atrix (DBM), 

107, 111–112
Denis three-colum n classi cat ion , 

93, 94f, 94t , 134–135
derm atom es, 10, 11f, 12t , 53t , 

54f, 155f
developm ental/paralyt ic kyphosis, 

249
diast rophic dysplasia, 259
direct pars repair, 215
disabilit y, 145
disabilit y and im pairm ent 

evaluat ion, 145–146
disease-m odifying ant irheum at ic 

drugs (DMARDs), 297
disk anatomy, 148–149
disk degenerat ion , 70f, 73, 99, 

151f

cervical spine
– surgical approaches
–– anterior, 25–38
––– anterom edial approach (de 

Andrade and Macnab), 29
––– ret ropharyngeal exposure 

(McAfee), 29–30
––– t ransoral approach to C1–C2, 

28–29
–– anterolateral ret ropharyngeal 

approach (Whiteside and 
Kelley), 30

–– lateral approach (Verbiest), 30
–– posterior, 24–25
cervical spine t raum a, 122–133
– atlas (C1) fracture, 126–127
– C1–C2 subluxat ion , 125
– clay-shoveler’s fracture, 130
– hangm an’s fracture, 128, 129f, 

130t
– incidence, 122
– occipital condyle fractures, 124
– occiput–C1 dislocat ion , 124
– odontoid fractures, 127–128
– pat ient  evaluat ion , 122, 123f
– soft  t issue injury, 133
– subaxial cervical t raum a, 128
– teardrop fractures, 130
– t ract ion, 122–124f
– upper cervical injuries, 124–129
– wedge com pression  fractures, 

130
cervical spine, anatomy, 13–19
cervicothoracic junct ion
– surgical approaches, 30–38
–– low  cervical approach to  

C6–T2, 30
–– sternum -split t ing approach to 

C4–T4, 37–38
–– supraclavicular approach to 

C6–T2, 30
–– thoracotomy to T1–T4, 36, 37f, 

38f, 39f, 40f
cervicothoracic-style or thosis, 91t
Cham berlain  line, 299f
Charcot-Marie-Tooth  disease, 246
chem onucleolysis, 153
chondrosarcom a, 269t , 278f
chordom a, 269t , 279f
chronic pain , psychological e ects 

of, 143–144
claudicat ion , 208
clay-shoveler’s fracture, 130
clonus re ex, 51t
Cobb angle m easurem ent , 221f, 

231–232
coccyx, anatomy, 21–24
com pression fractures, 93–94
com pression- exion  injuries, 138
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– myelom eningocele, 247
– neurom uscular kyphosis, 

246–247
– postsurgical kyphosis, 249
– post t raum at ic kyphosis, 249
– postural kyphosis, 242
– Scheuerm ann’s disease (juvenile 

kyphosis), 244–246

L
lam inectomy, 170
lam inectomy and fusion w ith  

inst rum entat ion , 164–165
lam inoforam inotomy, 162–163f
lam inoplasty, 163–164f
Larsen’s syndrom e, 259
lateral lum bar interbody fusion  

(LLIF), 189t , 191, 194
lateral m ass screw  orientat ion , 90f
Lenke classi cat ion  of scoliosis, 

227, 228f, 229, 236
Levine and Edwards classi cat ion  

of at las fractures, 126f
Levine classi cat ion  of hangm an’s 

fracture, 130t
Lherm it te’s grip  release, 51t , 156
ligam entous anatomy, 17, 18f
low  back pain. See lum bar 

degenerat ive disease
low  cervical approach to C6–T2, 30
lum bar degenerat ive disease, 

171–195
– annular tears, 177
– biochem ical pathology, 175
– clin ical evaluat ion, 176–181
–– di erent ial diagnosis, 176, 177t
–– neurological exam inat ion , 176
–– physical exam , 176
– conservat ive t reatm ent , 179
– et iologies, 183, 184t
– facet  syndrom e, 177
– herniated nucleus pulposus 

(HNP), 177
– herniat ion, 172–174
– im aging, 178–179, 183–188
– incidence, 171, 183
– in tervertebral disk (IVD) 

degenerat ion, 171–174
– myofascial syndrom es, 177
– pathogenesis, 171–175
– risk factors, 183
– spondylolysis, 177
– stenosis, 177
– surgical m anagem ent , 179, 180f, 

180t , 181f, 187–195
–– anterior lum bar in terbody 

fusion  (ALIF), 189t , 191, 193f
–– axial lum bar interbody fusion  

(AxiaLIF), 194

infect ions, postoperat ive, 291–294
infect ious kyphosis, 249, 250f
in  am m atory bowel disease 

(enteropath ic ar thrit is), 315
in  am m atory kyphosis 

(ankylosing spondylit is), 
249–250

in  ixim ab, 315
inject ions, for pain , 144–145
inst rum entat ion
– grow ing rod, 236, 237f
– posterior rod, 97f
– t ranspedicular, 95, 95f, 100–101
interbody cage devices, 161–162
interspinous spacers, 207
in tervertebral disk, 1–2
in tervertebral disk (IVD) 

degenerat ion , 171–174
– biom echanical aspects of, 

148–153
– repair or regenerat ion , 150–153
int radiskal elect rotherm al therapy, 

180t
in t radiskal pressure, 99
in t raoperat ive neurom onitor ing 

(IONM), 80–82
– anesthet ic e ects on , 82
inverted radial re ex, 51t
isthm ic spondylolisthesis, 

212–214

J
jaw -jerk re ex, 50f, 51t
Je erson fracture, 261, 261f
juvenile kyphosis (Scheuerm ann’s 

disease), 242–246
juvenile rheum atoid ar thrit is, 259
juvenile scoliosis. See scoliosis, 

idiopath ic infant ile and 
juvenile

K
Kadish and Sim m ons nerve root 

anom alies, 11, 12f
kinem at ics of the spine, 83–85
King classi cat ion  of scoliosis, 

227, 229t
Klippel-Feil syndrom e, 256–257
kyphosis, 97, 97f
kyphot ic deform it ies, 242–251
– biom echanics, 242
– classi cat ion , 242, 243t
– congenital kyphosis, 242–244
– developm ental/paralyt ic 

kyphosis, 249
– infect ious kyphosis, 249, 250f
– in  am m atory kyphosis 

(ankylosing spondylit is), 
249–250

– Je erson, 261, 261f
– occipital condyle, 124
– odontoid, 127–128, 261–262
– Salter I, 257, 258f
– teardrop, 130
– thoracolum bar, 134–141
– wedge com pression , 130
fracture/dislocat ion, 95
Frankel scale, 134
Friedreich’s ataxia, 246
funct ional restorat ion  program s, 

144
fusion . See speci c fusions

G
Gaenslen’s test , 54
GCS. See Glasgow  Com a Scale (GCS)
giant  cell tum or, 268t , 276f
Glasgow  Com a Scale (GCS), 116, 

117f
grafts. See speci c grafts
Grisel’s syndrom e, 259
grow ing rod inst rum entat ion , 

236, 237f
Guillain -Barre syndrom e, 160t

H
halo devices, 91t , 92f
hangm an’s fracture, 85, 87f, 128, 

129f, 130t , 262
Harm s const ruct , 303–304f
healing period, 145
healing plateau , 145
hem angiom a, 268t
herniated nucleus pulposus (HNP), 

177
herniated disk. See disk herniat ion
history, m edical, 47–49
Ho m an’s sign , 50f, 51t , 156
Hong Kong procedure, 291, 292f
Horner’s syndrom e, 13
Howship’s lacunae, 105, 105f
hydroxychloroquine, 302
hypokyphosis, 96, 96f

I
idiopathic adolescent  scoliosis 

(IAS). See scoliosis, idiopath ic 
adolescent

idiopathic infant ile and juvenile 
scoliosis. See scoliosis, 
idiopathic infant ile and 
juvenile

iliac crest  bone graft  (ICBG), 107
im aging, 57–66, 67–77. See also 

speci c im aging m odalit ies
im pairm ent , 145
im pairm ent  and disabilit y 

evaluat ion , 145–146
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McAfee anterior ret ropharyngeal 
exposure of the upper cervical, 
29–30

McGregor’s line, 86t , 300f, 300t
McRae’s line, 299f, 300f, 300t
m edical history, 47–49
m easurem ents
– at lan todens interval (ADI), 86t , 

125, 252, 253f, 297–298, 301f, 
303

– biom echanical, 86t
– cent ral sacral ver t ical line 

(CSVL), 230
– Cham berlain  line, 299f
– Cobb angle, 221f, 231–232
– McGregor’s line, 86t , 300f, 300t
– McRae’s line, 299f, 300f, 300t
– Power’s rat io, 84f, 86t , 260
– radiographic, 299–301
– Ranawat’s index, 86t , 299f, 300f, 

300t , 302, 303t
– Redlund–Johnell index, 86t , 

300f, 300t
– slip angle, 214, 214f
– space available for cord (SAC), 

86t , 252, 253f, 254f
– Wackenheim  line, 299f
m eningiom a, 270t
m esenchym al stem  cells (MSCs), 

114–115
m ethotrexate, 302, 311, 315
m ethylprednisolone, 120–121
Meyerding classi cat ion  of 

spondylolisthesis, 213
Modic end plate changes, 73, 

76f, 77f
Morquio’s syndrom e, 259
m otor evoked potent ials (MEPs), 

78
m otor evoked potent ials, m yogenic 

(m MEPs), 81
m otor evoked potent ials, 

t ranscranial (tcMEPs), 80, 81
m otor st rength  test ing, 55t
MRI. See m agnet ic resonance 

im aging (MRI)
m uscle st rength , 53–54
m uscular anatomy, 14f–15f, 18
m uscular dyst rophy, 246
m yelography, 67, 266t
– neuro brom a, 275f
m yelom eningocele, 241, 247
m yelopathic signs, 51t , 156
m yelopathy, 47, 155
m yofascial syndrom es, 177
m yogenic m otor evoked potent ials 

(m MEPs), 81
m yotom e dist ribut ion , 12t

–– surgical opt ions, 219f
–– t reatm ent , 217–219
– epidem iology, 210
– hereditary factors, 210
– isthm ic, 212–214
–– radiographic m easurem ents, 

213–214
–– roentgenographic  ndings, 213
–– surgical techniques
––– direct  pars repair, 215
––– in terbody fusion , 215, 216f
––– posterolateral fusion  w ith  or 

w ithout decom pression , 215
–– t reatm ent , 214–215
– pathological, 220
– t raum at ic, 219
lum bosacral spine stabilit y, 

98–100
lym phom a, 269t

M
Magerl lateral m ass screw  

orientat ion, 90f, 303
m agnet ic resonance im aging 

(MRI), 58, 59f, 67, 68t , 70–74, 
76f, 77f

– burst  fracture, 138f
– cervical degenerat ive disease, 

156–157, 159f
– cervical kyphosis, 263f
– disk degenerat ion , 73, 151f
– facet dislocat ion, 131f
– fracture-dislocat ion  of the 

thoracolum bar spine, 139f
– giant  cell tum or, 276f
– hern iated disk, 167, 167f, 175f
– Klippel-Feil syndrom e, 256f
– lum bar degenerat ive disease, 

178, 184
– neoplast ic disease, 267t
– osteogenesis im perfecta, 255f
– osteoporot ic com pression  

fracture, 267t
– rheum atoid ar thrit is, 297, 298, 

301, 305f
– spinal cord injury, 72–73, 119
– spinal infect ions, 285t
– spinal stenosis, 64f, 65f, 164f
– spondylolisthesis, 66f, 218f
– spondylosis, 61f, 62f
– subdural abscess, 288f
– tuberculosis of the spine, 292f
– tum ors, 266t
– vertebral body collapse, 63f
– vertebral osteomyelit is, 267t , 

288f, 289f
Marchet t i-Bar tolozzi classi cat ion  

of spondylolisthesis, 210, 212

lum bar degenerat ive disease
– surgical m anagem ent  

(cont inued)
–– in t radiskal elect rotherm al 

therapy, 180t
–– lateral lum bar interbody fusion  

(LLIF), 189t , 191, 194
–– m icroscopically assisted 

diskectomy, 180t
–– open diskectomy, 180t
–– percutaneous diskectomy, 180t
–– posterior lum bar in terbody 

fusion  (PLIF), 189t , 190–191f
–– posterolateral (in ter t ransverse 

process) fusion  (PLF), 188–190
–– total disk ar throplast y, 

194–195
–– t ransforam inal lum bar 

in terbody fusion (TLIF), 189t , 
191, 192f

–– Wiltse paraspinal approach, 
181f

– total disk replacem ent (TDR), 195
lum bar fusion , 205–207
lum bar index, 214
lum bar in terbody fusion. See 

anterior lum bar interbody 
fusion  (ALIF); axial lum bar 
in terbody fusion (AxiaLIF); 
lateral lum bar interbody 
fusion  (LLIF); posterior 
lum bar in terbody fusion 
(PLIF); t ransforam inal lum bar 
in terbody fusion (TLIF)

lum bar plexus, nerve st ructures 
of, 3f

lum bar spinal stenosis, 197–209
– classi cat ion , 197–198
–– acquired, 198
–– congenital, 197–198
– clin ical  ndings, 202–204
– di erent ial diagnosis, 204
– dim ensions, 201, 202f
– pathogenesis, 198–202
– surgical techniques
–– decom pression, 204, 205f
–– lum bar fusion , 205–207
– t reatm ent , 204–209
lum bar spine pain. See lum bar 

degenerat ive disease
lum bar spine stabilit y, 98–100
lum bar spondylolisthesis, 210–220
– biom echanics, 210
– classi cat ions, 210
– degenerat ive, 215, 217–219
–– clinical  ndings, 215, 217
–– epidem iology, 215
–– radiographic  ndings, 217
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pseudarthrosis, 215
psoriat ic ar thrit is, 314–315
psychiat ric disease, 143–144

R
radiat ion  therapy, 272–273
radiographic anatomy, 57–66
radiographic m easurem ents, 

299–301
radiographs, 57–58, 67, 68t , 70f
– adult  scoliosis, 224
– ankylosing spondylit is, 307f, 

309f, 310f
– cervical degenerat ive disease, 

156–157, 158f
– cervical kyphosis, 263f
– chordom a, 279f
– disk degenerat ion , 70f
– disk space collapse, 70f
– facet  dislocat ion , 131f
– fracture-dislocat ion  of the 

thoracolum bar spine, 139f
– giant cell tum or, 276f
– hangm an’s fracture, 262f
– idiopathic adolescent  scoliosis 

(IAS), 235f
– Klippel-Feil syndrom e, 256f
– lum bar degenerat ive disease, 

178, 183
– neurom uscular scoliosis, 240f
– osteogenesis im perfecta, 255f
– osteoid osteom a, 274f
– rheum atoid ar thrit is, 297, 305f
– Scheuerm ann’s kyphosis, 248f
– of spinal cord injury, 117, 119
– spinal infect ions, 285t
– spondylolisthesis, 66f, 218f
– spondylosis, 60f
– tuberculosis of the spine, 290f, 

292f
– tum ors, 266t
– vacuum  disk sign , 70f
– vertebral body collapse, 63f
Ranawat’s index, 86t , 299f, 300f, 

300t , 302, 303t
range of m ot ion  test ing, 51–52
react ive ar thrit is, 312, 314
recom binant  hum an gene 

m orphogenet ic protein-2 
(rhBMP-2), 160

Redlund–Johnell index, 86t , 300f, 
300t

rehabilitat ion , 142–145
renal osteodyst rophy, 253
rheum atoid ar thrit is, 253, 

295–306
– cervical spine deform ity, 

297–302
– clin ical  ndings, 296

palpat ion, 50–51
paralyt ic/developm ental kyphosis, 

249
Parsonage-Turner syndrom e, 160t
pat ient  educat ion, 142
Patrick’s test , 54, 308
PCM disc ar t i cial disk, 162
pediat r ic cervical spine disorders, 

252–263
– at lan toaxial instabilites, 

259–260
– basilar invaginat ion , 252–256
– clin ical  ndings, 254–255
– congenital at lan to-occipital 

fusion , 258
– diagnost ic evaluat ion , 252, 253f, 

254f
– Klippel-Feil syndrom e, 256–257
– odontoid anom alies, 257–258
– tor t icollis (w ry neck), 259
– t raum at ic, 260–263
–– hangm an’s fracture, 262, 262f
–– Je erson fracture, 261, 261f
–– occipitoat lantal instabilit y, 260
–– odontoid fractures, 261–262
pediat r ic spinal deform ity, 

227–251
pedicle diam eter, 101
pedicle screw  failure, 102
pedicle subt ract ion  osteotomy, 

250
percutaneous fracture  xat ion , 95
P rrm ann classi cat ion  of disk 

degenerat ion , 99, 100f
Philadelphia (Miam i J) collars, 91t
physical exam inat ion of the spine, 

49–56
plasm acytom a, solitary, 269t
poliomyelit is, 246
polyetheretherketone (PEEK) 

cages, 161–162, 285
poster ior cord syndrom e, 8f
poster ior lum bar in terbody fusion  

(PLIF), 189t , 190–191f
poster ior rod  inst rum entat ion , 

97f
posterolateral (in ter t ransverse 

process) fusion (PLF), 188–190
posterolateral fusion  w ith  or 

w ithout decom pression , 215
postoperat ive infect ions, 291–294
postsurgical kyphosis, 249
post t raum at ic kyphosis, 249
Power’s rat io, 84f, 86t , 260
Prest ige Disc ar t i cial disk, 162
ProDisc-C ar t i cial disk, 162
proteoglycans (PGs), 149
proxim al junct ional kyphosis 

(PJK), 225–226

N
National Acute Spinal Cord Injury 

Study (NASCIS) guidelines, 
120–121

negat ive-pressure wound therapy, 
294

nerve conduct ion  studies (NSCs), 
77–78

nerve root  anom alies, 11, 12f
nerve roots, 174–175
nerve tension signs, 49t
nerves, spinal, 10–13
neural com pression , 199–202
neuroanatomy, spinal, 4–13
neuro brom a, 270t , 275f
neuro brom atosis, 253
neurom onitoring, in t raoperat ive. 

See in t raoperat ive 
neurom onitoring (IONM)

neurom uscular kyphosis, 246–247
neurom uscular scoliosis. See 

scoliosis, neurom uscular
nucleus pulposus, 99
– herniated, 177

O
occipital condyle fractures, 124
occipitoat lan tal instabilit y, 260
occipitoat lan tal join t , 83
occiput–C1 dislocat ion , 124
odontoid 
– anom alies, 257–258
– fractures, 127–128, 261–262
– m igrat ion , superior, 304, 305f
– screw s, an terior, 85, 88f
orthosis, 89, 91f, 91t , 234
osteoblast ic lesions, 266f
osteoblastom a, 268t
osteoblasts, 104, 104f
osteochondrom a, 268t
osteoclasts, 104f, 105
osteocytes, 104, 104f
osteogenesis im perfecta, 220, 

253, 255f
osteoid osteom a, 268t
osteom alacia, 220, 253
osteomyelit is, ver tebral. See 

vertebral osteom yelit is
osteoporosis, 220
osteosarcom a, 269t
osteotom ies, 312

P
Paget’s disease, 220, 253
pain  centers, 144
pain
– axial vs radicular, 47
– m echanical vs nonm echanical, 

47
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spinal deform ity group L5–S1 
classi cat ion , 210, 211f

spinal deform ity, pediat ric, 
227–251

spinal im pairm ent rat ing, 146
spinal infect ions, 280–294
spinal m uscular at rophy (anterior 

horn  cell disease), 241, 246
spinal nerves, 10–13
spinal stabilit y, 83, 98–100
spine anatom y, 1–3, 4–13, 252
spine inst rum entat ion , thoracic, 

92–97
spine neuroanatomy, 4–13
spine pat ien t  outcom es research  

t r ials (SPORT), 179–180,  
208–209, 217–218

spine t raum a, cervical. See cervical 
spine t raum a

spondylectomy, total en  bloc, 274, 
278f, 279f

spondyloarthropath ies, 
seronegat ive, 307–315

spondyloepiphyseal dysplasia, 259
spondylolisthesis, 99
– degenerat ive, 215, 217–219
– lum bar. See lum bar 

spondylolisthesis
– radiographic  ndings, 65–66f
– vs spondylolysis, 210
spondylolysis, 177
spondylosis, 124f, 154t
– radiographic  ndings, 60–62
Sprengel’s deform it ies, 257
Spurling’s sign , 154
stabilit y, spinal, 83, 98–100
Stagnara wake-up test , 80
stem  cells, m esenchym al (MSCs), 

114–115
stem  cells and bone m arrow  

aspirate, 111, 114–115
stenosis, 124f, 177
– lum bar spinal. See lum bar spinal 

stenosis
– radiographic  ndings, 64–65f
– thoracic, 167, 170
stereotact ic radiosurgery (SRS), 

275
sterno-occipital-m andibular 

im m obilized (SOMI) brace, 91t
sternum -split t ing approach to 

C4–T4, 37–38
subaxial cervical spine injury 

classi cat ion  (SLIC) system , 
129, 132t

subaxial cervical t raum a, 128
subaxial subluxat ion , 301–302, 

304, 305f
subdural abscess, 288f

– inst rum entat ion , 236, 237f
– m anagem ent , 234–237
–– or thosis, 234
– natural history and prognosis, 

230, 231t
– operat ive t reatm ent , 235–237
– X-ray exam , 231–232
–– Cobb angle, 231–232
–– Risser sign , 232, 233f
scoliosis, idiopath ic infant ile and 

juvenile, 239
scoliosis, neurom uscular, 239–241
– cerebral palsy, 239, 241
– Duchenne’s m uscular dyst rophy, 

241
– myelom eningocele, 241
– spinal m uscular at rophy, 241
Secure C disc ar t i cial disk, 162
seronegat ive 

spondyloarthropath ies, 
307–315

Shim izu re ex, 51t
slip  angle, 214, 214f
Sm ith-Petersen/Ponte opening 

wedge extension osteotom y, 
250

soft  collar, 91t
soft  t issue injury, of the cervical 

spine, 133
solitary plasm acytom a, 269t
som atosensory evoked potent ials 

(SSEPs), 78, 80–81
Sorenson’s cr iteria, 245
space available for cord (SAC), 86t , 

252, 253f, 254f
SPECT. See com puted tom ography 

(CT)
spinal canals, 198
spinal cord funct ion , 7t
spinal cord injury (SCI)
– evaluat ion  and m anagem ent  of, 

116–121
– im aging, 72–73
– incidence, 116
– Nat ional Acute Spinal Cord 

Injury Study (NASCIS) 
guidelines, 120–121

– Surgical Tim ing in  Acute Spinal 
Cord Injury Study (STASCIS) 
t r ials, 121

– t reatm ent , 119–121
–– pharm acological in tervent ion , 

120–121
spinal cord injury w ithout  

radiographic abnorm alit y 
(SCIWORA), 260

spinal cord m eninges, 7, 9f
spinal cord syndrom es, 8f
spinal deform ity, 48–49

rheum atoid ar thr it is (cont inued)
– disease-m odifying 

ant irheum at ic drugs 
(DMARDs), 297

– epidem iology, 295
– im aging, 297, 298, 301, 305f
– laboratory  ndings, 296–297
– pathogenesis, 295–296
– postoperat ive outcom es, 

304–306
– subaxial subluxat ion, 301–302
– surgical stabilizat ion , 303–304
– treatm ents, 302–303
rickets, 253
rigid cervicothoracic brace (Yale 

t ype), 91t
Risser sign , 232, 233f
roentgenographic  ndings, 213

S
sacral/pelvic  xat ion , 102
sacroiliit is erosion , 309f, 311t
sacropelvic radiographic 

param eters, 222, 222t , 223f
sacrum , anatom y, 21–24
sagit tal balance, 83
sagit tal curves, 1
Salter I fracture, 257, 258f
Scheuerm ann’s disease (juvenile 

kyphosis), 242–246, 248f
Schober’s test , 55, 308
schwannom a, 270t
SCI. See spinal cord injury (SCI)
sciat ica, 222
scoliosis, 96–97
Scoliosis Research Society (SRS)–

Schwab Adult  Spinal Deform ity 
Classi cat ion , 222, 223f, 224

scoliosis, adult , 221–226
– com plicat ions, 225–226
––  at-back syndrom e, 225
–– proxim al junct ional kyphosis 

(PJK), 225–226
– evaluat ion, 224
– techniques, 224–225
– t reatm ent , 224
scoliosis, congenital, 239
scoliosis, idiopath ic adolescent 

(IAS), 227–238
– anatom ical characterist ics, 

227–230
– classi cat ion
–– King, 227, 229t
–– Lenke, 227, 228f, 229, 236
– diagnosis, 230–234
–– physical exam , 230–231
–– screening, 230
––– ScoliScore, 230
– et iology, 227
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– prim ary m alignant  bone, 269t
– radiat ion  vs surgery, 272–273
– risk factors, 264
– stereotact ic radiosurgery (SRS), 

275
– surgery, 273–279
– surgery plus postop radiat ion vs 

radiat ion  alone, 273
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