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   Preface   

   The stronger the foundation, the grander the possibilities!   

 The purpose of this textbook is to lay the foundation of spine education for 
medical students, residents, fellows, and junior attendings. It provides a con-
cise and accurate methodology to understanding and diagnosing different 
spine conditions followed by the basics of treatment. This textbook will, thus, 
provide the link between education, optimized clinical evaluation, and evi-
dence-based decision making. 

 This is especially relevant today as with an enlarging and aging popula-
tion, spinal diseases will become more prevalent. Already back pain is the 
second most common complaint for which patients seek care after the com-
mon cold. Concurrently, the past two decades have seen an explosion of tech-
nology utilization in patient care. This has led to students and naive practioners 
diagnosing by exclusion-based testing as opposed to using sound clinical 
judgement. As healthcare funding becomes limited, this current trend in uti-
lization of special high-end testing and imaging will be unsustainable. The 
skills to obtain an accurate, real-time clinical diagnosis and treatment plan 
will be in high demand. In the ever growing plethora of diagnoses, adhering 
to basics will provide the knowledge and framework necessary to make the 
correct decision for the patient. 

 Aurora, CO   Vikas V. Patel 
 Chicago, IL   Alpesh Patel 
 Philadelphia, PA   James S. Harrop 
 Aurora, CO   Evalina Burger  
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    1.1   Overview 

 The normal vertebral column, excluding the coc-
cyx, is made up of 25 segments, 7 cervical, 12 
thoracic and 5 lumbar vertebrae, and the sacrum. 
The sagittal pro fi le of the spine is curved with 
lordosis in the cervical and lumbar regions and 
kyphosis in the thoracic region (Fig.  1.1 ). The 
normal curvature of the spine results in C1, C7 
and T12 being aligned vertically over the sacrum. 
This represents normal spinal balance.   

    1.2   Embryology 

 Vertebral formation begins around 3–5 weeks 
after fertilization of the egg, with segmentation 
and chondri fi cation occurring around 6–8 weeks. 
Each vertebra forms from two adjacent sclero-
tomes. The caudal or posterior half of one 
 sclerotome fuses with the rostral or anterior half 
of the adjacent one to form each vertebra, making 
each vertebra an inter-segment structure. 

 Chondri fi cation centres appear in each mesen-
chymal vertebra in the 5th to 6th week. The carti-
laginous centrum forms with components from 
each sclerotome, which usually fuse by the end 

of the embryonic period (from the 15th day to 
around the 8th week). The centrum ultimately 
becomes the vertebral body, and defects in for-
mation or fusion of the centrum may result in 
hemi- or butter fl y vertebrae. 

 Ossi fi cation of the vertebrae occurs in three 
parts, the centrum and the right and left halves of 
the neural arch. This process begins at the end of 
the embryonic period. 

 The two centres in the neural arches usually 
fuse with each other at the end of the  fi rst year 
and with the centrum in the third to sixth year. 
Costal elements form separately as the ribs in the 
thoracic region and articulate with the neural 
arches. In all other parts of the spine, costal ele-
ments become fused to the neural arches and 
become integrated as morphological parts of the 
vertebrae, principally the transverse process. 

 Five secondary centres of ossi fi cation appear 
around puberty in the upper and lower vertebral body 
and in the tips of the transverse and spinous pro-
cesses. Ossi fi cation is usually complete by 25 years.  

    1.3   General Anatomy 

 Each mobile segment, excluding the articulation 
between the occiput and C1, and C1 and C2, 
articulates via a three-joint complex. Anteriorly, 
there is a  fi brous articulation via the interverte-
bral disc, comprised of an outer tough  fi brous 
 annulus  fi brosus  and the central  nucleus pulpo-
sus , and posteriorly two synovial facet or  zygapo-
physeal  joints. 

    C.  M.  J.   Cain   
     Department of Orthopaedics , 
 University of Colorado School of Medicine ,
  12631 East 17th Avenue, MS B202 Room 4611 , 
 Aurora ,  CO   80045 ,  USA    
e-mail:  christopher.cain@ucdenver.edu   

      Anatomy       

     Christopher   M.  J.   Cain                
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 Ligamentous elements are vital in relation to 
the maintenance of intervertebral stability, the 
intervertebral disc being the most signi fi cant of 
these structures, but other elements such as the 
anterior and posterior longitudinal ligaments 
extend from the occipital bone to the coccyx. The 
ligamentum  fl ava extends from the lower half of 
the anterior aspect of one lamina to the upper bor-
der of the lamina below and blends laterally with 
the facet joint capsule. Thus, for the inferior half 
of the lamina, the ligamentum  fl avum sits between 
the lamina and the dura. The interspinous and 
supraspinous ligaments are important, along with 

the posterior longitudinal ligament and facet cap-
sule, in providing a posterior tension band to resist 
excessive distraction of the posterior elements in 
 fl exion. The anterior annulus  fi brosus and anterior 
longitudinal ligament are the principal structures 
resisting hyperextension. Just about all ligaments 
act in some way to resist torsion, but it is the annu-
lus and the orientation of the facet joints along 
with their capsule that are the primary structures 
resisting this movement. 

 Muscular elements cannot be ignored when 
considering both the stability and function of the 
spine. Details of the origins, insertions, function 
and relevance in relation to surgical approaches 
to the spine is beyond the scope of this chapter. 
Suf fi ce to say that without the maintenance of 
balanced, toned and appropriately coordinated 
muscle activity, the function and stability of the 
spine may be signi fi cantly compromised. 

    1.3.1   Upper Cervical Vertebrae 
(Occiput to C2) 

 The  fi rst and second cervical vertebrae are atypi-
cal in both their structure and function compared 
to the other cervical vertebrae. Weight bearing 
between them and the base of the skull is not via 
the vertebral bodies and intervening disc, like the 
other vertebrae, but rather via articulations that 
enable greater movement than other individual 
motion segments of the spine.  

    1.3.2   The Atlas (C1) 

 This vertebra lacks a centrum, or ‘body’, since it 
is fused with the centrum of C2 to form the odon-
toid process or ‘dens’. The neural arch on each 
side is thick and strong and articulates with the 
occipital condyles of the skull (Fig.  1.2 ).  

 The atlanto-occipital joint is a synovial joint 
between the convex occipital condyle and concave 
lateral mass of the atlas. This joint allows very little 
lateral bending or rotation, but a reasonable range 
of  fl exion and extension (Table  1.1 ). In fact, a 
signi fi cant proportion of cervical  fl exion and exten-
sion motion comes from the occiput–C1 junction.   

7 cervical
vertebrae

12 thoracic
vertebrae

5 lumbar
vertebrae

Scrum

Coccyx

∼15°
lordosis

20°−40°
kyphosis

40°−50°
lordosis

  Fig. 1.1    The sagittal pro fi le of the spine showing the nor-
mal range of lordosis in the cervical and lumbar regions, 
and kyphosis in the thoracic region       
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    1.3.3   The Axis (C2) 

 This vertebra is characterized by three main fea-
tures, the odontoid process or ‘dens’, the lateral 
masses with broad superior articular surfaces for 
articulation with the inferior aspect of the atlas 
and a large and strong spinous process (Fig.  1.3 ).  

 The atlantoaxial joints are synovial joints, one 
on each side of the dens between the lateral 
masses of each vertebra and one between the 
anterior surface of the dens and the posterior 
aspect of the anterior arch of C1. This articula-
tion provides approximately half of the rotation 
possible in the entire cervical spine (Table  1.1 ). 

 Accessory stabilizing ligaments provide sup-
port to the articulation between the occipital and 
the C1 and C2 vertebra. The  membrane tectoria  
is continuous with the posterior longitudinal liga-
ment of the spine and attaches to the back of the 
body of the Axis and extends up to attach to the 
anterior half of the foramen magnum. The  cruci-
form ligament  lies just anterior to the membrane 

tectoria with the vertical arm extending from the 
anterior aspect of the foramen magnum to the 
posterior body of C2. The transverse band 
attaches to the arch of inner aspect of the arch of 
C1 behind the dens (Fig.  1.2 ). The  apical liga-
ment  lies just in front of the superior limb of the 
cruciform ligament, attaching the tip of the dens 
to the anterior margin of the foramen magnum. 
 Alar ligaments  pass obliquely on either side of 
the apical ligament to the margin of the foramen 
magnum (Fig.  1.4a–c ). Thus, from the standpoint 
of ligamentous stability, the occiput C1 and C2 
act as a motion segment and disruption requires 
treatment of all three.   

    1.3.4   Typical Cervical Vertebrae 
(C3–6) and C7 

 An image of a typical cervical vertebra is illus-
trated in Fig.  1.5 . During development, the costal 
elements form the anterior tubercle, the costo-
transverse bar and the tip of the posterior tubercle 
produce the vertebral foramen. The vertebral 
artery typically passes up through the vertebral 
foramen from C6 to C1, while the vertebral fora-
men in the lateral mass of C7 contains only the 
vertebral venous plexus. The vertebral artery 
passes anterior to the lateral mass of C7.  

 The spinous processes of the typical cervical 
vertebrae are usually bi fi d and relatively short. 
Spinous processes elongate in the lower segments 
with the C7 level being transitional between the 
cervical and thoracic region. The spinous process 
of C7, the vertebra prominens, can be easily pal-
pated posteriorly at the base of the neck and is not 
typically bi fi d.  [  4  ]   

Occiptial condyle
articular surface

Transverse
ligament

Odontoid process
(C2)

  Fig. 1.2    Superior view of the Atlas vertebra (C1) show-
ing the odontoid process of C2 contained by the transverse 
ligament       

   Table 1.1    Representative values of the range of motion at each motion segment in the cervical spine  [  1  ]    

 Motion segment 
 Combined  fl exion/
extension (degrees) 

 One side lateral bending 
(degrees) 

 One side axial rotation 
(degrees) 

 C0–C1  25  5  5 
 C1–C2  20  5  40 
 C2–3  10  10  3 
 C3–4  15  11  7 
 C4–5  20  11  7 
 C5–6  20  8  7 
 C6–7  17  7  6 
 C7–T1  9  4  2 
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    1.3.5   Thoracic Vertebrae 

 The typical thoracic vertebra is characterized by 
the presence of costal facets. There are six of these 
facets on the vertebrae from T1 to T10. Each has 

articular facets on each side of the posterolateral 
inferior and superior aspects of the body for artic-
ulation with its like-numbered rib  and  the rib 
below. There are also costal articular facets on the 
ventral tips of the transverse processes (Fig.  1.6 ).  

Dens

Articulation
for atlas

Lateral
mass

Foramen
transversarium

Spinous
process

Trnsverse
process

Inf. articular processSpinous process

  Fig. 1.3    Anterior and lateral view of the Axis vertebra (C2)       

Basion Dura

Tectorial membrane

Transverse ligament atlas

Opsithion

Occispital bone

Post arch axis

Spinous process atlas

Ant_arch axis C1

Dens axis C2

Body axis C2

Tectorial membrane

a

b c

Alar ligamentsApica. ligament dens

Dens axis C2

Tectorial membrane

Inferior b and cruciform
ligament

Transverse ligament atlas

Superior b and cruciform
ligament

  Fig. 1.4    Mid sagittal ( a ) and coronal ( b  &  c ) sectional views of the the upper cervical spine and base of the skull show-
ing the stabilizing ligamentous structures       
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 The 11th and 12th vertebrae only articulate 
with their like-numbered rib via an articulation 
on the posterior part of the lateral surface of the 
body. The transverse processes of both the 11th 
and 12th vertebrae are usually stunted and are 
projected more directly back dorsally. The 12th 
thoracic vertebra is transitional between the tho-
racic and lumbar regions with the superior facet 
orientated in a way similar to other thoracic ver-
tebrae, but the inferior facet is lumbar in type for 
articulation with the superior facet of L1.  

    1.3.6   Typical Lumbar Vertebra 

 Lumbar vertebra may be slightly wedge shaped, 
particularly at L5, with greater anterior than pos-
terior height. More often than not, at least the 

upper four lumbar vertebrae show no wedging; in 
this case, it is the wedging of the discs that pro-
duces the normal lumbar lordosis. The width of 
the vertebral bodies increase from above down, 
with progressive widening of the articular pro-
cesses, and the bodies also become more kidney 
shaped from proximal to distal. The transverse 
processes are variable in width, with the 4th usu-
ally being the longest, and the transverse process 
of L5 is shorter, wider and pyramidal in shape, 
and its base is attached further forward on the 
base of the pedicle. The L5 pedicle is therefore 
usually wider. Spinous processes are roughly 
horizontal (Fig.  1.7 ).   

    1.3.7   The Sacrum 

 Five sacral vertebral segments fuse to form the 
triangular sacrum which is curved to create a 
concavity facing forward. The sacrum joins the 
spine to the pelvis and transmits the entire 
weight of the upper body through to the pelvis 
and lower limbs. The sacroiliac joint is however 
not a typical weight-bearing joint, as it is slung 
on ligaments above and behind the joint. It is 
these ligaments that carry the weight of the 
body and transmit this load to the pelvis. The 
upper surface of the sacrum slopes down at an 
angle of approximately 30° with the upper pos-
terior surface inclined backwards before the 
distal portion curves down to articulate with the 
coccyx (Fig.  1.8 ).    

spinous process

Vertebral arch

Superior articular
process

Posterior
tubercle

Anterior
tubercleBody of vertebra

Transverse
foramen

  Fig. 1.5    Superior view of a “typical” cervical vertebra       

Spinous process

Transverse process
Superior costal facet

Superior articular
process

Transverse process
with transverse

costal facet

Spinous
 processInferior costal facet

Inferior
vertebral arch

Inferior articular
process

Transverse
costal facet

Superior articular
process

Superior
costal facetVertebral

foramen

Pedicle

Lamina of
vertebral arch

  Fig. 1.6    Superior and lateral view of a “typical” thoracic vertebra       
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    1.4   Range of Motion 

 The orientation and alignment of the facet joints 
in each region of the spine is a major factor in 
relation to the range of motion possible in each 
vertebral motion segment. 

    1.4.1   Lumbar Spine 

 Examining the lumbar vertebrae, it is evident that 
the lumbar facets are fairly vertically orientated 
and lie in a relatively anteroposterior plane in the 
upper lumbar region, with rotation into a more 

coronal plane as you move distally towards the 
lumbosacral level. These facet joints enable rea-
sonably free  fl exion and extension and reason-
able lateral bending, but resist anterior translation 
or shear and also limit the rotation that can be 
achieved at each level (Table  1.3 ).  

    1.4.2   Thoracic Spine 

 Here, the facet joints are inclined at around 60° 
with the superior facet facing both dorsally and 
laterally so that the articular surface lies on the 
circumference of a circle centred in the anterior 
vertebral body, thus enabling reasonably free 
rotation in the mid to upper thoracic segments. 
There is a transition to more lumbar type facet 
orientation in the lower thoracic spine which lim-
its rotation in this region. The presence of the rib 
cage limits  fl exion and extension possible in the 
upper to mid thoracic region (Table  1.2 ).   

    1.4.3   Cervical Spine 

 Simplistically, around half of the motion in the 
cervical spine occurs between the occiput and C2 
with the remainder distributed throughout the 
segments C2–T1. Facet joints from C2–3 to C7 
T1 are similar to those in the thoracic spine with 
the exception that they both lie in the same plane, 
not on the circumference of a circle centred in the 
vertebral body. While  fl exion and extension are 
free, rotation is limited (Table  1.1 ).    

superior articular process
Transverse process

(costal process)

Inferior articular process
Inferior articular surface

vertebral arch
(lamina)

Mammillary process

Spinous process
Vetebral arch

(lamina)
Superior articular process

Transverse process

Accessory process

Pedicle

Vertebral
foramen

  Fig. 1.7    Superior and anterior view of a “typical” lumbar vertebra       

Superior articular process

Body of sacrum

Articular surface of sacrum

Coccyx

  Fig. 1.8    Lateral view of the sacrum and coccyx       
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   Table 1.3    Representative values of the range of motion at each motion segment in the lumbar spine  [  1  ]    

 Motion segment 
 Combined  fl exion/
extension (degrees) 

 One side lateral bending 
(degrees) 

 One side axial rotation 
(degrees) 

 L1–2  12  6  2 
 L2–3  14  6  2 
 L3–4  15  8  2 
 L4–5  16  6  2 
 L5–S1  17  3  1 

   Table 1.2    Representative values of the range of motion at each motion segment in the thoracic spine  [  1  ]    

 Motion segment 
 Combined  fl exion/
extension (degrees) 

 One side lateral bending 
(degrees) 

 One side axial rotation 
(degrees) 

 T1–T6  4  5–6  8–9 
 T6–T10  5–6  6  4–7 
 T10–L1  9–12  6–9  2–4 

    1.5   Neuroanatomy 

 An important part of understanding the spine and 
assessing spinal disease relates to the contained 
neural elements and the structures they innovate. 
Understanding major sensory and motor innerva-
tion and basic spinal cord anatomy is paramount 
in determining the clinical signi fi cance of clini-
cal and imaging  fi ndings when assessing the level 
of spinal cord or neurological dysfunction. 

 Figure  1.9  illustrate the approximate sensory 
innervation of the upper and lower limbs  [  2  ]   

 Despite the fact that there are only seven cer-
vical vertebrae, there are eight cervical nerve 
roots, with the C1 root emanating from the spinal 
canal above the  fi rst cervical vertebra and the C8 
root emerging through the C7–T1 foramen. There 
are 12 thoracic, 5 lumbar, 5 sacral and 1 coccy-
geal nerve roots, all emerging from the spinal 
canal below the pedicle of the vertebra of the 
same number. 

 The myotomal innervation of muscles, a myo-
tome being the amount of muscle supplied by a single 
segment of the spinal cord, is a little more compli-
cated. Last  [  3  ]  has simpli fi ed, what on the surface 
appears to be quite complicated, into four facts:
    1.    Most muscles are supplied equally from two 

adjacent segments.  
    2.    Muscles sharing a common primary action on a 

joint, irrespective of their anatomical situation, 
are supplied by the same, usually two, segments.  

    3.    Their opponents, sharing the opposite action 
on the joint, are likewise all supplied by the 
same, usually two, segments, and these seg-
ments usually run in numerical sequence with 
the former.  

    4.    For joints more distal in the limbs, the spinal 
centre lies lower in the cord. For a joint one 
segment more distal in the limb, the centre 
lies, en bloc, one segment lower in the cord.     
 This is summarized in Table  1.4 .   

    1.6   Spinal Cord Anatomy 

 The spinal cord is the conduit for motor and sen-
sory impulses between the brain and the rest of 
the body. It is important to have an understanding 
of basic spinal cord anatomy, as this has relevance 
in relation to assessing vertebral column and spi-
nal cord pathology. 

 The spinal cord is divided into segments, cor-
responding to the relevant exiting nerve root. 
Anterior and posterior roots emanate from the 
spinal cord to form a segmental nerve root, with 
both sensory and motor components. On the dor-
sal root is the dorsal root ganglion, a junction 
box where peripheral sensory nerves synapse 
with spinal nerves to transmit sensory impulses 
to the brain. 

 The cross-sectional anatomy of the spinal 
cord is similar in each region of the cord, with 
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  Fig. 1.9    Diagram of the dermatomal distribution of the sensory innervation of the upper and low limbs. Reproduced 
from “Aids to the examination of the peripheral nervous system”  [  2  ]          

Levels of principal dermatomes

C5  Clavicles
C5, 6, 7 Lateral parts of upper limbs
C8, T1 Medial sides of upper limbs
C6  Thumb
C6, 7, 8 Hand
C8  Ring and little fingers
T4  Level of  nipples

T10  Level of umbilicus
L1  Inguinal or groin regions
L1, 2, 3, 4  Anterior and inner surfaces of lower limbs
L4, 5, S1 Foot
L4  Medial side of great toe
S1, 2, L5 Posterior and outer surfaces of lower limbs
S1 Lateral margin of foot and little toe
S2, 3, 4 Perineum

Schematic demarcation of dermatomes
(according to Keegan and Garrett)
shown as distinct segments. There is
actually considerable overlap between
any two adjacent dermatomes. An
alternative dermatome map is that
provided by Foerster (see References).
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some variation in the diameter of the cord, with 
enlargements in the cervical and lumbar regions 
of the cord to accommodate additional input and 
output for the upper and lower limbs. 

 Figure  1.10  illustrates the cross-sectional 
anatomy of the spinal cord. There is a central 
‘H’-shaped grey matter containing spinal nerve 
cell bodies, short interneurons, dendrites, glia 
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and blood vessels, and an outer white matter 
made up of bundles of mostly myelinated longi-
tudinal spinal tracts, glia and blood vessels. The 
white matter contains ascending, descending and 

intersegmental or connecting  fi bres and is divided 
into three main columns. The posterior column 
lies between the posterior grey horn and posterior 
median septum and contains ascending sensory 

   Table 1.4    Segmental innervation of movements in the upper and lower limb   

  Upper limb  
 Shoulder  Shrug  C3,C4 

 Abduction  C5  Adduction  C6, C7 (C8) 
 Elbow  Flexion  C5, C6  Extension  C7, C8 
 Forearm  Pornation  C6  Supination  C6 
 Wrist  Flexion  C6, C7  Extension  C6, C7 
 Finger  Flexion  C7, C8  Extension  C7, C8 
 Intrinsic muscles  Abduction/adduction  T1 
  Lower limb  
 Hip  Flexion  L2, L3  Extension  L4, L5, S1 

 Adduction  L2, L3  Abduction  L4, L5 (S1) 
 Knee  Extension  L3, L4  Flexion  L5, S1 
 Ankle  Dorsi fl exion  L4, L5  Plantar  fl exion  S1, S2 

 Inversion  L4  Eversion  L5, S1 
 Toe  Flexion  L5, S1  Extension  L5, S1 

 Small muscles of 
foot 

 S1, S2 

Fasciculus gracilis

Fasciculus cuneatus

Substantia
gelatinosa

Posterior
spino-

cerebellar
tract

Anterior
spino-cerebellar

tract

Lateral spino
thalamc tract

Spino-tecctal tract

Anterior spino-thalmic tract

Ascending tracts Descending tracts

Anterior cereero-spinal tract

Lateral
cerebro -spinal

tract

Rubro-spinal
tract

Tecto-spinal
tract

Vestibulo-spinal
tract

  Fig. 1.10    Cross-section of the cervical spinal cord showing the approximate locations of the ascending and descending 
spinal tracts         

 



12 C.M.J. Cain

 fi bres. The lateral column lies between the ante-
rior and posterior grey horns and contains pre-
dominantly descending, but also some ascending 
tracts, and the anterior column which lies between 
the anterior grey horn and the anterior median 
 fi ssure contains descending motor tracts.  

 The posterior white columns convey normal 
sensation, warmth and coolness and joint posi-
tion or proprioception. Their cell bodies lie in the 
dorsal root ganglia of the spinal nerves and more 
distal  fi bres, from the sacrum, lie medially, with 
 fi bres from the lumbar, thoracic and cervical 
regions layered more laterally. Sensory  fi bres 
synapse in the nucleus gracilis and cuneatus near 
the base of the fourth ventricle in the medulla 
oblongata and cross to the opposite side of the 
brain via the sensory decussation. 

 Anterior white columns contain uncrossed 
pyramidal  fi bres whose cell bodies lie in the 
brainstem near the  fl oor of the fourth ventricle. 
Motor  fi bres from the cerebral cortex cross in the 
motor or pyramidal decussation, also in the 
medulla oblongata. 

 Pain and temperature  fi bres entering the cord 
via the posterior spinal roots enter the dorsal horn 
of the grey matter synapse and cross the spinal 
cord to the lateral spinothalamic tract on the oppo-
site side. As a result of this, hemisection of the spi-
nal cord results in a dissociated sensory loss, with 
loss of joint position and light touch sensation, 
along with motor function, on the same side as the 
cord injury, with loss of pain and temperature on 
the opposite side of the body below the lesion. 

 Neurons are also layered in the various tracts, 
with sensory  fi bres entering the cord  fi rst, dis-
tally, lying closest to the midline, and those 
 entering last, in the cervical region, lying more 
laterally. The same is also true for motor tracts, 
with those leaving the cord  fi rst, cervical  fi bres, 
lying more laterally. This arrangement leads to 
the typical features of a central cord lesion that 
may result from stenosis and a hyperextension 
injury, conditions such as a syringomyelia and 
spinal cord tumours, where motor tracts are 
affected more than sensory, the upper limb more 
than the lower limb, and distal parts of the limb 
more than proximal. 

 Anterior spinal cord pathology such as ante-
rior spinal artery occlusion, compression due to a 
kyphotic deformity or a central disc protrusion 
will result in anterior cord syndrome where there 
is loss of motor function and pain and tempera-
ture below the lesion with preserved posterior 
column function.      
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    2.1   Anatomy of the Cervical Spine 

 The cervical spine is gifted with the capacity to 
provide a wide range of motions which facilitate 
head movements. Based on its functions, the cer-
vical spine can be divided into two segments: an 
upper portion, which involves the occipitoatlan-
toaxial complex, and a lower portion, consisting 
of C3–C7. 

 Due to the unique anatomical features associ-
ated with the atlas and the axis, the upper seg-
ment of the cervical spine forms an extremely 
versatile and complex articulation that allows for 
a wide range of head and neck movements. 

 The atlas is formed by a ring of bone, which 
can be divided into a ventral and dorsal arch. It 
lacks a central vertebral body but displays large 
lateral masses. The latter serve to accommodate 
the occipital condyles and form the only weight-
bearing articulation between the skull and the 
spine. A small  fl attening at the rostral border of 
the dorsal arch represents the trough through 
which the vertebral artery passes over C1 on its 
trajectory toward the intradural space. 

 The axis resembles the typical cervical vertebra 
with the peculiarity of having a ventral bony pro-
cess projecting rostrally from its rudimentary 

 vertebral body known as the odontoid process or 
dens. This process serves as an anchoring point for 
several ligaments that provide support between the 
atlas, axis, and condyles. This ligamentous 
 complex is referred to as the cruciate ligament 
complex. Added stability is provided by the ante-
rior and posterior longitudinal ligaments, which 
run ventral to and dorsal to the vertebral bodies, up 
to the skull base. The C1–C2 segment lacks an 
intervertebral disc. The most rostral disc is, hence, 
located between the axis and C3. Usually the 
spinous processes of C2 through C6 display a bi fi d 
appearance. In the majority of the cases, the verte-
bral artery enters a bony ring on the lateral aspect 
of C6 known as the transverse foramen. The artery 
follows this path rostrally until exiting the foramen 
of the axis and curving over the arch of the atlas - 
to  fi nally pass between the atlas and the condyle as 
it passes through the foramen magnum. 

 In addition to the ligamentous support, the cer-
vical spine relies on muscular support for both 
support and mobility. A combination of unique 
features exhibited by these muscles and the cervi-
cal spine permits extreme  fl exion, extension, and 
tilting of the head, without adverse consequences.  

    2.2   Palpation 

 The ventral and lateral aspects of the cervical 
spine are covered by surrounding structures that 
can lead or suggest potential underlying patholo-
gies, which in some cases might show no relation-
ship with cervical spine pathology. Prior to laying 
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hands on the patient, the examiner must look for 
points of skin erythema or diaphoresis, which 
could represent painful areas that must be 
approached carefully to avoid unnecessary pain 
 [  1  ] . Careful palpation of the sternocleidomastoid 
muscle and all of the triangles it forms is per-
formed next. One should begin by instructing the 
patient to turn his head toward one side, after 
which the examiner proceeds to “travel” with his 
hand along the full extent of the ipsilateral mus-
cle. The examiner should look for masses and ten-
der points. He should repeat this maneuver on the 
opposite side. It is important to compare muscle 
bulk and appearance. Next, the examiner should 
proceed with palpation of the carotid pulse, using 
the second and third digits. It is normally located 
medial to the sternocleidomastoid muscle. The 
examiner should pay attention to strength and 
symmetry, and to not forget to auscultate the 
underlying structures, seeking bruits, etc. It is also 
important to assess anatomical landmarks relevant 
for surgical approaches such as the thyroid and 
cricoid cartilages, hyoid bone, and trachea as well 
as, if possible, palpate the carotid tubercle which 
usually is palpable at the C6 level. The examiner 
should palpate, with the same  fi ngers, the supra-
clavicular region. Abnormal masses or tenderness 
may represent lymphadenopathy, apical lung 
masses, or even clavicular fractures. If the palpa-
ble structure seems to be bony, suspect an acces-
sory cervical rib. 

 When palpating the dorsal aspect of the cervi-
cal spine, one must remember that the cervical 
spine is covered by large muscles, most notably 
the splenius and trapezius muscles, which have 
insertions on the suboccipital, scapular, and 
shoulder regions. It, therefore, is important to 
begin palpating from the occiput down to the cer-
vicothoracic region as well as lateral over the 
scapula. It is useful to use a systematic approach, 
 fi rst examining the soft tissue and subsequently 
the bony structures or vice versa. In fl ammation 
and tenderness can be due to muscle spasm. 
Potential etiologies include trauma, muscle 
 fi brosis, and  fi bromyalgia. Reproducible focal 
points of tenderness, with palpation over the 
scapula or shoulder joint, may indicate ligamen-
tous damage due to overuse. 

 Finally, one should proceed to palpating the 
spinous processes. The patient should sit up and 
perform gentle  fl exion of the neck. Palpation of 
spinous process in the midline is appropriate. 
Tenderness, masses, absence of processes, or any 
other abnormalities should be noted. One should 
pay close attention to alignment and tenderness, 
so underlying fractures and/or luxations are not 
missed.  

    2.3   Range of Motion 

 The most important step prior to performing a range 
of motion examination is to obtain a thorough his-
tory to assess for instability. If the patient is aware of 
speci fi c painful movements, elicitation of such 
movements should be reserved for the latter portion 
of the examination in order to avoid muscle spasm 
and the carrying of the pain through the remaining 
steps of the examination. Flexion, extension, lateral 
 fl exion, and head rotation are performed in order to 
seek sources of pain. One should begin with active 
movements and follow them with passive move-
ments. Compare among them for differences. While 
performing these movements, the examiner should 
assess for resistive isometric muscle testing (resis-
tive strength). Careful attention should be paid to 
pain associated with speci fi c muscles, as well as 
weakness and/or atrophy - both of which may indi-
cate a muscle strain or a neurological injury  [  2  ] .

    Flexion : Instruct the patient to bring the chin 
down to the sternum without  fl exing the chest.  

   Extension : Instruct the patient to bring the 
head back without extending his chest. The mouth 
can be kept open to avoid traction over the ante-
rior neck structures.  

   Lateral rotation : Instruct the patient to rotate 
his head to each side at the time. The chin should 
be above the shoulder joint at the point of maximal 
rotation (approx. 80–90°). Asymmetry on rotation 
should raise concern for an underlying problem.  

   Lateral bending : Instruct the patient to bend 
his neck sideways, without performing any neck 
rotation or raising the ipsilateral shoulder. The 
ear should touch or almost reach the shoulder 
joint. Pay careful attention to asymmetry while 
performing the maneuver.     
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    2.4   Fractures 

 Fractures can be classi fi ed as stable vs. unstable, 
with or without compromise of the spinal canal. 
If suspicion of a fracture is present, imaging of 
the spine should be obtained prior to performing 
any manipulation. Signs of underlying fracture 
include pain, muscle spasm, limited range of 
motion, neurological dysfunction, and any obvi-
ous deformity. One should pay close attention to 
the mannerisms of the patient; with severe inju-
ries, it is not uncommon to observe a patient 
holding his head with his hands, in an attempt to 
provide extra support and self-limit the range of 
motion. 

 Following observation of the neck by the 
examiner, gentle percussion of the spine can be 
performed with the patient in the sitting position 
(assuming that the spine has been otherwise 
cleared) with his head gently tilted forward. 
During this test, the development of pain and/or 
neurological symptoms can represent an under-
lying fractured vertebra. This test is very 
nonspeci fi c and may be positive in cases of a 
ligamentous sprain or strain. Paraspinal muscle 
percussion can elicit pain in many cases of 
 muscle strain.  

    2.5   Instability 

 Similar to fractures, instability usually arises as 
consequence of an underlying trauma or a degen-
erative or infection-related process. Instability 
may be occult or obvious. It, nevertheless, is 
imperative that imaging tests be performed prior 
to attempting the maneuvers that are presented 
here  [  3  ] .  

    2.6   Vascular Assessment 

    2.6.1   Vertebrobasilar Circulation 

 It is imperative to assess for normal posterior cir-
culation in a patient with whom cervical traction 
or manipulation is planned. The posterior circula-
tion is most vulnerable with rotation of C1 over 

C2. Under normal circumstances, the vertebral 
artery can be compromised with rotation from 30 
to 45°, thus collapsing the contralateral vertebral 
artery. Provocative or functional testing can com-
press the circulation at several points between the 
foramen magnum and the transverse process of 
C6. This compression can be due to rotation itself 
but also may be due to underlying spondylotic 
alterations of the uncinate joints. Auscultation for 
bruits and palpation for pulses are an integral part 
of the examination. 

 After performing any test, it is important to 
provide an examination free time interval in 
order to prevent confusing any latent symp-
toms with symptoms elicited by performing 
maneuver. Signs and symptoms of posterior 
circulation insuf fi ciency include vertigo, light-
headedness, diplopia, dysarthria, dysphagia, 
gait ataxia, nausea, and paresthesias. Many dif-
ferent stress-inducing maneuvers are described, 
most of them involving head rotation with 
extension.  

    2.6.2   Subclavian Artery 

 Both subclavian arteries, after branching off the 
aorta, eventually give rise to the vertebral arteries 
in most people. Compromise of this vessel results 
in symptoms in the upper extremities that may 
mimic cervical lesions as well as symptoms of 
posterior circulation insuf fi ciency. Compression 
of the subclavian artery may arise from hypertro-
phy or spasm of the anterior scalene muscle, ath-
erosclerotic plaque, and apical lung masses. 
Symptoms include arm pain, cold limb, supra-
clavicular region pain, and paresthesias  [  4  ] . 

 With the patient in the seated position, the 
blood pressure is taken in both arms. There should 
be no more than 10 mmHg difference between 
them. If the difference is greater than 10 mm and 
the radial pulse is weak, subclavian artery com-
promise should be considered. One should also 
auscultate the supraclavicular area in search of a 
bruit. If the index of suspicion for pathology is 
elevated, one may proceed to imaging of the chest 
(X-rays, CT, MRI) and/or vascular imaging (US, 
CTA, MRA).   
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    2.7   Neurologic Assessment 

    2.7.1   C1–C4 

 A lesion at this level will compromise the inner-
vations to the diaphragm, often resulting in the 
need for ventilator support. 

    2.7.1.1   Motor 
 Scapular elevation (C3–C4). To assess its integ-
rity, the examiner stands behind the patient and 
instructs him to shrug his shoulders. He then 
places his hands over the shoulders – pushing 
them downward. In normal conditions, one 
should not be able to force the shoulders down-
ward. One should also pay careful attention to 
asymmetry during the elevation phase.  

    2.7.1.2   Sensory 
 The C1–C4 dermatomes provide sensation to the 
back of the head and neck (Fig.  2.1 ).    

    2.7.2   C5 

    2.7.2.1   Motor 
 The most recognized speci fi c function of C5 involves 
arm abduction through innervation of the deltoid 
muscle. The examiner should instruct the patient to 
keep his arm resting lateralized to his body, with the 
elbow  fl exed to 90°. The examiner should place his 
hand over the lateral shoulder region and instruct the 
patient to bring his arm up to the side away from his 
body until perpendicular to the chest cavity. 

 It also provides control over the internal and 
external rotation of the shoulder. Internal rotation is 
less reliable since muscles involve in carrying out 
this function receive also innervations from C6, C7, 
C8, and T1. Elbow  fl exion is also supplied by these 
two roots through the functions of the biceps, bra-
chioradialis, and supinator muscles. Ask the patient 
to sit down and keep his arm  fl exed in a 90° posture 
while you hold it with one hand under the elbow 
and the other under his wrist. Instruct him to per-
form an internal and external rotation of the shoul-
der while you assess his tone and strength. Following 
this, ask him to  fl ex his arm from the resting posi-
tion at 90° attempting to reach for his shoulder.  

    2.7.2.2   Sensory 
 The C5 root supplies, through the axillary nerve, 
sensation to the upper lateral arm (Fig.  2.1 ). The 
bicipital re fl ex (C5) also should be tested. Instruct 
the patient to keep his arm at a 90°  fl exion, rest-
ing over your arm while you gently strike with 
the re fl ex hammer over the biceps insertion ten-
don. Compare both sides always.   

    2.7.3   C6 

    2.7.3.1   Motor 
 Wrist extension is predominantly mediated by 
the extensor carpi ulnaris and radialis. The 
examiner should have the patient rest his fore-
arm over the examiner’s nondominant hand. 
With your dominant hand over the dorsum of his 
hand, instruct him to extend his wrist without 
and then with resistance from your overlaying 
hand.  

    2.7.3.2   Sensory 
 Through its contributions to the musculocutane-
ous nerve, it provides sensation to the lateral 
aspect of the forearm and the two  fi rst digits.   

    2.7.4   C7 

    2.7.4.1   Motor 
 Its primary function is to elicit elbow exten-
sion through contraction of the triceps muscle. 
The examiner should instruct the patient to 
hold his hand at his face level with his elbow 
 fl exed as in a boxing position. The examiner 
should grab the patient’s elbow with his non-
dominant hand to prevent usage of other mus-
cles. The examiner should place his dominant 
hand over the patient’s wrist and instruct him 
to perform extension of his elbow. The exam-
iner should compare without and with resis-
tance bilaterally.  

    2.7.4.2   Sensory 
 This root provides sensation to a narrow area of 
the hand being most speci fi c over the volar region 
of the middle  fi nger.   
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    2.7.5   C8 

    2.7.5.1   Motor 
 C8 function refers to the  fl exion of the  fi ngers. 
This function is mediated through the  fl exor 
 digitorum and lumbrical muscles. The examiner 
should instruct the patient to  fl ex his  fi ngers. 
Then, the patient should be asked to attempt 
extension, with and without resistance from the 
examiner’s  fi ngers.  

    2.7.5.2   Sensory 

 The dermatome to this root is localized over the 
 fi fth digit and lateral aspect of the fourth digit 
(Fig.  2.1 ).   

    2.7.6   T1 

    2.7.6.1   Motor 
 T1 controls abduction of the  fi ngers through 
innervations of the dorsal interossei and adduc-
tion through innervations of the palmar interos-
sei. To test for abduction, the patient is instructed 
to spread apart his  fi ngers. The examiner should 
pinch together every set of  fi ngers to try to force 

them together. To test for adduction, the exam-
iner should instruct the patient to keep his  fi ngers 
together on extension after the examiner places a 
piece of paper between them and pulls it out.  

    2.7.6.2   Sensory 
 Sensation over the medial aspect of the forearm 
(Fig.  2.1 ).    

    2.8   Miscellaneous 

 “Space-occupying para- and intraspinal lesions” 
can present in many ways, including neurological 
de fi cits. Speci fi c tests can be performed during 
the physical examination to exacerbate these 
symptoms and con fi rm the presence of one of 
these lesions. Unspeci fi c symptoms patients can 
complain of include neck pain and paresthesias 
of the upper and lower extremities. 

    2.8.1   Valsalva Maneuver 

 With the patient in sitting position, instruct the patient 
to hold his breath and bear down as if defecating. 
Inquire about worsening symptoms. This maneuver 
will raise the intrathecal pressure and possibly exac-
erbate any symptoms caused by the compressive 
intraspinal, particularly intradural, lesion  [  5  ] . 

 It is important to evaluate the patient’s swallow-
ing function during the physical examination. 
Patients may complain of dysphagia or odynophagia 
that could be due to an expansive cervical spine 
mass compressing the esophagus. These and other 
pathological  fi ndings that are observed during 
swallowing could be manifestations of cranial 
nerve compression.  

    2.8.2   Cervical Neural Compression 

 Both spinal cord and nerve root compression can 
lead to neurologic compromise. Such may be the 
case with herniated discs, osteophytes, fractures, 
luxations, or tumors. Patients with neural com-
pression and/or irritation may complain of cervi-
calgia, radicular pain, paresthesias, weakness, 

  Fig. 2.1    Dermatomes of the cervical and brachial plexus       
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and myelopathy. It goes without saying that when 
suspecting high-grade neural compression, one 
should complement the history and physical 
examination with the pertinent imaging studies. 
The following tests can help clinically localize 
the offending pathology.  

    2.8.3   Foraminal Compression Test 

 With the patient in the sitting position and the 
head in a neutral position, the application of 
strong downward pressure with both hands for a 
few seconds can elicit radicular symptoms. 
Repeating these steps with the patient’s head 
rotated to each side can increase sensitivity. 

 By applying axial loading, the intervertebral 
disc is compressed, the foraminal cross-sectional 
area should decrease, and pressure will hence be 
exerted upon the apophyseal joints. If the patient 
develops symptoms or worsening of the 
preexisting symptoms, the dermatome should be 
relatively identi fi able based on classical dermato-
mal distributions.  

    2.8.4   Extension Compression Test 

 With the patient in the sitting position, he is asked to 
extend his neck. The examiner then applies his hands 
on the forehead and applies downward pressure. Such 
axial loading in an extended spine results in compres-
sion of the dorsal apophyseal joints and thus results in 
the worsening of existing or the development 
of localized pain related to joint disease. 
Simultaneously, it decreases the cross-sectional area 
of the foraminal space which may result in radicular 
pain.  

    2.8.5   Flexion Compression Test 

 The examiner asks the patient to  fl ex his head 
while in the sitting position. He then applies 
downward pressure on the cranial vertex. With the 
head  fl exed and with axial loading, the compres-
sion of the ventral aspect of the disc induces dor-

sal displacement of a bulging disc into the central 
canal, thus potentially causing symptoms related 
to compression of the spinal cord. At the same 
time, pressure is taken off the dorsal apophyseal 
joints. Hence, preexisting facet origin pain may 
improve.  

    2.8.6   Spurling’s Test 

 With the patient in a sitting position, the examiner 
applies downward pressure over the patient’s head 
while maintaining a lateral  fl exed posture (Fig.  2.2 ). 
If radicular pain is elicited, the test is considered 
positive. If no symptoms are elicited, the patient is 
asked to assume a neutral position. A moderate 
blow is delivered to the head vertex (Fig.  2.3 ). 
With lateral  fl exion, pressure is applied over the 
apophyseal joints, worsening any related pain.    

    2.8.7   Maximal Foraminal 
Compression Test 

 With the patient in the sitting position, he is asked 
to extend his neck while rotating his head. This 
test exerts compression over the dorsal apophyseal 

  Fig. 2.2    Spurling’s test: Examiner applies downward 
pressure over the patient’s head while maintaining a lat-
eral  fl exed posture which applies pressure over the apo-
physeal joints exacerbating any related pain       
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joints and compresses the foraminal spaces, thus 
exacerbating pain related to nerve root encroach-
ment  [  6  ] .  

    2.8.8   L’hermitte’s Phenomenon 

 With the patient in a relaxed seated position, he is 
asked to perform head  fl exion. This results in 
stressing of the dorsal ligaments and elements of 
the spine plus compression of the ventral segment 
of the intervertebral disc. This in turn displaces 
dorsal disc bulges into the central canal, while the 
 fl exion stretches the spinal cord over the ventral 
compressive masses (sagittal bowstring effect). 
A positive test involves the development of sud-
den electrical tingling or shocks down the spine 
and/or extremities. Such a  fi nding is consistent 
with signi fi cant stenosis and is a sign of myelopa-
thy. Local cervical pain during the test could 
 represent muscle sprain, meningeal irritation 
from an underlying in fl ammatory process, apo-
physeal joint disease, or radiculopathy  [  7  ] .  

    2.8.9   Distraction Test 

 The patient is asked to assume the sitting posi-
tion. The examiner places his palms over the 
mastoid processes of the patient bilaterally. 
Vertical traction to the head is then applied. This 
maneuver removes the pressure from the joints 
and enlarges the foraminal spaces, resulting in 
the alleviation of the symptoms in cases of joint 
disease, foraminal root encroachment, and disc 
herniation in the case of radicular symptoms. If 
pain arises during the test, suspect muscle strain 
or facet capsulitis (Fig.  2.4 ).   

  Fig. 2.3    Spurling’s test: If no symptoms are elicited dur-
ing the initial step of this maneuver the patient is asked to 
assume a neutral position. A moderate blow is delivered to 
the head vertex ( arrow ). Symptoms that might not be elic-
ited by the  fi rst step of this maneuver might become evi-
dent following this step       

  Fig. 2.4    Distraction test: Vertical traction to the head is 
applied ( arrow ) which removes the pressure from the 
joints and enlarges the foraminal spaces, resulting in the 
alleviation of the symptoms in cases of joint disease, 
foraminal root encroachment, and disc herniation in the 
case of radicular symptoms       
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    2.8.10   Bakody’s Sign/Shoulder 
Abduction Test 

 With the patient in the sitting position, the exam-
iner instructs the patient to place his hand over his 
head – thus keeping his arm in abduction. This 
maneuver reduces stretch on the lower trunk of the 
brachial plexus and relaxes tension on tethered 
nerve roots at the foraminal level. Amelioration of 
the pain usually represents extradural compression 
of a root around C6–T1 (Table  2.1 ).        
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 Low back pain is a common musculoskeletal dis-
order affecting 60–80 % of people at some point 
in their lives. In the USA it is the most common 
cause of job-related disability, a leading cause of 
missed work. Low back pain is classi fi ed as acute 
(less than 4 weeks), subacute (4–12 weeks), or 
chronic (greater than 12 weeks)  [  1  ] . 

 Understanding the causes of low back pain, 
performing a thorough history and physical 
examination, and looking for “red  fl ags”      for 
potentially serious conditions allow health-care 
providers to accurately classify and treat most 
causes of back pain  [  2  ] . 

 The majority of lower back pain is nonspeci fi c 
and arises from mechanical soft tissue sprain or 
strain and can be treated within a few weeks of 
onset with conservative management. In addition 
to spinal or mechanical causes, lower back pain 
can arise from nonmechanical etiologies such as 
failed back syndrome, visceral pain, and multitude 
of other non-spinal causes  [  3,   4  ] . A comprehen-
sive listing of the various etiologies of lumbosacral 
pain is included for the clinician’s consideration. 

    3.1   Physical Examination 

 Successful evaluation of low back pain begins 
with a thorough history and physical examination 
leading to an appropriate diagnosis. In perform-
ing a physical exam, one can utilize a process of 
elimination as dictated by the history to uncover 
the diagnosis and treat it effectively. The patient 
history should uncover whether there is systemic 
disease, neurologic impairment that may neces-
sitate surgery, and social or psychological disease 
that can intensify or prolong pain. 

 Ask the patient about the onset of pain (sud-
den, gradual,  fl eeting), the location of pain (have 
the patient point to the area of pain or trace with 
one  fi nger the pain pattern if the pain radiates), 
the duration of pain (the length of time the pain 
has been present), and the characterization of 
pain (have them use adjectives or descriptive 
words such as “aching,” “burning,” “sharp,” and 
“electrical”); ask about alleviating and aggravat-
ing factors, timing (constant, intermittent), and 
history (previous history of current symptoms); 
and inquire about the mechanical nature of the 
pain (differences in laying, standing, sitting, pain 
worse on extension). 

 As with any other physical examination, vital 
signs as well as height, weight, and assessment of 
body mass index (BMI) are essential in evaluat-
ing the patient. A survey of the patient’s skin may 
reveal surgical scars, lesions from herpes zoster, 
injection sites (hinting to history of drug abuse), 
or even undiagnosed cancer areas. Areas of hair 
loss, skin and nail changes, erythema, and 
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 cyanosis should be noted, as they may delineate 
the sympathetic nervous system as the source of 
pain. Temperature, color, and pulses should be 
evaluated in the legs to differentiate neurogenic 
claudication from vascular insuf fi ciencies. 

 The spine must be palpated midline and later-
ally. Lateral tenderness implies possible facet 
disease. In addition, the sacroiliac joint which is 
a common source of pain can be palpated for 
tenderness. 

    3.1.1   Motor Examination 

 It is always imperative and helpful to evaluate base-
line muscle mass and tone. The examiner must 
look for areas of muscle wasting, increased tone, 
contractures, fasciculation, and postural abnormali-
ties. This will suggest the chronicity effects of pain 
and compensation mechanisms. Muscles of both 
the upper and lower extremities should be tested 
for strength and graded accordingly. This maintains 
a very good objective baseline on function and 
needs to be accurately maintained in cases of com-
pressive spinal problems.  

 Grade  Clinical signs 

 0  No evidence of contractility 
 1  Slight contractility, no movement 
 2  Full range of motion, gravity 

eliminated 
 3  Full range of motion with gravity 
 4  Full range of motion against 

gravity, some resistance 
 5  Full range of motion against 

gravity, full resistance 

    3.1.2   Sensory Examination 

 The sensory exam should be focused to infor-
mation detailed by the patient in the history. 
Use of tools    differentiating sharp (pinprick), 
light touch (von Frey  fi lament), and vibration 
(tuning fork) sensations may further delineate 
the extent of the lesion. Correlations should be 
made between the sights of numbness or allo-
dynia and the  dermatomal or non-dermatomal 
nature of the pain   . In our practice, we  fi nd it 

particularly helpful to use pain maps  fi lled out 
together with the patient as an aid to categoriz-
ing the neuropathic versus radicular components 
of pain (Fig.  3.1 ).      

    3.1.3   Neurological Examination 

 This portion of the physical examination of the 
spine is the most objective. The physician should 
check deep tendon re fl exes of the biceps (C5–6), 
triceps (C7–8), patellar (L3–4), and Achilles (S1) 
and grade them accordingly.  

 Grade  Clinical signs 

 0+  No response 
 1+  Sluggish 
 2+  Active or normal 
 3+  Brisk, hyperactive 
 4+  Abnormally hyperactive, 

with clonus 

 Clonus is tested by dorsi fl exing the foot and 
watching for repetitive involuntary plantar  fl exion 
and dorsi fl exion at the ankle. Clonus, hyperactive 
re fl exes, and a positive Babinski sign (dorsi fl exion 
of the toes, especially the big toe, with stimula-
tion of the lateral aspect of the sole) may sug-
gest upper motor neuron injury. It is important 
that these clinical signs be further evaluated with 
more advanced spinal imaging with consideration 
of magnetic resonance imaging. Diminished 
or absent re fl exes imply lesions present in the 
peripheral nerve, nerve root, or spinal cord.  

    3.1.4   Range of Motion and Gait 

 Flexion, extension, and lateral rotation should be 
tested in the cervical, thoracic, and lumbar regions. 
Mechanical versus painful limitations should be 
documented as they can provide clues to the diag-
nosis. For example, pain elicited with extension and 
lateral rotation of the spine along a facet joint impli-
cates the facet joint as the  etiology of the pain. 

 In addition, a straight leg raising test, also 
known as Lasegue’s test, will give information as 
to whether a radicular type of pain is caused by a 
dysfunctional disc. This test is performed by 



253 Examination of Back Pain

 having the examiner passively raise the patient’s 
leg as the patient is lying supine. A positive test is 
when the pain is reproduced as the leg is raised 
between 30° and 70°  [  5  ] . Similarly, a Spurling’s 
test can be performed for the cervical spine. 

A positive test occurs when radicular pain is felt 
with extension, lateral rotation, and compression 
of the head  [  6  ] . 

 A positive FABER test, also known as Patrick’s 
test, will lead to the sacroiliac joint as the cause 

Levels of principal dermatomes
C5 Clavicles
C5, 6, 7 Lateral parts of upper limbs 
C8, T1  Medial sides of upper limbs
C6 Thumb
C6, 7, 8 Hand
C8 Ring and little fingers
T4 Level of nipples

T10 Level of umbilicus
L1 Inguinal or groin regions
L1, 2, 3, 4 Anterior and inner surfaces of lower limbs
L4, 5, S1 Foot
L4 Medial side of great toe
S1, 2, L5 Posterior and outer surfaces of lower limbs
S1 Lateral margin of foot and little toe 
S2, 3, 4  Perineum

Schematic demarcation of dermatomes
(according to Keegan and Garrett)
shown as distinct segments. There is
actually considerable overlap between
any two adjacent dermatomes. An
alternative dermatome map is that
provided by Foerster (see References).  

C2
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C4

C5
T1
T2
T3
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T12
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  Fig. 3.1    Diagram of the dermatomal distribution of the sensory innervation of the upper and low limbs. Reproduced 
from “Aids to the examination of the peripheral nervous system”       
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of pain  [  7  ] . The patient is positioned supine, and 
the affected lower extremity is  fl exed at the knee 
with the ankle placed over the opposite knee, and 
abducted and externally rotated at the hip. Pain in 
the region of the sacroiliac joint with  compression 
of the affected knee and opposite anterior supe-
rior iliac spine is a positive test and indicates 
degenerated joint disease, malalignment, or 
in fl ammation at the joint. 

 It is important to have the patient walk and 
observe their gait. The examiner must note if the 
patient favors one side, has a wide-based gait, or 
demonstrates some of the typical patterns of move-
ment disorders (i.e., shuf fl ing gait of Parkinson’s 
disease). The patient should be asked to perform 
tandem gait and heel-to-toe movements and assess 
impairment in proprioception or position sense. 

 If suspicions are raised, check for malingering 
by observing for overreaction and Waddell’s non-
organic signs  [  8  ] .  

 When three or more nonorganic signs are dis-
covered, there is clinical signi fi cance as this was 
found to correlate positively for depression, hys-
teria, and hypochondriasis. The presence of non-
organic signs should alert the clinician to the 
need for additional psychological testing  [  8  ] . 

    In conclusion, the pain medicine physical 
examination should be focused on information 
delineated by the patient in the history. Appro priate 

skin survey, motor, sensory, neurologic, range of 
motion, and gait examination must be performed. 
The results of the physical examination will not 
only give insight into the pathology of the pain but 
will also dictate treatment.   

    3.2   Etiologies of Lumbosacral Pain 

    3.2.1   Spinal Mechanical 

    3.2.1.1   Lumbosacral Strain/Sprain 
 Lumbosacral strain/sprain is the most common 
cause of low back pain. It is de fi ned as a stretch 
injury to the large muscles of the low back and/or 
the ligaments and tendons, leading to microscopic 
tears and in fl ammation in these soft tissues  [  9  ] . It 
manifests as pain in the lower back and upper 
buttocks. Low back muscle spasm can also occur, 
and patients will often feel a stiffness or describe 
a “locking up” of the lower back. 

 Lumbosacral    strain/sprain typically occurs 
because of overuse, improper use of muscles, 
such as lifting a heavy object improperly, twist-
ing the back in an unusual manner, or trauma. 
Poor conditioning or deconditioned core muscles 
of the abdomen and lower back, obesity, smok-
ing, employment, or circumstances that require 
heavy lifting and improper lifting technique are 
common risk factors for lumbosacral strain/sprain 
 [  4  ] . Pain is made worse with activities and gener-
ally relieved with rest, ice, and nonsteroidal anti-
in fl ammatory agents  [  10  ] .  

    3.2.1.2   Degenerative Spine Disease 
 Degenerative spine disease is not a speci fi c 
 disease but rather a clinical syndrome referring to 
any dysfunction of the spinal column resulting 
from the normal aging process and from 
 degeneration that occurs to the bone, joints, mus-
cles, ligaments, nerves, intervertebral discs, and 
paravertebral tissues of the spine. It encompasses 
many types of disorders including herniated disc, 
spinal stenosis, and spondylosis  [  9  ] . 

 Degenerative spine disease of the lumbar spine 
is a major cause of lower back and lower extrem-
ity pain and chronic disability and a common rea-
son for referral for medical treatment.  

 Tenderness  Super fi cial and diffuse and/or 
nonanatomic tenderness on palpation 

 Simulation  Pain produced by axial loading 
(pressing down on the top of the head) 
or when the patient is asked to 
passively rotate side to side with the 
shoulders and pelvis in the same plane 

 Distraction  Positive tests, such as a positive 
straight leg raise, are rechecked while 
the patient is distracted. A nonorganic 
sign may be present if the  fi nding 
disappears with distraction 

 Regional 
disturbance 

 Regional weakness or sensory 
changes not consistent with neuro-
anatomy. Cogwheel or “giveaway” 
weakness 

 Overreaction  Disproportionate verbalizations, facial 
expression, guarding, tremor, 
collapse, or sweating 
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    3.2.1.3   Herniated Disc 
 A herniated disc refers to localized displacement 
of the nucleus pulposus through a tear in the annu-
lus  fi brosus beyond the limits of the intravertebral 
disc space  [  11  ] . The tear in the annulus  fi brosus 
may result in the release of in fl ammatory media-
tors which may cause severe pain even without 
nerve root compression. Only 1–3 % of people 
presenting with low back pain have lumbar disc 
herniation and only 1 % will have a nerve root 
symptom. Most common level for lumbar disc her-
niations occurs between L4–5 and L5–S1  [  12  ] . 

 Risk factors for herniated lumbar disc 
include age (between 30 and 50), male gender, 
lifting a heavy object especially when using a 
twisting motion of the spine, occupation in a 
physically demanding job, cigarette smoking, 
and obesity  [  13  ] . 

 Symptoms of lumbar disc herniation often 
include acute lower back pain and muscle spasm, 
followed by sudden or gradual radicular leg pain, 
then typically a reduction in the degree of lower 
back pain. Bladder symptoms such as urinary 
urgency, frequency, and hesitancy may be present 
in up to 18 % of patients with acute disc hernia-
tions without cauda equina syndrome  [  14  ] . 
Outright urinary retention or over fl ow inconti-
nence may however be seen in cauda equina syn-
drome (see below). 

 When lumbar disc herniation is associated 
with heavy lifting, pulling, pushing, or twisting, 
some patients state that they hear and/or feel a 
“pop” in their back. They may describe the initial 
pain as “searing” or “hot”  [  14  ] . Patients with 
radicular leg pain may  fi nd relief  fl exing the knee 
or the thigh of the affected leg because full exten-
sion creates nerve root tension. Patients will gen-
erally avoid excessive activity, and yet they 
cannot remain in one position (sitting, standing, 
lying) for too long either, prompting them to fre-
quent position changes. Valsalva maneuvers 
(coughing, sneezing, and straining at the bowel 
or bladder) may also worsen radicular pain.  

    3.2.1.4        Cauda Equina Syndrome 
 Cauda equina syndrome, CES, is a serious neuro-
logic condition involving impairment of the 
nerves of the lumbar plexus from compression of 

the cauda equina. CES frequently necessitates 
emergent or urgent surgical decompression to 
prevent permanent de fi cits and/or incontinence. 

 CES is prevalent in only 0.04 % of all patients 
with low back pain and only 1–2 % of all patients 
with lumbar disc herniations  [  14  ] . CES is caused 
by any compressive lesion causing pressure on 
the nerve roots in the lumbar spinal canal below 
the conus medullaris; the most common cause of 
this problem however is a central disc herniation. 
Other causes include metastatic disease; intrinsic 
spinal tumors; burst fractures; direct trauma from 
anesthetic, diagnostic, or therapeutic lumbar 
puncture; spinal epidural hematoma; penetrating 
trauma such as knife or bullet injuries; compres-
sive abscess; and spinal stenosis  [  12  ] . 

 Spontaneous low back and radiating lower 
extremity pain with severe or progressive weak-
ness usually involving more than one nerve root 
may be the most prominent symptom in CES. Pain 
in a radicular distribution is more prominent than 
back pain in these cases. Saddle anesthesia is the 
most common sensory de fi cit in CES with a distri-
bution involving some or most of the anus, geni-
tals, perineum, buttocks, and posterior- superior 
thighs. This can be unilateral and asymmetric as 
well. A patient with CES or developing CES will 
often describe symptoms of sphincter disturbance; 
urinary retention is the most common, but other 
symptoms include bladder frequency, urgency, 
over fl ow incontinence, fecal incontinence, and 
diminished anal sphincter tone. Retention can be 
evaluated and documented by performing post-
void residual measurements either by catheteriza-
tion or ultrasound measuring residual. Diminished 
or absent patellar and Achilles re fl ex may be found 
 [  2,   12  ] . No single sign or symptom de fi nes a CES, 
but it is a constellation of  fi ndings instead.  

    3.2.1.5   Spinal Stenosis 
 Spinal stenosis refers to a condition of narrowing 
in and around the spinal canal, causing compres-
sion on the neural elements. It is classi fi ed as cen-
tral canal stenosis, foraminal stenosis, or lateral 
recess stenosis. Central canal stenosis refers to 
narrowing of the anteroposterior dimension of 
the spinal canal, causing compression of the spi-
nal cord or cauda equina. Foraminal stenosis 
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refers to narrowing of the neural foramen, caus-
ing compression on spinal nerves, and lateral 
recess stenosis, a type of lumbar spinal stenosis, 
arises from hypertrophy of the superior articular 
aspect of the facet joint. In the lumbar spine, lat-
eral recess stenosis most commonly affects the 
L4–5 facet  [  15  ] . 

 The most common cause of stenosis is related 
to degeneration and the aging process, osteoar-
thritis, disc degeneration, and thickened spinal 
ligaments. Other causes include spinal trauma, 
previous spinal surgery, spinal tumors, Paget’s 
disease, and having a congenitally small central 
canal as seen in achondroplasia  [  12  ] . 

 Symptoms of spinal stenosis depend on the 
location of the narrowing and resultant impinge-
ment or compression.    Any one or combination of 
the following symptoms of stenosis can be pres-
ent: low back pain; numbness, paresthesias, 
cramping, weakness, and pain in the buttocks, 
legs, and feet; radiating leg pain; and bowel and/
or bladder dysfunction. 

 Symptomatic lumbar stenosis is most com-
mon at L4–5 then L3–4 followed by L2–3 
and then L5–S1. Lumbar stenosis is classi fi ed 
as stable, facet hypertrophy, thickening of the 
 ligamentum  fl avum, and disc degeneration. 
Unstable stenosis is marked by the addition of 
degenerative spondylolisthesis or degenerative 
scoliosis  [  16  ] . 

 Neurogenic claudication is a common symp-
tom of lumbar spinal stenosis. It can be unilateral 
or bilateral buttock, hip, leg, or foot discomfort, 
pain, or weakness that is aggravated by standing 
and walking and alleviated by sitting or lying. 
Patients with neurogenic claudication may 
develop “anthropoid posture,” an exaggerated 
 fl exion at the waist which possibly creates a 
reduced lumbar lordosis and opens the facet 
joints  [  12  ] . The patient may reveal that they are 
also more comfortable leaning forward, for 
example, on a counter at home or, classically, a 
grocery cart in the supermarket.  

    3.2.1.6        Fracture 
 Most fractures of the spine occur in the thoracic 
and lumbar spines and most commonly at the 
thoracolumbar junction, T12–L1. These fractures 

are typically caused by major trauma such as 
motor vehicle accidents, falls, or sports accidents, 
but even minor trauma in a compromised spine 
can lead to fracture. Persons with bone weakened 
by osteoporosis, long-term corticosteroid use, 
substance abuse, or systemic disease and spinal 
tumors can suffer a nontraumatic fracture during 
normal daily activities  [  2,   4  ] . 

 Types of spinal fractures include compression, 
burst,  fl exion/distraction, seatbelt, or Chance 
fracture, transverse process, fracture dislocation, 
pathologic fracture from infection or tumor, and 
osteoporotic fracture  [  12  ] . 

 Plain radiography is recommended in patients 
with persistent pain, history of trauma, fever, 
unexplained weight loss, cancer, substance abuse, 
and age greater than 50. Computed tomography 
(CT) and magnetic resonance imaging (MRI) are 
more useful for the detection of infection and 
fracture caused by cancer  [  4  ] . 

 Nonsurgical treatment includes 6–8 weeks of 
bracing, activity modi fi cation, analgesics,  physical 
therapy and a gradual return to normal physical 
activity, and treatment of the underlying systemic 
disease if present. Surgery is typically reserved for 
unstable and comminuted fractures, the presence 
of neurologic de fi cit, progressive spinal deformity, 
and pain refractory to nonsurgical management.  

    3.2.1.7   Spondylolisthesis 
 Spondylolisthesis is slippage of the superior ver-
tebra over inferior vertebra. This condition most 
commonly affects the lumbar spine and is less 
common in the cervical spine. There are  fi ve 
types of lumbar spondylolisthesis:
    1.    Dysplastic spondylolisthesis – this is caused 

by a congenital defect in the facet that allows 
the vertebra to slip forward.  

    2.    Isthmic spondylolisthesis – this results from a 
defect in the part of vertebra called pars inter-
articularis. This defect is thought to be caused 
by repetitive trauma and is more common in 
athletes due to hyperextension motion.  

    3.    Degenerative spondylolisthesis (DS) – this 
type occurs due to arthritic changes in the 
facet joints of vertebra. It is more common in 
older patients and represents the most com-
mon form of spondylolisthesis.  
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    4.    Traumatic spondylolisthesis – this occurs sec-
ondary to direct trauma and can include a frac-
ture of the pedicle, lamina, or facet joints  

    5.    Pathological spondylolisthesis – this type is 
caused by bony defect due to tumor which 
causes bone to be abnormal.     
 Spondylolisthesis is graded based on extent 

of slippage of lateral radiograph by Meyerding. 
This measurement is distance from the poste-
rior edge of upper vertebra to posterior edge of 
lower vertebra and is reported as a percentage 
of total upper vertebral body. There are  fi ve 
grades of slippage: grade1, 0–25 %; grade 2, 
25–50 %; grade 3, 50–75 %; grade 4, 75–100 %; 
and grade 5, spondyloptosis when upper verte-
bra is completely fallen off in relation to lower 
vertebra. 

 Among these  fi ve types of spondylolisthesis, 
DS is most commonly seen in patients over 
50 years and a common cause of low back pain 
(LBP). It also commonly involves L4–L5 level 
and to lesser extent L5–S1. DS is approximately 
four to  fi ve times more common in females than 
in males, due to greater ligamentous laxity and 
hormonal effects  [  17,   18  ] . 

 LBP is the most common presentation in 
patients with DS; however, some of them may be 
asymptomatic. LBP may be mechanical type to 
pain and relieved with rest. This condition is also 
associated with neurogenic claudication. Leg 
pain can be radicular or diffuse and involving 
dermatomal distribution of L4, L5, and S1 nerve 
roots, although single nerve root, most commonly 
L5, involvement may also be seen. These symp-
toms are seen in 42–82 % of patients who see a 
spine surgeon for help. Bladder and bowel dys-
functions due to DS can occur but less profound 
than cauda equina syndrome from disc hernia-
tion. This can be seen in severe stenosis in 3 % of 
patients  [  19  ] . 

 Patients with mechanical type of LBP and 
neurogenic claudication should be investigated 
with standing lumbar spine x-rays including 
 fl exion and extension  fi lms. Supine  fi lms may not 
demonstrate the slippage. CT scan and MRI of 
lumbar spine add to diagnosing this condition 
accurately with degree of slippage and extent of 
stenosis causing neural compression.  

    3.2.1.8   Kyphosis 
 Kyphosis is a term to describe the natural forward 
curve of the thoracic and lumbosacral spines 
where the lumbar and cervical spines have a natu-
ral lordosis or lordotic curve. When kyphosis is 
used to describe a spinal deformity, it refers to an 
exaggeration of the forward curve in a portion of 
any part of the spine, also called a kyphotic defor-
mity. Kyphotic deformities can create symptoms 
that vary from pain and neurologic de fi cit to com-
pensatory and cosmetic deformities  [  13  ] . 

 Kyphotic deformity has a multitude of causes 
including degenerative (osteoporotic compres-
sion fracture, Paget’s disease), traumatic, devel-
opmental (scoliosis), iatrogenic (following spinal 
decompressive laminectomy or radiation to the 
spine), neoplastic (primary spinal tumor or 
 metastatic disease), congenital (achondroplasia), 
infectious (Pott’s disease, osteomyelitis), in fl a-
mmatory (ankylosing spondylitis, rheumatoid 
arthritis), and neuromuscular (cerebral palsy) or 
from Scheuermann’s disease  [  13  ] . 

 A careful history and exam will reveal pres-
ence of deformity, underlying or contributing 
conditions, neurologic impairment (from spinal 
cord or spinal nerve compression), and the devel-
opment of compensatory deformities. Standing 
or upright x-rays of the entire spine in one view, 
commonly referred to as “scoliosis x-rays” with 
anterior-posterior and lateral views, are used to 
evaluate the structure of the spine and measure 
the degree of kyphosis or other abnormal curves. 
When neurologic de fi cits are discovered, worsen-
ing pain or spinal instability is suspected; further 
imaging with CT and/or MRI is warranted.  

    3.2.1.9   Scoliosis 
 The term scoliosis originates from Greek word 
skoliosis meaning obliquity or bending. Adult 
scoliosis is a de novo development of curved 
spinal architecture after completion of skeletal 
maturity. It is also seen in children and adoles-
cents; however, adult scoliosis differs from 
child or adolescent scoliosis in terms of curve 
types and patterns, rate of deformity progres-
sion, rigidity of deformity, patient comorbidi-
ties, and clinical symptoms and presentation 
 [  20  ] . Some of adolescent scoliosis can be 
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asymptomatic and get detected during adult life 
due to progression of curvature. Other patients 
may develop scoliosis after spine surgery for 
disc degeneration or spinal fusion surgery as 
adjacent-level degeneration with scoliosis. 

 The prevalence of adult scoliosis is probably on 
the rise due to increasing life expectancies. The 
most common types of scoliosis encountered in 
adults are idiopathic and degenerative scoliosis. 
The former condition starts in childhood or adoles-
cence and progresses over a period of time with 
added degeneration of disc and facets. Degenerative 
scoliosis is a de novo development of scoliosis sec-
ondary to asymmetric involvement of disc degen-
eration, facet arthrosis, and disc collapse  [  21  ] . 

 Patients with scoliosis may present to spine 
surgeons with symptoms of back pain due to 
spine deformity or symptoms of neural compres-
sion unrelated to deformity. Adult patients with 
scoliosis present with axial low back pain, 
 neurogenic pain, as well as changes in gait and 
posture. Physical examination of the back while 
palpating spine will reveal abnormal curvature of 
spine and asymmetry of the pelvic crests. Patients 
with stooped posture may have sagittal imbal-
ance forcing them to walk with walker or cane. 
Imaging studies begin with plane x-rays of the 
spine standing, and scoliosis  fi lms which deter-
mine the severity of sagittal and coronal imbal-
ance and pelvic tilt.   

    3.2.2   Spinal Nonmechanical 

    3.2.2.1        Neoplasia: Intradural 
or Vertebral Tumors/
Pathologic Fracture 

 Diagnosis of spinal neoplasia begins with the his-
tory. Patients who complain of subacute back 
pain that is worse at night or with rest should 
raise the clinician’s suspicion for a possible 
 neoplastic process especially if the patient reports 
unintentional weight loss and general malaise.  

    3.2.2.2        Infections: Osteomyelitis, 
Discitis, and Epidural Abscesses 

 Spinal infections arise from bacteria carried 
through the bloodstream to the spine from a site 
of infection elsewhere in the body, urinary and 

respiratory tract infection, soft tissue (infections 
on the skin), dental  fl ora, or through intravenous 
drug use, surgery, injection treatments, or as a 
result of direct trauma. Infections are most fre-
quently seen in the lumbar spine, followed by 
thoracic, cervical, and sacrum. 

 Back pain may be a result of an infection in 
the bone (osteomyelitis), in the disc (discitis), or 
on the spinal cord (epidural abscess). Vertebral 
body collapse with kyphotic deformity is com-
mon. Necrotic bone and disc fragments as well 
as abscess formation can cause spinal cord or 
cauda equina compression  [  12  ] . Presenting 
symptoms can be as generalized as back pain, 
low-grade temperatures, malaise, and anorexia. 
Unexplained back pain following a recent infec-
tion or iatrogenic procedure with a strong 
mechanical component should be considered for 
a spinal infection.   

    3.2.3   In fl ammatory Arthropathies 

    3.2.3.1   Ankylosing Spondylitis 
 Ankylosing spondylitis (AS) is a chronic, sys-
temic in fl ammatory disease of the joints and the 
axial skeleton characterized by back and neck 
pain and progressive stiffening, or ankylosing, of 
the spine. Pain and stiffness is typical in the tho-
racic spine or sometimes the entire spine, with 
referred pain to the buttocks and hamstrings. Pain 
is often present in the morning, is severe at rest, 
and improves with physical activity. Sacroiliitis is 
present in greater than 95 % of persons with AS. 

 The onset is gradual, typically beginning in late 
adolescence and early adulthood, and is slightly 
more common in men than in women in whom the 
disease evolves more slowly. Approximately 90 % 
of AS patients express the HLA-B27 genotype, 
meaning there is a strong genetic association. 
However, only 5 % of individuals with the HLA-
B27 genotype contract the disease  [  13,   22  ] .  

    3.2.3.2   Rheumatoid Arthritis 
 Rheumatoid arthritis (RA) is a systemic 
in fl ammatory autoimmune disease which is 
chronic and progressive in nature. RA affects 
multiple tissues and organs but predominantly 
attacks synovial joints, leading to destruction of 
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articular cartilage and ankylosis. It occurs in 0.3–
1.5 % of the population, with women affected 
2–3 times more often than men. Onset occurs 
most frequently between the ages of 40 and 50, 
but people of any age can be affected  [  22  ] . Often 
a disabling and painful condition, it has an insidi-
ous onset marked by fatigue, anorexia, weight 
loss, and generalized aching and stiffness (espe-
cially morning stiffness). RA can lead to substan-
tial loss of function and mobility if not adequately 
treated.  

    3.2.3.3   Reiter’s Syndrome 
 A reactive arthritis usually occurring 1–3 weeks 
following certain bacterial infections (commonly 
Chlamydia, Shigella, Salmonella, Yersinia, and 
Campylobacter) with involvement of at least one 
other non-joint area, speci fi cally urethritis, 
uveitis/conjunctivitis, skin lesions, and mucosal 
ulcerations. Between 75 and 90 % of patients are 
also HLA-B27 positive  [  13  ] .  

    3.2.3.4   Paget’s Disease 
 Paget’s disease (PD) is a metabolic disorder with 
abnormal bone remodeling, causing spinal steno-
sis and facet arthropathy. In this disorder, there is 
excessive breakdown of bone and formation of 
weak bone, causing pain, fracture, and joint 
arthritis. Etiology of Paget’s disease remains 
unclear, and it has been thought to be caused by 
viral infection  [  23  ] . Paget’s disease also can be 
inherited as autosomal dominant trait with high 
penetrance  [  24  ] . Reported incidence of back pain 
in PD patients ranges from 11 to 42 %  [  25  ] . 
Several mechanisms have been described in neu-
ral symptoms in patients with PD: (1) compres-
sion of neural elements by pagetic process, (2) 
neural ischemia, and (3) pagetic sacromatous 
degeneration  [  26  ] . Diagnosis of PD is by x-rays, 
bone scan, and CT scan and MRI. Once PD is 
con fi rmed as underlying pathology, treatment is 
initiated with biphosphonates with goal of reliev-
ing bone pain and arrest progression of disease. 
In addition to biphosphonates, other drugs used 
are calcitonin and mithramycin.  

    3.2.3.5   Sacroiliitis 
 In fl ammation of the sacroiliac joint, sacroiliitis is 
a frequent initial manifestation of one of the 

 seronegative spondyloarthropathies. Sacroiliitis 
most commonly presents in young people who are 
HLA-B27 positive and/or have ankylosing spon-
dylitis, psoriatic arthritis, or Reiter’s disease. The 
pain of sacroiliitis most commonly occurs in the 
lower back and tops of the buttocks, but it can also 
radiate to incorporate the groin, legs, and feet.  

    3.2.3.6   Scheuermann’s Kyphosis 
 Scheuermann’s kyphosis most commonly affects 
the vertebral bodies of the thoracic spine but can 
also occur at the thoracolumbar junction. It is 
best described as a growth abnormality of one or 
more vertebral bodies where the anterior portion 
of the vertebrae stops growing, yet the posterior 
portion continues to grow, creating an abnormal 
amount of kyphosis at the apex of the deformity. 
It is most often seen in males and typically occurs 
in the  fi nal growth spurt of adolescence. Pain and 
discomfort are common along the site of the 
kyphotic deformity  [  13  ] .   

    3.2.4   Arachnoiditis 

 Arachnoiditis is a neuropathic disease caused by 
in fl ammation of the arachnoid membrane of the 
spinal cord and spinal nerves. It can be caused by 
chemical irritation, infection, injury, previous 
spinal surgery, or other invasive spinal proce-
dures. Arachnoiditis can lead to adhesions, caus-
ing the spinal nerves to “clump.” The presenting 
symptoms of arachnoiditis may include constant 
chronic low back pain unrelated to and unrelieved 
by speci fi c positions, radiating leg pain, perineal 
pain, and pseudoclaudication. Treatment is 
insuf fi cient with the main focus on medication 
and intrathecal steroid injections  [  9  ] .  

    3.2.5   Failed Back Syndrome 

 Failed back surgery syndrome (FBSS) and post-
laminectomy syndrome are terms used to describe 
a type of a chronic and persistent back and/or leg 
pain condition that occurs following lumbar spi-
nal surgery. FBSS does not include persistent 
lower extremity weakness, sensory changes, or 
re fl ex abnormalities  [  13  ] . 
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 Patients with FBS often demonstrate frustra-
tion and anger and often have an accompanying 
diagnosis of depression. These patients frequently 
require long-term pain management, speci fi cally 
with narcotic agents. The clinician should be 
astute to the possibility of malingering for a vari-
ety of secondary gain issues which can be found 
to coexist in patients with FBS. 

    The causes of FBS include incorrect initial 
diagnosis; improper preoperative patient  selection; 
continued nerve root compression caused by recur-
rent disc herniation, scar tissue, pseudomeningo-
cele, hematoma, spinal instability, or stenosis at 
the surgical or junctional level; permanent nerve 
injury; technical error during surgery; adhesive 
arachnoiditis; infection (discitis, osteomyelitis); 
spondylosis; other non-spinal causes of back pain; 
and nonanatomic factors/malingering  [  12  ] .   

    3.3   Visceral Causes of Back Pain 

 Occasionally, back pain is the single presenting 
symptom of a variety of serious medical condi-
tions or possible emergency. Clinicians must be 
astute to possible medical or visceral causes of 
back pain when the patient describes severe, 
refractory, or atypical pain. Examination of the 
abdomen with palpation of the visceral organs is a 
necessary step of diagnosis. This chapter will not 
cover the atypical presentations but will just report 
a laundry list of differential diagnoses which also 
may present with back pain: dissecting aortic 
aneurysm, urinary tract infection, pyelonephritis, 
prostatitis, pelvic in fl ammatory disease (PID), 
endometriosis, ovulation, pregnancy, ectopic preg-
nancy, acute pancreatitis, duodenal ulcer, chole-
cystitis, nephrolithiasis, and visceral cancers.  

    3.4   Non-spinal 

    3.4.1   Piriformis Syndrome 

 Piriformis syndrome refers to sciatic symptoms 
(low back pain radiating in the buttock, thigh, 
calf, and foot) that do not originate from the lum-
bosacral plexus and/or from disc herniation but 

rather by pressure from the piriformis muscle on 
the sciatic nerve  [  9  ] . Pain is made    worse with 
activity such as prolonged sitting and walking. 

 The piriformis muscle originates at the antero-
lateral aspect of the sacroiliac region, transverses 
the sciatic nerve, and inserts on the greater tro-
chanter of the femur. It is innervated by the ventral 
rami of S1 and S2 and abducts and laterally rotates 
the femur. The sciatic nerve passes between the 
two bellies of the piriformis  [  27  ] . Trauma or over-
use can lead to irritation, in fl ammation, and spasm 
of the piriformis, which can compress the trans-
versing sciatic nerve and mimic a herniated lum-
bar disc or spinal nerve compression. 

 Performing a straight leg raise (SLR) test can 
differentiate between piriformis syndrome and sci-
atica caused by lumbosacral nerve compression. In 
piriformis syndrome the SLR is only mildly posi-
tive or negative unless the examiner  fl exes, adducts, 
and internally rotates the proximal leg. Adding 
these maneuvers places tension on the irritated piri-
formis and stretches the in fl amed nerve root  [  9  ] .  

    3.4.2   Bursitis 

 Trochanteric bursitis and ischiogluteal bursitis 
are types of pelvic pain that is often misdiagnosed 
as herniated lumbar disc or sciatica from the lum-
bosacral spine especially in the elderly patient 
population. The symptoms of trochanteric bursi-
tis are pain in the hip region with activity and 
point tenderness over the greater trochanter. 
Patients will often report that they are unable to 
lie on the affected side. With ischiogluteal bursi-
tis, pain is localized deep in the center of the 
 buttock. Patients will describe the pain as “unre-
lenting,” aggravated by sitting or walking, and 
accompanied by radicular leg pain that is unre-
lieved by rest. Treatments include rest, anti-
in fl ammatory agents, physical therapy, cortisone 
injections, or in extreme cases bursectomy  [  28  ] .  

    3.4.3   Fibromyalgia 

 Fibromyalgia is a chronic pain syndrome charac-
terized by widespread musculoskeletal pain, 
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fatigue and heightened tenderness to tactile 
 pressure, general fatigue, and sleep disturbance. 
The most common sites of pain include “tender 
points” of the neck, back, shoulders, bony pelvis, 
and hands. Over 6 million Americans are diag-
nosed yearly, 90 % of which are women between 
the ages of 20 and 55 years old. Pain is described 
as a deep ache, sometimes shooting, and burning.  

    3.4.4   Spasticity 

 Spasticity is often found in people with cerebral 
palsy, traumatic brain injury, stroke, multiple 
sclerosis, and spinal cord injury. Spasticity results 
from upper motor neuron lesions creating an 
imbalance of inhibitory in fl uence on alpha and 
gamma motor neurons. Spasticity is clinically 
manifested as a hypertonic state of muscles with 
clonus and involuntary movement. Often painful 
and debilitating, spasticity creates challenges 
with self-care, hygiene, posture, and balance. 
Back pain is a cardinal feature of spasticity  [  12  ] .  

    3.4.5   Degenerative Joint Disease 
(DJD) of the Hip 

 DJD of the hip is most often caused by osteoar-
thritis. It is characterized by pain and stiffness 
from the breakdown of joint surface cartilage. 
DJD of the hip creates ipsilateral groin and medial 
thigh pain. At times the pain can radiate to the 
knee on the same side, creating confusion as to 
whether the problem is from the hip, from the 
knee, or from a lumbar radiculopathy. Hip dys-
plasia and avascular necrosis of the hip can cause 
these symptoms as well. 

 When pain originates from the hip, walking 
and prolonged activity worsen the pain and 
motion in the joint is limited, often realized when 
trying to go from sitting or lying to a standing 
position. Initially, pain is relieved by rest, but 
once the DJD progresses, minimal activity such 
as slight movements in bed can worsen the pain. 
Treatment includes rest, ice, anti-in fl ammatory 
agents, cortisone injections, and, if necessary, 
joint replacement surgery  [  29  ] .  

    3.4.6   Leg Length Discrepancy/Pelvic 
Level/Gait Abnormality 

 A leg length discrepancy can be due to a mild 
variation between two sides of the body and is a 
normal variation when the difference is 3/5 of an 
inch or less. There are a variety of causes for leg 
length discrepancy including previous injury or 
fracture to the leg (especially in children who are 
fractured at the growth plate), bony diseases, 
in fl ammation and osteoarthritis, and neurologic 
conditions. 

 The correlation between patients with a clini-
cally signi fi cant leg length discrepancy and the 
incidence of low back pain is controversial. Leg 
length discrepancy can lead to a pelvic obliquity 
which changes the coronal balance of the sacrum, 
leading to a segmental scoliosis and potential for 
increased low back pain  [  9  ] . 

 Leg length discrepancy can lead to gait abnor-
malities requiring patients to exert more effort with 
ambulation and hasten degenerative joint disease. 
Treatment includes orthotics and surgery for inhib-
iting growth, lengthening, and shortening.  

    3.4.7   Posture 

 The position of the body in both the sitting and 
standing positions can have considerable effect 
on the development or prevention of lower back 
pain. Swayback posture (lumbar hyperlordosis) 
in standing and a slouched or slumped (thoracic 
hyperkyphosis) posture in sitting can impact the 
health and function of the muscles of the abdo-
men and lower back. When daily activities require 
prolonged sitting or standing and a balanced 
seated or standing posture is not achieved, the 
stabilizing muscles of the spine fatigue and lead 
to pain and stiffness  [  9  ] .  

    3.4.8   Obesity 

 More than half of the adult population of 
Americans is categorized as being overweight or 
obese. Overweight and obesity is a contributing 
factor to back pain and a signi fi cant cause for 
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seeking  medical care. Being overweight or obese 
can contribute to the symptoms of osteoporosis, 
osteoarthritis, degenerative spine disease, and 
spondylolisthesis. The addition of excess weight 
and a deconditioned core translate extra strain 
and stress to the spine, speci fi cally the lower 
back  [  30  ] .  

    3.4.9   Mood Disorders 

 Pain, anxiety, and depression are commonly expe-
rienced together. In patients with chronic and 
 disabling pain syndromes such as  fi bromyalgia, 
low back pain, and nerve pain, this is particularly 
evident. Patients with diagnosed anxiety and 
depression report higher incidences and greater 
severity of pain in addition to increased disability 
and dysfunction due to pain compared to patients 
without depression and anxiety  [  31  ] . Treatment of 
both pain and mood disorder is challenging but 
can be accomplished with a comprehensive plan 
including cognitive behavioral therapy, relaxation 
 techniques, hypnosis, exercise, antidepressants, 
and mood stabilizers.  

    3.4.10   Secondary Gain/Malingering 

 Secondary gain is an external psychological 
motivator that may drive a patient to report cer-
tain symptoms. If a patient’s pain or illness allows 
them to miss work or gain extra sympathy and 
attention, these would be examples of secondary 
gain. With secondary gain, a patient is uncon-
sciously seeking these “rewards.” If he or she is 
deliberately exaggerating symptoms for personal 
gain, that is, to win a legal dispute, then he or she 
is malingering  [  32  ] . In either case, it is in the 
patient’s best interest to remain debilitated or in 
pain in order to continue to receive the rewards.       
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  4

    4.1   Imaging Option Overview 

    4.1.1   Radiography 

    4.1.1.1   Physics 
 Radiography is the  fi rst-line technique in the 
evaluation of the spine. It is relatively inexpen-
sive and widely available. X-rays are produced 
by rapidly moving streams of electrons from the 
cathode to the anode. The produced ionizing 
radiation (photons) penetrates an object and the 
differences in X-ray attenuation, which depends 
on differences in tissue density, are registered on 
a sensor plate. Bones absorb the radiation more 
than soft tissues; denser tissues attenuate the 
X-ray beam to a greater degree, lessening the 
number of X-ray photons sensed on the detector 
plate. The greater the number of X-ray beams to 
reach the detector, the darker the image. This is 

why bones are bright and lungs are dark on a con-
ventional radiograph.  

    4.1.1.2   Radiography as a Screening Tool 
in Spine Trauma 

 The standard method of screening the cervical 
spine is a conventional radiographic series, which 
typically includes lateral, anteroposterior, and 
odontoid views. Other views include swimmers lat-
eral (to clear the shoulders and allow visualization 
of the cervical thoracic junction), oblique views, 
and  fl exion/extension views in the lateral projec-
tion. Particular dif fi culty in positioning high-mech-
anism, poly-trauma patients may lead to a large 
number of inadequate radiographic examinations. 

 Cervical spine radiography, although rela-
tively cheap, adds substantially to health-care 
costs because of the high volume of its use. 
Emergency departments annually treat millions 
of patients with trauma who are at risk for cervi-
cal spine injury, and the total cost of cervical 
spine radiography is therefore substantial and 
judicious use of cervical spine radiography in the 
emergency trauma is necessary. 

 Several decision algorithms have been devel-
oped. The Canadian C-spine Rule (CCR)  [  1  ]  and 
the National Emergency X-Radiography 
Utilization Study (NEXUS) low-risk criteria 
(NLC)  [  2  ]  were developed independently. Both 
rules are sensitive for detecting acute C-spine 
injury which allows the emergency department 
physicians to be more selective in the use of radi-
ography in alert and stable trauma patients  [  3  ] .  

    A.   Valladares-Otero ,  M.D.   •     B.   Christenson ,  M.D.  
     Department of Radiology , 
 University of Colorado School of Medicine ,
  12401 East 17th Avenue, Room 1618 ,  Aurora , 
 CO   80045 ,  USA        

    B.D.   Petersen ,  M.D.    (*)
    Associate Professor of Radiology and Orthopaedics,
Chief of Musculoskeletal Radiology , 
 University of Colorado , 
  Mail Stop L954, 12401 East 17th Avenue, Room 5-006 , 
 Aurora ,  CO   80045 ,  USA    
e-mail:  brian.petersen@ucdenver.edu   

      Radiologic Imaging of the Spine       

     Angela   Valladares-Otero   ,     Brian   Christenson       , 
and    Brian D.   Petersen            



38 A. Valladares-Otero et al.

    4.1.1.3   Normal Radiographic Anatomy 
of the Spine 

 When evaluating spinal radiographs, a  fi rm 
understanding of normal anatomy is necessary to 
allow one to detect pathology. 

    Cervical Spine 
 Radiographic assessment of the cervical spine 
requires adequately exposed images to allow 
visualization of the bone trabeculae, as well as 
adequate patient positioning. On a true lateral 
radiograph of the cervical spine, the facet 
joints are superimposed on each other. A fron-
tal view of the cervical spine should have simi-
lar coverage as a lateral view. On a true frontal 
view, the spinous processes are midline. Open-
mouth odontoid view should be centered on 
the C1–C2 articulation and the teeth and 
occiput should not be superimposed over the 
area of interest. 

    Lateral View (Fig.  4.1 )    
 The lateral view (Fig.  4.1a ) is the most important 
view in the routine trauma series. The lateral 
view must include all seven cervical vertebrae, 
as well as the C7–T1 intervertebral space. 
Several methods have been used to include the 
vertebral bodies and posterior elements of the 
cervical thoracic junction. On a swimmers view 
(Fig.  4.1b ), one of the arms is raised above the 
head to avoid superimposition of the shoulders 
over the cervical thoracic junction. Disadvantages 
to the swimmers view include higher radiation 
dose, high scatter, and dif fi cult positioning. 
Although bony details are usually suboptimal on 
the swimmer’s lateral view, gross alignment can 
be con fi rmed. 

 Lateral view of the cervical spine allows eval-
uation of the vertebral bodies and intervertebral 
disks height, as well as the cervical spine align-
ment which physiologically has a gentle lordotic 

a b

  Fig. 4.1    Normal lateral ( a ) and swimmer’s lateral ( b ) projections of the cervical spine with labeled pertinent anatomy. 
Anterior spinal line ( ASL ), posterior spinal line ( PSL ), spinolaminar line ( SLL ), and spinous process line ( SPL )       
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curve. Vertebral bodies should be rectangular in 
shape and similar in size to the adjacent ones. 

 The articular facets connect the posterolateral 
aspect of vertebral bodies and combine to form 
the facet joints. On the lateral view, the lateral 
masses appear as rhomboid-shaped structures 
projecting posteroinferiorly. 

 The anterior longitudinal ligament (ALL) and 
the posterior longitudinal ligament (PLL) are 
major stabilizers of the intervertebral joints, help-
ing to maintain the vertebral body alignment  [  4  ] . 
When assessing spinal alignment, it is helpful to 
evaluate the integrity of the anterior spinal line 
(Fig.  4.1a , ASL) which extends along the anterior 
margin of the vertebral bodies; the posterior spi-
nal line (Fig.  4.1a , PSL) along the posterior mar-
gin of the vertebral bodies; the spinolaminar line 
(Fig.  4.1a , SLL) along the posterior margin of 
spinal canal; and a line connecting the tips of 
C2–C7 spinous processes, the spinous process 
line (Fig.  4.1a , SPL). Misalignment of ASL, PSL, 
SLL, or SPL can suggest ligamentous injury or 

occult fracture. Although any spinal offset should 
be scrutinized, there are common nonpathologic 
reasons for minimal offset including pseudosub-
luxation of C2 in the pediatric population  [  5  ]  and 
the slight offset of the SLL between the posterior 
elements of C1 and C2. 

 Radiographic assessment of the craniocervical 
and atlantoaxial articulations is dif fi cult but cru-
cial (Figs.  4.2 ,  4.3 , and  4.4 ). Craniocervical and 
atlantoaxial biomechanical continuity depends on 
the integrity of the skull base (occipital condyles), 
atlas (C1), and axis (C2) and their stabilizing liga-
ments. On lateral view, the craniocervical rela-
tionship can be assessed visually by several 
methods. The basion is the caudal tip of the clivus 
and can be a critical bony landmark for assess-
ment of the craniocervical relationship. Harris 
et al.  [  6,   7  ]  described a simple and reliable method 
that used the basion-axial interval (BAI) and 
basion-dens interval (BDI) for accurate assess-
ment of occipitovertebral relationships on initial 
lateral radiographs in the supine position.    

a b

  Fig. 4.2    Sagittal CT reconstruction ( a ) and lateral cervi-
cal spine radiograph ( b ) demonstrating the basion-axial 
interval ( BAI ). Basion-axial interval is the distance 

between basion ( black arrows ) and a line extending supe-
riorly, tangential to the posterior cortex of the C2 vertebral 
body, the posterior axial line ( PAL )       
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 The BAI (Fig.  4.2a, b ) is the distance between 
the basion and a line extending superiorly from 
the posterior cortical margin of the body of the 
axis, that is, the posterior axial line (PAL). The 
BAI should not exceed 12 mm  [  7  ] . 

 The basion-dens interval (BDI) (Fig.  4.3 ) is 
the distance between the basion and the tip of the 
dens and should not exceed 12 mm  [  6  ] . Abnormal 
increase in this distance can indicate craniocervi-
cal dissociation. An inverted BDI where the tip of 
the dens is superior to the basion indicates cranial 
settling/basilar invagination. 

 The atlantodental interval (ADI) (Fig.  4.4 ) is a 
measurement used to evaluate the atlantoaxial rela-
tionship. This distance, described by Hinck et al., is 
considered normal when it is less than 3 mm  [  8  ] . 

 The prevertebral soft tissue thickness (Fig.  4.5 ) 
should be measured at C3 and should be  £ 7 mm 
in adults  [  9  ] . Below C4 the thickness is variable 
related to variable location of the esophageal 
takeoff. The neck position in children is pivotal in 
the assessment of prevertebral soft tissue to pre-
vent false-positive  fi ndings.  

 The facet joints are normally symmetric and 
uniformly superimposed, with minimal physio-
logic movement during  fl exion and extension. 
The supraspinous and interspinous ligaments, the 
ligamentum  fl avum, and the facet joint capsule 
maintain this anatomic relationship. In the cervi-
cal region, the articular facets are small,  fl at, cor-
onally oriented, and angled approximately 45° 
from the horizontal plane. This alignment helps 
to prevent excessive anterior vertebral body trans-
lation and is important in weight bearing. This 
orientation explains the great degree of motion 
allowed, as well as the relative ease with which 
cervical facets sublux, dislocate, and lock  [  10  ] .  

    Anteroposterior (AP) and Open-Mouth Views 
 As previously discussed, patient’s position is 
important when evaluating the cervical spine 
radiograph. On AP view (Fig.  4.6a ), the spinous 
processes should be midline to accurately assess 
alignment. It is important to make sure all pedi-
cles are present and equidistant from the verte-
bral body margins. The intervertebral disk spaces 

a b

  Fig. 4.3    Sagittal CT reconstruction ( a ) and lateral cervical spine radiograph ( b ) demonstrating the basion-dens interval 
( BDI ). The BDI is the distance from most inferior portion of basion to closest point of superior aspect of dens       
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a b

  Fig. 4.4    Sagittal CT reconstruction ( a ) and lateral cervi-
cal spine radiograph ( b ) demonstrating the atlantodental 
interval ( ADI ). The atlantodental interval is the distance 

from the posterior aspect of anterior arch of the C1 verte-
bra to the anterior aspect of dens       

a b

  Fig. 4.5    Sagittal CT reconstruction ( a ) and lateral cervical spine radiograph ( b ) demonstrating normal prevertebral soft 
tissue ( PVST ) thickness. PVST thickness should be measured at C3 and should be  £ 7 mm in adults       
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should be maintained. Tracheal morphology and 
lung apices should be assessed for abnormality.  

 The AP “open mouth” or “odontoid” 
(Fig.  4.6b ) is a coned-down view of the cranio-
cervical junction, obtained with the X-ray beam 
directed through the patient’s open mouth. True 
AP positioning is necessary as rotation can simu-
late C1–2 misalignment. On an optimal open-
mouth view, the central incisors and occiput are 
not superimposed over the dens. The lateral mar-
gins of the C1 ring should align exactly with the 
lateral masses of C2 when degenerative spurring 
is ignored  [  11  ] . Displacement of C1 lateral 
masses by more than 2 mm laterally is abnormal. 
The open-mouth view is also helpful when evalu-
ating an odontoid fracture or incomplete fusion 
of the dental ossi fi cation center to the C2 verte-
bral body, an os odontoideum.  

    Oblique Views 
 On the oblique projection (Fig.  4.7 ), the patient’s 
neck is 45° angle relative to the detector plate. 
The oblique views are typically obtained bilater-
ally and pro fi le the neural foramina to evaluate 

bony foramina encroachment. Oblique views can 
also be useful to con fi rm appropriate alignment 
of the facet articular processes.  

 It is important to identify which neural foram-
ina are being pro fi led, as oblique projections can 
be obtained in both AP and PA views. The  fi lm 
should be clearly labeled and the visualized neu-
ral foramina are contralateral to the direction the 
mandible is turned. For example, if the patient’s 
chin is turned to the left, the right neural foramina 
are pro fi led.  

   Flexion/Extension Views 
 Flexion/extension radiographs can theoretically 
be diagnostic of ligamentous injury in the acute 
setting, although muscle spasm commonly stabi-
lizes an otherwise unstable spine resulting in 
false-negative  fl exion/extension radiography. 
Delayed radiographs after a period of time in a 
soft collar, allowing resolution of muscle spasm, 
have been shown to unmask an otherwise occult 
ligamentous instability  [  12  ] . 

 In nontraumatic situations,  fl exion/extension 
radiographs are used to assess the degree of 

a b

  Fig. 4.6    Normal radiographic anatomy on AP cervical spine ( a ) and open-mouth odontoid ( b ) radiographs with labeled 
pertinent anatomy       

 



434 Radiologic Imaging of the Spine

instability associated with ligamentous laxity 
(in fl ammatory arthropathies, Down’s syndrome) 
or degenerative spondylolisthesis. This can pro-
vide valuable information to guide surgical man-
agement of chronic cervical spine conditions.   

    Thoracic Spine 
 Evaluation of the thoracic spine with radiography 
allows the assessment of vertebral height, align-
ment, intervertebral disk spaces, and the presence 
of fracture and swelling of soft tissues. 

    Lateral View 
 The lateral view of the thoracic spine (Fig.  4.8a ) 
should include the seventh cervical vertebra to 
evaluate the cervicothoracic junction and the  fi rst 
lumbar vertebra to assess the thoracolumbar junc-
tion. Evaluation of the high thoracic vertebral 
bodies commonly requires a swimmer’s lateral 
projection identical to the technique used in com-
plete evaluation of the cervical spine.  

 On lateral view of the thoracic spine, the ante-
rior margin of the vertebral bodies is slightly 

concave and the posterior height of the vertebral 
bodies is greater than the anterior height result-
ing in a physiologic thoracic kyphosis. The tho-
racic facets are more vertically oriented in the 
coronal plane than the cervical facets. 

 In the traumatic setting, Denis  [  13  ]  and 
McAfee et al.  [  14  ]  independently developed a 
three-column classi fi cation system used to 
explain the radiographic pattern of injury and 
subsequent surgical treatment (Fig.  4.9 ). The sys-
tem is based on radiographic evaluation of the 
anterior column (the anterior two-thirds of the 
vertebral body and intervertebral disk), the mid-
dle column (the posterior one-third of the verte-
bral body and intervertebral disk, as well as the 
posterior longitudinal ligament), and the poste-
rior column (the osseous neural arch, the facet 
joints and capsules, the ligamentum  fl avum, and 
the supraspinous and interspinous ligaments). 
Traumatic injury to more than one column of the 
spine has implications to spinal stability and 
treatment algorithms.  

 It is important to evaluate the intervertebral 
disk spaces in conjunction with the adjacent ver-
tebral endplates. The endplates should be well 
corticated and distinct (Fig.  4.8 ). Disk height loss 
with associated endplate destruction suggests 
diskitis with associated osteomyelitis, while the 
association of intervertebral disk height loss with 
disk vacuum phenomenon, endplate sclerosis, 
and productive changes is most consistent with 
common degenerative spondylosis.  

    Anteroposterior (AP) View 
 As described on AP view of the cervical spine, 
adequate patient’s position is crucial to the tho-
racic AP radiograph (Fig.  4.8b ). To reduce the 
radiation dose, collimation is used, although the 
entire transverse processes and a small portion of 
the medial ribs should be included. 

 Thoracic spine AP radiograph is useful for 
evaluating vertebral body height and alignment. 
The spinous processes should be aligned and 
midline. The presence and integrity of the verte-
bral pedicles is evaluated in the thoracic spine. 
The interpedicular distance is between the pedi-
cles on AP view and is increased in the setting of 
a burst fracture relative to adjacent levels. Osseous 
metastatic disease to the spine commonly involves 

  Fig. 4.7    Radiographic anatomy of an oblique projection of 
the cervical spine. Note that the right neural foramen is 
pro fi led as the mandible is turned toward the patient’s left ( L )       
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the pedicle and can result in an absent pedicle if 
lytic or a sclerotic pedicle if blastic.   

    Lumbar Spine 
   Lateral View 
 On a lateral view, the lumbar spine characteris-
tically demonstrates a smooth lordotic curva-
ture (Fig.  4.10a ). The combination of the 
thoracic spine kyphosis and lumbar spine lordo-
sis maintains the center of gravity at the central 
sacrum. The intervertebral disk spaces should 
appear open, with the L4–L5 disk space typi-
cally being of greatest caliber. The neural 
foramina can be visualized, from T12 through 

S1. Facet joint orientation transitions to a more 
sagittal plane in the lumbar spine and allows 
more  fl exion and extension than in the thoracic 
spine but remains limited compared to the cer-
vical spine. A spot  fi lm may be used to include 
the entire sacrum and coccyx for trauma imag-
ing or coned to the lumbosacral junction for 
routine imaging.   

   Anteroposterior (AP) View 
 Optimal radiographic technique for the AP 
view of the lumbar spine (Fig.  4.10b ) is cru-
cial to penetrate the abdominal soft tissues 
appropriately to obtain adequate exposure and 

a b

  Fig. 4.8    Lateral ( a ) and frontal ( b ) views of the thoracic spine, with pertinent labeled normal radiographic anatomy       
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demonstrate vertebral bodies, facet joints, and 
the spinous processes. An AP radiograph of 
the lumbar spine should include from the tho-
racolumbar junction to the coccyx. 

 The number of non-rib-bearing vertebral bodies 
should be counted, as transitional and additional 
vertebral bodies are common at the thoracolumbar 
and lumbosacral junctions. The most common 
transitional vertebral body consists of sacralization 
of the  fi fth lumbar vertebral body, consisting of a 
partial or solid, unilateral or bilateral, bony union 
between an abnormally large L5 transverse process 
and the sacrum  [  15  ] . The spinous processes should 
be midline of the vertebral bodies and equidistant 
relative to the pedicles.  

    Oblique Views 
 Oblique projections of the lumbar spine are infre-
quently performed as their utility is controversial 
and the radiation dose to the patient is signi fi cant. 
However, in young patients with back pain, 

oblique views can be helpful to con fi rm the pres-
ence of spondylolysis (pars defects)  [  16  ] . There 
is usually no need for routine oblique views in 
older adults as spondylolysis is much less impor-
tant in this age group, and there is doubt as to 
whether it is a signi fi cant cause of symptoms in 
older individuals  [  17  ] . Oblique views may be 
safely omitted in the initial examination for low 
back pain in the typical patient.  

    Flexion/Extension Views 
 Flexion/extension views of the lumbar spine are 
uncommonly of signi fi cant utility in the acute 
traumatic setting. However, these signi fi cantly 
affect treatment planning with regard to surgical 
intervention of more chronic back pain. Signi fi cant 
translation ( ³ 3 mm) between  fl exion and exten-
sion can exclude particular treatments related to 
lumbar stenosis and can shed light on the etiology 
behind dynamic lumbar radiculopathy.  

    Whole-Spine Imaging 
 A brief mention is necessary related to large-for-
mat radiography and its use in the spine. Large-
format radiography can be performed manually 
in the absence of digital radiography (radio-
graphic hard copy  fi lms shot at different stations 
and manually connected to include the entire 
spine). Digital radiography has made large-for-
mat imaging much easier with  fi ducial markers 
allowing accurate synthesis of multiple acquisi-
tions. The bene fi t is an overall impression of the 
spinal balance (Fig.  4.11 ). In addition, lateral 
bending, traction, and bolstered  fi lms can give 
further information about the  fl exibility (and by 
extension, correctibility) of the curvature, all crit-
ical to the surgical management of spinal defor-
mity. Detailed explanation of the evaluation of 
scoliosis radiographs is, unfortunately, beyond 
the scope of this chapter.      

    4.1.2   Computed Tomography (CT) 

    4.1.2.1   Background and Physics 
 Computed tomography, which is available since 
the early 1970s, utilizes an X-ray beam spinning 
in a circle within a gantry. The detectors, which 

  Fig. 4.9    Magni fi ed lateral view of the thoracolumbar 
junction with lines demarcating the 3-column theory of 
spinal division. Disruption of more than one column can 
indicate instability and has implications with regard to 
treatment       
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are opposite in position relative to the X-ray 
source, record the strength of the exiting X-ray 
after passing through the patient; this information 
is then processed by a computer to produce a 
detailed two-dimensional cross-sectional image 
of the body. Early CT scanners had a single X-ray 
source and single detector. This required a full 
360° acquisition followed by the table moving to 
a new position, where the process was repeated. 
Early scanners required 30 min or more to do a 
single CT of the brain. With current technology 
there are scanners that contain 256 (or more) 
individual detectors, allowing the table to move 
quickly through the X-ray beam. This enables 
acquisition of a tremendous amount of data, 
resulting in higher-quality images that are easily 
reconstructed into various multiple planes, 
thought to be more useful clinically than axial 

images alone. We can now scan an entire body in 
a few seconds! 

 Computed tomography is a noninvasive, pain-
less, and fast imaging diagnostic technique and is 
the modality of choice for imaging bony detail. 
Because of the accuracy and ease of CT, there has 
been a marked increase in usage in the last 
30 years. It is estimated that more than 62 million 
CT scans are currently obtained each year in the 
USA, as compared with 3 million in 1980, over a 
20-fold increase  [  18  ] . While CT is a widely used 
diagnostic technique, several disadvantages need 
to be considered, such as higher direct medical 
costs, ionizing radiation, and availability. It is 
estimated that medical CT scanning contributes 
approximately 45 % of the US population’s col-
lective radiation dose from all medical X-ray 
examinations  [  19  ]  and must be used judiciously.  

a b

  Fig. 4.10    Lateral ( a ) and frontal ( b ) radiographs of the lumbar spine with pertinent radiographic anatomy labeled       
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    4.1.2.2   CT for Spine Evaluation 
 CT demonstrates exquisite bony detail and spa-
tial resolution. The current technology allows 
reformation of the data in multiple planes. The 

bony anatomy visible is identical to that seen 
on radiograph, but the tomographic depiction 
allows much improved visualization of frac-
tures and bony lesions as discussed above 
(Fig.  4.12a, b ).  

 CT is commonly used for evaluation of the 
spine following trauma. Care should be taken to 
select patients carefully, to minimize radiation 
dose and medical cost. However, the cost of any 
diagnostic test needs to be considered with 
regard to the diagnostic ef fi cacy, the appropriate 
and rapid work-up of trauma patients, and the 
risk of misdiagnosis. When considering these 
factors in the setting of acute cervical spine 
trauma, C. Craig Blackmore et al.’s cost-effective 
analysis indicated that screening CT of the cer-
vical spine should be adopted for the initial 
evaluation of  high-risk  patients  [  20  ] . The sensi-
tivity of screening cervical spine CT is higher 
than that of radiography  [  21  ]  for fractures of all 
types. Several other studies have shown CT to 
be far superior in evaluation of cervical spine 
trauma  [  22–  25  ] . 

 The 2007 American College of Radiology 
Appropriateness Criteria emphasizes this and 
recommends that “thin-section CT, and not radi-
ography, is the primary screening study for sus-
pected cervical spine injury”  [  26  ] . 

 CT is excellent for accurate bony evaluation 
and is commonly used for assessment of pri-
mary or metastatic neoplasms involving the 
spine. In the evaluation of diskitis and osteomy-
elitis, CT allows excellent visualization of the 
characteristic endplate destructive changes 
(Fig.  4.13a, b ).  

 Radiographic evaluation of the postopera-
tive spine can be challenging. Although the 
effectiveness of conventional CT can be lim-
ited by severe beam-hardening artifacts, the 
evolution of multichannel CT has made avail-
able new techniques that can help minimize 
these artifacts  [  27  ] . Postoperative imaging is 
typically performed to assess the progress of 
osseous fusion, to con fi rm the correct position-
ing and the integrity of instrumentation, to 
detect suspected complications (infection, non-
union, or hardware loosening), and to detect 

  Fig. 4.11    A 19-year-old female with idiopathic scoliosis. 
Large-format scoliosis radiographs in lateral ( a ) and fron-
tal ( b ) projections. These large-format views allow for 
evaluation of the overall sagittal balance ( a ,  white line ) 
and coronal balance ( b ,  white line ). Appropriate sagittal 
balance is a plumb line that extends from the center of the 
C7 vertebral body inferiorly to intersect the dorsal margin 
of the S1 endplate ( a ,  arrow ). Coronal balance is mea-
sured with a plumb line that extends from the C7 spinous 
process inferiorly through the pubic symphysis/mid-
sacrum. This patient demonstrates minimal anterior and 
left coronal imbalances of a degree that would not likely 
be considered clinically signi fi cant       
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new disease or disease progression (Fig.  4.14 ) 
 [  28  ] . Radiography is the noninvasive modality 
most commonly used for the assessment of 
fusion, although CT has been reported to be 
more accurate  [  29  ] .  

 Evaluation of the intraspinal soft tissues in 
patients who are unable to undergo MRI can be 
challenging. CT myelography can be used in these 
situations for the evaluation of nerve root impinge-
ment-related spinal degenerative disease. Following 
the injection of iodinated myelographic contrast 
material into the thecal sac, CT is performed. The 
opaci fi cation of the thecal sac  fi lled with contrast 
affords more accurate evaluation of central spinal 
canal and neural foraminal narrowing.   

    4.1.3   Magnetic Resonance 

    4.1.3.1   Background and Physics 
 MR uses a powerful static magnetic  fi eld (com-
monly referred to as the  fi eld strength of the mag-
net, measured in Tesla (T)) to align the 
magnetization of atoms in the body. Current clin-
ical MRI systems range from 0.2 to 3.0 T. Once 
the patient has been placed in this powerful static 
magnetic  fi eld, radio-frequency pulses systemati-
cally alter the alignment of these magnetized pro-
tons. The frequency at which the protons realign 
along the static magnetic  fi eld is tissue speci fi c, 
and this information is used to construct an image 
of the scanned area of the body. A more extensive 

a b

  Fig. 4.12    CT coronal ( a ) and sagittal ( b ) reconstructions 
of a 43-year-old female with chronic neck pain demon-
strate the tomographic anatomy afforded by current CT 
techniques. Coronal reconstruction ( a ) shows normal 
uncovertebral joints ( black arrows ) at C3–4, with typi-

cally degenerative appearance to the C4–5 uncovertebral 
joints, right greater than left ( circle ). Sagittal reconstruc-
tion ( b ) shows great bony detail and in this patient shows 
degenerative disk disease with endplate productive change 
greatest at C4–5 ( white arrows )       
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discussion of MR physics is beyond the scope of 
this chapter, but the different appearances of the 
same tissue between different sequences (T1, T2, 
STIR, fat-suppressed sequences) take advantage 
of these physical properties, and altering the time 
at which the protons are measured can allow the 
different properties of the tissues to be 
accentuated. 

 Producing a high-quality MR image is depen-
dent on a number of factors. Jarvik et al., in ana-
lyzing the quality of lumbar spine MR images, 
showed that  fi eld strength was the strongest 

predictor of quality, with the higher magnetic 
 fi eld strength producing higher-quality images 
 [  30  ] . The individual parameters of the sequences, 
the gradient strength, the receiver coils used to 
pick up the signal information, the software plat-
form, and many other factors differ between MR 
systems and contribute greatly to image quality 
as well. Not all MRI are equal! 

 MR imaging advantages are multiple, includ-
ing better spatial and contrast resolution of soft 
tissue and muscle relative to other imaging 
modalities. In addition, unlike CT scans or 

a b

  Fig. 4.13    A 69-year-old male 2 months following poste-
rior interspinous fusion surgery. Patient had subsequent 
postoperative infection with Staphylococcus aureus with 
ongoing and worsening low back pain and radicular leg 
pain. Sagittal ( a ) and coronal ( b ) reconstructed CT images 
show the typical endplate destructive changes of diskitis/

osteomyelitis ( black arrows ). Contrast the destructive 
endplate appearance with the normally corticated L2–3 
endplates ( white arrows ). L4–5 disk space is narrowed 
and there is marginal bony production, but the endplates 
remain well corticated, typical of degenerative changes 
(white ellipse)       
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conventional radiograph, MRI uses no ionizing 
radiation. MR has become the imaging modality 
of choice for the evaluation of most spinal 
pathologies. 

 Disadvantages of conventional MR imaging 
include long imaging times and high cost. The 
prolonged image acquisition time makes MR 
acutely susceptible to motion artifact and the 
patient must have the ability to lie still in the bore 
of the magnet for long periods of time. Unlike CT 
or radiography, there are many more potential 
contraindications to MRI. These include claus-
trophobia, obesity, and metal and implanted 

devices that are not MRI compatible (pacemak-
ers, spinal stimulators, ferromagnetic material in 
high-risk areas of the body, and many others). 
The compatibility of implantable devices is a 
signi fi cant concern and much effort is spent by 
imaging professionals to con fi rm the MRI safety 
of patients prior to scanning (MRIsafety.com is a 
website where MR compatibility of most implant-
able devices can be found). Due to the clear 
advantages of MRI over other imaging modali-
ties, research and development is ongoing to cre-
ate MR-“safe” implantable devices, such as 
pacemakers. 

a b

  Fig. 4.14    Sagittal ( a ) and coronal ( b ) reconstructed CT 
images in a 57-year-old female who underwent prior 
T10–S1 revision spinal fusion 22 months prior to this CT 
scan. The patient has posterior spinal instrumentation 
with pedicle screws at all levels and interbody grafts as the 

solidly fused L2–4 levels ( black arrows ). Findings at 
L5–S1 are typical of nonunion with vacuum disk phenom-
enon ( a ,  curved arrow , indicative of micromotion) and S1 
pedicle screw loosening ( b ,  white arrow ). CT is excellent 
at evaluating the postoperative spine       
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 Most metals are MR safe if they are not located 
in critical anatomic areas; however, it can 
signi fi cantly degrade MRI imaging quality. Metal 
alters the local magnetic  fi eld producing mag-
netic susceptibility artifact, distorting the normal 
physical properties of the adjacent tissues. The 
effect is most severe with ferromagnetic stainless 
steel implants or foreign bodies. Modern implants 
made of titanium alloys are less ferromagnetic 
and thus produce less severe magnetic suscepti-
bility artifacts, but these artifacts remain a 
signi fi cant obstacle to visualization of areas in 
close proximity to metallic hardware (Fig.  4.15 ).  

 Gadolinium-based chelates can be used in 
MRI as IV contrast agents. The gadolinium pro-
duces a paramagnetic effect that shortens the T1 
relaxation time of adjacent protons. This creates 
high T1 signal in tissues with increased vascular-
ity. The appearance of enhancement can be fur-
ther accentuated by fat suppressing the 
post-contrast images (Fig.  4.16 ).   

    4.1.3.2   MR for Spine Evaluation 
 MR imaging of the spine can depict alterations in 
both the anatomy and tissue properties, but these 
 fi ndings clearly need to be considered within a 
clinical context  [  31  ] . MRI is the study of choice 
for most spine pathology. MRI is helpful in the 
evaluation of intervertebral disk signal (dehydra-
tion) and contour abnormalities, such as disk 
bulge and herniation, evaluation of the bone mar-
row, neural foraminal patency, spinal canal nar-
rowing, and facet joints in patients with 
nontraumatic spine pathology. In a traumatic set-
ting, MRI is highly accurate for evaluation of ver-
tebral body fracture and is the method of choice 
for imaging ligament injury, traumatic disk pro-
trusion, and posttraumatic spinal cord compres-
sion or injury  [  32  ] . 

 Full-spine and whole-body MR imaging are 
useful in the assessment and diagnosis of mul-
tifocal lesions of the skeleton. MR imaging, 
with an accuracy of 90 %, is the diagnostic 

a b

  Fig. 4.15    Sagittal ( a ) and axial ( b ) T2-weighted 
sequences at the level of posterior spinal instrumentation 
demonstrate susceptibility artifact typical of present-day 
titanium spinal hardware ( arrows ). Titanium implants are 

non-ferromagnetic and produce far less artifact compared 
to older stainless steel hardware. Even so, titanium pro-
duces enough artifact to obscure detailed evaluation of 
adjacent tissues and distorts their appearance       
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imaging procedure of choice for spinal osteo-
myelitis  [  33  ] . 

 Sequences acquired during spine imaging 
include, at a minimum, sagittal  fl uid-sensitive 
T2-weighted sequence, sagittal T1-weighted 
sequence, and axial T2-weighted sequences. 
Many centers (including the author’s) include a 
STIR sequence as a sagittal fat-suppressed  fl uid-
sensitive sequence. This allows edema of bone 
and soft tissue to stand out against a strongly fat-
suppressed background (Fig.  4.17 ). Axial images 
can be acquired in a stacked fashion, throughout 

the imaged portions of the spine. Commonly 
axial images acquired parallel to the disk spaces 
are used in addition to the stacked axial images. 
This is particularly useful in the lumbar spine, 
where lumbar lordosis commonly results in a 
disk axis that is oblique to the orthogonal axial 
plane. In the cervical spine, gradient axial images 
can decrease the T2 artifact associated with 
 fl owing CSF and allow a more accurate evalua-
tion of the central canal (Fig.  4.18 ).   

 Anatomic structures that are critical to evalu-
ate on MR imaging of the spine are numerous. In 
imaging any portion of the spine, the bone mar-
row signal should be critically assessed as diffuse 
marrow disease commonly involves the spinal 
marrow. The marrow in an adult should be rela-
tively fatty in content and, as such, be of rela-
tively high T1 signal. With marrow replacement 
related to diffuse metastatic disease, blood can-
cers (myeloma, lymphoma, leukemia), or pro-
found anemia (sickle cell anemia, myelo fi brosis), 
the T1 signal drops. The adjacent disk is a useful 
internal control and the marrow signal should 
always maintain a T1 signal that is higher than 
the disk (Fig.  4.19 ).  

 In the cervical spine (Fig.  4.17 ), sagittal 
images are critically evaluated to con fi rm spinal 
segmental alignment, normal cord signal, normal 
disk height, degree of degenerative disk, facet 
joint, and uncovertebral joint disease. In the cer-
vical spine, the neural foramina are oriented ante-
rolateral making their assessment on sagittal 
imaging more dif fi cult as they are not in a true 
sagittal plane. The axial images are most critical 
for evaluation of the neural foramina. Neural 
foraminal narrowing in the cervical spine can be 
acutely related to disk herniation but more typi-
cally is the result of a chronic process related to 
uncovertebral joint and facet joint arthrosis 
(Fig.  4.18 ). 

 Similar evaluation in the lumbar spine is nec-
essary (Fig.  4.20 ). Sagittal images are scrutinized 
for disk hydration and height loss; the conus is 
assessed for appropriate position (the cord should 
terminate between T12 and L2); and each spinal 
level is assessed segmentally. It is important at 
each level to assess the degree of disk disease or 
disk herniation, facet arthrosis, and ligamentum 

  Fig. 4.16    Same patient as Fig.  4.13 , with diskitis/osteo-
myelitis of the L3–4 disk space. Sagittal T1-weighted fat-
suppressed MR image, following the administration of IV 
gadolinium, demonstrates the typical T1 paramagnetic 
effect of gadolinium chelates, with hypervascular tissues 
demonstrating robust enhancement ( white asterisks )       
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a b c

  Fig. 4.17    Sagittal MRI sequences of a typical MRI of the 
cervical spine. ( a ) Sagittal T2-weighted sequence with the 
typical high signal of cerebral spinal  fl uid. Disk desicca-
tion is illustrated by dark disks on T2-weighted sequences 
( white arrows ), in contrast with normally hydrated disks 
( arrowheads ). The cervical cord is well assessed on  fl uid-
sensitive sequences. ( b ) T1-weighted sequence is excel-

lent at evaluating the bony anatomy and overall marrow 
signal (which should not be hypointense/darker ( asterisk ) 
compared to adjacent disk ( black arrow )). ( c ) Sagittal 
STIR sequence is a fat-suppressed,  fl uid-sensitive 
sequence. Note the dark fat on the STIR ( white star ) com-
pared to the bright fat on T2 nonfat-suppressed and 
T1-weighted sequences ( black stars )       

a b c

  Fig. 4.18    Axial MR images of the cervical spine at C4–5 
( a ,  b ) and C5–6 ( c ). ( a ) Axial T2-weighted image show-
ing normal anatomy, including central spinal canal (con-
taining CSF and spinal cord ( SC )), neuroforamen ( NF ), 
exiting C6 nerve roots ( C6 ), and vertebral arteries ( VA ). 
Note the subtle signal heterogeneity of the CSF caused by 
CSF motion on T2-weighted sequences ( white arrow-
heads   a ,  c ). ( b ) Axial gradient sequence does not suffer 

from the motion artifact of the CSF, with distinct  fl uid 
seen surrounding the cord. Additional advantage to gradi-
ent echo images is the difference in signal intensity of the 
disk compared to bone, allowing differentiation of acute 
herniation from chronic bony spurs. ( c ) Axial T2-weighted 
sequence at the C5–6 level demonstrating uncinate hyper-
trophy contributing to mild left-sided neuroforaminal nar-
rowing ( white arrow ,  c ). Trachea ( Trach )       
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 fl avum hypertrophy and evaluate the impact of 
these factors on the traversing and exiting nerve 
roots at each level (Fig.  4.20c ).    

    4.1.4   Ultrasound (US) 

 The use of ultrasound in adults for evaluation of 
the spine is largely restricted to the identi fi cation 
of super fi cial soft tissue abnormalities, including 

postoperative  fl uid collections. Ultrasound is less 
accurate than CT and MR in detecting soft tissue 
masses, particularly those arising close to the 
bony boundaries of the pelvis and sacrum. 
However, ultrasound is accurate in determining 
the size of super fi cial soft tissue masses and is 
therefore useful and cost-effective in selective 
circumstances. 

 US is a well-established method of investi-
gating the spinal canal and cord as well as the 

a b

  Fig. 4.19    Sagittal T1-weighted nonfat-suppressed 
images in two different patients. ( a ) A 57-year-old female 
with degenerative changes of the spine. Note the hyperin-
tense ( bright ) appearance of her vertebral bodies relative 
to the adjacent disks. This is typical of adult spinal mar-
row. ( b ) A 62-year-old male with multiple myeloma. The 

T1 signal of this patient’s marrow is markedly more 
hypointense ( darker ) compared to the patient in ( a ) and is 
isointense to adjacent disk. In this patient the abnormal T1 
signal is related to the marrow replacement by diffuse 
myelomatous involvement. Note the pathologic fracture 
of T10 through a myeloma lesion ( arrow )       
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meningeal coverings in newborns and infants 
 [  34–  36  ] . US of the spinal cord is performed in 
newborns with signs of spinal disease (cutaneous 
lesions of the back, deformities of the spinal col-
umn, neurologic disturbances, suspected spinal 
cord injury due to traumatic birth, and syndromes 
with associated spinal cord compression).  

    4.1.5   Nuclear Medicine 

 Radionuclide bone imaging is not speci fi c, but its 
excellent sensitivity makes it useful in screening 
for many pathologic conditions. Radionuclide 
bone imaging is quick, relatively inexpensive, 
widely available, exquisitely sensitive, and valu-
able in the diagnostic evaluation of numerous 
pathologic conditions. 

 Bone scintigraphy with technetium-
99m-labeled diphosphonates is one of the most 
frequently performed of all radionuclide proce-
dures. It serves as a “physiologic” imaging 

modality with the ability to localize areas of bone 
turnover. This is particularly useful in evaluating 
the skeleton for bony metastases or assessing frac-
tures. In the absence of underlying bone abnor-
malities, three-phase bone scintigraphy can be 
both sensitive and speci fi c for osteomyelitis  [  37  ] . 

 Skeletal single photon emission computed 
tomography (SPECT) using technetium-99m 
( 99m Tc)-labeled phosphate agents can be used to 
increase sensitivity and speci fi city for a number 
of disorders, most commonly spondylolysis  [  38  ] . 
The advantage of SPECT is the multiplanar capa-
bility and allows more precise localization of 
increased radiotracer bony uptake. More recently 
SPECT cameras have been incorporated with CT 
to allow fusion of the exquisite anatomic data of 
CT with the functional uptake data afforded by 
scintigraphy. 

 Positron emission tomography (PET) is widely 
used for evaluation of malignancy and whole-
body imaging to assess disease burden. PET 
uses compounds labeled with isotopes to target 

a b c

  Fig. 4.20    Sagittal T2 ( a )-, T1 ( b )-, and axial T2 ( c )-
weighted acquisitions through the lumbar spine. 
( a ) Sagittal T2 showing disk desiccation and narrowing of 
L2–3, L4–5, and L5–S1 ( thick black arrows ). Contrast 
with normal L3–4 disk ( arrow head ). Conus medullaris 
( CM ) and nerve roots of the cauda equina ( CE ). ( b ) Sagittal 

T1 showing normal marrow hyperintensity compared to 
disk. ( c ) Axial T2 sequence at the L3–4 level, demonstrat-
ing exiting L3 nerve roots ( L3 ), traversing L4 nerve roots 
( L4 ), and the rootlets of the cauda equina ( CE ). 
Ligamentum  fl avum ( thick white arrows )       
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particular tissues in the body and detects the 
gamma rays emitted by these isotopes within the 
target tissue. Most widely used is glucose labeled 
with F 18  ( fl ourodeoxy- d -glucose) that effectively 
targets hypermetabolic tissues that metabolize 
large amounts of glucose (FDG-PET). Although 
this is most commonly used to image FDG avid 
tumors, infection and in fl ammation are FDG avid 
as well and FDG-PET can be used to effectively 
image infectious and in fl ammatory diseases of 
the spine. However, increased osseous FDG 
activity has also been observed in in fl ammatory 
arthritis, in acute fractures, and in normally heal-
ing bone up to 4 months after surgery  [  39  ] . It is 
most common for the metabolic data acquired 
through PET to be combined with the anatomic 
data by fusing with CT or MRI images. 

 A combined study consisting of WBC imag-
ing and complementary bone marrow imaging 
performed with technetium-99m (99mTc) sulfur 
colloid is approximately 90 % accurate for diag-
nosing osteomyelitis  [  40  ] . Drawbacks to labeled 
leukocyte imaging include the labor-intensive 
leukocyte labeling required, the inconsistent 
availability of the exam, and the need for direct 
contact with blood products.  

    4.1.6   Bone Densitometry 

 Dual-energy X-ray absorptiometry (DXA) uses 
the relative attenuation of two different energy 
X-ray beams to estimate bone density. The esti-
mate of bone density in g/cm 2  is then compared 
to a normal control population, and the number 
of standard deviations is reported as the T-score. 
For example, a T-score of −1.5 indicates bone 
density that is 1.5 standard deviations below the 
normal control population mean. The World 
Health Organization has established cutoff lev-
els that are based on the lifetime risk of fracture 
of a postmenopausal female. T-scores of −1.0 or 
above are considered normal bone density, 
between −1.0 and −2.5 is considered osteope-
nia, and −2.5 or below qualifying as osteoporo-
sis  [  41  ] . Clinically, bone density measurements 
can be used to predict future skeletal fracture 
risk, provide serial monitoring, and guide 

medical treatment. Central DXA has been shown 
to be most accurate and entails measurement of 
the spine and hips. Peripheral DXA is less accu-
rate but can be used when hips or spine is not 
measureable related to orthopedic hardware or 
signi fi cant degenerative arthrosis.   

    4.2   Case Presentations of Spinal 
Imaging 

    4.2.1   Imaging of Trauma 

    4.2.1.1   Cervical Spine Trauma: Case 
Presentations and Differential 
Considerations 

  Case 1 

 A 22-year-old man was a passenger in vehicle 
that was rear-ended while at a stop sign. The 
speed of the collision was estimated at 10 mph. 
Airbags did not deploy. The patient is awake, 
alert, and not intoxicated. He complains of mild 
neck pain but has no complaints otherwise. On 
physical exam, the patient has no focal area of 
tenderness to palpation, and no focal neurologic 
de fi cits are found. He is able to actively rotate his 
neck back and forth without signi fi cant 
discomfort.  

  Case 2 

 A 45-year-old man is brought in by his wife after 
falling off a ladder while cleaning his gutters. He 
estimates he fell approximately 10 ft, braced 
himself with his arms, but partially landed on this 
neck, with a hyper fl exion mechanism. His neck 
and right arm are painful. He is alert and awake 
with a GCS of 15. He is not intoxicated.  

  Case 3 

 A 35-year-old man arrives by ambulance after a 
high-speed MVC. The patient is sedated and 
was intubated in the  fi eld and a cervical collar 
is in place. The paramedics report that the 
patient had severe neck pain and inability to 
move his upper and lower extremities prior to 
intubation. Exam is limited by sedation and 
intubation, but there are clear signs of trauma 
on initial survey.    
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    4.2.2   Cervical Spine Trauma: 
Imaging Decision-Making 

 Trauma patients with potential cervical spine 
injury (CSI) can be divided into two groups, with 
different diagnostic pathways. The  fi rst group is 
classi fi ed as low risk and consists of patients with 
a Glasgow Coma Scale (GCS) score of 15, who 
are awake, alert, cooperative, and non-intoxicated 
without distracting injury. Distracting injuries are 
injuries that hinder the reliability of the question-
ing and examination of the patient  [  42  ] . These 
distracting injuries include long-bone fracture, 
large laceration, degloving injury or crush injury, 
large burns, and any other injury producing acute 
functional impairment. 

 Within the low-risk group, these patients can 
be subdivided into patients that require cervical 
spine radiography for evaluation of their cervical 
spine and those that do not require cervical spine 
radiography and can be clinically cleared. 

 Two large, prospective studies have been per-
formed for developing criteria that rule out 
signi fi cant CSI after blunt trauma based on his-
tory and clinical examination. Both studies 
included only awake and alert patients. 

 The National Emergency X-radiography 
Utilization Study (NEXUS)  [  2  ]  used  fi ve criteria 
to de fi ne a low probability of injury (the NEXUS 

“No’s,” Table  4.1 ). The study looked at 34,069 
patients who had experienced blunt trauma. In 
those patients satisfying the NEXUS no-risk cri-
teria, there was a 99.8 % negative predictive value 
for cervical spine injury. The patient in Case 1 
satis fi es the NEXUS criteria and does not require 
any cervical spine imaging.  

 The Canadian C-spine Rule (CCR) study, 
which de fi ned three high-risk and  fi ve low-risk 
criteria  [  43  ]  (Table  4.2 ), was developed concomi-
tantly with the NEXUS criteria, in a population 
of 8,773 patients. The CCR relies on the absence 
of high-risk factors, the presence of low-risk fac-
tors, and a pain-free rotational range of motion to 
exclude the need for radiography. The patient in 
Case 1 has no CCR high-risk criteria, was 
involved in simple rear-end MVC (one of the 
CCR low-risk criteria), and had painless rota-
tional range of motion. Based on CCR evalua-
tion, this patient does not require cervical imaging 
and can be clinically cleared.  

   Table 4.1    NEXUS “No’s”   

 1.  NO  posterior midline tenderness 
 2.  NO  focal neurologic de fi cit 
 3.  NO rmal alertness 
 4.  NO  evidence of intoxication 
 5.  NO  painful distracting injury 

   Table 4.2    Canadian C-spine rule   

 High-risk factors  If any high-risk factors are present, proceed to 
radiography   1. Age >65 years 

  2. Dangerous mechanism 
   Fall from >1 m/5 stairs 
   Axial load to head (diving injury) 
   High-speed MVA (>100 km/h), rollover, and ejection 
   Motorized recreational vehicle injury 
   Bicycle collision 
  3. Paresthesias in extremities 
 Low-risk factors (if any low-risk factors are present and 
high-risk factors are absent, proceed to ROM) 

 If none of these are present, proceed to 
radiography 

  1. Simple rear-end MVC 
  2. Sitting position in ED 
  3. Ambulatory at any time 
  4. Delayed onset neck pain 
  5. Absence of midline C-spine tenderness 
 Able to actively rotate neck 45° left or right?  If pain-free, no radiography is necessary 

  Adapted from  [  43  ]   
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 The Canadian study group compared the CCR 
criteria with the NEXUS criteria in a group of 
8,283 patients. Based on the CCR criteria, the 
number of radiologic studies was reduced, 
although the methodology of this comparative 
study was criticized by several authors  [  44  ] . 
Given the absence of large, independent prospec-
tive studies that compare both criteria, no clear 
superiority of either study criterion can be 
declared. 

 Imaging decisions in Case 2 are largely based 
on clinical suspicion of cervical spine injury. If 
clinical suspicion is low, three-view radiographic 
cervical spine series (AP, lateral, and open-mouth 
odontoid views) can be used to assess for injury 
and, if no injury is demonstrated and the patient 
has an appropriate exam, the cervical spine can 
be cleared. In low-risk patients with neurological 
symptoms and high clinical suspicion, advanced 
imaging is so commonly indicated that several 
authors have advised CT scanning of the cervical 
spine primarily, obviating the time, cost, and 
radiation dose associated with cervical spine 
radiographs  [  45,   46  ] . In the low-risk patients with 
a high clinical suspicion of injury (i.e., signi fi cant 
pain and/or paresthesias) and no  fi ndings on the 
radiographs or CT scan, it may be advisable to 
perform MRI to detect potential soft tissue/liga-
mentous injury. 

 When injuries are diagnosed with X-ray imag-
ing, additional imaging is advised for optimal 
planning of treatment (i.e., CT scan or MRI)  [  47  ] . 
If the three-view series is inadequate for assess-
ment, a CT scan of the cervical spine may be 
indicated, depending on the risk assessment of 
the patient. 

 The second group is high mechanism of 
injury and consists of unconscious, sedated, 
intoxicated or noncooperative patients, those 
with a distracting injury or an altered mental 
state (GCS < 15), and those with neurological 
symptoms referable to a cervical spine injury. 
Case 3 represents this type of patient, where 
cervical spine injury is clinically probable. In 
these patients, attempts to obtain diagnostic 
radiographs are not advocated as they are typi-
cally time-consuming and costly, and higher-
level imaging is inevitably necessary. CT should 

be the  fi rst-line imaging, with MRI obtained as 
necessary. 

 While CT scanning is superior to radiogra-
phy in detecting injuries, soft tissue injuries 
such as ligamentous, intervertebral disk, and 
spinal cord injuries may be missed on CT. 
Currently, MRI is the most sensitive imaging 
technique for soft tissue injuries of the C-spine, 
including spinal cord injuries. However, MRI is 
less sensitive for osseous injuries (55 %) than 
CT (90–100 %)  [  47,   48  ] . Consequently, MRI as 
the sole imaging technique is not suf fi cient to 
clear the cervical spine and should be used in 
addition to CT. Furthermore, there are several 
signi fi cant disadvantages of MRI in high-risk 
patients, most notably the dif fi culty in monitor-
ing and supporting the vital conditions of the 
severely injured patients during the transport 
and imaging procedure itself. In addition, MR 
imaging may be contraindicated in the presence 
of ventilation equipment or metal implants 
(pacer, spinal stimulator, etc.). MRI should pri-
marily be considered in patients with unex-
plained neurological symptoms or focal 
neurologic de fi cits and for evaluation of exten-
sive injuries.  

    4.2.3   Cervical Spine Trauma: 
Imaging Findings 

  Case 1 

 No imaging was necessary as the patient satis fi ed 
both the NEXUS criteria and the Canadian 
C-spine Rule, obviating the need for imaging.  

  Case 2 

 Normal radiographs of the cervical spine were 
obtained (not provided).  

  Case 3 

 CT images of the patient in the high-speed MVC 
(Fig.  4.21 ) show a triangular fracture fragment 
off of the inferior anterior vertebral body of C5, 
with retropulsion of the C5 vertebral body and 
marked splaying of the spinous processes. This 
appearance is consistent with a  fl exion teardrop 
fracture.    
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    4.2.4   Cervical Spine Trauma: 
Case Discussion 

  Case 3 

 A  fl exion teardrop (burst) fracture is an unstable 
fracture that results from combined  fl exion and 
compression and presents as “acute anterior cord 
syndrome” characterized by quadriplegia, loss of 
anterior column senses, and retention of posterior 
column senses, with greater than 80 % of patients 
sustaining permanent neurologic injury  [  49  ] . In 
this type of fracture, vertical height of the “tear-
drop” fragment is often less than or equal to the 
horizontal caliber (in contradistinction to an 
extension teardrop fracture fragment, usually a 
less severe injury). The best way to distinguish a 
 fl exion teardrop fracture from an extension-type 
fracture, however, is by mechanism of injury and 
the typical three-column involvement of the 
 fl exion teardrop injury. 

 Given the severity of the injury and the 
patient’s associated neurologic abnormalities, an 
MRI should be performed. In this case, surgical 
reduction and fusion were performed emergently 
and the MRI was obtained postoperatively. The 
most concerning  fi nding on these images is the 
heterogeneous signal on T2-weighted images in 
the spinal cord corresponding to spinal cord hem-
orrhage and edema (Fig.  4.22 ).  

 There are three basic patterns of MRI  fi ndings 
in spinal cord injury (SCI). These  fi ndings con-
sist of spinal cord hemorrhage, spinal cord edema, 
and spinal cord swelling. The typical SCI is spin-
dle shaped containing an epicenter of hemorrhage 
surrounded by a halo of edema with peripheral 
extension of cord swelling (Fig.  4.22 ). In acute 
hemorrhage following injury, deoxyhemoglobin 
is the most common blood product present, 
appearing hypointense on T2-weighted and gra-
dient echo sequences. The detection of a sizable 

  Fig. 4.21    Sagittal reconstruction of a cervical spine CT 
in a 35-year-old male involved in a high-speed motor 
vehicle accident demonstrates focal kyphosis at C5 with a 
fracture fragment donated from the anterior inferior C5 
vertebral body ( black arrows ). Note the complete disrup-
tion of the posterior longitudinal line ( white arrow ) and 
the marked splaying of the spinous processes ( star )       

  Fig. 4.22    Sagittal T2-weighted image in same patient as 
Fig.  4.21 , following emergent reduction and C4–C6 fusion 
with anterior fusion plate ( white arrows ). The MRI dem-
onstrates spinal cord hemorrhage (low-signal focus, 
 curved arrow ) with surrounding edema. Cord hemorrhage 
connotes a poor neurologic prognosis       
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focus of blood in the cord (>10 mm in length on 
sagittal images) is associated with a complete 
neurologic injury  [  50  ] . The anatomic location of 
hemorrhage closely corresponds to the level of 
the neurologic de fi cit. 

 Spinal cord edema is characterized by increased 
signal on T2-weighted sequences. The length of 
edema in the spinal cord is directly proportional to 
the degree of neurologic de fi cit  [  50  ] . Edema is 
always found with cord hemorrhage; however, the 
converse is not always true. Cord edema without 
hemorrhage connotes a more favorable prognosis. 

 Spinal cord swelling is de fi ned as a focal 
increased caliber of the cord. The change in cali-
ber is greatest at the point of trauma and is often 
secondary to underlying edema or hemorrhage 
that may not be visible by imaging. Cord swell-
ing alone does not correlate well with the severity 
of spinal cord injury.   

    4.2.5   Thoracolumbar Spine Trauma: 
Case Presentation and 
Differential Considerations 

  Case 4 

 A 45-year-old woman presents with signi fi cant 
back pain after MVC. She was a backseat pas-
senger involved in a high mechanism collision 
wearing only a lap belt. She was not ejected. On 
physical exam the patient has tenderness to pal-
pation at the thoracolumbar junction and diffuse 
abdominal pain. No focal neurologic de fi cits are 
elicited. Possible injuries in this patient include 
lumbar spine fracture, spinal ligamentous injury, 
intra-abdominal organ injury (including bowel 
injury), aortic injury, or super fi cial soft tissue 
injury such as a contusion or hematoma.   

    4.2.6   Thoracolumbar Spine Trauma: 
Imaging Decision-Making and 
Findings 

 Initial study in this patient should consist of a 
trauma CT abdomen/pelvis with thoracic and 
lumbar spine reconstructions. This imaging study 
allows the clinician to evaluate for intra-abdomi-
nal organ injury as well as spine injury. The CT in 

this patient shows a transversely oriented fracture 
through the vertebral body and posterior elements 
of L1 (Fig.  4.23 ). This type of injury is character-
ized as a Chance fracture.   

    4.2.7   Thoracolumbar Trauma: 
Case Discussion 

 A Chance fracture is a transversely oriented frac-
ture through all three spinal columns. Chance 
fractures are hyper fl exion injuries in which there 
is distraction of the posterior elements and impac-
tion of the anterior components of the vertebrae. 
The compression component from hyper fl exion 
is usually minor compared to the distraction com-
ponent. These types of fractures were historically 
described in the setting of motor vehicle colli-
sions with passengers restrained by lap belts and 
typically occurred from T10 to L3  [  51  ] . Today, as 
lap belts have become less common in vehicles, 
the mechanism tends to be related to falls, where 
axial load is applied to a  fl exed thoracolumbar 
junction  [  52  ] . More than 50 % of patients have 
associated bowel injuries. Occasionally these 
fractures can be associated with retropulsion of 
fracture fragments donated from the posterior 
vertebral body (as is seen in Fig.  4.23  of this 
case). If these  fi ndings are identi fi ed, or if the 
patient has neurologic de fi cits, a lumbar spine 
MRI (Fig.  4.24 ) should follow to evaluate for 
inferior cord injury and nerve root compromise 
and to further characterize the degree of ligamen-
tous injury. It should be noted that the hyper fl exion 
mechanism can direct a line of force through the 
disk space, resulting in a severe, three-column 
injury to the soft tissue and ligamentous restraints 
of the spine, with little or no bony involvement.   

    4.2.8   Imaging of Nontraumatic 
Back Pain 

    4.2.8.1   Spondylodiskitis: Case 
Presentation and Differential 
Considerations 

  Case 5 

 A 25-year-old woman presents with progressive 
worsening of back pain over the last 3 weeks, 
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now severe. She is febrile upon clinical presenta-
tion. On questioning, the patient admits to IV 
drug use. The patient denies any recent trauma or 
history of chronic back pain. The patient also 
denies any radiculopathy, and the neurologic 
exam is intact. Differential considerations in this 
patient include diskitis/osteomyelitis with or 
without epidural abscess, pyelonephritis, pancre-
atitis, soft tissue abscess, muscle strain, and acute 
disk herniation. Urinalysis and lipase are normal. 
Although the patient has no fever, in fl ammatory 
markers including white blood cell count (WBC), 
erythrocyte sedimentation rate (ESR), and 
C-reactive protein (CRP) were all elevated.    

    4.2.9   Spondylodiskitis: Imaging 
Decision-Making and Findings 

 Given the progressive back pain, history of IV 
drug abuse, and elevated in fl ammatory markers, 
spondylodiskitis is high on the differential diag-
nosis. Starting with lumbar spine radiographs in 

this patient is reasonable, as there are radio-
graphic  fi ndings of diskitis (Fig.  4.25 ). Figure 
 4.25  shows severe disk space narrowing of L2–3, 
with endplate destruction of the inferior endplate 
of L2 and superior endplate of L3. The radio-
graphic  fi ndings of diskitis are relatively speci fi c, 
as there are very few noninfectious entities that 
are disk centered and cause endplate destruction 
(aseptic diskitis associated with ankylosing spon-
dylitis, pseudarthrosis in the fused spine, Charcot 
spine, and dialysis-related disk disease are some 
rare entities that can simulate infectious diskitis). 
Occasionally degenerative endplate changes can 
mimic infection, but consist of endplate spurring 
and sclerosis, and do not result in true vertebral 
body endplate destruction, typically easily differ-
entiated from an infectious process by imaging. 
Early radiographic manifestations of spondy-
lodiskitis are nonspeci fi c and it can take 
2–4 weeks to recognize endplate destruction 
radiographically  [  52  ] . In this patient an MRI was 
subsequently performed to evaluate for soft tis-
sue extension of infection and epidural abscess. 

a b

  Fig. 4.23    Sagittal ( a ) and axial ( b ) CT images of a T12 Chance fracture ( white arrow ) with retropulsion of the poste-
rior vertebral body ( curved arrow ). The fracture extends through the left lamina on the axial image ( black arrow )       
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The MRI in this patient con fi rms a disk-centered 
destructive process with adjacent endplate 
destruction, vertebral body marrow edema, and 
post-contrast enhancement of the L2 and L3 ver-
tebral bodies; MRI  fi ndings con fi rming the suspi-
cion of spondylodiskitis (Fig.  4.26 ). In 
spondylodiskitis, the disk can show variable 
enhancement, while the vertebral endplates char-
acteristically enhance avidly.    

    4.2.10   Spondylodiskitis: 
Case Discussion 

 Spondylodiskitis results from infection of the 
vertebral body endplates and disk resulting 
from either hematogenous spread (bacteremia) 

or iatrogenic (postoperative or postprocedural). 
Unlike the pediatric population, the disk is avas-
cular in adults. Hematogenous infection involves 
the vascularized endplates of the vertebral bodies 
with subsequent and rapid spread to involve the 
adjacent disk. Distribution of infection within the 
spine re fl ects the blood supply, with the majority 
of infection involving the lumbar spine (58 %), 
followed by thoracic (30 %) and cervical (11 %) 
 [  53  ] . Lack of blood volume likely accounts for 
the exceptionally rare hematogenous involve-
ment of the posterior elements. 

 Epidural abscess results from suppuration of 
the epidural space and may be due to extension of 
infection from adjacent tissues (spondylodiskitis, 
septic facet arthritis) and postoperative or direct 
hematogenous spread of infection to the epidural 
space. Predisposing factors include IV drug use, 
immunocompromised state, diabetes mellitus, 
chronic renal failure, alcoholism, cancer, or other 

  Fig. 4.24    Sagittal short-tau inversion-recovery (STIR) 
MR image of the T12 Chance fracture shown in Fig.  4.23 . 
The increased T2-weighted signal in the posterior ele-
ments ( white arrow ) on the sagittal image is indicative of 
the distraction injury to the interspinous ligament       

  Fig. 4.25    A 25-year-old female with increasing, now 
severe, low back pain and fever. The L2–3 disk space 
demonstrates destruction of both adjacent endplates (black 
arrow). This is a very speci fi c radiographic appearance of 
diskitis as very few entities other than infection cause a 
disk-centered destructive process       
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chronic diseases. Posterior epidural abscess is 
more common than anterior epidural abscess 
(with a prevalence of 80 % vs. 20 %, respectively) 
 [  54,   55  ] . A posterior epidural abscess more com-
monly arises from hematogenous dissemination 
of infection from the GU or GI tract, lungs, heart, 
or mucocutaneous or cutaneous sources. Posterior 
epidural abscesses are also more common from 
direct extension of infection from prior surgery 
or instrumentation. Anterior epidural abscesses 
often arise from adjacent diskitis/osteomyelitis or 
from direct extension of intra-abdominal infec-
tion. Of note, epidural abscess from diskitis/
osteomyelitis tends to smolder, whereas epidural 
abscess from hematogenous spread tends to prog-
ress more rapidly  [  54,   55  ] . 

 The most common pathogens responsible for 
infectious spondylodiskitis vary signi fi cantly 
depending on the part of the world. In the USA, 

pyogenic organisms are most common with 
 Staphylococcus aureus ,  Staphylococcus epider-
midis ,  Streptococcus , and  Enterococcus  consti-
tuting the most commonly isolated pathogens. 
Tuberculosis is the most common cause world-
wide and brucellosis can be extremely common 
in some geographic areas. 

 In lumbar spinal epidural abscess, the patients 
are at risk for developing cauda equina syndrome 
due to both compressive effects and ischemic 
effects from compromised epidural venous plex-
uses  [  56  ] . Patients with epidural abscesses may 
require emergent surgical decompression with 
abscess drainage in addition to a prolonged 
course of antibiotics. Most patients without neu-
rologic compromise can be managed medically 
with close observation, with prompt surgical 
decompression reserved for those who develop 
neurological deterioration  [  57  ] .  

a b c

  Fig. 4.26    Same patient as in Fig.  4.24  with MRI 
con fi rmation of spondylodiskitis. ( a ) Sagittal short-tau 
inversion-recovery ( STIR ) MR image demonstrates  fl uid 
within the disk space ( white arrow ) as well as adjacent mar-
row edema ( asterisk ). Sagittal T1 ( b ) and T1 fat-saturated 

post-contrast images ( c ) demonstrate endplate destruction 
surrounding the L2–3 disk ( b ). Compare to normally corti-
cated endplate of L1 ( b ,  curved arrow ). There is marked 
marrow enhancement of the L2 and L3 vertebral bodies ( c , 
 asterisks ). There was no epidural abscess       
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    4.2.11   Vertebral Compression 
Fracture: Case Presentation 
and Differential Considerations 

  Case 6 

 An 85-year-old woman presents to the urgent 
care clinic with signi fi cant low back pain fol-
lowing a fall from standing 2 days prior. She had 
immediate pain in her back after her fall. The 
patient does not have any focal neurologic signs 
on exam, but has focal tenderness to palpation 
overlying the T12 vertebral body. Most likely 
diagnosis in an 85-year-old osteoporotic female 
with acute back pain and focal tenderness fol-
lowing low-mechanism trauma is benign osteo-
porotic compression fracture. Pathologic 

fracture from underlying metastatic disease or 
myeloma should remain in the differential until 
excluded.   

    4.2.12   Vertebral Compression Fracture: 
Imaging Decision-Making 
and Findings 

 Initial imaging study in this patient should con-
sist of lumbar spine radiographs to evaluate for a 
compression fracture, destructive osseous lesion, 
or degenerative disease. The lumbar spine radio-
graphs in this patient show diffuse osteopenia 
with vertebral body height loss of T12 (Fig.  4.27a ). 
The acuity of compression fractures can be 

a b c

  Fig. 4.27    An 85-year-old woman presents to urgent care 
clinic following a fall from standing 2 days prior. ( a ) 
Lateral radiograph of the thoracolumbar spine demon-
strates severe compression deformity of T12 ( black arrow ) 
with resultant kyphosis surrounding the fracture. Sagittal 
T1 ( b ) and sagittal short-tau inversion-recovery ( STIR ,  c ) 
images demonstrate the severe compression of the T12 
vertebral body and the high signal indicative of fracture 

acuity ( c ,  white arrow ). Note the central spinal canal nar-
rowing related to dorsal cortical bowing. The degree of 
dorsal concavity was concerning for pathologic fracture, 
but given the marked degree of height loss, this was 
thought likely to be a simple osteoporotic compression 
fracture. Biopsy at the time of kyphoplasty was negative 
for malignancy       
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dif fi cult to con fi rm radiographically, but given 
the acute onset of symptoms in this patient, the 
fracture is likely acute. Radiographic signs of old 
or chronic compression fractures (sclerosis, cal-
lous formation) are absent in this case. If there is 
question as to the etiology of the fracture 
(insuf fi ciency fracture related to osteoporosis 
versus pathologic compression fracture related to 
metastatic disease or myeloma), further imaging 
should be obtained, with MRI being most useful 
for differentiating these entities.  

 An MRI of the lumbar spine was performed in 
this case (Fig.  4.27b, c ), which showed marked 
compression of the central portion of the verte-
bral body with visible fracture clefts and sur-
rounding edema on MRI. The dorsal cortex is 
convex, typically a concerning  fi nding for patho-
logic fracture. The MRI in this case is more con-
vincing for an evacuative process (osteoporosis) 
contributing to the fracture, rather than an 
in fi ltrative process contributing to fracture (patho-
logic process) as the degree of dorsal convexity is 
not more than would be expected for the amount 
of vertebral body height loss. Compare this 
patient’s MRI to another patients with known 
breast cancer metastases and pathologic com-
pression fracture of C5 (Fig.  4.28 ). The degree of 
dorsal convexity is signi fi cantly greater in the 
pathologic fracture compared to the benign osteo-
porotic fracture.   

    4.2.13   Vertebral Compression Fracture: 
Case Discussion 

 This case illustrates the common conundrum in 
distinguishing insuf fi ciency fractures from patho-
logic fractures, as they can often look similar on 
radiographs. MRI generally can help differentiate 
these two entities based on morphology and sig-
nal characteristics  [  58–  60  ] . MR imaging  fi ndings 
suggestive of metastatic compression fractures 
include a convex posterior border of the vertebral 
body, abnormal signal intensity in the pedicle or 
posterior elements, an epidural or paraspinal 
mass, and other spinal metastases  [  61  ] . On 
T1-weighted imaging, pathologic fractures dem-
onstrate rounded or diffuse low-signal-intensity 
marrow replacement. A low-signal-intensity frac-

ture line may or may not be visible. On 
T2-weighted imaging, there is typically rounded 
or diffuse high-signal-intensity marrow replace-
ment, and there tends to be increased conspicuity 
of lesion by using fat-saturation sequences. On 
post-contrast T1-weighted sequences, enhance-
ment around the fracture line and underlying 
lesion is usually more rounded, whereas non-
pathologic fractures typically enhance in a more 
band-like con fi guration  [  58–  60  ] , although differ-
ences in enhancement pattern is not reliable (all 
bone marrow edema, whether from benign com-
pression fracture or pathologic fracture, will 
enhance). Occasionally, the differentiation 
between osteoporotic and metastatic compres-
sion fractures cannot be determined by MR imag-
ing, and biopsy may be necessary. 

 The risk of fracture from tumor depends on 
tumor type (e.g., lytic lesions confer higher risk 
than blastic), tumor volume, pedicle involvement, 
amount of cortical destruction, bowing of verte-
bral margins, and load on the vertebra.  

  Fig. 4.28    Pathologic fracture of the C5 vertebral body in 
a patient with metastatic breast cancer. Note the degree of 
convexity dorsally relative to the height loss ( white arrow ). 
In addition, enhancing tissue is disrupting the dorsal cor-
tex with slight extension craniocaudally ( thin black 
arrows )       
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    4.2.14   In fl ammatory Back Pain: Case 
Presentation and Differential 
Considerations 

  Case 7 

 An 18-year-old man presents with worsening, 
episodic low back pain over a period of 12 months. 
Pain is worse in the morning and improves 
throughout the day. The patient is otherwise 
healthy and denies a history of trauma. The patient 
denies any radiculopathy or systemic symptoms. 
Differential considerations in this patient include 
seronegative spondyloarthropathies, spondyloly-
sis, disk herniation, facet arthropathy, muscular 
strain, or pathologic fracture.   

    4.2.15   In fl ammatory Back Pain: 
Imaging Decision-Making 
and Findings 

 Chronic back pain in a young individual has a 
fairly narrow differential to include in fl ammatory 
spondyloarthropathies (ankylosing spondylitis, 
chronic reactive arthritis, and psoriatic arthritis) 
and spondylolysis (pars defects). This patient’s 
history of episodic back pain, worse in the morn-
ing with improvement throughout the day, is very 
typical of in fl ammatory back pain (spondyloar-
thropathies). Initial imaging study in this case 
should consist of AP and lateral views of lumbar 
spine and spot lateral view of the lumbosacral 
spine. A good three-view radiographic evaluation 
of the lumbar spine allows for evaluation of spon-
dylolysis, early disk space narrowing, and bony 
changes of spondyloarthropathies (sacroiliitis, 
early lumbar spine osteitis, syndesmophytes, etc.). 
Bilateral oblique views of the lumbar spine expose 
the patient to signi fi cant radiation; however, some 
authors maintain that these views are the most 
effective way to demonstrate pars fractures  [  17  ] . 
This is controversial, however, as other studies 
have shown the lateral to be more sensitive  [  62  ] . 
To lessen the radiation exposure in young patients, 
AP, lateral, and spot lateral views of the lum-
bosacral spine are suf fi cient for initial work-up. 

 Coned-down AP view of the lumbar spine 
demonstrates erosive changes to the sacroiliac 

joints bilaterally, with symmetric changes 
(Fig.  4.29 ). Differential for in fl ammatory sacro-
iliitis includes classic ankylosing spondylitis 
(AS), enteropathic AS (associated with 
in fl ammatory bowel disease), psoriatic spondy-
loarthropathy, and chronic reactive arthritis (pre-
viously known as Reiter’s disease). In a young 
male with relatively symmetric sacroiliitis, the 
most likely diagnosis would be AS, which was 
the diagnosis in this case.   

    4.2.16   In fl ammatory Back Pain: 
Case Discussion 

 Seronegative spondyloarthropathies include clas-
sic ankylosing spondylitis, chronic reactive 
arthritis (previously called Reiter’s syndrome), 
psoriatic arthropathy, and enteropathic spondy-
loarthropathy (enteropathic ankylosing spondyli-
tis). These arthropathies are characterized by 
rheumatoid factor-negative in fl ammatory arthri-
tis and commonly involve the spine and sacroiliac 
joints. 

  Fig. 4.29    An 18-year-old male presents with chronic, 
episodic low back pain. Coned-down AP view of the lum-
bar spine shows bilateral and symmetric erosive changes 
to the sacroiliac joints ( arrows )       
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 The most common imaging  fi nding of anky-
losing spondylitis is sacroiliitis. SI joint fusion 
is associated with long-standing episodic 
in fl ammatory  fl ares. The spine is typically 
involved from the lumbosacral junction superi-
orly. The entire spine can eventually be involved 
with thin syndesmophytes spanning all disk 
spaces (Fig.  4.30 ). With reactive arthropathy 
and psoriatic arthritis, the syndesmophytes are 
typically more bulky and lateral in orientation. 
The SI joint involvement in AS is usually bilat-
eral and symmetric, and this pattern can also be 
seen in association with in fl ammatory bowel 
disease (enteropathic ankylosing spondylitis). 
In contrast, the SI joint involvement with chronic 
reactive arthritis and psoriatic arthropathy is 
more commonly asymmetric but can be 

bilateral and symmetric or even, uncommonly, 
unilateral  [  63  ] .  

 Another distinctive  fi nding seen in ankylosing 
spondylitis consists of focal in fl ammatory osteitis 
of the vertebral body corner at the junction of 
attachment of the annulus  fi brosis of the disk 
(Romanus lesions). These foci of enthesitis can 
lead to focal radiographic sclerosis, the “shiny 
corner” sign. This in fl ammation at the entheses of 
the disks leads to periostitis of the ventral verte-
bral body and subsequent in fi lling of periosteal 
new bone, resulting in “squaring” of the normal 
concavity of the ventral vertebral bodies. 
Ossi fi cation of the interspinous and supraspinous 
ligaments is also known as the “dagger sign” 
given the resemblance of the long dorsal fusion 
mass to a dagger (Fig.  4.30 ). Due to the diffuse 
ankylosis and rigidity of the spine in these patients, 
they are more susceptible to fracture. These 
patients may develop diffuse osteopenia later in 
the course of the disease, which may limit evalua-
tion for a fracture on spine radiographs, and thus 
trauma to the spine in these patients may require a 
CT or MRI to evaluate for a subtle fracture  [  64  ] . 

 Findings that can mimic disk infection in 
patients with AS include aseptic diskitis 
(Andersson lesion) and pseudarthrosis. Ankylosing 
spondylitis may also progress to involve other 
joints of the axial skeleton characterized by ero-
sions progressing to fusion  [  65,   66  ] .  

    4.2.17   Imaging of Radicular Pain 

    4.2.17.1   Radicular Pain Without 
Degenerative Spine: Case 
Presentation and Differential 
Considerations 

  Case 8 

 A 30-year-old man with history of back pain 
presents with new-onset excruciating radicular 
leg pain. Considerations of cause for the new 
onset of leg pain in this patient population are 
large, but the strongest considerations would 
include acute disk herniation or spondylolisthesis 
associated with spondylolysis, with other consid-
erations to include synovial cyst (much more 
common in an older population), neoplasm, 

  Fig. 4.30    Advanced  fi ndings of AS in a different patient. 
Note the bilaterally fused SI joints ( black arrows ), thin, 
bridging syndesmophytes at the margins of the disks 
resulting in characteristic “bamboo spine” appearance 
( curved arrows ), and the solid interspinous ossi fi cation 
( between white arrows ) known as the “dagger spine” sign       
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spinal hematoma, or infectious etiologies being 
much less likely.    

    4.2.18   Radicular Pain Without 
Degenerative Spine: Imaging 
Decision-Making and Findings 

 Initial imaging study in this patient consisted of 
lumbar spine radiographs, which demonstrated 
mild L4–5 disk space narrowing (not shown). 
The unremitting, excruciating leg pain in this 
patient prompted lumbar spine MR (Fig.  4.31a, 
b ). The disks of L4–5 and L3–4 are dark (desic-
cated) compared to normally bright (well-
hydrated) L2–3 and L5–S1 disks. In addition, 
MRI shows L4–5 right paracentral disk protru-
sion (curved arrows) superimposed on a broad-
based disk bulge. This is compressing the 
traversing right L5 nerve root at the L4–5 level 
(Fig.  4.31b ).   

    4.2.19   Radicular Pain Without 
Degenerative Spine: 
Case Discussion 

 Description of disk abnormalities on MRI lumbar 
spine can be confusing, as many terminologies 
have classically been used. In 2001 a joint task 
force gathered to attempt to obtain consensus 
 [  67  ] . A broad-based disk bulge occupies greater 
than one quadrant of the disk circumference. A 
disk herniation is de fi ned as occupying less than 
90° of the disk circumference. Disk herniation 
can be characterized as either a protrusion or an 
extrusion. A protrusion is a herniated disk where 
the base dimension exceeds the height of the her-
niation, having a broad interface with the parent 
disk. An extrusion is de fi ned as a herniation 
whose height exceeds the width of the base, hav-
ing a narrow interface with the parent disk. A 
sequestered or free fragment describes an 
extruded disk without contiguity to the parent 

a b

  Fig. 4.31    A 30-year-old man with acute right-sided 
radicular pain. ( a ) Sagittal T2-weighted MRI shows disk 
desiccation at L3–4 and L4–5 ( white arrows ) compared to 
normally hydrated disks L2–3 and L5–S1 ( black arrows ). 
Large disk bulge is narrowing the right paracentral canal 

at L4–5 ( curved arrow ). ( b ) Axial T2-weighted image at 
the L4–5 level shows right paracentral protrusion super-
imposed on the broad-based disk bulge ( curved arrow ), 
compressing the traversing L5 nerve root and causing 
moderate to severe central spinal canal narrowing       
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disk. Associated  fi ndings with disk herniation on 
MRI are tears of the posterior annulus  fi brosus, 
also termed high-intensity zones on MRI, given 
the focal high T2-weighted signal. Of note, 
asymptomatic patients can often have annular 
defects or tears, occurring in up to 25 % of nor-
mal patients under the age of 20  [  68  ] .  

    4.2.20   Radicular Pain with 
Degenerative Spine: Case 
Presentation and Differential 
Considerations 

  Case 9 

 A 55-year-old woman presents with new onset 
severe right lower extremity radicular pain. 
Patient has known lumbar facet degenerative 
arthrosis, previously treated with medial branch 
blocks with good short-term relief. Chief differ-
ential considerations include disk herniation, rel-
atively acute progression of degenerative canal or 
neural foraminal narrowing, or facet synovial 

cyst. Infectious or neoplastic processes are less 
likely.   

    4.2.21   Radicular Pain with 
Degenerative Spine: Imaging 
Decision-Making and Findings 

 The initial radiographs in this patient showed sta-
ble discogenic and facet degenerative changes 
(not shown). An MRI of the lumbar spine was 
deemed reasonable in this case, given the new 
onset of neurologic  fi ndings. The MRI shows a 
high T2 signal mass arising adjacent to the right 
L4–5 facet joint causing severe compression of 
the exiting right L5 nerve root (Fig.  4.32 ). Imaging 
differential for this mass includes synovial cyst 
emanating from the facet joint, nerve sheath tumor, 
and dilation of the normal nerve root sheath (nerve 
root sheath cyst). Given the MRI appearance, the 
adjacent degenerative facet, and the new onset of 
right-sided radicular pain, synovial cyst is far 
more likely than another cause. In this case a small 

a b

  Fig. 4.32    A 55-year-old woman presenting with acute 
right-sided radicular. Axial T2-weighted ( a ) and sagittal 
short-tau inversion-recovery ( STIR ,  b ) images demon-
strate large high T2 signal lesion  fi lling the right L4–5 

neural foramen ( white arrows ). Adjacent L4–5 facets are 
degenerative ( black arrows ). The exiting L4 nerve root is 
indistinguishable from this mass indicative of the severe 
nerve root impingement       
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neck could be traced back to the degenerative 
facet, con fi rming the diagnosis. If the diagnosis is 
unclear, contrast-enhanced MRI can be performed 
to exclude solid enhancing nerve sheath tumor.   

    4.2.22   Radicular Pain with 
Degenerative Spine: 
Case Discussion 

 In the setting of facet osteoarthropathy, joint  fl uid 
accumulation and synovial proliferation can lead 
to cyst formation. 70–80 % of synovial cysts are 
located at the L4–5 level and can cause mass 
effect on the L4–5 neuroforamen or spinal canal 
 [  69  ] . This can subsequently result in radicular 
symptoms, neurogenic claudication, acute pain 
from hemorrhage, or cauda equina syndrome. 
Synovial cysts are often T2 hyperintense and T1 
hypointense re fl ecting the nature of the contents 
(usually simple synovial  fl uid). The MRI appear-
ance can vary, however, and can be T1 hyperin-
tense if there is a proteinaceous content or 
presence of hemorrhage. Long-standing cysts 
may demonstrate calci fi cation on MRI or CT. 
Treatment may be conservative, as some will 
spontaneously regress. In the setting of signi fi cant 
or unimproving pain or myopathic symptoms, 
percutaneous cyst rupture, steroid injection into 
the cyst, or surgical excision can be performed. 
Percutaneous rupture is a minimally invasive 
therapy that can be de fi nitive. Studies have shown 
that 50–75 % of patients avoid surgery and have 
long-lasting pain relief following percutaneous 
therapy  [  70,   71  ] . Approximately 20–30 % of per-
cutaneously ruptured cysts will recur. There is a 
high postsurgical success rate in symptomatic 
patients as well, with or without fusion with small 
rates of recurrence (<10 %).  

    4.2.23   Imaging of the Postoperative 
Spine 

    4.2.23.1   Postoperative Spine: Case 
Presentation and Differential 
Considerations 

  Case 10 

 A 47-year-old woman presents with recurrent 
low back pain and right-sided radiculopathy 

following successful L5–S1 microdiscectomy 
3 months prior. Possible causes of low back pain 
in this patient include recurrent disk herniation, 
perineural  fi brosis, diskitis/osteomyelitis, epi-
dural hemorrhage, and myofascial sprain/
strain.    

    4.2.24   Postoperative Spine: Imaging 
Decision-Making and Findings 

 MRI of the postoperative spine necessitates 
knowledge of the timing of the surgery, the rea-
son the surgery was undertaken, and the surgery 
performed. Post-contrast imaging should be per-
formed if infection is suspected, if there has been 
partial diskectomy within the last 7 years, and for 
tumor follow-up. In this patient, the recent micro-
discectomy will require post-contrast-enhanced 
MRI sequences. 

 Axial T2 and T1 post-contrast images show 
large recurrent disk extrusion (Fig.  4.33 ). Note 
that the disk material is not enhancing (distin-
guishing characteristic from epidural or peridural 
postoperative granulation tissue). Thin peripheral 
enhancement is demonstrated.   

    4.2.25   Postoperative Spine: 
Case Discussion 

 Normal  fi ndings 0–6 months after surgery include 
annular enhancement, disk space enhancement in 
67 %, and epidural enhancement with mass effect 
in 80 %. Also, nerve root enhancement may be 
seen in 20–62 % of asymptomatic individuals, 
likely due to disruption of the blood–nerve bar-
rier, but this should be resolved by 6 months after 
surgery  [  72,   73  ] . Paraspinal muscular edema is 
also common and due to early denervation 
changes. 

 Enhancement of the epidural and perineu-
ral space can be normal for 5–10 years follow-
ing surgery. Mass effect from postoperative 
epidural  fi brosis should be minimal by 
6 months following surgery. Posterior paraspi-
nal muscle denervation edema and atrophy are 
common below the level of surgery. Large 
volume peridural scar following surgery is 
associated with a poor clinical outcome. Nerve 
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root enhancement should be considered abnor-
mal in the late postoperative period (after 
6 months). 

 Recurrent or residual disk herniation is dis-
tinguished from the typical postoperative 
 fi ndings by the lack of enhancement of the her-
niated disk material. Imaging soon after IV con-
trast administration is important as peak 
enhancement of postoperative granulation tissue 
is approximately 5 min following administra-
tion. Disk material can show some mild periph-
eral enhancement but should not enhance 
uniformly. Rarely disk material will enhance 
diffusely if the imaging is delayed too long after 
contrast is administered.       
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  5

          5.1   Introduction 

 Neck and lower back pain are two of the most 
common problems encountered by all physicians, 
regardless of specialty. While a majority of spinal 
pain is self-limiting, a signi fi cant proportion of 
individuals have continuous pain and disability. 
Due to the high prevalence of abnormal imaging 
 fi ndings in asymptomatic patients  [  31,   32  ] , fur-
ther diagnostic instruments are necessary to focus 
effective treatment strategies. This chapter will 
discuss available interventional diagnostic/thera-
peutic procedures and physiological studies that 
are used as an extension of the physical examina-
tion and imaging modalities described in Chaps. 
  2    ,   3     and   4    .  

    5.2   Diagnostic Evaluation: 
Axial Pain 

 Chronic axial spine pain is a common problem 
and can be dif fi cult to treat. There are multiple 
etiologies of axial low back pain. Common 
sources of axial spine pain include the interverte-
bral disc, sacroiliac joint, and zygapophyseal 
joint. A diagnostic algorithm can be undertaken 

to investigate this pain as is presented in Fig.  5.1 . 
These diagnostic approaches may be indicated in 
patients with persistent debilitating axial pain. 
A thorough history and physical examination 
must be performed before considering any of 
these procedures. Also, the patient must be reli-
able and able to recognize their usual pain and 
distinguish this pain from other pain, or these 
procedures have little to no diagnostic value.  

    5.2.1   Lumbar Discogenic Pain 

 The intervertebral disc has been thought of as a 
common cause of back pain since Mixter and 
Barr’s description of disc pathology in 1934  [  42  ] . 
Intervertebral disc pathology can induce axial 
pain, as well as radicular symptoms from nerve 
root compression. This pain may be generated by 
the annulus as there are abundant nerve endings 
in the outer one-third of the annulus  fi brosis, and 
free nerve endings can grow into the nucleus pul-
posus when internal disc disruption is present 
 [  15  ] . Internal disc disruption, however, is dif fi cult 
to determine based only on history or physical 
examination  [  50,   52  ] . Even advanced imaging of 
the lumbar spine with CT, myelography, or MRI 
often does not provide a clear answer on the pri-
mary pain generator. There is MRI evidence of 
disc degeneration in greater than 50 % of asymp-
tomatic individuals over the age of 60 (with 36 % 
having a disc herniation), and 20 % of asymp-
tomatic individuals under the age of 60 had MRI 
evidence of disc herniation  [  2  ] . Annular tears 
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have also been shown to be associated with low 
back pain but are commonly seen in asymptom-
atic individuals. Thus, advanced imaging can 
help to narrow down the source of pain, but it still 
lacks speci fi city. 

 For patients with persistent debilitating axial 
pain and evidence of disc degeneration on 
 imaging, provocation discography and postdis-
cography CT can be considered to identify a 
painful intervertebral disc when treatment is to be 
targeted at the disc. The North American Spine 
Society came out with a position statement in 
1995 that recommends discography for patients 
with persistent back pain in whom disc abnor-
malities are suspected, to assess the discs in 
patients in whom fusion is being considered, and 
in postsurgical patients with continued pain  [  23  ] . 

 Discography was developed in the late 1940s 
as a method to diagnose intervertebral disc 
 herniation  [  39  ] . It involves precise injection of 
contrast dye into the nucleus pulposus to increase 
intradiscal pressure causing a mechanical stimu-
lation of annular free nerve endings in diseased, 
painful discs  [  45  ] . 

 The procedure requires stimulation of discs at 
adjacent levels as controls (Fig.  5.2 ). To con fi rm a 
diagnosis of discogenic pain, the patient should be 
blinded to which disc level is being injected and 
provocation of the target disc should produce 
 concordant, or similar, pain. Provocation of the 

Detailed history, physical
exam, imaging suggestive of

specific pain generator 

Zygopophyseal (facet)
joint pain suspected 

Discogenic pain
suspected SI joint pain suspected

Consider fluoroscopically-guided
epidural steroid injection 

Diagnostic medial
branch blocks 

Sacroiliac joint block 

Pain improved
discharge

Pain not improved 
consider provocation

discography 

Negative-consider
alternative diagnosis 

Positive-consider
therapeutic intervention

Pain improved
discharge

Persistent pain-
consider other 

alternatives 

Positive-proceed to
confirmatory medial 

branch block

Negative-consider
alternative 
diagnosis
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therapeutic  intervention
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therapeutic
intervention 

Negative-consider
alternative
diagnosis

Negative-consider
alternative diagnosis
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Persistent pain-
consider other
alternatives 
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Persistent pain-
consider other
alternatives 

Persistent axial low back pain
that has failed appropriate

conservative care 

  Fig. 5.1    Diagnostic algorithm for axial back pain          

  Fig. 5.2    Lateral discogram view prior to injection of 
contrast       
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adjacent control discs should not reproduce con-
cordant, severe pain. Manometry is used to mea-
sure the pressure applied to each disc during the 
procedure to allow for more controlled testing. 
The diagnosis of discogenic pain is more likely 
with reproduction of pain at a pressure that does 
not produce pain in normal discs. Opening pres-
sure, pressure at onset of pain, and maximum pres-
sure are recorded. In general, discs that are painful 
at less than 15 psi are thought of as chemically 
sensitive, and discs that are painful between 15 
and 50 psi are de fi ned as mechanically sensitive 
 [  3,   56  ] . Disc pressures above 50 psi are avoided as 
this can routinely be painful in normal discs.  

 Computed tomography (CT) is performed 
immediately following discography to con fi rm 
contrast injection into the nucleus pulposus 
(Fig.  5.3 ). The degree of disc degeneration and 
abnormal morphology is measured using the 
Dallas Discogram Scale  [  48,   56  ] .  

 Despite taking the above measures, false-pos-
itives exist with provocation discography. In 
2006, Carragee et al. followed 32 patients over 
5 years who initially presented with low back 
pain, had a positive single-level discogram, and 
underwent spinal fusion. The best-case positive 
predictive value of discography was calculated to 
be 50–60 %. A high number of asymptomatic 
patients without chronic low back pain (25 %) 

had false-positive low-pressure disc injections. 
Positive injections were correlated with annular 
disruptions, abnormal psychometric  fi ndings, and 
chronic pain states  [  6  ] . 

 Risks of discography include infection and 
accelerated progression of disc degeneration. The 
intervertebral disc is avascular, increasing infec-
tion risk with injection. Discitis has been reported 
in up to 1 % of individuals undergoing discogra-
phy; however, use of prophylactic antibiotics and 
the double-needle technique can help reduce this 
risk  [  3  ] . Discography may also increase the risk 
of disc degeneration and disc herniation, even 
with the use of small gauge needles and limited 
pressurization. This may limit usefulness of test-
ing normal adjacent levels  [  6  ] . Thus, discography 
is an additional tool to help the surgeon narrow 
down and possibly identify the source of pain.  

    5.2.2   Facet Joint Pain 

 The zygapophyseal joint, or facet joint, is also a 
common source of axial spine pain. The facet 
joint was  fi rst recognized as a possible source of 
back pain in 1911  [  20  ] . The facet joint capsule 
has been found to be richly innervated by the 
medial branches of the primary dorsal ramus  [  1, 
  7,   17,   18  ] . Common symptoms of facet joint pain 
include low back pain without radicular referral 
that is worse with standing, lumbar extension, 
and axial rotation and improved with sitting and/
or lumbar  fl exion. However, diagnosis of facet-
mediated pain is dif fi cult to  fi rmly establish based 
on history and physical examination  [  28,   30,   51  ] . 
Imaging  fi ndings on X-ray, CT, and MRI also are 
not clearly predictive of facet joint pain  [  21  ] . 

 Response to either intra-articular facet injec-
tions or medial branch blocks with anesthetic is 
the best method to provide a speci fi c anatomic 
diagnosis of facet joint pain  [  11,   14  ] . Once a joint 
is determined to be a source of pain, other treat-
ment modalities can be used to target the facet 
joint including corticosteroid injection or medial 
branch radiofrequency. 

 Medial branch blocks involve injection of a 
small amount of local anesthetic in the region of 
the medial branch of the primary dorsal ramus 

  Fig. 5.3    Postdiscogram CT showing annular tears at 
L4–L5 and L5–S1 and normal disc morphology at L3–L4       
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with the use of image guidance. The medial 
branch is the sensory innervation of the facet 
joint. In the lumbar spine, the facet joint is inner-
vated by the medial branch at that level and the 
level above. For example, the right L4–5 facet 
joint is innervated by the right L3 and L4 medial 
branches. In the cervical spine, the facet joints 
are innervated by the medial branches at the same 
level (i.e., the left C3–4 facet joint is innervated 
by the left C3 and C4 medial branches of the pri-
mary dorsal ramus). 

 After injection, patients are instructed to 
record their symptoms in a pain log. A positive 
response is 80 % or greater pain relief that lasts 
the duration of the local anesthetic used for the 
injection. A double-block paradigm using local 
anesthetics of different durations has been advo-
cated to avoid false-positive diagnostic injections 
which may be as high as 40 %  [  41  ] . 

 Another diagnostic modality used in recent 
years to identify facet-mediated pain is bone scan 
with SPECT, also called a “Fire” scan. This 
involves digital fusion or overlay of a CT scan of 
the area of interest with a bone scan with SPECT 
imaging. The  fi re scan provides the anatomic 
resolution of the CT scan plus the sensitivity of 
the bone scan for identifying areas of increased 
bone turnover  [  46,   58  ] .  

    5.2.3   Sacroiliac Joint Pain 

 The sacroiliac (SI) joint was  fi rst described as a 
possible pain generator in 1905 and accounts for 
approximately 15–30 % of chronic low back pain 
 [  19,   50  ]  and 40 % of postfusion patients  [  8  ] . 
Sacroiliac joint pain often presents as low back 
and buttock pain and can refer into the lower 
extremity. History, physical exam, and imaging 
are all unreliable in consistently diagnosing SI 
joint pain  [  13  ] . 

 Diagnosis of SI joint pain also cannot be diag-
nosed with nerve blocks  [  12  ] . The innervation of 
the SI joint involves multiple levels of the lum-
bosacral spine, and the exact pattern of innerva-
tion is not established  [  22,   29  ] . 

 Controlled diagnostic SI joint blocks are the 
best method to determine if the SI joint is a source 

of pain. These involve injection of a local anes-
thetic into the SI joint in a patient suspected of 
having SI joint pain. Image guidance is required, 
as blind injections have been found to only be 
22 % accurate  [  47  ]  (Fig.  5.4 ). A positive response 
requires relief of pain with the injection. Further 
intervention such as steroid injection may be pur-
sued with a positive response to SI joint block.    

    5.3   Diagnostic Evaluation: 
Radicular Pain 

 Before going further, one must de fi ne terms 
that are used interchangeably in discussing 
pain in the limb. Referred pain is that which 
originates in one anatomic structure but is per-
ceived in another. For example, pain from the 
sacroiliac joint may refer posteriorly down the 
leg to the knee. Radicular pain is a continuous 
pain from the cervical or lumbar spine down 
the limb to the hand or foot in the distribution 
of an affected nerve root. Most commonly this 
is caused by a herniated nucleus pulposus; 
however, there are many etiologies that require 
further diagnostic evaluation than imaging. In 
the following sections, we will discuss the 
common etiologies of radicular pain and the 
diagnostic workup for each. 

  Fig. 5.4    Sacroiliac joint injection       
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    5.3.1   Radiculopathy 

 Radiculopathy is a dysfunction of a nerve root 
that causes symptoms of pain, numbness, or par-
esthesias in a dermatomal distribution, with or 
without weakness in that myotomal distribution. 
The most common cause of cervical radiculopa-
thy is osteophytic spurring in the facet and unco-
vertebral joint causing bony compression of the 
exiting nerve root. In the lumbar spine, herniation 
of the nucleus pulposus is by far the most com-
mon cause. However, due to normal degenerative 
changes in the discs and vertebral segments in 
many individuals, imaging alone is often 
insuf fi cient to localize the pain generator. In addi-
tion to structural causes, radiculopathy may be a 
result of chemical, infectious, and toxic/meta-
bolic causes (Table  5.1 ).  

 Electrodiagnostic studies (EMG) are comple-
mentary studies to imaging modalities as they 
examine the physiologic component of pain via 
nerve function. The EMG cannot only determine 
the location of nerve dysfunction but also whether 
it is axonal or demyelinating. This is important in 
patients that potentially have overlapping condi-
tions, such as diabetic neuropathy and lumbar 
spinal stenosis. Additionally, concomitant mus-
culoskeletal problems are common in subjects 
with spine disorders  [  5,   55  ] . An EMG is com-
posed of two parts, nerve conduction studies 
(NCS) and needle electrode examination (NEE). 
Each component is able to look at different por-
tions of the nerve to help in localization of the 
pathology. EMG is most speci fi c if performed by 
a physician, usually a physiatrist or neurologist, 
with board certi fi cation training in electrodiag-
nostic consultation. Otherwise, potential con-
founding diagnoses, such as polyneuropathy, 
focal peripheral neuropathy, and radiculopathy, 

are underdiagnosed by podiatrists, physical ther-
apists, chiropractors, and family practitioners 
who may perform these studies  [  10,   54  ] . EMG 
has shown good correlation with computed 
tomography, myelography, magnetic resonance 
imaging, and surgical outcomes with a sensitivity 
of 80–100 % and good inter-rater reliability 
between experienced examiners for identifying a 
lumbar radiculopathy on needle examination  [  27, 
  34,   35,   43  ] . 

 In a patient with unilateral limb pain or par-
esthesias, a minimum study should include at 
least one motor and sensory nerve conduction, 
plus at least  fi ve muscles studied on needle exam-
ination to investigate a potential radiculopathy. In 
the upper limb, other concomitant diagnoses 
include carpal tunnel syndrome, ulnar neuropa-
thy at the elbow, and brachial plexus injuries. An 
electrodiagnostic consultation will substantially 
change the clinical diagnosis in 42 % of cases of 
upper limb pain patients, with con fi rmation in 
37 %  [  26  ] . Since the needle electrode examina-
tion only investigates the anterior root of the spi-
nal nerve, it is entirely possible that a compressive 
lesion of the dorsal root would result in a nega-
tive study. Therefore, an EMG should be used to 
con fi rm the presence of a radiculopathy and 
exclude other disorders, rather than to “rule out” 
disease  [  57  ] . 

 In cases of suspected radiculopathy where his-
tory, physical examination, imaging, and elec-
trodiagnostic testing are inconclusive, the use of 
diagnostic spinal injections may be undertaken 
 [  40  ] . Spinal injections of anesthetic and/or ste-
roid injected in to the epidural space via a trans-
foraminal approach, an extraforaminal approach, 
and intralaminar approach all have been corre-
lated with predicting surgical response to radicu-
lopathy from a herniated disc. Young has reported 

   Table 5.1    Etiologies of radiculopathy   

 Structural causes  Metabolic causes  Infectious causes  Other 

 Disc herniation  Diabetes  Lyme disease  Chemotherapy 
 Facet osteoarthritis  In fl ammatory arthritis  Tuberculosis  Radiation plexopathy 
 Synovial cysts  Vasculitis  Discitis 
 Piriformis syndrome  Epidural abscess 
 Thoracic outlet 
 Tumor mass 
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a sensitivity and speci fi city of 65–100 % and 
71–95 %, respectively, for predicting surgical 
outcome from radiculopathy  [  60  ] , while others 
have reported 87–100 % and 99–100 %, respec-
tively  [  36,   38,   49  ] . Injection of a small amount of 
local anesthetic, between 0.5 and 0.75 ml of 2 % 
lidocaine  [  44  ]  or 1 ml of 1 % lidocaine  [  36,   38, 
  49  ]  around the nerve root in the cervical or lum-
bar foramen without epidural spread on 
 fl uoroscopy, has also been recommended. In one 
series, subjects with >90 % reduction in VAS 
after selective nerve root block had a 91 % suc-
cessful result at surgery for arm/leg pain, whereas 
in those with <90 % reduction in VAS after selec-
tive nerve root block, only 60 % had successful 
outcomes after surgery  [  44  ] . Derby et al. looked 
at the addition of steroid to the epidural injection 
and its predictive effects. In subjects with pain 
less than 1 year in duration, 89 % of subjects had 
a successful outcome regardless of outcome on 
the epidural injection. In subjects with pain for 
>1 year, however, a positive response from the 
epidural injection resulted in 85 % successful 
surgical outcome, while in those with a negative 
epidural response, 95 % had a poor surgical out-
come  [  9  ] . Caution in interpretation of the result 
from a reported epidural injection is needed how-
ever. The selectiveness of a single nerve root 
injection has been questioned, due to the volume 
of medication injected. A transforaminal injec-
tion will spread to adjacent nerve roots in 30 % of 
injections with 0.5 ml of volume, 67 % with 
1.0 mls, 87 % with 1.5 ml, and >90 % with 2.5 ml 
 [  16  ] . Unfortunately, the variability of injectate 
volumes is high with epidural injections, with as 
little as 0.5 ml to as much as 8 ml of anesthetic 
injected via the transforaminal route. As such, it 
would be necessary to know the practice of local 
interventionalist physicians to determine the 
selectivity of the injection the patient reports.  

    5.3.2   Lumbar Stenosis 

 Lumbar stenosis is a common term that is used to 
describe both the anatomic dimensions of the spi-
nal canal and a common syndrome of back and leg 
pain in older adults. An individual with lumbar 

stenosis may present with a number of clinical sce-
narios including axial pain alone, axial and unilat-
eral or bilateral radicular pain, bilateral or unilateral 
radicular pain only, and neurogenic claudication. 
The anatomic disorder of canal stenosis is a com-
mon  fi nding on magnetic resonance scans of older 
individuals  [  2,   32  ] . Care must be taken to correlate 
clinical  fi ndings with imaging  fi ndings prior to the 
initiation of surgical treatment for spinal stenosis 
 [  2  ] . Electrodiagnostic testing, especially paraspi-
nal mapping, has been shown to be useful in delin-
eating clinical spinal stenosis from mechanical 
back pain and control subjects  [  24,   59  ] . While 
limb EMG can be abnormal in subjects presenting 
with unilateral or bilateral radiculopathy, abnor-
mal paraspinal mapping scores greater than four 
have a sensitivity of only 30 % but 100 % speci fi city 
in identifying clinically relevant spinal stenosis 
 [  25  ] . A paraspinal mapping score of greater than 
nine however has sensitivity and speci fi city of 97 
and 92 %, respectively  [  59  ] . One caveat to note 
however is this is in a highly selected population of 
individuals with more mild to moderate disease 
and those without other potential neurological 
conditions, such as polyneuropathy. It is unknown 
what effect this has on prediction of surgical out-
come for spinal stenosis symptoms as no prior 
studies have investigated this. 

 Epidural injections for treatment of pain from 
spinal stenosis have been advocated and shown 
some short-term to medium-term success  [  4,   37, 
  53  ] ; they have not been evaluated to predict out-
come from surgical decompression. There is only 
one prospective study to look at predictive factors 
of surgical outcome in lumbar spinal stenosis, 
which found that a patient’s own report of good 
or excellent health and low cardiovascular comor-
bidity was predictive of improved symptoms and 
greater postoperative walking ability  [  33  ] . In the 
authors’ opinion, in patients with a clinical symp-
toms which do not correlate with imaging stud-
ies, or those with other neurological disorders 
such as polyneuropathy or diabetes, electrodiag-
nostic evaluation including paraspinal mapping 
to detect the presence of  fi brillation potentials in 
the limbs or paraspinal muscles would be helpful 
in delineating between those with mechanical 
pain symptoms and clinical lumbar stenosis.       
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          6.1   Introduction    

 The general surgical principle in spine surgery 
is to remember that there are no small spine sur-
geries. These are usually bigger surgeries, and 
most patients are sick and/or debilitated as well 
as deconditioned because of their chronic pain. 
The general surgical principle for spine surgery is 
“Do no harm.” The second rule is to know your 
limitations, and the third rule is to ensure that the 
surgeon’s and the patient’s expected outcomes 
are synonymous  [  1  ] .  

    6.2   Approach 

 Be cognizant of the patient’s comorbidities and 
plan your approach accordingly. For example, do 
not plan an anterior approach in a patient where 
you know there are contraindications such as pre-
vious surgery for vascular disease. Tailor your 
surgery to the patient’s comorbidities in terms of 
diabetes, osteoporosis, immune de fi ciency, etc. 

For example, the anterior lumbar approach pres-
ents many bene fi ts in terms of restoring the height 
of the disk and presents a larger area for fusion, 
but the technical dif fi culty of the approach with 
potential blood loss makes candidate selection 
critical. In the cervical area, the anterior approach 
is much more the “standard of care.” The poste-
rior approach for the cervical spine can present 
with signi fi cant morbidity due to creeping fusion 
and muscle destruction, while it is the most com-
mon approach for lumbar surgery. Though mus-
cle injury is always a concern, it is a relatively 
safe approach and allows access to the spine and 
the spinal cord allowing decompression and 
fusion (Table     6.1 ).   

    6.3   Consents 

 Spine surgery is probably one of the areas that is 
most litigious. Spine surgery poses a great avenue 
for lawsuits, due to the complexity of the surgery 
and the misunderstanding of the complexity of 
the surgeries by patients. Informed consent is 
therefore a vital part of communication with your 
patients. In performing consents, it is best to draw 
up consents that list most of the common compli-
cations listed as a general consent and then add 
the speci fi c high-risk complications of the par-
ticular procedure. It is vital that the patient has 
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the educational level to understand the explana-
tion. If this is not possible, visual aids and printed 
material can be very helpful  [  2,   3  ] . 

 As a general    rule, the consent should include 
the following: bleeding, which can be acute, late, 
or subacute; infection which can also be acute or 
late  [  4  ] ; and clotting disorders, including DVTs, 
pulmonary emboli, and, speci fi cally, epidural 
hematomas. 

    6.3.1   Pain 

 As most patients come to spine surgery for pain 
relief, it is prudent to have the expected outcome 
in terms of pain relief in the consent, with the 
understanding that neurogenic pain might stay 
the same, improve, or even get worse. Even in the 
best hands, nerve root injury can occur unexpect-
edly which might render the patient with new 
pain or worsening pain of a previously com-
pressed nerve root. Neurological complications 
are devastating and may consist of paralysis, 
which may be complete, incomplete, or nerve 
speci fi c. It is vital to add in under neurological 
complications loss of bladder or bowel function 

as most patients do not understand that the con-
cept of paralysis also includes the fact that the 
bladder and bowel functions are lost  [  5  ] . If a 
patient remains with cauda equina syndrome or 
develops this, the patient could potentially sue for 
misinformation as it is very dif fi cult for patients 
to equate bladder or bowel loss as part of paraly-
sis if it is not speci fi cally stated.  

    6.3.2   Speci fi c Surgical Procedures 

    6.3.2.1   Cervical Spine Surgeries 
 When consenting patients for cervical spine sur-
geries, the speci fi c considerations would be to 
mention voice changes as this might happen with 
or without paralysis of the vocal chords. It is also 
important to point out swallowing dif fi culty, 
which may be caused by nerve injury or esopha-
geal injury. Strokes due to carotid occlusion and 
direct vessel injury should also be discussed as 
the anterior approach puts the carotid arteries at 
direct risk for compression, which can cause 
plaque to dislodge causing strokes. The vertebral 
arteries can be occluded due to preexisting 
 narrowing and rotation of the head  [  6  ] .  

   Table 6.1    Advantages and disadvantages of anterior and posterior approaches      

 Anterior spine approach  Advantage  Disadvantage 

 Lumbar  Disk height restoration  Major vessel injury 
 Broader surface area with higher fusion 
rates 

 Retrograde ejaculation (7 %) 

 Less painful  Dif fi cult in previous surgery or obese 
patients 

 Cervical  Easy bloodless dissection  Swallowing dif fi culties 
 Disk height restoration  Potential injury of the recurrent 

laryngeal nerve 
 Decompression of the foramen and cord 
can be performed adequately 

 Challenging to reach above C3 and 
below C7 

  Posterior spine approach  
 Most procedures can be performed with 
access to bone and canal and disk 

 Signi fi cant muscle scarring with 
chronic muscle pain 
 Lower fusion rates 

 Sagittal balance restoration possible with 
osteotomies 

 Painful prominent instrumentation 

 Cervical  Preferred method for more than four levels 
of surgery 

 Muscle dysfunction with neck 
webbing 
 C5 nerve root weakness associated 
with some procedures 
 Creeping fusions 
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    6.3.2.2   Lumbar Surgeries 
 It is important to point out pressure points and 
potential skin injuries. Make patients aware that 
the surgery is being done prone and/or supine and 
that due to the length of these surgeries, the risk 
for pressure points and skin abrasions is always a 
reality  [  7  ] . Additional injury to the anterior cuta-
neous nerves of the thigh is possible from both 
ant + posterior approaches. 

 The next item of importance is instrumenta-
tion. It has to be mentioned that screws can be 
misplaced and that instrumentation can break or 
disconnect as patients do not understand this. In 
terms of a fusion, it is important to point out pain 
from bone grafting sites as well as the long-term 
complications of nonunion  [  8  ] . 

 Although the topic of death is a rare occur-
rence, the same as paralysis, it still has to be men-
tioned as well as the complication of blindness as 
these complications are very rare but devastating. 
A general note of multiorgan failure and/or com-
plications should be added in as patients can suf-
fer myocardial infarctions, pulmonary emboli, 
and strokes during surgery  [  9  ] . 

 It becomes impossible to list every possible 
known complication and therefore try to catego-
rize your consent list for informed consent into 
systems. The intent of a consent form is to point 
out possible complications and not to scare 
patients to the point where they do not want the 
surgery. It is a  fi ne balance between too much 
information and enough for the patient to feel 
comfortable  [  10  ] .    

    6.4   Patient Positioning for Surgery 

 Spine patients are mainly positioned in supine, 
prone, or lateral position. It is therefore impor-
tant to plan your surgery to decide which 
approach would be better and ensure all the 
equipment needed for the position, is available 
and in a working order  [  11  ] . Supine approaches 
are for anterior interbody work and anterior cer-
vical work. The patient should be positioned in 
an optimal position where the spine is near the 
normal alignment, taking into consideration that 
some of these surgeries are performed for sagit-

tal imbalance  [  12  ] . Great care should be taken to 
never overextend the neck whether this is done 
as part of a neck surgery or where the patient 
lies in extension during a lumbar anterior 
approach. Various aids are available including 
bumps, gel rolls, and beanbags, and the equip-
ment should be tested and available for the sur-
gery. It is important to position the patient in 
such a manner that the access is easy as well as 
to assure visualization with X-rays during the 
surgery  [  13  ] . One of the most frequent mistakes 
made in spine surgery is wrong level or wrong 
side due to inadequate X-ray visualization, 
which in turn can be due to poor positioning. 
The ideal time to ensure adequate  fl uoroscopy 
visualization is during the positioning, before 
the patient is draped. 

 In positioning patients in the prone position 
for posterior cervical, thoracic, or lumbar sur-
gery, it is vitally important to make sure that 
there is no pressure on the abdomen. Too much 
pressure on the abdomen may cause venous 
compression which in turn leads to increased 
bleeding due to shunting of the blood through 
the epidural vessels. Older positioning tech-
niques such as the Wilson frame and gel rolls 
have led to undesired sagittal balance and/or 
increased bleeding. Newer positioning tech-
niques, with bolstered tables such as the Jackson 
or Axis table, allow for excellent decompression 
of the abdominal content and spread the pressure 
points evenly across the chest while maximizing 
lordosis. Please make sure that adequate padding 
is available and remember that even obese 
patients can get signi fi cant skin breakdown. Of 
further importance in the positioning in the prone 
position is to make sure that the arms are not 
kept in abduction or too much elevation of the 
shoulders. Never place the shoulders in more 
than 90° of abduction and do not place too much 
tension on the shoulder joint as this can all cause 
traction injuries of the brachial plexus  [  14  ] . 

 The face is very important in spine surgery. 
Whether the patient is placed supine or prone, the 
eyes need to be protected, and patients often will 
end up with signi fi cant skin abrasions in the 
prone position due to irritation and perspiration. 
Furthermore, the eyes need to be protected for 
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anterior neck surgery so that sharp instruments 
are not dropped or placed on the eyes with subse-
quent eye injury. Of particular importance is the 
breast in female patients. Make sure that implants 
are treated appropriately as nipple necrosis can 
occur in patients that have had implants and are 
big breasted, and therefore, additional padding 
with cutout rings around the nipples is desirable 
when positioning female patients in the prone 
position. 

 The lateral position is always a challenge. 
Depending on whether the lateral position is for 
thoracic or lumbar approaches, the method to 
relax the psoas is to keep the bottom leg straight 
and the upper leg  fl exed close to 90°. This relaxes 
the psoas on the side of the approach. Having the 
legs in this position also stabilizes the pelvis, and 
beanbags with adequate strapping and padding 
are needed as well as an axillary roll to protect 
the long thoracic. In the thoracic area, it is impor-
tant to take care of the arm if a high thoracic 
approach is planned so that the arm is placed 
appropriately in a sling without traction. 

 After all the positioning is done, it is impor-
tant to note that neuromonitoring plays a very 
important role. Neuromonitoring not only is 
appropriate for the level that we work on but also 
manages to monitor the extremities to prevent 
injury to the upper extremities when we are work-
ing on the lower extremities and not have your 
patients wake up with either radial or ulnar nerve 
palsy. When we are treating patients with severe 
myelopathy such as in rheumatoid disease with 
instability or fractures, it is important to have 
neuromonitoring signal recording before any 
positioning is attempted. You need a baseline to 
make sure that the positioning does not paralyze 
the patient. If this is not done and neuromonitor-
ing shows abnormalities of either the sensory-
evoked potentials or motor-evoked potentials, it 
is hard to discern whether this is due to the sur-
gery when in fact this could have happened dur-
ing the positioning. It is important to have a 
succinct preoperative discussion with the anes-
thesiologist to make sure that they understand the 
stability of the neck and the desirable position 
and that endotracheal intubation is sometimes 
needed awake or  fi ber-optically.  

    6.5   Equipment 

 “A bad craftsman always blames his tools,” and 
there is no other discipline where this is more 
true than in spine surgery. Dull instruments or 
inappropriate instruments inevitably will cause 
irreparable nerve damage, and therefore, this 
should not be tolerated. Make sure that the sets 
are appropriate and that all the right sizes of 
Kerrison and pituitary rongeurs are available. 
Make sure that the hospital has appropriate sets 
for your preferences and at least the basic instru-
ments to open a spine and do an emergency 
laminectomy. Even though you might not be the 
main spine surgeon doing an emergency lamine-
ctomy or diskectomy, it should be part of what is 
expected from a general neuro- or orthopedic sur-
geon. Always test the radiology equipment to 
make sure that it is in a workable condition and 
that the imaging is satisfactory and always make 
sure that the sets are appropriately sterilized 
before the patient is put to sleep. There is nothing 
worse than waking a patient up with the inability 
to complete surgery due to equipment malfunc-
tion. This always includes the bed: make sure the 
bed that you use can rise up or change position to 
allow adequate radiology access and that all the 
safety mechanisms of the operating bed are in 
place to prevent iatrogenic patient injury. Make 
sure that the May fi eld clamps are at the appropri-
ate settings and the same when applying a halo 
when a May fi eld is not available. Ensure that all 
the traction is connected to the bed in a sturdy 
position. This kind of equipment has to be tested 
by the surgeon. It is the surgeon’s responsibility 
to make sure that it is in working condition before 
the patient is positioned. 

 Equipment also includes the availability of an 
appropriate microscope when needed—always 
ensure that it is well balanced and that the eye-
piece focus is properly adjusted before draping. 

 Never take a patient to the room without visu-
alizing the X-rays which means that this has to 
be pulled up on electronic medical records or the 
hard copies displayed in the room so that during 
the time of the procedure, the level can be 
checked again. This is primarily the surgeon’s 
responsibility. 
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 It is feasible to have a checklist of all the 
equipment that may be needed during spine sur-
geries, and it should be shared, so that all the per-
sonnel are aware of what is needed (Table  6.2 ).  

 Another word of wisdom: “Always have a 
backup plan.”  

    6.6   Postoperative Considerations 

 The postoperative treatment starts in the preop-
erative planning. A well-performed and well-ex-
ecuted surgery will leave a happy patient who 
will have relief of their preoperative pain and be 
able to work through the postoperative recovery 
as long as they have reassurance and their pain is 
controlled in the  fi rst 24 h. Make sure that orders 
are written appropriately for neuro- and vascular 
monitoring, and make sure that the nursing staff 
understands the importance of and speci fi cally 
which groups of muscles or distal pulses need to 
be monitored. Never disregard inappropriate or 
increasing complaints of pain, as this might be 
one of the  fi rst signs of a possible lurking disaster 
such as an epidural hematoma. Furthermore, dis-
cuss preoperative expectations in the patient 
whether you want to order a brace and/or bone 
stimulator or any other equipment that might be 
needed. It is a great practice to order this preop-
eratively as this facilitates the discharge. Make 
sure that the patients are adequately informed 
about the expectations in terms of wound heal-
ing, bandages, and sutures and have the basic 
knowledge and understanding of how complica-
tions may present. 

 Make sure that postop complications are not dis-
missed as a small wound infection might lead to a 
disastrous outcome. Do not dismiss the patient’s 
complaints about leg pain, wound redness, and 
swelling, and make sure that they come to the of fi ce 
for a visit rather than brushing them off over the 
phone as drug seeking. Most patients that have post-
operative complaints are legitimate, and even though 
the surgeon might have the knowledge, patients also 
have reasonable knowledge about their own bodies, 
and this should not be disregarded  [  15  ] . 

    6.6.1   Postoperative Visual 
Loss (POVL) 

 A much feared and devastating complication 
associated with spine surgery is postoperative loss 
of visual acuity  [  16  ] . This can occur with or with-
out associated ocular trauma. The visual de fi cits 
can range from blurring to complete blindness, 
and depending on the etiology, the prognosis for 
recovery can be poor. There are at least four types 
of visual loss: central retinal artery occlusion, 
central retinal vein occlusion, cortical blindness, 
and ischemic optic neuropathy  [  16 ,  18  ] . Central 
retinal artery and central retinal vein occlusion 
are most commonly associated with direct trauma 
to the globe of the eye (usually direct pressure on 
the globe resulting in a precipitous increase in 
intraocular pressure) and less commonly with 
embolic events. This makes proper positioning of 
the patient with careful attention to protection of 
the eyes imperative to prevent this injury. In addi-
tion to spine surgery, ION has occurred during 

   Table 6.2    Equipment needs for special issues   

 Issue  Need 

 Osteoporosis  Cement 
 Additional  fi xations such as cables and hooks 

 Revision surgery  Screw removal systems 
 Wide variety of new screws 
 Metal-cutting burs and easy-out systems 
 Iliac bolts 
 Additional and various rod screw connectors and rod extenders 

 Big blood loss surgery  Double equipment such as bovies and bipolars for assistant to 
facilitate the surgery 

 Anterior lumbar surgery  Second pulse oximeter to monitor circulation to the leg 
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cardiac procedures and also robotic intra-
abdominal surgery with the patients placed in a 
steep Trendelenburg position  [  17  ] . Most com-
monly, however, POVL follows prone spine 
 surgery and is caused by ischemic optic neuro-
pathy (ION)  [  19  ] . Estimates of the incidence of 
ION after spine surgery range from 0.01 to 0.2 % 
 [  6 ,  20 ,  21  ] . ION can occur in anyone including 
 otherwise young and healthy patients  [  22  ] . 

 The causes of ION are currently unknown, but 
ongoing research into the etiology of the visual 
loss has provided some insights. It is known that 
the anatomy of the optic nerve and its blood sup-
ply places the nerve at risk within the orbit and at 
the lamina cribrosa where it penetrates the thick 
sclera. The blood supply can be variable, and 
there is also a watershed area of perfusion along 
the midsection of the nerve between the zones of 
perfusion from the more posterior hypophyseal 
branches of the carotid artery and the short poste-
rior ciliary artery anteriorly. The neuropathy is 
likely caused by a decrease in perfusion pressure 
to the optic nerve below the autoregulatory 
threshold, and the extent of the injury will depend 
on the severity and duration of the ischemia  [  1  ] . 
A recent analysis from the American Society of 
Anesthesiologists Postoperative Visual Loss 
(ASAPOVL) registry was conducted using the 
case – control method  [  21  ] . In this study of 
patients undergoing prone spine surgery, the goal 
was to identify independent risk factors for the 
development of ION. Variables found to indepen-
dently increase the risk of ION were male sex, 
obesity, use of the Wilson frame, increasing dura-
tion of surgery, increasing amount of blood loss, 
and lower percentage of colloid to crystalloid 
 fl uid replacement. The fact that males seem par-
ticularly at risk compared to females was also 
con fi rmed by an earlier study and may suggest a 
protective effect of estrogen  [  20  ] . Factors and 
conditions previously postulated to contribute to 
the risk of POVL but not found to be independent 
variables included level of anemia, intraoperative 
blood pressure, and the presence of chronic 
hypertension, atherosclerosis, smoking, or diabe-
tes. These investigators point out that the  fi ndings 
suggest that intraoperative physiologic changes 
have a greater in fl uence on the development of 

ION than preexisting conditions and that venous 
congestion plays a signi fi cant role in precipitat-
ing these physiologic perturbations  [  22  ] . 

 Currently, there is no known effective treat-
ment for ION, placing prevention at the forefront 
of patient management strategies. The American 
Society of Anesthesiologists has published a 
practice advisory for POVL associated with spine 
surgery  [  23  ] . Review of the literature has led 
these experts to make a number of recommen-
dations concerning this complication. An abbre-
viated list of these includes:
    1.    There are no identi fi able preoperative patient 

characteristics which predispose to ION, but 
the risk may be increased in patients undergo-
ing prolonged procedures, those with large 
blood loss, or both.  

    2.    Consider informing these patients that there is 
a small, unpredictable risk of POVL.  

    3.    Colloids should be used along with crystal-
loids to maintain intravascular volume in the 
face of substantial blood loss.  

    4.    There is no documented lower limit of hemo-
globin concentration associated with the 
development of ION; therefore, no transfusion 
threshold which eliminates the risk of POVL 
can be established.  

    5.    Direct pressure on the eye should be avoided 
to prevent central retinal artery occlusion.  

    6.    High-risk patients should be positioned so that 
the head is above or level with the heart, and the 
head should be in a neutral forward position.  

    7.    Consideration should be given to the use of 
staged procedures in high-risk patients.     
 The practice of staging of prolonged surgical 

procedures with anticipated substantial blood 
loss into two or more shorter procedures has been 
endorsed by the North American Spine Society 
and the North American Neuro-Ophthalmology 
Society.   

    6.7   Pearls 

    Let common sense prevail.  
  Pay attention to detail.  
  Plan well.  
  Be meticulous.   
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  From inability to let well alone: from too much 
zeal for the new and contempt for what is old: from 
putting knowledge before wisdom, science before 
art, and cleverness before common sense, from 
treating patients as cases, and from making the 
cure of the disease more grievous than the endur-
ance of the same, Good Lord, deliver us. 
 Robert Hutchison        
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  7

 This chapter will review the most common surgi-
cal approaches to the cervical, thoracic, and lum-
bar spine with an emphasis on associated 
indications, anatomy, pearls, and pitfalls. Details 
not presented herein are easily found in anatomic 
and dedicated surgical approach textbooks, tech-
nique guides, articles, and videos. 

 Each region has unique anatomic factors that 
guide the surgical approach selection, though in 
many cases the choice of approach is dependent 
upon the surgeon’s preference. In fl uential factors 
include the pathology type, the regional align-
ment of the spine, proximity to the spinal cord, 
goals of surgery, and surgeon preference. Some 
basic rules include:
    1.    Spinal cord retraction, elongation, or compres-

sion is not safe or permissible during surgery.  
    2.    Laminectomy or posterior decompression 

without fusion should be performed with cau-
tion when kyphosis is present.  

    3.    When possible, it is preferable to approach the 
spine from the direction where the pathology 
is found.     

    7.1   Cervical Spine 

 Surgical treatment of cervical spinal disorders is 
increasingly common, particularly for the treat-
ment of degenerative disease in patients over 
65 years of age. Other indications include trau-
matic fracture or disk herniations, ossi fi cation 
of the longitudinal ligament (OPLL), deformity, 
infection, and tumors. The spinal cord is present 
throughout the cervical spine and can be a source 
of tremendous disability or occasionally cata-
strophic injuries that greatly in fl uence surgical 
decision-making. 

    7.1.1   Anterior Cervical Approach 

 The anterior approach to cervical pathology 
allows access to the cervical disks and verte-
bral bodies from the anterior aspect. It is com-
monly used when pathology is anterior, when 
kyphosis correction is required, and for local-
ized one- or two-level disease. It is combined 
with the posterior approach for treatment of 
tumors and multilevel degenerative disease 
where fusion may be challenging to achieve 
and especially when combined with cervical 
deformity. 

  Positioning 
 When stenosis is severe or the patient is symp-
tomatic with neck extension, nasotracheal intu-
bation is recommended. Otherwise, in-line 
stabilization is recommended during orotracheal 
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intubation. The patient is positioned supine with 
slight elevation of thorax by placing a bump or 
rolled towel between the shoulder blades. Head 
extension is slight and  fi ne-tuned with sheets or 
cushion under the head. Adequate visualization 
of the target disk level is con fi rmed on lateral 
X-ray or  fl uoroscopic imaging. Shoulders are 
gently taped distally with arms tucked at sides 
and bony prominences protected.  

  Landmarks 
 The sternocleidomastoid muscle (SCM) demar-
cates the lateral aspect of the incision. The medial 
extent of the incision is catered to the procedure, 
making longer incisions when more levels are 
exposed. The sternal notch, thyroid cartilage, and 
chin de fi ne midline. Fluoroscopy can be used to 
con fi rm proximity to operative disk levels. 
Common landmarks for the height of the inci-
sion: one  fi nger breadth above the thyroid carti-
lage is the 3–4 disk level, the thyroid cartilage 
spans the 4–6 levels, the cricothyroid cartilage is 
the C5–6 level, and C6–7 is one  fi nger breadth 
above the clavicle.  

  Incision 
 Incision is more cosmetic when transverse, in 
line with the skin folds. The platysma can be 
split in line with its  fi bers or in line with the 
incision. Care is taken during undermining of 
the platysma to protect the underlying veins 
and nerve plexi. The sternocleidomastoid mus-
cle is then identi fi ed and gently retracted later-
ally to expose the carotid sheath that is 
identi fi ed by palpating the carotid pulse. It is 
carefully protected during the remainder of the 
surgery.  

  Planes 
 The anteromedial approach is most com-
mon, de fi ned by passing medial to the carotid 
sheath that is retracted laterally, and the mid-
line visceral structures are protected medially. 
Conversely, the anterolateral approach to the 
cervical spine involves medial retraction of 
the carotid sheath. This technique is less com-
mon and limits the exposure of the prevertebral 

 fascia. It may be a more avascular plane, how-
ever. The prevertebral fascia is thus exposed, 
and the longus colli muscles visualized on either 
side of the disks that are identi fi ed visually and 
palpably. The disk level is then con fi rmed using 
imaging, often by placing a spinal needle into 
the most likely level. Alternatively, a clamp can 
be placed    on the longus coli. Longus coli are 
then undermined and self-retaining retractors 
placed.  

  Pearls and Pitfalls 
 Postoperative dysphagia may be improved with 
careful attention to minimizing trauma of the 
midline structures. Several techniques are 
employed, including de fl ation and rein fl ation of 
the endotracheal cuff after placement of self-
retaining retractors, placing self-retaining retrac-
tors under the longus coli, and periodically 
moving self-retaining retractors or using hand-
held retractors alone. The superior laryngeal 
nerve controls phonation of high notes and is 
carefully protected from damage in professional 
singers. It is famous for ending the career of the 
opera singer, Galli-Curci, after the nerve was 
severed during surgery. The omohyoid muscle 
crosses the  fi eld at the C5–6 level obliquely and 
is often sacri fi ced when interfering with 
approaches at this level. When possible, it is 
important to preserve vascular and neurologic 
structures crossing the  fi eld. Cautious 
identi fi cation of vessels and nerves is required, 
with either retraction or ligation of the vessels 
when necessary. Cephalad exposures identify the 
hypoglossal nerve, glossopharyngeal nerve, 
digastric muscle, superior laryngeal nerve, and 
the superior thyroid artery and vein. Caudal 
exposures identify the middle thyroid vein that 
can be ligated, the inferior thyroid artery and 
vein, and the omohyoid muscle typically  crossing 
the  fi eld at C5–6. 

 Right-sided approaches distal to C4 require 
identi fi cation of the recurrent laryngeal nerve 
crossing transversely into the midline viscera. 
Left-sided approaches distal to C7 may encoun-
ter the thoracic duct entering the jugular vein-
subclavian vein junction.   
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    7.1.2   Posterior Approaches 
to the Cervical Spine, Including 
the Occipitocervical 
and Cervicothoracic Junctions 

  Indications 
 Posterior exposure of the posterior skull base and 
cervical and upper thoracic spine may be indicated 
for decompression, biopsy, and for instrumented 
fusion. Common indications include upper cervical 
instability, cervical fracture, and multilevel degen-
erative disease, especially with facet arthrosis.  

  Positioning 
 After endotracheal intubation, neuromonitoring 
including in some cases SSEP and MEP is typi-
cally recorded at baseline. Skeletal traction or 
stabilization is often used and applied at this time 
in the supine position. Either the surgeon or expe-
rienced anesthesiologist is charged with control-
ling head position during the transition to the 
prone position. The patient is rolled from stretcher 
to OR table in a slow controlled fashion, with 
bolsters to support chest, pelvis, and lower 
extremities. The traction device is attached to the 
bed frame before reattaching the ventilator. The 
arms are gently tucked to side, and shoulders may 
be taped distally when distal levels of the cervical 
spine will be exposed or when the neck is short or 
bulky fat pad is present or obstructs access. 
A radiolucent table is recommended for optimal 
imaging in the anterior posterior plane. May fi eld 
tongs are useful for placing the head in the mili-
tary tucked position, with chin  fl exed forward 
and slight longitudinal traction in patients with-
out dislocation or marked instability. In the pres-
ence of instability, it is important that imaging 
con fi rmation of bony alignment is obtained dur-
ing the positioning process prior to commencing 
the procedure. This position must be suited to the 
intended operation and typically improves access 
during decompression of the upper cervical spine. 
It can be used during screw or wire placement on 
the C1 and C2 bones, but the head must be 
extended prior to  fi nalizing instrumentation dur-
ing fusion in order to lock the spine in anatomic 
alignment.  

  Landmarks 
 The skull is shaved from the posterior hairline to 
approximately 2 in. above the intended incision. 
For exposure and instrumentation of the occiput, 
the incision usually starts at the occipital also 
known as inion, external occipital protuberance. 
The exposure usually extends distally in the mid-
line to approximately 1 in. below the spinous 
 process of the distal vertebrae that will be instru-
mented or exposed. Fluoroscopic imaging or 
X-ray is useful when extending to the distal cer-
vical levels.  

  Incision 
 The incision is carried down sharply through the 
dermis, and then electrocautery is usually used to 
expose the spinous process in the midline. The 
ligamentum nuchum is typically split down the 
middle, and interspinous ligaments are protected 
until the operative level is con fi rmed with intra-
operative imaging. Care should be taken as the 
bleeding can be copious, if one strays off of the 
midline. After con fi rmation of operative level, 
the muscles are stripped off the spinous processes 
of the operative level only, preserving the liga-
mentous connections to adjacent levels. 
Spontaneous fusion can occur between adjacent 
lamina and at the occipitocervical junction in 
children when nonoperative levels are dissected. 
Subperiosteal dissection is performed with eleva-
tors to expose necessary anatomy on the occiput 
and cervical levels, as far laterally as the lateral 
aspect of the lateral mass of levels distal to C1. 

 Care is taken at the occipitocervical junction 
as there are larger gaps between the laminae. It is 
important to stay on the lamina during dissection 
as deep penetration adjacent to the C1 arch may 
injure the atlantooccipital membrane and dura. 
The C1 arch anatomy is variable and should be 
studied on preoperative imaging, often using a 
CT scan or MRI. Dissection laterally on the C1 
arch is limited by the course of the vertebral 
artery as it exits the C1 foramen transversarium 
and courses posteromedially into its groove on 
the cephalad aspect of the C1 arch. It is typically 
safe to dissect up to 3 cm laterally on the C1 arch 
without injury of the vertebral artery or vein. The 
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blue hue of the vein is  fi rst visualized in the 
groove as a warning to stop dissecting toward the 
artery. The second cervical ganglion is also 
encountered during lateral dissection at the infe-
rior aspect of the C1 arch. Further dissection lat-
erally would place the vertebral artery at risk as it 
passes between the foramen transversarium of 
C2 and C1. It is also important to note that the C1 
arch is often weak and prone to fracture if too 
much pressure is placed upon it.  

  Pearls and Pitfalls 
 Bleeding is minimized with careful attention to 
midline dissection deep to the incision without 
violating the paraspinal musculature. Experienced 
surgeons may inject an epinephrine solution into 
the paraspinal muscles to decrease bleeding, 
understanding the risk of dural puncture or cord 
injury. C1–2 fusion techniques may require sub-
periosteal dissection of the C2 posterior elements, 
the isthmus of the lateral arch, and C1–2 facet 
joint.    

    7.2   Thoracic Spine 

    7.2.1   Anterolateral/Lateral 
Thoracotomy Approach 

 This approach is most frequently used for burst 
fractures, disk herniations, anterior release of 
deformity, infection, and tumors. The approach is 
amenable to use with traditional retractors or 
with modern tubular retractor systems. 

  Positioning 
 Lateral decubitus position with the most affected 
side up. A bump is placed under the axilla, and 
the head is stabilized in the neutral position. For 
thoracolumbar levels, the diaphragm may need to 
be retracted anteriorly during the approach. In 
these cases, the hinge of the table is placed at the 
approximate level of the twelfth rib or thora-
columbar junction to increase the working dis-
tance between the rib cage and iliac crest when 
the table is extended. The body is carefully pad-
ded, especially the  fi bular head and axilla to avoid 
peroneal palsies or brachial plexus palsies, 
respectively. Carefully secure the body to prevent 

rolling during imaging and exposure where the 
table may be subsequently repositioned. Tape is 
used with caution in longer cases as skin break-
down may occur.  

  Landmarks 
 Preoperative planning with CT scan or MRI 
imaging can identify the intercostal space or if 
necessary, which rib needs to be partially resected. 
The surgeon can then count the ribs and identify 
levels for incision. Many surgeons use intraoper-
ative  fl uoroscopy to identify the optimal plane for 
incision, especially when tubular retractors are 
used as they are less forgiving and require more 
precise alignment with the disk space. In general, 
a direct lateral approach will require partial resec-
tion of the rib that descends from two levels above 
the involved level. The incision is made in line 
with the rib to be resected. If tubular retractors 
are used,  fl uoroscopy is typically used to identify 
the incision site, immediately lateral to the site of 
pathology. Sharp dissection is used to expose the 
underlying muscle that is split in line with its 
 fi bers. Depending upon the targeted level, the 
layers may include the trapezius, latissimus dorsi, 
rhomboid major, and the serratus posterior. The 
rib periosteum is exposed and split in line with 
the rib followed by subperiosteal dissection of 
the portion that will be resected. Careful attention 
should be paid to the costal nerve and vessels that 
lay beneath the caudal edge of the ribs, both dur-
ing rib resection and subsequent placement of a 
rib spreader. The rib is dissected from all soft tis-
sue before the rib cutter is used. If the twelfth rib 
is sacri fi ced for approaches to the thoracolumbar 
junction, then it is disarticulated from its verte-
bral body and removed in one piece. The ipsilat-
eral lung can be de fl ated by anesthesia during rib 
resection and placement of the rib spreader, and it 
should be directly protected during intrathoracic 
work. After entering the thoracic cavity, the lung 
is gently displaced and protected anteriorly, and 
the ipsilateral aspect of the spine lies posteriorly, 
invested by pleura. The pleura is gently elevated 
and split longitudinally, with careful attention to 
the radicular arteries that run transversely across 
the body, in parallel with the intervertebral disks. 
These arteries are sacri fi ced when necessary for 
exposure of the vertebral body. A chest tube is 
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placed and attached to suction at the end of the 
procedure, usually below the ninth rib.  

  Pearls and Pitfalls 
 Positioning is critical to the success of lateral 
procedures. Proper protection of the prominent 
bony elements will avoid peripheral complica-
tions. Neuromonitoring is critical for early detec-
tion of evolving peripheral and central nervous 
system injuries. The primary arterial supply to 
the spinal cord at the thoracolumbar junction is 
the artery of Adamkiewicz most commonly 
occurring at the level of T10 to L1. It is widely 
believed that injury to this artery only occurs 
when dissection extends into the vertebral fora-
men. Thus, it should be avoided. Avoid injury to 
the intercostal artery and vein while dissecting 
the ribs before resection. Open the parietal pleura 
1.5 in. from the head of the rib. Segmental vessels 
are tied off. Use costovertebral articulation, rib 
head, and pedicle as a landmark to avoid vascular 
and neurologic injury. Close the parietal pleura 
and use heavy woven suture to approximate ribs 
during closure.   

    7.2.2   Posterior Thoracic Approach 

 This is a common approach for the thoracic spine 
and can be adapted to treat the majority of indica-
tions in the region. It is used for posterior decom-
pression of stenosis, posterolateral intertransverse 
process fusions, posterior instrumentation, and 
resection of posterolateral elements including the 
facet joints and/or costovertebral articulations 
when performing anterior decompression/fusions 
from a posterior approach. 

  Positioning 
 After intubation, anesthesia completes their prep-
aration of the patient, possibly including arterial 
line placement. The surgical team determines the 
necessity of catheterization of the bladder and 
neurologic monitoring as indicated depending on 
magnitude of case. Cord level cases typically 
require spinal cord monitoring. After intubation, 
the patient is rolled into the prone position on the 
operative table. The arms are typically placed 
overhead and abducted 90° at the shoulder and 

elbow. Bony prominences are padded, and the 
face is inspected to ensure there is no pressure on 
the eyes. The abdomen should be free of com-
pression to reduce intra-abdominal pressure.  

  Landmarks 
 The spinous processes lay in the midline. Ribs 
help identify the thoracic levels and the cervico-
thoracic and thoracolumbar junctions. Though 
the iliac crest typically lies at the level of L4–5, 
preoperative X-rays are used during preopera-
tive planning to con fi rm the patient’s speci fi c 
anatomy.  

  Incision 
 A midline incision is carried down to the spinous 
processes, with careful attention to hemostasis. 
Injection of a dilute epinephrine solution often 
helps reduce bleeding but should be used with 
caution under the supervision of an experienced 
surgeon. The fascia is incised the length of the 
incision, and Cobb Elevators are often used to 
dissect the paraspinal muscles off the midline. 
Electrocautery and packing techniques help to 
control bleeding. The extent of the exposure is 
related to the procedure. The lamina alone is 
exposed and stripped of muscle for laminecto-
mies. The facets and transverse processes are 
exposed during fusion cases, for instrumentation 
and when anterior structures will be approached 
via resection of posterior elements, such as 
interbody fusions, osteotomies, and scoliosis 
procedures.  

  Pearls and Pitfalls 
 Resection of the interspinous ligaments of adja-
cent levels may lead to adjacent-level degenera-
tion or deformity. Removing the posterior 
elements in the central thoracic spine may lead to 
kyphosis, especially when it occurs at the end of 
a long fusion with rigid instrumentation.    

    7.3   Lumbar Spine 

    7.3.1   Anterior Lumbar Approach 

 Access to the intervertebral disk space and ante-
rior vertebral bodies of the distal lumbar spine, 
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L1–5, can be achieved through the anterior 
approach. Anterior lumbar interbody fusions with 
or without anterior or posterior instrumentation 
are the most common indication, usually in the 
setting of degenerative disease. The exposure is 
limited by the presence of the great vessels, the 
descending aorta and inferior vena cava, which 
bifurcate somewhere between the third and  fi fth 
lumbar vertebrae. Retrograde ejaculation is 
reported in a small percentage of male patients. 
The approach avoids disruption of the supporting 
paraspinous musculature, posterior tension band, 
and ligamentous structures. The L5–S1 inter-
space is the easiest to access, and in some cases 
the L4–5 is feasible. 

 There are wide varieties of techniques used 
for the anterior approach that are beyond the 
scope of this chapter, including retroperitoneal 
and transperitoneal techniques with or without 
laparoscopic guidance. Detailed descriptions 
are available in multiple advanced spine text-
books. The basics of the approach include 
retraction of the rectus to expose the retroperi-
toneal space. The peritoneal sac is then retracted 
medically to expose the psoas muscles, great 
vessels, and anterior spine. Care is taken to 
protect the ureters, genitofemoral nerves, and 
iliolumbar vein.  

    7.3.2   Lateral Approach to the Lumbar 
Spine 

 Sometimes referred to as the lateral transpsoas 
approach, it was described by McAfee for open 
treatment of thoracolumbar fractures. This 
approach is amenable to the use of modern tubu-
lar retraction systems. 1  Indications include ante-
rior decompressions of the thecal sac and foramen, 
diskectomy or corpectomy, lateral interbody 
fusion for lumbar degenerative scoliosis, disk 
disease, or adjacent-level degeneration beside a 
prior fusion. 

  Positioning 
 After intubation, the patient is rolled into the lat-
eral decubitus position with their trochanter just 
distal to the break in the table. Bony prominences 
are well padded with a roll placed under their 
axilla. Their body is secured to the table with 
meticulous attention to the skin, especially in 
elderly patients where skin tears are more com-
mon. Tape or belts are used with padding. An 
alternative is to place the patient on a Wilson 
Frame  fl exed and widened to accommodate the 
patients size. The upper leg is typically  fl exed at 
the hip and knee to allow relaxation of the psoas 
muscle to decrease both muscle damage during 
the approach and the tension in the lumbar plexus 
passing through the psoas muscle. The side of 
approach is determined by orientation of the ver-
tebrae, local deformity, and perhaps site of pathol-
ogy. The primary importance is adequate access 
to the desired level. The bed or Wilson Frame is 
 fl exed or jackknifed at the mid-torso to open the 
interval between the ribs and ilium, with caution 
in patients with osteoporosis or deformities. More 
challenging levels will require more break in the 
bed. This technique is usually performed under 
the supervision of an experienced surgeon.  

  Landmarks 
 Fluoroscopic imaging is vital to ensure adequate 
and accurate trajectory when using tubular retrac-
tors from the lateral approach. The iliac wing 
caudally and ribs are palpated for reference in the 
context of preoperative imaging to judge the 
height of incision.  

  Incision 
 Incision is carried down to the external oblique 
muscle fascia, and the muscle is split in line with 
its  fi bers. The internal oblique and transversus 
abdominis muscle layers are split in similar fash-
ion with self-retainers placed. The transversalis 
fascia is opened with caution to avoid injury to 
the peritoneum that lies in the abdominal cavity. 
Many surgeons introduce an instrument or their 
gloved  fi nger deep to the transversalis fascia 
though the membrane on top of the  fi nger to pro-
tect the bowel contents. Careful blunt dissection 
through the retroperitoneal fat will then allow 

   1  McAfee PC, Bohlman HH, Yuan HA (1985) Anterior 
decompression of traumatic thoracolumbar fractures with 
incomplete neurological de fi cit using a retroperitoneal 
approach. J Bone Joint Surg Am 67-A(1):89–104  
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palpation of the posterior wall of the abdominal 
cavity and spinous transverse processes (TPs). 
Just anterior to the TPs, the psoas muscle is pal-
pable overlying the vertebral column. The psoas 
muscle is then split with dilators, and con fi rmation 
of disk level is performed with a guide wire or 
needle using  fl uoroscopy or X-ray imaging. 

 The lumbar plexus lies within the psoas mus-
cle and must be avoided during lateral approach 
to the lumbar spine. The most dangerous level is 
at L4–5, where the L5 nerve usually passes the 
disk in the posterior half of the body. Staying in 
the anterior half of the disk space or carefully 
sweeping the psoas posteriorly from the 50 % 
mark is recommended to avoid damage. 
Neurologic monitoring is used to detect irritation 
or early injury to the plexus.  

  Pearls and Pitfalls 
 Splitting the psoas bluntly with your  fi nger or a 
peanut prior to using sharp tools in the area may 
prevent damage to the plexus. Patients with obe-
sity must be counseled that their weight may pro-
hibit safe technique in which case the procedure 
may have to be abandoned midway through. 
Patients would subsequently undergo traditional 
techniques. The ilium blocks lateral access to the 
L5–S1 level and in some cases the L4–5 level. 
Preoperative lateral X-rays help predict the option 
to use this approach at L4–5. Flexibility in the 
L4–5 interspace can help in borderline cases, but 
considerable stress is placed on the rim of the L4 
vertebrae, so that caution should be used in 
patients with poor bone stock or osteoporosis.   

    7.3.3   Posterior Lumbosacral Approach 

 This is a common approach for treating disorders 
of the lumbar spine and lumbosacral junction. It 
is used for posterior decompression of stenosis, 
diskectomies, posterolateral intertransverse pro-
cess fusions, posterior instrumentation, and 
reconstruction or resection of posterior elements 
including the facet joints. Anterior decompres-
sion with or without fusion and more aggressive 
osteotomies or tumor surgeries can be performed 
from a posterior approach. 

 There are two variations commonly used for 
the posterior approach, the midline approach 
and the posterolateral muscle splitting, Wiltse 
approach. With modern tubular retraction sys-
tems, it is possible to perform a wide variety of 
procedures, including but not limited to the 
simple diskectomy, laminectomy, or more com-
plex fusions, corpectomies and scoliosis 
reconstructions. 

  Positioning 
 After intubation, anesthesia completes their prep-
aration of the patient, possibly including arterial 
line placement. The surgical team determines 
necessity of catheterization of the bladder and 
neurologic monitoring as indicated depending on 
magnitude of case. Cord level cases typically 
require neurologic monitoring. After intubation, 
the patient is rolled prone or in some cases the 
lateral decubitus position on the operative table. 
The arms are placed overhead, abducted 90° at 
the shoulder, and  fl exed 90° at the elbow. Bony 
prominences are padded and the face is inspected 
to ensure there is no pressure on the eyes. The 
abdomen should be free of compression to reduce 
intra-abdominal pressure. This is thought to 
decrease the back fi lling of venous blood into the 
epidural space and Batson’s plexus and thus 
decrease blood loss during the surgery.  

  Landmarks 
 The spinous processes lie in the midline. Ribs 
help identify the thoracolumbar junction, and the 
iliac wings can be traced out to identify the pel-
vis. The top of the iliac crest typically lies at 
approximately L4–5.  

  Incision 
 Midline approach: incision is carried down to the 
spinous processes, with careful attention to 
hemostasis. The lumbar fascia is incised along 
the length of the incision, and Cobb Elevators 
and electrocautery are often used to dissect the 
paraspinal muscles off the spinous process. 
Electrocautery and packing techniques help to 
control bleeding. The extent of exposure is 
related to procedure. The lamina alone is exposed 
and stripped of muscle for laminectomies. The 
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facets and transverse processes are exposed dur-
ing fusion cases, for pedicle-based instrumenta-
tion and when anterior structures will be 
approached via resection of posterior elements, 
such as interbody fusions, osteotomies, and 
 scoliosis procedures. 

 When a posterolateral muscle splitting 
approach is used, the incision is made off the 
midline with deference to the goals of the pro-
cedure. Though there is no  fi rm rule for the 
distance off the midline for the incision, patient 
body habitus plays a large role. In general, dis-
kectomy is performed 1 centimeter (cm) off 
midline, laminectomy 3 cm off midline, and 
fusion with instrumentation is typically 4 cm 
off the midline. Imaging is often used in the 
OR after positioning to con fi rm orientation of 
the spine and to better gauge the location of 
incision. Incision is carried down to the lumbar 
fascia which is spit in line with the incision. 
Deep to the fascia, blunt dissection is used to 
develop the plane between paraspinal muscle 
groups when approaching the facet joints fol-
lowed by placement of retractors. Alternatively, 
a guide wire is placed percutaneously toward 
the surgical target followed by blunt dissection 
using dilators. The retractor size is then 
selected and placed over the dilators. If expo-
sure is not optimal, the retractor can be shifted, 
or wanded, under direct visualization of the 
deep anatomy.  

  Pearls and Pitfalls 
 Resection or damage of the posterior ligamentous 
complex and facet joints at adjacent levels is 
avoided to prevent acceleration of adjacent-level 
degeneration or deformity. Injection of a dilute 
epinephrine solution before incision often helps 
reduce bleeding but should be used with caution 
under the supervision of an experienced surgeon. 
Using tubular retractors, the transverse process 
(TP) can be mistaken for the facet joint when the 
trajectory is off. This error is avoided by directly 
palpating the lateral wall of the facet and follow-
ing it down to con fi rm the presence of the TP 
immediately after retractors are placed.        
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  8

    8.1   Case Example 

 A 23-year-old male suffered a C4–5 bilateral facet 
dislocation in a diving accident and presents with a 
complete spinal cord injury with no function below 
C5 (Fig.  8.1a ). Closed reduction is attempted but is 
not successful. A preoperative MRI reveals herni-
ated disk material at C4–5. He is taken to the operat-
ing room for anterior cervical diskectomy, followed 
by posterior reduction and  fi xation with lateral mass 
screws and rods and  fi nally anterior fusion with a 
plate and  fi bular allograft (Fig.  8.1b ). This repre-
sents a very strong biomechanical construct that is 
necessary given the complete ligamentous disrup-
tion and severe instability resulting from the injury.   

    8.2   Anterior Cervical Plating 

 Anterior cervical plates are the most common 
form of instrumentation used in the cervical spine, 
and their use has increased in the past two decades 
 [  1  ] . They have evolved from general trauma plates 

designed for the extremities to low-pro fi le, con-
toured plates designed for the cervical spine. They 
now include both rigid and dynamic devices. 

    8.2.1   Indications 

 Anterior cervical plates are used to improve the sta-
bility of the cervical spine and increase the likeli-
hood of fusion following diskectomy or corpectomy 
in the setting of degeneration, trauma, infection, or 
tumor. The most common use of plating is with 
anterior cervical diskectomy and fusion (ACDF) or 
corpectomy. The use of a plate in single-level 
ACDF is controversial as plating offers only a slight 
improvement in the fusion rate—from 92 to 97 % 
according to a recent meta-analysis  [  2,   3  ] . 
Proponents of plating cite the advantages of being 
able to use allograft and avoid the use of rigid cer-
vical collars when a plate is used  [  4,   5  ] . Less con-
troversial is the use of a plate for corpectomy or 
multilevel ACDF, with the addition of a plate result-
ing in a signi fi cant improvement in the fusion rate 
(i.e., from 80 to 95 % for two-level ACDF)  [  2  ] . 
Plating is also used regularly in cases of trauma if 
an anterior or anterior-posterior approach is used.  

    8.2.2   Relevant Anatomy 
and Technique 

 A standard anterior approach to the cervical spine 
is used to expose the vertebrae to be fused (see 
Chap.   7    ). Depending on the number of levels to be 
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addressed, either a transverse (usually an accept-
able option for three or fewer levels) or oblique 
longitudinal incision along the medial border of 
the sternocleidomastoid can be used. The anatomy 
of the vertebral bodies and disk spaces needs to be 
considered when placing a cervical plate. The disk 
spaces are oriented from anteroinferiorly to pos-
terosuperiorly in the sagittal plane, so screw place-
ment must take this into account. The screws going 
into the superior vertebra must be aimed in a more 
superior direction, or they are at risk of violating 
the disk space. The screws in the inferior vertebra 
can be aimed straight ahead or slightly inferiorly 
depending on the selected starting point. In gen-
eral, the shortest plate available should be selected 
such that the starting points for the screws are 
adjacent to the disk space as it has been shown that 
adjacent-level ossi fi cation is more common if the 
plate is within 5 mm of the adjacent disk  [  6  ] . 
Screws should also be aimed slightly medially in 
order to improve pullout strength through triangu-
lation. Vertebral bodies tend to range from 14 to 
20 mm deep in the sagittal plane (i.e., from ante-
rior to posterior), so many surgeons will use a 
14-mm screw by default unless the vertebral body 
appears abnormally small. In general, unicortical 

 fi xation is suf fi cient with modern locking plates; 
however, bicortical  fi xation can be considered in 
cases of osteoporotic bone  [  7  ] . Obviously, great 
care must be taken to avoid injury to the neural 
elements if bicortical  fi xation is attempted. Most 
plating systems are designed with a hand or power 
drill used to create a pilot hole that can be  fi lled 
with a self-tapping screw. Attention should be paid 
to making sure the plate and anterior aspects of the 
vertebral bodies are contoured appropriately so 
that the plate is not prominent as this can cause 
dysphagia. Finally, the plate should be centered on 
the vertebral bodies in the coronal plane, and the 
uncovertebral joints, sternal notch, and jaw can be 
used as landmarks to judge alignment.  

    8.2.3   Plate Designs 

 First-generation cervical plates were “unlocked,” 
meaning that the screws were not  fi xed to the plate 
and could toggle within the plate. A major advance 
was the development of locking plates, in which the 
screws locked into the plates, creating a  fi xed-angle 
device that prevented toggle and backing out of the 
screws. Biomechanical studies have demonstrated 

a b

  Fig. 8.1    ( a ) C4–5 bilateral facet dislocation. ( b ) Postoperative radiograph demonstrating anterior  fi xation with a plate 
and allograft  fi bula and posterior  fi xation with lateral mass screws and rods       
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that locked plates maintain rigidity better than 
unlocked plates during cyclic loading  [  8  ] . Rather 
than loosening, locked  constructs fail more fre-
quently with screw or plate breakage. A concern 
with rigid, locked plates, however, is that they do 
not allow for load sharing with the graft, which 
could theoretically result in pseudarthrosis, espe-
cially if there is loss of bone graft height  [  9  ] . To 
address this concern, dynamic plates have been 
developed to allow for graft load sharing and possi-
ble subsidence yet prevent screw back out. Three 
main designs exist: plates that allow for screws to 
toggle as the graft settles, translational plates that 
allow for the screws to translate in slotted holes with 
the vertebra as subsidence occurs, and telescoping 
plates in which the screws are rigidly locked to the 
plate and the plate itself shortens (Fig.  8.2a–c )  [  10  ] . 
All three designs should theoretically allow for graft 
subsidence and better load sharing, yet each has its 
own limitations. Not surprisingly, plates that allow 
for screw toggle may be associated with a higher 
rate of failure at the screw-bone interface, which 
could lead to nonunion. If subsidence occurs with 
translational plates that allow for vertical screw 
translation, the ends of the plate will move closer to 
the adjacent, unfused disks, raising concerns about 
adjacent-level ossi fi cation  [  6  ] . Telescoping plates 
do not have either of these problems, but they tend 

to be thicker and actually less rigid due to the tele-
scoping mechanism  [  11  ] .  

 Despite the theoretical advantages of dynamic 
plates, it remains unclear if they lead to measur-
ably better clinical or radiographic outcomes. In 
the largest randomized trial comparing dynamic 
and rigid plates, the authors found no signi fi cant 
differences in fusion rates or clinical outcomes at 
2 years for patients who underwent one- or two-
level ACDF  [  12  ] . They did report signi fi cantly 
more implant-related complications for the rigid 
plate compared to the dynamic plate, yet more 
loss of lordosis in the dynamic plate group. Similar 
to this study, a smaller randomized trial compar-
ing dynamic to rigid plates found no clinical or 
radiographic differences overall but suggested a 
trend toward better clinical outcomes in the 
dynamic plate group  [  13  ] . At this point, it remains 
unclear if dynamic plates offer an advantage over 
rigid plates or if there are speci fi c situations in 
which they are favored.  

    8.2.4   Complications 

 The most common complication following 
ACDF with plating is dysphagia, which occurs 
in up to 60 % of patients in the short term, 

a b c  Fig. 8.2    ( a ) Dynamic plate 
that allows for screw toggle. 
( b ) Translational plate that 
allows for screw translation 
in a slotted hole. 
( c ) Telescoping plate with 
rigidly  fi xed screws that 
allows for shortening of the 
plate itself       
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though it is unclear if the addition of a plate 
actually contributes to it  [  14  ] . Voice dif fi culties 
are another common complaint, reported by 
nearly 20 % of patients at long-term follow-up 
 [  15  ] . Neurological, vascular, and esophageal 
injuries are rare. As discussed above, the addi-
tion of a plate to a corpectomy or multilevel 
ACDF helps to reduce the rate of pseudarthrosis 
signi fi cantly. Implant failures with modern 
instrumentation occur in approximately 3 % of 
cases and are associated with osteoporosis and 
technical errors  [  16  ] .   

    8.3   Anterior Cervical Cages 

 Traditionally, iliac crest autograft was used to  fi ll 
the disk space following ACDF. However, con-
cerns over harvest site complications and persis-
tent pain have prompted surgeons to evaluate 
other options  [  17  ] . Allograft is a popular option 
in countries where it can be easily obtained, 
though it is associated with a small but real risk 
of disease transmission. Allograft is not avail-
able in all nations, so this has stimulated the 
development of anterior cervical cages that can 
be used instead of autograft or allograft. 
Information on bone graft and bone graft substi-
tutes can be found in Chap.   10    . 

    8.3.1   Indications 

 Cervical cages can be used in degenerative, trau-
matic, and neoplastic cases when reconstruction 
of the anterior column is necessary. They can be 
used in the same fashion as allograft or autograft 
in ACDF or corpectomy, though it is unclear if 
they offer any advantage over allograft for these 
applications, and they tend to cost more. Use of 
cages in the setting of infection is controversial. 
Traditionally, autograft has been favored in 
osteomyelitis due to its resistance to bio fi lm for-
mation. However, successful use of synthetic 
cages for reconstruction following corpectomy 
for osteomyelitis and epidural abscess has been 
reported  [  18  ] .  

    8.3.2   Relevant Anatomy 
and Technique 

 Cages rest against the bony end plates of the adja-
cent vertebrae, so preservation of the end plate is 
essential to prevent subsidence. On the other 
hand, fusion can only occur at bone surfaces, so 
the disk material and cartilaginous end plate over-
lying the subchondral bony end plate must be 
completely removed. This is generally performed 
with careful use of curettes and the high-speed 
burr. Another important technical issue is achiev-
ing the appropriate tightness of  fi t of the cage. 
Undersizing the cage in the vertical direction 
results in a loose  fi t and the possibility of migra-
tion, especially if a plate is not used. Overstuf fi ng 
the space results in high forces at the end plates 
and increases the risk of subsidence. Additionally, 
it may also reduce motion at adjacent levels  [  19  ] . 
Maximizing the footprint of the cage is also 
important to prevent subsidence as this helps to 
distribute the load over a greater area.  

    8.3.3   Cage Designs 

 Cages can be designed to  fi ll large vertical gaps 
resulting from corpectomy or the horizontal space 
following diskectomy. Vertical cages are typically 
made of titanium, with a mesh being the classic 
design (Fig.  8.3 ). Expandable vertical cages are 
also available and have the advantage of being 
adjustable to the height of the corpectomy defect 
 [  20  ] . Horizontally oriented cages are used to  fi ll 
the disk space following diskectomy and have 
been designed with screw-in, cylindrical mesh, 
and box-shaped designs. Cages were traditionally 
made of titanium; however, metal cages reduce 
the image quality on CT scan and MRI. As a 
result, carbon  fi ber and polyether ether ketone 
(PEEK) cages have been developed. Hybrid 
devices that incorporate a cage with a plate or 
screws are the latest development in cage design 
and provide reconstruction and  stabilization in 
one device  [  21  ] . The superiority of one design 
over another or an advantage over allograft has 
not been demonstrated clinically  [  22  ] . In places 
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where allograft is available, cages are unlikely to 
be widely adopted for straightforward degenera-
tive conditions until it is demonstrated that they 
offer an advantage that justi fi es their cost.   

    8.3.4   Complications 

 The most common complications related to 
cages—and allograft or autograft—are subsidence 
and pseudarthrosis. Most patients with subsidence 
remain asymptomatic as long as fusion occurs, 
though foraminal stenosis and recurrent radicul-
opathy can occur  [  23  ] . Most studies comparing 
cages to autograft and allograft have found similar 
rates of pseudarthrosis  [  22  ] . More catastrophic 

complications such as extrusion, cage breakage, 
and neurological injury are fortunately rare.   

    8.4   Occipitocervical 
Instrumentation 

 Treatment of occipitocervical instability—either 
congenital, in fl ammatory, or traumatic— 
traditionally involved fusion using semirigid wir-
ing techniques. These approaches required the 
long-term use of a halo postoperatively, accompa-
nied by the complications associated with halo 
use. Rigid modern instrumentation has been 
developed in order to increase fusion rates and 
avoid the complications associated with halo use. 

    8.4.1   Indications 

 Occipitocervical fusion is indicated in cases of 
occipitocervical instability. Down syndrome is 
associated with less curvature of the occipital con-
dyle, and this can result in congenital instability 
 [  24  ] . Rheumatoid arthritis can lead to atlantoaxial 
instability with basilar invagination of the dens, 
and this typically requires C1 laminectomy with 
occipitocervical fusion. Traumatic occipitocervi-
cal dislocation is often fatal and is treated with 
occipitocervical fusion in surviving patients.  

    8.4.2   Relevant Anatomy 
and Technique 

 Understanding occipital bony anatomy is essential 
to safely placing occipital screws. The occiput is 
thickest at the external occipital protuberance (EOP), 
but the con fl uence of the transverse sinuses lies ante-
rior to the inner cortex at this level. Going laterally 
from the EOP is the superior nuchal line, which 
overlies the transverse sinuses. As such, screws must 
be placed caudal to the EOP. In the medial-lateral 
direction, the bone is thickest in the midline and 
tapers out laterally. At the EOP in the midline, the 
bone is typically 10–15 mm thick, decreasing to 
6–7 mm in the midline 3 cm below the EOP  [  25  ] . 

  Fig. 8.3    Titanium mesh cage used for anterior recon-
struction after corpectomy       
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 To place occipital instrumentation, the occiput 
must be exposed from the EOP to the posterior 
atlantooccipital membrane. Fixation devices 
come in a variety of designs (see Sect.  8.5.3 ), but 
all modern instruments are attached to the 
occiput using screws. Screws should be placed 
close to the midline and the EOP (but not above 
it due to the risk of injuring the transverse sinus) 
in order to maximize purchase in the thicker 
bone found superior and toward the midline. 
Most plates also have holes slightly off midline 
in order to provide for rotational control. Screws 
should be bicortical as this increases pullout 
strength by 50 %  [  26  ] . In general, holes should 
be created by starting with a drill set at 6–8 mm 
and gradually increasing depth until the inner 
cortex is breached. Most screws are in the 
6–14-mm range. If a spinal  fl uid leak occurs, it 
is simply treated by placing the screw. Following 
placement of the occipital plate or screws, rods 
are contoured to allow connection to the cervical 
 fi xation.  

    8.4.3   Construct Designs 

 Recently there has been signi fi cant progress in 
the development of more rigid and user-friendly 
occipitocervical instrumentation. Initial tech-
niques for occipitocervical  fi xation involved 
wires passed through burr holes and attached to 
the cervical spine. The  fi rst plating techniques 
used pelvic reconstruction plates contoured to 
allow for the placement of lateral mass screws 
and occipital screws and were obviously chal-
lenging to use. More recently, occipital plates 
have been developed. Initially, these plates were 
designed to be placed bilaterally on the occiput 
and could be connected to the cervical spine with 
rods. The latest-generation occipital plates 
include midline and paramedian screw holes in 
one plate (Fig.  8.4 ). These plates include polyax-
ial rod connectors, allowing for easier connection 
to the cervical spine. Since rod contouring can be 
dif fi cult at the occipitocervical junction, hinged 
rods have been developed.   

    8.4.4   Complications 

 Medical complications following occipitocervi-
cal fusion are common in the trauma, cancer, and 
rheumatoid patients. Skin breakdown and subse-
quent infection is not uncommon, in part due to 
the prominent occipital hardware, occurring 5 % 
of the time in one study  [  27  ] . Fusion rates are 
typically over 90 % if autograft is used, though a 
high rate of fusion failure has been reported with 
allograft  [  28  ] . Not surprisingly, patients typically 
report a noticeable loss of cervical motion. 
Complications related to occipital screw place-
ment include cerebrospinal  fl uid leak and injury 
to the venous sinuses. The former typically causes 
no problems if a screw is placed to block egress 
of the  fl uid. Venous sinus injury is also treated by 
screw placement followed by anticoagulation to 
prevent thrombosis. Neurological injury related 

  Fig. 8.4    Occipital plate with polyaxial rod connectors       
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to wire placement has been reported, though is 
uncommon with screw-based constructs.   

    8.5   Atlantoaxial Instrumentation 

 Atlantoaxial  fi xation techniques include wiring, 
transarticular screw placement, and screw-rod 
constructs. The unique anatomy of this portion of 
the cervical spine creates technical challenges for 
 fi xation and places neurovascular structures at 
risk. A thorough understanding of this anatomy 
and the use of intraoperative imaging is essential 
to the safe placement of hardware. 

    8.5.1   Indications 

 Atlantoaxial instability can result from congeni-
tal, traumatic, neoplastic, and in fl ammatory 
conditions. Up to 40 % of Down syndrome 
patients have radiographic evidence of atlanto-
axial instability  [  29  ] . Dens fractures or trans-
verse ligament ruptures can lead to traumatic 
instability. Displaced type II dens fractures 
(involving the base of the dens) should be treated 
surgically, while the treatment of non-displaced 
type II dens fractures, particularly in the elderly, 
is controversial. Rheumatoid arthritis can lead 
to erosive changes, pannus formation, and 
destruction of the ligamentous structures that 
provide stability to the atlantoaxial articulation. 
Traditional indications for surgical stabilization 
in rheumatoid patients include an anterior atlan-
todental interval (AADI) of greater than 9 mm 
and a posterior atlantodental interval (PADI) 
less than 14 mm. Cranial settling requires an 
occipitocervical fusion.  

    8.5.2   Relevant Anatomy 

 The unique anatomy of the upper cervical spine 
needs to be carefully considered when planning 
C1–2  fi xation. Preoperative CT scan and MRI 
are essential to surgical planning. The atlas (C1) 

is a ring with relatively  fl at superior and inferior 
articular facets allowing for  fl exion and exten-
sion at the atlantooccipital joint and axial rota-
tion at the atlantoaxial joint. The axis (C2) is 
unique given the presence of the odontoid and its 
articulation with C1 that is signi fi cantly more 
anterior than the subaxial facet joints. The verte-
bral artery (VA) is the structure most at risk with 
C1 and C2 instrumentation. It courses through 
the transverse foramina of C2 and C1 before 
going posteriorly and medially along the cranial 
surface of the C1 ring. It then enters the spinal 
canal and runs anteriorly to join the contralateral 
VA anterior to the medulla, forming the basilar 
artery. When exposing the posterior arch of C1, 
sharp instruments and Bovie electrocautery 
should not be used along the superior surface of 
the ring more than 15 mm lateral to midline in 
order to avoid VA injury. The VA can also take 
an anomalous interosseous course within the 
posterior C1 ring, putting it at risk for injury. The 
bony ridge forming the posterior aspect of this 
arcuate foramen is referred to as the “ponticulus-
posticus” and has been mistaken for the starting 
point for a C1 lateral mass screw, resulting in VA 
injury  [  30  ] . The C1 and C2 nerves are unique in 
that they exit posterior to the C0–1 and C1–2 
articulations (subaxial nerves exit anterior to the 
facet joints). The C2 nerve and a surrounding 
venous plexus is located posterior to the lateral 
mass of C1, putting these structures at risk dur-
ing exposure of the C1 lateral mass. Bleeding 
from the plexus can be minimized with careful 
subperiosteal dissection.  

    8.5.3   Fixation Techniques 

 Gallie and Brooks wiring were the traditional 
methods of C1–2 stabilization. Gallie wiring 
involves passing sublaminar C1 wires that are 
looped around the C2 spinous process following 
placement of a structural bone graft. Brooks wir-
ing consists of passing two sublaminar wires at 
C1 and C2 that are used to secure bilateral bone 
blocks. While the Brooks technique provides 
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greater stability in extension and axial rotation—
the Gallie technique essentially resists only 
 fl exion—postoperative halo immobilization is 
still required. For this reason, more rigid  fi xation 
techniques were developed. 

 Magerl  fi rst described C1–2 transarticular 
screws in 1987 (Fig.  8.5a )  [  31  ] . This technique 
involves placing screws across the C1–2 joint. 
The starting point is just superior to the C2–3 
joint, with a steep cranial trajectory necessary in 
order to traverse the C1–2 articulation. In some 
cases, a percutaneous drilling technique with a 
stab incision at the cervicothoracic junction is 
necessary given the steep angle required. The 
medial border of the C2 isthmus/pedicle is an 
essential landmark to guide medial-lateral angu-
lation. In general, the screw trajectory is up to 
25° toward the midline in order to avoid the ver-
tebral artery laterally. K-wires are typically 
placed under mono- or biplanar  fl uoroscopy prior 
to drilling. Unicortical  fi xation in C1 is generally 
acceptable, especially given the risk of injury to 
the internal carotid artery anterior to the C1 ring. 
Some authors have advocated decortication of 

the C1–2 joint to promote fusion, though this is 
usually associated with bleeding from the overly-
ing venous plexus. Magerl’s initial description 
also included a Gallie fusion, though high fusion 
rates have been reported without this  [  32  ] .  

 Due to the risk of VA injury and the dif fi cult 
trajectories associated with transarticular screws, 
Harms developed a C1–2  fi xation technique using 
C1 lateral mass screws and C2 pedicle screws 
(Fig.  8.5b )  [  33  ] . As discussed above, care must be 
taken while dissecting out the C1 lateral mass in 
order to avoid injury to the VA on the superior 
aspect of the ring and the venous plexus surround-
ing the C2 nerve that overlies the C1–2 articula-
tion. After exposing the C1 lateral mass, a starting 
point is selected in the midpoint, and the lateral 
mass is drilled with 10–15° of medialization and 
approximately 20° of superior angulation. 
Fluoroscopy is typically used to guide placement. 
Some authors advocate bicortical  fi xation, though 
this puts the internal carotid artery at risk of injury 
with anterior perforation. Ideally, a partially 
threaded screw should be placed to prevent thread 
forms from contacting the C2 nerve. 

a b

  Fig. 8.5    ( a ) Transarticular C1–2 fusion. ( b ) Harms technique of C1–2 fusion. Both constructs shown also include 
Gallie wiring       
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 Multiple screw techniques have been described 
for C2  fi xation, including pars, pedicle, and 
translaminar screws. Most descriptions of C2 
pedicle screw placement describe techniques 
which in fact traverse the pars, making the dis-
tinction between these techniques somewhat 
vague  [  34  ] . Pars screws typically have a starting 
point approximately 5 mm caudal to the superior 
edge of the lamina and 7 mm lateral to the medial 
border of the pars  [  35  ] . They are angulated 
approximately 10–20° medially and 20–30° 
superiorly. It has been shown that the most reli-
able placement method involves entering the spi-
nal canal in the C1–2 interspace and palpating 
the medial and superior border of the pars to 
guide screw trajectory. Using a relatively medial 
and superior starting point has been recom-
mended to avoid lateral violation and VA injury. 
True pedicle screws require substantial medial-
ization and a more lateral starting point in order 
to place the screws into the small vertebral body 
of C2. Due to concerns about VA injury with C2 
pars/pedicle screws, a translaminar screw place-
ment technique was developed  [  36  ] . To place 
translaminar screws, a starting point at the base 
of the spinous process is selected, and screws are 
placed into the contralateral lamina between the 
anterior and posterior cortices. If bilateral trans-
laminar screws are being placed, consideration 
of their trajectories must be considered in order 
to assure there is suf fi cient space for both screws. 
Translaminar screws are a good alternative if 
anatomical constraints limit pars/pedicle screw 
placement or if a safe bailout option is needed 
following VA injury. Biomechanical evaluation 
of C1–2 constructs demonstrated that pedicle 
screws provided the stiffest constructs with the 
highest pullout forces, followed by translaminar 
and pars screw  [  37  ] . 

 Following placement of C1 and C2 screws, 
the polyaxial heads are connected with rigid rods. 
Typically, a structural iliac crest autograft is har-
vested and contoured to overlay the posterior C1 
ring and C2 lamina and spinous process, and 
suture can be used to hold it in place. Decortication 
of the C1–2 facet joint is possible, though it puts 
the C2 nerve and surrounding venous plexus at 
risk, and fusion rates are high with the onlay 
autograft described.  

    8.5.4   Complications 

 Vertebral artery injury is a feared complication 
of C1–2 fusion, though its occurrence has been 
found to be under 2 %  [  38  ] . If VA injury occurs 
with bleeding from a screw hole, placement of 
the screw typically tamponades the bleeding. 
Placement of screws on the contralateral side 
should be abandoned, with the exception of 
translaminar screws that do not put the VA at 
risk. Uncontained bleeding (i.e., extraosseous) 
can be more dif fi cult to control and occasionally 
requires embolization. Cerebrovascular accident 
is possible but uncommon due to the substantial 
collateral  fl ow to the brain. Neurological injury 
from aberrant screw placement is also rare, 
though it can occur with sublaminar wiring 
techniques. With the use of autograft, C1–2 
fusion rates approach 100 %  [  39  ] . Similar to any 
posterior cervical procedure, infection is the 
most common complication, with rates likely 
approaching 5 %  [  39  ] .   

    8.6   Subaxial Cervical 
Instrumentation 

 Similar to the adoption of rigid instrumentation 
for the upper cervical spine, rigid implants for the 
subaxial cervical spine have largely replaced tra-
ditional wiring techniques. Lateral mass screws 
have become the standard for  fi xation from C3 to 
C6 due to their ease of insertion, safety, and 
effectiveness. Subaxial cervical pedicle screws 
have also been evaluated, though most authors 
have abandoned them other than for  fi xation at 
C7 due to the high risk of neurological or VA 
injury. 

    8.6.1   Indications 

 Subaxial instrumentation and fusion is used in 
cases of instability in congenital, traumatic, neo-
plastic, degenerative, and in fl ammatory condi-
tions. Flexion-distraction injuries (i.e., facet 
subluxations and dislocations) can be treated with 
anterior, posterior, or circumferential techniques. 
Biomechanical investigation has demonstrated 
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that posterior and circumferential  fi xation is 
stiffer than anterior plating when a  fl exion 
moment is applied, though clinical results were 
similar for anterior and posterior constructs 
 [  40,   41  ] . Following cervical laminectomy for 
multilevel spondylosis with myelopathy, many 
surgeons favor fusion to prevent post-laminec-
tomy kyphosis. Posterior  fi xation can also improve 
fusion rates and obviate the need for a plate in 
multilevel ACDF or multilevel corpectomy.  

    8.6.2   Relevant Anatomy 
and Techniques 

 Modern subaxial  fi xation techniques include lat-
eral mass and pedicle screw  fi xation. Due to the 
ease and safety of lateral mass  fi xation, this 
tends to be favored from C3 to C6. Pedicle screw 
 fi xation is biomechanically superior but puts the 
neural structures and VA at risk. As such, pedi-
cle screw  fi xation is typically used only at C7 
due to the absence of an intraforaminal VA in 
most patients at this level, the larger size of the 
C7 pedicle, and the smaller C7 lateral mass. The 
lateral mass is a rectangular-shaped structure 
that lies between the superior and inferior fac-
ets. Anteromedially, it is con fl uent with the 
pedicle and the transverse foramen containing 
the VA lies anterior to its medial border. Directly 
anterior is the exiting nerve root. This anatomy 
must be taken into account when placing lateral 
mass screws. 

 Multiple techniques of lateral mass screw 
placement have been described, with different 
anatomic structures at risk depending on the tech-
nique used  [  42  ] . Roy-Camille developed a tech-
nique in which the starting point was the center 
of the lateral mass and the trajectory was perpen-
dicular to the lateral mass and 10° lateral to pre-
vent VA injury  [  43  ] . This technique tends to put 
the exiting ventral ramus at risk if an overly long 
screw is used and also puts the inferior facet joint 
at risk of violation. Given these concerns, Magerl 
described a technique in which the starting point 
is 1–2 mm medial and superior to the center of 
the lateral mass, with the trajectory 25° lateral 
and parallel to the facet joint (approximately 45° 

cephalad). This avoids violation of the inferior 
facet joint and injury to the ventral ramus but puts 
the smaller dorsal ramus at risk. An proposed a 
slight modi fi cation of this technique with a start-
ing point 1 mm medial to the midpoint of the lat-
eral mass and a trajectory 30° lateral and 15° 
cephalad  [  44  ] . Anterior violation with this tech-
nique puts the ventral ramus at risk. Biomechanical 
studies have mixed results, with some showing 
advantages for the Magerl technique  [  45,   46  ] . 
Most surgeons favor the Magerl technique in 
order to avoid violation of the inferior facet joint. 
Some surgeons use bicortical  fi xation as it 
increases the pullout strength approximately 
20 %, though this marginal bene fi t comes with an 
increased risk of nerve root irritation  [  47  ] . 

 Cervical pedicle screw  fi xation provides bio-
mechanically superior  fi xation compared to lat-
eral mass screws, though it is technically much 
more challenging and puts the VA, spinal cord, 
and nerve roots at greater risk  [  48  ] . Cervical 
pedicles are bordered by nerve roots cranially 
and caudally, the spinal canal medially, and the 
VA laterally. The typical starting point is just lat-
eral to the center of the lateral mass and just 
below the inferior articular process of the cranial 
vertebra with a trajectory approximately 45° 
medial and perpendicular to the lateral mass. 
However, there is substantial variation in pedicle 
anatomy, and other techniques such as  fl uoroscopy 
and/or palpation of the pedicle following lamino-
foraminotomy are recommended. As mentioned, 
most authors suggest subaxial cervical pedicle 
screws be used only at C7 due to concern about 
VA injury from C3 to C6. A popular construct 
used to stabilize a multilevel cervical laminec-
tomy involves lateral mass screw  fi xation from 
C3 to C5 with pedicle screws at C7 (Fig.  8.6 ). 
Lateral mass screws are often left out at C6 due to 
dif fi culty aligning them with C7 pedicle screws 
and to allow a larger bed for fusion material.   

    8.6.3   Subaxial Instrumentation 

 Historically, spinous process wiring techniques 
were developed to provide stability of the subax-
ial cervical spine and increase fusion rates. 
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Sublaminar wiring was essentially abandoned in 
the subaxial region due to the risk of spinal cord 
injury given the smaller canal diameter caudal to 
C2. More rigid techniques were developed that 
initially involved lateral mass screws placed 
through pelvic reconstruction plates; however, 
there was often a mismatch between the location 
of the holes and optimal starting points for the 
screws. The latest generation of instrumentation 
includes screws with polyaxial heads that can be 
 fi xed to contoured rods. Typically, 3.5-mm screws 
are used in cervical lateral masses and pedicles, 
with 4-mm screws available as “rescue” screws if 
the 3.5-mm screws fail to gain purchase. These 
systems typically allow for connection to occipi-
tal plates allowing for occipitocervical  fi xation.  

    8.6.4   Complications 

 Lateral mass screws are relatively safe to insert 
and are associated with a low complication rate. 
Injury to the VA has been reported in 1.3 % of 

cases using the Magerl technique  [  38  ] . Clinically 
signi fi cant nerve root injury is quite rare. 
Radiculopathy can develop if a rod is undercon-
toured and the foramen is narrowed during reduc-
tion of the screw to the rod. Failure of rigid 
posterior  fi xation is also uncommon, though this 
can be seen at the caudal end of the construct 
with pseudarthrosis or if there is inadequate ante-
rior column support. Cervical pedicle screw 
placement from C3 to C6 is associated with a 
higher rate of complications, including vertebral 
artery and nerve root injury. In one study, 30 % of 
pedicle screws violated the pedicle, and 5 % had 
signi fi cant (>25 %) transverse foramen violations 
 [  49  ] . When placing C7 pedicle screws, the preop-
erative MRI should be evaluated to ensure the 
transverse foramen (if present) does not contain 
the VA.   

    8.7   Cervicothoracic 
Instrumentation 

 Crossing the cervicothoracic junction with rigid 
instrumentation is challenging given the marked 
anatomical differences between the smaller, 
mobile cervical vertebrae and the larger, less 
mobile thoracic vertebrae. Due to the unique 
transitional anatomy, instrumentation techniques 
have been developed to allow for  fi xation across 
the junction. 

    8.7.1   Indications 

 The treatment of congenital, traumatic, degenera-
tive, infectious, and neoplastic conditions of the 
cervical and upper thoracic spine can require sta-
bilization across the cervicothoracic junction as 
can cervicothoracic deformity. Cervical kyphosis 
frequently requires lower cervical osteotomy that 
is stabilized with instrumentation into the upper 
thoracic spine. Cervicothoracic scoliosis, though 
uncommon, can also require cervicothoracic 
fusion. Traumatic instability or instability created 
by resection of infection or tumor can also require 
cervicothoracic stabilization. Some surgeons pre-
fer to treat multilevel cervical stenosis with 

Port

  Fig. 8.6    AP radiograph demonstrating a C3–T1 posterior 
construct with lateral mass screws from C3 to C5 and 
pedicle screws at C7 and T1. A C5–7 anterior plate was 
present from a prior operation       
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laminectomy and fusion from C3 to T1 to prevent 
instability at the cervicothoracic junction that can 
result from a fusion construct ending at C7.  

    8.7.2   Relevant Anatomy 
and Techniques 

 The cervicothoracic junction is unique in that 
there is a transition from the highly mobile cer-
vical spine to the relatively rigid thoracic spine. 
The lateral mass of C7 is quite narrow in the 
anterior-posterior dimension, making lateral 
mass  fi xation at this level unreliable. The C7 
pedicle is usually relatively large, and the VA is 
only rarely in the transverse foramen at this 
level, so C7 pedicle screws are relatively safe to 
place. The starting point is generally just lateral 
to the midpoint of the lateral mass and just infe-
rior to the inferior articular process of C6 with a 
trajectory of approximately 30° medial in the 
axial plane and perpendicular to the lateral mass 
in the sagittal plane. In the thoracic spine, pedi-
cle  fi xation is favored. The starting point for the 
T1 to T3 pedicles in the cephalad-caudad direc-
tion is at the midpoint of the transverse process 
and in the medial-lateral direction at the junc-
tion of the transverse process and lamina. The 
trajectory is about 20–30° medial in the axial 
plane and perpendicular to the lamina in the 
sagittal plane. Given the dif fi culty of using 
 fl uoroscopy at the cervicothoracic junction, 
laminoforaminotomies can be created to allow 
direct palpation of the pedicle to help guide 
screw placement.  

    8.7.3   Construct Designs 

 Instrumentation crossing the cervicothoracic 
junction needs to accommodate the transition 
from relatively small (3.5 mm) lateral mass and 
cervical pedicle screws to larger thoracic instru-
mentation. In cases where instrumentation stops 
at T1 or T2, 3.5-mm screws can be used through-
out the construct, and no special accommodations 
are needed. However, larger screws and rods are 

generally used more caudally, and transitional 
hardware is needed. Rod-to-rod connectors are 
available to allow for the connection of 3.5-mm 
rods in the cervical spine to 5.5-mm rods in the 
thoracic spine. Another option is the use of a 
transitional rod that tapers from 3.5 mm cranially 
to 5.5 mm caudally. Comparison of construct 
stiffness provided by using a 3.5-mm rod through-
out the construct, a rod-to-rod connector, and a 
transitional rod showed that there were no 
signi fi cant differences among the constructs  [  50  ] . 
The use of rod-to-rod connectors requires plan-
ning of screw placement so that the rods have the 
appropriate relationship to each other to allow for 
placement of the connector. Similarly, transi-
tional rods require planning of screw placement 
to ensure that a screw head will not be at the 
tapered portion of the rod.  

    8.7.4   Complications 

 Obtaining fusion across the cervicothoracic 
junction can be challenging due to the high 
stresses at this region. As such, hardware failure 
including screw breakage and pullout can occur 
at the caudal end of the construct, especially if 
the construct ends at T1. Pedicle screw place-
ment at C7 and in the thoracic spine is associated 
with a low rate of neurological injury due to 
pedicle violation and contact with the spinal 
cord or nerve roots. Lower in the thoracic spine, 
anterior and lateral screw violations can result in 
aortic injury. 

  Questions 
     1.    Use of an anterior cervical plate is not required 

for:
   (a)    Single-level anterior cervical diskectomy 

and fusion (ACDF)  
   (b)    Single-level corpectomy  
   (c)    Multilevel ACDF  
   (d)    Multilevel corpectomy         
 Preferred response: (a) Fusion rates are only 
marginally improved by using a plate for single-
level ACDF. Fusion rates are markedly improved 
with plating for the other procedures.
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    2.    Placement of occipital screws superior to the 
external occipital prominence (EOP) puts 
what structure at risk?
   (a)    Spinal cord  
   (b)    Transverse sinus  
   (c)    Vertebral artery  
   (d)    Brainstem         
 Preferred Response: (b) The transverse sinus lies 
just superior to the EOP and is at risk if bicortical 
screws are placed superior to the EOP.

    3.    Pedicle screw  fi xation is preferred at what 
level in the cervical spine?
   (a)    C1  
   (b)    C3  
   (c)    C6  
   (d)    C7         
 Preferred Response: (d) Pedicle screws are 
typically recommended at C2 and C7. They 
are associated with a high risk of neurovascu-
lar injury from C3 to C6.        
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 The goals of lumbosacral instrumentation include:
    1.    Stabilization  
    2.    Correction of deformity  
    3.    Reconstruction or replacement  
    4.    Facilitation and enhancement fusion     

 Internal  fi xation provides immediate stability; 
however, the devices are inadequate to withstand 
prolonged periods of stress and are likely to fail 
unless a fusion is performed at the time of the 
instrumentation  [  1  ] . Despite all the advances and 
new developments in spinal instrumentation, 
 fi xation failure and pseudoarthrosis continue to 
be a challenge to spine surgeons, especially at the 
lumbosacral junction  [  2  ] . 

 Prior to the development of modern instru-
mentation techniques, the only way to maintain 
spinal alignment and stability after fusion for 
patients with deformity or fracture was with 
body casting (see Fig.  9.1 ). This method was the 
method of choice before the 1960s  [  2  ] . The large 
number of associated complications and inade-
quate fusion rates, reported as high as 50 %, led 
to the development of the Harrington instrumen-
tation (see Fig.  9.2a, b ), which quickly became 
the gold standard for the surgical treatment of 
scoliosis  [  2  ] . The Luque instrumentation system 
(see Fig.  9.3a, b ) was introduced to address 
some of the shortcomings of the Harrington rod 

system  [  3,   4  ] , speci fi cally at the lumbosacral 
junction. This system consisted of sublaminar 
wires attached at multiple levels to ¼-in. rods, 
which was eventually modi fi ed to an L-shaped 
rod to prevent caudal and cephalad migration 
through the wires  [  2  ] . This system permitted for 
better coronal and sagittal balance  [  2–  4  ] .    

 A decade later, two new techniques were 
developed, the Cotrel-Dubousset (see Fig.  9.4a, b ) 
instrumentation and the Galveston technique. 
The Cotrel-Dubousset system allowed for three-
column  fi xation using pedicle screws with numer-
ous points of  fi xation proximally in combination 
with hooks  [  2,   5  ] . Later versions added sacral 
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  Fig. 9.1    Risser body casting for treatment of a child with 
early onset scoliosis       
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 fi xation for increased biomechanical strength. 
However, this system still lacked the ability to 
resist  fl exion forces at the lumbosacral junction, 

and pseudoarthrosis rates remained as high as 
33 %, particularly for adult deformity correction 
 [  5  ] . The Galveston technique (see Fig.  9.5a, b ), 

a b  Fig. 9.2    ( a ,  b ) Harrington 
rod spinal instrumentation 
with surgeon Paul Harrington 
pictured on the  right . The 
breakthrough was the 
invention of the Harrington 
rod by Paul Harrington of 
Texas in the 1950s, whose 
stainless-steel rod with a 
ratchet and a hook at each end 
allowed the safe placement, 
on the back of the spine, of a 
metal strut, which could be 
lengthened to pull out a 
C-shaped curve to as near 
straight as possible       

a b

  Fig. 9.3    ( a ) Bilateral Luque rods for treatment of scolio-
sis. Note that the construct failed at the transition of T12 
and L1. The Luque instrumentation is a segmental spinal 

instrumentation system, which uses sublaminar wires 
attached to the rod. ( b ) Intraoperative illustration of the 
segmental sublaminar wiring with bilateral rods       
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a b
  Fig. 9.4    ( a ,  b ) The images 
are an example of Cotrel-
Dubousset instrumentation. 
This new concept in spinal 
instrumentation was 
developed by Drs. Yves 
Cotrel and Jean Dubousset in 
France. It uses hooks and rods 
in a cross-linked pattern to 
realign the spine and 
redistribute the biomechanical 
stress (Images were borrowed 
from the internet)       

a b

  Fig. 9.5    ( a ) The Galveston technique for spinal  fi xation 
provides  fi xation at the lumbosacral junction by introduc-
ing a contoured rod into the ilium as shown here. ( b ) 

Images here demonstrate an AP and lateral radiograph of 
the Galveston rod spinal instrumentation in a patient with 
CP. This was used with Luque sublaminar wiring       
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on the other hand, provided more stable and rigid 
 fi xation at the lumbosacral junction by introduc-
ing a contoured rod from the posterosuperior iliac 
spine into the ilium between the inner and outer 
tables. This increased stiffness in  fl exion and side 
bending, which signi fi cantly decreased instru-
mentation failures  [  2  ] .   

 Spinal instrumentation has come a long way 
from the initial hooks and rods used in the 1960s. 
Numerous techniques developed throughout the 
remainder of the twentieth century, including 
various modi fi cations to the aforementioned rod 
constructs with hooks, wires, and screws. The 
development of pedicle screws in particular dras-
tically changed spinal instrumentation and lum-
bosacral surgery. A variety of plates, sacral 
screws, iliac bolts, cages, and interbody devices 
continue to be developed. Simultaneously newer 
forms of instrumentation such as interspinous 
devices, dynamic stabilization devices, and 
arthroplasty are changing the face of spine 
surgery. 

 We will brie fl y introduce and review each of 
the types of instrumentation that are utilized in 
the lumbosacral spine and discuss the biome-
chanics, indications, advantages, and disadvan-
tages of each. 

    9.1   Rods 

 Rods, either paired or unpaired, are commonly 
used for both posterior and anterior  fi xation. 
Anterior-based rod constructs will be discussed 
in further detail in the section on anterior instru-
mentation. Regardless of whether they are used 
anteriorly or posteriorly, they functionally span a 
segment of the spine allowing for  fi xation over 
multiple levels. They are used with either wires, 
hooks, screws, or a combination thereof to attach 
to the spine  [  6  ] . Historically, they were  fi rst used 
in 1964 by Knodt and were popularized by 
Harrington in the 1960s  [  6  ] . This method of 
instrumentation quickly became the gold stan-
dard for the surgical treatment of scoliosis over 
the following decade, as it provided superior sta-
bilization to previous methods of body casting 

 [  2  ] . Classically, this method of instrumentation 
was non-segmental, implying only two sites of 
 fi xation, one proximally and one distally (see 
Fig.  9.2a ). This is rarely used now due to the 
improved biomechanical strength and deformity 
correction with segmental correction and multi-
ple points of  fi xation  [  1  ] . 

 McAfee et al. in 1985 biomechanically ana-
lyzed three spinal instrumentation constructs in 
25 cadaveric spinal segments. Conventional 
Harrington distraction instrumentation, segmen-
tally wired Harrington distraction rods, and 
Luque segmental spinal instrumentation were 
compared in 61 biomechanical tests. Segmentally 
wired Harrington distraction instrumentation 
proved substantially advantageous at resisting 
axial loads in unstable burst fractures, while the 
Luque segmental spinal instrumentation with 
L-rods coupled together proved to be the best 
method of achieving rotational stability in trans-
lational injuries (fracture-dislocations)  [  3  ] . The 
biomechanical advantages of spinal instrumenta-
tion must always be weighed against the increased 
operative time, technical expertise required, and 
potential risks and complications of iatrogenic 
neurologic sequelae, neurovascular injury, and 
morbidity of surgery.  

    9.2   Hooks and Wires 

 Hooks (see Fig.  9.6 ) provide only posterior col-
umn support but remain an effective and versa-
tile method for stabilizing the spine. Although 
they are more commonly used in the cervical 
spine, hooks remain a useful instrumentation 
tool for the lumbosacral spine as well. They may 
be anchored to the posterior elements via the 
lamina, pedicle, or transverse process (see 
Fig.  9.7 ). Laminar and pedicle hooks are used 
with rods to allow compression or distraction 
forces to be applied to the pedicles or laminae. 
They come in various sizes and shapes and 
engage the posterior elements by curving under 
(up-going hooks) or over (down-going hooks) 
the lamina (see Fig.  9.8 )  [  6  ] . These hooks may 
have blunt or sharp ends or ridges to prevent 
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slippage. The hook is held in place by lock wash-
ers, bolts, or set screws to the rod (see Fig.  9.9 ). 
Laminar hooks have been the workhorse of seg-
mental hook  fi xation, but may not be used in 
combination with a laminectomy or for stabiliza-
tion when there is injury to the lamina secondary 
to trauma and fracture. Pedicle hooks, however, 
provide a stronger anchoring point compared to 
laminar hooks but can only be placed up-going 
 [  1  ] . They are placed inferior to the pedicle at the 
facet joint. For example, the hook would be 
placed at the L1–2 facet joint for an L1 pedicle 

  Fig. 9.6    Illustration of a pedicle hook, lumbar lamina 
hook, and thoracic lamina hook       

Lamina

Pedicle

CMMG 2002

Pars
interarticularis

  Fig. 9.7    Anatomic illustration of the vertebrae and poste-
rior elements including the pedicle and lamina as well as 
the pars interarticularis for review (©MMG 2002)       

  Fig. 9.8    Radiograph demonstrating posterior spinal 
instrumentation with pedicle screws and laminar hooks. 
This lateral radiograph demonstrates the ability for lami-
nar hooks to be placed either up-going or down-going       

  Fig. 9.9    Image shows a pedicle hook with washer. Also 
note the sharp ends to help prevent slippage       
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hook. Sacral hooks may be placed lower than 
pedicle screws in the sacrum and are often used 
as an adjunct to pedicle screws for an additional 
level of stability  [  6–  8  ] .     

 Sublaminar wiring (see Fig.  9.10 ) involves 
passing a wire(s) around the lamina and rod or 
through a hole in the spinous process (inters-
pinous wiring)  [  6  ] . The interlaminar space must 
be identi fi ed after removal of interspinous liga-
ments. The ligamentum  fl avum and soft tissue 
are released from the lamina, and the wire is 
passed caudad to cranial around the lamina  [  1  ] . 
Cables may be used instead of a wire, which are 
more pliable and less brittle (see Fig.  9.11 )  [  6  ] . 
Sacral foraminal wires may also be used and are 
more secure than hooks, which have the potential 
to dislodge. Additionally, they are less bulky than 
hooks and are less likely to cause discomfort  [  6  ] . 
Nevertheless, these implants are placed dorsal to 

the mechanical axis of rotation at L5–S1, thus 
contributing to their high rates of failure  [  2,   7  ] . 
They rely on compressive and distractive forces 
for their purchase and have inferior torsional sta-
bility. Even though wire constructs have good 
sagittal stability, they have limited torsional sta-
bility and cannot provide compression or prevent 
longitudinal collapse  [  1  ] .   

 Hook and wire constructs are most commonly 
used to correct deformity, namely, for scoliosis. 
Scoliosis remains their main indication for use; 
however, additional uses include treatment of 
trauma, tumor, degenerative spondylolisthesis 
and scoliosis, and disc disruption with fusion. 
Wires may be used without rods for the treatment 
of certain fractures. Sublaminar wires, hooks, 
and cables, particularly at the sacral level, lack 
the biomechanical strength to serve as rigid 
instrumentation. They have poor pullout strength 
compared to other constructs  [  9  ] . Lack of stabil-
ity in  fl exion, rotation, and side bending led to 
“ fl at-back syndrome” and complications of sagit-
tal plane imbalance  [  2  ] . Over the years, various 
advances led to the development of locking 
hooks, to help prevent the common failure mech-
anism of dislodgement. Up-going hooks and 
down-going hooks may be used at the same level, 
a claw mechanism, which helps to reduce dis-
lodgment. Self-adjusting hooks for multilevel 

  Fig. 9.10    Illustration demonstrates sublaminar wiring 
with rod along the posterior spine       

  Fig. 9.11    Cable, both single 
and double loop, designed for 
sublaminar passage       
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placement have increased the rigidity of hook rod 
constructs  [  1,   6  ] . 

 Dislodgement is a signi fi cant disadvantage of 
the hook and rod systems, particularly before the 
development of claw mechanisms and locking 
hooks. Additionally, hook and wire slippage on 
the rod has been a commonly reported mecha-
nism of failure in the literature as well as 
rod, hook, and wire breakage  [  10  ] . Another 
 disadvantage of these constructs is that they are 
intra-canal space-occupying devices that have the 
potential to cause neural compression or injury. 
An advantage of hooks and wire systems is that 
they may be used for either compression or dis-
traction to correct deformity. They have limited 
multi-planar stability  [  1  ] . They may be placed at 
multiple levels, providing segmental instrumen-
tation, to help increase the rigidity of the con-
struct and provide more precise deformity 
correction. Additionally, they are easier and 
quicker to insert than pedicle screws. They are 
easy to place and are a biomechanically favorable 
method of  fi xation over pedicle screws in osteo-
porotic bone because the anterior aspects of the 
laminae are the least affected by bone mineral 
density loss  [  1  ] . They are also the least expensive 
construct for posterior segmental spinal  fi xation.  

    9.3   Pedicle Screws 

 Pedicle screw  fi xation (see Fig.  9.12a–d ) or trans-
pedicle screws are a more recent advancement in 
spinal instrumentation and have become the 
workhorse for lumbosacral instrumentation. 
Pedicle screws are used most commonly in 
 combination with fusion to enhance segmental 
stability. Other indications include deformity cor-
rection, degenerative conditions, fracture  fi xation, 
and treatment of tumors and infection. They pro-
vide superior biomechanical stability compared 
with other segmental constructs as they provide 
 fi xation in all three-columns of the vertebral 
bone. Functionally they provide excellent longi-
tudinal (both compression and distraction), tor-
sional, and sagittal stability  [  1  ] . They may be 
used with both plates and rods. Although they 
were  fi rst reported to be used in 1969 by 

Harrington and Tullos, they did not become pop-
ularized until several years later  [  6  ] . Various 
starting points (see Fig.  9.13 ) have been com-
monly reported in the literature, but the lateral 
border of the pars interarticularis and the middle 
of the transverse process is a great reference start-
ing point. They are angled medially to pass 
through the pedicle and into the vertebral body. 
Depending on the vertebral level, both the angle 
and size of the screw will vary. Additionally, 
pedicle screws may be used in both open and per-
cutaneous procedures (see Fig.  9.14a–d ). They 
are attached posteriorly to rods or plates with 
clamps, or set screws. Pedicle screws are able to 
resist loads in all directions, and this three- 
dimensional rotational control makes them useful 
for correcting deformities, much more so than 
wires and hooks  [  6,   9,   11  ] . They provide three-
column stability, being anchored to both anterior 
and  posterior vertebral bodies, which is in con-
trast to the hook systems which are only anchored 
to the posterior elements  [  1  ] . The strength of 
 fi xation may be decreased when used in osteopenic 
bone or when they are inserted too shallow, which 
is a potential disadvantage in certain situations.    

 Because of the three-column stability and the 
segmental  fi xation, pedicle screws can be used 
to deliver large corrective forces to the spinal 
column to treat scoliosis, kyphotic deformities, 
and other deformities  [  1,   12,   13  ] . They are ideal 
for fracture and dislocation stabilization after 
trauma. Pedicle screw  fi xation systems are most 
useful in correcting degenerative conditions for 
which the spinous processes and laminae are 
often removed for neural decompression  [  14  ] . 
Pedicle screw  fi xation allows stable attachment 
to a vertebra despite resection of the posterior 
elements and increases fusion rate when used in 
combination with bone grafting. Contrary to 
hooks and wires, they can be used to stabilize 
vertebrae after laminectomy  [  1,   15  ] . In addition, 
segmental control of the vertebrae is possible, 
allowing distraction and compression within the 
length of spinal fusion  [  14  ] . Overall, pedicle 
screws have superior biomechanical stability 
 [  1  ] . However, they are technically demanding to 
insert with signi fi cant potential risk for viola-
tion into the spinal canal and potential nerve 
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a b  Fig. 9.12    Images ( a ) and 
( b ) demonstrate a polyaxial 
pedicle screw. 
( b ) Postoperative lateral 
radiograph of two-level 
posterior lumbar pedicle 
screw instrumentation. Image 
( c ) demonstrates various 
pedicle screw assemblies. 
( d ) Axial CT image 
demonstrating bilateral 
pedicle screws entirely within 
the pedicle of the vertebrae 
without violation of the 
cortex         
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injury. Additionally, they provide poor pullout 
strength in both osteopenic bone as well as the 
sacrum  [  1,   9  ] . 

 Lumbosacral fusions may utilize pedicle 
screws; however, they are limited to S1 and S2. 
Sacrum pedicles contain less supportive cancel-
lous bone. In order to improve biomechanical 
strength and pullout force, screws may be placed 
through two or even three cortices (sacral prom-
ontory)  [  6,   16  ] . However, long fusions ending at 
the sacrum with pedicle screws continue to pose 
problems for spine surgeons due to the forces on 
the lumbosacral junction. Failure rates have been 
reported to be as high as 44 %  [  2  ] . 

 In a prospective randomized study, Zdeblick 
showed that the use of rigid pedicle screw instru-
mentation increased the chances of a successful 
fusion  [  14,   17  ] ; however, the quality of the bone 
in fl uences screw pullout strength and there is a 
considerable in fl uence of various geometric vari-
ables of screw design on screw performance as 
well. Skinner et al. compared the relative perfor-
mance of four different common pedicle screw 
designs on the market. Important principles from 
this study are:
    1.    Improvements in pullout strength can be 

achieved by an increase in the outer diameter 
of the screw.  

    2.    Screw displacement before failure appears 
related to the screw pitch such that an increase 
in the pitch of the screw will increase the 
amount of displacement before failure.  

    3.    Screw angulation was found to have little 
effect on the pullout strength but may impact 
the screw displacement and energy absorption 
before failure  [  12  ] .      

    9.4   Facet Screws 

 Translaminar facet joint screw  fi xation 
(see Fig.  9.15a–c ) provides an alternative to pedi-
cle screw  fi xation for spine fusion. Similar biome-
chanical performance has been shown between 
translaminar facet joint  fi xation with screws and 
pedicle screw  fi xation  [  14,   18  ] . The facet joint is 
the only true articulation in the lumbosacral spine. 
Thus, translaminar lumbar facet screws provide 
posterior stabilization of a single lumbar motion 
segment. They may be placed like pedicle screws 
either open or percutaneously. The screw is placed at 
the junction of the spinous process and contralateral 
lamina through the ipsilateral lamina across the 
articular surface of the facet joint  [  1  ] . This is most 
commonly used as supplemental  fi xation with 
ALIFs. The lamina must be left partially intact to 

  Fig. 9.13    The illustrations 
demonstrate the proper starting 
point and trajectory for 
insertion of a lumbar pedicle 
screw       
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perform this  fi xation; thus, decompression is usu-
ally a limited foraminotomy. Although this method 
of instrumentation is much less commonly used 
compared to other methods, it is the lowest pro fi le 
construct that achieves stabilization when posterior 
bony elements are preserved  [  14,   19  ] .  

 Historically, this method dates back to 1944 
when Kin preformed Hibbs fusions along with sup-
plementary facet screw  fi xation and reported a 91 % 
fusion rate in 44 cases. In 1984, Magerl described 
translaminar facet joint screw  fi xation, using a 

much longer screw through the entire lamina end-
ing at the base of the transverse process  [  14  ] . This 
method is currently widely accepted and has been 
examined biomechanically and clinically with 
excellent results as an alternative to other spinal 
instrumentations  [  18,   20,   21  ] . There are few biome-
chanical performance comparison studies of trans-
laminar facet joint screw  fi xation and pedicle screw 
 fi xation. Vanden Berghe et al. found that pedicle 
screw  fi xation and facet  fi xation perform similarly 
when tested biomechanically  [  14,   22  ] .  

a

c d

b

  Fig. 9.14    ( a ) Percutaneous wires for placement of lum-
bosacral pedicle screws. ( b ) Lateral  fl uoroscopic image of 
lumbosacral pedicle screws. ( c ) AP  fl uoroscopic image of 

lumbosacral pedicle screws. ( d ) Depicting the placement 
of percutaneous pedicle screw and rod instrumentation in 
the lumbar spine       
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    9.5   Trans S1 Screw 

 Minimally invasive spine surgery continues to 
emerge. This growing trend continues to lead to 
advances for new surgical techniques as well as 
spinal devices to help decrease the morbidity 
and complications of spinal surgeons. 
Technologic advances have now allowed sur-
geons to perform L5–S1 fusions by posterolat-
eral or anterior approaches through less invasive 
techniques. The AxiaLIF system (TransS1) (see 
Fig.  9.16a–c ) allows the application of mini-

mally invasive techniques to attain fusion at 
either L5–S1 or L4–S1 levels with a novel cor-
ridor of approach, described as the presacral 
“safe zone”  [  23  ]  (see Fig.  9.16d ). Anterior 
access to the L5–S1 disc space can be techni-
cally challenging and frequently requires assis-
tance from a general surgeon for adequate 
exposure. Percutaneous paracoccygeal approach 
to the L5–S1 interspace is a minimally invasive 
corridor. Through this safe corridor, diskec-
tomy and interbody fusion can be performed. It 
may provide an alternative route of access to 

  Fig. 9.15    ( a ) Image demonstrates the proper technique 
for facet screw insertion. ( b ) Illustration demonstrates the 
trajectory of a translaminar screw. ( c ) AP and lateral 
radiograph demonstrating a one-level lumbar fusion 

utilizing a hybrid technique with two pedicle screws on 
the  left  at L4–L5 and a translaminar facet screw on the 
 right  at the L4–L5 facet joint       

a

b

 



124 J. Elston and N. Saldua

the traditional open fusion procedures in 
patients with unfavorable anatomy  [  24  ]  (see 
Fig.  9.16e ).  

 A transsacral rod may be applied through a 
paracoccygeal approach. Initially, this tech-
nique was utilized for single-level axial lumbar 
interbody fusion; however, recently it has been 
extended to perform a two-level fusion at both 
L4–L5 and L5–S1 levels. Indications vary but 
include back pain secondary to lumbar degen-
erative disc disease, degenerative lumbar scoli-
osis, and spondylolisthesis. Early clinical results 
and biomechanical stability are promising. 
Various studies have shown radiographic evi-
dence of fusion to be 91 %  [  24  ] . The stand-
alone rod reduced intact ROM signi fi cantly; 
however, supplementary  fi xation with facet 
screws or pedicle screws is required to achieve 
higher construct stability for successful fusion 
 [  25  ] .  

    9.6   Interspinous Process Devices 

 Several interspinous spaces are currently avail-
able in the market. Though they vary in design 
and composition  [  26  ] , their common mechanical 
goal is distraction between adjacent spinous pro-
cesses, thus blocking intervertebral extension at 
that level. This theoretically provides an indirect 
decompression of the neural elements. Inter-
spinous process decompression theoretically 
relieves narrowing of the spinal canal and neural 
foramen in extension and thus reduces the symp-
toms of neurogenic intermittent claudication. 
There are many proposed indications for their use 
including lumbar canal stenosis, grade I degen-
erative spondylolisthesis, discogenic low back 
pain, non-traumatic instability, lumbar disc her-
niations, and facet syndrome. However, there is 
limited evidence to support this wide use. The 
largest number of studies has been with the 

c

AP View Lateral View

Fig. 9.15 (continued)
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X-STOP device, a titanium alloy device that is 
placed between the spinous processes to reduce 
the canal and foraminal narrowing that occurs in 
extension  [  27  ]  (see Fig.  9.17a–c ).  

 Biomechanical studies show that there is a 
bene fi cial effect on the kinematics of the degen-
erative spine. Other studies show satisfactory 

outcome to varying degrees. Anderson et al. 
compared the ef fi cacy of interspinous process 
decompression with nonoperative treatment in 
patients with neurogenic intermittent claudica-
tion secondary to degenerative spondylolisthesis. 
The X-STOP device was more effective than 
nonoperative treatment in the management of 

c

a b

  Fig. 9.16    ( a ) Demonstrates a sagittal CT scan of AxiaLIF 
instrumentation. ( b ) Demonstrates intraoperative AP and 
lateral  fl uoroscopic images of AxiaLIF interbody fusion 
in combination with percutaneous pedicle screw  fi xation. 
( c ) Image depicts a schematic of an axiaLIF interbody 

fusion in combination with percutaneous pedicle screw 
 fi xation. ( d ) The illustration demonstrates access through 
the presacral fat for AxiaLIF interbody fusion. ( e ) The 
illustration depicts the procedural steps for an AxiaLIF 
interbody fusion       
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neurogenic intermittent claudication secondary 
to degenerative lumbar spondylolisthesis  [  27  ] .  

    9.7   Iliac Bolts 

 Recent advances and newer spinal instrumenta-
tion allow for insertion of screws into the ilium, 
independent of other points of  fi xation 
(see Fig.  9.18 ). Offset connectors are sometimes 
used to connect the iliac screws, or bolts, to the 

longitudinal rods. These screws are very long and 
provide  fi xation with pullout strength that has 
been shown to be three times higher than that of 
Galveston rods  [  2  ] . High fusion rates have been 
reported at the lumbosacral junction for both high-
grade spondylolisthesis and long fusions  [  28  ] .  

 Disadvantages include soft tissue dissection, 
which may potentially increase the risk of infec-
tion, reported to be 4 % over a 2-year period in 
one series of 81 patients  [  2  ] . Additionally, care 
must be taken to avoid violation of the greater 

Picture 1: Access through the presacral fatd

Step 1 Step 2

Step 4 Step 5

Step 3

e

Fig. 9.16 (continued)
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sciatic notch and all the neurovascular structures 
there within; however, no injury to any of these 
structures has been reported in any major case 
series. The most common complications are 
instrumentation prominence and pain, which 
could require eventual removal. The main advan-
tage is increased rigidity with increased fusion 
rates and decreased rates of pseudoarthrosis at 
the lumbosacral junction. Kuklo et al. reported a 
fusion rate of 95.1 % in 81 patients undergoing 
treatment for high-grade spondylolisthesis or 
long fusions to the sacrum with bilateral sacral 
screws, although 14 % of the patients reported 
discomfort over the iliac screw  [  29  ] . The main 
purpose of adding iliac screws is to decrease the 

risk of loosening and failure of the S1 screws, 
where there can be high stresses in longer con-
structs. They also of fl oad the sacrum as a whole 
by transferring forces directly to the ilium. 

 Iliac bolt  fi xation was found to signi fi cantly 
decrease the  fl exion-extension moment on the 
ipsilateral S1 screw by 70 % and the contralateral 
screw by 26 % in a biomechanical study done by 
Alagre et al. in 2001 comparing  fi xation across 
the lumbosacral junction. Four different 
L2-sacrum constructs were evaluated with the 
following  fi ndings: (1) There is a signi fi cant 
decrease in the  fl exion-extension moment on the 
S1 screw when extending long posterior con-
structs to either the ilium or S2 sacral screw. 

a c

b

  Fig. 9.17    ( a ) The titanium prosthetic X-STOP device. 
( b ) Image demonstrates the placement of the prosthetic 
titanium X-STOP device between the spinous process. ( c ) 

Shown here is a postoperative lateral radiograph with a 
two-level interspinous process decompression with an 
X-STOP device         
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(2) There is no biomechanical advantage of the 
iliac bolt over the S2 screw in decreasing the 
moment on the S1 screw in  fl exion and extension. 
(3) Adding anterior support such as an ALIF to 
long posterior constructs signi fi cantly decreases 
the moment on the S1 screw. Adding distal poste-
rior  fi xation to either the ilium or S2 decreases 
the moment on the S1 screws more than adding 
anterior support  [  30  ] .  

    9.8   Interbody Devices 

 During the past decade, interbody cages have 
grown in popularity as a useful device to obtain 
fusion. They may be used alone but typically need 
supplemental  fi xation. A variety of surgical 
approaches allow removal of the diseased disc and 
degenerative osteophytes, followed by correction 
of deformity with a cage that is inserted between 
the vertebral bodies. Thus, distraction of the disc 
space permits safer, indirect decompression of the 
intraforaminal zone, which is a common area of 
stenosis. These devices also theoretically tension 

the lax spinal ligaments, thus again indirectly 
decompressing the neural elements  [  31,   32  ] . 

 Various interbody device materials have been 
used, including femoral ring allograft, carbon 
 fi ber or polyetherketone structural grafts, tita-
nium mesh, or threaded interbody cage constructs 
 [  31,   33  ]  (see Fig.  9.19a–d ).  

 Titanium mesh cages (see Fig.  9.20a–e ) are 
utilized between vertebral bodies for fusions. 
These mesh cages are porous to promote and 
facilitate peripheral bone and vascular in 
growth. Typically, the cage is  fi lled with mor-
cellized bone graft  [  32  ] . Delloye et al.  evaluated 
non-perforated cortical bone graft compared 
with perforated cortical bone graft in sheep 
models for incorporation. Although there was 
no statistical difference between both groups 
for union and bone density, the cortical bone 
graft porosity and the amount of new bone 
within the cortical bone differed signi fi cantly. 
Thus, porosity signi fi cantly improved the 
amount of newly formed bone by the host. 
The channels increased the interface between 
the host and the allograft and allowed for wider 
endosteal callus, which resulted in enhanced 
incorporation  [  34  ] .  

 This procedure may be approached from many 
anatomical locations. As the push toward mini-
mally invasive spinal surgery continues to grow, 
many new approaches have been invented to help 
minimize morbidity and complications. These 
various procedures are named based on the 
approach but all have the same conceptual goal of 
removing as much of the disc as possible and 
placement of graft and a structural spacer in the 
disc space. This facilitates correction of defor-
mity and helps to optimize lordosis.
    1.    Anterior lumbar interbody fusion, ALIF 

(see Fig.  9.21a–d )   
    2.    Posterior lumbar interbody fusion, PLIF 

(see Fig.  9.22a–d )   
    3.    Transforaminal lumbar interbody fusion, TLIF 

(see Fig.  9.23a–c )   
    4.    Direct lateral interbody fusion, DLIF 

(see Fig.  9.24a, b )      
 Each of the different approaches offers its own 

advantages and disadvantages. Biomechanical 
studies indicate that anteriorly placed interbody 

  Fig. 9.18    Shown here is an AP radiograph with bilateral 
iliac bolts in combination with multiple level posterior 
fusion with pedicle screws and bilateral rods       
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devices signi fi cantly stabilize the motion segment 
in all directions except extension. Anterior fusion 
in primary disc lesions produces good results but 
may be of limited value for spinal stenosis, in 
which posterior procedures may allow for direct 
decompression  [  35  ] . Posteriorly placed devices 
provide less stability secondary to the required 
facetectomy for placement  [  36  ] ; however, poste-
rior lumbar interbody fusion and segmental pedi-

cle-based plate  fi xation allow wide decompression 
and increased exposure for disc space preparation 
while maintaining stability with the screws. 
Placement of a PLIF cage does require a 
signi fi cant amount of neural retraction to gain 
access to the disc space (see Fig.  9.25 ). By mov-
ing the posterior trajectory more diagonally, the 
transforaminal approach preserves the inters-
pinous ligaments as well as the contralateral laminar 

  Fig. 9.19    ( a ) Illustration here demonstrates an anterior 
lumbar interbody fusion with femoral ring allograft. ( b ) 
After the disc material is removed, the surgeon inserts 
bone graft material into the disc space, such as autograft 
or INFUSE® Bone Graft contained in an LT-CAGE® 
Lumbar Tapered Fusion Device, shown here, to restore the 

normal anatomic condition of the spine. ( c ) Viewed here is 
a CT scan with an interbody cage of the lumbar spine. ( d ) 
The schematic shown here illustrates an expandable cage 
inserted between two vertebral bodies. Autogenous bone 
graft is contained within the metal cage       

a c

b
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surfaces. Additionally, the transforaminal approach, 
which involves a full unilateral facetectomy, 
avoids signi fi cant retraction of the neural ele-
ments (see Fig.  9.26 ). Oftentimes, fusion surgery 
is approached from a “360° approach” with both 
anterior and posterior instrumentation to increase 
rigidity of the construct  [  31,   37  ] . Restoration of 
anterior column support prolongs instrumentation 
life, increasing fusion rates irrespective of the num-
ber of levels fused  [  38  ] . Most failures are the result 
of poor patient selection or technical dif fi culties 
with implantation  [  36  ] .   

 Satisfactory outcome relies on a combination 
of discectomy, decompression, and deformity 

correction, in addition to achieving a solid fusion 
 [  38  ] . However, adding supplementary  fi xation 
reduces spinal motion and increases stiffness 
compared to stand-alone lumbar interbody fusion 
(see Fig.  9.27 ). Gerber et al. found that compared 
to stand-alone interbody cages, supplementary 
screw-plate  fi xation reduced the ROM by a mean 
of 41 % and supplementary pedicle screw-rod 
 fi xation reduced the ROM by a mean of 61 %. 
Anterior screw-plate  fi xation of L5–S1 ALIF 
had only a slightly larger ROM and slightly 
lower stiffness than L5–S1 ALIF with pedicle 
screws-rods  [  31  ] .  

 Interbody cages have shown to successfully 
promote fusion in a variety of animal studies and 
have shown acceptable clinical success rates  [  36  ] . 
Review of the literature concerning long-term 
results of decompressive procedures indicates 
short-term failure rates of 15–20 % and about 
50 % failure rate by ten or more years after the 
index procedure. The surgical technique is 
demanding, fusion rates have been reported up to 
96 %, and clinical success up to 86 % patient sat-
isfaction  [  38  ] .Comparison studies between pos-
terior lumbar interbody fusion and transforaminal 
lumbar interbody fusion have shown similar 
operative times, blood loss, and duration of hos-
pital stay in single-level fusions, but more com-
plications were associated with the posterior 
approach  [  39  ] .   

d

Fig.9.19 (continued)

 Advantage  Disadvantage 

 ALIF  Allows for large interbody graft to be placed  May need access surgeon 
 Can be used as stand-alone device  Must reposition patient if posterior procedure is 

needed 
 Risk of iliac vessel injury 
 Risks to lumbosacral plexus leading to retrograde 
ejaculation 

 PLIF  No need for access surgeon  Signi fi cant amount of dural retraction to place 
cage(s)  No need to reposition patient 

 TLIF  No need for access surgeon  Can lead to local kyphosis if interbody graft is not 
placed in anterior ½ of disc space 

 No need to reposition patient  Relatively smaller graft compared to DLIF and ALIF 
 Less dural retraction than PLIF 
 Facetectomy decompresses exiting and 
traversing nerve root 

 DLIF  No need for access surgeon  Approach is trans-psoas, so can lead to hip  fl exion 
weakness  Allows for large interbody graft to be placed 
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    9.9   Cages and Plates 
(for Anterior Fixation) 

 Anterior instrumentation has its roots in scolio-
sis surgery. In 1960, Dwyer placed anterior ver-
tebral body screws which were connected by a 
tensioned wire. This wire was later replaced by 
a rod that could be locked rigidly to the screws 
to provide better rotational control and correc-
tion  [  1  ] . Cadaver biomechanical studies have 

shown that this system is one of the strongest 
constructs for anterior spine stabilization  [  1, 
  40  ] . Since the 1960s, the indications for anterior 
 instrumentation have broadened to include frac-
ture  stabilization, and with this came the devel-
opments of plates. Plates were adapted for use 
on the spine from their original design for use 
on the extremities. 

 Plates (see Fig.  9.28a–c ) today are most com-
monly used anteriorly in combination with cages 

  Fig. 9.20    ( a ) The picture shown here is an example of a 
metal mesh cage used for spinal fusions (©MMG 2002). 
( b ) This illustration demonstrates the placement of a 
mesh cage for anterior interbody fusion. Note that bone 
graft material is placed within the cage. ( c ) Here is 
a clinical photograph of a metal cage with autogenous 
bone graft contained within the cage. ( d ) Shown here is 

an AP and lateral radiograph of an L2/3 fusion, which 
was performed using a titanium mesh cage with an 
autogenous iliac bone graft and Z plate. ( e ) The image 
shown here is yet another example of a commonly used 
mesh cage for lumbar spinal fusion. Note the porosity 
within the cage to promote peripheral bone growth and 
vascular invasion         

a

Fusion cage c

b ©MMG 2002
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for fusions in which the anterior plate places the 
graft material in compression. Plates can span 
multiple levels and maintain position and stabil-
ity of the spine. They do not, however, provide a 
means to reduce or correct deformity the way 
pedicle screws do. Indications for use include 
kyphosis,  fl at-back syndrome, pseudoarthrosis, 
and failed posterior surgery. Care must be taken 
to avoid damaging adjacent soft tissue structures. 
Screws used in combination with plates should 
ideally be placed transcortically, which improves 
their holding power.  

 Rods connected together can be used in a sim-
ilar fashion anteriorly. If a single rod is used, the 
screw (see Fig.  9.29a–c ) should be centered lon-
gitudinally and transversely within the vertebral 
body, optimally being parallel to the adjacent end 
plates in the coronal plane. If a double-rod sys-
tem or plate is used, two screws should be placed 
in each vertebral body. Cross-linking with the 
double-rod Kaneda system enhances mechanical 
stability  [  1,   40  ] .  

 Advantages of anterior plate systems are that 
they are low pro fi le. However, plates are less 
stable as a construct than anterior rod systems 
 [  40  ] . Single-rod systems are easy to apply 
 especially when correcting multiple scoliosis 
levels but are relatively weak biomechanically. 
Double-rod systems provide superior biome-
chanical stability but are quite bulky. Any ver-
tebral bone that was removed may be reused 
and packed into mesh cages. These devices are 
a weight-bearing device that provides structural 
anterior column support and increases the sur-
face area of the bone graft that may hasten 
incorporation  [  1  ] .  

    9.10   Lumbar Arthroplasty 

 Lumbar arthroplasties (see Fig.  9.30a–c ) are 
designed to treat the early stages of degenerative 
disc disease, which is one of the most common spi-
nal disorders in the population under 65 years of 

d e
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a

b

  Fig. 9.21    ( a ) This is a postoperative radiograph show-
ing instrumentation for anterior lumbar interbody fusion 
with an intervertebral cage. ( b ) The image on the  left  is 
a lateral preoperative radiograph showing decreased 
disc space between L4 and L5 vertebrae. The image on 
the  right  is a postoperative radiograph of an interbody 
cage inserted with an ALIF procedure. The bone graft 

is contained within the metal cage and cannot be seen. 
( c ) Viewed here is another example of an interbody 
fusion device that is inserted anteriorly with screw 
 fi xation into the superior and inferior vertebral bodies. 
( d ) Shown here is a postoperative radiograph demon-
strating a similar interbody fusion device to the one 
shown in ( c )       
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age  [  41,   42  ] . Despite the excellent short-term 
results of spinal fusion for traumatic and 
 degenerative spinal disorders, several long-term 
 studies have shown that alteration of the biome-
chanical environment leads to degenerative 
changes at adjacent mobile segments  [  43  ] . To 
avoid this problem, an arti fi cial intervertebral disc 
replacement has been proposed as an alternative to 
spinal fusion.  

 Bertagnoli et al. in 2002 prospectively evalu-
ated 134 prosthetic discs using Prodisc II (see 
Fig.  9.31 ) in 108 patients for degenerative disc 
disease. They found that 90.8 % of patients had 
excellent results and no one had a poor result. 
Postoperatively, the average vertebral motion was 
increased in all patients at the operated level; 
however, degenerative at adjacent levels was 
noted in ten patients. Patients were able to resume 
their activities of daily living unaided at an 
 average of 2.3 weeks. They encountered no implant 
failures or complications due to surgery  [  44  ] .  

 Nucleus arthroplasty is an emerging technol-
ogy that could potentially  fi ll part of the gap in 
treatment of degenerated discs. Prosthetic 
devices may be considered an additional thera-
peutic tool that can be used in selected cases of 
low back pain secondary to degenerative disc 
disease  [  38,   41,   45  ] . Many various types of 
arthroplasty devices have been developed to the-

oretically restore the normal kinematics and 
load-sharing properties of the natural interverte-
bral disc   [  45–  47  ] . Optimal indications for use 
are disc height >5 mm and degenerative disc 
changes at an early stage (P fi rmann 2, 3), single-
level disease, maintained integrity of posterior 
facet joints and lack of local anatomical con-
traindications, and failure of at least 6 months of 
conservative treatment  [  41  ] . Implant migra-
tion or dislocation has been one signi fi cant 
disadvantage of these devices  [  38  ] ; however, few 
studies have focused on the ideal method of 
 fi xation between the prosthetic device and the 
vertebral body end plates. 

 NUBAC (see Fig.  9.32 ) is the  fi rst articulat-
ing nucleus disc prosthesis, designed to opti-
mally respect the lumbar anatomy, kinematics, 
and biomechanics. It is constructed in a two-
piece manufactured construct from polyethere-
therketone (PEEK) with an inner ball/socket 
articulation. Balsano et al. reported on a 2-year 
follow-up study on 39 patients who underwent 
nucleus disc arthroplasty with the NUBAC 
device. Preliminary results are encouraging. 
There were no major intraoperative and postop-
erative complications. Both VAS and ODI scores 
at 2 years signi fi cantly decreased, which provide 
support that this may be a viable treatment 
option  [  41  ] .   

c d
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a

c

b

d

  Fig. 9.22    ( a ,  b ) Shown here are postoperative AP and 
lateral radiographs of a posterior lumbar interbody fusion. 
( c ) This image depicts the placement of an interbody 
device between two lumbar vertebrae in a posterior 

lumbar interbody fusion procedure. ( d ) Two interbody 
cages may be placed posteriorly during a lumbar inter-
body fusion, side by side, to provide biomechanical stabil-
ity for fusion as shown here in this schematic       
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    9.11   Dynamic Stabilization Devices 

 Recent developments have been made in poste-
rior pedicle  fi xation to provide stabilization 
without fusing vertebral levels for the treatment 
of degenerative diseases of the lumbar spine. 
The goal of non-fusion stabilization is to reduce 
the mobility of the spine segment to less than that 
of the intact spine while retaining some residual 
motion. This may be bene fi cial since  preservation 
of motion theoretically decreases the increased 
stresses at adjacent levels after fusion, thus 
 potentially minimizing the  accelerated rates of 

adjacent level disease. Pedicle-based posterior 
dynamic stabilization systems are relatively new; 
thus, long-term data are lacking in clinical stud-
ies, and short-term and midterm data are avail-
able for only some of these devices. There is a 
wide array of posterior dynamic stabilization 
systems available on the market, and indications 
for their use have varied substantially, ranging 
from degenerative disc disease to  reconstruction 
after laminectomy for spinal stenosis. 
Conclusions cannot yet be drawn regarding the 
use of posterior dynamic devices compared to 
fusions  [  48  ] . 

a

c

b

  Fig. 9.23    ( a ,  b ) Shown here are an AP and lateral radio-
graph of a transforaminal lumbar interbody fusion. Note 
the unilateral facetectomy on the  right . ( c ) An example of 

an interbody cage that is used for transforaminal lumbar 
interbody fusion       
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 Several in vitro studies have been conducted 
on a dynamic system that is currently available 
for use, Dynesys (see Fig.  9.33 ). Segmental 
ROM was reduced for  fl exion (less than 20 %), 
extension (approximately 40 %), and lateral 
bending (less than 40 %). In torsion, the total 

ROM was not signi fi cantly different from that of 
the intact level. There are theoretical biomechan-
ical concerns about this device concept. The 
device is placed at a location posterior to the 
natural center of rotation of the intervertebral 
joint, which may preclude this dynamic compli-
ant device from allowing substantial interseg-
mental motion  [  49  ] . Prospective case series have 
evaluated the radiologic changes in the interver-
tebral discs after dynamic stabilization. Disc 
degeneration at the bridged and adjacent seg-
ment continued despite dynamic stabilization 
 [  50  ] . Additionally screw loosening is not an 
uncommon problem. However, the early clinical 
outcomes of treatment with Dynesys are promis-
ing, with decreased pain and disability found at 
1-year follow-up. Dynamic stabilization may be 
preferable to fusion for treatment of degenerative 
spondylolisthesis and stenosis by decreasing 
back and leg pain and avoiding the greater tissue 
destruction and morbidity associated with fusion 
 [  51  ] . However, larger, long-term clinical trials 
are required before de fi nitive conclusions may 
be drawn.   

a b

  Fig. 9.24    ( a ) The image shown here is an intraoperative 
 fl uoroscopy with blunt dilator over the target disc space. 
The preferred entry location is just anterior to the midline 
of the vertebral body. ( b ) This intraoperative lateral radio-

graph shows the placement of an interbody device. 
Anterior or posterior instrumentation may be added for 
improved stabilization if needed       

  Fig. 9.25    Shown here is the dural retraction that is 
required during posterior lumbar interbody fusion       
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  Fig. 9.27    Shown here is a postoperative radiograph of a 
corpectomy with interbody cage. Note that supplemental 
posterior instrumentation with pedicle screws and bilat-
eral rod  fi xation       

  Fig. 9.26    Shown here is a schematic of an open transfo-
raminal interbody fusion and the associated unilateral fac-
etectomy that is part of the procedure. The facetectomy 
allows placement of the interbody cage without signi fi cant 
retraction of the neural elements       
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a

b

c

  Fig. 9.28    ( a ) Shown here is a schematic of an anterior plate. ( b ) Shown here is another example of an anterior plate 
that is used for instrumentation in the lumbar spine. ( c ) Viewed here is a four-hole anterior plate       
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a

b

c

  Fig. 9.29    ( a ) The image shown here is a radiograph of an 
interbody cage with supplemental anterior stabilization 
with bilateral rods and screw  fi xation. Note the trajectory 
of the screws within the vertebral bodies. There are addi-
tional cross bars interconnecting the two rods. ( b ) The 

image here depicts the Kaneda system that is used for 
anterior scoliosis correction. ( c ) Shown on this spine 
model is a single rod that is placed laterally along the ver-
tebrae through an anterior approach       
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a

b

c

  Fig. 9.30    ( a ) Here is an AP postoperative radiograph of a lumbar arthroplasty. ( b ,  c ) Here are two more lateral radio-
graphs of two different arthroplasty devices with differing methods of  fi xation to the vertebrae         
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  Fig. 9.31    The above image is a schematic depicting a lumbar arthroplasty. The two images below it are lateral  fl exion 
and extension radiographic images showing the preservation of motion       
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  Fig. 9.33    AP and lateral radiograph demonstrating the Dynesys system for lumbar posterior spinal  fi xation       

  Fig. 9.32    Shown here is an image of NUBAC, an 
 articulating nucleus disc prosthesis used in the lumbar 
spine for optimal preservation/restoration of the normal 
anatomy, kinematics, and biomechanics       
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      Conclusion 

 Spinal  fi xation devices are used in the lumbar 
and sacral spine primarily for stabilization, 
reduction of deformities and fractures, and 
replacement of vertebral elements affected by 
tumors or infections. Spinal instrumentation 
of the lumbosacral spine is necessary for the 
treatment of many different conditions. The 
goals of lumbosacral instrumentation include 
stabilization, deformity correction, recon-
struction or replacement, and facilitation and 
enhancement of fusion. 

 Internal  fi xation provides immediate stabil-
ity; however, the devices are inadequate to 
withstand prolonged periods of stress and are 
likely to fail unless a fusion is performed at the 
time of the instrumentation. Since the devel-
opment of the  fi rst rod, hook, and wire con-
structs in the early 1960s, various developments 
and new devices have been invented to help 
minimize complications and hardware failure 
and enhance stability and fusion. However, 
there is a growing trend for instrumentation 
devices that preserve motion without fusion 
while avoiding stability, correcting deformity, 
and decompressing the neural elements. There 
are many devices utilized for lumbosacral 
instrumentation, each with their own bene fi ts 
and drawbacks and indications for usage.      
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          10.1   Introduction    

 Human bone grafting dates back to 1668 when 
Dutch surgeon Job van Meek’ren used a canine 
cranial xenograft to  fi ll a soldier’s cranial defect. 
Since that time, bone grafting has evolved 
signi fi cantly and has been utilized for a variety of 
surgical applications. Worldwide, over 2.2  million 
fusion procedures are performed annually with 
approximately half a million of those performed 
in the United States alone  [  14  ] . Bone grafting 
including the development of bone graft substi-
tutes has also evolved into a billion dollar  industry, 
generating approximately 2.5 billion dollars of 
sales per year  [  12  ] . 

 Bone grafting plays a major role in spinal 
fusion surgery, as it provides the lattice and con-
duit for bone formation between adjacent seg-
ments of the spine. The number of available bone 
grafting options has exponentially increased, fol-
lowing an equally impressive increase in the 

number of spinal fusions performed annually. To 
better understand the different bone grafting 
options, one must  fi rst understand the basic anat-
omy and physiology of bone and principles of 
bone fusion.  

    10.2   Bone Physiology and Principles 
of Bone Fusion 

 Bone is a porous mineralized structure composed 
of cells, vessels, and calcium compounds. On a 
molecular level, it is composed of an organic 
matrix made of mainly type I collagen that is 
hardened by deposition of inorganic carbonated 
hydroxyapatite crystals. Anatomically, the rigid 
outer layer of bone is called cortical bone and is 
composed of compact bone tissue with minimal 
gaps and spaces. It composes approximately 80 % 
of total bone mass in an adult skeleton and has a 
porosity ranging between 5 and 30 %. Trabecular 
or cancellous bone composes the remaining 20 % 
of bone mass in the adult skeleton and has a com-
parative 30–90 % porosity  [  16  ] . 

 Bone resides in a dynamic state of deposition, 
resorption, and remodeling; this is regulated by 
osteoblastic bone formation and osteoclastic bone 
resorption. Transition among the different states 
is in fl uenced by a multitude of factors including 
biomechanics, hormones, physical activity, and 
nutritional status. Balance among the states typi-
cally allows for healthy bone. Imbalance in any 
direction may lead to pathologically weaker 
bone, such as osteopenia and/or osteoporosis. 
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 Bone fusion is the process by which a bone 
bridge forms across adjacent bone segments or 
across a fracture line and is a natural host response 
to injury after trauma. Surgically induced bone 
fusion is called arthrodesis, which is the ultimate 
goal in spinal fusion surgery. Failure of this bone 
formation results in what is called pseudoarthro-
sis or nonunion. It may lead to increased medical 
expenditures and undesirable clinical outcomes 
including continued pain, disability, and instabil-
ity  [  31  ] . Rates of pseudoarthrosis have been 
reported to be between 5 and 35 %  [  19  ]  and have 
been attributed to many variables including sur-
geon technique, construct design, biomechanics, 
metabolic factors, and host-speci fi c factors   . 

 Host responses regulate activation of the nec-
essary components needed for induction of 
fusion. The three major physiologic processes 
involved are osteogenesis, osteoinduction, and 
osteoconduction. The ideal bone grafting mate-
rial will possess all three physiologic properties. 

 Osteoconduction is the process by which the 
bone graft supports the attachment of new osteo-
blasts and osteoprogenitor cells, thus serving as a 
scaffold. This is especially important in the 
 fi rst stage of bone healing: a combination of 
in fl ammatory responses and capillary bud inva-
sion into the graft, typically occurring in the  fi rst 
14 days after surgery  [  10  ] . The net result is an 
interconnected network through which vessels 
can form and cells can migrate. Properties of 
graft material such as chemical composition, pore 
size, degree of porosity, stiffness, and architec-
ture heavily in fl uence osteoconduction. 

 Osteoinduction refers to the ability of the graft 
to induce proliferation of nondifferentiated stem 
cells or osteoprogenitor cells into osteoblasts 
through stimulation by local growth factors  [  32  ] . 
Although allografts and autografts possess 
osteoinductive potential  [  17  ] , the most potent 
osteoinductive effects come from bone morpho-
genetic proteins (BMPs) and demineralized bone 
matrix (DBMs)  [  24  ] . 

 Osteogenesis refers to the capability of osteo-
blasts to mineralize and calcify the collagen 
matrix at the site of new bone formation or more 
simply stated as the ability to form new bone. 
This is determined by the presence of viable 

osteoprogenitor cells and osteogenic precursor 
cells embedded within the graft itself.  

    10.3   Bone Grafts 

 Bone grafts can be divided into two main catego-
ries: autologous bone graft and bone graft substi-
tutes. Autologous bone graft (autograft) is de fi ned 
as bone graft material harvested from the host. It 
can either be taken locally from the surgical site 
or from a distant donor site. Bone graft substitutes 
are synthetic or allograft derived substrates cre-
ated to enhance fusion. They can be subdivided 
into many different categories including allografts, 
ceramics, demineralized bone matrix, osteoinduc-
tive factors, autogenous platelet concentrate, mes-
enchymal stem cells, and gene therapy. 

    10.3.1   Autologous Bone Graft 

 Autologous bone is the ideal graft because it pos-
sesses all three biological elements of osteocon-
duction, osteogenesis, and osteoinduction. It is 
naturally osteoconductive and contains viable 
embedded stem cells and osteoprogenitor cells, 
thus being ready for osteogenesis. Lastly, endog-
enous BMPs provide its highly osteoinductive 
potential. Autografts have perfect biocompatibil-
ity, with no antigenic potential, and remain the 
gold standard for bone grafting in fusion proce-
dures  [  22  ] . 

 Autograft can be harvested locally or from a 
distant donor site. Local graft can be taken from 
the spinous processes, lamina, and joints; the 
amount of autograft harvested depends on the 
nature of the surgery and degree of decompres-
sion. For example, spinous process, lamina, and 
joint bone can be harvested in surgical cases 
needing decompression, whereas only spinous 
process bone can be harvested in cases needing 
just arthrodesis and without decompression. 
Distant donor site autograft is most commonly 
taken from the iliac crest,  fi bula, or rib  [  35  ] . 

 Autogenous bone graft has many bene fi ts 
including its availability, lack of disease trans-
mission, and zero implant cost. However, 
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autograft material is limited in its supply and 
carries a notable associated risk of distant donor 
site morbidity. Iliac crest autograft harvest has 
been associated with donor site pain persisting in 
the postoperative period in as high as 60 % of 
cases  [  33  ] . Also, between 2 and 5 % of patients 
develop wound complications that require 
 reoperation  [  29  ] . Other associated morbidities 
include neurovascular injury, infection, hematoma, 
seroma, cosmetic deformity, bowel  herniation, 
and iatrogenic fracture  [  1,  18,   28,   30  ] . In addition 
to morbidity, obtaining autograft also requires 
extra surgical time and can be technically 
demanding.  

    10.3.2   Bone Graft Substitutes 

    10.3.2.1   Allograft 
 Allograft is one of the two most commonly trans-
planted tissues, second only to blood  [  25  ] . The 
graft is obtained from a deceased donor and sub-
sequently placed through a processing procedure 
including decontamination, sterilization, and 
preservation. Because most of the antigenic stim-
uli are removed during this processing, human 
leukocyte antigen (HLA) crossmatching is not 
required  [  5  ] . However, very few growth factors 
and no cells survive processing of the allograft, 
leaving no osteogenic potential and little oste-
oinductive potential. Allograft can thereby be 
said to have good osteoconductive potential, little 
osteoinductive potential, and no osteogenic 
potential. 

 There are many advantages to the use of 
allograft. It can be available in an almost unlim-
ited quantity and avoids donor site morbidity. 
Allograft can also be used alone or in conjunction 
with autograft. It can be used as a structural com-
ponent of a construct or simply as a ground sub-
strate for fusion. These attributes make it a 
desirable graft option in large fusion procedures. 
Major allograft disadvantages include the remote 
possibility of disease transfer such as HIV or 
hepatitis C; the HIV transfer rate from allograft 
bone is estimated at less than one per million 
 [  10  ] . Processing can also lead to changes in the 
graft properties such as decreased mechanical 

strength; previous studies have demonstrated up 
to 50 % loss in mechanical strength of freeze-
dried allograft  [  5  ] . Allografts may also stimulate 
a localized immune response that delays the 
fusion process. 

   Cortical and Cancellous Allograft 
 Cortical allografts provide signi fi cant mechani-
cal strength and structural support but incorpo-
rate slowly into the fusion. A process of periosteal 
new bone formation occurs around the allograft, 
which itself may never fully incorporate into the 
fusion, remaining a mixture of necrotic and via-
ble bone. Alternatively, cancellous allograft pro-
vides little mechanical strength but has a much 
faster rate of fusion incorporation. Bone forma-
tion occurs on trabecular surfaces of the graft fol-
lowed by complete remodeling and more rapid 
revascularization  [  13  ] . Figure  10.1  depicts a 
 fi bular allograft in cross section demonstrating 
cortical bone circumferentially enclosing trabec-
ulated cancellous bone.  

 Different surgical procedures necessitate dif-
ferent allograft properties. Cortical allografts can 
be used in applications that require structural 
support in compression; the use of a femoral ring 
allograft in an anterior lumbar interbody fusion 
(ALIF) is an example. Cancellous allografts are 
more suited for applications needing little 
mechanical strength but high osteoconductivity. 
One such example is cancellous chips for poste-
rolateral lumbar fusions.   

    10.3.2.2   Demineralized Bone Matrix 
 Demineralized bone matrix (DBM) is an allograft 
that has been stripped of its mineral composition. 
This is accomplished through acid extraction of 
calcium and calcium compounds, leaving behind 
an organic substrate composed of collagen matrix, 
noncollagenous proteins, and a low concentration 
of growth factors. These growth factors are con-
tained within the organic component of bone and 
are osteoinductive in nature, particularly bone 
morphogenetic protein (BMP) which is the 
 primary osteoinductive component in DBM. 
Demineralized bone matrix therefore possesses 
osteoconductive and osteoinductive potential, but 
no osteogenic potential. 
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 Advantages of DBM include its various appli-
cation forms including powder, crushed granules, 
chips, putty, or gel. It is available in almost limit-
less quantities, does not require additional surgi-
cal time for harvest, and avoids donor site 
morbidity. DBM also has the least immunogenic 
potential of the allografts due to its extensive pro-
cessing but still carries an innate risk of disease 
transmission. Other disadvantages include ques-
tionable quantities of BMP in the graft. High 
variability in BMP concentrations among differ-
ent manufacturers of DBM has been demon-
strated  [  2  ] . Additionally, clinical studies of DBM 
used for spinal fusion have failed to demonstrate 
success rates similar to autograft.  

    10.3.2.3   Osteoinductive Factors (BMP) 
 Bone morphogenetic proteins (BMPs) are a group 
of growth factors belonging to the transforming 
growth factor bet (TGF b ) superfamily of pro-
teins. They play a pivotal role in orchestrating tis-
sue architecture in the body, particularly induction 
of bone and cartilage (osteoinduction)  [  26 ,  27  ] . 
BMPs were  fi rst discovered in 1965 when 
Marshall Urist isolated them from demineralized 
bone extract and implanted them into rabbit con-
nective tissue, resulting in bone formation  [  34  ] . 
However, large amounts of bone and signi fi cant 
costs were required to produce a small amount of 
BMP until the advent of recombinant DNA tech-
nology. Although cost still remains a concern, 
BMPs are now commercially available in high 
concentrations and purity. The two most well-
studied and most commercially available BMPs 
are recombinant human BMP-2 (rhBMP-2) and 
BMP-7 (rhBMP-7). 

 Recombinant human BMPs are produced in a 
liquid form that easily dissolves and subsequently 
inactivates in vivo. Because of this, the clinical 
application of BMP requires the presence of a 
carrier vehicle that allows a high concentration 
capacity and time-controlled release. Multiple 
carrier vehicles have been used, but the most 
commonly used and studied carrier is a type I 
collagen sponge  [  35  ] . 

 Bone morphogenetic protein has been FDA 
approved for use only in titanium cylindrical 
cages during anterior lumbar interbody fusion 
(ALIF) procedures. Compared to iliac crest 
autograft, rhBMP-2 use in cylindrical threaded 
fusion cages demonstrated a greater reliability in 
achieving arthrodesis  [  6  ] . Signi fi cantly higher 
fusion rates in rhBMP-2 supplemented anterior 
interbody cages compared with iliac crest 
autograft have also been shown (94.4 % com-
pared with 89.4 %;  p  = 0.022)  [  8  ] . A prospective, 
multicenter, U.S. Food and Drug Administration-
approved investigational device study demon-
strated a 98 % fusion rate at 6-year follow-up  [  7  ] . 
As described, BMP is a potent osteoinductive 
agent for arthrodesis and as such has been used 
frequently in an off-label manner  [  23  ] . 

 Disadvantages of bone morphogenetic pro-
tein have also been extensively described in the 
literature  [  4  ] . As previously described, rhBMP 
induces bone formation through chemotactic, 
pro-in fl ammatory, and osteogenic pathways. 
Overactivity of these same pathways is the most 
commonly reported complication and includes 
osteolysis, swelling, seroma, heterotopic bone 
formation, and antibody reaction. Osteolysis 
was originally recognized as transient radiolu-
cencies surrounding interbody cages or bone 
dowels and may be attributed to bony end plate 
violation, construct stability, and BMP dose 
 [  9,  15  ] . Heterotopic ossi fi cation has been attrib-
uted to fragments of rhBMP left in the area of 
the foramen and has been mostly associated 
with off-label BMP use in transforaminal 
(TLIF) or posterior lumbar interbody fusion 
(PLIF) applications. Radiculitis is another pos-
sibly related complication that is seen more 
 frequently in cases where rhBMP has been 
used  [  28  ] .  

  Fig. 10.1    Cross section of a  fi bular allograft demonstrat-
ing cortical shell circumferentially surrounding a trabecular 
cancellous bone interior. External view of  fi bular allograft 
(right demonstrating the dense outer cortical layer)       
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    10.3.2.4   Synthetic Grafts 
   Ceramics 
 Ceramics are an osteobiologic class of bone graft 
substitutes that are named after the genera of coral 
that they mimic. The striking similarity between 
microscopic structures of marine invertebrate 
coral and bone was  fi rst described in 1975  [  11  ] . 
Since that time, numerous synthetic grafts have 
been designed and utilized for grafting purposes. 
 In order to be classi fi ed as a ceramic bone graft 
material, the material must meet the following 
qualities: tissue and mechanical compatibility, 
stability in body  fl uids, ability to withstand steril-
ization, and capability to be molded into func-
tional shapes. On a molecular level, they can be 
composed of hydroxyapatite, tricalcium phos-
phate, bovine collagen, natural coral, calcium 
carbonate, or a combination of these  [  10  ] . 

 Compared to allograft, ceramics do not carry 
the potential for disease transmission and usually 
do not induce local in fl ammatory processes. They 
are also available in an unlimited quantity, tend to 
cost less, and can be machined to  fi t into a variety 
of shapes and sizes. But because they are syn-
thetic substances, ceramics only function as an 
osteoconductive scaffold and lack both osteo-
genic and osteoinductive properties. Ceramics 
also lack mechanical strength, being brittle and 
susceptible to shearing forces, thus being better 
utilized as graft expanders used in conjunction 
with internal  fi xation  [  21  ] .  

   Cages 
 Cages are synthetic interbody spacers that have 
capacity to contain bone grafting materials. 
Initially, the cage was developed for purposes of 
interbody fusion in horses  [  3  ] . The  fi rst cages 
were cylindrical stainless steel baskets  fi lled with 
autologous bone graft and placed via an anterior 
approach. Subsequent generations of the inter-
body cage have evolved in both composition and 
shape. Newer cages can be composed of various 
materials including polyetheretherketone (PEEK), 
carbon  fi ber (CF), and titanium. Shapes also vary 
and include the bullet shape, rectangle, and trap-
ezoid. These different conformations allow the 
graft to be placed through different approaches 
including anterior, lateral, and dorsal  [  20  ] .         
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  Abbreviations  

  APB    Abductor pollicis brevis   
  AH    Abductor hallucis   
  CMAP     Compound muscle action potential   
  CN    Cranial nerve   
  CST    Corticospinal tract   
  DEP    Dermatomal evoked potential   
  ECG    Electrocardiogram   
  EMG    Electromyography   
  Hz    Hertz   
  H re fl ex    Hoffman re fl ex   
  IOM     Intraoperative neurological 

monitoring   
  MAC     Minimal alveolar 

concentration   
  MEP    Motor evoked potentials   
  mA    milliamperes   
  MUP    Motor unit potentials   
  NMEP     Neurogenic motor evoked potentials   

  NMJ    Neuromuscular junction   
  RLN    Recurrent laryngeal nerve   
  SRS    Scoliosis Research Society   
  SSEP     Somatosensory evoked 

potentials   
  TA    Tibialis anterior   
  TIVA    Total intravenous anesthetic     

        11.1   Introduction 

 Intraoperative neurological monitoring (IOM) 
during orthopedic surgery to correct spinal 
abnormalities is used in many centers because 
surgeons have recognized that these techniques 
enhance their intraoperative decisions thereby 
improving outcome. In particular, the improve-
ment in outcome with the correction of scoliosis 
has led to IOM becoming a standard of care in 
axial skeletal surgery. The value of IOM is that 
it allows a functional assessment of the nervous 
system during anesthesia, whereas traditional 
physiological monitors (e.g., blood pressure and 
oxygenation) only measure parameters that are 
supportive of function. As such, IOM can detect 
an unfavorable surgical or physiological envi-
ronment that allows corrective maneuvers to 
reduce neurological risk. This chapter will 
review the methods commonly used in spinal 
column corrective surgery; most frequently, sev-
eral of these methods are combined to provide 
as much information as possible during a 
procedure.  
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    11.2   Wake-Up Test and Clonus 

 Prior to the application of electrophysiological 
techniques, the “wake-up” test described by 
Vauzelle was used with Harrington rod distrac-
tion in scoliosis to prevent the paralysis resulting 
from correction of the deformity  [  131  ] . In this 
test, the curvature was corrected and the anesthe-
sia reduced to awaken the patient. The patient 
was asked to move their hands to signify they 
understood the command and then asked to move 
their legs. This procedure worked poorly with 
patients who were not amenable to such tests 
(e.g., cognitively impaired individuals). In addi-
tion, there were occasional injuries that occurred 
during the wake-up  [  12  ] . This technique was par-
ticularly effective in scoliosis since there was a 
single insult to spinal integrity (e.g., distraction) 
such that correction could be made if the patient 
awakened without function. 

 There is still controversy regarding the ques-
tion of whether the wake-up test should be per-
formed if sensory or motor evoked response 
monitoring is also performed  [  23  ] . One author 
suggested that in children, “electrophysiological 
monitoring has now superseded the wake up test 
as an index of spinal cord function”  [  133  ] . In sev-
eral studies, the wake-up test usually correlates 
with the somatosensory evoked potential (SSEP) 
 [  12  ] . In one study of 1,168 cases, the two always 
correlated, and the authors concluded that “there 
is probably no need to use wake-up testing”  [  40  ] . 
However, other authors point out the occasional 
false-negative case and continue to recommend 
wake-up testing  [  12–  14  ]  particularly for 
con fi rming possible injury when the monitoring 
techniques cannot be acquired or when IOM 
becomes persistently abnormal during a surgical 
procedure  [  17,   37,   68,   98,   115  ] . 

 An alternative test that does not require active 
patient participation is the ankle clonus test. It 
has been conducted similar to the wake-up test in 
the middle of a procedure as well as at the con-
clusion of surgery  [  49  ] . The ankle clonus re fl ex is 
assessed by performing a rapid forced dorsi fl exion 
of the foot and then holding slight tension on the 
foot in the dorsi fl exed position. A positive 
response is seen as rhythmic contractions of the 

gastrocnemius muscle resulting in plantar  fl exion 
of the foot. It is mediated by the  fi rst sacral nerve 
root which activates the spinal stretch re fl ex arc. 
Not present in normal awake individuals, it is 
seen because of a temporary loss of central inhi-
bition of the spinal stretch re fl ex because anes-
thesia wears off such that lower-motor-neuron 
function returns  fi rst, with inhibitory (cortical) 
impulses returning later. Hence, it can be elicited 
early during the reversal of anesthesia, before the 
patient is responsive to verbal stimuli. If, how-
ever, there is an injury of the spinal cord, spinal 
shock causes a diminution of lower motor-neuron 
impulses, resulting in a loss of the ability to pro-
duce ankle clonus. Thus, the presence of clonus 
during a wake-up test has been used to signal the 
absence of a cephalad spinal injury and avoid the 
need to further awaken the patient. It has also 
been used at the conclusion of surgery to get an 
early indication of motor integrity before the 
patient fully awakens. Of note is that clonus may 
return asymmetrically, and if the patient awakens 
rapidly, the window of clonus may be missed due 
to a prompt return of higher center inhibition. 
One study of 1,006 patients undergoing 
Harrington rod insertion for scoliosis revealed no 
false negatives and three false positives (pre-
sumed to be missed windows of testing)  [  49  ] . 

 One major drawback of the wake-up and clo-
nus tests is that they are conducted at one point in 
time. As procedures have evolved, multiple 
potential insults occur rather than the single insult 
of distraction. As such, a more continuous method 
of assessment has been considered desirable (e.g., 
somatosensory and motor evoked potentials and 
electromyography as below) to identify speci fi c 
problems, so they can be identi fi ed and corrected 
as they occur.  

    11.3   Somatosensory Evoked 
Potentials 

 One of the  fi rst continuous electrophysiological 
techniques used in spine surgery was the soma-
tosensory evoked potential (SSEP). Among the 
orthopedic innovators were Clyde Nash, M.D., 
and Richard Brown, Ph.D., whose seminal work 
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established its value in scoliosis  [  89  ] . In this tech-
nique, peripheral sensory nerves are stimulated, 
and the very small electrical responses that are 
produced are recorded as the signal is transmitted 
through the spinal cord to the brain. The series of 
waves that are produced can be used to identify 
neurological problems occurring along the neu-
rological pathway. This is similar to the use of the 
electrocardiogram (ECG) identifying problems 
along the conducting pathway in the heart. 
Unfortunately, unlike the robust electrical signals 
of the ECG, the signals of the SSEP are very 
small and require a digital computer with signal 
averaging to identify them among the much larger 
“noise” of the other electrical activity in the body 
(e.g., electroencephalogram). 

 The method of signal averaging involves stim-
ulating the nervous system and measuring the 
response for a set period of time following the 
stimulus that contains the evoked response of 
interest. A second stimulation follows, and the 
electrical activity at each time point following the 
stimulation is averaged. This is repeated at 
2–7 Hz for several hundred times, and the evoked 
response becomes apparent. This occurs because 
the random unwanted background activity (noise) 
averages to zero since it is unrelated to the stimu-
lus, and the desired signal builds because it fol-
lows the stimulation by a set time (it is related to 
the stimulus). Technically, the ratio of the signal 
to noise builds by the square root of the number 
of stimulations averaged. The smaller the 
response is compared to the noise, the larger 
the number of averages required and the longer 
the time needed to acquire the response. Other 
methods, such as differential ampli fi ers and 
 fi ltration, are also used to improve the acquisition 
by removing unwanted noise from the original 
signal before averaging. The time for averaging 
the response allows updating of the SSEP every 
1–2 min. 

 The evoked response consists of a plot of volt-
age over time with a series of peaks and valleys 
(Fig.  11.1 ). Peaks may be positive or negative 
depending on the speci fi c electrodes used for 
acquisition and are thought to arise from speci fi c 
neural generators (often more than one neural 
structure). The information recorded is usually the 

amplitude (peak to adjacent trough) and the time 
from the stimulation to the peak (called latency). 
The SSEP peaks are usually named by polarity 
and latency, P (positive) or N (negative), and fol-
lowed by the latency in milliseconds (e.g., N 

20
 ).  

 For monitoring, the team will identify the 
peaks that are cephalad to the surgical site (e.g., 
the response of the brain during spine surgery). 
They are then monitored during the surgery to 
identify the onset of an insult by decreases in 
amplitude or increases in latency from the initial 
values (baseline). Usually, both upper and lower 
extremity responses are monitored in IOM. For 
cervical surgery, both can be used to indicate a 
potential problem in the operative area. For tho-
racic or lumbar surgery, the upper extremity 
SSEP can be used as a control for factors such as 
anesthesia as well as monitoring for positioning 
problems in the arms. 

 Often multiple recording sites are used to allow 
diagnosis of which portion of the neural tract 
involved is affected so as to understand the 
pathophysiology of the change and help guide cor-
rective measures. As a general principle, amplitude 
reduction of 50 % or more, or a latency increase of 
10 % or more is considered signi fi cant for the corti-
cal SSEP peak, although smaller changes may indi-
cate impending compromise. Studies suggest that a 
slow loss of amplitude (and increase in latency) 
may be due to diffuse neural ischemia. Fast losses 
(with minimal latency change) may be due to 
mechanical injury or focal ischemia, especially in 
spinal gray matter  [  93,   122  ] . 

 The SSEP is produced following stimulation 
of peripheral sensory pathways using a 200–300-
 m s square wave impulse of 20–30 mA delivered 
by pairs of subdermal needles near large, mixed 
motor and sensory nerves. Typical nerves used 
include (and their component spinal roots) the 
median (C6–T1) or ulnar (C8–T1) nerve stimu-
lated at the wrist and the common peroneal 
 (L4–S1) stimulated at the head of the  fi bula or 
posterior tibial (L4–S2) nerve stimulated at the 
ankle. Stimulation activates predominantly the 
large-diameter, fast conducting Ia muscle afferent 
and group II cutaneous nerve  fi bers (i.e., both 
motor  fi bers and sensory  fi bers)  [  5  ] . This results 
in a muscle response seen as a foot or hand twitch 
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that signi fi es stimulation and may produce an arti-
fact on the pulse oximeter or ECG but only rarely 
produces suf fi cient patient movement to interfere 
with surgery. The sensory  fi ber activation pro-
duces the response which produces the SSEP. 

 It is currently thought that the incoming volley 
of neural activity from stimulation represents 
activity primarily in the pathway of propriocep-
tion and vibration. These responses enter the spi-
nal cord via the posterior nerve roots and ascend 
in the ipsilateral dorsal column. The  fi rst synapse 
in these pathways occurs near the nucleus cunea-
tus (for the upper extremities) and the nucleus 
gracilis (for the lower extremities) at the cervico-
medullary junction. The responses then cross the 
midline and ascend through the brainstem via the 
contralateral medial lemniscus. 

 A second synapse occurs in the ventral poste-
rolateral nucleus of the thalamus. From there, the 
responses ascend to the contralateral sensory cor-
tex. The most commonly recorded responses are 
those recorded over the sensory cortex; however, 
the responses can also be recorded at other points 
along the pathway. For the upper extremity, 
the evoked responses can be measured from 
 electrodes placed over the antecubital fossa, 

 supraclavicular fossa (brachial plexus), cervical 
spine, and cortex; for the lower extremity, they 
can be recorded over the popliteal fossa (for pos-
terior tibial nerve), along the spinal cord (surface 
or epidural electrodes), and at cervical and corti-
cal locations (Fig.  11.2 )  [  52  ] .  

 The cortical response is usually recorded using 
subdermal needles or scalp surface electrodes 
placed over the primary somatosensory cortex 
appropriate for the nerve stimulated. Typically 
for spinal column surgery, the SSEP is monitored 
over the cervical spine (if not in the operative 
 fi eld) as well as the cerebral cortex. The major 
cortical peaks recorded after median n. and pos-
terior tibial n. stimulation (N 

20
  and P 

38
 , respec-

tively) are likely the result of the thalamocortical 
projections to the primary sensory cortex  [  5  ] . 
Responses recorded posteriorly over the cervical 
spine probably represent responses of the tracts 
in the spinal cord or brainstem  [  5  ] . In some sur-
geries, epidural electrodes proximal and distal to 
the operative site can be used to monitor the 
SSEP transmission through the spinal cord. 

 The basis of operative monitoring in humans 
is founded in studies in animals where general-
ized insults to the spinal cord (e.g., distraction, 
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  Fig. 11.1    Typical SSEP and MEP tracings. The upper 
two tracings are typical median nerve SSEP tracings 
recorded over the sensory cortex ( top ) and over the cervi-
cal spine. The peaks recorded are indicated, and the 
latency (time from stimulus to the peak) and amplitude 
(from the peak of interest to an adjacent trough) are 

marked for the cortical peak. Below is a typical muscle 
recording ( CMAP ) of the MEP in the lower extremity. 
Shown is the measurement of onset latency (time from 
stimulation to the  fi rst de fl ection from baseline) and the 
amplitude (the voltage difference form the highest peak to 
the lowest trough)       
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graded weights applied directly on the spinal 
cord  [  22  ]  or narrowing of the spinal canal anteri-
orly at C5 using an epidural screw  [  60  ] ) is associ-
ated with SSEP latency and amplitude changes 
simultaneous to loss of clinical motor function. 
Thus, these insults impact the functioning of both 
the posterior SSEP sensory pathway and the ante-
rior motor pathways. 

 When the SSEP is used during spinal cord or 
axial surgery, it can identify mechanical or 
ischemic insults when they result in alteration 
or loss of transmission through the surgical 
 fi eld (Fig.  11.3 )  [  88  ] . The current risks of neu-
rological morbidity in spinal surgery without 

monitoring are not minimal, anterior cervical 
diskectomy 0.46 %, scoliosis correction 0.25–
3.2 %, and intramedullary spinal cord tumor 
surgery 23.8–65.4 %; an estimated 50–80 % 
reduction in morbidity is estimated to occur 
with monitoring  [  21  ] .  

 The utility of the SSEP in spinal surgery was 
shown in a 1995 landmark analysis conducted by 
the Scoliosis Research Society (SRS) and the 
European Spinal Deformities Society. They eval-
uated the results of monitoring during correction 
of spinal deformity in 51,263 cases (scoliosis, 
kyphosis, fractures, and spondylolisthesis) by 
173 surgeons  [  92  ] . In these cases, the overall 
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  Fig. 11.2    The SSEP is produced by stimulation of a 
peripheral nerve ( arrow ). The electrical activity enters via 
the dorsal nerve root and ascends the spinal cord via the 
dorsal column pathway which mediates the senses of prop-
rioception and vibration. It synapses at the cervico-medul-
lary junction and crosses the midline ascending in the medial 

lemniscus to the ventral posterolateral nucleus of the thala-
mus where it has a second synapse. From there, it ascends to 
the sensory cerebral cortex. SSEP recordings can be made 
along the pathway; shown are responses from the peripheral 
nerve, spinal cord, cervical spine, and cerebral cortex 
(Reproduced from Jameson with permission  [  52  ] )       
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occurrence of paraplegia was 0.55 % (1 in 182 
cases), well below the 0.7–4 % historical average 
expected for these cases with instrumentation 
without monitoring. The incidence of de fi nite 
false-negative responses (i.e., in which the patient 
sustained a major motor injury without SSEP 
warning) was rare (0.063 % or about 1 case in 
1,500 procedures). The economic impact of mon-
itoring was also assessed and revealed that the 
cost of monitoring enough cases to prevent one 
major, persistent neurological de fi cit ($120,000.00 
for 200 cases, 1995 dollars) is small compared to 
the cost of lifelong medical care for that patient 

 [  91,   92  ] . Other authors have conducted similar 
cost analyses and concluded that properly applied 
monitoring can be cost-effective  [  94  ] . 

 Numerous other studies demonstrate an 
improvement in outcome with monitoring after 
spinal surgery such that the SRS developed a 
position statement that made monitoring a virtual 
standard of care during axial skeletal and spinal 
cord procedures  [  6  ] . They stated that “neuro-
physiological monitoring can assist in the early 
detection of complications and possibly prevent 
post-operative morbidity in patients undergoing 
operations on the spine.” This was echoed in the 
British literature by Loughnan: “Today, it is stan-
dard practice to conduct some form of monitor-
ing when performing any spinal operation that is 
associated with a high risk of neurological injury. 
Generally, operations are considered to carry 
such a risk when corrective forces are applied to 
the spine, the patient has pre-existing neurologi-
cal damage, the cord is being invaded, or an 
osteotomy or other procedure is being carried out 
in immediate juxtaposition to the cord”  [  74  ] . 
Hence, SSEP monitoring has become common-
place and almost a de facto standard of care dur-
ing a wide variety of spinal column procedures. 

 Studies in humans undergoing spinal surgery 
indicate that the SSEP is predictive of neural out-
come  [  12,   82,   134  ] . However, the correlation of 
SSEP and neural injury is not exact; cases of 
motor injury without intraoperative SSEP warn-
ing have occurred. A major reason for dissocia-
tion of the SSEP from motor injury is the fact that 
the SSEP is predominantly transmitted via the 
posterior columns where the blood supply is from 
the posterior spinal artery. The motor tracts are 
located more anteriorly, and the blood supply is 
via the anterior spinal arteries. Therefore, spinal 
corrective surgeries where the SSEP predicts 
motor de fi cits are cases where the mechanism of 
injury affects both the posterior and anterior 
 spinal cord. 

 The value of the SSEP during surgery is not 
isolated to procedures on the spinal column. For 
example, the SSEP technique has been consid-
ered indispensable for intraoperative evaluation 
and monitoring during surgical procedures on 
peripheral nerves and plexus regions. It has been 
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  Fig. 11.3    Example of SSEP monitoring during spinal 
surgery. ( A ) Normal baseline recordings the afternoon 
prior to operation; ( B ) after induction of anesthesia; ( C ) 
responses were abolished after passing through the wires 
around the laminae; ( D ) wake-up test was positive; ( E ) 
after 15 min, poorly de fi ned potentials reappeared; ( F ) 
after closure of wound evoked potentials showed a little 
increased latency P 

40
  and N 

50
  measuring 4.1 and 2.0 ms, 

respectively, with normal overall waveform ( G ) 
(Reproduced with permission from Mostegl et al.  [  88  ] )       
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reported to detect potential nerve injury related to 
positioning (usually a stretch or pressure injury); 
ulnar nerve injury, thought to be as high as 4.8 % 
in the prone position, can be detected by record-
ing the response to ulnar nerve stimulation in the 
wrist or forearm. The SSEP has also been used to 
detect cortical ischemia from carotid occlusion 
during anterior cervical spine surgery  [  123  ] , and 
it can identify physiological insults (e.g., 
hypotension). 

 Monitoring using the SSEP is possible in chil-
dren although there are age-related changes due to 
maturation of the tracts. The conduction velocity 
increases from birth to age four at which time the 
growth of body size and nerve length results in 
increased latencies until adult values are obtained. 
The effect is more pronounced in the lower 
extremity response than in the upper extremity 
response. Since maturation proceeds at different 
rates in different regions (proceeding more slowly 
in central regions), the morphology of the SSEP 
changes from a wide cortical peak to the more 
de fi ned peak of adulthood by 3–4 years.  

    11.4   Dermatomal Evoked Potentials 

 Several variations of the SSEP have been devel-
oped in order to overcome some of the anatomic 
limitations. One problem of the traditional SSEP 
is that the response travels to the cord via several 
nerve roots. Hence, the SSEP may not re fl ect 
pathology when only one component nerve root is 
affected. The dermatomal evoked potential (DEP) 
is produced by stimulation of cutaneous dermato-
mal regions using surface electrodes  [  43,   124  ] . 
The speci fi c anatomic paths stimulated by the 
DEP are unknown, but the amplitude of the corti-
cally recorded response appears to be related to 
the somatotopic representation of the dermatome. 
Using this method, individual nerve roots can be 
tested. Unfortunately, controversy surrounds the 
exact dermatome distribution in some regions 
(e.g., L5), poor amplitude of the responses in 
areas of regions with small cerebral representa-
tion (such as thoracic region), and marked anes-
thetic depression limits the application of this 
technique. As such, electromyographic techniques 

have replaced the DEP in many surgeries for 
monitoring individual nerve roots.  

    11.5   Electromyography 

 Using muscle responses to monitor neural tracts 
is referred to as electromyography (EMG). The 
EMG is generally large enough that averaging is 
not necessary making it possible to provide 
immediate feedback. The EMG is recorded by 
placing two needle electrodes near or in a muscle 
and displaying the electrical waveforms on a 
video monitor. The response may also be con-
verted to sound to give immediate audible feed-
back. Monitoring can be conducted as passive, 
“free-running” EMG, where continuous activity 
is observed and recorded, or as “stimulated” 
EMG, where an electrical stimulus is applied to a 
nerve and the response of the muscle recorded. 
EMG electrodes may record activity of only 
1–2 % of the muscle  fi bers in a given muscle. For 
example, the monitored response in the tibialis 
anterior is generated by only 18–34 of the 270,000 
muscle  fi bers  [  69  ] . The most commonly moni-
tored nerves with spinal surgery are in the cervi-
cal (C2–C7) and lumbosacral (L2–S2) regions 
and in the vocal cords (recurrent laryngeal n.) 
(Table  11.1 ).  

 EMG responses are recordings of the motor 
unit potentials (MUP) of individual axon-muscle 
groups. A normal EMG during light general 
anesthesia has low-amplitude high-frequency 
activity which disappears as anesthesia is deep-
ened. Hence, activity during anesthesia is abnor-
mal and represents irritation or impending injury 
of the nerve innervating the muscle. Neurotonic 
discharges, caused by mechanical or metabolic 
stimuli, are high-frequency intermittent or con-
tinuous bursts of MUPs (Fig.  11.4 )  [  102  ] . Activity 
can be bursts lasting less than 200 ms with single 
or multiple MUPs  fi ring at 30–100 Hz, or they 
can be long trains of activity lasting 1–30 s or 
longer  [  45  ] .  

 The short bursts (heard as brief “blurps” on a 
loudspeaker) (Fig.  11.4a ) represent relatively 
synchronous motor unit discharges that result 
from a single discharge of multiple axons from 
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nerve irritation. When these are of suf fi cient 
amplitude, they raise concern. Causes of irrita-
tion include mechanical stimulation (e.g., nearby 
dissection, ultrasonic aspiration, or drilling), 
nerve retraction, thermal irritation (e.g. heating 
from irrigation, lasers, drilling, or electrocau-
tery), and chemical or metabolic insults. Long 
trains of continuous, synchronous motor unit dis-
charges (Fig.  11.4b ) are associated with impend-
ing nerve injury (nerve compression, traction, or 
ischemia of the nerve). Their audible sounds have 
a more musical quality and have been likened to 
the sound of an outboard motor boat engine, 
swarming bees, popping corn (“popcorn”), or an 
aircraft engine (“bomber”). These long trains of 
neurotonic activity are associated with signi fi cant 
stretch and or compression by retractors or surgi-
cal position (e.g., spine distraction, dural tear 
with nerve rootlet herniation). Here prompt action 
is necessary, or postoperative damage is likely 
leading to motor dysfunction (motor  fi bers) or 
chronic postoperative pain syndromes (sensory 
 fi bers)  [  36,   48  ] . 

 Electromyography during spinal column sur-
gery is more sensitive for detecting radiculopathy 
than the SSEP  [  48  ] . SSEP may fail to alert the 
surgeon to individual nerve root damage since 

   Table 11.1    Nerve roots and muscles most commonly monitored   

 Nerve root  Muscle 

  Cranial nerve  
 Anterior neck  CN. X  Vagus, recurrent laryngeal n.: vocal folds, cricothyroid m. 

 CN. X1  Trapezoids, sternocleidomastoid 
  Spinal cord  
 Cervical  C5, 6  Biceps, deltoid 

 C6, 7  Flexor carpi radialis 
 Thoracic  C8–T1  Adductor pollicis brevis, abductor digiti minimi 

 T5–6  Upper rectus abdominis 
 T7–8  Middle rectus abdominis 
 T9–11  Lower rectus abdominis 
 T12  Inferior rectus abdominis 

 Lumbar  L2  Adductor longus 
 L2–4  Vastus medialis 

 Lumbosacral  L4–S1  Tibialis anterior 
 L5–S1  Peroneus longus 

 Sacral  S1–2  Gastrocnemius, abductor hallucis 
 S2–4  Anal sphincter 

Stop10 sStart

200 ms

a

b
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  Fig. 11.4    EMG recordings during surgery near motor 
nerves. The upper trace ( a ) shows a single, brief burst of 
muscle activity from nerve irritation. The lower trace ( b )
shows sustained “neurotonic” activity from injurious 
nerve irritation. Note the difference in timescales 
(Reproduced from Prass with permission  [  102  ] )       
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the loss of only one of the multiple nerve roots 
transmitting the SSEP may not alter the SSEP 
cortical response  [  69  ] . As such, free-run EMG 
monitoring has been recommended for monitor-
ing for impending nerve root injury. The inci-
dence of nerve root injury during lumbar spine 
surgery is 0.2–31 % usually from retraction or 
instrumentation leading to mechanical or vascu-
lar compromise  [  76  ] . During spine surgery, a 
radiculopathy may also be caused when surgery 
involves a percutaneous approach to the spine 
traversing near nerves or through a nerve plexus 
(e.g., transverse lumbar interbody fusion) and 
nerves are irritated or stretched. When traversing 
tissues near nerves, electri fi ed probes can also be 
used to stimulate nerves whose proximity is 
nearer than expected. 

 EMG monitoring has achieved widespread 
usage as a means for reducing the risk (15–25 %) 
of injury to nerve roots during the placement of 
pedicle screws  [  18  ] . EMG testing can identify 
unfavorable screw placement when the pedicle 
screw or screw hole is stimulated using an 
electri fi ed monopolar probe. The current inten-
sity that is needed to activate the nearby nerve 
root and produce a muscle response correlates 
with the placement of the screw. If the screw is 
contained entirely within the pedicle, a high cur-
rent is necessary to activate the nerve and muscle. 
If the screw has breached the pedicle wall, a 
lower current will activate the nerve, and if the 
screw has exited the pedicle and is near or adja-
cent to the nerve, a very low current will activate 
the nerve  [  129  ] . Hence, the current necessary to 
activate the nerve and muscle (threshold) is an 
index of the placement of the screw. It is impor-
tant to note that stimulation of screws with swivel 
attachments must be made at the base which is 
seated in the bone. In addition, some screws are 
coated and may not conduct the stimulus prop-
erly such that the pilot hole needs to be stimu-
lated with a probe before the screw is placed. 

 Stimulus thresholds vary depending on the 
circumstance (Table  11.2 )  [  48  ] , but when the 
screw touches a normal nerve root, the threshold 
is less than 6 mA; when it has only broken through 
the pedicle wall, it is 6–10 mA, and when it is 

entirely within the pedicle, it exceeds 10 mA. 
Hence, stimulation thresholds less than 6–10 mA 
usually raise concern that the screw might need 
to be redirected  [  129  ] . It is important to note that 
abnormal nerves (e.g., nerves that are chronically 
compressed), through mechanisms of axonotme-
sis, have a much higher threshold for stimulation 
than normal nerves. In this case, direct stimula-
tion of the nerve root should be employed to 
establish a control threshold  [  47  ] .  

 Data derived from multiple prospective stud-
ies and case series performed during cervical, 
thoracic, and lumbosacral procedures of the spi-
nal column support the sensitivity of EMG moni-
toring in detecting malpositioned hardware 
 [  15,   31,   44,   61,   106,   107,   116  ] . Unfortunately, the 
monitoring of screws in the thoracic region is 
made dif fi cult by the less discrete innervations of 
intercostal and abdominal wall musculature. As 
such, techniques have been developed to assess 
the lower extremity muscle responses which infer 
current leakage through the pedicle to activate 
the motor tracts in the spinal cord  [  32  ] . 

 The potential for nerve root injuries is par-
ticularly signi fi cant during surgery on the cauda 
equina. Procedures such as release of a tethered 
cord or tumor excision carry the risk of damage 
to nerve roots which innervate the muscles of 
the leg, anal sphincter, and urethral sphincter 
 [  80,   109  ] . This is particularly important in chil-
dren where a moderate percentage of pathology 
is present in the conus cauda region. Damage to 
these nerve roots is extremely debilitating 
(especially loss of bowel and bladder control), 
and every effort is sought to avoid this 
complication. 

   Table 11.2    Typical stimulus thresholds   

 Structure  Stimulus threshold (mA) 

 Normal nerve root  2.2 (0.2–5.7) 
 Chronically compressed 
nerve root 

 6.3–20 

 Normal hole  30.4 (16.5–44.3) 
 Normal screw  24 (12.1–35.9) 
 Misplaced hole  3.4 (1–6) 
 Misplaced screw  3.5 (1–6) 

  From Holland  [  48  ]   
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 In these cases, EMG monitoring is essential 
for differentiating neural from nonneural tissue 
for potential resection. The tissue in question is 
stimulated, and the EMG used to examine for a 
muscle response to indicate it is a functional 
nerve that should be saved; a nonresponse sug-
gests the tissue can be sacri fi ced  [  103  ] . As with 
many types of surgery, when monitoring tethered 
cord surgery, other monitoring techniques such 
as SSEPs and MEPs are also be used, but EMG 
techniques provide the best guide to the surgeon 
for tissue evaluation. In essence, the neurosur-
geon partners with the neurophysiologist to iden-
tify the functional status of tissues to be cut. 
Often visual clues are distorted as the neural roots 
may be skewed due to tethering, may pass through 
a lipoma, and may be involved in a thickened 
 fi lum terminale. For example, there will be a dif-
ference in the stimulation threshold of nonfunc-
tional  fi lum terminale  fi bers compared to motor 
nerve  fi bers of up to 100:1  [  103  ] . 

 Monitoring the peripheral nervous system 
includes spinal nerve roots as well as the plexus 
and individual nerves of the limbs. This is typi-
cally performed to prevent surgical injury or 
guide surgical repair. Injury to peripheral nerves 
may occur during procedures on structures which 
may cause nerve stretch (e.g., surgery on the pel-
vis and extremities such as during hip arthros-
copy or leg-lengthening procedures)  [  16  ]  or 
during procedures on other areas where position-
ing places the nerves at risk (e.g., ulnar neuropathy 
during prone spine surgery)  [  8,   20,   55,   57,   114  ] . 
Of note, infants and newborns have an immature 
neuromuscular junction which may appear as a 
neuromuscular transmission defect. The matura-
tion process also affects the motor unit potential 
size and EMG amplitude. Hence, the amplitude 
may be smaller in the very young than those 
found in older children and may resemble a 
patient with a myopathy. 

 One additional nerve that is often monitored 
with EMG during anterior cervical spine surgery 
is the innervation of the larynx via the recurrent 
laryngeal and superior laryngeal branches of 
the vagus nerve (c.n. X). The reported incidence 
of recurrent laryngeal nerve (RLN) injury is 
 2.3–24.2 % in anterior neck surgery  [  99  ] . 

The incidence of complete nerve injury as 
re fl ected by permanent hoarseness is up to 4 % 
 [  54  ] . Symptoms of partial or complete nerve 
injury which present postoperatively are hoarse-
ness, dysphagia, dysphonia, persistent cough, 
vocal fatigue, or aspiration. If the injury is bilat-
eral, then severe airway obstruction requiring 
tracheostomy may occur  [  41  ] . It appears that the 
side of surgical approach has no impact on the 
incidence of RLN injury  [  58  ] . Of all RLN inju-
ries sustained during anterior cervical disk sur-
gery, more than 80 % will recover function 
within 12 months  [  87  ] . 

 Proposed mechanisms of RLN injury include 
direct surgical trauma, nerve division or ligature, 
pressure- or stretch-induced neuropraxia, and 
postoperative edema. The most common cause is 
reported to be displacement of the larynx against 
the shaft of the endotracheal tube by the surgical 
retractor with resultant pressure on the intrala-
ryngeal segment of the RLN  [  62  ] . It has been 
proposed that de fl ation/rein fl ation of the cuff of 
the endotracheal tube after placement of the 
retractor lowers the incidence of injury, but this 
is controversial  [  7,   9  ] . Jellish and colleagues 
found increased pharyngeal muscle EMG activ-
ity upon retractor insertion in a series of patients 
and were able to correlate intubation time and 
endotracheal tube cuff pressure with the occur-
rence of postoperative dysphonia and 
odynophagia  [  53  ] . They therefore recommended 
continuous EMG monitoring during anterior 
 cervical disk surgery. 

 In these cases, EMG monitoring is performed 
by placing needle electrodes in the cricothyroid 
or vocalis muscles or more commonly by a spe-
cialized endotracheal tube (or one with contact 
electrodes applied). Note that unless stimulation 
of the nerve in the operative  fi eld is conducted, 
the absence of EMG activity is considered nor-
mal and the nerve is presumed intact. However, if 
the nerve is severed, there may be no warning 
EMG response. As such, in critical situations, 
corticobulbar responses can be used. In this case, 
the motor cortex is stimulated like the motor 
evoked potentials described below, and the 
response of the vocalis muscle recorded signal-
ing continuity in the pathway  [  28,   29  ] .  
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    11.6   Motor Evoked Potentials 

 The motor evoked potential (MEP) is the most 
recent addition to routine IOM in order to more 
speci fi cally warn of motor pathway compromise. 
As in the SRS study, a few patients awaken with 
motor de fi cits with retained SSEP  [  23,   97,   136  ] . 
Increasing operative complexity with new instru-
mentation (e.g., sublaminar wires, hooks, screws), 
diagnostic imaging, and intraoperative imaging 
has increased the risk of injury to the anterior spi-
nal cord (e.g., motor tract). Since these are better 
detected by evoked responses in the motor path-
way, MEP monitoring facilitates better intraop-
erative decision making and reduces the risk of 
surgical intervention where the risk and severity 
of the potential surgical injury exceeds the func-
tional gain  [  39  ] . These factors have increased the 
desire to independently assess motor and sensory 
function in a wide range of procedures. 

 The MEP and SSEP pathways are located in 
different topographic and vascular regions of the 
cerebral cortex, brainstem, and spinal cord. The 
motor pathways in the spinal cord are more sensi-
tive to ischemic insults caused by stretch, com-
pression, vascular disruption, or direct trauma 
than SSEP pathways because it includes the spi-
nal gray matter  [  46  ] . Since MEP monitoring in 
spinal surgery has a better correlation with post-
operative motor outcome than SSEP, many 
experts advocate MEP monitoring for all surgery 
for correction of axial skeletal deformity 
 [  50,   79,   84,   100  ]  and surgery for intramedullary 
spinal cord tumors  [  30,   63,   86,   112  ] . 

 The earliest attempts to produce speci fi c motor 
evoked potentials were by transcranial stimula-
tion of the motor cortex. The pioneering work of 
Merton and Morton in 1980 led to the  development 
of the transcranial electrical motor evoked poten-
tial (MEP) monitoring used today  [  3,   24,   25,   71, 
  72,   81,   108  ] . A second method utilizing transcra-
nial magnetic stimulation was pioneered by 
Barker  [  10,   24,   25,   34,   81,   117  ] . Both of these 
techniques produce suf fi cient intracortical stimu-
lation to activate the descending motor pathways 
and produce a muscle response; however, the 
magnetic technique is more affected by anesthe-
sia, so it is more dif fi cult to use in IOM. 

 Transcranial electrical stimulation is the stan-
dard method used today to generate a MEP 
response. MEP uses electrical current to stimu-
late pyramidal cells of the motor cortex resulting 
in a wave of depolarization that often activates 
only 4–5 % of the corticospinal tract (CST) 
(Fig.  11.5 )  [  4,   52  ] . The motor pathway descends 
from the motor cortex, crosses the midline in the 
brainstem, and descends in the ipsilateral anterior 
funiculi of the spinal cord. When this wave of 
depolarization is recorded by electrodes in the 
epidural space, it is termed the “D” (direct) wave. 
Additional transynaptic activation of internuncial 
pathways in the cortex results in a series of 
smaller waves called “I” waves (indirect) that fol-
low the D wave. The electrical activity of the D 
and I waves summates in the anterior horn cell 
resulting in activation of peripheral nerves which 
produce compound muscle action potential 
(CMAPs) and visible body movements.  

 The most effective method of motor cortex 
stimulation utilizes a series of stimulation pulses 
to produce depolarization at the anterior horn cell 
 [  128  ] . The current method utilizes 3–7 brief, 
high-frequency (300–500 Hz) electrical pulses of 
100–400 V (although up to 1,000 V is possible) 
through electrodes placed on the scalp over the 
motor cortex. Manipulation in the number of 
stimuli, time between stimuli, stimulus duration, 
and voltage is used to provide an optimal motor 
response. The multipulse technique helps over-
come some of the impediments to producing 
muscle responses with a single-pulse technique 
such as anesthetic depression of the anterior horn 
cell. It is also helpful in patients with preexisting 
neuropathy, reductions in motor neuron function, 
and extremes of age. The CMAP response is 
suf fi ciently large that averaging is not needed and 
the time required to obtain a MEP is less than 
10 s  [  128,   130  ] . 

 Recording from multiple muscles allows dif-
ferentiation of laterality and therefore localizes 
neural tissue being affected during skeletal or 
disk movement. The CMAP recordings are from 
needle electrodes placed in muscles richly inner-
vated by the CST. These typically include the 
abductor pollicis brevis in the thenar eminence 
and the tibialis anterior and abductor hallucis in 
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the lower extremity (Fig.  11.6 ). Other muscles 
can be used when needed (e.g., anal sphincter). 
The “best” (largest and most reproducible) 
response in the lower extremities is selected for 
IOM throughout the procedure  [  50  ] . For cervical 
surgery, both upper and lower extremity 
responses are used. In thoracic and lumbar sur-
gery, the upper extremity response can be used 
as a control (as well as monitoring for an upper 
extremity positioning injury) similar to the 
SSEP.  

 Interpreting the MEP response is similar to 
SSEP (Fig.  11.1 ). Onset latency, time from 
stimulus to response, amplitude, waveform 
complexity, and stimulus threshold are the stan-
dard measures used to assess change. The crite-
ria for a signi fi cant change vary to some degree 
between IOM teams. Since amplitude is usually 
variable between 200 and 2,000 microvolts, a 
change in amplitude is usually not considered 
signi fi cant unless markedly reduced or when the 
response is absent. Since the response is usually 
polyphasic, some practitioners raise concern 

when the waveform simpli fi es into less peaks 
and valleys. Fortunately, onset latency is usually 
consistent such that an increase more than 10 % 
is usually considered signi fi cant. Finally, some 
practitioners raise concern when the voltage 
needed to produce a response (threshold) is 
increased signi fi cantly. 

 Other methods to monitor the motor tracts 
have been attempted. Stimulation of the spinal 
cord using electrodes in the epidural space or 
needle electrodes near the lamina of the spine has 
been used. One popular spinal stimulation tech-
nique was pioneered by Owen and is termed neu-
rogenic motor evoked potentials (NMEP) 
 [  95,   96  ] . In this technique, stimulating electrodes 
were placed percutaneously near the vertebral 
bodies at adjacent levels cephalad to the level of 
surgery. Recording electrodes are placed near a 
peripheral nerve, such as the sciatic nerve, on the 
other side of the operative  fi eld. It is now thought 
that this technique includes transmission through 
both sensory and motor tracts with the relative 
contributions to the response depending on the 
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  Fig. 11.5    Motor evoked 
potentials are produced by 
stimulation of the motor 
cortex ( * ). The response can 
be recorded epidurally over 
the spinal column as a 
 D  wave followed by a series 
of  I  waves. The pathway 
synapses in the anterior horn 
of the spinal cord, and the 
response travels to the muscle 
via the neuromuscular 
junction ( NMJ ). The response 
is typically recorded near the 
muscle as a compound 
muscle action potential 
( CMAP ) (Reproduced 
from Jameson with 
permission  [  52  ] )       
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type of anesthesia and the speci fi c type of stimu-
lation employed  [  27,   65,   96,   101,   115  ] . 

 Unfortunately, recording a muscle response 
from spinal stimulation does not guarantee pure 
muscle tract stimulation because descending 
(antidromic) sensory tract stimulation can acti-
vate the motor pathway at the anterior horn cell 
through re fl ex pathways. Despite the uncertainty 
of the exact tract monitored, NMEP responses 
appeared useful for monitoring, and it has been 
advocated as a safe and effective method to per-
form monitoring in children and young adults 
with idiopathic or neuromuscular scoliosis 
 [  2,   101,   115  ] . However, studies indicate it is not a 
speci fi c monitor of the motor tract and it has been 
replaced by the transcranial stimulation technique 
for motor monitoring. 

 Direct spinal cord stimulation has been pio-
neered in Japan and the United Kingdom with 
the recording of responses distally along the spi-
nal cord or from peripheral nerves or muscles 
 [  12,   75  ] . Like the NMEP, the actual tracts are 
not known and do not appear to be speci fi c to 
the motor tracts. Of note, direct stimulation of 
the spinal cord can be performed using a spe-
cialized handheld device or a strip electrode 
placed directly on the spinal cord. This tech-
nique is used to map or identify the margins 

between a spinal cord tumor and functional neu-
ral tissue. In these cases, the monitoring of the 
D wave is also used as a quantitative measure of 
the axons in the CST such that a reduction in D 
wave amplitude may be used to signal surgical 
encroachment on the CST and stop the surgery. 
This has made IOM with MEP an important tool 
in intramedullary spinal cord tumor surgery 
where it improves long-term motor outcome 
 [  63,   86,   104,   110,   112  ] . 

 Preexisting medical pathology can decrease 
the quality of the motor response and the ability 
to monitor. Adults often have preexisting condi-
tions such as diabetes, spinal cord or nerve root 
injury, chronic hypoperfusion, and axonal con-
duction changes that reduce response amplitude. 
Very young children, particularly those under 
6 years, have an immature central nervous sys-
tem, which makes obtaining a motor response 
challenging  [  73,   111  ] . When scoliosis procedures 
are performed on children and young adults with 
substantial neurological de fi cits (e.g., cerebral 
palsy) or muscular dystrophies (e.g., Duchene 
muscular dystrophy, Charcot-Marie-Tooth), 
monitoring may be extremely dif fi cult  [  73,   111  ] . 

 The most frequent use of MEP monitoring is 
in corrective axial skeletal surgery involving 
 spinal levels that place the spinal cord at risk 
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  Fig. 11.6    Normal MEP responses. The CMAP response, 
a large polyphasic wave, is obtained from the upper 
extremity traditionally using the abductor pollicis brevis 
( APB ) and from the lower extremity using tibialis anterior 
( TA ) and abductor hallucis ( AH ). Two lower extremity 

muscle groups are used due to the increased dif fi culty 
obtaining a consistent response (particularly in adults). 
Other upper and lower extremity muscles can be used 
depending on the needs of the speci fi c patient and 
procedure       
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(C1 to the termination of the spinal cord). 
Although the termination is usually L1–L2 in the 
normal adult, it varies with age and anatomic fac-
tors (e.g., tethered cord)  [  105,   125  ] . Consensus 
opinion in the orthopedic literature believes that 
the evidence supports MEP monitoring in the fol-
lowing speci fi c spine procedures: (1) spinal defor-
mities with scoliosis greater than 45° rotation, (2) 
congenital spine anomalies, (3) resections of 
intramedullary and extramedullary tumors, (4) 
extensive anterior and/or posterior decompres-
sions in spinal stenosis with myelopathy, and (5) 
functional disturbance of cauda equina and/or 
individual nerve roots. The evidence is based on 
large case series and meta-analysis where MEP 
changes predicted immediate postsurgical neuro-
logical  fi ndings  [  1,   38,   112,   126,   127  ] . 

 When used, MEP has been reported to have 
100 % sensitivity, 90–96 % speci fi city, and a pos-
itive predictive value of 96 %  [  11,   56,   59  ] . Two 
recent studies reported a high correlation with 
outcome in spine surgery with IOM using MEP 
 [  64,   79  ] . In the largest study,  fi ve patients with 
permanent MEP change had partial permanent 
neurologic injury  [  64  ] . In small studies, adults 
with cervical myelopathy had approximately a 
12 % incidence of MEP changes without EMG or 
SSEP changes. In cervical spine surgery, MEP 
has become a de facto standard of care and is 
believed to decrease morbidity  [  42  ]  in part 
because it may allow differentiation between cer-
vical cord myelopathy from peripheral neuropa-
thy  [  19  ] . Figure  11.7  shows an example of a case 
where an IOM MEP warning resulted in a change 
in the procedure.  

 MEP changes are relatively infrequent. One 
group reported in 172 pediatric spinal deformity 
corrective procedures that there were 15 intraop-
erative MEP alerts, all of which resolved with 
changes in management and none had new neu-
rological de fi cits. This group concluded that 
MEP alone was adequate for spinal deformity 
surgery with a MEP monitoring sensitivity of 
100 % and a speci fi city of 97 %  [  50  ] . In the larg-
est patient series (1,121 procedures) with idio-
pathic scoliosis, only patients with persistent 
MEP change had immediate postoperative motor 
de fi cits  [  113,   132  ] . 

 MEP is also useful when the blood supply to 
the spinal cord is at risk. This includes surgery on 
the anterior spine that might interrupt the artery 
of Adamkiewicz or radicular arteries from the 
aorta. Because these blood vessels supply the 
anterior spinal artery which supplies the motor 
pathways, the MEP is the most reliable monitor of 
impending cord ischemic damage  [  26,   78,   90,   100  ] . 
The MEP allows rapid detection of ischemia 
since the gray matter, with its higher metabolic 
rate, is more sensitive to hypoperfusion than 
white matter tracts of the SSEP  [  51,   122  ] . The 
blood supply to the spinal cord is particularly 
vulnerable to damage since the anterior spinal 
artery may not be continuous, especially in the 
mid-cervical, upper thoracic, and a narrowed 
region just cephalad to the lumbar enlargement. 
The thoracic spinal cord is particularly vulnera-
ble to ischemia, since it is not well vascularly col-
lateralized and may have only one anterior 
feeding vessel between T4 and L4  [  135  ] . 

 MEP monitoring is not without risk; the U.S. 
Food and Drug Administration (FDA) approved 
MEP technology noting several relative con-
traindications. The most common concern was 
that the electrical stimulation would cause direct 
cortical thermal injury (kindling), but over the 
last 15 years, despite hundreds of patients who 
underwent MEP monitoring, only two cases have 
been reported  [  78  ] . The more common compli-
cations are limited to sore muscles and tongue 
lacerations from inadequate bite block place-
ment. A survey of the literature published in 
2002 noted complications which included tongue 
laceration ( n  = 29), cardiac arrhythmia ( n  = 5), 
scalp burn at the site of stimulating electrodes 
( n  = 2), jaw fracture ( n  = 1), and awareness ( n  = 1) 
 [  66  ] . Notably, no new-onset seizures, epidural 
hematomas or infections from epidural elec-
trodes or movement injuries (e.g., surgical, joint 
dislocation), neuropsychiatric disease, head-
aches, and endocrine abnormalities have been 
reported. Common relative contraindications 
include epilepsy, cortex lesions, skull defects, 
high intracranial pressure, intracranial apparatus 
(electrodes, vascular clips, and shunts), cardiac 
pacemakers, or other implanted pumps. The 
absolute number and incidence of even minor 
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complications is astonishingly low  [  77  ] . Very 
few absolute contraindications exist (e.g., intrac-
ortical electrodes), so the practitioner must weigh 
the bene fi t of the monitoring with the relative 
risks in each patient. The movement associated 
with the MEP means close coordination with the 
surgeon when performing a MEP is necessary, 
and as such, the technique is not nearly continu-
ous as SSEP or EMG monitoring.  

    11.7   Hoffman Re fl ex 

 Monitoring of re fl ex pathways (e.g., Hoffman, H 
re fl ex) is occasionally used during surgery to 
supplement the MEP, where traditional evoked 
responses are not useful (e.g., cauda equina), 
when MEP are not recordable, or the risks of 
MEP exceed the bene fi ts. The H re fl ex can be 
monitored in the  fl exors of the upper extremity 
and the extensors of the lower extremity, although 

it has been recorded in over 20 muscles through-
out the hand, arm, leg, foot, and jaw  [  85  ] . For 
IOM, it is most often acquired from the gastroc-
nemius muscle following stimulation of the pos-
terior tibial nerve at the popliteal fossa where the 
re fl ex is primarily mediated by the S1 nerve 
root. 

 The H re fl ex is the result of electrical stimula-
tion of the peripheral nerve which activates the 
lowest threshold Ia  fi bers. The ascending volley 
activates motor neurons via synaptic re fl ex path-
ways in the spinal cord producing a muscle 
response (Fig.  11.8 )  [  85  ] . The H re fl ex is thus a 
re fl ection of transmission in these re fl ex path-
ways and the excitability of the anterior horn 
cells. This is useful to monitor both the periph-
eral nerves and the gray matter involved in the 
re fl ex. In addition, it monitors the more cephalad 
spinal cord because changes in the descending 
pathways of the corticospinal, rubrospinal, ves-
tibulospinal, and reticulospinal systems can alter 
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  Fig. 11.7    Example of MEP change during spinal proce-
dure. A 70-year-old female was undergoing a L1-S1 pos-
terior spinal decompression and fusion. Shown at the top 
are baseline responses on the left adductor pollicis brevis 
( ABP ) and left abductor hallucis ( AH ). During the proce-
dure ( at the arrow ), the MEP was lost in the AH but not in 
the APB (the loss was also seen in the left tibialis anterior; 

no changes were seen on the right-sided responses). The 
surgery was halted and warm irrigation applied. The sys-
tolic blood pressure was elevated 10 mmHg and the 
response gradually returned. The procedure proceeded 
uneventfully, and the patient awakened without new neu-
rological de fi cits       

 



168 T.B. Sloan et al.

the anterior horn cell function (e.g., a cephalad 
spinal injury results in “spinal shock” and the 
loss of the H re fl ex) much like described above 
for clonus  [  67  ] . The degree of H re fl ex suppres-
sion has been found to correlate to the degree of 
spinal injury. A sustained loss of the re fl ex, or 
even a 90 % amplitude decrease, has been found 
to strongly correlate with the onset of a new 
motor de fi cit  [  70  ] .   

    11.8   Monitoring Strategy 

 The application of these techniques for IOM is a 
team effort involving the surgical, anesthesia, and 
monitoring teams. The monitoring team should 
confer with the surgical team to design the opti-
mal monitoring strategy given the planned proce-
dure and pathology. Usually, this involves 
multimodality monitoring with a combination of 
modalities. In spine surgery, this often includes 
SSEP and MEP recordings from both the upper 
and lower extremities and EMG recordings from 
muscles innervated by nerve roots in the opera-
tive  fi eld. Similar to the way the anesthesia team 
confers with the surgical team to provide optimal 

anesthesia and physiological conditions, the 
anesthesia team should confer with the monitor-
ing team to design an anesthetic that is supportive 
of the desired monitoring. As anesthesia is com-
menced, the monitoring begins, and baseline 
recordings are obtained. During the case, the 
recordings are compared to these baselines to 
assess for possible neural compromise. When an 
evoked response changes, the physiological, 
anesthetic, positioning, and surgical environment 
must be assessed to determine its contribution to 
the change and determine possible corrective 
maneuvers to mitigate any adverse mechanical or 
ischemic factors.  

    11.9   Effects of Anesthesia 
and Physiology 

 Key to the success of surgery and monitoring is 
the choice of anesthesia and management of the 
patient’s physiology. 

 The choice of anesthesia agents will depend 
on the speci fi c monitoring modalities with the 
technique which is most restrictive guiding the 
choice. When used, MEP responses are usually 
the most restrictive because they are the most 
easily depressed or eliminated, particularly by 
the inhalational anesthetic agents  [  118,   119  ] . 
Even low concentrations (0.5 minimal alveolar 
concentration (MAC)) may not be tolerated 
except in the neurologically normal individual. 
Hence, they commonly must be avoided with 
MEP and a total intravenous anesthetic (TIVA) 
utilized. 

 The cortical SSEP is slightly less sensitive 
such that 0.5 MAC is often acceptable, but occa-
sionally the inhalational agents must also be 
avoided when SSEP is being used. Fortunately, 
EMG, D wave, and subcortical SSEP are not 
signi fi cantly affected by the inhalational agents. 
However, since SSEP and MEP are frequently 
both employed during spine surgery, TIVA is 
usually chosen. Of note, if a low concentration of 
inhalational agent is chosen, it is desirable to use 
an insoluble agent (e.g., des fl urane, sevo fl urane) 
such that it can be eliminated if the early assess-
ment of monitoring reveals it is inadequate for 
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  Fig. 11.8    H re fl ex pathway and typical muscle response. 
The re fl ex arc is initiated by stimulation of the peripheral 
nerve (which produces the M wave) and activates the 
alpha motor neuron in the spinal gray matter producing 
the second muscle activity ( the H re fl ex ). Modulation of 
the response includes presynaptic inhibition ( 1 ), homos-
ynaptic depression ( 2 ), descending spinal tract in fl uences 
( 3 ), and intrinsic alpha motor neuron membrane excitabil-
ity ( 4 ) (Reproduced from Misiazek with permission  [  85  ] )       
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IOM. Thus, it is desirable to establish the desired 
anesthetic technique early in the procedure and 
deliver it in ways so that it is unchanging during 
the procedure (e.g., infusions) lest changes or 
bolus doses cause monitoring changes that are 
confused with neural compromise. 

 TIVA uses infusions of a sedative agent (e.g., 
propofol, dexmedetomidine) with an opioid (e.g. 
sufentanil, fentanyl, remifentanil). Often 
 supplementation with ketamine is employed in 
opioid-tolerant patients (e.g., chronic pain). 
Benzodiazepines (midazolam) may be used if 
needed to insure amnesia or to reduce unpleasant 
dreams with ketamine. Ketamine may also enhance 
the amplitude of the cortical SSEP and myogenic 
responses of MEP  [  119  ] . Since higher doses of 
propofol and dexmedetomidine can depress the 
MEP response, the addition of ketamine can also 
be helpful by allowing a reduction in their doses. 

 Since EMG and MEP require muscle responses, 
neuromuscular blocking agents (NMB) are usu-
ally avoided (except for short-term relaxation for 
intubation) unless they are necessary for selected 
portions of the procedure (such as during the spine 
exposure during anterior lumbar procedures). 
MEP and stimulated EMG (e.g., pedicle screw 
testing) have been successfully recorded under 
partial NMB; however, this is not recommended 
unless absolutely necessary because excessive 
NMB effect could be confused with a loss of neu-
ral function  [  121  ] . Since NMB will reduce EMG 
amplitude, it is also not recommended when 
mechanically stimulated EMG responses are 
important (e.g., stretch of a nerve root during 
retraction). It is also recommended to limit the use 
of NMB during pedicle screw testing since it can 
falsely elevate the threshold  [  83  ] . 

 As mentioned above, the neurological func-
tion of the patient will also determine the moni-
tored responses and the choice of anesthesia. 
Young adults and adults with robust normal, ner-
vous systems are usually more tolerant of inhala-
tional agents such that low concentrations often 
are usable, even with MEP. However, very young 
children with immature nervous systems and 
adults with neurological compromise may require 
TIVA (often supplemented with ketamine to 
enhance cortical SSEP and myogenic MEP). 

 The physiological management of the patient is 
also important so as to minimize any contribution 
to a suboptimal neural environment. Physiological 
conditions that alter neuronal function include 
inadequate arterial perfusion (e.g., relative hypoten-
sion, raised intracranial pressure), ischemia, ane-
mia, tissue or systemic hypoxia, hypothermia, 
electrolyte abnormalities, and hypoglycemia  [  120  ] . 
In particular, there is a growing appreciation that 
the lower limit of autoregulation may be higher 
than expected, especially in tissues undergoing sur-
gery or injury  [  33  ] . This means that reduced blood 
pressures used to decrease bleeding may be too low 
to provide adequate spinal cord blood  fl ow. As 
such, a growing number of practitioners maintain 
the patient’s blood pressure in their normal range 
(“deliberate normotension”) and increase the blood 
pressure when monitoring suggests neural dysfunc-
tion is present (Fig.  11.7 )  [  35  ] .  

      Conclusion 

 Neurophysiologic monitoring with EMG, 
SSEP, and MEP has become an important tool 
in the operative management of surgery of the 
axial skeleton or where peripheral nerves or 
the blood supply to the spinal cord are at risk. 
In general, multiple monitoring modalities are 
used with each case to provide the greatest 
degree of neural vigilance and allow optimal 
surgical and anesthesiology decision making. 
In some procedures, IOM has been demon-
strated to be cost-effective and improve out-
come and has become a standard of care. 
Hopefully, surgical procedures and IOM tech-
niques will evolve in parallel to continue to 
provide the best care of our patients as more 
complex procedures are utilized in patients 
with challenging neural pathophysiology.      
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    12.1   Case Example 

 A 41-year-old male presents with mild neck pain 
and persistent left arm pain radiating from the left 
side of his neck, down the anterolateral aspect of 
his arm and forearm into his thumb and index 
 fi nger. He also has associated numbness but no 
weakness. His symptoms started after carrying a 
heavy object on his head/neck and progressively 
worsened over the last 2 months. His examination 
reveals 5/5 strength in all upper muscle groups, a 
negative Hoffman’s sign, and normal re fl exes. His 
Spurling’s test is positive. Plain radiographs 
(Fig.  12.1 ) are unremarkable, and MRI images 
(Fig.  12.2 ) reveal a foraminal soft disk herniation 
at C5–6 compressing the C6 nerve root.    

    12.2   Pathology and 
Pathophysiology 

 Although cervical nerve root compression has a 
variety of causes, the majority of cases can be 
attributed to ventrally based pathology arising 
from either “soft” or “hard” disk herniations. 
Acute soft disk herniations may impinge on the 
exiting nerve root ventrolaterally at its takeoff 
from the spinal cord, or intraforaminally as it tra-
verses the neuroforamen (Fig.  12.1 ). On the other 
hand, a hard disk results from the spondylotic 
cascade, which involves chronic disk degenera-
tion, disk height loss, annular bulging, and for-
mation of degenerative osteophytes, which 
typically arise from the uncinate regions of the 
posterolateral vertebral body (uncovertebral 
osteophytes)  [  1  ]  (Figs.  12.2  and  12.3 ). Both tend 
to compress the exiting nerve root as it enters the 
neuroforamen.  

 The neuroanatomy of the cervical nerve roots as 
they exit the spinal cord ventrolaterally at an 
approximately 45° angle to enter the neuroforamen 
renders them susceptible to stretch over these ven-
tral lesions. As a result, in some patients, signi fi cant 
pain relief may be obtained by abducting the arm, 
which presumably decreases the amount of stretch 
and tension on the compressed nerve root 
(i.e., shoulder abduction relief sign). These patients 
describe pain relief when placing their hand on 
their head. Lastly, the in fl ammatory local milieu 
created by herniated nuclear material includes sub-
stance P, bradykinin, tumor necrosis factor- a , 
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 prostaglandins, and other pain  mediators. These 
have been associated with radicular symptoms.  

    12.3   History and Physical Exam 

 Patients presenting with pure cervical spondy-
lotic radiculopathy typically complain of pain 
along a nerve root distribution. A subset of 
patients may also have frank neurologic dysfunc-
tion – i.e., weakness and numbness. The extent of 
symptoms is unpredictable and can vary from 
patient to patient. Radiculopathy is characteristi-
cally unilateral neck pain, which then radiates in 

the distribution of the affected root. In patients 
with broad herniations or osteophytes with 
signi fi cant cord compression, occipital headaches 
may be part of their symptomatolgy. In addition, 
patients may also complain of upper trapezium 
and interscapular pain. Myelopathy can be seen 
in association with radiculopathy when there is 
concomitant spinal cord compression  [  2  ] . 

 Table  12.1  lists typical pain and neurologic pat-
terns associated with radiculopathies of the cervical 
nerve roots. The most common levels of root 
involvement are C6 and C7, arising from the C5–6 
and C6–7 disk levels, respectively. Although C2–4 
radiculopathies are less common, they can present 
with headaches, unilateral upper trapezial pain, and 
neck pain. Physical examination is performed to 
help localize the nerve root involved, but doing so 
can be challenging due to crossover within myo-
tomes and dermatomes. Unlike the thoracic and 
lumbar spine, cervical nerve roots 1–7 exit above 
their correspondingly numbered pedicles (e.g., the 
C6 root exits between C5 and C6), thereby resulting 
in compression of the exiting root by either postero-
lateral disk herniations or spondylotic foraminal 

  Fig. 12.1    Axial T2-weighted magnetic resonance imag-
ing scan showing left posterolateral soft disk herniation 
compressing of the exiting root       

  Fig. 12.2    Axial postmyelogram computed tomography 
scans an uncovertebral spur on the right. The axial slice 
cuts obliquely through the disk space and through the 
foramen on the right       

  Fig. 12.3    Plain oblique radiograph demonstrating unco-
vertebral osteophytes causing foraminal narrowing C5–6 
( arrow )       

 

 

 



17912 Cervical Disk Herniation and Radiculopathy

stenosis. A large central to mid-lateral disk hernia-
tion or stenosis may, however, cause a radiculopa-
thy of the next lower nerve root. Motor strength is 
graded on a 0–5 scale (5 = normal; 4 = motion against 
some resistance; 3 = motion against gravity; 
2 = motion with gravity eliminated; 1 = muscle con-
traction without movement; 0 = no evidence of con-
traction). Sensory testing should include at least one 
function from the dorsal columns (e.g., joint posi-
tion sense, light touch) and the spinothalamic tract 
(e.g., pain and temperature sensation).  

 Several provocative tests may elicit or repro-
duce symptoms of radiculopathy. A Spurling’s 
maneuver may reproduce the radicular symptoms 
in a patient with a foraminal disk or stenosis. The 
neck is maximally extended and rotated to the side 
of the pathology, which narrows down a symptom-
atic neuroforamen. Concomitant adduction of the 
shoulder with extension of the elbow and wrist 
may accentuate the Spurling’s sign, as these 
maneuvers not only narrow the foramen but also 
stretch the root. Improvement of symptoms may 
occur if the patient subsequently  fl exes and rotates 
the neck to the other side and abducts the shoulder 
with the hand behind the neck, as these maneuvers 
both open up the foramen and relax the root.  

    12.4   Differential Diagnosis 

 The differential diagnosis of cervical radiculopathy 
is broad. (1) Peripheral nerve entrapment syndromes 
(e.g., carpal or cubital tunnel syndromes) may 
mimic the symptoms of radiculopathy but usually 

do not radiate from the neck. In addition, they may 
present with positive Phalen’s or Tinel’s sign, and 
nerve conduction studies can be helpful to differen-
tiate these pathologies from cervical radiculopathy. 
(2) Rotator cuff pathology presents with pain in the 
shoulder or arm, usually above the elbow, made 
worse with shoulder movements. Impingement 
signs may be present, and re fl ex and sensory func-
tion should not be affected. (3) Thoracic outlet syn-
drome is dif fi cult to diagnose. It may present with 
pain in the shoulder and arm, intermittent paresthe-
sias, often symptoms in a C8–T1 distribution, 
 normal neurological exam, a positive Adson’s 
maneuver, and normal nerve conduction study 
(NCS). (4) Parsonage-Turner syndrome (acute bra-
chial plexitis) usually presents as a pain in the neck, 
shoulder, and arm followed within days to weeks by 
weakness, especially in the C5–6 region as the pain 
recedes. In contrast, pain and weakness typically 
coexist in cervical radiculopathy. (5) Herpes zoster 
usually presents with neuropathic pain in a derma-
tomal distribution followed by vesicular rash. (6) 
Visceral disorders, such as coronary artery disease 
and cholecystitis, both of which cause referred pain 
to the upper extremity, also should be considered in 
the differential diagnosis.  

    12.5   Investigations/Diagnostic 
Imaging 

 Plain radiographs are typically the  fi rst diagnos-
tic test ordered in patients with clinical suspicion 
of radiculopathy. It may reveal decreased disk 

   Table 12.1    Common cervical radiculopathy patterns   

 Root  Symptoms  Affected motor function  Re fl ex 

 C2  Posterior occipital headaches, 
temporal pain 

 None  None 

 C3  Occipital headache, retro-orbital or 
retroauricular pain 

 None  None 

 C4  Base of neck, trapezius pain  None  None 
 C5  Lateral arm pain  Deltoid  Biceps 
 C6  Radial forearm pain, pain in the 

thumb and index  fi ngers 
 Biceps, wrist extension  Brachioradialis 

 C7  Middle  fi nger pain  Triceps, wrist  fl exion  Triceps 
 C8  Pain in the ring and little  fi ngers  Finger  fl exors  None 
 T1  Ulnar forearm pain  Hand intrinsics  None 
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height and osteophyte formation (Fig.  12.3 ). MRI 
is the imaging modality of choice in the patient 
who does not respond well to nonsurgical man-
agement or who has severe symptoms. However, 
clinical correlation is paramount since it is not 
uncommon to see nerve root compression in 
patients without symptoms  [  3  ] . Although inva-
sive, CT myelography is particularly helpful in 
delineating bony surgical anatomy and differenti-
ating whether root compression arises from hard 
versus soft disk pathology (Fig.  12.2 ). The images 
obtained with either modality depend in part on 
the position of the neck at the time of acquisition. 
MRI and postmyelogram CT images are most 
commonly obtained with the patient supine, 
which promotes a neutral or slightly  fl exed sagit-
tal contour to the neck. This positioning may 
result in under diagnosis of conditions that are 
symptomatic in the extremes of  fl exion (e.g., mild 
disk herniation) or extension (e.g., mild foram-
inal stenosis)  [  4  ] .  

    12.6   Treatment 

 The majority of symptomatic patients are initially 
offered a trial of nonoperative treatment. Opera-
tive treatment is typically reserved for the subset 
of patients who either failed nonoperative treat-
ment or present with moderate to severe symp-
toms with massive disk herniation or objective 
signs of muscle weakness and/or numbness. 

    12.6.1   Nonoperative Treatment 

 Nonoperative treatment generally consists of 
nonsteroidal anti in fl ammatory (NSAID) medi-
cations, immobilization, traction, physical ther-
apy, and steroid injections. Narcotics are only 
recommended in the acute setting as breakthrough 
treatment to supplement NSAIDs or in patients 
who cannot tolerate NSAIDs. Although liberally 
prescribed, the effectiveness of physical therapy, 
traction, or immobilization for cervical radicul-
opathy is unclear. Also in the nonoperative arma-
mentarium are epidural steroid injection and 
cervical selective nerve root injection. In general, 

they are sparingly employed as they have no 
proven long-term bene fi t and are associated with 
very rare, but potentially devastating complica-
tions. Selective nerve root injections can, how-
ever, be very useful in identifying the symptomatic 
root(s) when the level is unclear for the purposes 
of surgical planning  [  5–  9  ] .  

    12.6.2   Operative Treatment 

 Surgery is indicated in patients who have failed a 
reasonable trial of conservative management or 
patients with incapacitating pain or progressive 
neurologic de fi cits such as muscle weakness and/
or numbness. Depending on the pathology, cervi-
cal radiculopathy may be surgically addressed 
either anteriorly or posteriorly. Regardless of the 
approach, the main goal for surgery is the same: 
decompress the affected nerve root (s). Currently, 
there are two major anterior-based surgeries: 
anterior cervical decompression and fusion 
(ACDF) (Fig.  12.4a ) and the recently approved 
cervical disk replacement (CDR) (Fig.  12.4b ) 
 [  3,   10–  12  ] . The attendant advantages of ACDF 
and CDR are essentially the same and include 
direct removal of the offending compressive 
material (disk herniations or osteophytes); resto-
ration of disk space height which opens up the 
neuroforamen, thereby providing indirect decom-
pression of the nerve root; extremely low rates of 
infection and wound complications; cosmetically 
appealing incisions, especially when placed in 
the creases of the neck; and very little periopera-
tive pain. A unique advantage of ACDF is the 
associated fusion, which may help to improve 
any component of neck pain arising from disk 
degeneration and spondylosis. CDR advantages 
over fusion include maintenance of motion, 
avoidance of nonunion, and avoidance of plate-
and-screw complications, such as back out, 
esophageal erosion, and periplate ossi fi cation.  

 Posterior laminoforaminotomy is the poste-
rior-based surgery of choice for cervical radicul-
opathy, particularly in patients with anterolateral 
disk herniation or foraminal stenosis  [  13,   14  ] . 
This approach relies on basically unroo fi ng the 
foramen to adequately decompress the root. The 
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disk herniation can be removed posterolaterally 
but typically requires drilling away the superior 
pedicle of the inferior vertebra to allow safe 
access to the disk space while at the same time 
limiting neural retraction. The advantages of 
laminoforaminotomy are minimal morbidity and 
avoidance of fusion. The disadvantages of the 
posterior approach include the potential for 
incomplete decompression, as uncovertebral 
osteophytes are typically not removable though 
this approach; neural traction injury; the inability 
to restore disk and foraminal height at the dis-
eased level; and the potential for recurrent syn-
dromes over time at the index level.   

    12.7   Outcomes of Surgical 
Management 

 Regardless of surgical procedure used, decom-
pression of cervical nerve roots has been shown 
to be very successful. About    80–90 % improve-
ment in relief of arm pain as well as improve-
ments in motor and sensory function should be 
expected  [  15,   16  ] . In a randomized trial of 44 
patients, there were no statistical differences in 

outcomes between posterior laminoforamino-
tomy and ACDF (unplated with autograft), 
although ACDF yielded better long-term results. 
Laminoforaminotomy  [  13  ]  also lends itself to a 
minimally invasive approach, and microendo-
scopic laminoforaminotomy has demonstrated 
good to excellent clinical results in 97 % of 
patients  [  14,   17  ] .  

    12.8   Postoperative Care 

 Perioperative IV antibiotic is started within 1 h 
of the incision and continued for 24 h. Precaution 
against heaving and forceful neck range of 
motion is discouraged for at least 6–12 weeks. 
The use of an external orthosis (cervical collar) 
is sometimes recommended for 6–12 weeks for 
anterior cervical interbody fusion. Physical ther-
apy is not routinely necessary after ACDF. For 
patients who either had an ACDF or a CDR, 
interval radiographic follow-up is needed to 
monitor fusion healing as well as implant posi-
tion. Following CDR and posterior lamino-
foraminotomy procedures, early range of motion 
may be employed.  

  Fig. 12.4    ( a ,  b ) Lateral radiographs after anterior cervical diskectomy and fusion ( a ) and cervical disk replacement ( b ) 
for soft disk herniation       
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    12.9   Potential Complications 

 Severe complications after anterior cervical sur-
gery are relatively uncommon. Acute catastrophic 
complications include airway obstruction from 
edema or hematoma, esophageal perforation, and 
neurologic injury. We recommend overnight 
observation in the hospital with a deep drain in 
place due to the potential for devastating airway 
complications. Temporary dysphagia is universal 
after anterior cervical approaches, and patients 
should be counseled preoperatively to expect it to 
occur. Long-term severe dysphagia is rare, 
although some degree may persist for 6–12 months. 
Dysphonia can result from injuries to the superior 
or recurrent laryngeal nerves. Typically, these are 
traction or stretch injuries that resolve over time. 
Long-term complications related to cervical fusion 
include pseudarthrosis. Data on the longevity of 
CDR is lacking at present, as this technology 
remains in its early stages, but there is sure to be a 
certain failure rate of these devices over time. 
Although rare in anterior cervical surgery, infec-
tion is the most common complication of posterior 
cervical surgery. Spinal cord and nerve root injury 
are extremely rare after laminoforaminotomy. 

  Questions 
     1.    Cervical HNP at C6/7 level causing compres-

sion to the C7 nerve root results in weakness 
primarily of the following:
   (a)    Wrist  fl exors and  fi nger  fl exors  
   (b)    Elbow  fl exors and wrist  fl exors  
   (c)    Elbow  fl exors and  fi nger  fl exors  
   (d)    Elbow extensors and wrist  fl exors  
   (e)    Elbow extensors and wrist extensors     
 Preferred response (d). C7 innervates elbow 
extensors and wrist  fl exors. It primarily pro-
vides sensation to the middle  fi nger and is 
associated with the triceps re fl ex.  

    2.    A 45-year-old man has had spontaneous neck 
and right arm pain for the past 2 days, and he 
states that the pain is relieved when he places 
his hand on the top of his head. Examination 
reveals decreased sensation on the dorsum of 
the  fi rst web space, weakness in the wrist exten-
sors, and an absent brachioradialis re fl ex. The 
remainder of the examination is unremarkable. 
What is the most likely diagnosis?

   (a)    Double crush phenomenon with carpal 
tunnel syndrome and cervical disk herniation 
at C5–6  
   (b)    Cervical disk herniation at C6–7  
   (c)    Cervical disk herniation at C5–6 with 
myelopathy  
   (d)    Acute cervical disk herniation at C5–6  
   (e)    A shoulder impingement lesion and cervi-
cal disk herniation at C6–7     
 Preferred response (d). The double crush syn-
drome with C5–6 herniation is not the right 
answer since no median nerve compression 
signs are given. C5–6 herniation with myelopa-
thy is not the correct answer since  myelopathy 
usually presents with generalized weakness 
(upper > lower), deterioration in gait and man-
ual dexterity, sensory changes, spasticity, and 
rarely urinary/bowel incontinence. Also look 
for hyperre fl exia and other provocative physical 
 fi ndings, such as the Hoffman’s sign ( fl icking 
nail of middle  fi nger and abnormal twitching of 
thumb or index  fi nger). The correct answer is 
acute cervical disk herniation at C5–6.           
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  13

    13.1   Case Example 

 A 58-year-old female presents with progressive 
neck pain as well as numbness and weakness in 
her arms that has worsened over the past 5 months. 
She also describes a problem with steadiness in 
her walking and now requires a cane to help with 
balance. She has had progressive loss of manual 
dexterity and clumsiness in her hands. Her exam-
ination reveals 4/5 strength in the biceps and tri-
ceps, hyperre fl exia 3+ in her triceps, positive 
Hoffmann’s sign, and dysdiadochokinesia in her 
upper extremities. Plain radiographs (Fig.  13.1 ) 
and MRI images (Fig.  13.2a–c ) reveal spondy-
lotic changes at C5–6 and C6–7 with spinal cord 
compression and spinal cord signal change.    

    13.2   Pathology/Pathophysiology 

 The pathophysiology of CSM is likely multifacto-
rial. Spinal canal compression that is the result of 
age-related degenerative changes of the interver-

tebral disks and facet joints is one component. 
A congenitally narrow canal further increases the 
risk of developing CSM due to the lack of volu-
metric reserve within the spinal canal  [  1  ] . Normal 
space available for the cervical spinal cord has 
been estimated to be 17–18 mm (from 13 to 
20 mm)  [  2,   3  ] . A spinal canal diameter less than 
13 mm can cause compression of the spinal cord, 
while a diameter less than 12 mm is strongly cor-
related with myelopathy. Additionally, vascular 
mechanisms likely play a role in symptomatic dis-
ease  [  4  ] . Furthermore, an underlying genetic pre-
disposition to CSM has been suggested by twin 
studies as well as population-based reviews  [  5  ] . 

 The pathophysiology of CSM results from the 
sequelae of the aging process on the spine. Disk 
degeneration is an age-related process that is 
characterized by disk desiccation and progressive 
loss of elasticity with  fi nal disk height loss and 
annular bulging. Disk height loss can also cause 
buckling of the ligamentum  fl avum. Together 
these are responsible for canal narrowing. 
Ligamentum  fl avum hypertrophy, osteophyte for-
mation, and uncovertebral and facet joint hyper-
trophy can lead to further central stenosis. In 
advanced cases, the development of kyphosis 
may accentuate the degree of stenosis. Finally, 
ossi fi cation of the posterior longitudinal ligament 
(OPLL) can be another cause of stenosis  [  6,   7  ] . 

 All the above-mentioned structural changes of 
the cervical spine represent static changes that 
occur in degenerative disease. A dynamic model 
of spinal canal narrowing has been proposed. In 
the presence of the static structural changes of the 
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spine that result from the degenerative process, 
an irreversible damage of the spinal cord can 
occur during hyper fl exion or hyperextension. 
Translation between vertebral bodies during 
 fl exion or extension (motion segment instability) 
results in narrowing of the spinal canal space 
available for the spinal cord and contributes to 
dynamic cord compression  [  8–  10  ] . 

 In 1924, Barre proposed that vascular factors 
may also play a role in the development of cervical 
spondylotic myelopathy  [  11  ] . Breig et al. showed 
that canal narrowing can produce reduction of the 
blood  fl ow of the anterior spinal artery and radicu-
lar arteries. The transverse intramedullary arteries 
that arise from the anterior sulcal arteries perfuse 
the gray matter and the adjacent lateral columns 

 [  4  ] . Shinomura et al. published an experimental 
study of ischemic damage in conjunction with 
compression of the cord in a dog. They concluded 
that obstruction of these arteries produces the 
pathological process of myelopathy  [  12  ] . 

 Histologic changes associated with myelopa-
thy include axonal demyelinization followed by 
cell necrosis and gliosis or scarring  [  13–  15  ] . 
Cystic cavitation may occur in the gray matter. 
Ogino et al. examined pathological specimens 
and correlated the  fi ndings with the degree of 
cord compression  [  16  ] . Mild to moderate com-
pression was associated with degeneration of the 
lateral white matter tracts. More severe compres-
sion led to necrosis of the central gray matter. 

 While its incidence is unknown, CSM is most 
prevalent in adults over 55 years of age. Crandall 
and Batzdorf found CSM to be most common 
clinically at the C5–6 level, followed by C4–5 
 [  17  ] . The true natural history of this disorder may 
be dif fi cult to determine because in the majority 
of the cases, the diagnosis is made late and symp-
toms are often attributed to advanced age or other 
neurological conditions. 

 Based on studies by Spillane and Loyd in 1952 
and Clarke and Robinson in 1956, it has been 
shown that CSM is a condition of gradual stepwise 
progression with the following distributions: 75 % 
have episodic progression, 20 % show a gradual 
slow progression, and 5 % have rapid onset of 
symptoms followed by long periods of stability 
 [  18,   19  ] . Also, Lees and Turner reviewed 54 
patients who were followed for 3 years  [  20  ] . They 
showed that even if symptoms of CSM remain 
stable, there was progressive neurological deterio-
ration. They also showed that neither the age of 
onset of CSM nor conservative treatment with col-
lar immobilization or surgery appeared to in fl uence 
the prognosis. A multicenter, nonrandomized 
study by the Cervical Spine Research Society sug-
gested similarly poor results with nonoperative 
management of CSM  [  21  ] . A more recent study 
from Sadasivan and coworkers followed 22 
patients with CSM and found that all patients had 
slow but progressive worsening of their symptoms 
 [  22  ] . It can, therefore, be concluded that the major-
ity of patients with CSM should expect slow but 
progressive neurological deterioration.  

  Fig. 13.1    Lateral radiograph of cervical spine. C5–6 and 
C6–7 degenerative changes (spondylosis) are visualized. 
 Dashed line  represented measurement of spinal canal 
diameter       
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    13.3   History and Physical Exam 

 The patient with CSM may be asymptomatic or 
present with an array of symptoms, often present 
for years, making the diagnosis dif fi cult. Patients 
with mild symptoms may complain of neck pain 
and paresthesias without any dermatomal distribu-
tion. Subtle gait changes may be present in patients 
in this stage. In moderate or severe myelopathy, 
patients present with more severe gait abnormali-
ties or a sense of unsteadiness and balance 

dif fi culties. Fine motor control is usually affected, 
so patients may note dif fi culty in manipulating 
small objects (buttons, keys). Numbness, paresthe-
sias, and arm and leg weakness are usually pres-
ent. Thus, patients notice dif fi culty in moving their 
body, going up stairs, etc. In extremely severe 
cases, bladder and bowel dysfunction may appear, 
although this is thought to be rare. 

 The Nurick classi fi cation system is commonly 
used to stratify patients based on the severity of 
gait disturbance (Table  13.1 )  [  23  ] .   

a b

c

  Fig. 13.2    ( a ) Sagittal and ( b ,  c ) axial T2-weighted MRI demonstrates spinal stenosis and cord compression at C5–6 
and C6–7. Signal change is visualized within the substance of the spinal cord between C5–6 and C6–7       
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    13.4   Physical Examination 

 There must be a high degree of suspicion for the 
diagnosis of myelopathy. Neck ROM is essential 
to evaluate as many patients with CSM present 
with painful and restricted neck extension. 
A detailed neurological examination is required 
to detect potential motor and sensory changes. In 
addition to  traditional motor/sensory exams 
(Chap.   3    ), speci fi c exam  fi ndings may be more 
unique to patients with CSM. 

 In 1987, Oko et al. described “the myelopathy 
Hand”  [  24  ] . It results in loss of dexterity and is 
associated with wasting of the intrinsic muscles 
of the hand and spasticity. They proposed two 
tests sensitive for its diagnosis. The  fi rst is “the 
 fi nger escape sign” that reveals a de fi cient adduc-
tion and/or extension of the ulnar two or three 
 fi ngers. The second test is “the grip-and-release 
test.” Normally, one can make a  fi st and rapidly 
release it 20 times in 10 s. Patients with myelopa-
thy may be unable to do this that quickly. 

 Re fl ex changes are of extreme importance in 
making the diagnosis. In CSM, upper extremity 
re fl exes are increased below the level of compres-
sion (hyperre fl exia). In addition to hyperre fl exia, 
pathological re fl exes may be present. A positive 
Hoffmann’s sign is elicited by hyperextending 
the distal interphalangeal joint of the long  fi nger 
and observing thumb adduction and/or  fi nger 
 fl exion. Together with ankle clonus and a positive 
Babinski sign, these are found in varying degrees 
in patients with moderate or severe myelopathy. 

 The gait of the myelopathic patient should 
also be observed. It is typically a wide-based gait 
and must be differentiated from that of other neu-
rological diseases, such as peripheral neuropathy 
or Parkinson disease. A tandem gait (heel-to-toe, 

single-line walk) may detect early gait distur-
bances associated with loss of normal proprio-
ceptive function.  

    13.5   Differential Diagnosis 

 Cervical spondylotic myelopathy can mimic 
many other disorders. The most common of 
these is multiple sclerosis, a demyelinating 
disease of the central nervous system causing 
both motor and sensory abnormalities. 
Amyotrophic lateral sclerosis affects both 
upper and lower extremity motor neurons of 
the central nervous system. Tumors of the spi-
nal cord and syringomyelia may cause root 
weakness combined with spasticity below the 
involved level. Gait abnormality of the cervical 
spondylotic myelopathy can be confused with 
the gait of Parkinson disease or that associated 
with severe peripheral neuropathy.  

    13.6   Diagnostic Imaging 

 Anteroposterior and lateral radiographs are an 
important part of the diagnostic workup (Fig.  13.2a, 
b ). They may display disk space narrowing, end-
plate sclerosis, and uncovertebral and facet joint 
osteophytes that are the proof of the degenerative 
process. The sagittal diameter of the spinal canal 
and the presence of congenital stenosis on lateral 
radiographs can be identi fi ed based on the dis-
tance between the posterior vertebrae and the 
spinolaminar line (Fig.  13.1 ). Cervical alignment 
(lordosis vs. kyphosis) is also determined on lat-
eral radiographs. Flexion and extension  fi lms can 
also reveal abnormal cervical spine mobility. 

 MRI is the gold standard diagnostic exam for 
the evaluation of myelopathy. It clearly de fi nes 
the extent of cord compression and shows patho-
logical changes of the spinal cord that are 
 important for planning the treatment options. 
(Fig.  13.2a–c ) The MRI signal has been corre-
lated to the severity of spinal cord lesions. 
A hypointense signal in T1 associated with a 
hyperintense signal in T2 indicates lesions of 
microcavitation or gliosis of the spinal cord.  

   Table 13.1    Nurick classi fi cation of disability from cer-
vical myelopathy   

 Grade I  No dif fi culty in walking 
 Grade II  Mild gait involvement not interfering 

with employment 
 Grade III  Gait abnormality preventing employment 
 Grade IV  Able to walk only with assistance 
 Grade V  Chairbound or bedridden 

http://dx.doi.org/10.1007/978-3-642-34126-7_3
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    13.7   Treatment 

 There is controversy about the treatment of CSM. 
Given the progressive neurological deterioration 
in a majority of the cases over time, surgical treat-
ment is typically recommended in patients with 
moderate to severe disease with the hope of 
avoiding irreversible cord injury. 

    13.7.1   Nonoperative Treatment 

 In general, nonoperative treatment is recommended 
in asymptomatic patients and in patients with mild 
disease. It consists of observation, intermittent soft 
collar immobilization for pain, nonsteroidal anti-
in fl ammatory (NSAID) medications for pain, avoid-
ance of high-risk activities, and physiotherapy. 
Unfortunately there is little evidence to suggest that 
nonoperative treatment alters the natural history of 
the CSM. Nonetheless, there are data to suggest that 
closely observed nonoperative treatment may be an 
option for selecting patients with CSM.  

    13.7.2   Operative Treatment 

 Surgery is indicated in patients with severe or 
progressive clinical myelopathy with concordant 
radiographic evidence of spinal stenosis  [  25,   26  ] . 
The decision regarding surgery is often multifac-
torial, depending on the severity of disease, the 
clinical signs of spinal cord compression in con-
cordance with the imaging, the duration of symp-
toms, and the patients’ comorbidities. Common 
operative indications include progressive neuro-
logical de fi cit, progressive gait disturbances, spi-
nal canal narrowing with cord compression, and 
spinal cord signal change. 

 Operative treatment is most effective for halt-
ing the progression of disease and neurological 
dysfunction. Though many patients will show 
some improvement, others may, unfortunately, 
demonstrate persistent symptoms. Operative 
treatment results have been showed to be poorest 
in patients with prolonged spinal cord compres-
sion. Suri et al. reported that patients with a dura-
tion of symptoms less than a year showed 

signi fi cantly better motor recovery than those 
with a longer duration of symptoms  [  27  ] .  

    13.7.3   Which Approach? 

 The primary goal of surgery is to decompress the 
spinal cord and canal in order to improve func-
tion. The choice between an anterior, posterior, or 
combined approach is based on (1) the sagittal 
alignment of the cervical spine – patients with 
kyphosis generally require an anterior procedure 
to both improve alignment and maintain the pos-
terior tension band; (2) extent of the disease – 
multilevel disease is better treated posterior or 
combined anterior-posterior approaches; (3) loca-
tion – ventral compression is more directly treated 
with an anterior approach; (4) presence of preop-
erative neck pain – patients with severe neck pain 
often need fusion to treat the arthritic pain; (5) 
previous operations – it may be easier and less 
risky to avoid revision approaches; and (6) sur-
geon and patient preference – when multiple 
options are equivalent, the decision should be 
based on the surgeon and the patient choice  [  28  ] . 

 Anterior spinal decompression is commonly 
performed for one- to three-level disease, with 
 ventral spinal canal compression (Fig.  13.3 ). 
Additionally, the presence of radicular symptoms 
may also indicate an anterior procedure. The pres-
ence of signi fi cant cervical kyphosis requires an 
anterior (or combined) procedure to restore lordo-
sis. A combination of anterior discectomy and/or 
anterior corpectomy and fusion can be performed. 
Anterior plating is recommended in order to increase 
fusion rates, especially in multilevel procedures.  

 In cases of severe developmental stenosis or in 
extensive involvement of multiple spinal levels 
(Three or more), posterior cervical decompression 
provides access to a greater number of levels while 
decreasing the risk of pseudarthrosis associated 
with multilevel anterior procedures. Additionally, 
posterior surgery can directly address dorsal spinal 
cord compression (congenital stenosis,  ligamentum 
 fl avum)  [  29,   30  ] . Laminectomy decompression 
and fusion with instrumentation and laminoplasty 
are the options in posterior surgery. Cervical 
kyphosis is an absolute contraindication for a 
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 posterior-only approach as insuf fi cient spinal cord 
migration and decompression may occur, resulting 
in continued cord compression across the kyphotic 
segments  [  31,   32  ] .  

    13.7.4   Results of Surgery: Anterior 
Versus Posterior 

 Laminectomy associated with arthrodesis or 
laminoplasty has been reported to provide good 
long-term results in about 80 % of the patients. 
Anterior decompression improves clinical symp-
toms in approximately 90 % of patients. Several 
comparative studies reviewed the clinical course 

of patients operated for CSM with either anterior 
or posterior approaches and concluded that the 
results were without signi fi cant difference in 
neurological recovery. Immediate recovery that 
was obtained immediately after surgery was fol-
lowed by a period of stability and then some dete-
rioration of the functional status. For the anterior 
approach, the main cause of recurrence of symp-
toms was the adjacent segment disease, while for 
the posterior approach failure was attributed to 
kyphosis or instability.   

    13.8   Postoperative Care 

 All patients should be maintained on IV antibiotics 
for 24 h postoperative. Diet following either ante-
rior or posterior cervical fusion procedures and 
postoperative precautions regarding range of 
motion, lifting, and work are often recommended. 
The use of an external orthosis (cervical collar) 
may be recommended for 6–12 weeks. After a 
period of immobilization, physical therapy can be 
directed at improving range of motion and strength 
of the cervical spine and upper extremities. Frequent 
radiographic follow-up is needed to monitor fusion 
healing as well as any potential instrumentation-
related complications (plate or screw failure, graft 
subsidence, or displacement). Following posterior 
laminoplasty procedures, less precautions and 
restrictions are needed. Early range of motion and 
avoidance of cervical orthoses can speed recovery 
for patients after laminoplasty.  

    13.9   Potential Complications 

 The most common complications after anterior 
cervical surgery include dysphagia, dysphonia, 
and hoarseness of voice. Spinal cord injury, nerve 
injury  [  33  ] , and infection are rare. Other rare com-
plications include injury to the esophagus, carotid 
sheath, or vertebral artery. The most complication 
of posterior cervical surgery is infection. Other 
potential complications include spinal cord injury, 
nerve injury, and vertebral artery injury. C5 nerve 
root palsy has been described after both anterior 
and posterior approaches. Symptoms, which typi-
cally begin 24–48 h postoperatively, include pain, 

  Fig. 13.3    Lateral radiography of cervical spine after 
anterior cervical decompression ( corpectomy ) and fusion 
C5–7 with anterior instrumentation       
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numbness, and weakness in a C5 distribution (lat-
eral shoulder/arm and deltoid muscle). While the 
exact etiology of postoperative C5 root palsy  [  34  ]  
is unclear, the natural history is generally favor-
able with most patients regaining neurological 
function over the course of weeks to months. 

  Questions 
     1.    A 68-year-old male presents with complaints 

of neck pain with weakness and numbness in 
the hands. His symptoms have progressively 
worsened over the past 6 months. Examination 
reveals hand intrinsic weakness (3/5) in both 
hands with wasting of the thenar prominence. 
He is hyperre fl exic in his biceps, triceps, and 
quadriceps with a positive Hoffmann’s sign. 
His radiographs show multilevel spondylosis 
(C3–C7) with  fi xed kyphosis. MRI con fi rms 
spinal cord compression from C3–7 with spi-
nal cord signal change. The best option for 
treatment at this time is:
   (a)    Bracing and observation  
   (b)    Posterior laminoplasty C3–7  
   (c)    Posterior laminectomy and fusion C3–7  
   (d)     Anterior cervical decompression and 

fusion C3–7  
   (e)     Combined anterior and posterior decom-

pression and fusion C3–7     
 Preferred Response: The patient’s symptoms, 
exam  fi ndings, and MRI con fi rm the diagnosis 
of cervical myelopathy. His radiographs dem-
onstrate a  fi xed cervical kyphosis, making pos-
terior-only surgery less effective, necessitating 
an anterior approach. Anterior C3–7 decom-
pression and fusion is an option; however, the 
risk for nonunion is unacceptably high. 
Therefore, a combined anterior and posterior 
decompression and fusion accomplishes the 
goals of kyphosis correction, direct neurological 
decompression, and optimal fusion outcomes.           

   References 

    1.    Parke WW (1988) Correlative anatomy of cervical 
spondylotic myelopathy. Spine 13:831–837  

    2.    Wolf BS, Khilnani M, Malis L (1956) The sagittal 
diameter of the bony cervical spinal canal and its 
signi fi cance in cervical spondylosis. J Mt Sinai Hosp 
NY 23:283–292  

    3.    Arnold JGJ (1955) The clinical manifestations of 
spondylochondrosis (spondylosis) of the cervical 
spine. Ann Surg 141:872–889  

    4.    Breig A, Turnbull I, Hassler O (1966) Effects of 
mechanical stresses on the spinal cord in cervical 
spondylosis: a study on fresh cadaver material. J 
Neurosurg 25:45–56  

    5.    Ball J, El Gammal T, Popham M (1969) A possible 
genetic factor in cervical spondylosis. Br J Radiol 
42:9–16  

    6.    Tsuyama N (1984) Ossi fi cation of the posterior longi-
tudinal ligament of the spine. Clin Orthop 184:71–84  

    7.    Smith MD, Bolesta MJ, Leventhal M, Bohlman HH 
(1992) Postoperative cerebrospinal- fl uid  fi stula associ-
ated with erosion of the dura:  fi ndings after anterior resec-
tion of ossi fi cation of the posterior longitudinal ligament 
in the cervical spine. J Bone Joint Surg Am 74:270–277  

    8.    Penning L, Zwaag PVD (1966) Biomechanical aspects 
of spondylotic myelopathy. Acta Radiol 5:1090–1103  

    9.    White AAD, Panjabi MM (1988) Biomechanical con-
siderations in the surgical management of cervical 
spondylotic myelopathy. Spine 13:856–860  

    10.    Wilkinson M (1960) The morbid anatomy of cervical 
spondylosis and myelopathy. Brain 83:589–616  

    11.    Barre JA (1924) Troubles pyramidaux et arthrite ver-
tebrale chronique. Medecine, Paris  

    12.    Shimomura Y, Hukuda S, Mizuno S (1968) 
Experimental study of ischemic damage to the cervi-
cal spinal cord. J Neurosurg 28:565–581  

    13.    Bunge RP, Puckett WR, Becerra JL et al (1993) 
Observations on the pathology of human spinal cord 
injury. A review and classi fi cation of 22 new cases with 
details from a case of chronic cord compression with 
extensive focal demyelination. Adv Neurol 59:75–89  

    14.    Mair WGP, Druckman R (1953) The pathology of spi-
nal cord lesions and their relation to the clinical fea-
tures in protrusion of cervical intervertebral discs: 
a report of four cases. Brain 76:70–91  

    15.    Taylor AR (1953) Mechanism and treatment of spi-
nal-cord disorders associated with cervical spondylo-
sis. Lancet 1(6763):717–720  

    16.    Ogino H, Tada K, Okada K, Yonenobu K, Yamamoto 
T, Ono K, Namiki H (1983) Canal diameter, antero-
posterior compression ratio, and spondylotic myelop-
athy of the cervical spine. Spine 8:1–15  

    17.    Crandall PH, Batzdorf U (1966) Cervical spondylotic 
myelopathy. J Neurosurg 25:57–66  

    18.    Spillane JD, Lloyd GHT (1952) The diagnosis of 
lesions of the spinal cord in association with ‘osteoar-
thritic’ disease of the cervical spine. Brain 75:177–186  

    19.    Clarke E, Robinson PK (1956) Cervical myelopathy: a 
complication of cervical spondylosis. Brain 79:483–510  

    20.    Lees F, Turner JWA (1963) Natural history and prog-
nosis of cervical spondylosis. BMJ 2:1607–1610  

    21.    Sampath P, Bendebba M, Davis JD, Ducker TB (2000) 
Outcome of patients treated for cervical myelopathy. 
A prospective, multicenter study with independent 
clinical review. Spine 25:670–676  

    22.    Sadasivan KK, Reddy RP, Albright JA (1993) The 
natural history of cervical spondylotic myelopathy. 
Yale J Biol Med 66:235  



192 P. Annis and A.A. Patel

    23.    Nurick S (1972) The pathogenesis of the spinal cord 
disorder associated with cervical spondylosis. Brain 
95:87–100  

    24.    Ono K, Ebara S, Fuji T, Yonenobu K, Fujiwara K, 
Yamashita K (1987) Myelopathy hand. New clinical 
signs of cervical cord damage. J Bone Joint Surg Br 
69-B(2):215–219  

    25.    Fujiwara K, Yonenobu K, Ebara S, Yamashita K, Ono 
K (1989) The prognosis of surgery for cervical com-
pression myelopathy: an analysis of the factors 
involved. J Bone Joint Surg Br 71:393–398  

    26.    Koyanagi T, Hirabayashi K, Satomi K, Toyama Y, Fujimura 
Y (1993) Predictability of operative results of cervical 
compression myelopathy based on preoperative computed 
tomographic myelography. Spine 18:1958–1963  

    27.    Suri A, Chabbra RP, Mehta VS, Gaikwad S, Pandey 
RM (2003) Effect of intramedullary signal changes on 
the surgical outcome of patients with cervical spondy-
lotic myelopathy. Spine J 3:33–45  

    28.    Rao RD, Gourab K, David KS (2006) Operative treat-
ment of cervical spondylotic myelopathy. J Bone Joint 
Surg Am 88:1619–1640  

    29.    Emery SE, Bohlman HH, Bolesta MJ, Jones PK (1998) 
Anterior cervical decompression and arthrodesis for 

the treatment of cervical spondylotic myelopathy:two 
to seventeen-year follow-up. J Bone Joint Surg Am 
80:941–951  

    30.    Epstein JA, Janin Y, Carras R, Lavine LS (1982) 
A comparative study of the treatment of cervical 
 spondylotic myeloradiculopathy: experience with 
50 cases treated by means of extensive laminectomy, 
foraminotomy, and excision of osteophytes during 
the past 10 years. Acta Neurochir (Wien) 61:
89–104  

    31.    Hirabayashi K, Satomi K (1988) Operative procedure 
and results of expansive open-door laminoplasty. 
Spine 13:870–876  

    32.    Kimura I, Shingu H, Nasu Y, Shiotani A, Oh-hama 
M, Murata M (1995) Long-term follow-up of 
 cervical spondylotic myelopathy treated by canal- 
expansive laminoplasty. J Bone Joint Surg Br 
77:956–961  

    33.    Flynn TB (1982) Neurologic complications of ante-
rior cervical interbody fusion. Spine 7:536–539  

    34.    Satomi K, Nishu Y, Kohno T, Hirabayashi K (1994) 
Long-term follow-up studies of open-door expansive 
laminoplasty for cervical stenotic myelopathy. Spine 
19:507–510      



193V.V. Patel et al. (eds.), Spine Surgery Basics, 
DOI 10.1007/978-3-642-34126-7_14, © Springer-Verlag Berlin Heidelberg 2014

  14

    14.1   Case Example    

 A relatively healthy 55-year-old lady, with a his-
tory of chronic low back pain and two prior lumbar 
surgeries, including a fusion, complained of 
increasing right knee pain. She was diagnosed with 
right knee osteoarthritis, and nonoperative treat-
ment was started, which included physical therapy. 
During her treatment, she had an episode of severe 
low/mid back pain. She was able to temporarily 
continue therapy for her knee but began to com-
plain of dif fi culty walking and unsteadiness in her 
gait. An MRI of her lumbar spine was performed, 
which showed expected postoperative changes, but 
no stenosis. A thoracic spine MRI was performed, 
which showed a large right paracentral thoracic 
disc herniation at T10–11 (see Fig   .  14.1 ). She was 
referred to a spine surgeon for treatment.  

 Upon further questioning, she had recently 
experienced several episodes of bladder inconti-
nence but was able to maintain control of her 
bowels. Her physical exam revealed a clumsy 
and wide-based, protected gait. Her motor exam 
revealed mild/moderate proximal lower extrem-
ity weakness. On sensory exam, she displayed 

hypesthesia in her right greater than left lower 
extremities. She exhibited hyperre fl exia but no 
clonus. Her toes were down going. Rectal exam 
revealed normal sphincter tone, and she had 
 normal sensation in her perineum. She was admit-
ted for a T10–11 transfacet pedicle-sparing 
decompression and fusion (see Figs.  14.2  and 
 14.3 ). Following her procedure, she experienced 
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near-complete resolution of her symptoms and 
was discharged on postoperative day 3. She has 
maintained her normal neurologic function for 
approximately 1 year and has recently undergone 
a successful total knee arthroplasty.   

    14.2   Pathology (Basics of Pathology 
and Pathophysiology) 

 Key reported the  fi rst description of injury to the 
spinal cord by a thoracic disc herniation in 1838 
 [  14  ] . Middleton and Teacher identi fi ed a TDH 
lesion on a postmortem exam in 1911  [  17  ] . TDHs 
occur with a slight male predominance, with most 
symptomatic cases occurring in the fourth to sixth 
decade and women presenting later than men  [  6  ] . 

 Thoracic disc herniations are classi fi ed based on 
their location and imaging characteristics. 
Herniations that are midline are classi fi ed as central, 
while those medial to the lateral edge of the dura are 

centrolateral. Those lateral to the lateral most aspect 
of the dura are lateral. The majority of TDHs are 
central or centrolateral. Herniations may be either 
soft or calci fi ed at the time of presentation, with 
approximately 30–70 % of herniations showing 
some form of calci fi cation. Almost 5–10 % of the 
calci fi ed discs possess intradural extension  [  20  ] . 

 Thoracic disc herniations have been found in 
up to 37 % of asymptomatic patients on MRI 
 [  22  ] . Prior to MRI, CT myelography revealed 
11 % of asymptomatic patients possess a TDH 
 [  1  ] . Wood in 1997 and Awwad in 1991 looked at 
the natural history of asymptomatic TDH and 
found that small changes may occur in the size of 
the herniation over time, but for the most part, 
they remain asymptomatic. Furthermore, no cor-
relation was found between the radiologic char-
acteristics of these lesions and the subsequent 
emergence of symptomatic disease  [  23  ] . Based 
on these  fi ndings, it is important to identify the 
appropriate indications for surgical intervention. 

  Figs. 14.2 and 14.3    Postoperative x-rays of T10–11 transfacet decompression and fusion       
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 The natural history of those who are symp-
tomatic has also been studied. In general, these 
patients are divided between two groups. The 
 fi rst consists of younger patients with acute onset 
of symptoms, usually related to trauma, which 
have an acute soft disc herniation. These patients 
respond well to both nonoperative and operative 
treatment. The second group is made up of older 
patients who present with a longer duration of 
symptoms, degenerated disc pathology, and are 
likely to have evidence of calci fi cation on 
advanced imaging. 

 Although trauma, in some studies, has been 
found to be a predisposing factor for TDHs, the 
pathophysiology behind the majority of hernia-
tions is felt to be degenerative. Similar to the pro-
cesses of internal disc derangement that can occur 
within the discs of the cervical and lumbar spine, 
a spectrum of pathology exists in the thoracic 
spine that may lead to an eventual herniation of 
nucleus pulposus through the annulus  fi brosus. 

 The thoracic spine is a rigid transition zone 
between the mobile cervical and lumbar regions. 
Its stability is supplemented by the surrounding 
thoracic rib cage. There are two facets from each 
rib head on either side that articulate with vertebral 
bodies from T2 to T10. In addition, the facets of T1 
through T10 are oriented in a shingled fashion, 
thereby providing further stability during  fl exion 
and extension. Most (75 %) symptomatic TDHs 
involve the lower levels (T8–12) with the highest 
propensity for occurrence at T11–12. In contrast to 
the upper thoracic spine, the 11th and 12th ribs are 
not joined to the sternum and also do not form a 
true articulation with the transverse process of their 
own vertebra. Additionally, the facets at these lev-
els transition to a more medial angulation in the 
coronal plane, allowing for greater movement in 
 fl exion and extension and are less effective in resist-
ing of rotational forces. Thus, the lower thoracic 
spine is more susceptible to normal biomechanical 
loads and has a higher incidence of degeneration 
and associated disc herniation. The neurologic dys-
function that can result from the presence of a disc 
herniation within the thoracic spinal canal is attrib-
uted to its compression of the spinal cord, exiting 
nerve roots, and vascular supply. 

 Compression of the spinal cord from large cen-
tral herniations can cause thoracic myelopathy. 

Dentate ligaments, which run longitudinally 
between the spinal cord and nerve roots, limit 
posterior displacement of the cord within the 
canal, thereby increasing the risk of ventral cord 
compression from a protruding or herniated disc. 
In addition, the natural kyphosis of the thoracic 
spine causes the cord to be draped over the 
 vertebral bodies and the intervertebral discs. 
Exaggerated kyphosis, as is this case in 
Scheuermann’s disease, has been suggested to be 
a risk factor for a TDH. In 1995, Wood et al. 
found that 38 % of patients with an asymp-
tomatic thoracic disc herniation on MRI had 
Scheuermann-type dystrophic changes of the end 
plate or frank Scheuermann’s disease  [  4,   21,   22  ] . 

 Radiculopathy can occur secondary to direct 
compression of exiting nerve roots by paracentral 
herniations or via traction on nerve roots as the spinal 
cord is displaced dorsally by midline herniations. 

 The thoracic cord has a more tenuous blood 
supply than other regions of the spine. Vessels 
that predominately supply this section of the cord 
are of smaller caliber and are fewer in number 
than the cervical and lumbar regions. There is 
limited collateralization present for the single 
dominant artery of Adamkiewicz, which in turn 
creates a watershed region for the cord between 
T4 and T9. Disc herniations that directly  compress 
the cord may exhaust the vasculature’s ability to 
compensate and therefore cause ischemic injury. 
Neurologically, this may be demonstrated as 
myelopathy or spinal cord injury syndromes 
(e.g., Brown-Sequard). Furthermore, paracentral 
or lateral disc herniations may directly compress 
the segmental artery between T7 and L4 from 
which the artery of Adamkiewicz originates and 
thus create a similar scenario of ischemia.  

    14.3   History and Physical 
Exam Findings 

 Patients may give a history of a true trauma (e.g., 
fall or MVA) or may relate a subtle history of 
trauma, such as an acute increase in intrathoracic 
pressure (e.g., Valsalva maneuver during a sneeze) 
followed by thoracic back pain. Sometimes, 
patients will give a history of prior cervical or lum-
bar disc herniations. Most commonly, however, 
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patients give no real history of trauma. The usual 
delay between the onset of symptoms and actually 
presentation to a physician’s of fi ce lends further 
support to the notion that the primary etiologic fac-
tor is a degenerative process. 

 Clinical presentation is highly variable and is 
dependent on multiple factors. These include the 
location of the TDH (e.g., central, centrolateral, 
lateral), the size of the herniation, the duration of 
compression, the degree of vascular compromise, 
the size of the bony spinal canal, and overall 
health of the spinal cord and patient. Patients that 
have become symptomatic from their TDH usu-
ally present with one of three complaints: axial 
back pain, radicular pain, or myelopathy. 

 Pain is the most common presenting symptom 
in up to 76 % of patients and may be localized to 
the middle or lower thoracic spine and can radi-
ate to the lower lumbar spine. Radicular pain, 
when present, may involve the anterior chest wall 
in a band-like dermatomal distribution or may 
radiate to the groin, abdomen, or lower limb. 
Paresthesias or dysesthesias may accompany the 
pain, in up to 61 % of patients. Myelopathy, the 
most severe of the three presentations, can include 
muscle weakness and paraparesis than can prog-
ress to a severe state of complete paraplegia. 
Stillerman and Chen found that if there was motor 
impairment at the initial presentation, it was three 
times more likely to be a paraparesis than a 
monoparesis  [  20  ] . 

 Physical exam  fi ndings may also include 
hyperre fl exia, positive Babinski, sustained clonus, 
wide-based gait, positive Romberg, and/or spastic-
ity. Other upper motor neuron exam  fi ndings can 
include impaired super fi cial abdominal re fl exes 
and super fi cial cremasteric re fl ex. Bowel and blad-
der dysfunction can be seen, ranging from 
 dysfunctional urination to frank incontinence. 
Variations in sensation may range from dermato-
mal paresthesias to complete sensory loss.  

    14.4   Differential Diagnosis 

 Because of the variety of patterns in which a 
patient with a symptomatic TDH may present, the 
differential diagnosis is quite large. Differential 

diagnoses can be classi fi ed as nonspinal and spi-
nal. Nonspinal etiologies include cardiovascular 
(i.e., angina, myocardial infarction), pulmonary 
(e.g., pleuritis), mediastinal (e.g., tumor), hepato-
biliary (e.g., cholecystitis), gastrointestinal 
(e.g., re fl ux), and retroperitoneal (e.g., kidney 
stones). Nonspinal diagnoses may also include 
 post-thoracotomy syndrome, polymyalgia rheu-
matica,  fi bromyalgia, herpes zoster, rib fractures, 
and intercostal neuralgia. Differential diagnoses 
related to the spine include infectious processes 
(e.g., osteomyelitis, discitis, epidural abscesses), 
neoplasms (e.g., primary, metastases, neural ele-
ment origin), trauma (e.g., fracture), degenerative 
disc disease, spinal stenosis, spondylosis, facet 
syndrome, osteoporosis, osteomalacia, kyphosis, 
scoliosis, arteriovenous malformation, ankylosing 
spondylitis, amyotrophic lateral sclerosis, multi-
ple sclerosis, and demyelinating diseases.  

    14.5   Investigations 

 All thoracic disease imaging examination begins 
with AP and lateral x-rays. These  fi lms provide 
insight into the overall alignment of the thoracic 
spine and may display any obvious fractures or 
neoplastic processes. Degenerative changes are 
identi fi able as well, including disc space narrow-
ing, osteophytes, and facet arthrosis. Calci fi cation 
of the disc is visible in approximately 45–71 % of 
symptomatic discs versus only 4–6 % of the time 
in asymptomatic discs on plain radiographs  [  23  ] . 
X-rays are also important to obtain for rib-count-
ing purposes, and comparison in the operating 
room should surgery be considered. 

 The imaging modality of choice, however, in 
those patients that thoracic disc disease and/or 
herniation is suspected is an MRI. This study is 
noninvasive, does not expose patients to ionizing 
radiation, and highlights degenerative disc 
changes, herniations, and neural element com-
pression with signi fi cant detail in both the sagit-
tal and axial planes. Location of the herniation 
within the canal is easily determined. As men-
tioned previously, MRI is very sensitive and not 
necessarily speci fi c in detecting TDHs. 
Calci fi cation of the disc, if present, is dif fi cult to 
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visualize on MRI, and if surgical intervention is 
planned, a CT scan should be ordered. 

 Prior to the advent of MRI, CT myelography 
was necessary to visualize thoracic disc pathol-
ogy. In addition to a signi fi cant level of radiation 
exposure to the patient, the procedure is invasive, 
as it requires injection of an intrathecal contrast 
agent. It is, however, both sensitive and speci fi c 
and can be used in patients in whom an MRI is 
contraindicated (e.g., pacemaker).  

    14.6   Nonsurgical Treatments 

 Patients who are not experiencing signi fi cant 
neurologic dysfunction secondary to thoracic 
disc herniation may be managed nonoperatively. 
Initial treatment for those with axial back pain 
may include a brief period of bed rest, activity 
modi fi cation, and the use of over-the-counter or 
prescription nonsteroidal anti-in fl ammatory 
medication. Similar modalities may be used for 
those with radicular pain. If these regimens fail, 
oral corticosteroid tapers may also be used. 
Occasionally, neurologic medications such as 
gabapentin (Neurontin) or pregabalin (Lyrica) 
may be bene fi cial. 

 Corticosteroid nerve root or intercostal nerve 
injections may be attempted with hopes of 
decreasing radicular pain and may also serve a 
diagnostic purpose. Bracing can be implemented 
during the acute phase of disc herniation in some 
patients, as well. These external supports create 
hyperextension, which may increase canal diam-
eter and therefore relieve the neural elements 
from compression. Physical therapy may also be 
of bene fi t, focusing initially on passive modali-
ties and then transitioning to range of motion, 
core strengthening, and hyperextension exercises. 
Per Brown et al., 63 % of symptomatic thoracic 
disc herniations were successfully treated with 
nonoperative modalities, and 77 % of patients 
returned to their previous activity level  [  6  ] . 
Progressive neurological deterioration or myel-
opathy in the setting of a corresponding thoracic 
disc herniation on imaging, however, is an indi-
cation to abandon conservative management in 
favor of surgical intervention.  

    14.7   Surgical Treatments 

 Candidates for surgery include those patients 
with myelopathy on presentation; progressive 
neurologic deterioration; severe, intractable 
radicular pain; and radicular pain that has not 
improved after a comprehensive course of con-
servative treatment. 

 Several factors must be taken into consider-
ation when selecting the surgical approach to 
 utilize. These variables are divided into patient 
characteristics, pathology of the disc herniation, 
and surgeon experience. First, the patient’s body 
habitus, general health, and comorbidities are 
important to consider when deciding if a patient 
could medically undergo a large, anterior 
 procedure. Typically, these procedures require 
single-lung ventilation intraoperatively, result in 
signi fi cant blood loss, necessitate a postoperative 
chest tube, and usually require a prolonged length 
of stay. Next, the qualities of the disc herniation 
itself must be scrutinized. The location, size, con-
sistency, calci fi cation, and possible intradural 
extension all play a crucial role in deciding which 
approach to utilize. Finally, from a surgeon expe-
rience viewpoint, there is a steep learning curve 
for certain approaches, especially the less inva-
sive procedures. This can have a profound effect 
on multiple factors, including the length of the 
procedure, surgical complications, and postoper-
ative recovery, among others. 

 There are multiple surgical approaches for a 
symptomatic thoracic disc herniation. General 
categories include anterior (transpleural, extra-
pleural, transsternal, transthoracic), posterior 
(laminectomy), posterolateral (transpedicular, 
costotransversectomy, transfacet), lateral (extra-
cavitary), and minimally invasive techniques or 
video-assisted thoracoscopic surgery (VATS). 

 Initial attempts at decompression were done 
via a posterior-based laminectomy. Logue reported 
in 1952, however, severe complications with this 
technique, including worsening of neurologic 
de fi cits that were seen in the majority of patients. 
Both mechanical injury and vascular insult to the 
spinal cord may occur during or after surgery 
 [  15  ] . Kyphosis progression can occur following a 
laminectomy and may further tether the spinal 



198 M. Fernandez and S.N. Gidvani

cord over incompletely removed disc or osteo-
phytes, thereby hastening a neurologic de fi cit. 
Given the success with an anterolateral approach 
to the thoracic spine in treatment of Pott’s disease, 
Hulme et al. began using and publishing success-
ful decompression via this method  [  13  ] . 

 The transthoracic, anterior approach is the 
most versatile approach, allowing for central 
exposure and decompression from T4 to T12. For 
mid and lower thoracic levels, a left-side approach 
is taken to avoid the liver and vena cava, whereas 
for higher levels, the right side is taken to avoid 
the heart and subclavian vessels. The patient is 
placed in a lateral decubitus position. The key to 
this exposure is following the rib or intercostal 
neurovascular bundle to the pathologic level. For 
example, if a T8–9 disc herniation is being tar-
geted, follow the ninth rib to its attachment at the 
T9 vertebral body. The base of the rib is then 
excised subperiosteally. The parietal pleura is 
then re fl ected, segmental vessels are coagulated, 
and further subperiosteal dissection is performed 
to expose the vertebral bodies cephalad and cau-
dal to the disc space. The pedicle of the caudad 
vertebral body is identi fi ed. A Pen fi eld elevator 
or dissecting tool is used to identify the ventral 
most aspect of the dura and tease it away from the 
herniated disc  [  4  ] . 

 An extension of this technique may include 
removal of the posterolateral aspect of the 
cephalad and caudad vertebral bodies adjacent to 
the disc herniation. This allows for creation of a 
trough into which the remainder of the disc mate-
rial will be delivered and then removed, thereby 
moving disc material away from the dura and 
avoiding manipulation of the cord. If indicated 
and necessary, an arthrodesis is performed  [  4  ] . 
The primary advantage of this approach is the 
ability to visualize the ventral and lateral aspects 
of the dura. With this approach, there is generally 
a lower risk of retained disc fragments and over-
all, a lower risk of neurologic complications. 
Disadvantages include the need to violate the 
chest wall and pleural cavity, the need for exten-
sive soft tissue dissection with retraction/resec-
tion of ribs, the potential for development of 
post-thoracotomy syndrome, and risk of intercos-
tal neuralgia. 

 The posterolateral (transpedicular) approach 
is performed via midline or paramedian incision 
to expose the facet joint posterior to the disc and 
the pedicle caudal to the disc herniation. The cen-
tral cancellous bone of the pedicle is then resected 
to the posterior cortical bone of the vertebral 
body. Lateral and inferior cortices of the pedicle 
are left intact. Partial superior and inferior facet-
ectomies are performed, and partial to complete 
laminectomies may also be required. This allows 
for entrance to the disc space lateral to the dura 
and distal to the exiting nerve root. Once the disc 
herniation is encountered, disc material can then 
be pushed into the adjacent bony trough created 
by the removal of the pedicle. Theoretically, sim-
ple removal of the disc above T10 does not neces-
sitate fusion because of the stabilizing rib cage 
 [  2,   3  ] . 

 A variation of this technique includes a mini-
open technique, which allows for minimal soft 
tissue disruption. Tubular retractors and dilators 
are now widely available for this purpose. Chi 
et al. have reported less blood loss, better early 
postoperative outcome scores, and equivalent 
18-month follow-up outcomes when compared to 
open procedures  [  9  ] . Another variation is to place 
pedicle screws above and below the TDH, per-
form a laminectomy from pedicle to pedicle, and 
then expose the exiting nerve root and the disc 
space. A lamina spreader may then be placed 
between the pedicle screws in order to distract 
the disc space and gain access to the lateral annu-
lus. This technique is referred to as a modi fi ed 
transfacet pedicle-sparing decompression  [  5  ] . 

 Posterolateral approaches are ideal mainly for 
soft disc herniations situated either centrolateral 
or lateral. Advantages of these approaches include 
surgeon familiarity with anatomy, limited soft 
tissue dissection, and preservation of important 
structural elements (e.g., vertebral body or facets, 
in some cases). Disadvantages may include 
dif fi culty visualizing the herniated disc and sub-
sequently performing a less than complete disc 
excision. 

 The costotransversectomy approach offers 
improved visualization over the posterolateral 
approaches described above. This approach neces-
sitates the removal of the medial head of the rib 
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and the transverse process of the vertebral body 
caudal to the TDH. Again, the disc space is entered 
laterally, and the disc material is removed in a 
similar manner to a transpedicular approach. 
Advantages of this method include improved 
visualization of the ventral and lateral dura and 
perhaps performance of a more complete discec-
tomy. It can be utilized for paracentral and lateral 
herniations, soft discs, and for cases in which 
a transthoracic approach is contraindicated. 
However, caution should be exercised when tar-
geting calci fi ed central discs using this approach. 
Disadvantages include the need for lateral dissec-
tion away from the midline, removal of stabilizing 
structures, and potential for pleural violation. 

 If greater exposure and greater lateral angle of 
view are required, the extracavitary approach can 
be utilized. This involves resection of the facet 
joint, the pedicle of the caudal level, the medial 
rib head, and the costotransverse articulation. 
The goal is to stay extrapleural and allow for 
greater access to the lateral and ventral aspects of 
the dura. The advantages of this approach are 
similar to that of the transthoracic approach and 
include excellent visualization. Disadvantages 
include extensive bony resection and soft tissue 
dissection.     

 Video-assisted thoracoscopic surgery (VATS) 
has been explored as a minimally invasive alter-
native to previously described posterolateral and 
transthoracic approaches. The patient is placed 
in the lateral decubitus position, with ventilation 
accomplished via a double lumen endotra-
cheal tube, allowing collapse of the ipsilateral 
lung. Three endoscopic ports are placed. Once 
the appropriate level has been con fi rmed by 
 fl uoroscopy, the technique applied is similar to 
that of a transthoracic approach. Proponents of 
this approach have cited decreased operative 
time, less blood loss, lower duration of chest tube 
use, less use of narcotic pain medication, and 
shorter length of hospitalization. In addition, a 
decreased incidence of intercostal neuralgia is 
noted, as is improved postoperative pulmonary 
function, when compared to a transthoracic 
approach. In the upper thoracic spine, shoulder 
girdle dysfunction is also lessened when com-
pared to open procedures  [  7,   18,   19  ] . 

 In a report by Cornips et al., several patients 
who developed acute myelopathy secondary to a 
TDH were treated at a referral center between 1 
and 9 days after onset of neurologic dysfunction. 
All patients, even those with a profound de fi cit, 
had a remarkable recovery. Therefore, myelopa-
thy secondary to TDH, despite its insidious 
course in some cases and resultant delays in pre-
sentation or referral, should be regarded as a sur-
gically treatable disease  [  10  ] .  

    14.8   Postoperative Care 

 The extent of postoperative care is partly depen-
dent on which approach was utilized. For poste-
rolateral approaches that do not violate the 
pleural cavity, patients may ambulate out of bed 
shortly after surgery. In contrast, anterior 
approaches require the insertion of a chest tube 
and extensive pulmonary therapy. Similar to 
lumbar discectomy, the basic postoperative 
goals include safe ambulation and suf fi cient 
oral pain control prior to discharge to a home 
setting. With signi fi cant neurological compro-
mise, placement in acute or subacute rehab may 
be necessary.  

    14.9   Potential Complications 

 Excluding the poor results of laminectomy alone, 
the overall rates of morbidity and mortality are 
similar for all the approaches previously men-
tioned  [  8,   16  ] . There are several potential compli-
cations encountered with the surgical treatment 
of TDHs. 

 A dural tear resulting in a cerebrospinal  fl uid 
leak has a reported incidence of 0–15 %. In rare 
instances, a durotomy is necessary to completely 
decompress the neural elements in the setting of 
an intradural TDH. In other cases, the herniated 
disc may be adherent to the dura and incidental 
durotomy may occur. Regardless, typical man-
agement of the durotomy generally ensues with 
primary repair, if possible, and the use of a sup-
plemental graft or synthetic material and/or pos-
sible  fi brin glue application  [  16,   20  ] . 
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 Postoperatively, some patients may have either 
worsening or retained neurologic de fi cit, and one 
must ensure that a retained disc or disc fragment 
is not the cause  [  11  ] . Neurologic deterioration is 
rare with all modern approaches. A thorough 
neurologic exam should be performed pre- and 
postoperatively. If necessary, advanced imaging 
may be necessary. 

 Postoperative instability may manifest as wors-
ening kyphosis, compression fracture, or worsen-
ing neurologic status. Kyphosis and compression 
fractures may be treated with bracing, if appropri-
ate. Repeat surgery may be necessary if bracing 
fails and/or a worsening neurologic picture 
develops. 

 Several methods to counteract wrong-level 
surgery have been described. These include 
meticulous counting of ribs on pre- and intra-
operative imaging and the use of preoperative 
localization with interventional radiology 
methods  [  11  ] . 

 Pulmonary complications may occur. This 
potential increases in those with preexisting pul-
monary system comorbidities or decreased phys-
iologic reserve and/or in those patients undergoing 
a transthoracic approach. Postoperative respira-
tory therapy is employed in all patients. 

 Infection reports range for 0–18 %. The sever-
ity ranges from super fi cial wound infection to 
osteomyelitis/discitis with secondary vertebral 
body collapse to sepsis. Preoperative antibiotic 
administration within 1 h of incision and postop-
erative prophylactic antibiotics for 24 h helps 
reduce this risk  [  16  ] . 

 A speci fi c complication seen with the transt-
horacic approach is intercostal neuralgia. This 
can occur with rib resection or rib retraction sec-
ondary to either direct mechanical compression 
from retractors or from stripping of the neurovas-
cular supply to the intercostal nerve during 
 dissection. Ghanayem and Bohlman have dis-
couraged the use of nerve blocks to control inter-
costal postoperative pain, following their report 
of two patients who experienced transient para-
plegia with this technique. Preoperative counsel-
ing regarding this potential complication is 
important  [  12  ] . 

  Questions (Typical In-Training Exam-Type 
Questions) 
     1.    A 55-year-old woman presents to the emer-

gency room with insidious onset of mid-level 
back pain and no history of apparent trauma. 
She has a history of lumbar disc herniation 
treated with discectomy in the past. She notes 
a progressive weakness of her lower  extremities 
and over the next few hours after presentation 
becomes paraplegic. XR and MRI are ordered 
which show a central, midline disc herniation. 
What is the next step in management?
   (a)    Laminectomy for decompression  
   (b)     Transthoracic decompression and interbody 

fusion  
   (c)    Transthoracic decompression  
   (d)    CT scan  
   (e)    Bone scan     
 Preferred Response (d): This patient’s presen-
tation and progressive neurologic de fi cit war-
rant signi fi cant concern. Appropriate imaging 
studies reveal a central, midline thoracic disc 
herniation. An important step in preoperative 
planning for patients who require decompres-
sion is to obtain a CT scan. This study will 
delineate the level of calci fi cation that may 
exist within the herniated disc, if any, and 
highlight the bony anatomy that may need 
removal during decompression.  

    2.    Which of the following surgical approaches to 
thoracic disc herniation is associated with 
signi fi cantly worse outcomes and has been 
abandoned for the most part?
   (a)    Transthoracic  
   (b)    Posterolateral  
   (c)    Minimally invasive  
   (d)    Posterior laminectomy  
   (e)    Lateral extracavitary     
 Preferred Response (d): Initial attempts at 
decompression were done by a posterior-based 
laminectomy. Logue reported in 1952, how-
ever, severe complications with this technique, 
including worsening of neurologic de fi cits, in 
the majority of patients. Both mechanical 
injury and vascular insult to the spinal cord 
may occur  [  15  ] . Others have shown that even a 
minor kyphotic deformity progression can 
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occur from laminectomy and may tether the 
cord over incompletely removed disc or osteo-
phytes, thereby hastening a neurologic de fi cit.  

    3.    Which of the following surgical approaches 
provides optimum visualization of the ventral 
aspect of the dura and should be utilized, in 
particular, for those patients with a symptom-
atic central, calci fi ed thoracic disc herniation?
   (a)    Transthoracic  
   (b)    Transpedicular  
   (c)    Costotransversectomy  
   (d)    Posterior  
   (e)    Lateral extracavitary     
 Preferred Response (a): The transthoracic 
approach allows for resection of the caudad 
pedicle and then if warranted, cephalad and 
caudad vertebral bodies, thus affording max-
imum exposure of the ventral aspect of the 
dura.           
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          15.1   Introduction 

 Low back pain is the second most common pre-
senting symptom of patients seeking medical 
care in the USA  [  1  ]  affecting nearly 70 % of the 
population at some point in time with varying 
degrees of severity  [  2  ] . Due to the complexities 
inherent in the anatomy of the spine as well as the 
bio-psychosocial variables in patients af fl icted 
with low back pain, there are numerous treatment 
modalities marketed toward the treatment of low 
back pain. The USA spends an estimated 100 bil-
lion dollars per year  [  3  ]  attempting to treat this 
disorder. 

 When treating patients with low back pain, it 
is important to differentiate the nature of the pain 
as it may be complicated by radiculopathy, 
de fi ned as pain radiating in the distribution of a 
single lumbar or sacral nerve root with or without 
motor or sensory changes. Lumbar disc hernia-
tion (LDH) is the most common cause of radicu-
lopathy in adults with an estimated annual 
incidence ranging from 1.6 % in the general pop-
ulation to 43 % in certain occupations  [  4  ] . The 
symptoms of radiculopathy are due to the  direct 
mechanical compression  on a nerve root as well 
as the  in fl ammatory mediators  present when disc 
material enters the spinal canal. 

 The symptoms of radiculopathy that patients 
experience are variable. Depending on the degree 
of compression on the nerve root as well as the 
location of the compression, patients may experi-
ence a spectrum of symptoms including pain, 
numbness, tingling, and weakness. Rarely, cauda 
equina syndrome may develop secondary to a 
large disc herniation and is characterized by bowel 
and/or bladder dysfunction with associated saddle 
anesthesia, decreased rectal tone, and bilateral 
lower extremity symptoms. Cauda equina syn-
drome will be discussed in detail later in this 
chapter, but it is important to realize that this situ-
ation, unlike the other symptoms of LDH, requires 
emergent evaluation. Most symptoms of radicul-
opathy resolve with time and nonoperative modal-
ities such as medications, activity modi fi cation, 
physical therapy, and injections. However, if non-
operative treatments are unsuccessful, surgical 
decompression may be recommended in patients 
with intractable pain, motor dysfunction, and/or 
sensory dysfunction. 

 The surgical techniques for decompressing the 
offending structure causing radicular symptoms 
have evolved quite dramatically over the last sev-
eral decades, but the principles of surgery have 
been maintained which is to adequately decom-
press the neural elements. In approximately 90 % 
of cases, radiculopathy is secondary to a disc her-
niation, but other causes of nerve root compression 
such as adjacent level central and lateral recess 
stenosis, facet cysts, and less commonly tumors 
may be the underlying cause  [  5  ] . Therefore,  surgical 
techniques for addressing radiculopathy secondary 
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to an LDH are referred to as a discectomy. 
Discectomy remains the most commonly per-
formed lumbar spine procedure with over 250,000 
operations performed annually in the USA  [  6  ] . 
Although discectomy can be an effective operation, 
it carries signi fi cant risk and requires careful patient 
selection and meticulous surgical technique. 

 In this chapter, we will review the anatomy, 
clinical presentation, natural history of lumbar 
spine disc herniations, as well as the role and out-
comes of nonoperative and operative treatment 
modalities.  

    15.2   Anatomy and Pathology 

 The intervertebral disc is composed of an outer 
annulus  fi brosis and an inner nucleus pulposus. 
Each component of the intervertebral disc has 
unique mechanical and structural properties. The 
annulus  fi brosis consists of an inner and outer layer. 
The outer component is primarily tightly packed 
sheets of interlocked type I collagen and the inner 
layer has a higher proteoglycan content and is less 
organized. The annulus provides tensile strength to 
the disc and completely encapsulates the nucleus 
pulposus. The nucleus pulposus is more gelatinous, 
composed of type II collagen and proteoglycans 
that attract water molecules to provide hydrostatic 
resistance to compression. With aging, the disc 
dessicates, the compressive strength of the nucleus 
diminishes, and increased stress is seen by the 
annulus. This can lead to  fi ssuring of the annulus 
and eventually frank disc herniation  [  7  ] . 

 The intervertebral disc is relatively aneural 
and avascular. The blood supply to the vertebral 
body traverses along the periphery of the disc 
along the end plate, but does not enter the disc 
itself. The disc obtains nutrition and disposes of 
waste by diffusional and convective transport 
through its porous matrix. Similarly, the surface 
of the annulus  fi brosis is innervated, but the cen-
tral disc is devoid of neural structures  [  8  ] . 

 When an LDH occurs, it is classi fi ed anatomi-
cally as central (Fig.  15.1 ), paracentral (Fig.  15.2 ), 
foraminal (Fig.  15.3 ), or far lateral (Fig.  15.4 ). 
Central disc herniations occur through the mid-
line of the posterior annulus; due to their central 

location, they less commonly cause a radiculopa-
thy. If central disc herniations are large, they may 
cause symptoms of neurogenic claudication 
(Fig.  15.5 ) or cauda equina syndrome (Fig.  15.6 ). 
Paracentral herniations are the most common 
anatomic variety and occur through the thinner, 
posterolateral border of the posterior longitudinal 
ligament. Due to their anatomic location,  paracentral 
herniations more commonly impinge upon the 
traversing nerve root causing radiculopathy. 

a

b

  Fig. 15.1    ( a ) Sagittal T2-weighted MRI scan of a 
24-year-old female presenting with low back pain exacer-
bated with  fl exion.  Red arrow  denotes a central disc her-
niation at the L4–5 level. ( b ) Axial T2-weighted MRI scan 
with  red arrow  denoting the L4–5 central disc herniation 
without signi fi cant displacement or compression on the 
nerves. Nonoperative care was elected       
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Herniations into the intervertebral foramen and 
far lateral herniations (lateral to the foramen) 
more commonly affect the exiting nerve root 
causing radiculopathy. Lumbar nerve roots exit 
below the pedicle of the corresponding vertebral 
body. Thus, a central or paracentral disc hernia-
tion at the L5/S1 level will likely compress the 
traversing S1 nerve root, and a foraminal or far 
lateral disc herniation will likely impinge upon 
the exiting L5 nerve root.        

 Disc herniations are descriptively classi fi ed as 
protrusions, extrusions, or sequestrations. A pro-
trusion is a small defect in the annulus  fi bers with 
a portion of the nucleus pulposus displaced through 
the annular defect. A disc extrusion involves a 
larger herniation of nucleus material through the 
annular defect. In a protrusion, the diameter of 
the annular defect is larger than the diameter of the 
herniated material, while the diameter of the 
 herniated material is larger than the defect in 

a

c

b

  Fig. 15.2    ( a ) Midsagittal T2-weighted MRI scan of a 
26-year-old male presenting with left S1 radiculopathy 
recalcitrant to nonoperative care. Note that there is no 
nerve compression apparent on this cut. ( b ,  c ) Left-sagittal 
T2-weighted MRI and axial T2-weighted MRI portraying 

large left paracentral disc herniation at L5–S1 compress-
ing and displacing the traversing left S1 nerve root denoted 
by the  red arrow . Patient underwent a left L5–S1 
microdiscectomy       
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a b

  Fig. 15.3    ( a ) Right-sagittal T2-weighted MRI scan of a 
73-year-old male presenting with right L3 radiculopathy 
with associated quadriceps weakness with 3-day relief 
after a L3–4 transforaminal steroid injection.  Red arrow  
denotes right sided L3–4 foraminal disc herniation. ( b ) 
Axial T2-weighted MRI image portraying right L3–4 

foraminal disc herniation compressing and displacing the 
exiting right L3 nerve root denoted by the  red arrow . 
Patient underwent a successful right L3–4 microdiscec-
tomy; note other areas of asymptomatic neural compres-
sion that were not addressed       

  Fig. 15.4    ( a ) Left-sagittal T2-weighted MRI scan in a 
57-year-old male portraying a far lateral disc herniation at 
L3–4 causing a left L3 radiculopathy denoted by the 

 red arrow . ( b ) Axial T2-weighted MRI portraying com-
pression and displacement of the exiting left L3 nerve root 
 red arrow . Patient underwent a far lateral discectomy       

a b
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a b

  Fig. 15.5    ( a ) Midsagittal T2-weighted MRI in a 28-year-
old male at L2–3 with the insidious onset of bilateral 
lower extremity weakness/numbness/tingling while erect 
consistent with neurogenic claudication.  Red arrow  
denotes large central disc herniation displacing the thecal 

sac and compressing the rootlets. ( b ) Axial T2-weighted 
MRI portraying the large central disc herniation ( red 
arrow ) and the severe central stenosis it causes on the 
compressed thecal sac ( yellow arrow ). Patient underwent 
L2–3 laminectomy       

a b

  Fig. 15.6    ( a ) Midsagittal T2-weighted MRI in a 32-year-
old male at L4–5 after he noted a pop in his back after 
lifting a 100-lb object while at work. Patient noted imme-
diate pain with progressive bilateral lower extremity 
weakness, saddle anesthesia, and complete urinary reten-
tion over the ensuing 12 h. Patient presented to the 

 emergency department and underwent an emergent L4–5 
laminectomy. Disc herniation is denoted by  red arrow . ( b ) 
Axial T2-weighted MRI showing severe central stenosis 
with large disc herniation ( red arrow ) compressing the 
thecal sac ( yellow arrow ) at L4–5       
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the annulus in a disc extrusion. A sequestered disc 
herniation is an    unattached fragment of disc mate-
rial that has been separated from the disc. Finally, 
disc herniation must be differentiated from a 
disc bulge, which is a diffuse, prominent bulge of 
annulus  fi brosis into the spinal canal. 

 In 1–6 % of patients with LDH, the compres-
sion of the nerve roots within the spinal canal is 
severe enough to cause cauda equina syndrome 
 [  9,   10  ] . The pathophysiology of cauda equina 
syndrome is unknown but likely related to 
mechanical compression as well as venous con-
gestion and ischemia of the rootlets caudad to the 
herniation. This syndrome is de fi ned by the pres-
ence of bowel or bladder dysfunction, saddle 
anesthesia, and varying degrees of decreased 
motor and sensory function (decreased rectal 
tone is usually a late  fi nding)  [  11  ] . Cauda equina 
is a clinical diagnosis usually made by history 
and physical exam  accompanied by magnetic 
resonance imaging (MRI) to identify the ana-
tomic location of the  space-occupying lesion. 
Treatment is emergent surgical decompression of 
the spinal canal.  

    15.3   Clinical Presentation, Physical 
Exam, and Imaging 

 Evaluation of a patient with a suspected lumbar 
disc herniation begins with a thorough history 
and physical exam. The primary complaint of 
most patients with lumbar disc herniations is 
radicular pain in the lower extremity with or 
without concomitant back pain. The pain from 
an LDH should follow the speci fi c dermatome 
of the involved nerve root (Fig.  15.7 ). It is 
important to ascertain the intensity and quality 
of the pain and the progression of the patient’s 
symptoms over time. Any history of weakness 
or numbness in the lower extremities may indi-
cate nerve irritation or injury. Physical examina-
tion should consist of a thorough neurologic 
exam to look for sensory de fi cits, motor weak-
ness, or abnormal re fl exes (patellar, achilles, 
clonus, and babinsky). Any motor weakness or 
altered re fl exes should occur in the  corresponding 
nerve distribution as well. Tension signs should 
also be attempted to be elicited including the 

femoral stretch test or the straight leg raise. If 
   patient’s symptoms do not correlate with the 
suspected nerve root and do not follow the ana-
tomic dermatomal pattern, then suspicion should 
be raised prior to embarking upon surgical 
decompression. 

 The history of bowel or bladder dysfunc-
tion and/or bilateral lower extremity symptoms 
suggests a possible cauda equina syndrome and 
warrants emergent evaluation. Peri-anal sensa-
tion and a rectal exam are also indicated in the 
patient with possible cauda equina syndrome. 

 Prior to obtaining any imaging studies, it is 
important that a thorough history and physical 
exam be obtained. Depending on the level of 
suspicion and magnitude of presenting signs/
symptoms, advanced imaging may be neces-
sary. In the absence of any red  fl ags (tumor, 
trauma, infection, and/or neurologic injury) 
(Table  15.1 ),    the acquisition of upright plain 
radiographs, including dynamic  fl exion/exten-
sion views, is recommended after a course 
of nonoperative therapy has been attempted, 
typically for 6 weeks. If red  fl ags are present, 
advanced imaging (computed tomography and/
or magnetic resonance imaging) should proceed 
without delay.  

 Plain radiography may reveal evidence of 
spondylotic changes, demonstrate spinal instabil-
ity including disc space collapse, facet arthropa-
thy, and vertebral endplate sclerosis. Plain 
radiography also has the advantage of quickly and 
easily obtaining standing  fl exion and extension 
images that may demonstrate spinal instability 
not seen in supine MRI and CT imaging. The 
presence of congenital stenosis, dynamic instabil-
ity (spondylolisthesis), trauma, tumor, or infec-
tion on plain radiographs usually warrants 
acquisition of advanced imaging. 

 Magnetic resonance imaging (MRI) remains 
the gold standard in evaluating the soft tissues of 
the lumbar spine including the discs, ligaments, 
and neural elements. Due to the sensitivity of 
MRI in visualizing abnormalities of the soft tis-
sues, it is important to correlate MRI  fi ndings 
with the patients signs/symptoms, as mentioned 
previously. MRI will allow excellent visualization 
and localization of a disc herniation as well as 
rule out any other pathology. 
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 When evaluating patients with radiculopathy, 
computed tomography (CT) scanning with 
 myelography still plays a vital role especially if 
contraindications to performing an MRI scan 
exist (pacemaker, foreign bodies, etc.). Even 

though CT myelography is an invasive procedure, 
it can delineate osseous sources of compression 
from soft tissue sources that may not be well 
visualized on MRI scanning, as seen in the set-
ting of foraminal stenosis.  

Levels of principal dermatomes

C5  Clavicles
C5, 6, 7 Lateral parts of upper limbs
C8, T1 Medial sides of upper limbs
C6  Thumb
C6, 7, 8 Hand
C8  Ring and little fingers
T4  Level of  nipples

T10  Level of umbilicus
L1  Inguinal or groin regions
L1, 2, 3, 4  Anterior and inner surfaces of lower limbs
L4, 5, S1 Foot
L4  Medial side of great toe
S1, 2, L5 Posterior and outer surfaces of lower limbs
S1 Lateral margin of foot and little toe
S2, 3, 4 Perineum

Schematic demarcation of dermatomes
(according to Keegan and Garrett)
shown as distinct segments. There is
actually considerable overlap between
any two adjacent dermatomes. An
alternative dermatome map is that
provided by Foerster (see References).
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  Fig. 15.7    Diagram of the dermatomal distribution of the sensory innervation of the upper and low limbs. Reproduced 
from “Aids to the examination of the peripheral nervous system”       
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    15.4   Etiology/Natural History 

 Although deformity of the spinal column was 
 fi rst associated with sciatic pain over 230 years 
ago  [  12  ] , our understanding of the etiology and 
natural history of lumbar disc herniations remains 
incomplete. Advanced age and male gender are 
risk factors for disc herniations  [  13  ]  while smok-
ing and mechanical stress also contribute to a 
smaller degree to disc degeneration  [  13,   14  ] . The 
dominant risk factor for disc disease has been 
shown to stem from an inherited element  [  15, 
  16  ] . However, the underlying genetic cause of 
this heritable risk remains unknown. Variations 
in the collagens and other extracellular matrix 
components likely play a role, but we are only 
now beginning to scratch the surface of this com-
plex genetic process. 

 The natural history of lumbar disc herniations 
is also largely unknown. True natural history 
studies simply do not exist, as contemporary 
studies treat nonoperative patients with variable 
physiotherapy protocols. Research has revealed 
that disc herniations most commonly occur in 
the fourth and  fi fth decades of life, are more 
common in men, and are clinically silent in 
approximately 95 % of patients  [  17  ] . The life-
time risk of surgical intervention for a disc her-
niation is estimated between 1 and 3 %. Clinical 
practice has vacillated over the years between 
nonoperative modalities and surgical treatment 
as new data have emerged. Several excellent pro-
spective, randomized studies currently guide 
treatment of disc herniations and are discussed in 
detail.  

    15.5   Nonoperative Treatment 
Strategies 

 The nonoperative care of lumbar disc herniations 
commonly includes bed rest, pharmacotherapy, 
physical therapy, activity modi fi cation, and epi-
dural/transforaminal steroid injections. 
Recommended bed rest has never been shown to 
impact functional outcomes, but a randomized 
trial by Deyo et al. reported that recommending 
2 days of bed rest rather than 7 days did decrease 
the number of days of work missed without 
impacting any other outcome measure  [  18  ] . The 
most common medications used in the treatment 
of LDH are nonsteroidal anti-in fl ammatory drugs 
(NSAIDs), oral steroids, and muscle relaxants. 
NSAIDs have been extensively studied for low 
back pain (LBP), and a Cochrane review of 51 
clinical trials concluded that they were bene fi cial 
in the treatment of acute LBP. This is logical 
especially considering a signi fi cant proportion of 
the pain may be caused by in fl ammation around 
the nerve. There was no evidence that NSAIDs 
are more effective than muscle relaxants or ste-
roids, and no speci fi c NSAID was proven supe-
rior to another  [  19  ] . 

 Another important modality commonly pre-
scribed for patients with LBP/LDH is physical 
therapy. Unfortunately, physical therapy is inher-
ently dif fi cult to study due to the variation in 
methodologies performed, timing of treatments, 
and many other variables. However, in general, it 
has been shown to reduce self-reported pain 
scores, decrease time away from work, and result 
in less disability  [  20  ] . 

 When the more conservative approaches to 
nonoperative treatments fail, many patients with 
radiculopathy are considered for either epidural 
and/or transforaminal injections. The goal of 
injections is twofold: (1) provide therapeutic 
relief to the patient and (2) provide diagnostic 
information to the treating physician. The mode 
of action of epidural and transforaminal injec-
tions is to reduce in fl ammation around the herni-
ated disc material and involved nerve root. Both 
of these procedures have gained popularity in 

   Table 15.1    Red  fl ags   

 • Recent trauma 

 • Night pain 

 • Systemic signs (fever, night sweats) 

 • Progressive worsening of back pain 

 • Cord level symptoms 

 • Neurologic defi cit 
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recent years. Flouroscopically guided transfo-
raminal steroid injections are indicated in patients 
presenting with predominantly unilateral leg 
symptoms  [  21  ] . In a prospective randomized trial 
of patients with a symptomatic LDH, patients 
received either an epidural steroid injection or 
surgery after a 6-week trial of conservative care. 
Even though they reported positive results in 
42–56 % of patients who received an epidural 
injection with relief that ranged from weeks to 
years, these results were overshadowed by those 
who underwent surgical decompression. In this 
study, they reported faster resolution of symp-
toms and a 92–98 % satisfaction rate  [  22  ] . With 
that said, epidural and transforaminal steroid 
injections play a vital role in the treatment of 
patients with LDHs and carry a lower risk pro fi le 
than surgical techniques.  

    15.6   Operative Treatment 
Strategies 

    15.6.1   Patient Selection 

 Patient selection is integral to obtaining clinical 
improvement from surgical treatment of lumbar 
disc herniation. Surgical candidates should have 
clinical  fi ndings consistent with lumbar radicul-
opathy for greater than 6 weeks despite nonoper-
ative interventions and MRI-documented evidence 
of a disc herniation at the corresponding level 
as mentioned previously. Other causes of the 
patient’s symptoms such as abscess, tumor, hema-
toma, and spinal stenosis must be ruled out by 
examination and imaging studies. Patients with 
cauda equina syndrome require emergent surgical 
decompression to attempt to prevent permanent 
bladder and bowel dysfunction. Similarly, patients 
with decreased strength in the appropriate nerve 
distribution or with a progressive neurologic 
de fi cit are indicated for urgent decompression to 
maximize postoperative neurologic function. 
However, in the absence of neurologic de fi cits, 
conservative treatment should be attempted for a 
period of 6 weeks to 3 months.  

    15.6.2   Treatment Outcomes    

 The surgical treatments for LDH have histori-
cally had excellent results when performed on 
patients meeting the above criteria. Despite the 
excellent reported results, these Level 3 and 
higher studies reported small sample sizes, study 
design limitations, and failure to plan for high 
crossover rates that limited the strength of these 
studies. Due to that, there have been several 
Level-1 studies performed comparing the effec-
tiveness of discectomy versus nonoperative care 
Table  15.2 .  

 The  fi rst such study was performed by Weber 
 [  23  ]  and was a prospective randomized controlled 
trial. In this study, 126 patients with persistent 
radiculopathy and evidence of LDH at L4/5 or 
L5/S1 were randomized to operative versus non-
operative treatment. At 1-year follow-up, 92 % of 
operatively treated patients reported fair to good 
outcomes, while only 61 % of nonoperatively 
treated patients could report the same outcomes. 
This trend of superior functional outcomes in the 
surgically treated group continued at 4 and 
10-year follow-up but was only statistically 
signi fi cant at the 1-year postoperative exam. He 
concluded that most patients with LDH will 
improve during the  fi rst 3 months, and operative 
intervention should be reserved for patients with 
continued symptoms after this trial of conserva-
tive therapy. 

 The Weber study was criticized for the small 
number of patients randomized, the inclusion 
of only a single treatment center, and inclu-
sion of patients treated over 30 years earlier. In 
an attempt to address these issues, the Maine 
Lumbar Spine Study group  [  24  ]  completed a 

   Table 15.2    Indications for surgery   

 • Cauda equina syndrome 

 • Severe weakness 

 • Progressive weakness 

 • Severe debilitating pain 

 • Failure of conservative treatment 
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prospective cohort study in patients with LDH to 
evaluate surgical and nonsurgical treatment out-
comes in a contemporary USA practice. Of 507 
eligible consenting patients initially enrolled, 
10-year outcomes were available for 400 of 477 
(84 %) surviving patients, 217 of 255 (85 %) 
treated surgically, and 183 of 222 (82 %) treated 
nonsurgically. At 10-year follow-up, a larger 
proportion of surgical patients reported that their 
low back and leg pain were much better or com-
pletely gone (56 % vs. 40 %,  P  = 0.006) and were 
more satis fi ed with their current status (71 % vs. 
56 %,  P  = 0.002). Change in the modi fi ed Roland 
back-speci fi c functional status scale favored sur-
gical treatment, and the relative bene fi t persisted 
over the follow-up period. They concluded that 
surgically treated patients with a herniated lum-
bar disc had more complete relief of leg pain 
and improved function and satisfaction com-
pared with nonsurgically treated patients over 
10 years. 

 Most recently, Weinstein et al.  [  25  ]  in 2008 
completed a multicenter prospective, random-
ized study with a concurrent observational cohort 
study to more rigorously study the results of 
 surgical and nonoperative treatment for lumbar 
disc herniation known as the SPORT trial. 
Patients were enrolled into prospective, random-
ized (501 participants), and observational cohorts 
(743 participants) at 13 spine clinics in 11 US 
states. Interventions were standard open discec-
tomy versus usual nonoperative care. The main 
outcome measures were changes from baseline 
in the SF-36 bodily pain (BP) and physical func-
tion (PF) scales and the modi fi ed Oswestry 
Disability Index (ODI) assessed at 6 weeks, 
3 months, 6 months, and annually thereafter. At 
the 4-year follow-up analysis, those receiving 
surgery demonstrated signi fi cantly greater 
improvement in all the primary outcome mea-
sures. The percent working was similar between 
the surgical and nonoperatively treated groups, 
84.4 % versus 78.4 %, respectively. They con-
cluded that patients who underwent surgery for a 
lumbar disc herniation achieved greater improve-
ment than nonoperatively treated patients in all 
primary and secondary outcomes except work 
status.  

    15.6.3   Complications 

 Despite the bene fi ts that surgical treatments pro-
vide to patients, there are also complications 
associated with any surgical procedure. The most 
common risks that are inherent to performing a 
discectomy include the possibility of recurrent 
disc herniation, dural tear, and postoperative 
wound infection. Other rare complications that 
have been reported include nerve root injury, vas-
cular injury, and bowel injury. Another issue that 
has arisen recently and one that patients often 
inquire about, though more applicable after a 
fusion is performed, is the risk that another spine 
operation will be required in the future. Atlas 
et al.  [  24  ]  followed patients for 10 years who ini-
tially presented with radiculopathy, and the rates 
of lumbar spine reoperation in patients are 25 % 
after discectomy if followed for 10 years, but the 
rate of operation in patients never having had 
lumbar spine surgery are also 25 % if followed 
for 10 years in this patient population. Thus, sur-
gery does not increase the risk of additional sur-
gery in the subsequent 10 years. 

 The overall risk of recurrent disc herniation is 
reported to be between 5 and 15 %  [  25,   26  ] . 
Research has shown that 2 years after discectomy, 
nearly 25 % of patients will have MRI evidence of 
recurrent herniation at the same level. However, 
less than half of these herniations were symptom-
atic and required any treatment. Initial attempts at 
treating recurrent disc herniations with nonopera-
tive modalities should be entertained just as they 
are for primary LDHs, but revision discectomy 
can be performed with good results, albeit with 
overall increased health care cost to society 
  [  27–  29  ] . However, a third herniation at the same 
level or subsequent instability of the motion seg-
ment may require a fusion to avoid further recur-
rent symptoms from that diseased disc. 

 The risk of dural tear has been reported to be 
between 2.7 and 8.7 % for primary discectomy 
procedures with higher rates seen in minimally 
invasive approaches  [  30  ] . The risk of dural tear 
lies not in the meningeal injury that is sustained, 
recognized, and appropriately treated at the 
time of surgery but rather in the unrecognized 
or postoperative tear that can lead to wound 
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dehiscence or pseudomeningocele formation. 
Pseudomeningocoele can cause recurrent back 
or leg pain and often requires surgical treatment 
to excise the mass and repair the meningeal 
defect  [  29  ] . 

 Surgical site infections after a discectomy for 
an LDH occur in approximately 0.1–0.5 % of 
patients, with diabetic, immunocompromised, 
and elderly patients at the greatest risk  [  31  ] . 
Infections are often diagnosed by increasing back 
pain, fevers, chills, erythema, or drainage about 
the incision and/or increasing in fl ammatory 
markers (WBC, ESR, and CRP). Any deep infec-
tion after discectomy should be considered a dis-
citis until proven otherwise and treated with 
surgical irrigation and debridement with intrave-
nous antibiotics.   

      Conclusion 

 Lumbar disc herniation with radiculopathy 
remains one of the most common clinical enti-
ties encountered in spine care today. The diag-
nosis causes signi fi cant disability and distress 
among patients and has a large economic 
impact on society. A thorough understanding 
of the clinical presentation, pathologic mecha-
nism, and treatment algorithm of disc hernia-
tions is crucial to treating this common disease. 
Initial management with nonoperative mea-
sures such as NSAIDs, activity modi fi cation 
physical therapy, and steroid injections are 
often successful, but patients must be screened 
for red  fl ags that necessitate further workup 
or emergent surgical intervention. Surgical 
decompression has proven effective for patients 
that fail conservative management, but the sur-
geon and the patient must understand the small 
but signi fi cant risk of complications.      
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    16.1   Pathophysiology    

 Simply described, lumbar stenosis is a narrowing of 
the spinal canal with its bony and soft tissue ele-
ments  [  11  ] . Lumbar congenital stenosis occurs 
when anatomic variations in the lumbar spinal anat-
omy lead to a narrow canal and is typically present 
in multiple levels in younger patients with less 
degenerative changes  [  10  ] . Achon droplastic dwarfs 
are also commonly affected by this condition much 
more than the general population  [  6  ] . In degenera-
tive lumbar stenosis during the course of aging, disk 
degeneration results in loss of disk height. With loss 
of disk height, the annulus  fi brosus bulges, imping-
ing the dural sac anteriorly; posteriorly, the liga-
mentum  fl avum buckles also impinging on the 
neural elements (Figs.  16.1  and  16.2 ). Laterally, the 
facet joints may degenerate with osteophytes, thick-
ened capsules, or synovial cysts also causing steno-
sis most commonly from the superior facet of the 
inferior vertebral body (Fig.  16.3 ).    
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  Fig. 16.1    Sagittal T2 MRI demonstrating spinal stenosis       

  Fig. 16.2    Axial T2 MRI demonstrating spinal stenosis       
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 More precisely, spinal stenosis may be divided 
into central stenosis, lateral recess stenosis, and 
foraminal stenosis. Central stenosis is de fi ned as 
impingement over the dural sac, and lateral recess 
stenosis is the area of compression between the 

dural sac and the beginning of the neural foramen. 
The foreman lies between the pedicles with the 
lateral disk anterior and the facet and ears dorsal. 
Close inspection of preoperative imaging is 
required for surgical planning. Commonly associ-
ated with lumbar spinal stenosis is degenerative 
lumbar spondylolisthesis which most commonly 
presents at the L4–5 level in adult females, though 
L5–S1 spondylolisthesis also commonly occurs 
with isthmic spondylolisthesis (Fig.     16.4 ).   

    16.2   History 

 Patients typically present in the  fi fth to seventh 
decades and symptoms may have an insidious 
onset. Patients may present in a variety of ways, 
and there is no feature which is considered pathog-
nomonic; however, a typical symptom is low back 
pain with radiation down to the buttocks and legs 
 [  1  ] . Patients may describe improvement in their 
symptoms with a forward- fl exed posture (leaning 
on a shopping cart, cycling, walking up a hill) 
where the cross-sectional area of the canal 
increases slightly; conversely, symptoms worsen 
with activities in an erect posture. This is known 
as neurogenic claudication. Common in the age 
group is peripheral vascular disease, causing vas-
cular claudication which must be differentiated 
from neurogenic claudication. In vascular claudi-
cation, the symptoms improve with rest and do 
not require sitting or  fl exing forward to relieve the 
discomfort. Also, in vascular claudication, patients 
may complain of calf pain and diminished pulses. 
A history of long-standing diabetes mellitus in a 
non-dermatomal sensory disturbance may also 
indicate peripheral neuropathy rather than spinal 
stenosis. Although cauda equina syndrome is rare 
with spinal stenosis, it is prudent to question 
whether there are symptoms of incontinence and 
perineal numbness (“saddle anesthesia”).  

    16.3   Physical Examination 

 The history of spinal stenosis is important in diag-
nosing lumbar spinal stenosis as there is no one 
speci fi c physical examination  fi nding which 
diagnoses someone with spinal stenosis. Most 

  Fig. 16.3    Axial T2 MRI demonstrating a left-sided 
facet cyst       

  Fig. 16.4    Lateral radiograph demonstrating spondylolis-
thesis at L5–S1       
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 commonly, patients present with a completely 
normal exam; however there are some subtle 
 fi ndings that may be present. Upon examination, 
patients may have gait abnormalities and may 
walk with a forward- fl exed posture which may 
alleviate their symptoms of spinal stenosis. Also, 
patients may display tenderness in the lower back, 
buttocks and have a positive straight leg raise if 
there is nerve root entrapment associated with a 
herniated disk. 

 Conversely, sensation may be altered espe-
cially in patients with long-standing diabetes mel-
litus, and a non-dermatomal pain distribution may 
point to a peripheral neuropathy. Muscle weak-
ness should also be noted. Deep tendon re fl ex 
asymmetry should also be tested for, although 
loss of deep tendon re fl exes may occur with aging. 
Hyperre fl exia should be also examined closely in 
this population as myelopathy commonly occurs 
in this age group. The hip must also be examined 
to rule out hip pathologies, and pulses should be 
taken to rule out vascular etiologies.  

    16.4   Diagnostic Studies 

 Standing radiographs with  fl exion and extension 
views are essential in the workup of spinal steno-
sis as it may delineate otherwise subtle instabili-
ties of the spine. Bony lesions, spondylosis, and 
spinal alignment are shown with radiographs. 
MRI is the most common modality to visualize 
the soft tissue and neural elements and must be 
carefully examined to identify the particular spi-
nal level of and particular area of stenosis. 
Computed tomography (CT) with myelography 
is useful in patients with previous surgery and 
contraindication to magnetic resonance imaging 
(MRI) scanning (pacemakers, cochlear implants). 
This is, however, an invasive procedure where 
contrast medium is injected into the spinal canal, 
and post-procedure headaches are not uncom-
mon with this procedure. Disk herniations or 
facet cysts must be identi fi ed which may pro-
duce radicular symptoms. Patients may also be 
referred for electrophysiological studies (EP) 
(EMG, nerve conduction velocity) if nonorganic 
extremity pain or peripheral neuropathy is 
suspected.  

    16.5   Nonoperative Treatment 

 Nonoperative modalities remain the foundation of 
initial treatment of the patient. Activity modi fi cation 
and nonsteroidal medication (NSAIDs) have proven 
to be effective in treating the in fl ammatory compo-
nent of pain. NSAIDs should be used carefully as 
needed because of the side effects associated with 
long-term use such as ulcers, renal dysfunction, and 
cardiovascular events  [  7  ] . Narcotic and muscle-
relaxants should only be used acutely because of 
the serious side effects such as constipation, drows-
iness, and habit-forming potential. Oral corticoster-
oids have proven to be effective acutely for radicular 
symptoms however must be used only temporarily 
because of known long-term side effects such as 
glucose intolerance and avascular necrosis. Tricyclic 
antidepressants (TCA) are effective for dysesthetic 
nerve pain and may help patients achieve sleep if 
the pain causes sleep disturbances. After the acute 
phase of pain has been controlled, physical therapy 
should be initiated to strengthen the core muscles 
and potentially help to stabilize the spine. Flexion-
based exercises can be useful since  fl exion increases 
the diameter of the spinal canal with activities such 
as biking or an inclined treadmill. 

 Epidural steroid injections may be effective in 
particular for radicular-type symptoms and may 
provide temporary relief of symptoms although 
controversy exists for their effectiveness  [  4  ] . It is 
a relatively benign procedure and not only may 
treat the patient but may serve as a good predic-
tor as to who will bene fi t from spinal surgery as 
well. Thus, the utility of injections may be great-
est in their ability to help verify the diagnosis 
and localize the pathology. Potential complica-
tions of epidural include persistent dural leak, 
infection, and epidural bleeding although rare.  

    16.6   Operative Treatment 

    16.6.1   Indications 

 Operative treatment should be considered when a 
patient has failed nonoperative treatment, is suf-
fering from intolerable disability, or has a persis-
tent neurological de fi cit. Medical comorbidities 
must be taken into consideration when deciding 
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to undergo and decide upon the type of surgical 
treatment. Careful preoperative planning must be 
done with the use of proper imaging correlated 
with the history and physical exam  fi ndings. 
Elderly patients with medical issues may bene fi t 
from direct or indirect lumbar decompression  [  9  ] . 
Indications for lumbar fusion in addition to decom-
pression include instability  (spondylolisthesis) 
or extensive decompression causing  iatrogenic 
 instability. In addition, an intraoperative pars 
interarticularis fracture may necessitate fusion.  

    16.6.2   Surgical Decision Making 

 The backbone of surgical treatment of spinal 
stenosis remains adequate decompression at the 
stenotic levels. There are many techniques used 
to decompress the neural elements ranging from 
standard laminectomies to minimally invasive 
tubular decompressions. Laminectomy is the gold 
standard and provides the widest and most direct 
decompression. It includes partial removal of 
both osseous (lamina, facet joints) and soft tissue 
elements (posterior ligamentous complex). This 
must be performed carefully as excess removal 
may contribute to instability in the lumbar spine. 
When performing a laminectomy, at least 50 % of 
each facet-joint complex must be preserved to 
prevent iatrogenic instability. Alternatives to 
laminectomy include laminoplasty in which the 
lamina is undercut and bony elements are pre-
served  [  8  ] . Most of the spinous process and asso-
ciated posterior soft tissue elements remain intact, 
and this is the preference at our institution. 

 Indications for fusion include instability, 
degenerative scoliosis, associated spondylolis-
thesis, back pain after previous decompression, 
or iatrogenic instability. Lumbar fusion may be 
achieved in a variety of ways including nonin-
strumented fusion or instrumented fusion. 
Instrumented fusion results in higher fusion rates; 
higher fusion rates result in better clinical out-
comes  [  5  ] . The most common modern instrumen-
tation used for fusion includes pedicle screws and 
rods in combination with either autogenous bone 
graft or allograft. Use of interbody devices may 
also increase fusion rates providing anterior spi-
nal column support with the ability to re-create 

disk height and resultant increased foraminal 
height and improved lordosis. 

 Finally, indirect decompressions can be an 
option for patients with dynamic stenosis or neu-
rogenic claudication. If the patient is completely 
better with sitting and symptomatic with stand-
ing, a spacer such as an x-stop device can be 
placed between the spinous processes to block 
extension of that level with standing and walking. 
This procedure is relatively new but shows prom-
ise in well-selected patients.  

    16.6.3   Results 

 Lumbar spinal stenosis is a common condition 
and the focus of recent high-quality clinical trials. 
The spine outcome research trial (SPORT) dem-
onstrated that at 2 years, surgically treated patients 
had less pain and better function than those treated 
with nonoperative modalities in the as-treated 
analysis. These patients also had less disability 
 [  12  ] . The Maine lumbar study which prospec-
tively followed up an observational cohort up to 
10 years demonstrated that the surgically treated 
patients did better short term (4 years) while at 
10 years, the results were equivocal  [  2,   3  ] .   

    16.7   Postoperative Care 

 For a fusion, postoperative  fi lms are taken, and 
patients are usually hospitalized for 2–4 days post-
operatively to manage pain and medical stabiliza-
tion. Prophylactic antibiotics are given for 24 h. 
Postoperative closed suction drains may be placed 
and are usually discontinued when producing less 
than 30 cc per 12 h shift. Venodynes or compres-
sion stockings and sequential compression devices 
(SCDs) are continued postoperatively until the 
patient is mobilized, and patients typically do not 
receive anticoagulation unless they were on it pre-
operatively (usually started postoperative day 2 or 
3 to minimize the risk of epidural hematoma). The 
foley catheter is discontinued when the patient is 
mobilized. The wound is inspected before dis-
charge to make sure that there is no erythema, 
drainage, and  fl uctuance. Inpatient physical ther-
apy is undertaken to mobilize the patient, and 
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patient is discharged to either home or an acute/
subacute rehabilitation facility to continue postop-
erative rehabilitation. The patient may be braced 
postoperatively to limit lumbar range-of-motion. 
Patients are usually followed up at 2 weeks, 
6 weeks, 3 months, and 6 months postoperatively.  

    16.8   Complications 

 Dural tears have an incidence up to 8 % of the 
time in primary cases and up to 15 % of the time 
in revision cases. Patients typically complain of 
positional headaches postoperatively. The duro-
tomy is repaired primarily, if possible, intraop-
eratively and placed on 24–48 h of bed rest. 
Neurological de fi cits do occur if a nerve root is 
excessively handled during the decompression or 
there is misplaced hardware. An epidural hema-
toma is rare (<1 %) but may also cause potential 
neurological complications. These patients usu-
ally present with severe back pain which evolves 
into a neurological de fi cit. Close sequential neu-
rological examinations must be performed and 
documented to help prevent  further injury.  

    16.9   Summary 

 Lumbar spinal stenosis is one of the most com-
mon spinal disorders today and projected to 
increase with the aging population with more 
physical demands at a later age. The treatment 
decision must be balanced with the patient 
 lifestyle demands and medical comorbidities. 
Research and new technologies continue to 
evolve to help elucidate the proper treatment and 
techniques to treat this common problem.      
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          17.1   Introduction 

 Spondylolisthesis is the anterior slippage of one 
vertebra on top of another. Several different types 
of spondylolisthesis have been described includ-
ing congenital, isthmic, degenerative, traumatic, 
pathologic, and iatrogenic. This chapter will 
focus on degenerative spondylolisthesis of the 
lumbar spine. Degenerative lumbar spondylolis-
thesis is a relatively common condition that typi-
cally affects persons over the age of 50 and is 
more common in females and those of African 
American decent. Patients typically present with 
a constellation of symptoms that include back 
pain, radiculopathy, and/or neurogenic claudica-
tion. In the absence of progressive neurological 
de fi cit and/or symptoms of cauda equina syn-
drome, treatment begins with a series of nonop-
erative interventions that include physical therapy, 
nonsteroidal anti-in fl ammatory medications, and 
epidural injections. In those patients who fail 
nonoperative treatment, surgical intervention in 
the form of lumbar decompression and fusion has 
proven to provide effective and durable relief of 
symptoms.  

    17.2   Epidemiology 

 The overall incidence of lumbar degenerative 
spondylolisthesis is estimated at 8.7 %  [  7  ] . It 
occurs more commonly in females than males, in 
African Americans than Caucasians, and in indi-
viduals greater than 50 years old. Females may 
be affected more because of increased ligamen-
tous laxity relative to males. It has also been 
shown that there is a high expression of estrogen 
receptors in facet articular cartilage, and this may 
have an implication in the development of this 
condition in postmenopausal women  [  5  ] . The 
most commonly affected level is L4–5. This may 
be secondary to the relative sagittal orientation of 
the facet joint at this level as compared to the 
L5–S1 articulation, making it less able to resist 
forward  fl exion forces.  

    17.3   Pathophysiology 

 Lumbar degenerative spondylolisthesis begins 
with degeneration of the intervertebral disk and 
facet joints. Disk space narrowing leads to buck-
ling of the ligamentum  fl avum, which lies poste-
rior to the thecal sac and contributes to the 
development of stenosis. With progression of 
disk and facet joint degeneration, instability can 
develop, leading to slippage (listhesis) of one ver-
tebra on top of another. With the typical anterior 
slip of the superior vertebra, (i.e., anterolisthesis), 
arthritic changes can progress at that segment, 
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such as osteophyte formation, hypertrophy of the 
ligamentum  fl avum, sclerosis of the subchondral 
bone, and hypertrophy of the facet. These changes 
represent the body’s attempt to stabilize the joint. 
As a result of these compensatory changes, the 
superior vertebra rarely slips more than half the 
distance of the inferior vertebral body as seen on 
a lateral x-ray. The arthritic changes that occur 
are thought to cause lower back pain. Likewise, 
as the vertebra slips anteriorly, stenosis of the spi-
nal canal ensues, particularly in the lateral recess 
and neuroforamen, leading to compression of the 
neural elements.  

    17.4   Evaluation 

 This condition usually presents with lower back 
pain and symptoms of spinal stenosis, including 
neurogenic claudication and/or radiculopathy. 
Less commonly, progressive lower extremity 
weakness and/or bowel/bladder dysfunction can 
occur. These more severe symptoms represent a 
surgical emergency. Patients experiencing neu-
rogenic claudication often complain of buttock 
or proximal thigh pain and numbness, tingling, 
or weakness in the lower extremities. Classically, 
symptoms are worse with walking upright or 
standing and better with sitting or leaning for-
ward (i.e.,  fl exing at the waist). This phenome-
non is exempli fi ed in the “shopping cart sign.” 
The shopping cart sign refers to the ability of 
people with spinal stenosis to exhibit ample 
walking endurance when leaning over and push-
ing a shopping cart. In this position, the lumbar 
spine is  fl exed, creating more room for the neu-
ral elements within the stenotic spinal canal. 
Similarly, patients with stenosis will be able to 
ride a bike with minimal symptoms because 
they are doing so with their body in a  fl exed 
position. It is also typically easier for patients 
with stenosis to walk up a hill as opposed to 
down a hill because the body takes a slightly 
 fl exed position when walking up a hill as 
opposed to a slightly extended position when 
walking down a hill. 

 Neurogenic claudication must be differentiated 
from vascular claudication. Vascular claudication 
is classically relieved by rest as this decreases the 

oxygen demand of muscles. Neurogenic claudica-
tion is classically relieved by a change in position 
( fl exion of the spine) as this decreases compres-
sion on the neural elements. The two are often dif-
ferentiated by having the patient ride a stationary 
bicycle. A patient who solely has neurogenic 
claudication will perform better because of the 
 fl exed position of the spine and the relative pat-
ency of his/her blood vessels supplying the mus-
culature of the lower extremities. 

 This condition can also cause radiculopathy 
(pain, parasthesias, motor and sensory loss in 
the distribution of one speci fi c nerve root). The 
most commonly affected nerve root is L5, which 
usually corresponds to an L4–5 anterolisthesis. 
Symptoms may arise secondary to mechanical 
compression of the nerve or simply due to local 
release of in fl ammatory mediators. When the 
L5 nerve root is affected from an L4–5 spon-
dylolisthesis, it usually occurs because of lat-
eral recess stenosis caused by osteophytes from 
the superior articular facet of L5 and ligamen-
tum  fl avum hypertrophy, in addition to the slip-
page. A more signi fi cant spondylolisthesis can 
lead to neuroforaminal stenosis and compres-
sion of the exiting nerve root (L4 nerve root in 
the case of a L4–5 spondylolisthesis). 
Compression can also be compounded by the 
presence of a herniated disk. 

 Other presenting symptoms include mechani-
cal lower back pain, unsteady gait, frequent falls, 
and even bowel or bladder dysfunction with 
severe stenosis. Low back pain is a relatively 
common complaint in patients with degenerative 
spondylolisthesis. The cause of the pain is con-
troversial, but it is thought to arise primarily from 
the degenerated disk with  fl exion movements and 
the arthritic facets with extension movements. 
Like the lower extremity symptoms, the low back 
pain is often worse with walking or standing and 
improved with sitting. This is referred to as “clau-
dicatory low back pain.” This is opposed to 
patients with discogenic (pain originating from 
the intervertebral disk) low back pain, who typi-
cally have increased pain with sitting. 

 Physical exam should include a thorough neu-
rologic exam including strength, sensation, and 
re fl exes. Likewise, a careful vascular exam should 
also be performed to rule out vascular causes of 
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claudication. Patients may exhibit a stooped pos-
ture, hip  fl exion contractures, weakness/atrophy 
of paraspinal muscles, and loss of lumbar lordo-
sis. Range of motion of the spine may reveal 
increased  fl exion of the lumbar spine and some-
times a palpable step-off of the spinous process at 
the affected level. Patients with this condition 
often have limited lumbar extension. It is not 
uncommon for the neurological exam to be com-
pletely normal in patients with degenerative 
spondylolisthesis and stenosis, although  fi ndings 
of weakness and/or numbness in a particular 
nerve distribution can exist.  

    17.5   Imaging/Classi fi cation 

 Radiographic evaluation begins with standing, 
weight-bearing anteroposterior (AP) and lateral 
x-rays. These are used to evaluate bony architec-
ture, degenerative changes, severity of spon-
dylolisthesis, and any associated deformities such 
as scoliosis. The amount of motion at adjacent 
vertebral segments can also be assessed by obtain-
ing  fl exion and extension lateral x-rays in a supine 
or sitting position. Greater than 3 mm of motion 
when comparing the  fl exion and extension radio-
graphs is indicative of spinal instability. 

 The most utilized classi fi cation system for 
spondylolisthesis was described by Meyerding 
 [  9  ] . It is described as a percentage slip in the 
anterior direction of the cephalad vertebra on 
the caudad vertebra. The point of reference is the 
posterior vertebral body. Grade I is 0–25 %, 
Grade II is 25–50 % (Fig.  17.1a ), Grade III is 
50–75 %, and Grade IV is 75–100 %. Listhesis 
more than 100 % is termed spondyloptosis.  

 In the past, CT scans were used to evaluate 
three-dimensional bony architecture, especially 
in planning an operation. For the most part, they 
have been replaced by MRIs, which are useful in 
evaluating disk pathology, nerve root compres-
sion, hypertrophy of the ligamentum  fl avum, and 
synovial cyst formation. In patients in whom 
MRI is contraindicated, a CT myelogram 
(Fig.  17.2 ) can be useful to further delineate the 
pathology and to plan an operation.   

    17.6   Treatment 

    17.6.1   Nonoperative 

 Treatment usually begins with a conservative, 
nonoperative approach. This is successful in the 
majority of cases, for at least some period of time. 

a b c

  Fig. 17.1    ( a ) Preoperative    lateral x-ray showing a Grade 
II spondylolisthesis. The  arrow  outlines the posterior 
aspect of the L4 vertebral body and indicates a grade I 
anterolisthesis. Note the Meyerding classi fi cation has 
been drawn in. ( b ) Postoperative lateral x-ray after trans-

foraminal lumbar interbody fusion. The  arrow  points to 
radiopaque markers within the cage which identify its 
position between the vertebrae. Note the improvement of 
the spondylolisthesis. ( c ) Postoperative AP x-ray showing 
pedicle screw and rod  fi xation       
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First-line treatment includes activity modi fi cation, 
nonsteroidal anti-in fl ammatory medications, and 
physical therapy. Second-line treatment entails 
epidural corticosteroid injections whose theoreti-
cal bene fi t comes as a result of bathing the nerve 
roots and surrounding area in anti-in fl ammatory 
medication. Long-term bene fi ts have yet to be 
shown, but a subset of patients do  fi nd these 
injections helpful in the short term.  

    17.6.2   Operative 

 Indications for operative treatment include the fol-
lowing: (1) neurogenic claudication or persistent 
back pain combined with leg pain leading to a 

severe reduction in quality of life despite at least 
3 months of conservative intervention, (2) worsen-
ing neurologic symptoms, or (3) bowel or bladder 
symptoms related to neurologic compression  [  10  ] . 

 The mainstay of surgical management consists 
of a spectrum ranging from decompression alone, 
to decompression and un-instrumented fusion, 
to decompression with instrumented fusion 
(Fig.  17.3a, b ). Decompression alone has shown 
good to excellent results  [  2  ] , but most  surgeons 
avoid this approach because it can further destabi-
lize the spine and lead to progression of the spon-
dylolisthesis. Un-instrumented fusion as compared 
to decompression alone has shown improved out-
comes, so most surgeons advocate fusion at this 
time  [  6  ] . It has been shown that instrumentation 
does improve the fusion rate but may not improve 
functional outcome (Fig.  17.2 )  [  3  ] . Subsequent 
long-term data though suggests that developing a 
pseudarthrosis (nonunion) can result in a poorer 
outcome  [  8  ] . This continues to be a controversial 
topic. In an effort to better delineate the ef fi cacy of 
surgical vs. nonsurgical management, the Spine 
Patient Outcomes Research Trial (SPORT) was 
conceived. In 2009, 4-year data revealed greater 
pain relief and improvement in function in the sur-
gical group  [  11  ] .  

 Transforaminal lumbar interbody fusion 
(Fig.  17.1b, c ) is a more recent technique that 
uses a posterolateral approach to access the inter-
vertebral disk space in order to place a graft 
between the two vertebral bodies. The goal is to 
provide a greater surface area for fusion. This 
procedure is usually combined with a posterolat-
eral fusion as well. Studies are currently being 
performed to determine the ef fi cacy of this proce-
dure as compared to posterior fusion alone. 

 Attempts have also been made to develop 
motion-sparing devices, which avoid fusion,  
stabilize the spine, and decrease neural compres-
sion. One type of motion-sparing device is the 
interspinous spacer. Such a device is placed 
between the spinous processes and is used to dis-
tract the posterior elements of the vertebrae at 
the affected level (Fig.  17.4a, b ). This  distraction has 
been shown to increase the area available for the 
neural elements and reduce the symptoms 
 associa ted with stenosis  [  12  ] . However,  degenerative 

  Fig. 17.2    Sagittal CT myelogram depicting anterior 
spondylolisthesis at L5–6. The  arrow  points to the 
“cutoff” of intrathecal dye at the level of the spondylolis-
thesis, indicating the presence of severe spinal stenosis at 
this level. This patient has six lumbar vertebrae, which is 
a variant of normal anatomy       
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 spondylolisthesis greater than Grade I is currently 
a contraindication to the use of this device. The 
long-term ef fi cacy of these devices is unknown, 
and current investigation is under way to deter-
mine the role of these options.  

 Historically, iliac crest autograft bone has 
been used for posterolateral and interbody fusion 
of the lumbar spine. Because of the relatively 
high incidence of donor site-related complica-
tions (e.g., infection, wound complications, per-
sistent pain), alternatives to autograft bone have 
been utilized, including allograft bone, deminer-
alized bone matrix, synthetic bone graft substi-
tutes (e.g., calcium sulfate, beta-tricalcium 
phosphate), and recombinant bone morphoge-
netic protein (BMP). Recombinant BMPs have 
been popularized in recent years as a way to pro-
mote bony fusion in spine surgery. Recombinant 
human bone morphogenetic protein-2 and pro-
tein-7 (rhBMP-2 and rhBMP-7) are the BMPs 

that have been most rigorously studied in clinical 
spine surgery. Currently, rhBMP-2 is the only 
form of BMP that has FDA approval for use in 
spinal fusion. Furthermore, it is only FDA 
approved for use in anterior lumbar interbody 
fusion. Nonetheless, it is used extensively in an 
“off-label” fashion in posterolateral fusion and 
transforaminal lumbar interbody fusion. The 
correct dose of BMP is still being studied for 
these applications, but multiple investigations 
have validated the safety and ef fi cacy of its use 
in these settings. For example, rhBMP-2 has 
been shown to result in both quicker time to 
fusion as well as more rapid improvement 
in functional outcome as compared to local 
autograft bone  [  1  ] . Similarly, when compared to 
iliac crest bone graft (the gold standard) in 
patients over 60 years of age, rhBMP-2 has 
been shown to have comparable safety, clinical 
ef fi cacy, and cost-effectiveness  [  4  ] .   

  Fig. 17.3    ( a ) Lateral x-ray of lumbar spine. The  arrow  
points to a Grade I spondylolisthesis. ( b ) Postoperative 
lateral x-ray showing pedicle screw and rod  fi xation after 

laminectomy and fusion. Note the retrolisthesis at the 
level above the fusion (i.e., the L3 vertebral body is slipped 
slightly posterior on the L4 vertebral body)       
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      Conclusion 

 Lumbar degenerative spondylolisthesis is a rela-
tively common disorder as people age. It most 
commonly affects the L4–5 level and is more 
common among females and those of African 
American descent. It can cause debilitating back 
pain, radiculopathy, and neurogenic claudica-
tion. Many patients respond well to nonopera-
tive treatment, at least initially. For those who 
do not respond or who develop subsequent pro-
gression of symptoms, recent evidence suggests 
that surgical treatment can provide a signi fi cant 
improvement in outcomes.      
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    18.1   Case Example 

 A 20-year-old male collegiate athlete presents 
with progressive lumbar pain with occasional 
numbness and tingling in his buttocks that radi-
ates into his thighs. His pain is worsened with 
increased physical activity and prolonged stand-
ing. Physical examination reveals a palpable 
step-off at the lumbosacral junction and increased 
sacral inclination. He exhibits normal strength in 
the lower extremities and experiences mild pain 
with lumbar hyperextension. A lateral radiograph 
of the lumbar spine reveals anterior translation of 
L5 on S1 (Fig.  18.1 ). After attempting a number 
of conservative measures including a prolonged 
course of physical therapy designed to strengthen 
the core muscle groups, nonsteroidal anti-
in fl ammatories, and bilateral foraminal steroid 
injections, he elected to undergo surgical inter-
vention. An anterior lumbar interbody fusion was 
performed at L5–S1 followed concurrently with 
an instrumented L5–S1 posterior spinal fusion 
(Figs.  18.2  and  18.3 ), with full return to athletics 
after 6 months.     

    18.2   Pathology/Pathophysiology 

 The development of spondylolysis typically 
occurs after an individual has begun to bear 
weight; these lesions have not been observed in 
children who are unable to walk, suggesting that 
upright posture and bipedal ambulation play a 
role in its pathogenesis  [  1  ] . It has been postulated 
that multiple anatomic and mechanical factors 
may act in concert to bring about spondylolytic 
defects. The most commonly affected vertebral 
segment is the lumbosacral junction which 
accounts for approximately 90 % of adolescent 
cases  [  2,   3  ] . Axial compression is primarily 
absorbed by the intervertebral disc and vertebral 
body, whereas shear stresses are resisted by 
the disc and posterior bony elements  [  3  ] . 
Biomechanical studies have con fi rmed that the 
load on the posterior arch increases signi fi cantly 
from L1 to L5 during dynamic  fl exion and exten-
sion of the spine, with the greatest stress concen-
trated at the level of the L5 pars  [  4  ] . Thus, the 
application of signi fi cant forces to the lumbosacral 
spine prior to the ossi fi cation of the posterior ele-
ments in the setting of an elastic intervertebral 
disc predisposes the pars to fatigue and fracture 
 [  5  ] . This has been corroborated by subjecting 
pediatric cadaveric specimens to cyclic shear 
loading which gave rise to fractures across the 
isthmus  [  6,   7  ] . Based on these  fi ndings, it is likely 
that the shear forces generated by sacral inclina-
tion, lumbar lordosis, and a bipedal gait contrib-
ute to the pathogenesis of spondylolisthesis  [  8  ] . 
Bilateral pars defects weaken the tension band 
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effect of the posterior elements and may allow for 
the ventral migration of the anterior column char-
acteristic of a spondylolisthesis deformity  [  9  ] . 

 Fredrickson and colleagues reported an inci-
dence of lumbar spondylolysis of 4.4 % among 
500  fi rst grade students which increased to 6 % 
once they reached adulthood  [  10,   11  ] . The male-
to-female ratio is approximately 2:1, and there is 
some ethnic variability such that it has been 
described in 2 % of the black population but may 
be present in up to 54 % of Eskimos  [  12  ] . Roche 
and Rowe also noted similar gender and racial 
 disparities in their examination of 4,200 cadavers 
and calculated the following frequencies of 

 spondylolysis: white men, 6.4 %; black men, 
2.8 %; white women, 2.3 %; and black women, 
1.1 %  [  13  ] . In Japan, lumbar spondylolysis was 
identi fi ed in 5.9 % of all individuals but this condi-
tion was evident in 20–30 % of professional ath-
letes competing in rugby, judo, soccer, and baseball 
 [  14  ] . This association between elite athletes to 
show a higher incidence has been demonstrated in 
other cultures as well, with an incidence ranging 
from 13 to 27 % of throwing athletes, rowers, gym-
nasts, and weight lifters from Spain  [  15  ]  as well as 
15 % of American college football players  [  16  ] . 

  Fig. 18.1    Lateral radiograph of the lumbar spine show-
ing a grade II spondylolisthesis         Fig. 18.2    Anterior-posterior radiograph of the lumbar 

spine showing the instrumentation construct of the spinal 
fusion       
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 A 45-year natural history study of spondylol-
ysis showed that adults with unilateral defects 
tended not to degenerate and develop spon-
dylolisthesis  [  11  ] . Subjects with bilateral defects 
demonstrated variable progression to listhesis, 
with half showing no evidence of spondylolis-
thesis and half slipping a mean of 24 %. The 
authors found the risk of developing listhesis in 
asymptomatic patients with bilateral defects to 
be 5 %, a risk that decreased with age. Others 
have  estimated slip progression in symptomatic 
adults at 20 %, with disc degeneration at the 
level of the spondylolisthesis in all patients  [  17  ] . 
Progression is more common in adults  compared 

to  adolescents, with translation more than 
10 mm occurring in less than 5 % of patients 
 [  18  ] . 

 Wiltse has recognized  fi ve types of spon-
dylolisthesis: dysplastic, isthmic, degenerative, 
post traumatic, and pathological (Table  18.1 )  [  1  ] . 
A sixth type has been added to account for 
mechanical instability occurring in 20 % of spas-
tic children who have undergone laminectomy 
for rhizotomy  [  19  ] . Meyerding described a grad-
ing system designed to describe the percentage 
of anterior displacement of the body of L5 in 
relation to the sacrum (Table  18.2 )  [  20  ] . Grade I 
shows 0–25 % displacement, grade II 26–50 %, 
grade III 51–75 %, grade IV 76–100 %, and 
grade V or spondyloptosis for more than 100 % 
translation. Low-grade lesions are described 
with less than 50 % anterolisthesis, whereas 
high-grade lesions demonstrate slips of greater 
than 50 %.    

    18.3   History and Physical 
Examination 

 Patients suffering from spondylolysis and isth-
mic spondylolisthesis typically present with 
mechanical midline lumbar pain. The age at 
presentation can vary from adolescence 
through adulthood. Younger patients fre-
quently report pain aggravated by athletics or 
prolonged standing. Postural spinal deformity 
and radiculopathy are more commonly seen in 
high-grade spondylolisthesis, with bowel and 
bladder dysfunction described in severe cases 
of listhesis. Palpation of the spinous process 
may reveal a step-off with the L5 process more 
prominent than the L4 spinous process. 
Traumatic etiologies may reveal focal tender-
ness. Hamstring tightness is found in 80 % of 
symptomatic patients. The Phalen-Dickson 
sign is described as a wide-based posture with 
marked  fl exion of the hips and knees, a crouch-
ing gait with a stiff lumbar spine in signi fi cant 
lordosis, a posteriorly tilted pelvis, a vertical 
sacrum, and the presence of an abdominal 
crease  [  21  ] . Increased pain with lumbar 

  Fig. 18.3    Lateral radiograph of the lumbar spine show-
ing the instrumentation construct of the spinal fusion       
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 hyperextension is a common clinical  fi nding 
that can be elicited when performing the single 
leg hyperextension test. As with all patients 
with possible spinal pathology, a complete 
motor, sensory, and re fl ex evaluation should 
be performed routinely.  

    18.4   Diagnostic Imaging 

 Initial radiographic evaluation of patients sus-
pected to have spondylolysis begins with plain 
x-rays. A lateral lumbosacral spine radiograph 
can reveal the presence of spondylolysis 
(Fig.  18.4 ) and allow for grading of spondylolis-
thesis as well as measurement of the slip angle, 
the lumbar index, and the pelvic incidence. 
Further imaging with AP and 30° oblique lateral/
caudal tilt views should also be obtained to check 
for scoliosis, spina bi fi da occulta, a trapezoidal 
L5 vertebra, sacral doming, and loss of disc 
height  [  8  ] . The “Scotty Dog” phenomenon 
(Fig.  18.5 ), best seen on oblique views, can dem-
onstrate the pars defect at the neck of the con-
trived canine. Flexion and extension sagittal 
views are useful in evaluating dynamic motion at 
the slipped segment in a patient with a known 
pars defect. Computed tomography (CT) can be 
utilized to demonstrate in  fi ne detail the three-
dimensional bony architecture and is highly sen-
sitive for detecting spondylolysis (Fig.  18.6 ). It 
can be performed serially to monitor for healing 
following surgical repair or immobilization. 
Magnetic resonance imaging (MRI) is less useful 
in detecting clefts within the pars interarticularis 
compared with CT, but offers improved soft tis-
sue detail and can be useful in evaluating degen-
erated or herniated intervertebral discs. Axial 
MRI views can also demonstrate the presence of 
foraminal stenosis at the level of the listhesis, 
correlating with nerve root impingement and 
radicular symptoms. In adolescents with a high 
suspicion for spondylolysis with negative radio-
graphs and CT, Tc-99m bone scans can be incor-
porated to identify uptake at the pars, identifying 
stress reaction or subacute injury prior to fracture 
(Fig.  18.7 ).      

   Table 18.1    Wiltse classi fi cation of spondylolisthesis   

 Type  Name  Description 

 I  Dysplastic  Congenital abnormalities of the L5 arch or sacrum 
 II  Isthmic  Lesions of the pars interarticularis 
 III  Degenerative  Results from chronic intersegmental disease 
 IV  Post-traumatic  Fractures located within in the spine other than the pars 
 V  Pathologic  Systemic or local bone disease 

   Table 18.2    Meyerding grading system of spondylolisthesis   

 Grade  Percentage of displacement (%) 

 I  1–25 
 II  26–50 
 III  51–75 
 IV  76–100 
 V (spondyloptosis)  >100 

  Fig. 18.4    Lateral radiograph of the lumbar spine show-
ing a defect ( arrow ) of the pars interarticularis       
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    18.5   Treatment 

 Therapeutic options for spondylolysis and isthmic 
spondylolisthesis depend on patient age, remaining 
growth, and presence and severity of symptoms. 
Surgery is indicated for progression of deformity, 
high-grade listhesis with sagittal imbalance, neuro-
logic de fi cit, persistent lumbago despite an exhaus-
tive course of conservative therapy, and radicular 
pain with associated nerve root compression  [  22  ] . 
The majority of patients will improve with conser-
vative measures; however, patients with persistent 
symptoms after 6 months of therapy should be 

 considered for surgical intervention. Although the 
principles for surgery in adults and children/ado-
lescents are similar, a number of considerations 
must be taken into account: Adults are more likely 
to require direct neural compression as adolescents 
frequently experience resolution of radiculopathy 
with fusion of the hypermobile segment alone; 
adults have more risk factors for pseudarthrosis 
(smoking, steroid use, comorbid disease), arguing 
for circumferential fusion as opposed to posterior-
alone approaches that may be successful in chil-
dren; risk of progression is higher in children and 
adolescents, so skeletally immature patients with 
high-grade slips and evidence of progression should 
be considered for surgery more commonly  [  22  ] . 

    18.5.1   Nonoperative Treatment 

 Treatment for patients with spondylolysis is 
commonly nonoperative, rather focusing on 
activity modi fi cation, rest, and physical therapy 

  Fig. 18.5    Oblique radiograph of the lumbar spine demon-
strating the “Scotty Dog” and pars defect ( arrow ) through 
the neck of the canine       

  Fig. 18.6    Axial view of a CT scan of the lumbar spine 
demonstrating bilateral pars defects ( arrowheads )       

  Fig. 18.7    Bone scan image showing increased uptake 
( arrow ) in the region of the pars, sensitive to spondylolysis       
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 [  19  ] . Strengthening of the abdominal core, trunk 
stabilization, and hamstring stretching should be 
the focus of a physical therapy program. 
Nonsteroidal anti-in fl ammatories, muscle relax-
ants, and narcotic medications should be used 
judiciously. Functional immobilization in ado-
lescents to treat spondylolysis with a thora-
columbar orthosis for 3–6 months has been 
shown to be effective for the majority of unilat-
eral lesion and half of acute bilateral lesions  [  23, 
  24  ] . Furthermore, bracing has been shown to be 
effective in alleviating lumbago in up to 80 % of 
patients with a grade I spondylolisthesis  [  25  ] . 
More than 75 % of adults with grade I or II spon-
dylolisthesis demonstrate improvement with 
antilordotic bracing and activity modi fi cation for 
3–6 months  [  26  ] . There has been no clear evi-
dence showing the bene fi ts of heat, ultrasound, 
or massage for the treatment of spondylolisthesis 
 [  8  ] . Symptomatic high-grade spondylolisthesis 
in children and adolescents runs a high risk of 
progression and low likelihood of symptom 
relief, prompting most to forgo conservative 
treatment and elect for surgical intervention 
instead. Adults with high-grade listhesis fre-
quently reach a stable anatomic alignment with-
out progression, and some can be successfully 
treated with physical therapy and nerve root 
injections if radicular symptoms exist.  

    18.5.2   Direct Pars Repair 

 Very rarely indicated in adults, direct  fi xation of 
the pars has a role for treating adolescents with 
spondylolysis and back pain that has been local-
ized to the pars with lidocaine injections  [  27  ] . It 
is most often recommended for patients that have 
minimal spondylolisthesis, no evidence of radic-
ulopathy or neural de fi cit, and a normal interver-
tebral disc on MRI. The most common technique 
for repair utilizes pedicle screws and sublaminar 
hooks connected with rods to allow for direct 
compression across the defect  [  28,   29  ] . This 
requires debridement of the nonunion site and 
bone grafting concomitantly with a construct that 
provides stability and compression, without vio-
lating the facet joint capsule.  

    18.5.3   Decompression 

 Compression of the L5 nerve root at the neural 
foramen is commonly seen with anterolisthesis of 
L5 on S1. Further compression can be caused from 
hypertrophic reparative tissue at the site of the pars 
defect, as well as from an anterior direction due to 
bulging degenerated discs. Elderly comorbid 
patients with radiculopathy and low-grade isthmic 
spondylolisthesis without evidence of instability 
on dynamic imaging may bene fi t from minimizing 
the extent of surgery with decompression alone. 
This is never indicated in the pediatric and adoles-
cent population, as this intervention would create 
iatrogenic instability with the potential to cause 
listhesis progression  [  30  ] .  

    18.5.4   Posterolateral Fusion 

 The gold standard for grade I and grade II spon-
dylolisthesis stabilization has been the in situ poste-
rolateral L5–S1 fusion. In adolescents, fusion rates 
greater than 90 % with excellent outcomes have 
been the norm, whereas the adult literature has 
shown more variability, ranging from 33 to 100 % 
fusion rates  [  22,   31,   32  ] . Decompression is typically 
added if signi fi cant radiculopathy or neurologic 
compromise is present, although most adolescents 
will have resolution of dynamic root irritation with 
fusion alone. Extension of the fusion construct prox-
imally to include L4 can be considered if a high-
grade slip is present, if there is instability of the 
L4–L5 segment, or if the L5 transverse processes are 
too small of a mass for acceptable fusion  [  22  ] . Long-
term follow-up for high-grade slips has found good 
function and pain relief with posterolateral in situ 
fusion in adults  [  33,   34  ] . Fusion rates in children and 
adolescents, however, have been lower prompting 
some to argue for circumferential fusion  [  35  ] .  

    18.5.5   Anterior Lumbar Interbody 
Fusion (ALIF) 

 Although infrequently performed, stand-alone 
ALIF for the treatment of isthmic spondylolisthe-
sis has been described, with favorable outcomes. 
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A retrospective comparison of 20 adults undergo-
ing ALIF with 20 adults who underwent instru-
mented posterolateral fusion found no difference 
in clinical outcomes between the groups  [  36  ] . 
This technique runs the risk of destabilizing the 
posterior column as a result of the pars defect, 
however, possibly leading to a progression of the 
slip. For this reason, supplementation with poste-
rolateral fusion and instrumentation should be 
performed.  

    18.5.6   Circumferential Fusion 

 Adult patients with low-grade isthmic spon-
dylolisthesis most reliably achieve fusion and a 
successful clinical outcome with combined 
anterior and posterior approaches  [  37  ] . This 
meta-analysis of 35 studies found a fusion rate 
of 98 % for circumferential stabilization versus 
83 % for posterolateral fusion and 74 % for 
anterior fusion alone. The literature on this 
topic, however, is limited to mostly retrospec-
tive reviews with no well-designed prospec-
tive-randomized trials, suggesting that the best 
treatment option remains unclear  [  38  ] . In most 
cases of low-grade isthmic spondylolisthesis, 
in situ instrumented posterolateral fusion yields 
successful clinical outcomes, particularly in 
the adolescent population. A number of limited 
studies, however, have suggested that a circum-
ferential fusion overall yields higher fusion 
rates and improved outcomes  [  39–  41  ] . Some 
advocate consideration of a combined anterior-
posterior approach for patients with numerous 
risk factors for pseudarthrosis, and those with 
large or hypermobile discs that may degenerate 
over time with a posterior-alone approach  [  22  ] . 
Patients with high-grade spondylolisthesis 
 frequently bene fi t from the stability that an 
anterior construct provides, in addition to pro-
viding a greater surface area available for inter-
body fusion and preventing further progression 
of the slip. A number of methods have been 
described, including staged anterior and 
 posterior approaches, the transforaminal lum-
bar interbody approach, and the transsacral 
approach  [  8,   22  ] .  

    18.5.7   Posterior Reduction 

 The goal of treatment for patients with high-grade 
spondylolisthesis with signi fi cant lumbosacral 
malalignment due to kyphosis is to restore the sagit-
tal balance of the spinopelvic complex. Since these 
patients are typically symptomatic at an early age, 
most patients undergo surgery during the adolescent 
years. In adults with high-grade spondylolisthesis, 
the overall sagittal balance is frequently maintained 
and the deformity is less  fl exible, negating the need 
for a reduction. When performed, this maneuver 
attempts to improve the sagittal alignment by reduc-
ing the slip angle and allowing for fusion by reduc-
ing the shear force (converting it to compressive 
force) across the end plates and preventing further 
progression of deformity. Despite the theoretical 
bene fi ts that a posterior reduction would offer, a 
review of the available data found no evidence that 
reduction improved outcomes compared with fusion 
alone  [  42  ] . Nonetheless, a number of studies have 
demonstrated good results with reduction and fusion 
of high-grade slips  [  43–  45  ] . If a reduction is 
 performed, a circumferential fusion is generally 
recommended  [  8  ] .  

    18.5.8   Spondyloptosis 

 Treatment of the most severe aspect of the spec-
trum is challenging. One option for correction of 
a spondyloptosis deformity includes a transsacral 
approach  fi rst described by Bohlman  [  46  ] , utiliz-
ing a  fi bular dowel graft across the L5–S1 disc 
for an in situ fusion without reduction. Gaines 
devised a more invasive procedure that addresses 
the lumbosacral deformity via a combined ante-
rior and posterior approach that requires resec-
tion of L5 and reduction of L4 onto the sacrum, 
thereby shortening the spine  [  47  ] . This has been 
associated with a high rate of neurologic compli-
cation and is reserved for only the most severe 
cases. 

  Questions 
     1.    Which of the following factors is NOT thought 

to contribute to the development of pars 
defects?
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   (a)    Bipedal ambulation  
   (b)    Sacral inclination  
   (c)    Lumbar lordosis  
   (d)    Premature birth  
   (e)    Shear forces     
 Preferred reponse, (d). The results of cadav-
eric testing have suggested that the shear 
forces that arise as a consequence of sacral 
inclination, lumbar lordosis, and a bipedal 
ambulation may predispose certain individu-
als to the formation of pars fractures. These 
abnormalities have never been identi fi ed in 
utero and have not been shown to be associ-
ated with prematurity.  

    2.    According to the Meyerding classi fi cation 
system, all of the following are types of spon-
dylolytic lesions EXCEPT for
   (a)    Congenital  
   (b)    Isthmic  
   (c)    Degenerative  
   (d)    Post traumatic  
   (e)    Pathologic     
 Preferred response, (a). Based on the Meyerding 
paradigm, congenital abnormalities of the pos-
terior arch are included in the “dysplastic” cat-
egory of spondylolytic defects.  

    3.    Which of these patients is most likely to 
develop a spondylolytic spondylolisthesis?
   (a)     12-year-old male with bilateral stress 

reactions evident on bone scan  
   (b)     77-year-old female with a unilateral pars 

defect and diffuse spondylosis  
   (c)     17-year-old asymptomatic female who is 

found to have bilateral spondylolysis dur-
ing a routine physical examination  

   (d)     30-year-old male with unilateral spon-
dylolysis and moderate disc degeneration  

   (e)     45-year-old male with bilateral spondyloly-
sis who presents with chronic low back pain     

 Preferred response, (e). Progression of spon-
dylolytic slips is most commonly seen in 
adults rather than adolescents and generally 
does not occur in patients who are asymptom-
atic or those with unilateral defects.  

    4.    Which of the following clinical  fi ndings is not a 
relative contraindication for a direct pars repair?
   (a)    Right lower extremity sciatica  
   (b)    Signi fi cant low back pain  

   (c)    Grade II spondylolisthesis  
   (d)    Moderate disc degeneration evident on MRI  
   (e)     No relief with lidocaine injections into the 

pars     
 Preferred response, (b). Operative intervention 
including pars repair may be considered for 
certain individuals with spondylolysis who 
complain of debilitating axial back pain. 
However, this procedure is not appropriate for 
those with compression of the neural elements 
resulting in sciatic pain, sensory de fi cits, or 
weakness (a). Spondylolysis with frank insta-
bility or advanced disc degeneration that 
requires surgery is most often addressed with 
some type of fusion (c, d). Finally, failure to 
obtain any pain relief with pars injections 
raises the possibility that there may be other 
etiologies contributing to the patient’s symp-
toms other than the spondylolytic lesions (e).            
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  19

          19.1   Introduction 

 Degenerative disk disease (DDD), also known as 
intervertebral disk disease (IVD), is a major cause 
of musculoskeletal disability in humans  [  1,   3,   5  ] . 
Degenerative disk disease is a common cause of 
low back pain (LBP); however, the exact relation-
ship between the two remains uncertain  [  25,   29  ] .  

    19.2   Case Example 

 A 44-year-old man presents with a history of 
chronic low back pain worsened with prolonged 
sitting and forward  fl exion. The patient denies 
any lower extremity dysesthesias. The patient has 
been treated with physical therapy (core-strength-
ening and McKenzie back extension exercises) 
for 3 months. T2-weighted axial and sagittal MRI 
scans (Figs.  19.1  and  19.2 ) demonstrate a 

decreased signal intensity and disk height loss at 
the L4–5 and L5–S1 levels.    

    19.3   Normal Intervertebral Disk 
and Facet Anatomy 

 The functional spinal unit (FSU) consists of an 
anterior intervertebral disk and two posterior 
facet joints. The relationship of this tri-joint com-
plex allows for motion and provides resistance to 
compressive forces exerted across the vertebral 
column. While motion occurs at all three compo-
nents, the intervertebral disk provides the most 
resistance to compression. 

 The intervertebral disk lies between the verte-
bral bodies. It serves as a load-bearing structure 
comprised of a  fi brous outer layer rich in collagen 
and an inner layer rich in proteoglycans. The outer 
layer, the annulus  fi brosis (AF), provides tensile 
strength, whereas the hydrostatic properties of the 
inner layer, the nucleus pulposus (NP), provide 
resistance against compression. Proper interactions 
between these two substructures are necessary in 
order for the disk to absorb and disperse the normal 
loading forces experienced by the spine  [  15,   22  ] . 

 Facet joints are diarthrotic joints with articula-
tions lubricated by synovial  fl uid. Together with 
posterior structures such as the pedicle, lamina, 
and transverse and spinous process, the facet joint 
contributes to the essential posterior stabilization 
of the FSU. In addition, the posterior structures 
act as anchors for the paraspinal musculature fur-
ther stabilizing the FSU.  
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    19.4   Pathology/Pathophysiology 

 More than 25 years ago, Kirkaldy-Willis et al. 
presented the concept of a cascade of spinal 
motion segment degeneration invoking progres-
sive wear of the IVD and facet joints  [  14  ] . The 
authors emphasized the independence of the disk 
and facet joints for normal spinal function and 
described how derangement or injury to either 
of these articulations leads to abnormal forces 

and impairment of the other, the so-called tripod 
effect. While this concept highlighted biome-
chanical disturbances associated with degenera-
tion, over the decades since, we have come to 
appreciate that the pathophysiology of DDD is 
most likely a multifactorial process (Table  19.1 ).  

 Degeneration of the spine is an inevitable con-
sequence of aging. Miller et al. reported an increase 
in disk degeneration from 16 % at age 20 to ~98 % 
at 70 years based on macroscopic disk degenera-
tion grades of 600 specimens. Interestingly, the 
authors noted that lumbar disk degeneration was 
already present in 11- to 19-year-old males and 
10 years later in females  [  17  ] . 

 Degeneration of the intervertebral disks and 
facet joints due to repetitive biomechanical loading 
of the spine has also been suggested. Kirkaldy-
Willis et al. postulated that injury or repetitive 
strain to the facet joint is a cardinal event in the 
spinal degenerative sequence  [  14  ] . Butler et al. 
suggested that disk degeneration likely predates 
facet arthrosis based on computed tomography 
(CT) and magnetic resonance imaging (MRI) study 
 [  6  ] . The authors noted that in 68 patients (330 
disks/390 facet joints), there were 144 degenerated 
disks and 41 levels with facet osteoarthritis. Disk 
degeneration without facet osteoarthritis was found 
at 108 levels, whereas all but one of 41 levels with 
facet degeneration also had disk degeneration  [  6  ] . 

 Furthermore, genetic predisposition has 
emerged as perhaps the strongest factor leading 
to symptomatic degenerative disk disease. Disk 
degeneration was found to be much more likely 
among family members of patients requiring 
lumbar surgery than in the general population 
 [  16  ] . Siblings of patients with disk degeneration 
were found to have a higher prevalence of both 
disk degeneration and osteoarthritis than the gen-
eral population  [  4  ] . Finally, a study of twins 
found a strong link between heredity and cervical 
and lumbar disk degeneration  [  23  ] . 

  Fig. 19.1    A T2-weighted axial MRI of the lumbar spine 
demonstrating a posterolateral disk herniation ( arrow ) at 
the L5–S1 segment completely obliterating the traversing 
right S1 nerve sleeve       

  Fig. 19.2    A T2-weighted sagittal MRI of the lumbar 
spine demonstrating disk disease and moderate narrowing 
of the spinal canal ( arrows ) at L4–5 and a broad-based 
disk protrusion which appears to displace the right S1 
nerve sleeve posteriorly at L5–S1       

   Table 19.1    Factors associated with disk degeneration   

 Age 
 Family history 
 Smoking 
 Vibration (prolonged driving) 
 Heavy repetitive loading of the spine 
 Diabetes 
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 As aging occurs, there is typically a decrease 
in overall proteoglycan content within the NP, 
which leads to an inability to maintain disk 
hydration. This in turn leads to a loss in disk 
height. In addition, the inner and outer AF takes 
on a  fi brocartilaginous character, making the 
layers indistinguishable. As this process occurs, 
the weakened lamellar structure of the outer AF 
becomes less resilient to applied forces, and it 
may develop defects that can predispose the disk 
to herniations of the inner disk material and to 
disk bulging (Fig.  19.3 ). The loss of biomechan-
ical integrity within the AF may transfer force 
to and overstress the facets, contributing to fur-
ther degeneration  [  8,   9,   18,   21  ] . In addition, the 
super fi cial layers of the annulus are richly inner-
vated with small nerve  fi bers (A delta and C 
 fi bers) that have been implicated in the genera-
tion of pain originating from the intervertebral 
disk  [  11,   19,   20  ] . Stimulation of these  fi bers has 
also been implicated in the generation of LBP.  

 Low back pain secondary to DDD typically 
affects individuals between 30 and 50 years of 
age  [  27  ] . Most commonly, the L4–5 and L5–S1 
levels are affected, although more cephalad lev-
els can also be involved in older populations 

 [  12,   24  ] . The natural history of LBP is that with 
conservative management, 50–60 % of individu-
als will experience resolution of symptoms within 
1 week and 90 % recover within 3 months.  

    19.5   History and Physical Exam 

 The clinical presentation is key to the diagnosis 
of lumbar degenerative disk diseases. Patients 
most commonly present with discogenic LBP 
that is typically axial in nature but may involve 
the buttocks and some leg symptoms from indi-
rect and direct foraminal stenosis. Classic disco-
genic pain is exacerbated by activities that load 
the disk, such as sitting, arising from a seated 
position, awaking in the morning, lumbar  fl exion 
with and without rotation/twisting, lifting, vibra-
tion (i.e., riding in a car), coughing, sneezing, 
laughing, and the Valsalva maneuver.  

    19.6   Physical Examination 

 Physical examination is an important adjunct to 
the history in determining a discogenic etiology 
of symptoms. Patients may prefer to stand or sit 
in a reclining position since these positions usu-
ally decrease intradiscal pressures. 

 Range of motion should be evaluated. Pain on 
 fl exion of the lumbar spine suggests discogenic 
pain, while pain on lumbar extension suggests 
facet disease. 

 Discogenic stress maneuvers usually repro-
duce LBP and buttock symptoms in the patient. 
These maneuvers include sustained hip  fl exion 
which is performed with the patient supine rais-
ing the patient’s extended lower extremities to 
~60° in relation to the examination table. Ask 
the patient to hold the extremities in that position 
and release. Ask the patient regarding reproduc-
tion of LBP and/or buttock pain. Then lower the 
extremities successively ~15°, and at each point 
note, the reproduction and intensity of pain. The 
test is positive if the patient complains of LBP 
and/or buttock pain of increasing intensity as the 
extremities are lowered at successive angles. 

 Motor, sensory, and re fl ex function should be 
assessed to determine the affected nerve root 

  Fig. 19.3    Biology of disk disruption.  1  Nucleus pulpo-
sus,  2  annulus,  3   fi ssure/anular defect, and  4  dorsal root 
ganglion.  ALL  anterior longitudinal ligament,  PLL  poste-
rior longitudinal ligament       
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level. To help determine whether the problem is 
root pathology or a focal neuropathy, two mus-
cles should be tested with re fl exes elicited, repre-
senting each lumbar root.  

    19.7   Differential Diagnosis 

 Other disorders may elicit LBP and should be 
considered (Table  19.2 ). One rare but serious 
condition is cauda equina syndrome, a spinal 
emergency caused by compression of the nerve 
roots below the level of the spinal cord.   

    19.8   Investigations/Diagnostic 
Imaging 

 Radiographs typically demonstrate loss of disk 
height and, when severe, sclerosis of the end 
plates and/or facet hypertrophy. 

 MRI is the gold standard diagnostic tool for 
the evaluation of lumbar disk herniation 
(Fig.  19.3 ). In addition, Aprill and Bogduk have 
suggested that a high-intensity zone (HIZ) 
observed on MRI may be a speci fi c marker of a 
painful disk  [  2  ]  (Fig.  19.4 ). However, Carragee 
et al. determined that although a HIZ was more 
prevalent in patients with symptomatic LBP, 
there was also a high prevalence in asymptomatic 
patients; thus, the presence of a HIZ was not a 
reliable indicator for LBP  [  30  ] .  

 Discography with or without CT remains an 
important, albeit controversial tool in establish-
ing discogenic low back pain  [  10,   26,   28  ] . The 
discogram provides information consisting of 
four components: the morphology of the disk, 
disk pressure, volume of  fl uid injected, and the 
subjective pain response. The reproduction of 
discogenic pain is essential to con fi rm a potential 
intradiscal etiology for the patient’s pain.  

    19.9   Treatment 

    19.9.1   Nonoperative Treatment 

 Although low back pain and radiculopathy are 
common causes of disability, nonsurgical 

 management remains the cornerstone for treat-
ment in this patient population. Conservative 
management is reasonable as the majority of 
these patients recover from their symptoms. 
Conservative management consists of observa-
tion, physical therapy (core-strengthening and 
McKenzie back extension exercises), nonsteroi-
dal anti-in fl ammatory (NSAID) medications for 
pain, muscle relaxants, and epidural steroid injec-
tions in those patients with a concomitant 
radiculopathy.  

  Fig. 19.4    A T2-weighted sagittal MRI scan of the lum-
bar spine demonstrates three high-intensity zones ( arrows ) 
visible at L3–4 ( anterior ) and L4–5 and L5–S1 
( posterior )       

   Table 19.2    Differential diagnosis and red  fl ags in the 
clinical presentation that require further investigation   

 Differential diagnosis 

 Muscle strain 

 Ligament/tendon injury 

 Hip joint pain 

 Stress reaction 

 Fibromyalgia 

  Red  fl ags  

  Fracture 

  Tumor 

  Infection 

  Cauda equina syndrome 
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    19.9.2   Operative Treatment 

 Surgery is indicated in patients who have failed at 
least 3 months of conservative management, 
unremitting pain, or have a massive disk hernia-
tion demonstrated on MRI or exhibit progressive 
neurological symptoms.  

    19.9.3   Which Approach? 

 Several surgical options to treat discogenic back 
pain exist. The most common procedures include 
fusion and, more recently, arti fi cial total disk 
replacement (TDR). The primary goal of fusion 
surgery involves two components. The  fi rst, 
decompression, involves removal of bone or disk 
material from around the compressed or irritated 
nerve root(s). The second, spinal fusion with or 
without instrumentation, involves using bone 
graft or cages to fuse one or more vertebrae and 
stop painful vertebral segment motion. Both 
components may be achieved using an anterior 
lumbar interbody fusion (ALIF), posterior lum-
bar interbody fusion (PLIF), or via transforam-
inal lumbar interbody fusion (TLIF) technique. 
In addition, these procedures can be performed 
using the traditional open approach or the mini-
mally invasive approach. It is important to 
remember that posterior fusion alone without 
removal of the disk is much less likely to relieve 
discogenic pain. 

 The advantages of ALIF compared with other 
interbody fusion options include minimal or no 
posterior muscle dissection, especially when used 
as a stand-alone anterior procedure. 

 PLIF or TLIF obviate the need for an anterior 
approach. The TLIF procedure is a modi fi cation 
of PLIF. This procedure offers good exposure 
with decreased risk of neurological injury, par-
ticularly in repeat cases of spine surgery in 
which the presence of scar tissue makes PLIF 
very dif fi cult. The procedure can be used to 
treat single-level and multilevel degenerative 
disease. 

 Total disk replacement (TDR) is a technology 
that offers an alternative to spinal fusion in patients 
with lumbar discogenic pain. This  technology is 
purported to relieve disk pain while preserving 

motion of the treated spinal segment, reducing 
adjacent-segment degeneration. 

 The decision on what procedure or approach 
to utilize should be based on the discussion with 
the patient, the patient’s pathology, and the sur-
geon’s experience and comfort with the selected 
procedure.  

    19.9.4   Results of Surgery: 
PLIF, TLIF, and TDR 

 Early experience with the ALIF technique 
demonstrated good results and minimal com-
plications. However, one study reported a 30 % 
nonunion rate, 22 % revision rate, 22 % com-
plication rate, and 70 % fair or poor outcome at 
3- to 6-year follow-up  [  7  ] . Humphreys et al. 
compared PLIF versus TLIF in 74 patients with 
DDD and central disk herniations. In that study, 
patients who underwent a PLIF procedure suf-
fered far more complications, including four 
radiculopathies (compared with none in the 
TLIF patients)  [  13  ] . The latter demonstrates 
the smaller retraction of neural elements 
required for the TLIF procedure. As a result, 
TLIF has emerged as a viable alternative to 
ALIF and PLIF. 

 Bertagnoli et al., in a 2-year study of patients 
older than 60 years, showed a 94 % satisfaction 
rate with TDR therapy. Arti fi cial disk replace-
ment has shown results similar to fusion in the 
short term, but long-term results are not 
known.   

    19.10   Postoperative Care 

 All patients should receive IV antibiotics for at 
least 24 h during the postoperative period. In 
the setting of an ALIF procedure, oral intake is 
delayed until bowel sounds return or  fl atus is 
passed. Patients should receive in-patient phys-
ical and occupational therapy as soon as pos-
sible. Frequent follow-up imaging is necessary 
to evaluate fusion as well as any potential 
instrumentation-related complications (plate 
or screw failure, cage subsidence, or 
migration).  
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    19.11   Potential Complications 

 Complications associated with the ALIF tech-
nique include vessel damage (2–5 %), retrograde 
ejaculation (0.5–1 %), and extreme dif fi culty of a 
repeat anterior approach if revision is necessary. 

 The most common complication associated with 
the PLIF technique is nonunion. The quoted rate of 
nonunion after this procedure is 5–10 %. Studies 
suggest the rate of this complication may decrease 
with supplementation of posterior instrumentation. 

 The TLIF procedure has few complications that 
include cerebrospinal  fl uid leaks, transient neurologi-
cal complications, and minor wound infections. In 
some series, radiographic fusion was demonstrated 
in 74–93 % of patients. Of these patients, 90 % 
reported they would have the procedure again. 

 Reported complications after TDR include 
unilateral foot drop, implant subsidence, and loss 
of vibration and proprioception. However, many 
of these complications were observed in patients 
with circumferential spinal stenosis. 

  Questions 
     1.    What is the major constituent (by wet weight) 

of the intervertebral disk in a 20-year- old 
patient?
   (a)    Proteoglycan  
   (b)    Aggrecan  
   (c)    Water  
   (d)    Type I collagen  
   (e)    Type II collagen     
 Preferred Response (c): The intervertebral 
disk is composed mostly of water (56–90% 
wet weight), with signi fi cant quantities of col-
lagen (15–65 % wet weight), proteoglycan 
(10–60 % dry weight), and other matrix pro-
teins (15–45 % dry weight). The outer annulus 
 fi brosis is mostly type I collagen, with the 
inner annulus and nucleus pulposus consisting 
mostly of type II collagen. Aggrecan is the 
large proteoglycan of articular cartilage.  

    2.    Disk herniation has been found in what per-
centage of asymptomatic individuals over the 
age of 60?
   (a)    20 %  
   (b)    40 %  
   (c)    60 %  

   (d)    80 %  
   (e)    100 %     
 Preferred Response (b): In a very often-quoted 
study, Boden et al. performed MRI on 67 
patients that had never had low back pain. 
They found that 20 % of these asymptomatic 
people under the age 60 had MRI evidence of 
disk herniation. In the group that was over 
60 years old, 37 % had con fi rmed disk hernia-
tions and 21 % had spinal stenosis despite 
having no pain.  

    3.    An otherwise healthy 45-year-old woman 
reports the onset of severe right leg pain. 
A sagittal MRI scan of the lumbar spine dem-
onstrates a disk herniation at the L4–5 level; 
an axial MRI scan demonstrates the herniation 
in the far lateral region of the disk. What nerve 
root is the most likely source of her pain?
   (a)    L3  
   (b)    L4  
   (c)    L5  
   (d)    S1  
   (e)    S2     
 Preferred Response (b): Far lateral disk her-
niations are more likely to compress the nerve 
exiting at the same level of the lesion rather 
than the next most caudal level.  

    4.    The MRI scans of the lumbar spine of a patient 
who has failed 7 months of conservative man-
agement demonstrate a right-sided far lateral 
disk herniation at L5–S1. Operative treatment 
should be:
   (a)      Anterior retroperitoneal approach with 

anterior lumbar interbody fusion (ALIF)  
   (b)     Anterior transperitoneal approach with 

discectomy only  
   (c)     Posterior midline lumbar laminectomy, 

decompression, and fusion with pedicle 
screw  fi xation  

   (d)     Posterior midline hemilaminectomy with 
discectomy  

   (e)     Paraspinal muscle-splitting approach to 
the intertransverse space and discectomy     

 Preferred Response (e): A right-sided far lat-
eral disk herniation is not easily treated with a 
standard midline approach, as this approach 
does not easily allow access laterally. 
Therefore, the Wiltse paraspinal approach is 
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ideal, which preserves segment stability by 
avoiding injury to the lamina and facet joints. 
The potential complication to know from the 
Wiltse approach is potential dorsal root gan-
glia injury, resulting in dysesthesias.  

    5.    A 45-year-old manual laborer presents to the 
of fi ce with acute onset back pain that radiates to 
his right leg after carrying a heavy object. He also 
has mild weakness with ankle dorsi fl exion on 
that side. His MRI demonstrates disk herniation 
at L5–S1. His initial treatment should involve:
   (a)    Microdiskectomy  
   (b)    Posterior spinal fusion with instrumentation  
   (c)    Decompression only  
   (d)    Strict bed rest  
   (e)     Anti-in fl ammatory medication and physi-

cal therapy     
 Preferred Response (e): Fifty to 60 % of 
patients will recover from their symptoms of 
low back pain within 1 week with 90 % recov-
ering within 3 months.           
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  20

    20.1   Etiology 

 There are many forms of scoliosis that affect 
 different patient populations. Idiopathic scoliosis 
which begins during childhood or adolescence can 
continue to progress resulting in large,  painful curves 
in adulthood. These deformities typically involve 
a structural thoracic curve and a smaller, more 
 fl exible compensatory lumbar curve. Degenerative 
scoliosis, also termed “de novo” scoliosis, occurs in 
the lumbar spine and arises due to the degeneration 
of spine that occurs as a result of aging. 

 Initial hypotheses postulated that this type of 
scoliosis was due to metabolic bone disease and the 
associated weakening of the bones. Subsequent 
studies, however, demonstrated no difference 
in bone density between patients with adult 
 idiopathic scoliosis and degenerative scoliosis. 
Currently it is believed to develop as a result of 
asymmetric degeneration and collapse of the inter-
vertebral disks and degeneration of the facets joints 
with marginal osteophyte formation. This results in 

the characteristic loss of lumbar lordosis and lateral 
or rotatory listhesis resulting in coronal deformity.  

    20.2   Prevalence and Natural History 

 Scoliosis is a frequent  fi nding in the adult popula-
tion and has been reported to have prevalence 
between 2.5 and 15 % of patients receiving rou-
tine imaging studies. In patients >70 years of age, 
recent reports have estimated a prevalence 
approaching 68 %  [  23  ] . The full natural history 
has not been identi fi ed, but radiographic risk fac-
tors have been identi fi ed. A Cobb angle of 30° or 
more, lateral vertebral translation of 6 mm or 
more, apical rotation of grade 3, and prominent 
or deeply seated L5 vertebrae are factors found to 
be predictive of progression of spinal curvature.  

    20.3   Clinical Presentation 

 Patients presenting for treatment of degenerative 
scoliosis typically report low back pain that has been 
present for many years. It is frequently the onset of 
leg pain, however, that incites them to see a spine 
surgeon. Back pain that localizes near the convexity 
of the curve is often diffuse and the result of muscle 
fatigue or spasm. When the pain occurs on the con-
cavity, however, it can be attributed to disk rupture 
or facet hypertrophy resulting in lateral recess steno-
sis compressing the traversing nerve root. When 
compression of the nerve roots is severe, there may 
be motor weakness but this is less commonly seen.  
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    20.4   Evaluation 

 Complete history and physical is essential in 
creating a complete differential diagnosis for the 
patient presenting with back pain and radicular 
pain. Components of the axial back pain that are 
most helpful include the location of the pain, 
radiation, aggravating and alleviating factors 
including positional and activity related, and 
temporality. Positional pain may be indicative of 
spinal instability or stenosis. Start-up pain, pain 
that begins with activity after rest and decreases 
with prolonged activity, is more consistent with 
degenerative changes within the joints. Pain that 
is not relieved when supine or occurs during 
sleep necessitates the investigation of infection 
or tumor. Full review of systems is helpful for 
identifying other medical conditions that can 
present as back pain from the retroperitoneal 
space such as pancreatitis, kidney stones, or 
intra-abdominal malignancy. Medical comor-
bidities also may limit treatment options and 
have been shown to correlate with decreased 
success rates, as perceived by the patient, and 
have been shown to increase the rate of compli-
cations  [  2  ] . Finally, family history and social 
history are relevant because depression, nicotine 
use, and substance abuse have been associated 
with decreased improvement in outcome after 
surgical intervention. 

 Physical evaluation begins with inspection. 
The patient should be viewed in the coronal and 
sagittal plane to evaluate for decompensation 
(loss of ability to position head over the pelvis). It 
is important to note as well if the patient is com-
pensating for their loss of lordosis with hip or 
knee  fl exion, which can result in a compensated 
sagittal deformity. In the coronal plane, the most 
common decompensation is a list toward the apex 
of the thoracolumbar curve. Skin examination for 
café au lait spots, nevi, sacral dimpling, and hair 
patches overlying the spine may be indicative of 
intraspinal pathology. 

 Evaluation for mechanical back pain is best 
evaluated with the patient lying prone, allowing 
the physician to identify areas of maximal tender-
ness using deep palpation on different segments 
of the spine such as the apex of the curve vs. the 

lumbosacral junction. This position also allows 
for evaluation of paraspinal muscular tenderness. 
The hips and pelvis should be evaluated for 
 fl exion contractures as well as pain from arthritis, 
impingement, or the sacroiliac joint. Nerve ten-
sion signs should be evaluated utilizing the femo-
ral stretch test for the femoral nerve and straight 
leg raise for the sciatic nerve. Evaluation of deep 
tendon re fl exes can demonstrate nerve root prob-
lems and abnormal re fl exes (Babinski, clonus, 
Hoffmann’s) can point to a possible cord com-
pression. Sensory loss can be present when there 
is nerve root impingement, but the utility may be 
limited as they frequently do not occur in a der-
matome pattern. Motor strength should be evalu-
ated with manual muscle testing utilizing standard 
scoring as well as functional muscle testing per-
formed against the patient’s body weight. One 
should also test for symmetric pulses as vascular 
problems can manifest as leg pain, especially 
vascular claudication. 

 Radiographic evaluation should begin with 
full-length posterior-anterior and lateral stand-
ing  fi lms. It is critical to have full-length  fi lms to 
fully evaluate the balance of the spine in the cor-
onal and sagittal planes. Ideally the lateral  fi lm 
would include the odontoid and the femoral 
heads to evaluate the pelvic incidence and grav-
ity line as well  [  13,   17  ] . The Cobb method should 
be used to de fi ne the severity of the curves. The 
surgeon should also note levels of disk degenera-
tion, lateral listhesis, anterolisthesis, and ret-
rolisthesis. Additional information can be gained 
from obtaining lateral bending  fi lms to deter-
mine the  fl exibility of the curves,  fl exion/exten-
sion  fi lms to evaluate instability, and supine 
extension  fi lm over a bolster to evaluate the 
 fl exibility of any kyphotic deformity. In adult 
degenerative scoliosis, however, the spine is fre-
quently fairly rigid. 

 Evaluation of spinal balance in the coronal 
and sagittal plane is critical to successful treat-
ment of adult scoliosis. Placement of the head 
over the pelvis decreases energy expenditure with 
ambulation, minimizes pain, and minimizes stress 
at adjacent segments. Sagittal balance is mea-
sured with a plumb line from posterior aspect of 
the superior endplate of T3. Neutral alignment is 
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de fi ned as passing through the posterior aspect of 
the S1 endplate. Alternatively, the author likes to 
evaluate a line from the odontoid that should pass 
through the center of the femoral heads, but this 
can be limited by the length of the  fi lm and the 
ability to visualize the odontoid. When the plumb 
line falls anterior to neutral, it is de fi ned as posi-
tive sagittal balance and posterior as negative 
sagittal balance. Coronal balance is assessed by 
constructing a line that bisects the sacrum and 
extends vertically (center sacral vertebral line 
(CSVL)). The CSVL should pass through the 
center of the C7 vertebrae and bisect the head. 
Deviation from this is measured as either left or 
right coronal decompensation. 

 Radiographic parameters have been evaluated 
to determine the correlation with visual analog 
pain scores  [  22  ] . L3 or L4 tilt angle, listhesis, 
thoracolumbar kyphosis, and loss of lumbar lor-
dosis have been found to correlate with increas-
ing pain scores. Conversely, Cobb angle, pelvic 
tilt, level of listhesis, and plumb line were not 
found to correlate with pain scores. 

 A classi fi cation system based upon radio-
graphic parameters has been established by 
Schwab et al. that is correlated with outcome 
scores. Curves are classi fi ed based on (1) apical 
level of scoliotic deformity, (2) degree of lumbar 
lordosis loss, and (3) degree of maximal inter-
vertebral subluxation. Sagittal balance was also 
later included into the system. These parameters 
were demonstrated to correlate with the decision 
to operate as well as the surgical approach. A 
small group of patients with 1–2 year follow-up 
demonstrated greatest clinical improvement in 
patients with the most abnormal radiographs. 
The greatest clinical improvement was associ-
ated with loss of lumbar lordosis  [  24  ] . 

 Advanced imaging can be helpful as an adjunct 
for surgical planning, but is never a substitute for 
adequate plain radiographs. Magnetic resonance 
imaging is the best screening tool for evaluating 
the spinal cord, nerves, neuroforamen, and bone 
marrow of the vertebral bodies. Spinal stenosis 
occurs when there is loss of disk height, bulging 
of the disk, hypertrophy of the facet joints, and 
ligamentum  fl avum. If a patient is unable to 
undergo an MRI due to size or metallic implants 

or pacemaker, CT myelogram is a good alterna-
tive. CT scan can also provide additional infor-
mation with 3D reformatting for larger curves 
with greater rotational deformity. Discography is 
a technique that has been used in the past to locate 
speci fi c levels that are pain generators, but recent 
studies have questioned the possibility of acceler-
ated degeneration due to damage to the disk with 
needle insertion  [  5  ] .  

    20.5   Treatment 

    20.5.1   Nonoperative 

 Patients who initially present with complaints of 
back pain, radicular symptoms, or spinal stenosis 
secondary to degenerative scoliosis should be 
treated with a trial of conservative measures just 
like they would if they presented with axial or 
mechanical low back pain. Nonsteroidal anti-
in fl ammatory medications are the  fi rst line of treat-
ment for pain. If a patient fails this, then muscle 
relaxants and analgesics may be considered. 
Referral to pain management for epidural steroid 
injections, nerve root blocks, and facet injections 
should be considered at this stage as well. In addi-
tion to using pharmacotherapy to decrease pain, 
physical therapy may be useful to increase muscu-
lar strength and  fl exibility and may relieve pain that 
is secondary to deconditioning. Bracing in adult 
degenerative scoliosis has not been shown to pre-
vent curve progression, but may provide some pain 
relief in the short term. Glassman et al. investigated 
the cost and bene fi ts of nonoperative management 
of adult scoliosis. Although this study was a retro-
spective review, they found no improvement in 
health status with nonoperative treatment. Despite 
the lack of improvement, health care costs range 
from $10,000 to $14,000 over a 2-year period 
depending upon severity of symptoms  [  10  ] .  

    20.5.2   Operative 

 Patient’s who have failed conservative manage-
ment may be candidates for surgical intervention. 
In adult scoliosis, in contrast to adolescent  scoliosis, 
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it is pain and disability more than the risk of curve 
progression that necessitates surgical correction. 
The goals of surgical treatment are decompression 
of the neural elements and a stable balanced spine 
(Gupta). To determine what procedures may be 
appropriate, we must consider the severity and 
extent of the spinal stenosis and spinal deformity. 
Treatment options range from decompression of a 
focal segment to combined anterior/posterior 
approaches with osteotomies. 

 Patients who have minor deformities and have 
complaints consisting mostly of radicular pain 
may be candidates for decompression alone. 
Ideally these patients would have coronal curves 
less than 30° and minimal rotary or lateral listhe-
sis (Fig.  20.1 ). The risks of decompression with-
out instrumentation arthrodesis are twofold. First, 
while decompression will reliably relieve leg 
pain, persistent mechanical pain postoperatively 
can lead to patient dissatisfaction. Secondly, 
removal of the posterior elements may further 
destabilize an already abnormal spinal segment 
and lead to rapid curve progression. Women may 
be at greater risk for progression due to (1) 
smaller bony elements with osteoporosis, (2) 
fewer osteophytes stabilizing the spine, and (3) a 
thinner pars interarticularis that becomes prone 
to stress fracture after laminectomy. In older 
patients without instability, the author has had 
success performing in situ fusion with decom-
pression when minor back pain is a complaint 
and instrumentation and correction is not desired 
due to medical comorbidities and bone quality.  

 Decompression and posterior spinal fusion 
with instrumentation is an appropriate procedure 
for patients that have a signi fi cant amount of back 
pain in addition to radicular symptoms or have 
larger curves with signs of instability. They must, 
however, have a coronally and sagittally balanced 
spine. The amount of lordosis from L1 to S1 
should approximate the kyphosis from T2 to T12 
(Fig.  20.2 ). It is important to pay close attention to 
this as in this elderly population, thoracic kypho-
sis steadily increases, and even more rapidly in 
females. Failure to recognize this fact can result in 
fusing the spine with inadequate lordosis leading 
to increased pain and  fl atback deformity. Multiple 
studies have demonstrated that surgical failures 

resulting in persistent back pain and pseudoar-
throsis are attributable to inadequate restoration 
of lordosis  [  2,   8,   22  ] . The author’s clinical experi-
ence has been a relative inability to correct lordo-
sis without interbody release and fusion.  

 When planning posterior spinal fusion for 
deformity correction, there are many details which 
must be addressed including cranial level of 
fusion, caudal level of fusion, bone graft source, 
and bone graft expanders or adjuncts. When 
choosing the top level of a fusion construct, it is 
important to identify the apex of the coronal curve. 
Even when limited levels are chosen to fuse, it is 
important to not stop at the apex because this puts 
additional stress at the transition from fusion to 
mobile spine in an area that is already unstable 
from the deformity. As the apex is frequently at 
L3 or L2 level, consideration must also be given 
to extending the fusion across the thoracolumbar 
junction to prevent adjacent segment collapse 
resulting in sagittal decompensation. Frequently 
degenerative scoliosis spares L5–S1 possibly 
because it is seated within the pelvis and has addi-
tional ligaments stabilizing the L5 vertebrae. This 
may allow the fusion to stop L4 or L5. Indications 
to fuse to the sacrum include (1) the presence of 
spondylolisthesis or previous laminectomy 
L5–S1, (2) stenosis requiring decompression, (3) 
severe degeneration, or (4) oblique takeoff of L5 
>15°. When fusion to the sacrum is performed, 
the surgeon must consider the increased risk of 
pseudoarthrosis. In constructs that include S1 and 
are greater than 3 levels, consideration should be 
made to including iliac  fi xation as lack of stability 
with S1  fi xation alone is one of several factors 
thought to contribute to the increased risk of non-
union. In these cases, some authors have advo-
cated interbody fusion via posterior or anterior 
approach to increase fusion rates. It has been this 
author’s experience, however, that with the use of 
iliac  fi xation and the use of bone morphogenic 
protein 2 (BMP-2) fusion at L5–S1 has not been 
dif fi cult to obtain. Pelvic  fi xation has been shown 
to improve caudal stabilization in patients with 
5 years of follow-up  [  26  ] . 

 The gold standard for bone graft material is 
iliac crest autograft. Other materials including 
allograft, recombinant proteins, and synthetics 
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have been developed because of a limited supply 
of autograft and pain and morbidity associated 
with iliac crest bone graft harvest. Additionally, 

autograft harvesting may compromise the ability 
to obtain stable iliac  fi xation in long constructs. 
Recent studies have demonstrated the use of 

  Fig. 20.1    An 83-year old man with severe radicular 
symptoms. Moderate amount of back pain, but manage-
able. He underwent decompression alone and is happy 

with the resolution of his leg pain. Preoperative images 
are  above  and postoperative  below        
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BMP-2 with allograft results in fusion rates of 
96 % anteriorly and 93 % posteriorly, which 
approaches the rate obtainable with autograft 
 [  19  ] . Despite the success of BMP-2, its cost is 
one factor that limits routine use. Recently, Lad 
et al. performed a cost analysis which demon-
strated that the additional cost of BMP is recouped 
within the  fi rst 2 years due to decreased compli-
cations, shorter operative and hospital times, and 
less rehabilitation costs  [  16  ] . While there are 
multitudes of other products available, to date, 
none have suf fi cient evidence to support fusion 
rates near the gold standard of autograft.     

 When there is coronal or sagittal imbalance 
and a larger magnitude curve, posterior fusion 
alone frequently is not suf fi cient and interbody 
fusion is necessary. Anterior release results in 

increased  fl exibility allowing greater manipula-
tion and correction of the coronal deformity. 
Restoration of disk height with graft placement 
increases fusion rate and begins to restore lumbar 
lordosis and sagittal balance  [  11  ] . There are mul-
tiple techniques to achieve these goals, but the 
anterior approach with complete release and 
structural support is an extremely effective 
method. There are multiple devices such as tita-
nium mesh cages, expandable cages, and femoral 
ring allografts that can be inserted in the disk 
space to provide anterior column support. The 
author’s preference is the use of femoral ring 
allografts because of the structural support, incor-
poration into anterior fusion (albeit slowly), and 
relatively low cost compared to cage alternatives 
(Fig.  20.3 ). Allograft chips and iliac crest graft 

  Fig. 20.2    An 83-year old woman with long history of 
back pain. She has mild, intermittent radicular leg pain. 
Patient underwent posterior only deformity correction due 

to good preoperative sagittal balance. Preoperative and 
postoperative AP and lateral images are shown       
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appear to not provide adequate structural stability 
for this purpose.  

 Recently surgeons have been investigating 
less invasive techniques besides open thoracoab-
dominal approach to restore disk height and pro-
vide interbody fusion. A lumbar interbody fusion 
(transforaminal lumbar interbody fusion (TLIF) 
or posterior lumbar interbody fusion (PLIF)) can 
be performed through the same incision as the 
posterior fusion. The advantages of these proce-
dures are there is no need for separate incision or 
access surgeon, less overall operative time with 
experience, and lower patient morbidity. The dis-
advantages include lack of release of anterior 
longitudinal ligament (ALL), more dif fi cult to 
perform complete diskectomy, less restoration of 
disk height, smaller graft surface area, and 
increased complications from nerve root retrac-
tion. The ability of this technique to restore 

 lumbar lordosis is less than seen with anterior 
approach and is reported as a mean of 36–39° 
 [  21  ] . Another technique that has become increas-
ingly popular is extreme lateral interbody fusion. 
This procedure involves the use of an expandable 
retractor placed through a lateral incision into the 
retroperitoneal space. The advantages of this 
technique include the ability to manipulate the 
ALL, increased visualization for diskectomy 
compared to posterior procedures, no need for 
access surgeon, less morbid approach, and 
increased surface area of graft compared to pos-
terior techniques. The disadvantages include 
reports of injury to the lumbar plexus especially 
at the L4–5 level, inability to address L5–S1, and 
a risk of not restoring lordosis if positioning or 
size of the implant is not correct. Recently pre-
sented data demonstrated preoperative lumbar 
lordosis of 32°, which improved to 49° after far 

  Fig. 20.3    A 60-year old woman with long history of back pain. No signi fi cant leg pain. Due to the severity of the curve, 
in fl exibility, and sagittal alignment, ASF T12–L5 and PSF T3-pelvis were performed       
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lateral interbody and with  fi nal lordosis of 51° 
after posterior instrumentation  [  15  ]  (Fig.  20.4 ). 
In another study evaluating for complications 
after lateral interbody demonstrated 33 % inci-
dence of motor weakness, which was transient in 
86 % of these cases. There was one patient 
(0.9 %) that had profound weakness 1/5 attribut-
able to a lumbar plexus injury, which improved to 
4/5 by 6 months  [  14  ] .  

 In addition to interbody fusion, regardless of 
technique, posterior fusion and instrumentation 
is implemented to supplement  fi xation and pro-
vide additional correction. Frequently the decom-
pression is easier after anterior procedure or far 
lateral procedure due to correction of lateral lis-
thesis and enlargement of the neuroforamen. 
Pedicle screws have repeatedly been shown to 
provide greater support and allow for improved 
segmental correction when compared with hook 
 fi xation  [  1  ] . When anterior procedures have not 
adequately restored sagittal and coronal balance, 

release of the posterior ligaments and Ponte 
osteotomies (osteotomies of the posterior spinal 
elements) will often allow for restoration of spine 
balance. It is the author’s preference to perform 
posterior release along the apex of the coronal 
deformity resecting the ligament  fl avum and the 
facet capsules bilaterally.   

    20.6   Revision Surgery 

 There are multiple factors that may necessitate 
revision surgery. Two main categories of failure 
are (a) symptoms of radicular pain associated 
with stenosis and (b) back pain secondary to 
deformity. The timing of the onset and the loca-
tion of symptoms may help determine the cause 
and dictate treatment options. Historically clini-
cal outcomes from revision procedures have been 
viewed to be less successful than primary proce-
dures. This may be due to a lower preoperative 

  Fig. 20.4    A 54-year old woman who previously had 
undergone ASF/PSF had severe back pain, severe sagittal 
imbalance, and left radicular pain. She underwent two 

 levels far lateral interbody fusion at her junctional kypho-
sis, and PSF was extended to T4       
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health status as Cho et al. have demonstrated that 
the clinical improvement (change in health status 
scores) is the same between primary and revision 
procedures  [  7  ] . 

 When a patient has radicular symptoms after 
surgery, the timing is paramount to determining the 
cause  [  11  ] . In the immediate postoperative period, 
the symptoms may be caused by incomplete decom-
pression, misplaced hardware, epidural hematoma, 
or missed diagnosis. Investigation into the cause of 
the residual pain is warranted, and treatment can be 
dictated by the pathology. If the index procedure 
involved deformity correction, there may be a new 
area of stenosis that was not present prior to the 
change in spinal alignment. 

 In the early postoperative period (days–
weeks), recurrent symptoms can be caused by 
infection, herniation of a nerve root through an 
iatrogenic durotomy, or BMP-2-related radiculi-
tis. The  fi rst step in evaluation is to rule out infec-
tion. Lab values may be helpful but can be falsely 
elevated during this postoperative time frame. 
Infection warrants irrigation and debridement 
with implant retention as long as the instrumenta-
tion has not been present greater than 3 months. 
Cultures should be obtained ideally before any 
antibiotics are given, so appropriate IV antibiotic 
treatment can be targeted at the inciting organ-
ism. BMP-2 radiculitis is a diagnosis of exclu-
sion and can be treated with observation as 
symptoms have been observed to improve with 
conservative management. 

 Midterm recurrence (weeks–months) can be 
caused by recurrent disk herniation, infection, 
arachnoiditis, or epidural  fi brosis. The mainstay 
of treatment in this category is nonoperative man-
agement once infection is ruled out. If recurrent 
stenosis is symptomatic after a trial of conserva-
tive management, repeat decompression is an 
option if residual stenosis is identi fi ed. 

 Recurrence of symptoms that occur late in the 
postoperative period (months–years) is more likely 
due to recurrent stenosis. This can be the result of 
degeneration at adjacent segments, or there may 
be instability from a pars interarticularis stress 
fracture due to much bone removed at the index 
procedure. Evaluation and treatment in these cases 
is similar to the evaluation of a new problem. 

 After surgery, patients may also have recur-
rence, worsening, or a new onset of back pain. 
In the early postoperative period, back pain can 
become more prominent after decompression 
alone because the patient is not distracted by the 
radicular pain. New pain after a decompression 
can also be caused by too much bony resection 
resulting in a fracture of the par interarticularis. 
In the elderly, pain after instrumentation and 
fusion may be caused by fracture at the transi-
tional zone. In these patients the weak link is the 
bone implant interface and is prone to failure 
where the relatively stiff instrumented segments 
meet the relatively mobile segments. Diagnosis is 
based upon imaging studies, and treatment can be 
tailored to the severity of the pain and deformity. 

 Back pain that develops later after surgery may 
be due to infection, a failure of fusion, adjacent 
segment disease resulting in proximal junctional 
kyphosis, or iatrogenic failure to correct sagittal 
imbalance resulting in  fl atback syndrome. Lab 
studies in addition to a careful history should be 
used to rule out infection. Any prolonged wound 
drainage or systemic symptoms should alert the 
treating physician to the possibility of infection. 
Failure of fusion, pseudoarthrosis, can be evalu-
ated by careful examination for broken or loos-
ened implants. Additionally, CT scan is useful for 
evaluating for bridging bone across the segments 
that were meant to be fused. It is important to note 
that if there are broken implants even with appar-
ent bridging bone on CT, there must be a high 
index of suspicion for nonunion. In fact, 30 % 
nonunions may be found 3–4 years after the index 
procedure. Treatment involves revision surgery 
and should consider the use of anterior fusion to 
increase fusion rates. The preoperative health of 
the disk immediately proximal to the cephalad 
aspect of the construct is the greatest predictor of 
the development of adjacent segment disease  [  4  ] . 
Degeneration at this level can lead to the develop-
ment of proximal junctional kyphosis (PJK). 
Treatment of back pain from PJK depends on the 
severity of the deformity. For patients with mild 
pain or minimal deformity, nonoperative treat-
ment with bracing is a reasonable  fi rst step. More 
severe deformities often require revision surgery 
with more proximal extension of the fusion. When 
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back pain is secondary to sagittal imbalance due 
to iatrogenic  fl atback syndrome, revision surgery 
is appropriate when pain management modalities 
have failed. The author’s preferred treatment algo-
rithm is determined by the status of the anterior 
column. If there is no anterior fusion, anterior 
release and fusion with posterior osteotomies and 
correction of the deformity is performed. 
Occasionally this involves a posterior release, fol-
lowed by anterior procedures, culminating with 
posterior reinstrumentation and correction of 
deformity (back, front, back). When the anterior 
column is solidly fused, revision posterior fusion 
is performed with pedicle subtraction osteotomy 
through the anterior fusion mass (Fig.  20.5 ).   

    20.7   Complications 

 Despite an improvement in surgical techniques, 
anesthesia, and perioperative care surgery for 
adult, degenerative scoliosis continues to have a 

high rate of complications. Multiple sources have 
estimated that the complication rate for adult sco-
liosis is between 40 and 70 %  [  3,   20,   25,   27  ] . The 
severity of these risks depends on the age of the 
patient, surgical approach, medical comorbidi-
ties, and the number of levels being operated on. 
It also has been demonstrated that major compli-
cations result in a decrease in patients’ overall 
health demonstrated on SF-12 scores 2 years 
postoperatively  [  9  ] . 

 Infection can be a devastating complication 
because it frequently prevents fusion and requires 
revision surgery for debridement with long-term 
antibiotic coverage. Current recommendations 
from our infectious disease colleagues frequently 
entail 6 weeks of IV antibiotics despite the pau-
city of literature to support a particular duration. 
If the infection occurs in the early postoperative 
period, spinal implants can be retained as infec-
tion resolves quicker when the spine is stable. It is 
the author’s preferred treatment to retain instru-
mentation if the index procedure is within 

  Fig. 20.5    A 52-year old woman with a history of multi-
ple spine surgeries in the last 5 years. She has severe com-
plaints of sagittal imbalance and to a lesser degree coronal 

imbalance. She has severe back pain and is unable to stand 
erect. She had extension of her fusion to T4 and pedicle 
subtraction osteotomy at L3       
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3 months, but to perform instrumentation exchange 
to titanium implants for longer time periods. The 
incidence of infections has been reported between 
3 and 5 % for posterior procedures but is depen-
dent upon the multiple factors including the extent 
of the fusion, age, and primary vs. revision  [  2  ] . 

 Age is another risk factor that has been exten-
sively studied. There are some con fl icting reports, 
but generally it is believed that the incidence of 
complications is increased in an elderly popula-
tion  [  20,   25  ] . One factor contributing to this is the 
increase in comorbidities that occur with age 
which results in an increase in medical complica-
tions perioperatively. The two most common 
mechanisms for construct failure in this popula-
tion are (1) fracture or screw loosening at the 
proximal end of instrumentation and (2) late pro-
gressive kyphosis at the proximal end of instru-
mentation. This risk can be minimized by not 
ending the construct at the thoracolumbar junction 
or the apex of the kyphosis, but instead extending 
instrumentation into the proximal thoracic spine. 
Despite a 4× increase in minor complications and 
5× increase major complications, elderly patients 
have increased improvement in pain and disability 
scores compared to younger age groups  [  25  ] . 
Additionally, ODI, neck, and leg pain scores are 
the same 2 years postoperatively in young and 
elderly patients. 

 With the rigidity and sagittal imbalance fre-
quently encountered, combined anterior and pos-
terior combined approaches are frequently 
required. Many authors have examined whether 
complication rates differ between staged proce-
dures or same day combined approaches. One 
challenge with staged procedures is malnutrition. 
Lenke et al. demonstrated a 6–12 week time 
period to return to nutritional baseline  [  18  ] . 

 Postoperative neurologic de fi cit or paralysis is 
a feared complication of deformity correction. 
Fortunately neurologic injury rates are low 
between 1.0 and 2.5 %  [  12  ] . Injuries can be 
caused by direct injury, tension/compression of 
the dura, or from ischemia. The risk of ischemia 
is often underestimated, and the consequences 
are seen in postoperative patients who undergo 
cardiac arrest and lose neurologic function after 
these events. Neuromonitoring with SSEP and 

MEP is now the standard for deformity surgery. 
Unfortunately, these modalities are not always 
reliable and have a relatively low sensitivity but 
high speci fi city  [  12  ] . 

 A rare complication after spinal surgery is 
visual loss. Most of the literature consists of case 
reports, but the incidence is estimated to occur 
between 0.05 and 1 % after major spinal surgery 
 [  6  ] . The cause of blindness can occur from isch-
emic optic neuropathy, retinal artery occlusion, 
and cortical blindness. Unfortunately, most of the 
reported cases have been permanent visual loss.  

    20.8   Summary 

 Adult degenerative scoliosis is a complex, three-
dimensional deformity that can be challenging to 
treat. Symptoms range from back or leg pain to 
severe deformity with either coronal or sagittal 
imbalance. Treatment requires complete evalua-
tion of the patient including history, physical, and 
radiographic components, and must be tailored to 
each individual patient. 

 The goals of surgery are to decompress the 
neural elements; correct sagittal, coronal, and 
rotational deformity; and provide solid  fi xation. 
Small deformities causing radicular symptoms 
can be managed with decompression alone. Larger 
deformities without sagittal imbalance may be 
managed with posterior fusion alone. When sagit-
tal or coronal imbalance is present, larger proce-
dures requiring anterior and posterior surgery 
with or without osteotomies will be required. 

 Complicating the surgical management of 
these patients is the increasing frequency of med-
ical comorbidities with age and incidence of 
complications associated with these procedures.      
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          21.1   Introduction 

 Scoliosis is usually described as a spinal defor-
mity in which the person’s spine is curved from 
lateral to medial. In fact, the spine is twisted in a 
complex helix with deformity in all three planes. 
It is convenient to describe the deformity as visu-
alized on two-dimensional images on posteroan-
terior (PA) and lateral radiographs. Scoliosis can 
be categorized in two broad types: nonstructural 
and structural scoliosis. Nonstructural scoliosis is 
a secondary curve caused by unequal leg lengths, 
or by conditions such as herniated lumbar disks, 
renal anomalies, or spondylolisthesis that cause 
back muscle spasms. This type of spinal curvature 
is not built into the spine and will resolve when 
the primary underlying condition is corrected. 
A structural, or true, scoliosis is built into the 
spine and chest wall and involves rotational defor-
mity of the vertebrae, intervertebral disk, ribs, and 
soft tissues. The appearance of the trunk, shoul-
ders, chest wall, and hips may be altered in a num-
ber of recognizable forms, depending on the 
location of the apex of the curve (Fig.  21.1a, b ).  

 The severity of a scoliotic curve is determined 
by measuring and recording the Cobb angle. This 
is the angle formed between the maximally tilted 
superior and inferior vertebral bodies of the curve 

as seen on the PA radiograph (Fig.  21.1c ). A 10° 
threshold is usually required before the diagnosis 
of a structural scoliosis is made, though that does 
not exclude a nonstructural curve. 

 There are three broad categories of scoliosis: 
idiopathic (cause unknown, subclassi fi ed as infan-
tile, juvenile, adolescent, or adult according to 
onset); congenital scoliosis (caused by vertebral 
anomalies present at birth); and neuromuscular 
scoliosis (secondary to abnormalities in nervous 
system and/or muscles, as seen in syringomyelia, 
spina bi fi da, cerebral palsy, spinal muscular atro-
phy, Duchenne muscular dystrophy, paraplegia, 
and numerous other neuromuscular disorders). 
The most common form is adolescent idiopathic 
scoliosis. It affects approximately 2–3 % of the 
population (about six million people in the USA) 
 [  5,   7,   21  ] . It is commonly diagnosed for the  fi rst 
time in children aged 10–15 years. About 10 % of 
the adolescent population has some degree of sco-
liosis, but less than 1 % of people who develop 
scoliosis require treatment  [  49  ] .  

    21.2   Case Example 

 A 12-year-old girl was referred to an orthopaedic 
clinic by her pediatrician for evaluation of a back 
deformity. The deformity had been picked up by a 
scoliosis screening carried out by a nurse at her 
school. She was a normal healthy child, active in 
sports and dance, and had never had any medical 
complaints related to her back. She lived with her 
stepmother, who had noticed a signi fi cant increase
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in her height in last few months and that she was 
leaning more to one side. They wondered if this 
could be related to a very heavy book bag she was 
required to carry to school. She had begun her men-
strual cycle just 3 months previously. Her natural 
mother had required scoliosis surgery as a teenager. 

 Her examination standing revealed uneven 
shoulders with the right higher than the left. The 
trunk was translated to the right, making her left 
hip more prominent. On forward bending, there 
was a rib prominence on the right side, with that 
side about four centimeters higher than the left 
(Fig.  21.2 ). Her neurologic exam revealed 5/5 
strength and 2+ re fl exes bilaterally in all four 
extremities with intact sensation to light touch over 
the extremities. Abdominal re fl exes were present 

and symmetric in all four quadrants. Babinski sign 
was downgoing. Her plain radiographs revealed a 
right-sided scoliosis. The Cobb angle, measured 
between the sixth thoracic and second lumbar ver-
tebrae (T6–L2), measured 51° with signi fi cant ver-
tebral rotation. A compensatory lumbar curve 
(L2–L5) was present, measuring 20° (Fig.  21.3 ).    

    21.3   Idiopathic Scoliosis 

 Idiopathic scoliosis is divided into three catego-
ries, based upon the age of the patient when the 
scoliosis is  fi rst detected. Infantile idiopathic 
 scoliosis presents between the ages of birth and 
3 years. Juvenile idiopathic scoliosis presents 

  Fig. 21.1    ( a ) Drawing of thoracic scoliosis. Note the 
trunk asymmetry, or shift, that occurs secondary to the 
curve. ( b ) Drawing of lumbar scoliosis. This can also 
cause trunk shift and an asymmetric appearance of the 
waist. ( c ) Cobb angle: The end vertebrae are the most 
superior and inferior vertebrae which are least displaced 

and rotated and have the most tilted end plates. A line is 
drawn along the superior end plate of the superior end ver-
tebra, and a second line drawn along the inferior end plate 
of the inferior end vertebra. The angle between these two 
lines (or lines drawn perpendicular to them) is measured 
as the Cobb angle         

Thoracic curve Lumbar curve

a b 
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between the ages of 4 and 10 years. Adolescent 
idiopathic scoliosis (AIS) presents between the 
ages of 11 and 17 years.  

    21.4   Adolescent Idiopathic 
Scoliosis (AIS) 

 The cause of AIS remains unknown but is widely 
suspected to involve heredity. Research continues 
to look at genetic transmission, connective tissue 
disorders, muscle and platelet disorders, and hor-
monal imbalance  [  8,   12,   22,   23,   52,   61  ] . Genetic 
studies based on a wide variety of populations 
have suggested an autosomal dominant or multi-
factorial inheritance pattern  [  2,   13  ] . A similar 
incidence is seen in nearly all racial and ethnic 
groups. Population studies involving index 
patients and their families indicate that 11 % of 
 fi rst-degree relatives are affected, as are 2.4 % 
and 1.4 % of second- and third-degree relatives, 
respectively  [  20 ,  52  ] . Twin studies have consis-
tently shown high concordance rate in monozy-

gous twins (73 %) as compared to dizygous twins 
(36 %)  [  19,   22  ] . The ratio of affected females to 
males is 1:1 in curves smaller than 10° and 
increases as the curve magnitude increases, with 
a ratio of 8:1 in curves requiring intervention 
 [  1,   14,   32,   55  ] . There is a relative lengthening of 
the anterior part of the spinal column with respect 
to the posterior part, which leads to a  fl attening of 
the normal thoracic kyphosis. This is seen in even 
the smallest curves leading one to believe that it 
is part of the etiology. Therefore, the term 
“kyphoscoliosis” is inaccurate in idiopathic 
scoliosis.  

    21.5   Natural History/Prognosis 

 Scoliosis is usually painless and develops gradu-
ally. If worsening of the curve is going to occur, it 
is timed to the upswing of the preadolescent growth 
spurt. This in turn, most commonly occurs at 
1–2 years prior to the onset of a regular menstrual 

  Fig. 21.2    Trunk rotation evident on forward bend is usu-
ally seen in AIS       

c

Fig, 21.1 (continued)
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cycle in girls, often around age 10. In boys, it is 
timed 2–3 years later than usually seen in girls. 
The main predictors of curve progression are curve 
magnitude at the time of diagnosis and remaining 
growth potential. In general, females have an 
eightfold higher risk of having a curve progress to 
surgical magnitude. This may be because their 
growth spurt is superimposed on a spinal column 
that is over 2 years less mature than that for males. 
It is clear that assessment of the remaining growth 
potential of an individual is essential for predicting 
curve progression, and advising treatment. Clinical 
signs of puberty (Tanner staging) and radiographic 
parameters such as triradiate cartilage closure and 
the Risser sign (iliac apophysis ossi fi cation) are 
helpful in assessing growth potential  [  64,   65  ] . The 
Risser sign is graded from 0 to 5. Grade 0 means 
no ossi fi cation, and grade 5 means complete 
ossi fi cation of the iliac apophysis  [  53  ] . Tanner 
stage 2–3 and Risser sign 0 with open triradiate 

cartilage indicate high growth potential and greater 
risk of curve progression. Once the triradiate carti-
lage has closed, peak growth velocity has passed, 
and the rate of growth will slow over time. AIS is 
thought to have its onset during peak growth veloc-
ity. Nachemson et al., in a study of untreated 
female patients who had thoracic scoliosis, sug-
gested that the risk of progression increases with 
the magnitude of the curve at the time of detection 
and decreases with increased age at the time of 
detection. Younger girls (10–12 years old) who 
had a curve of at least 30° at the time of detection, 
prior to peak growth velocity, had the highest like-
lihood of progression, ranging from 90 to 100 % 
 [  43  ] . Spinal growth can be predicted to have 
stopped in girls who are 2 years out from the onset 
of regular monthly periods, or in girls and boys 
who have reached Risser 5. Thoracic curves less 
than 30° at skeletal maturity are unlikely to prog-
ress, whereas curves measuring from 30 to 50° 

  Fig. 21.3    Standing PA and lateral thoracolumbar spine X-rays demonstrating thoracic scoliosis. Asymmetry of the 
ribcage can be appreciated, demonstrating the rotational component of the deformity       
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may continue to slowly progress an average of 
10–15° over a lifetime. Curves greater than 50° at 
maturity tend to progress steadily at a rate of about 
1° per year due to settling. For thoracolumbar and 
lumbar curves, those under 20° at maturity do not 
progress, while those of 40° or more progress 
steadily into adulthood. Curves in the midrange 
are less predictable, but those over 25° slowly 
increase in some patients past maturity  [  42 ,  66  ] . 
This data from long-term natural history studies of 
untreated patients forms the basis of our treatment 
strategies and recommendations. Long-term curve 
progression is associated with increased incidence 
of back pain and problems in adulthood; therefore, 
surgical treatment is recommended for those 
curves expected to progress past maturity.  

    21.6   History and Physical 
Examination 

 Idiopathic scoliosis patients are usually asymptom-
atic. They or their families often seek orthopaedic  
evaluation for the appearance aspect of their defor-
mity, such as uneven shoulders, rib prominence, or 
waist asymmetry. These  fi ndings are often  fi rst 
appreciated during school screening programs for 
scoliosis or during back-to-school or sports physi-
cals examinations by a pediatrician or family phy-
sician. The presence or absence of severe back pain 
is important because most patients with idiopathic 
scoliosis have little or no discomfort. Complaints 
of persistent or signi fi cant back pain warrant care-
ful evaluation to rule out pathology in the spinal 
column or spinal cord that may be causing both 
pain and scoliosis. However, a recent study by 
Ramirez et al. suggested 32 % of AIS patients 
experience back discomfort at some point (23 % at 
presentation and 9 % during the period of observa-
tion)  [  50  ] . Patients without antecedent symptoms 
may also report pain after the diagnosis is made. 
The history should also record any family history 
of scoliosis, and details such as onset of menses 
that would help in determining growth potential. 

 The physical examination of a patient with sco-
liosis includes evaluation of the back  deformity 
itself, a thorough neurologic exam, and examina-
tion of the skin, feet, joints, and general appear-
ance. The neurologic examination should exclude 

long tract signs in both lower extremities. Full 
lower extremity motor and sensory evaluation, as 
well as abdominal and lower extremity deep ten-
don re fl exes, should be performed. Scoliosis resem-
bling AIS is often the presenting sign of 
syringomyelia, and asymmetric abdominal re fl exes 
and other asymmetries of motor function and sen-
sation are often seen with this condition. Height 
and weight should be obtained on new patients, and 
serial heights of follow-up patients are useful to 
assess whether growth is still progressing rapidly. 

 Non-idiopathic causes of scoliosis can be 
quickly excluded during the examination. 
Neuro fi bromatosis often causes severe scoliosis, 
and the skin should be carefully evaluated for the 
presence of café au lait spots. Congenital abnor-
malities of the spinal cord, such as tethered cord 
and lipomeningocele, often are accompanied by a 
lumbosacral nevus, hairy patch, lipoma, or skin 
dimple. An AIS-like pattern may be seen in patients 
with collagen disorders such as Marfan syndrome 
or Ehlers-Danlos syndrome. These curves often 
require longer follow-up past maturity and do not 
do as well with limited surgery, so it is important 
to assess the patient carefully for generalized 
ligamentous laxity and other characteristic fea-
tures to diagnose this. Family history of these 
 disorders should also be elicited. Finally, the 
examination should exclude disorders of the 
 posterior columns of the spinal cord, such as 
Friedrich’s ataxia and Charcot-Marie-Tooth 
 disease (CMT), now known also as hereditary 
motor-sensory neuropathy (HMSN), by testing 
balance and assessing deep tendon re fl exes. The 
presence of cavus feet, intrinsic wasting of the 
hands, and stork-like calves can also assist in the 
diagnosis of HMSN (Fig.  21.4 ).  

 Evaluation of the scoliotic deformity starts 
with a standing assessment done from behind the 
patient, with the patient’s bare back visible and 
shoulders and pelvis accessible. Unevenness of 
the shoulders or pelvis, waist asymmetry, and 
trunk shift should be noted (Fig.  21.5 ). Any 
signi fi cant decompensation, where one curve does 
not appear to be balanced by another, should be 
noted. The patient should be assessed from the 
side also to ensure that no signi fi cant kyphosis is 
present. The presence of kyphosis should alert the 
examiner to potential need for further evaluation. 
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The forward bend test, described by Adams, has 
the patient bend forward at the waist with the 
knees straight and palms together. When the  fl at 

of the back is parallel to the  fl oor, the rotation of 
the scoliotic spine will be most obvious (Fig.  21.6 ). 
Rotation may be measured with a scoliometer to 
record the rotation for future comparison. This 
examination should be performed from behind (to 
assess lumbar and midthoracic rotation) and from 
the front (to assess upper thoracic rotation), as 
well as from the side (to assess kyphosis)  [  6  ] .    

    21.7   Radiographic Evaluation 

 The initial examination of the spine should include 
standing posteroanterior (PA) and lateral radio-
graphs of the entire spine on 36 by 14 in. cas-
settes. The PA projection is preferred over the AP 
projection for frontal plane assessment because 
the former results in signi fi cantly less radiation 
exposure to breast and thyroid tissue  [  17,   28  ] . 

 The PA projection is useful to assess the 
 coronal curve pattern, the type of scoliosis (con-
genital or idiopathic), the overall balance of the 
spine and trunk, skeletal maturity (as determined 
by Risser sign), open versus closed triradiate car-
tilage, and the presence of a lower limb length 
discrepancy by evidence of asymmetric height of 
the iliac crests (Fig.  21.7 ). The Cobb method is 
used to measure the degree of scoliosis on the PA 
X-ray  [  10  ] . The largest curve by Cobb measure-
ment is termed the “major” curve. Lesser curves 
above and below are termed minor or compensa-
tory curves. In addition to curve magnitude, 

  Fig. 21.5    Clinical photo of patient with severe scoliosis. 
The right shoulder is elevated, while the entire trunk is 
shifted to the right. The waist is asymmetric, with a 
straight appearance on the left and wrinkling of the skin 
on the right       

  Fig. 21.6    Clinical photo of patient with severe scoliosis. 
Adams forward bend test reveals the signi fi cant trunk 
rotation and rib deformity present in scoliosis       

  Fig. 21.4    Right cavus foot. Note the inward tilt, or varus, 
of the heel, and more visible forefoot compared to the nor-
mal left side. This can be associated with an underlying 
neurologic abnormality       
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physicians should describe curves as “right” or 
“left,” based on the direction of the curve convex-
ity. The large majority of idiopathic scoliosis 
curves will be convex to the right in the thoracic 
spine and to the left in the lumbar spine. The 
reverse may indicate an underlying neurologic 
cause for the scoliosis such as syringomyelia.  

 The lateral projection is useful to evaluate the 
global sagittal balance of the thoracic and lumbar 
spine and determine the presence and severity of 
the decreased thoracic kyphosis. The decreased 
kyphosis is not always obvious on the lateral due 
to rotation of the spine. Thoracic kyphosis of 35° 
or greater should prompt MRI evaluation  [  48  ] . 
The radiograph should also allow assessment of 
the presence of spondylolysis and/or spondylolis-
thesis. Coronal bending scoliosis radiographs 
allow an assessment of the stiffness of the curves 
and may be helpful in planning surgical correction, 
as well as in determining which curves truly require 
intervention and which may be left alone  [  9  ] . 

 Obtaining an MRI of the entire spine routinely 
in a patient with scoliosis is controversial. Several 
prospective studies of routine MRI screening for 
preoperative assessment of all patients with idio-
pathic scoliosis have shown that MRI should be 
reserved for patients with an early onset of scoliosis 

(infant and juvenile age-groups), signi fi cant back 
pain, rapid curve progression, an unusual curve 
pattern such as a left thoracic curve, abnormal 
neurologic exam, or cutaneous  fi ndings  suggestive 
of dysraphism or neuro fi bromatosis  [  15 ,  18 ,  35 , 
 40 ,  46 ,  57  ]  (Fig.  21.8 ). Additionally, Ouellet et al. 
have suggested that an increased kyphosis on the 
lateral radiograph of the thoracic spine should 
raise suspicion of syringomyelia and necessitate 
an MRI  [  48  ] .   

    21.8   Treatment    

 Treatment consists of observation, bracing, and 
surgical intervention, depending on curve magni-
tude, progression, and patient age and growth sta-
tus. An algorithm for the treatment of adolescent 
idiopathic scoliosis is outlined in Table  21.1 .  

    21.8.1   Observation 

 This is indicated in patients with a curve less than 
20° or in patients whose growth has progressed past 
the rapid stage (Risser 3 and higher). A follow-up 
PA X-ray every 4–12 months is advised  depending 

Risser sign

0 I

III IV V

II

  Fig. 21.7    Risser stages of pelvic maturation. Stage 0 
demonstrates no capping of the iliac crests, seen in skele-
tally immature patients. Progressive appearance of the 
iliac crest apophysis on radiographs correlates with 

the normal slowing of spinal growth over time. Fusion of 
the apophysis to the crest, or Risser V, correlates with 
completion of spinal growth       
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upon the patient’s age and remaining growth poten-
tial. No restriction of activities is required.  

    21.8.2   Bracing 

 Bracing is recommended for curves in immature 
patients (Risser grade 1 or less) with a minimum 
magnitude of 20°. Curves of less than 25° should 

be braced only after there is documented progres-
sion of 5° or more in patients who are Risser 
grade 1 or less  [  34,   56  ] . The theory behind brac-
ing for scoliosis is that the increased pressure on 
the vertebral growth plate on the concave side of 
a curve will cause decreased growth and lead to 
worsening of the curve via the Hueter-Volkmann 
principle (Fig.  21.9a ). A well-constructed brace 
should relieve this pressure by partially straight-
ening the spine during the time the patient is 
wearing the brace, relieving the Hueter-Volkmann 
forces (Fig.  21.9b ). A brace-wearing schedule 
may vary from full time to nighttime only depend-
ing on the type of brace used. Traditionally, full-
time (23 h per day) brace wear was advised; this 
continues to be recommended by many who pre-
scribe scoliosis braces. Over the last two decades, 
many centers reduced the wearing schedule to 
16 h per day to improve patient compliance and 
allow the child to go to school without the brace. 
The brace most commonly used for full-time or 
16-h wear is the Boston type underarm thora-
columbosacral orthosis (TLSO). It is able to con-
trol curves with an apex of T9 or below, though it 
has been used up to T6 if the push pads are effec-
tive. The Charleston bending brace was devel-
oped on the concept that part-time use may be 
effective. This brace holds the patient in maxi-
mum side-bending correction. The side-bending 
force exerted by the brace does not allow its use 
in the upright position, thus making wear feasible 
only when the patient is recumbent. This brace is 
best used in lumbar or thoracolumbar curves, as 
the higher the curve apex, the less bend will be 
achieved. The main appeal of this brace is the 
limited number of hours of daily wear, all of 
which are accomplished during sleep. Many other 

   Table 21.1    A general outline of treatment for idiopathic scoliosis   

 Risser sign 

 Curve magnitude (degrees)  Grade 0/premenarchal  Grade 1 or 2  Grade 3, 4, or 5 
 <20  Observation  Observation  Observation 
 20–40  Brace therapy (begin when curve 

is >20° with documented 
progression >5°) 

 Brace therapy  Observation/bracing 

 >45  Surgery  Surgery  Surgery (when curve is >50°) 

  The treatment recommended may vary from one individual to another, as curve patterns and individual needs vary 
 [  33 ,  34 ,  56 ,  66  ]   

Left thoracic scoliosis

  Fig. 21.8    Drawing of left thoracic curve. This atypical 
appearance can be a sign of underlying neurologic or 
other abnormality and usually warrants further investiga-
tion with an MRI       
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brace types exist, but these two are most widely 
used (Fig.  21.10a, b ).   

 The effectiveness of bracing for idiopathic 
scoliosis has been debated. Controlled blinded 
trials are dif fi cult to perform due to the variabil-
ity of the curves, the dif fi culty in measuring 
compliance, and the reluctance of some patients 
and parents to accept a nontreatment arm of a 
prospective study. In 1995, the results of a pro-
spective, controlled (but not randomized) study 
of bracing by the Scoliosis Research Society 
were published. Results were compared in 286 
patients, aged 10–15 years, with an initial curve 
of 25–35°: 129 patients were observed but 
received no treatment, 111 were treated with an 
underarm brace, and 46 were treated with night-
time electrical stimulation. The percentages of 
curve progression greater than 5° were 26 % in 
bracing, 66 % in observation, and 67 % in elec-
trical stimulation; these  fi ndings demonstrate a 
statistically signi fi cant effect of bracing in this 
population over observation and electrical 

 stimulation  [  44  ] . Most centers have accepted 
these results and continue to advise brace treat-
ment for progressive curves in skeletally imma-
ture adolescents. Contraindications to brace 
treatment include large curves greater than 45°, 
skeletally mature patients, patients with large 
body habitus, and noncompliant patients. Some 
studies have shown compliance in boys to be so 
poor that bracing should not be recommended. 
This is controversial. 

 Once a brace is obtained, it should be assessed 
for effectiveness. The brace should be able to be 
worn comfortably but snugly, and when worn 
correctly, should reduce the curve magnitude 
while in brace by 50 % if possible. This may not 
be possible with stiffer curves and does not nec-
essarily mean that bracing should be abandoned, 
but may indicate less likelihood of curve control 
with the brace. The night bending braces may 
reduce the curve to zero while in brace, as they 
are most effective in lumbar and thoracolumbar 
curves, which tend to be more  fl exible. It is 

Without brace With brace

a b

  Fig. 21.9    ( a ) Hueter-Volkmann principle. Spinal curva-
ture worsens during growth due to growth suppression on 
the concavity ( left ) and continued growth on the convexity 
of the curve. ( b ) Bracing during growth is thought to 

relieve the compressive forces and allow the spine to grow 
in a balanced fashion without worsening the curve. The 
brace demonstrated here is used during sleep because of 
the extreme bend placed on the lumbar curve       
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important to note to the families that bracing does 
not make the existing curve go away permanently, 
but is simply designed to prevent curve progres-
sion. Not all curves will respond to bracing. 

 One challenge in the nonoperative treatment of 
scoliosis is that we have not had a way to tell which 
curves are likely to progress and which ones could 
simply be observed, preferably even without radio-
graphs. Even with the diminished exposure from 
digital radiography, patients with scoliosis will be 
subjected to several X-rays throughout their teenage 
years. If we knew which curves were less likely to 
progress, in theory, those patients could be followed 
less and examined clinically instead of radiographi-
cally until a change was detected. Conversely, curves 
that were expected to reach surgical  magnitude 

might not require bracing, as surgery would be an 
expected outcome. Or, if the family preferred, they 
might be braced more aggressively and for longer. 
Genetic testing in AIS has recently become avail-
able (ScoliScore, Axial Biotech), with improving 
validity. It is currently only validated for the 
Caucasian population and was found to not be suc-
cessful in determining curve progression in Asians 
or Hispanics. The test involves obtaining a sample 
of saliva in the clinic, which is processed for a set of 
50 genetic markers that correlate with likelihood of 
curve progression. A score is obtained between 1 
and 200 that predicts the likelihood of curve pro-
gression to surgical range. Clinical application of 
the results has been mixed among surgeons, and 
testing continues to evolve. 

a b

  Fig. 21.10    ( a ) Boston-type underarm brace for scoliosis. 
Push pads and rotational molding are used to apply cor-
rective forces to the thoracic curve. ( b ) Charleston-type 
night bending brace. This is useful for more distal curves 

such as lumbar and thoracolumbar curves. The brace 
bends the patient against the major curve, applying cor-
rective force to allow growth without curve progression       
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 A recent alternative to bracing for patients 
with small curves that progress is operative verte-
bral body stapling, in which Nitinol staples are 
applied across the end plates and disk at several 
levels through the convexity of the curve. The 
principle behind this is similar to guided growth 
treatment of other growth centers in the body 
with staples, but the validity of this comparison is 
controversial, as the stapling occurs across the 
end plates and the intervertebral disks. The long-
term effects of crossing the disk space with a 
compressive device are unknown, leading many 
surgeons to be reluctant to embrace this tech-
nique. Vertebral body stapling has only been 
found to be effective at reversing or controlling 
scoliosis in a small number of curves with magni-
tude less than 35° and suf fi cient growth remain-
ing, limiting the number of patients for whom it 
is a viable option. The treatment remains investi-
gational  [  3,   24 ,  47  ] .  

    21.8.3   Surgical Treatment 

 The goals of surgical treatment of idiopathic sco-
liosis include improved spinal alignment and bal-
ance, prevention of the curve progression, and 
improvement of trunk appearance. Operative 
treatment aims to fuse the spine in a balanced 
position with the patient’s shoulders, head, and 
trunk centered over the pelvis in both the coronal 
and sagittal planes. Although various consider-
ations enter into the decision for surgery, curve 
magnitude remains the primary factor. Thoracic 
curves and double major curves that exceed 50° 
at skeletal maturity have a signi fi cant probability 
of worsening over time and warrant operative 
intervention. Thoracolumbar and lumbar curves 
of lesser magnitude, when associated with marked 
apical rotation or translatory shift, also have a 
propensity to worsen over time in mature patients. 
In these cases, surgery should be considered 
when the curves exceed 40–45°. Corrective 
instrumentation techniques have evolved in past 
few decades from Harrington rod instrumenta-
tion to today’s dual rod and segmental pedicle 
screw  fi xation. The use of pedicle screw  fi xation 
at multiple spinal levels allows control of all three 

columns of the spine from the back, and therefore 
allows placement of greater corrective forces on 
scoliotic spines. Controversy exists whether tho-
racic pedicle screw  fi xation is worth the addi-
tional cost of the implants over the prior generation 
of implants, hooks, and wires, which could  fi x 
the posterior column of the spine alone and could 
not allow axial rotational correction. Pedicle 
screw  fi xation has been demonstrated to result in 
about 10° better coronal curve correction, and 
signi fi cant axial plane correction. However, the 
sagittal plane correction appears to be compro-
mised with the use of screws, as the derotation of 
the thoracic curve produces lordosis of the tho-
racic spine. Stiffer rods, different placements of 
the screws along the rods, and use of signi fi cant 
soft tissue releases have all been employed to 
prevent this lordosing tendency and restore 
appropriate thoracic kyphosis. Restoration of the 
sagittal plane appears to be the most important 
factor in long-term spine health. Patients treated 
with Harrington instrumentation, which was dis-
traction based and resulted in a loss of lumbar 
lordosis or “ fl atback,” often had later pain and 
decompensation and required complex recon-
struction to restore lumbar lordosis and appropri-
ate sagittal balance (Fig.  21.11 ). The advent of 
dual rod, nondistraction-based instrumentation 
that could preserve sagittal contour, beginning 
with Cotrel-Dubousset instrumentation in the 
early 1980s, appears to have solved this problem, 
but our newer and more powerful methods of cor-
rection have the potential to bring it, or other 
issues, to the forefront again.   

    21.8.4   Preoperative Planning 

 Preoperative workup includes routine blood 
work, urinalysis to rule out urinary tract infec-
tions, and often a set of pulmonary function tests 
as a baseline. Most centers take side-bending 
radiographs in the coronal plane for use in opera-
tive planning. Discussion of preoperative risk 
should include infection, both acute and delayed; 
blood loss requiring transfusion; neurologic 
injury, both transient and permanent; injury to 
adjacent structures; failure of fusion; failure of 
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instrumentation; dural leak; need for further pro-
cedures; late decompensation or curve progres-
sion; medical risks of surgery; anesthetic risks; 
and possible death. Cadaveric allograft bone is 
used for fusion mass instead of autologous iliac 
crest graft in primary cases; though this carries a 
small risk of infection, fusion rates are high and 
the often long-standing pain of iliac crest bone 
harvest is eliminated. Transfusion is often 
required, and cell-saver machines are popular 
during surgery to reduce the allogeneic transfu-
sion need. Preoperative autologous donation is 
employed at some centers. Noncosmetic scarring 
is likely from a posterior approach even with a 
cosmetic closure. A very rare but possible risk is 

blindness from ocular hypoperfusion during sur-
gery if the blood pressure is allowed to remain 
very low for too long. This is more common dur-
ing adult spine surgery. The use of motor evoked 
potential monitoring during surgery may make 
this less likely, as it requires the maintenance of a 
higher perfusion pressure during the procedure. 
The patient is instructed to have a shower with 
a chlorhexidine-based soap 1 day prior to and 
on the day of surgery. Some centers advocate 
nasal swabs to detect methicillin-resistant 
 Staphylococcus aureus  (MRSA). Controversy 
exists over the appropriate preoperative antibiotic 
and over the duration of use postoperatively. 
Cefazolin was traditionally employed, but with 
the rise of MRSA infection, some surgeons are 
choosing vancomycin or clindamycin as their 
prophylactic antibiotic of choice.  

    21.8.5   Curve Patterns 

 Levels of fusion are decided after analyzing the 
primary and compensatory curve magnitudes and 
 fl exibility as well as the coronal and the sagittal 
alignment of the spine. A classi fi cation of the 
curve pattern is made, and commonly accepted 
rules of fusion levels applied to each curve type. 
Currently most surgeons use the classi fi cation 
system described by Lenke and coworkers in 
1995  [  26  ] . This classi fi cation is comprehensive 
(there are 42 curve patterns) and details of the 
classi fi cation can be found elsewhere. Despite 
the presence of a classi fi cation system, studies 
have demonstrated that experienced deformity 
surgeons use multiple other factors to determine 
which curves to fuse and which levels to include, 
demonstrating that a classi fi cation system alone 
is insuf fi cient to guide treatment  [  16,   25,   27,   45  ]  
(Fig.  21.12a–d ).   

    21.8.6   Goals of Surgery 

 It is useful to remember that the  fi rst goal of treat-
ment is to stabilize the curve and prevent progres-
sion. Because our powerful instrumentation 
techniques give us the ability to restore a more 

Flatback deformity

  Fig. 21.11    Flatback deformity and its effect on sagittal 
balance are illustrated in this drawing. On the  left , the nor-
mal sagittal alignment of the spine is demonstrated. 
Flattening of the lumbar lordosis after posterior distrac-
tion changes the sagittal balance, which can lead to prob-
lems in the future       

 



27321 Scoliosis

normal back appearance and correct the curve 
radically, we often focus on this. However, the 
risk incurred by the patient is proportionate to the 
amount of time spent in surgery and the amount 
of correction sought, so keeping the overall goal 
in mind is useful.  

    21.8.7   Surgical Approach 

 Two general approaches are employed: a poste-
rior approach (from the back of the spine), or an 
anterior approach (through the side of the body, 
to reach the vertebral bodies and disks). The pos-
terior approach is the most commonly used. This 
approach is performed through a longitudinal 
incision over the posterior midline. Subperiosteal 
dissection of the paraspinous muscles is per-
formed out to the transverse processes at each 
level to expose the spine adequately for instru-
mentation and fusion. The inferior articular facet 
is harvested at each level, and the cartilage of the 
superior facet cleared. This both loosens the spine 
for correction and promotes fusion. Locally har-
vested bone is reserved. The spine is then instru-
mented and custom-contoured rods are used to 
reduce the amount of curvature and push it into 

the desired plane (Fig.  21.13 ). Once correction is 
satisfactory, the external laminae are decorticated 
to promote fusion. Autologous harvested facet 
and spinous process bone is chopped up and 
mixed with cadaveric allograft cancellous bone, 
and this is packed on both sides of the midline, 
around the rods and implants, to provide fusion 
mass. Closure is performed, often over a deep or 
subcutaneous drain, and the patient is not braced 
after surgery and encouraged to sit up and walk 
soon afterward as long as no dural leak is 
encountered.  

 The anterior approach is less commonly used 
today. Indications include especially large and 
rigid curves (greater than 90°), syndromic curves 
that require additional area for fusion, and poten-
tially curves in young children with risk of crank-
shaft deformity (progression of the curve from 
anterior growth even after posterior fusion). It is 
not clear whether crankshaft deformity is still an 
issue with pedicle screw instrumentation. The 
approach may require the services of a general or 
thoracic surgeon, and if instrumentation below L1 
is required, the diaphragm may need to be taken 
down and later repaired. The vertebral bodies and 
disks are accessed through a thoracotomy 
(Fig.  21.14 ). Thoracic anterior instrumentation 

Main thoracic Lumbar Double major
thoracic

Double major
thoracic & lumbar

a b c d

  Fig. 21.12    ( a – d ) Drawing of four basic curve types seen in adolescent idiopathic scoliosis. Curves are de fi ned based 
on the location of the apical vertebra. This vertebra is the most rotated and usually the least tilted within the curve       

 



274 P. Patel and A.G.S. King 

requires the ability to tolerate single-lung ventila-
tion. The anterior approach has a much lower 
infection rate and less average blood loss than the 
posterior approach. However, violation of the chest 
wall appears to result in a decrease in pulmonary 
function of up to 13 % as measured by PFTs at 
2-year follow-up  [  31  ] . The signi fi cance of this 
long-term is unclear. This, along with the inconve-
nience of needing a second surgeon and the more 
catastrophic risks of vascular injury and blood 
clots, has reduced the use of anterior surgery. 
Video-assisted thoracoscopic surgery, or VATS, 
allows anterior diskectomy and release with mini-
mal injury to the chest wall and no signi fi cant per-
manent decrease in pulmonary function  [  31  ] . 
Instrumentation is also possible through this 
method, resulting in a very cosmetic correction for 
small thoracic curves and preserving the function 
of the paraspinous muscles posteriorly. This 
became popular brie fl y for these advantages, but 

the extreme technical dif fi culty in performing the 
procedure caused it to primarily be performed at 
only a handful of centers, and even these have 
largely abandoned it in favor of posterior surgery.   

    21.8.8   Potential Risks and 
Complications with Scoliosis 
Surgery 

 Other than the very unlikely risk of death, the most 
devastating risk with scoliosis surgery is paraple-
gia. It is very rare, with a rate of 0.05 % in the lat-
est publication of complications from the Scoliosis 
Research Society, but it is a permanent harm to a 
previously healthy patient. Transient neurologic 
injury and nerve root injury are more common, 
with a rate of 0.3 %. Overall rate of all neurologic 
injury for AIS was 0.8 %  [  51  ] . To minimize this 
risk, multimodal spinal cord monitoring is used 

a b  Fig. 21.13    ( a ) Posterior 
exposure of the spine in 
scoliosis surgery. ( b ) 
Segmental posterior spinal 
instrumentation is used to 
correct scoliosis       
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throughout the surgery. Current recommended 
monitoring modalities include somatosensory 
evoked potentials (SSEPs) and transcranial motor 
evoked potentials (TcMEPs). Continuous EMG 
monitoring is also useful, with monitoring of the 
anal sphincter for potential injury. It is also used 
for screw stimulation to detect potential for nerve 
root injury. These modalities can help detect mal-
positioned implants, stress on the spine from 
excessive correction, and insuf fi cient spinal blood 
 fl ow, often from hypotensive anesthesia. 

 Other potential risks and complications include 
excessive bleeding, infection, dural leak, failure 
of spine to fuse, instrumentation failure, and 
worsening of the curve above or below the 
instrumentation.  

    21.8.9   Postoperative Care and 
Long-Term Follow-Up 

 Following uncomplicated scoliosis surgery, 
patients may sit up without restriction and be up 

walking as soon as the next day. Early mobility is 
encouraged to prevent respiratory complications 
and to encourage patient con fi dence. Total hospi-
tal stay is usually about 4–7 days. Patients can 
return to school about 2–4 weeks after surgery. 
Walking is the only permitted exercise for the 
 fi rst 6 weeks. Usually after that, running on level 
surfaces and swimming may safely begin. At 
3 months postoperatively, many surgeons allow 
resumption of noncontact sports. Any physical 
contact or signi fi cantly jarring activities are 
restricted for about 6 months after surgery to 
allow fusion. Generally the patient will be moni-
tored with intermittent examinations and X-rays 
for 2–5 years after the surgery. Once the bone is 
solidly fused, no further treatment is required. 
Late infection with  Propionibacterium acnes  or 
 Staphylococcus epidermidis  may be encountered 
about 1 year postoperatively or later. By this time, 
the fusion is usually solid and implants may be 
removed and left out. Reports from experienced 
surgeons of creeping or settling of the curve 
despite fusion have led some to employ early 

  Fig. 21.14    Drawing of 
anterior exposure of the 
thoracic spine. Vertebral 
bodies are exposed through 
a thoracotomy       
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reinstrumentation with titanium implants to pre-
vent the curve from progressing. Some surgeons 
have switched to use of titanium instrumentation 
primarily, as it has the ability to resist glycocalyx 
formation from  Staphylococcus . 

 Late decompensation, kyphosis at the ends of 
the construct (junctional kyphosis), pseudarthro-
sis, implant failure, irritation from prominent 
implants, and unexplained pain can all lead to need 
for revision or implant removal (Fig.  21.15 ). 
A workup for infection should always be performed 
in cases of unexplained pain, implant irritation, and 
implant failure/suspected pseudarthrosis.   

    21.8.10   Case History 

 The patient mentioned in the above case example 
underwent instrumented posterior spinal fusion 
from T4–L2. She remained inpatient during the 

postoperative period and was discharged on the 
4th postoperative day. She was advised rest at 
home and prescribed pain medications. She was 
followed in the clinic after 2 weeks for surgical 
wound check. Subsequently she was followed at 
6 weeks, 3 months, 6 months, and a year postop-
eratively with PA and lateral standing thora-
columbar spine X-rays (Fig.  21.16 ). At 1 year out 
from her surgery, she is reporting no pain and 
resumption of all her presurgical activities.    

    21.9   Infantile Idiopathic Scoliosis 

 Infantile idiopathic scoliosis is a condition that 
affects children before the age of 3. Infantile sco-
liosis is a rare condition, accounting for less than 
1 % of all cases of idiopathic scoliosis, but 
recently it appears to be increasing in incidence. 
The condition is seen more frequently in boys 
than girls. For unknown reasons, the curve in the 
spine tends to bend to the left in infants with sco-
liosis. These curves may either resolve spontane-
ously or progress to more severe deformity  [  30  ] . 
The progressive form needs to be treated aggres-
sively, as it can cause severe medical problems 
including pulmonary insuf fi ciency, leading to 
early death. Distinguishing between the benign 
form and the progressive form has become pos-
sible radiographically. Mehta’s rib-vertebral 
angle difference (RVAD) purports to classify the 
curve as either resolving or progressive. The RVA 
is formed by a line drawn perpendicular to the 
end plate of the apical vertebra and a line drawn 
along the center of the rib. The RVAD is calcu-
lated by subtracting the angle value of the convex 
side from that of the concave side  [  39  ]  (Fig.  21.17 ). 
Mehta reported that 83 % of infantile curves with 
RVAD less than 20° tend to resolve and 84 % 
curves with RVAD more than 20 showed progres-
sion. The progressive curves are treated with 
serial Mehta body casting under anesthesia, in 
which carefully applied and molded derotation 
casts allow control of the curve  [  38  ] . These casts 
must be replaced approximately every 3–4 months 
for growth of the patient. The best results are 
obtained when this process can be started by age 
12 months. This requires early diagnosis, which 

Junctional kyphosis
at proximal end after

scoliosis surgery

  Fig. 21.15    Drawing of proximal junctional kyphosis. 
This condition can cause pain and necessitate revision of 
the construct to a higher level       
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  Fig. 21.16    Postoperative 
follow-up radiographs for 
patient from Fig.  21.3 . 
Excellent curve correction 
and balance have been 
achieved in both planes       

b

a

  Fig. 21.17    Rib-vertebral angle of Mehta for infantile 
idiopathic scoliosis. This angle (formed between a and b 
on the drawing) is measured on both sides of the curve at 
the apical vertebra. The concave is subtracted from the 

convex. If the ensuing rib-vertebral angle difference is less 
than 20°, the curve is likely to spontaneously resolve. 
Differences greater than 20° are likely to progress and 
necessitate treatment       
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often may not occur. The process of treatment 
results in signi fi cant anesthetic exposure at a 
young age, though for short procedures, and can 
be very stressful for families. Once the curve can 
be brought down to an RVAD of less than 20, or 
the curve is made as small as it will go on serial 
casts, the patient may be switched to a well-
molded body jacket type TLSO, allowing normal 
bathing. Careful follow-up every 4–6 months to 
ensure that control of the curve is not being lost 
and that the brace is being used 23 h a day is vital, 
and a noncompliant family will not be able to 
employ this treatment. The brace will require 
replacement every 6–12 months because of 
growth. If control of the curve is lost with brac-
ing, serial casting can be attempted again.  

    21.9.1   Growth-Sparing Surgery 

 Curves that are not able to be controlled with 
casting or bracing may necessitate instrumenta-
tion. The best outcomes are obtained when 

 nonoperative treatment can be maintained as long 
as possible, but when the curve cannot be con-
trolled and continues to progress despite the 
appropriate treatment, operative strategies that do 
not promote fusion of the spine are employed. 
One method involves the placement of minimal 
implants, at the apex of the curve and at the prox-
imal and distal extents, with fusions of two verte-
brae at the top and bottom to form a stable anchor, 
joined by dual contoured submuscular rods with 
lengthening boxes or devices. The rods are 
lengthened against one another as much as pos-
sible at the  fi rst surgery, employing distraction 
for curve control and improvement of trunk 
height, and then the rods are re-lengthened 
through a small incision every 6 months to push 
spinal growth and keep the curve from signi fi cant 
progression (Fig.  21.18 ). The rods may require 
replacement when no further lengthening can be 
achieved on them. Infection is common, as are 
loss of  fi xation, prominent implants with skin 
complications, and, most concerningly, prema-
ture fusion. The length gained appears to decrease 

a b c

  Fig. 21.18    ( a–c ) Pre- and postoperative radiographs of 
patient treated with “growing rod” construct for juvenile 
scoliosis. The boxlike structures in the lower part of the 
construct are lengthening boxes. The third image 

 demonstrates the radiographic appearance of the box, 
with the ends of the rods distinguishable, after subsequent 
lengthening procedures       
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with each successive lengthening until no 
signi fi cant lengthening can be achieved. The 
hope is that, by the time this occurs, the patient 
will have had suf fi cient trunk growth to support 
adult respiration. The goal of treatment is to sup-
port the patient through peak growth velocity 
without allowing relentless curve progression 
that would otherwise occur.  

 Another strategy that has emerged is the 
use of titanium prosthetic rib expansion 
devices, originally designated for treatment of 
Jeune’s syndrome and other malignant chest 
wall deforming diseases that caused early 
death from pulmonary complications. Uses 
have been expanded to employ these as dis-
traction devices for the growing spine. 
Anchors are placed on the ribs proximally and 
the spine or pelvis distally, and distraction is 
performed (Fig.  21.19 ). Lateralization of the 
implants away from the spine promotes stabil-
ity, and there is theoretically less risk of pre-
mature fusion because no spinal dissection 
need occur. Long-term follow-up is needed to 
determine whether this method is better than 
the dual growing rod method. This method 
also requires repeat lengthening every 
6 months and carries the same associated 
complications aside from premature fusion, 
the risk of which is not yet de fi ned. Other 
issues associated with this method are prob-
lems with the anchors, particularly the cradles 
cutting through the ribs and migrating, and 
cutting through the pelvis and becoming 
embedded. For both methods, there is a high 
rate of unplanned return to the operating room 
for these various complications.  

 The oldest strategy to allow growth was the 
Luque trolley, in which sublaminar wires were used 
to anchor the spine to paired rods that were left 
long at the top. The patient was able to grow with 
the rods merely guiding the spine to remain straight, 
until the wires came off the top of the rod. No fur-
ther surgery was required to promote growth. This 
resulted in problems with proximal junctional 
kyphosis, but did allow veri fi able growth. A ver-
sion of this employing screws and dual rods, 
known as the Shilla technique and developed by 
Dr. Richard McCarthy, was temporarily available 

in the USA and remedied some of the challenges of 
the Luque trolley. However, it has currently been 
taken off the market by the manufacturer.   

    21.10   Juvenile Idiopathic Scoliosis 

 Juvenile idiopathic scoliosis is reported to occur 
among 12–21 % of patients with idiopathic sco-
liosis  [  54  ] . The juvenile form may resemble 
either of the adolescent and infantile idiopathic 
scoliosis forms. The reported overall female to 
male ratio for juvenile idiopathic scoliosis ranges 
from 2:1 to 4:1. In the early age group, 3–6 years, 
the female to male ratio is 1:1 with left-sided 
curve predominance. Among children between 
the ages of 6 and 10 years, the ratio of affected 
females to males ranges from 8:1 to 10:1, with 
right-sided curve predominance. Magnetic reso-
nance imaging (MRI) has shown an association 
between juvenile scoliosis and intraspinal patho-
logic changes, most commonly Arnold-Chiari 
malformation and syringomyelia (4–30 %) 
 [  18 ,  57 ,  62  ] . Lewonowski et al. recommended 
routine MRI examination of all children with 
scoliosis who are younger than 11 years  [  29  ] . 
Approximately 70 % of curves among patients 
with juvenile scoliosis progress and necessitate 
treatment; about one half of patients with curve 
progression need surgery.  

    21.11   Congenital Scoliosis 

 Congenital scoliosis results from abnormally 
developed vertebrae or ribs, and these changes 
occur in utero at 4–7 weeks of gestation. As this 
is the same period in which the heart and kidneys 
are developing, associated abnormalities are 
common. Intraspinal anomalies have been 
reported to occur approximately 30 % of the time 
with congenital scoliosis  [  49,   63,   67  ] . Hence, all 
the patients at some stage need an MRI of the 
entire spine, cardiac evaluation, and possible 
renal ultrasound if the renal anomalies cannot be 
adequately seen on the spine MRI. Abnormal 
vertebral development is usually due to sporadic 
or environmental causes rather than genetic 
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 factors. Congenital scoliosis has three classi-
 fi cations: failure of formation of vertebra 
(hemivertebra), failure of segmentation ( unilateral 
bar/block vertebra), or a combination of both  [  36, 
  37,   67  ]  (Fig.  21.20a–c ). Recognition of the full 
extent of the vertebral and rib malformations can 
be dif fi cult using plain radiographs alone. A CT 

scan can be helpful, and a 3D reconstruction 
should be asked for. A CT scan is important in 
planning surgical intervention.  

 In congenital scoliosis, curve progression can 
be predicted by the type of vertebral anomaly, 
site of anomaly, and age of the patient at the time 
of diagnosis. The type of anomaly that causes the 

  Fig. 21.19    Pre- and 
postoperative PA and lateral 
radiographs. Patient with 
severe scoliosis treated with 
vertebral expansion 
prosthetic titanium rib 
(VEPTR, Synthes) device. 
Note the improvement of the 
deformity in both planes       
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most severe scoliosis is a unilateral unsegmented 
bar with contralateral hemivertebra at the same 
level  [  36,   37,   67  ]  (Fig.  21.20d ). Open disk spaces 
above and below the hemivertebra indicate the 
potential for growth imbalance and subsequent 
scoliosis. The rate of deterioration of the result-
ing scoliosis is most severe in the thoracic and 
thoracolumbar regions as compared to upper tho-
racic and lumbar region. 

 The objective of treatment in congenital sco-
liosis is to produce a spine that will be as straight 
as possible at the end of growth. The treatment 
plan is made based on the risk of curve progres-
sion during growth. Treatment options include 
observation and surgical intervention. Bracing is 
usually not helpful. Hemivertebra excision or 
fusion in situ is often employed when a progres-
sive deformity is present. Early diagnosis while 
the curve is small with anticipation of growth 
imbalance may provide an opportunity for pro-
phylactic surgery to prevent a severe deformity. 
A simple operation to balance the growth of 
the spine and prevent increasing curvature is 

 preferable to a hazardous multistage surgical pro-
cedure to correct a severe and rigid deformity at a 
later stage, though this is sometimes necessary.  

    21.12   Neuromuscular Scoliosis 

 Neuromuscular scoliosis is the curvature of the 
spine occurring concomitantly with a disorder of 
the neuromuscular system such as cerebral palsy, 
spina bi fi da, muscular dystrophy, or intraspinal 
pathology  [  4,   58–  60  ] . The Scoliosis Research 
Society classi fi ed these deformities into neuro-
pathic and myopathic conditions. Neuropathic 
scoliosis is derived from such disorders as spinal 
cord injury, syringomyelia, spina bi fi da, and 
degenerative neurologic disorders. Myopathic 
scoliosis is derived from disorders such as 
Duchenne muscular dystrophy, spinal muscular 
atrophy, and severe cerebral palsy. Development 
of scoliosis is extremely variable depending 
upon the neuromuscular disorder and the ambu-
latory status of patient. Poor balance and poor 

a

b c d

Semisegmented Fully segmented Wedge vertebrae
Hemivertebrae

Block vertebra Unsegmented bar Fully segmented
hemivertebra with
contralateral bar

  Fig. 21.20    ( a–d ) Types of 
hemivertebrae are demonstrated 
in ( a ), representing failure of 
formation. The failure of 
segmentation defects are 
demonstrated in ( b ) and ( c ). 
The combination of a failure 
of formation with a failure 
of segmentation, with the 
particular pattern of a fully 
segmented hemivertebra 
opposite a contralateral bar is 
the most likely to cause 
signi fi cant scoliosis ( d )       
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coordination of their trunk, neck, and head; dis-
turbed proprioception; and the pulling action of 
gravitational forces on the spine predispose them 
to the development of scoliosis. The curvature of 
the spine is most rapidly progressive during the 
preadolescent growth spurt, but continues to 
progress after skeletal maturity. Many patients 
require a wheelchair due to underlying neuro-
muscular conditions. As the trunk muscles 
weaken, the spine collapses into a C-shaped 
curve, and the pelvis becomes oblique in the 
coronal plane making it dif fi cult for the patient 
to sit upright (Fig.  21.21 ). Progressive curves 
may affect the child’s ability to be seated com-
fortably, thereby affecting their quality of life 
and function. Pressure sores may result when a 
wheelchair-bound patient with pelvic obliquity 
is balancing his weight on one ischial tuberosity 
instead of it being distributed between both. This 
is most common in insensate patients, but 
patients with severe cerebral palsy can also be at 
risk. Their often limited ability to communicate 
means that caregivers and physicians must be 
aware of the risk and monitor the curve and the 
area at risk carefully. The long-term effects of 
spinal deformity in these neuromu scular condi-
tions are more disabling to the patient than are 

those of idiopathic scoliosis. Neuromuscular 
curves can affect digestion, respiration, and even 
urination  [  11  ] .  

 The treatment of neuromuscular scoliosis is 
individualized. Options include observation, non-
operative treatment such as bracing and seating 
support, and surgical intervention. Bracing may 
provide support for the trunk in the seated position 
while the patient is young and the curve is  fl exible, 
but is usually not effective at stopping progression 
of the curve over time. Seating modi fi cations such 
as inserts into wheelchairs may help with position-
ing the child, but are also not corrective in terms of 
the scoliosis. Seating modi fi cations can help pre-
vent pressure lesions. Surgery is considered in pro-
gressive curves to keep upright posture of the 
patient over a level pelvis (Fig.  21.22 ). Decision-
making is complex and based on expected survival 
of the child, risks of a large surgery with signi fi cant 
blood loss in a patient with limited reserve, and 
expectations from the family of how the surgery 
would affect their ability to care for their child. 
Surgeons prefer to treat progressive curves when 
small, 30° in Duchenne muscular dystrophy, for 
example, because the child’s risk of morbidity and 
mortality from surgery goes up in the teenage 
years as there is a predictable deterioration of car-
diac and respiratory function. However, parents 
may not see the concern with a curve of 30° that 
they might not be able to appreciate clinically, and 
may choose to delay treatment until it may be too 
late to accomplish the goals of surgery safely for 
the child. It is important that the surgeon be able to 
articulate clearly to the family the risks over time, 
which necessitates knowledge of the underlying 
disorder. Consultation with the patient’s cardiolo-
gist, neurologist, or pulmonologist is very helpful 
in decision-making with the family.  

 Once surgery has been chosen as the treatment, 
medical considerations must be taken into account. 
Patients with neuromuscular scoliosis, across all 
subtypes, have a much higher baseline risk of 
infection, wound breakdown, need for ICU care, 
risk of aspiration, and risk of death. The cost of 
care and the expected length of stay for these 
patients are much higher than in the AIS popula-
tion. Nutritional de fi cits place patients at the 
 highest risk for infection, so prealbumin and 

  Fig. 21.21    Neuromuscular scoliosis often features a 
large C-shaped curve without the ability to compensate 
for the primary deformity       
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 albumin levels should be optimized preoperatively. 
Antiseizure medications can cause osteomalacia 
and resultant loss of  fi xation, so the number and 
type of implants must be chosen to re fl ect this  [  41  ] . 
Patients often have bleeding disorders, also likely 
related to medication, that make the potential for 
blood loss during surgery profound. The presence 
of a baclofen pump means higher infection risk in 
posterior spinal fusion, and if the delivery catheter 
is damaged or removed during surgery, a severe 
systemic response can be seen. Oral baclofen has 
to be resumed carefully after surgery, as it may be 
metabolized differently in the postoperative period 
and lead to overdose, which can cause coma. 
Children who do not swallow safely at baseline 
have a risk of aspiration after extubation, which 
may lead to pneumonia and death. Children with 
cardiopulmonary compromise, such as in the mus-
cular dystrophies, may not be able to be extubated 
for a prolonged period after surgery, and may even 
become permanently ventilator dependent. Also, 
children with neuromuscular disorders may have 
signi fi cant anesthetic risks, such as a risk of malig-
nant hyperthermia in patients with myopathies. 

 Given the serious medical considerations for 
these children, a team approach is often helpful, 
particularly in the postoperative phase. Patients 
usually spend the  fi rst night in the ICU, where a 
team can assess whether extubation is safe over 
time. Once extubated, step-down care with a favor-
able nurse to patient ratio is often used to keep a 
watchful eye on these children. Medical team con-
sultants are very helpful in safely resuming medi-
cations and guiding treatment to restore patients to 
baseline function. Physical therapy is of limited 
use, as these children are usually fully dependent 
on caregivers for mobility, and this does not 
change after surgery, though it becomes easier. 

  Questions 
     1.    A 10-year-old premenarchal girl is referred to 

orthopaedic  clinic for evaluation of scoliosis. 
She is a normal healthy child, active in sports 
with no previous back complaints. Her physical 
exam reveals a right thoracic prominence with 
no neurologic de fi cit or abnormal re fl exes. Her 
X-rays show right thoracic scoliosis of 28° with 
a compensatory lumbar curve of 13°. She is 

  Fig. 21.22    Pre- and 
postoperative radiographs of 
patient with neuromuscular 
scoliosis. A long fusion is 
usually required, with use of 
pelvic  fi xation to restore 
sitting balance when excess 
obliquity is present. Here, the 
pelvis is balanced nicely with 
excellent positioning of the 
head over the midline, 
enabling better seating, 
posture, and respiratory 
function       
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Risser 0, and her triradiate cartilage is still 
open. What would be the next step in 
management?
   (a)     Observation with repeat radiographs in 

6 months  
   (b)    Bracing with a thoracolumbosacral orthosis  
   (c)    Posterior spinal fusion with instrumentation  
   (d)    Magnetic resonance imaging (MRI)  
   (e)     Do nothing and have her return to the 

of fi ce when she has pain      
    2.    An 8-year-old male presents with a left tho-

racic rib prominence. Physical exam shows 
absent abdominal re fl exes in the upper and 
lower quadrants on the left side. Radiographs 
show a 24° left thoracic curve. What is the 
next step in management?
   (a)     Observation with repeat radiographs in 

3 months  
   (b)    Bracing with a thoracolumbosacral orthosis  
   (c)    Posterior spinal fusion with instrumentation  
   (d)     Magnetic resonance imaging (MRI) of the 

whole spine  
   (e)     Growing rod instrumentation to allow 

spine growth      
    3.    Which of the following anatomic patterns of 

congenital scoliosis is associated with the 
worst prognosis?
   (a)    Fully segmented hemivertebra  
   (b)    Wedge vertebra  
   (c)    Block vertebra  
   (d)    Unsegmented bar  
   (e)     Unsegmented bar with contralateral 

hemivertebra      
    4.    A 14-year-old girl is referred to orthopaedic  

clinic for evaluation of scoliosis. ‘Her physi-
cal exam reveals a thoracic prominence on the 
right side and trunk asymmetry. What X-rays 
you will order?
   (a)     Anteroposterior and lateral X-rays of the 

whole spine  
   (b)     Right and left bending X-rays in addition 

to above X-rays  
   (c)     Anteroposterior and lateral X-rays of the 

thoracic spine  
   (d)     Posteroanterior and lateral X-rays of the 

whole spine  
   (e)    No X-rays needed               

   References    

    1.    Asher M, Green P, Orrick J (1980) A six-year report: 
spinal deformity screening in Kansas school children. 
J Kans Med Soc 81(12):568–571  

    2.    Bell M, Teebi AS (1995) Autosomal dominant idio-
pathic scoliosis? Am J Med Genet 55(1):112  

    3.    Betz RR, Ranade A, Samdani AF, Chafetz R, 
D’Andrea LP, Gaughan JP, Asghar J, Grewal H, 
Mulcahey MJ (2010) Vertebral body stapling: 
a fusionless treatment option for a growing child 
with moderate idiopathic scoliosis. Spine 35(2):
169–176  

    4.       Bradford DH (1995) Moe’s textbook of scoliosis. In: 
Lonstein JE, Bradford D, Winter R, Ogilvie JW (eds) 
Neuromuscular spinal deformities. WB Saunders, 
Philadelphia, p 295  

    5.    Brooks HL, Azen SP, Gerberg E, Brooks R, Chan L 
(1975) Scoliosis: a prospective epidemiological study. 
J Bone Joint Surg Am 57(7):968–972  

    6.    Bunnell WP (1984) An objective criterion for scoliosis 
screening. J Bone Joint Surg Am 66(9):1381–1387  

    7.    Burwell RG, James NJ, Johnson F, Webb JK, Wilson 
YG (1983) Standardised trunk asymmetry scores. 
A study of back contour in healthy school children. 
J Bone Joint Surg Br 65(4):452–463  

    8.    Cheng JC, Guo X, Sher AH (1999) Persistent osteope-
nia in adolescent idiopathic scoliosis. A longitudinal 
follow up study. Spine 24(12):1218–1222  

    9.    Cheung KM, Luk KD (1997) Prediction of correction 
of scoliosis with use of the fulcrum bending radio-
graph. J Bone Joint Surg Am 79(8):1144–1150  

    10.    Cobb J (1948) Outline for the study of scoliosis. Instr 
Course Lect 5:261  

    11.    Comstock CP, Leach J, Wenger DR (1998) Scoliosis 
in total-body involvement cerebral palsy: analysis of 
surgical treatment and patient and caregiver satisfac-
tion. Spine 23:1412–1425  

    12.    Cowell HR, Hall JN, MacEwen GD (1972) Genetic 
aspects of idiopathic scoliosis. A Nicholas Andry 
Award essay, 1970. Clin Orthop Relat Res 86:121–131  

    13.    Czeizel A, Bellyei A, Barta O, Magda T, Molnar L 
(1978) Genetics of adolescent idiopathic scoliosis. 
J Med Genet 15(6):424–427  

    14.    Daruwalla JS, Balasubramanian P, Chay SO, Rajan U, 
Lee HP (1985) Idiopathic scoliosis: prevalence and 
ethnic distribution in Singapore schoolchildren. 
J Bone Joint Surg Br 67(2):182–184  

    15.    Do T, Fras C, Burke S, Widmann RF, Rawlins B, 
Boachie-Adjei O (2001) Clinical value of routine pre-
operative magnetic resonance imaging in adolescent 
idiopathic scoliosis. A prospective study of three hun-
dred and twenty-seven patients. J Bone Joint Surg Am 
83-A(4):577–579  

    16.    Donaldson S, Stephens D, Howard A, Alman B, 
Narayanan U, Wright JG (2007) Surgical decision 
making in adolescent idiopathic scoliosis. Spine 
32(14):1526–1532  



28521 Scoliosis

    17.    Frank ED, Stears JG, Gray JE, Winkler NT, Hoffman 
AD (1983) Use of the posteroanterior projection: 
a method of reducing x-ray exposure to speci fi c radio-
sensitive organs. Radiol Technol 54(5):343–347  

    18.    Gupta P, Lenke LG, Bridwell KH (1998) Incidence of 
neural axis abnormalities in infantile and juvenile 
patients with spinal deformity. Is a magnetic reso-
nance image screening necessary? Spine 23(2):
206–210  

    19.    Inoue M, Minami S, Kitahara H, Otsuka Y, Nakata Y, 
Takaso M, Moriya H (1998) Idiopathic scoliosis in 
twins studied by DNA  fi ngerprinting: the incidence 
and type of scoliosis. J Bone Joint Surg Br 
80(2):212–217  

    20.    Kane WJ (1977) Scoliosis prevalence: a call for a 
statement of terms. Clin Orthop Relat Res 126:43–46  

    21.    Kane WJ, Moe JH (1970) A scoliosis-prevalence sur-
vey in Minnesota. Clin Orthop Relat Res 69:216–218  

    22.    Kesling KL, Reinker KA (1997) Scoliosis in twins. 
A meta-analysis of the literature and report of six 
cases. Spine 22(17):2009–2014; discussion 2015  

    23.    Kindsfater K, Lowe T, Lawellin D, Weinstein D, 
Akmakjian J (1994) Levels of platelet calmodulin for 
the prediction of progression and severity of adoles-
cent idiopathic scoliosis. J Bone Joint Surg Am 
76(8):1186–1192  

    24.    Lavelle WF, Samdani AF, Cahill PJ, Betz RR (2011) 
Clinical outcomes of nitinol staples for preventing 
curve progression in idiopathic scoliosis. J Pediatr 
Orthop 31(1S):S107–S113  

    25.    Lenke LG, Betz RR, Clements D, Merola A, Haher T, 
Lowe T, Newton PO, Bridwell KH, Blanke K (2002) 
Curve prevalence of a new classi fi cation of operative 
adolescent idiopathic scoliosis: does classi fi cation 
correlate with treatment? Spine 27(6):604–611  

    26.    Lenke LG, Betz RR, Harms J, Bridwell KH, Clements 
DH, Lowe TG, Blanke K (2001) Adolescent idio-
pathic scoliosis: a new classi fi cation to determine 
extent of spinal arthrodesis. J Bone Joint Surg Am 
83-A(8):1169–1181  

    27.    Lenke LG, Edwards CC, Bridwell KH (2003) The 
Lenke classi fi cation of adolescent idiopathic scolio-
sis: how it organizes curve patterns as a template to 
perform selective fusions of the spine. Spine 28(20):
S199–S207  

    28.    Levy AR, Goldberg MS, Mayo NE, Hanley JA, Poitras 
B (1996) Reducing the lifetime risk of cancer from 
spinal radiographs among people with adolescent 
idiopathic scoliosis. Spine 21(13):1540–1547; discus-
sion 1548  

    29.    Lewonowski K, King JD, Nelson MD (1992) Routine 
use of magnetic resonance imaging in idiopathic sco-
liosis patients less than eleven years of age. Spine 
17(6 Suppl):S109–S116  

    30.    Lloyd-Roberts GC, Pilcher MF (1965) Structural 
idiopathic scoliosis in infancy: a study of the natural 
history of 100 patients. J Bone Joint Surg Br 
47:520–523  

    31.    Lonner BS, Auerbach JD, Estreicher MB, Betz RR, 
Crawford AH, Lenke LG, Newton PO (2009) 
Pulmonary function changes after various anterior 
approaches in the treatment of adolescent idiopathic 
scoliosis. J Spinal Disord Tech 22(8):551–558  

    32.    Lonstein JE, Bjorklund S, Wanninger MH, Nelson RP 
(1982) Voluntary school screening for scoliosis in 
Minnesota. J Bone Joint Surg Am 64(4):481–488  

    33.    Lonstein JE, Carlson JM (1984) The prediction of 
curve progression in untreated idiopathic scoliosis 
during growth. J Bone Joint Surg Am 
66(7):1061–1071  

    34.    Lonstein JE, Winter RB (1994) The Milwaukee brace 
for the treatment of adolescent idiopathic scoliosis. 
A review of one thousand and twenty patients. J Bone 
Joint Surg Am 76(8):1207–1221  

    35.    Maenza RA (2003) Juvenile and adolescent idiopathic 
scoliosis: magnetic resonance imaging evaluation and 
clinical indications. J Pediatr Orthop B 12(5):
295–302  

    36.    McMaster M (1994) Congenital scoliosis. In: 
Weinstein SL (ed) The pediatric spine: principles and 
practice. Raven Press, New York, p 227  

    37.    McMaster MJ (1998) Congenital scoliosis caused by 
a unilateral failure of vertebral segmentation with 
contralateral hemivertebrae. Spine 23(9):998–1005  

    38.    Mehta MH (2005) Growth as a corrective force in the 
early treatment of progressive infantile scoliosis. 
J Bone Joint Surg Br 87(9):1237–1247  

    39.    Mehta MH (1972) The rib-vertebra angle in the early 
diagnosis between resolving and progressive infantile 
scoliosis. J Bone Joint Surg Br 54(2):230–243  

    40.    Mejia EA, Hennrikus WL, Schwend RM, Emans JB 
(1996) A prospective evaluation of idiopathic left tho-
racic scoliosis with magnetic resonance imaging. 
J Pediatr Orthop 16(3):354–358  

    41.    Modi HN, Suh SW, Yang JH, Cho JW, Hong JY, Singh 
SU, Jain S (2009) Surgical complications in neuro-
muscular scoliosis operated with posterior-only 
approach using pedicle screw  fi xation. Scoliosis 4:11  

    42.    Montgomery F, Willner S (1997) The natural history 
of idiopathic scoliosis. Incidence of treatment in 15 
cohorts of children born between 1963 and 1977. 
Spine 22(7):772–774  

    43.    Nachemson A (1968) A long term follow-up study of 
non-treated scoliosis. Acta Orthop Scand 39(4):
466–476  

    44.    Nachemson AL, Peterson LE (1995) Effectiveness of 
treatment with a brace in girls who have adolescent 
idiopathic scoliosis. A prospective, controlled study 
based on data from the brace study of the Scoliosis 
Research Society. J Bone Joint Surg Am 77(6):
815–822  

    45.    Newton PO, Faro FD, Lenke LG, Betz RR, Clements 
DH, Lowe TG, Haher TR, Merola AA, D’Andrea LP, 
Marks M, Wenger DR (2003) Factors involved in the 
decision to perform a selective versus nonselective 
fusion of Lenke 1B and 1C (King-Moe II) curves in 



286 P. Patel and A.G.S. King 

adolescent idiopathic scoliosis. Spine 28(20):
S217–S223  

    46.    O’Brien MF, Lenke LG, Bridwell KH, Blanke K, 
Baldus C (1994) Preoperative spinal canal investiga-
tion in adolescent idiopathic scoliosis curves > or = 70 
degrees. Spine 19(14):1606–1610  

    47.    O’Leary PT, Sturm PF, Hammerberg KW, Lubicky JP, 
Mardjetko SM (2011) Convex hemiepiphysiodesis: 
the limits of vertebral stapling. Spine 36(19):
1579–1583  

    48.    Ouellet JA, LaPlaza J, Erickson MA, Birch JG, Burke 
S, Browne R (2003) Sagittal plane deformity in the 
thoracic spine: a clue to the presence of syringomyelia 
as a cause of scoliosis. Spine 28(18):2147–2151  

    49.    Prahinski JR, Polly DW, McHale KA, Ellenbogen RG 
(2000) Occult intraspinal anomalies in congenital 
scoliosis. J Pediatr Orthop 20(1):59–63  

    50.    Ramirez N, Johnston CE, Browne RH (1997) The 
prevalence of back pain in children who have idio-
pathic scoliosis. J Bone Joint Surg Am 79(3):
364–368  

    51.    Reames DL, Smith JS, Fu KM, Polly DW, Ames CP, 
Berven SH, Perra JH, Glassman SD, McCarthy RE, 
Knapp RD, Heary R, Shaffrey CI, Scoliosis Research 
Society Morbidity and Mortality Committee (2011) 
Complications in the surgical treatment of 19,360 
cases of pediatric scoliosis: a review of the Scoliosis 
Research Society Morbidity and Mortality database. 
Spine 36(18):1484–1491  

    52.    Riseborough EJ, Wynne-Davies R (1973) A genetic 
survey of idiopathic scoliosis in Boston, Massachusetts. 
J Bone Joint Surg Am 55(5):974–982  

    53.    Risser JC (1958) The iliac apophysis; an invaluable 
sign in the management of scoliosis. Clin Orthop 
11:111–119  

    54.    Robinson CM, McMaster MJ (1996) Juvenile idio-
pathic scoliosis. Curve patterns and prognosis in one 
hundred and nine patients. J Bone Joint Surg Am 
78(8):1140–1148  

    55.    Rogala EJ, Drummond DS, Gurr J (1978) Scoliosis: 
incidence and natural history. A prospective epidemi-
ological study. J Bone Joint Surg Am 60(2):173–176  

    56.    Rowe DE, Bernstein SM, Riddick MF, Adler F, Emans 
JB, Gardner-Bonneau D (1997) A meta-analysis of 

the ef fi cacy of non-operative treatments for idiopathic 
scoliosis. J Bone Joint Surg Am 79(5):664–674  

    57.    Schwend RM, Hennrikus WL, Hall JE, Emans JB 
(1995) Childhood scoliosis: clinical indications for 
magnetic resonance imaging. J Bone Joint Surg Am 
77(1):46–53  

    58.    Shapiro F, Bresnan MJ (1982) Orthopaedic manage-
ment of childhood neuromuscular disease. Part I: spi-
nal muscular atrophy. J Bone Joint Surg Am 
64(5):785–789  

    59.    Shapiro F, Bresnan MJ (1982) Orthopaedic manage-
ment of childhood neuromuscular disease. Part II: 
peripheral neuropathies, Friedreich’s ataxia, and 
arthrogryposis multiplex congenita. J Bone Joint Surg 
Am 64(6):949–953  

    60.    Shapiro F, Bresnan MJ (1982) Orthopaedic manage-
ment of childhood neuromuscular disease. Part III: 
diseases of muscle. J Bone Joint Surg Am 64(7):
1102–1107  

    61.    Skogland LB, Miller JA (1980) Growth related hor-
mones in idiopathic scoliosis. An endocrine basis for 
accelerated growth. Acta Orthop Scand 51(5):779–780  

    62.    Sponseller PD (1992) Syringomyelia and Chiari I 
malformation presenting with juvenile scoliosis as 
sole manifestation. J Spinal Disord 5(2):237–239; dis-
cussion 239–244  

    63.    Suh SW, Sarwark JF, Vora A, Huang BK (2001) 
Evaluating congenital spine deformities for intraspi-
nal anomalies with magnetic resonance imaging. 
J Pediatr Orthop 21(4):525–531  

    64.    Tanner JM, Whitehouse RH, Takaishi M (1966) 
Standards from birth to maturity for height, weight, 
height velocity, and weight velocity: British children, 
1965. I. Arch Dis Child 41(219):454–471  

    65.    Tanner JM, Whitehouse RH, Takaishi M (1966) 
Standards from birth to maturity for height, weight, 
height velocity, and weight velocity: British children, 
1965. II. Arch Dis Child 41(220):613–635  

    66.    Weinstein SL, Ponseti IV (1983) Curve progression in 
idiopathic scoliosis. J Bone Joint Surg Am 65(4):
447–455  

    67.    Winter R (1994) Moe’s textbook of scoliosis. In: 
Lonstein J, Winter R, Ogilvie J (eds) Congenital spi-
nal deformity. WB Saunders, Philadelphia, p 257      



287V.V. Patel et al. (eds.), Spine Surgery Basics, 
DOI 10.1007/978-3-642-34126-7_22, © Springer-Verlag Berlin Heidelberg 2014

  22

          22.1   Introduction 

 This chapter will discuss our current understand-
ing and provide a general overview of various 
causes of thoracic kyphosis in the pediatric popu-
lation. We will discuss the development of the 
 thoracic sagittal pro fi le and then introduce funda-
mental principles surrounding the more commonly 
encountered causes of thoracic hyperkyphoses 
such as Scheuermann kyphosis, postural kyphosis, 
iatrogenic kyphosis, and congenital kyphosis. 
Although we will discuss various etiologies of 
hyperkyphosis, Scheuermann kyphosis will be 
highlighted as it is the most commonly encoun-
tered reason for surgical intervention. 

 Scheuermann kyphosis, historically called idio-
pathic kyphosis, is a pathologic developmental pro-
cess in which vertebral wedging causes increased 

kyphosis  [  1,   3,   31  ] . The  condition  originally was 
described as a rigid thoracic kyphosis with wedg-
ing of vertebral bodies. Type I involves thoracic 
kyphosis with an apex at T6–8 (subtype a) or an 
apex at the thoracolumbar junction (subtype b). In 
Type II, lumbar subtype of Scheuermann disease, 
the predominant deformity is in the thoracolumbar 
or lumbar spine, typically with thoracic hypoky-
phosis or even lordosis. These conditions are most 
commonly seen in adolescent boys who are physi-
cally active or do heavy lifting  [  9  ] . Patients initially 
present with localized back pain, with or without a 
clinical or cosmetic deformity. Radiographs reveal 
vertebral end plate irregularities and Schmorl nodes 
at and below the thoracolumbar junction, with a 
loss of lumbar lordosis. The etiology is unknown, 
although the epidemiology suggests a mechanical 
cause. Despite their radiographic similarity, tho-
racic (type I) and lumbar (type II) Scheuermann 
disease may be different pathophysiologic entities. 
Lumbar Scheuermann disease appears to be non-
progressive, and its symptoms usually resolve over 
time with the use of nonsteroidal anti-in fl ammatory 
drugs and activity modi fi cation  [  33  ] .  

    22.2   Normal Spine Kyphosis 
and Development 

 Infants are born with a mild degree of spinal 
kyphosis. As children develop and begin to ele-
vate their heads and ambulate, thoracic kyphosis 
increases and lumbar and cervical lordosis devel-
ops. The overall curvature of the spine in the 
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 sagittal plane permits the head to be centered 
over the pelvis  [  7  ] . Spine curvature is inferred to 
be neutral when a plumb line from C7 intersects 
the posterior edge of the sacral end plate  [  11,   12  ] . 
Cervical alignment, thoracic kyphosis, lumbar 
lordosis, pelvic tilt, and sacral slope interact to 
maintain postural alignment. 

 Thoracic kyphosis ideally should be measured 
from the end plate of T2–T12. Frequently, how-
ever, radiographic obscuration from the shoulders 
requires that the thoracic kyphosis be measured 
from T5 to T12. Normal thoracic kyphosis in a 
young adult is generally 20–40°  [  4  ] , but it can be 
greater because of a physiologic or pathologic 
process.  

    22.3   Case Example 

 A 14-year-old boy presents complaining of mod-
erate back pain in the mid-thoracic region. The 
pain gradually worsens throughout the day and 
with increasing activity and improves with rest. 
Some mild relief is obtained with nonsteroidal 

anti-in fl ammatory drugs (NSAIDs) or acetamino-
phen. The parents state that he has always had bad 
posture but recently has lost some weight, and 
they have noted a prominent bump on his back. 
He is neurologically intact and has some mild 
tenderness to palpation in the mid-thoracic region. 
He also has tight hamstrings on examination and 
has a reduced popliteal angle. He stands with his 
shoulders slouched forward and is unable to 
straighten completely even with hyperextension. 
Plain PA and lateral radiographs reveal a 71° tho-
racic kyphosis and no scoliosis (Fig.  22.1 ).   

    22.4   Pathophysiology 

 The pathophysiology of Scheuermann kyphosis 
remains unclear. The proposed etiologies include 
osteonecrosis of the vertebral ring, weakening of 
the cartilaginous end plate, juvenile osteoporosis, 
abnormal cartilaginous matrix, abnormal growth 
hormone levels, and genetic predisposition. 
However, currently no de fi nitive pathologic etiol-
ogy has been identi fi ed.  

  Fig. 22.1    ( a ) Standing lateral radiograph showing the rigid,  fi xed thoracic kyphosis centered at T9, measuring 71°. 
( b ) Standing PA radiograph displaying no scoliosis in a 14-year-old boy       
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    22.5   History and Physical 

 Scheuermann kyphosis is the most common 
cause of hyperkyphosis in adolescents, in whom 
the reported prevalence ranges from 0.4 to 10 % 
 [  4,   31  ] . Boys age 10–15 years are most com-
monly affected, although some studies report 
an equal incidence among girls and boys  [  34  ] . 
Often the child’s physical appearance is attrib-
uted to poor posture. As a result, an affected 
child is likely to develop postural concerns, a 
poor  self-image, or back pain and may avoid 
participating in athletic activities. 

 Typically, there is a well-demarcated angular 
thoracic or thoracolumbar kyphosis, which is 
accentuated by forward bending, and a compen-
satory hyperlordosis of the lumbar spine. The 
apex is typically at T7–T9. The compensatory 
changes involving the cervical and lumbar lordo-
sis contribute to a characteristic head and neck 
thrust associated with Scheuermann kyphosis 
(Fig.  22.2 ). The kyphosis is relatively rigid and 
typically cannot be corrected to the normal range 
with hyperextension. Some patients have associ-
ated scoliosis or contractures of the pectoralis, 
hip  fl exor, or hamstring muscles. Often, mild 
degree of scoliosis can be identi fi ed on Adam’s 
forward bending using a scoliometer.   

    22.6   Differential Diagnosis 

    22.6.1   Postural Kyphosis 

 Postural kyphosis, or familial round-back defor-
mity, is a  fl exible kyphosis that does not have 
the sharp, angulated, rigid pattern of deformity 
characteristic of Scheuermann kyphosis  [  1  ] . 
Postural kyphosis should be included in the dif-
ferential diagnosis for a patient with thoracic 
kyphosis, although this condition does not have 
pathologic connotations. With forward bending, 
the patient has a gradual, gentle kyphosis in the 
sagittal plane that is easily corrected by standing 
erect or lying prone. Radiographs do not reveal 
anterior vertebral wedging or end plate irregu-
larities. Although the patient may have mild 
back pain, the natural history of postural 

 kyphosis is benign. Observation is recommended 
for an asymptomatic child. Nonsteroidal anti-
in fl ammatory drugs and physical therapy with 
postural training exercises, hamstring stretch-
ing, and back extensor strengthening form the 
basis of treatment for back pain accompanying 
postural kyphosis.  

    22.6.2   Iatrogenic Kyphosis 

 Acquired kyphosis has been widely reported after 
laminectomy of the cervical or thoracic spine in 
children  [  9,   35  ] . Most studies of pediatric iatro-
genic spine deformity pertain to the cervical 
spine, and the reported risk of cervical post-
laminectomy kyphosis in the pediatric population 
ranges from 14 to 100 %  [  2,   9,   28,   35  ] . The risk 
of pediatric deformity has been linked to C2 
involvement, relatively young patient age, preop-
erative malalignment, and irradiation. In surgery 
for Chiari malformations, the risk of postopera-
tive kyphosis appears to increase when the cervi-
cal decompression extends below C2  [  10  ] . 

 Although most studies suggest that iatrogenic 
deformity more commonly develops in the cervi-
cal spine, one study found that the thoracic-thora-
columbar spine had a greater incidence of 
deformity (60 % versus 25 %,  P  = 0.07)  [  36  ] . 
There was a 16.6 % risk of kyphotic deformity 
after laminectomies at two or more levels in the 
thoracolumbar region. Patients younger than 
18 years of age had a 50 % incidence of defor-
mity, but those aged 18–30 years had only a 9 % 
risk  [  22  ] . The reported incidence of iatrogenic 
deformity in the pediatric lumbar spine varies 
considerably, but deformity appears to occur less 
frequently in the lumbar spine than in either the 
thoracic or cervical segments. The lordotic cur-
vature of the lumbar spine may protect it against 
the development of kyphotic deformity. However, 
the current understanding of this pathology in 
children is limited. 

 Bracing appears to have a limited role in the 
long-term management of iatrogenic kyphosis 
and is inconclusive in preventing deformity. 
However, bracing can be useful to allow surgical 
intervention to be postponed until the patient 
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reaches skeletal maturity or can better tolerate a 
surgical intervention. 

 During the initial surgical procedure, the sur-
geon should attempt to minimize the anatomic 
exposure and preserve as much of the facet cap-
sule and facet joint as possible. The surgeon also 
should avoid involving C2, limit the exposure to 
as few levels as necessary, and consider perform-
ing laminoplasties  [  23  ] . The same techniques are 
used in the cervical and thoracic spine to limit the 

risk of iatrogenic kyphosis. A concurrent instru-
mented stabilization should be considered when 
junctional levels are to be bridged or the patient 
has a preexisting deformity, signi fi cant remaining 
growth potential (generally Risser 0 or 1), planned 
adjuvant radiation therapy, or neuromuscular 
compromise (Fig.  22.3 ). A variety of osteoplastic 
laminoplasty techniques have been designed to 
preserve the dorsal structures. However, little 
comparative research has been reported for the 

a b

  Fig. 22.2    ( a ) Lateral picture of a patient with Scheuermann kyphosis. Note the rib prominence and anterior displace-
ment of the chin. ( b ) Corresponding lateral x-ray       
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pediatric population. In a retrospective compari-
son of patients treated with laminectomy or lamin-
oplasty after intramedullary tumor resection, the 
rate of deformity was lower after laminoplasty 
 [  18  ] . After tumor resection, the rate of moderate 
to severe deformity development was signi fi cantly 
lower in patients who received instrumentation 
than in patients with laminectomies at more than 
four levels (10 % versus 56 %)  [  29  ] . Another 
bene fi t of upfront instrumentation in patients who 
have tumors that require post-resection radiation 
is the dif fi culty of bony fusion after radiation ther-
apy  [  19  ] . As a result of failed bony fusion after 
radiation therapy, we are more proactive about 
instrumenting at the time of the original surgery 
or, if they present after radiation therapy and need 
instrumentation, we are using an autologous vas-
cularized free  fi bular graft  [  14  ]  (Fig.  22.4 ).   

 The deformity may develop immediately after 
the initial surgery or up to 74 months later. Early 
intervention and frequent follow-up may help limit 
the severity of deformity progression (Fig.  22.5 ). In 
patients with thin pedicles, pedicle screw place-
ment can be very dif fi cult (Fig.  22.6 ). For these 
patients, pedicle hooks, sublaminar wiring, or the 

“in-out-in” technique can be used (Fig.  22.7 ). The 
“in-out-in” technique involves starting a thoracic 
pedicle screw  in  the pedicle, allowing it the break 
 out  laterally, purchase the rib, and go back  in  the 
vertebral body. Not all patients require surgical 
intervention, but progressive deformity, neurologic 
symptoms, or intractable pain warrant surgical cor-
rection. A ventral approach is often preferred to cor-
rect a severe iatrogenic kyphotic deformity of the 
cervical spine and stabilize the spine. In some 
patients, a combined ventral and dorsal stabilization 
procedure may be required, but with the current 
expandable cages, even the most complex kyphoses 
can be managed with a vertebral column resection 
through a posterior costotransversectomy (Fig.  22.8 ). 
Other techniques to correct thoracolumbar defor-
mities are Ponte and Smith-Pete osteotomies and 
 pedicle subtraction osteotomies  [  21,   27  ] .      

    22.6.3   Congenital Kyphosis 

 Congenital scoliosis is rare and of unclear etiol-
ogy; it is estimated to occur in 0.1 % of births and 
is related to hemivertebra formation. Congenital 

a c d

b

  Fig. 22.3    Preoperative. ( a ) Axial MR image of an 
11-year-old girl showing tumor ( arrow ) and ( b ) sagittal 
MR image showing the small degree of straightening 
of cervical lordosis. ( c ) Lateral radiograph showing 

 iatrogenic cervical kyphosis that developed post surgery. 
( d ) Lateral radiograph after anterior cervical discectomies 
and fusion with PEEK cages ( arrows ) and posterior 
instrumentation       
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a c

d

b

  Fig. 22.4    ( a ) Standing scoliosis lateral radiograph show-
ing patient’s kyphosis. ( b ) Postoperative standing scolio-
sis lateral radiograph showing correction of kyphosis 
following monoaxial pedicle screw and rod fusion with 
vascularized  fi bular graft. ( c ) Postoperative AP radiograph 
with  fi bular graft visible ( arrows ). ( d ) Intraoperative 

 photograph showing instrumented fusion, the latissimus 
dorsi free  fl ap ( arrow ) and overlying skin, vascularized 
 fi bula ( arrowheads ) with a saphenous vein graft ( asterisk ) 
connecting to the  fi bular artery and vein, and the axillary 
artery and vein  [  19  ]        

a b c

  Fig. 22.5    ( a ) Preoperative sagittal MR image showing tumor ( arrow ). Postoperative lateral radiographs taken at 
( b ) 2 weeks and ( c ) 6 months. Note the progressive iatrogenic kyphosis that has developed       
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kyphosis is even less common. Of 584 patients 
with a congenital spine abnormality, 112 had 
kyphoscoliosis and only 36 had pure kyphosis 
 [  20  ] . These anomalies can arise at any spine level 
but are most likely in the thoracolumbar junction 
between T10 and L1. 

 A type I anomaly (the most common) is caused 
by anterior failure of vertebral body formation. 
The subtypes are posterolateral quadrant  vertebra, 
posterior hemivertebra, butter fl y (sagittal cleft) 
vertebra, and anterior and anterolateral wedged 
vertebrae. A type II anomaly is derived from an 
anterior failure of vertebral body segmentation; 

its subtypes are distinguished by the presence 
of anterior or anterolateral unsegmented bars. 
A type III anomaly refers to mixed anomalies 
found in types I and II. A type IV anomaly is oth-
erwise unclassi fi able and typically has a larger 
curve than the other types. The most rapid curve 
progression is in type III (a mean of 5–8° per 
year, depending on patient age), followed by 
type I. Most neurologic de fi cits were found in 
patients with a sharp, angulated curve from a type 
I malformation  [  20  ] . 

 Congenital kyphoscoliotic deformities can 
progress rapidly, especially during growth spurts, 

  Fig. 22.6    This is the same patient as in Fig.  22.5 . Note 
the very thin pedicles at ( a ) T12, ( b ) L1, and ( c ) L2 mak-
ing pedicle screw placement very dif fi cult. ( d ) Lateral 

radiograph of posterior instrumentation used to correct the 
iatrogenic kyphosis and stabilize the spine         

a

c

b 



294 M.J. Kramarz et al.

and they should be monitored closely. Most 
of these deformities require surgical interven-
tion; only 14 of 112 patients reached skeletal 
maturity without undergoing surgical inter-
vention  [  20  ] . Surgical correction typically is 
recommended for a signi fi cantly progressive 
curve or after the development of a neurologic 

de fi cit, though a critical threshold for sur-
gery has not yet been de fi ned. Curve progres-
sion typically is de fi ned as more than 10° of 
change, as radiographic landmarks are dif fi cult 
to de fi ne in these patients. The surgical inter-
vention typically entails short-segment instru-
mented fusion; a posterior asymmetric pedicle 
subtraction osteotomy or anteroposterior verte-
bral resection may be included. With a  pedicle 
 subtraction osteotomy, 10–24° of  correction 
per level can be expected, depending on the 
level  [  21  ] . 

 The preoperative planning should include 
MRI to detect any intraspinal abnormality that 
would require neurosurgical intervention before 
the deformity correction. CT and plain radio-
graphs are used to visualize the complicated 
osseous anatomy. The general evaluation should 
include an echocardiogram and a renal ultra-
sonogram to detect any associated congenital 
abnormalities  [  6  ] . Although little has been pub-
lished on the surgical risks in patients with con-
genital kyphosis, a congenital abnormality of the 
cervical spine probably entails the greatest risk 
because of the possibility of injuring the verte-
bral arteries. Surgery in the thoracic spine car-
ries a risk of neurologic compromise whereas 
the lowest risk is associated with the lumbar 
spine. 

 The available surgical techniques for treat-
ing congenital kyphosis include pedicle 
 subtraction osteotomies, vertebrectomies, cos-
totransversectomies, anterior approaches, and 
combinations  [  13,   15,   25,   30  ] . A comparison of 
anteroposterior and posterolateral approaches 
for treating congenital scoliosis found a higher 
rate of minor complications in the patients 
treated through a posterolateral approach (40 % 
versus 8 %,  P  = 0.14); however, the sample size 
was relatively small  [  13  ] . The clinical out-
comes, quality of life, and radiographic mea-
sures of patients in the two groups were 
otherwise comparable  [  13  ] . The surgical priori-
ties remain restoration of sagittal and coronal 
balance followed by correction of the curve 
magnitude. Some further correction can be 
expected in younger patients as a result of 
growth and  surgical fusion.  

d

Fig. 22.6 (continued) 
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    22.6.4   Thoracolumbar Kyphosis 
from Hypoplasia 

 Thoracolumbar kyphosis secondary to lumbar 
hypoplasia is rare but should be differentiated 
from other etiologies. In seven normal, healthy 
patients, a mean kyphosis of 34.2° was  normalized 
to −0.4° with no treatment. All patients had a 
wedge-shaped vertebra in the L1 or L2 region 
with an anterosuperior indentation (a beaked 
appearance)  [  5  ] . The diagnosis was based on 
radiographic appearance, lack of anomalies in 
the posterior elements, and improvement of the 
kyphosis with bipedal development. Such patients 
initially should be closely monitored to avoid an 
incorrect diagnosis, but they do not require brac-
ing. Myelodysplasia, achondroplasia, endocrine 
abnormality, genetic metabolic disturbance, and 

other possible etiologies should be excluded from 
the differential diagnosis.   

    22.7   Investigations 

 Although some variation exists in the radio-
graphic de fi nition of Scheuermann kyphosis, 
commonly 5° of anterior wedging at each of three 
consecutive vertebrae, end plate irregularity, and 
Schmorl nodes are used as radiographic diagnos-
tic criteria  [  31  ] . However, radiographic  fi ndings 
of irregular end plates, loss of disk height, ante-
rior wedging of more than 10°, and overall hyper-
kyphosis also have been used as diagnostic 
criteria. Hyperextension radiographs with or 
without a bolster can be used to verify the rigidity 
of the curvature (Fig.  22.9 ). An MRI is a useful 

a d
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  Fig. 22.7    Techniques for  fi xation in patients with thin 
pedicles. ( a ) Preoperative MR image showing large extra-
dural thoracic CSF collection. ( b ) Postoperative axial CT 
image showing thinned out pedicles ( arrows ) and cystop-
leural shunt tubing (hyperdensity in the canal). ( c ) 
Postoperative lateral radiograph showing the use of pedi-
cle hooks ( arrows ). ( d ) Postoperative lateral radiograph 

showing wiring to augment the pullout strength of the 
inferior pedicle screw in a T4–L3 fusion. ( e ) Axial CT 
illustrating “in-out-in” technique showing the screw enter-
ing at the lamina/transverse process junction, exiting bone 
lateral to the left pedicle, and reentering the vertebral 
body       
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preoperative study to evaluate for disk hernia-
tions and early degenerative changes as well.   

    22.8   Nonsurgical Treatment 

 Bracing for Scheuermann kyphosis remains con-
troversial. There is little evidence as to its effect 
on the natural history of kyphosis progression. 
Some studies have suggested that bracing leads to 
vertebral remodeling in immature patients  [  32, 
  33  ] . However, all available studies of bracing for 
kyphosis were small, retrospective, and limited to 
level IV evidence  [  17  ] . The criteria for bracing are 
a 50–75° curve and passive correction of 40 % or 
more. Patients with a curve greater than 75° may 
respond less favorably to bracing, and surgical 
intervention can be considered for these patients 
 [  24,   26  ] . With or without a bracing program, a 
 rigorous schedule of exercise may be helpful, 
emphasizing thoracic extensor strengthening and 
endurance as well as hamstring  stretching. Initial 
bracing achieves an almost 50 % reduction in the 
kyphosis in many patients, but some correction 

often is lost when the patient is weaned from brace 
wearing  [  26  ] . Bracing is routinely recommended 
for 16–23 h/day until apical wedging is corrected 
and then can be weaned gradually after skeletal 
maturity is attained.  

    22.9   Surgical Treatment 

 The current indications for surgical treatment 
are progressive kyphosis despite brace compli-
ance, intractable pain, related neurologic de fi cit, 
or a persistent, signi fi cant deformity in a skele-
tally mature patient. The critical threshold of 
deformity for which surgery is recommended 
has not been de fi ned. Current research recom-
mendations on surgical indications and surgical 
approaches are limited to level IV evidence from 
retrospective cohort studies without control 
 subjects  [  16,   17  ] . 

 With earlier instrumentation constructs, 
surgical correction was followed over time 
by junctional kyphosis and loss of correction. 
These results led to interest in concomitant 

a b c

  Fig. 22.8    ( a ) Preoperative midline sagittal CT of a 
26-year-old female with neuro fi bromatosis type I show-
ing a severe kyphotic deformity. ( b ) Postoperative mid-
line sagittal CT after vertebral column resection and 

 instrumentation with screws, rods, and an expandable 
cage ( asterisk ). ( c ) AP radiograph clearly illustrates the 
costotransversectomy ( arrows ) and the expandable cage 
( asterisk )       
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 anterior discectomies. However, combined 
anteroposterior and posterior-only constructs 
have had good radiographic results  [  16  ] . The 
anteroposterior approach led to slightly bet-
ter maintenance of correction at follow-up, but 
the complication rate was higher than with the 
posterior-only approach. Proximal junctional 
kyphosis occurred in 32 % of patients and was 
related to arthrodesis short of the cephalad 
end vertebra, a higher magnitude of residual 
kyphosis, and a high pelvic incidence. Distal 
junctional kyphosis occurred in 5 % patients 
and always was associated with fusion selec-
tion rostral to the sagittal stable vertebra  [  16  ] . 
Posterior-only instrumentation and fusion have 
become popular, with complete facetectomies 
and partial excision of the inferior lamina 
(a  so-called Ponte osteotomy). Anteroposterior 

and posterior-only procedures without extensive 
resection have not been compared in a research 
study. The selection of fusion levels is important 
and challenging, and overcorrection should be 
avoided (Fig.  22.10 ).   

    22.10   Postoperative Care 

 Given the magnitude of the surgery and potential 
blood loss, patients are monitored in the ICU 
overnight. Immediate postoperative care largely 
revolves around pain control and monitoring  fl uid 
shifts or blood loss. Patients undergo serial hema-
tocrit checks and are transfused as needed. 
Patients also are placed on a patient-controlled 
anesthesia (PCA) and an aggressive bowel regi-
ment. The following day patients are transferred 

a b

  Fig. 22.9    ( a ) Lateral radiograph of a boy with Scheuermann kyphosis with a 75° kyphosis. ( b ) Lateral hyperextension 
radiograph over a bolster showing good correction of the kyphosis to 28°       
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to the  fl oor and ambulation is encouraged. 
Pediatric patients are at lower risk for developing 
deep venous thromboses, but early involvement 
of physiotherapy is important. Drains are typi-
cally removed around POD 3 when output has 
tapered signi fi cantly at which point antibiotics are 
discontinued. Patients are gradually transitioned 
from PCA to oral analgesics and muscle relaxants 
or ketorolac can be added for pain control. Patients 
can be discharged when they can ambulate, pain 

control is adequate, and they have had a regular 
bowel movement. Standing lateral and PA radio-
graphs are typically obtained prior to discharge.  

    22.11   Complications 

 The Scoliosis Research Society Morbidity and 
Mortality Committee reported complications 
from 683 Scheuermann kyphosis surgeries  [  8  ] . 

a b

  Fig. 22.10    ( a ) Lateral radiograph demonstrating severe kyphosis centered at T9. ( b ) Lateral postoperative radiograph 
illustrating the correction of previous kyphosis with a posterior spine fusion T2–L3       
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Although they included adult and pediatric 
patients, 73 % of the cohort were less than 
19 years of age. They noted a 14 % risk of devel-
oping complications in 683 procedures. The 
complication rate was only 12 % when limited to 
pediatric patients. Reported complications in the 
entire cohort included wound infections (3.8 %), 
unspeci fi ed (2.3 %), implant related (2.5 %), neu-
rological compromise (1.9 %), pulmonary 
(1.3 %), hematologic (0.9 %), death (0.6 %), 
delayed neurological (0.3 %), durotomy (0.3 %), 
deep venous thrombosis (0.1 %), pulmonary 
embolus (0.1 %), sepsis (0.1 %), and cardiorespi-
ratory (0.1 %). They noted a 14.8 % risk of com-
plication from a posterior-only approach, 4.1 % 
from an anterior-only approach, and 16.9 % from 
a same-day anterior and posterior approach  [  8  ] . 
These  fi ndings are limited by the reporting nature 
of each institution and the vague categorization 
of each complication. 

 Lonner et al. compared outcomes from two 
groups of patients, those treated with an anterior-
posterior approach and those treated posteriorly 
only. They noted a 23.8 % complication risk in 
those treated anteriorly alone as compared to 
5.5 % in those treated with a posterior-only 
 pedicle screw construct. Proximal and distal 
junctional kyphosis of greater than 10° occurred 
in 25 patients (32.1 %) and 4 patients (5.1 %), 
 respectively  [  16  ] .  

      Conclusion 

 Scheuermann kyphosis, postural kyphosis, 
iatrogenic kyphosis, and congenital kyphosis 
are the most common kyphotic deformities 
in children. However, many other patholo-
gies can give rise to pediatric  kyphoscoliosis. 
The  possibility of a spinal cord injury, myelo-
dysplasia, posttuberculous infection, achon-
droplasia, or inherited metabolic storage 
disease should be kept in mind during evalu-
ation of a patient with a kyphotic  deformity. 
The appropriate diagnosis is necessary for 
determining the natural history of the disease 
and deciding on the management options, 
based on the severity and progression of the 
deformity, its clinical presentation, the pres-
ence of a neurologic de fi cit, any cosmetic 

dis fi gurement, and the patient’s skeletal matu-
rity. The surgeon must carefully balance the 
expected course of the deformity against the 
risks and bene fi ts of surgical intervention.      
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    23.1   Overview 

 Spinal abnormalities encountered at birth 
 encompass a large spectrum of conditions that 
may lead to a variety of spinal deformities. 
Environmental factors, genetics, vitamin de fi -
ciency, and drugs have been found to be associ-
ated in the development of vertebral anomalies 
 [  1  ] . Physiologic insult frequently occurs early 
during the embryologic period, and the resultant 
disruption in somitogenesis causes alterations 
that result in the failure of formation, failure of 
segmentation, or a combination of the two  [  2–  5  ] . 
Mutations in the development of somites can pro-
duce any number of anomalies including hemiver-
tebra, unilateral and segmental bars, vertebral 
agenesis, and congenital dislocated spine. These 
structural alterations can produce an imbalance 
in spinal growth, potentially leading to short stat-
ure, scoliosis, kyphosis, and kyphoscoliosis  [  2  ] . 

 The approach to treating the patient with 
congenital spine deformity requires a multidis-
ciplinary effort, as many children are syndro-
mic with abnormalities in other organ systems 
 [  6  ] . Treatment for spinal congenital deformity 
seeks to optimize the child’s overall function 
and growth potential. Surgical interventions have 
been developed to treat the subsequent  curvature, 

as attempts to manage early-onset spinal defor-
mities with external force through bracing or 
casting have rarely been effective  [  7  ] . Due to 
the complexity of anatomy in these patients and 
frequent lack of anchor points for implants, pre-
cise dissection and a thorough understanding 
of the deformity are necessary for successful 
outcomes. 

 The estimated prevalence of congenital spinal 
malformation ranges from 0.5 to 1 in 1,000 births 
 [  8  ] . The male to female ratio has been approxi-
mated at 1:1.4  [  9  ] . Beals and colleagues  [  6  ]  sum-
marized three early seminal papers  [  4,   10,   11  ]  
that examined congenital scoliosis, noting that 
between 30 and 60 % of patients with vertebral 
deformities had other associated developmental 
anomalies. Cardiac, renal, and neurologic defects 
are commonly encountered in this population, as 
these systems develop around the same time dur-
ing gestation (Table  23.1 )  [  12  ] . As such, a multi-
tude of syndromes have been identi fi ed that are 
associated with congenital spinal deformity 
(Table  23.2 )  [  2  ] . Interestingly, however, a family 
history of congenital anomaly is rare  [  13  ] . The 
complex nature of this patient population war-
rants caution and diligence in order to ensure no 
critical  fi nding is overlooked.   

 Spinal dysraphism describes a heterogeneous 
group of abnormalities resulting from defective 
closure of the neural tube, with subsequent anom-
alous development of the caudal cell mass  [  14  ] . 
This can result in open or closed neural tube 
defects. Spina bi fi da describes a group of disor-
ders associated with the failure of the vertebral 
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arch to close during development. This can lead 
to the presence of neural elements found outside 
of the vertebral canal. Spina bi fi da occulta is the 
condition where the posterior spinal elements fail 
to fuse, leaving the spinal canal covered only by 
skin and soft tissue, frequently identi fi ed by a 
hairy patch or dimple. Spina bi fi da cystica is a 
more severe manifestation of the disease, in 
which the meninges and nerves may be extruded. 

   Table 23.2    Associated syndromes with congenital 
 vertebral malformation   

 Aarskog syndrome (hypertelorism, brachydactyly, 
shawl scrotum) 
 Aase syndrome (triphalangeal thumb, congenital 
anemia) 
 Alagille syndrome (cholestasis, peripheral pulmonic 
stenosis, peculiar facies) 
 Albright hereditary osteodystrophy (short metacarpals, 
rounded facies, vicarious mineralization) 
 Apert syndrome (craniosynostosis, midfacial hypopla-
sia, syndactyly, broad distal phalanges) 
 Atelosteogenesis type I (giant cell chondrodysplasia) 
 Catel-Manzke syndrome (micrognathias, cleft palate, 
index  fi nger hypertrophy) 
 Cervico-oculo-acoustic syndrome (Wildervanck and 
Klippel-Feil anomalies, abducens paralysis, sensorineu-
ral deafness) 
 CHARGE syndrome (coloboma, heart disease, atresia 
of the choanae, retarded growth, genital deformity, ear 
anomalies) 
 Deletion of 5p syndrome (cri du chat, microcephaly, 
downward palpebral  fi ssures) 
 Distichiasis lymphedema syndrome (double row 
eyelashes, lymphedema) 
 Escobar syndrome (multiple pterygium syndrome) 
 Femoral hypoplasia-unusual facies syndrome (femoral 
hypoplasia, short nose, cleft palate) 
 Fetal alcohol syndrome (premature growth de fi ciency, 
microcephaly, short palpebral  fi ssures) 
 Frontometaphyseal dysplasia (prominent supraorbital 
ridges, joint limitations, splayed metaphysic) 
 Gorlin syndrome (basal cell carcinoma, broad facies, 
rib anomalies) 
 Incontinentia pigmenti syndrome, Bloch-Sulzberger 
syndrome (patch alopecia, pigmented skin lesions) 
 Jarcho-Levin syndrome 
 Kabuki syndrome 
 Klippel-Feil syndrome (short neck, low hairline, early 
development of cervical vertebrae) 
 Larsen syndrome (multiple joint dislocations,  fl at 
facies, short  fi ngernails) 

Table 23.2 (continued)

 Morquio syndrome (pectus carinatum, odontoid 
hypoplasia, genus valgus, corneal clouding) 
 Multiple synostosis syndrome (symphalangism 
syndrome) 
 MURCS (Mullerian duct anomaly, renal abnormalities, 
cervical vertebra defects) 
 Noonan syndrome (webbed neck, pectus excavatum, 
cryptorchidism, pulmonic stenosis) 
 Oculoauriculovertebral spectrum, Goldenhar syndrome 
(branchial arch defects, hemifacial macrosomia) 
 Pallister-Hall syndrome (hypothalamic, hypopituitar-
ism, hamartoblastoma, imperforate anus, polydactyly) 
 Ritscher-Schinzel syndrome, 3C syndrome 
 Robinow syndrome (fetal face syndrome,  fl at facial 
pro fi le, short forearms, hypoplastic genitalia) 
 Saethre-Chotzen syndrome (brachydactyly, maxillary 
hypoplasia, syndactyly, prominent ear crus) 
 Simpson-Golabi-Behmel syndrome 
 Spondylocarpotarsal synostosis syndrome (short 
stature, block vertebrae, carpal synostosis) 
 Smith-Magenis syndrome (broad midface, brachyceph-
aly, brachydactyly, speech delay) 
 Trisomy 18 syndrome (clenched hand, short sternum, 
low-arch dermal ridge) 
 Turner syndrome, 45X syndrome, XO syndrome (broad 
chest, short female, lymphedema or its residua) 
 VATER association (vertebral defects, anal atresia, 
tracheoesophageal  fi stula, renal dysplasia) 

  Adapted with permission  [  2  ]   

   Table 23.1    Associated 
anomalies with congenital 
spine deformity   

 Cardiac  Renal  Neurologic 

 Ventricular septal defects  Renal hypoplasia  Tethered cord 
 Atrial septal defects  Horseshoe kidney  Syrinx 
 Patent ductus arteriosus  Ectopic kidney  Low conus 
 Tetralogy of Fallot  Cloacal anomaly  Extra- or intradural mass 
 Transposition of great 
vessels 

 Exstrophy of the bladder  Chiari malformation 

 Sick sinus syndrome  Hydronephrosis  Dandy-Walker 
malformation 

 Pulmonary stenosis  Undescended testis  Diastematomyelia 

  Adapted with permission  [  2  ]   
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Identi fi cation of any such defects as a meningo-
cele, myelomeningoceles, lipomyelomeningo-
cele, myeloceles, split cord malformations, or 
myelocystoceles merits neurosurgical evaluation 
prior to intervention  [  15  ] . 

 Other congenital spine anomalies seen in con-
sultation by spine surgeons include Chiari mal-
formations, sacral agenesis, spondyloepiphyseal 
dysplasia, and congenital dislocated spine. Chiari 
malformations are deformities of the brain stem 
characterized by displacement of the cerebral 
tonsils through the foramen magnum, thereby 
blocking normal cerebrospinal  fl ow  [  16  ] . They 
are commonly associated with congenital scolio-
sis and syrinx. Sacral agenesis, also known as 
caudal regression syndrome, occurs early in ges-
tation, typically before the seventh week. It is fre-
quently accompanied by other vertebral defects 
and lower extremity abnormalities, with the clas-
sic postnatal “sitting Buddha” posture. Neonates 
demonstrated a  fl exion-abduction contractures of 
hips with marked knee  fl exion and popliteal web-
bing and feet tucked in equinovarus  [  1  ] . It has 
been associated with maternal diabetes and the 
pathology thought to be related to insulin, 
although the exact mechanism has yet to be 
 elucidated  [  17  ] . Spondyloepiphyseal dysplasia 
encompasses a rare group of disorders character-
ized by  fl attened vertebral bodies and abnormal 
epiphyses, with the congenital variant the most 
severe form of the disease  [  15,   18  ] . Congenital 
dislocated spine is a rare anomaly resulting from 
the developmental failure of the spine at a single 
level. A sudden sagittal translation leaves the 
alignment of the spine grossly displaced, fre-
quently resulting in neurologic sequelae  [  19  ] . 

 Dysraphism demonstrates a distinct morphol-
ogy from closed vertebral centrum defects, likely 
due to the differences in the developmental 
in fl uences during the formation of the bony anat-
omy versus the spinal cord and meninges. This 
independence confers a deviation in the initial 
development that displays unique patterning at 
birth. Closed anterior spine malformations dem-
onstrate greater variation in the number of verte-
brae involved and the overall pattern and resultant 
bony alignment  [  20  ] . These frequently result in 
coronal and sagittal plane deformities that bene fi t 
from operative stabilization. Congenital scoliosis 

and kyphosis are the two main deformities that 
fall under the purview of the orthopedic spine 
surgeon. 

 Early attempts to classify congenital spine 
malformations were based on the concept of 
embryologic maldevelopment. In 1968, Winter 
and colleagues developed a scheme to classify 
coronal congenital spine malformations based on 
an observation of 234 patients  [  4  ] . This 
classi fi cation system was based on posteroante-
rior and lateral radiographs, and it divided spinal 
pathology into abnormalities of formation, abnor-
malities of segmentation, or a mixed type that 
possessed features of both. It has since been used 
widely and adapted because of its utility in pre-
dicting progression of deformity. In 1982, 
McMaster and Ohtsuka added their experience 
with congenital scoliosis, demonstrating a predi-
lection for certain malformations to progress over 
time  [  5  ] . Both Winter and McMaster applied a 
similar scheme for deformities in the sagittal 
plane resulting in kyphosis  [  21,   22  ] . Noting that 
this classi fi cation was based on x-rays and many 
times failed to account for the three-dimensional 
deformities encountered in this challenging pop-
ulation, the Spinal Deformity Study Group 
recently published a new classi fi cation based on 
three-dimensional computed tomography  [  20  ] . 
This scheme delineates four types of congenital 
anomalies: type I, solitary simple; type 2, multi-
ple simple; type 3, complex; and type 4, segmen-
tation failure. This system is based in an algorithm 
that seeks to provide an appropriate surgical treat-
ment based on the deformity. 

  Failure of formation  defects typically occur in 
the lateral or anterior spine during development, 
producing the classic scoliotic and kyphotic 
curves, respectively. This group encompasses 
such defects as hemivertebra, wedge vertebra, 
and butter fl y vertebra. Hemivertebra can be fur-
ther classi fi ed as segmented or free if a normal 
disc is present above and below the affected level 
or unsegmented if the vertebra lacks adjoining 
discs. Hemivertebra is a complete failure of for-
mation, with only one pedicle, whereas wedge 
vertebrae are a partial failure of formation, pos-
sessing two pedicles with asymmetric laterality. 
Butter fl y vertebrae are partial or complete fail-
ures of formation of the anterior and central 
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 portions of the body, resulting in two posterolat-
eral fragments of bone attached to the neural 
arch, separated by a sagittal cleft. Failure of for-
mation in the sagittal plane results in centrum 
hypoplasia of the anterior elements, producing a 
kyphotic curve. Centrum aplasia is the most 
severe form, in which the pedicle roots persist at 
the base but are not attached to the body, result-
ing in a signi fi cant angulation.  Failure of segmen-
tation  results in block vertebra or segmental bar 
formation. Anterior segmentation failure, stem-
ming from annulus  fi brosus osseous metaplasia, 
leads to progressive kyphosis owing to the 
absence of anterior vertebral growth. Unilateral 
segmentation failure, characterized by fused lat-
eral vertebral bodies, produces scoliotic curves as 
portions of the unsegmented spine are tethered 
during normal growth. Total segmentation failure 
leads to the formation of block vertebrae, which 
can result in signi fi cant shortening of the spine if 
many levels are involved.  Mixed - type defects , 
such as a unilateral unsegmented bar with con-
tralateral hemivertebra, are notorious for produc-
ing kyphoscoliotic deformities that progress 
rapidly without intervention. The utility of this 
classi fi cation based on the embryologic disrup-
tion in development is its association to predict 
which of these deformities and curves is likely to 
progress, thereby requiring surgical intervention 
(Table  23.3 ). Unsegmented or incarcerated 
hemivertebra demonstrates little progression, 
while block vertebra sometimes demonstrates no 
signi fi cant curvature at all. Fully segmented 
hemivertebra progresses steadily, while unilateral 
segmental bars curve rapidly. The unilateral 

unsegmented bar with contralateral hemiverte-
brae is the worst offender, characterized by rapid 
and unrelenting curvature in multiple planes. The 
natural history of congenital kyphotic deformi-
ties is associated with steady progression, with 
potential for neurologic compression. A thorough 
understanding of the anatomy, natural history, 
and risk of further deformity is necessary for the 
optimal care of the patient with congenital spine 
malformation  [  23  ] .   

    23.2   Case Example 

 A 4-year-old boy is referred for evaluation of 
scoliosis. His gestational history is notable for a 
positive quadruple screen, and karyotyping 
revealed a Klinefelter variant with chromosomes 
49-XXXXY. Intrauterine ultrasound was per-
formed during the pregnancy, noting a right 
clubbed foot and enlarged cerebral ventricles. He 
was born at term with a weight of 5 lb and length 
of 19 in. During the newborn period, he failed his 
hearing screen although currently exhibits nor-
mal audiologic function. He is developmentally 
delayed, not crawling until the age of one, walk-
ing independently by 30 months, and has a 
vocabulary that is limited to approximately seven 
words. He underwent surgical intervention for 
his club foot at 1.5 years of age and was noted on 
recent ultrasound to have one kidney larger than 
the other. Physical examination reveals left tho-
racic prominence on forward bend test and an 
elevated left hemi-pelvis. Radiographs of the 
spine are shown in Fig.  23.1 .   

    23.3   Pathology/Pathophysiology 

 A rudimentary understanding of vertebral devel-
opment provides insight into understanding the 
pathogenesis of congenital spine malforma-
tion. The embryologic precursor of the vertebral 
body is termed the somite. Disruptions during 
somitogenesis, which begins to occur between 
20 and 30 days of gestation, can affect the sub-
sequent development of the spine  [  24  ] . Somite 
segmentation occurs at 6–8 weeks, prior to the 

   Table 23.3    Natural history of particular congenital spine 
deformities   

 Spinal deformity  Curve progression 

 Unilateral unsegmented bar 
with contralateral 
hemivertebrae 

 Rapid and relentless 

 Unilateral unsegmented bar  Rapid 
 Fully segmented hemivertebra  Steady 
 Partially segmented 
hemivertebra 

 Less rapid 

 Incarcerated hemivertebra  May slowly progress 
 Unsegmented hemivertebra  Little progression 
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chondri fi cation and ossi fi cation of the axial 
skeleton. Disruptions that affect the delivery of 
genetic instructions during these critical periods 
of formation and segmentation can result in the 
malformations detailed above  [  25  ] . The earliest 
stage at which detection of a vertebral anomaly 
can occur is in week 4–5, during the forma-
tion of the vertebral mesenchymal anlage  [  1  ] . 

This  development is intimately related to the 
intersegmental arterial supply to the imma-
ture vertebral body, as cells closer to the artery 
develop more rapidly  [  26  ] . Disruptions in the for-
mation of the cartilaginous vertebral body anlage 
occur early in development, prior to week 16 of 
gestation  [  3  ] . After birth, progressive curvatures 
that result from congenital malformation develop 

a b

c

  Fig. 23.1    X-rays of the case example. ( a ) Posteroanterior 
and ( b ) lateral radiographs showing the thoracic and thora-
columbar scoliotic curves with thoracic cage  asymmetry. 

( c ) A close-up of the cervicothoracic junction demonstrating 
a butter fl y vertebra of T2       
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due to the asymmetric growth of the spine during 
infancy, childhood, and adolescence. Increased 
growth along the convexity of a curvature with 
a tethered or limited concave aspect produces the 
most progressive spinal deformities.  

    23.4   History and Physical 
Examination 

 The presentation of patients with congenital spi-
nal deformity is variable, ranging from severely 
syndromic patients to those with a static asymp-
tomatic spinal deformity. Many patients are 
referred for  fi ndings observed on routine screen-
ing during gestation and infancy, such as triple 
screen, chest x-ray, and prenatal ultrasound. 
Others present for evaluation after MRI for other 
conditions reveals an anomaly within the spine. 
Astute physical examination by the pediatrician 
may demonstrate hairy patches, sacral dimpling, 
cavus foot deformities, or hyperpigmentation, 
prompting spinal surgeon evaluation. There are 
numerous considerations in evaluating an infant 
or child with congenital spine malformation, and 
initial inspection should focus on age at presenta-
tion, the nature of the deformity, the presence of 
associated medical conditions, and any other 
associated congenital anomalies  [  2  ] . 

 A thorough and careful review of the patient’s 
gestational, family, and medical history is essen-
tial. Physical examination should include height 
and weight; evaluation of the spinal balance in 
the coronal and sagittal planes; evaluation of the 
orientation of the shoulder, head tilt, pelvic tilt, 
and leg lengths; and inspection of the skin to 
check for dimples, cysts, lesions, hyperpigmenta-
tion, or hair tufts. A complete neurologic exami-
nation is critical, although the absence of 
neurologic  fi ndings (motor or sensory de fi cits, 
bladder symptoms, asymmetric re fl exes) does 
not preclude the presence of occult intraspinal 
anomaly  [  2  ] . 

 Since pulmonary involvement secondary to 
chest wall deformity is commonly seen in patients 
with severe forms of congenital kyphoscoliosis, 
attention to the patient’s respirations and thoracic 
cage anatomy is needed. Campbell et al. noted 

thoracic cage deformity and the development of 
thoracic insuf fi ciency syndrome in children with 
congenital scoliosis and kyphosis  [  27  ] . They rec-
ommend the thumb excursion test to assess for 
asymmetric respiration and the use of accessory 
musculature for breathing  [  27  ] . Pulmonary func-
tion tests should be considered for any child 
undergoing surgery.  

    23.5   Diagnostic Imaging 

 An accurate and comprehensive radiologic evalu-
ation is critical for patients suspected to have 
congenital spinal malformations. Prenatal imag-
ing studies are most useful for identifying spinal 
dysraphism  [  14,   28  ] . Gestational ultrasound and 
fetal MRI have been useful for identi fi cation of 
intraspinal anomalies and extruded neural ele-
ments. Three-dimensional CT scans are being 
utilized in the third trimester to assess for skeletal 
dysplasia in high-risk patients  [  29,   30  ] . In the 
postnatal period, the initial modality of choice is 
x-ray. Standard upright posteroanterior (PA) and 
lateral views of the entire spine demonstrate the 
characteristics of spinal curvature under gravity, 
showing any signs of compensation and the sac-
ro-pelvic relationship. Cobb angle measurements 
allow quanti fi cation of the degree of curvature 
 [  31  ] . Bending  fi lms (side bending, bolster bend-
ing, traction, push prone) are commonly obtained 
to document  fl exibility, although their utility in 
determining correction remains unstudied in this 
population. 

 Children with cervical spine involvement 
should have a cervical x-ray series to preclude 
atlantoaxial instability, with an atlantodens inter-
val of less than 4 mm in children less than 8 years 
of age  [  32  ] . Three-dimensional CT scans are use-
ful to observe the anterior and posterior spinal 
components, the relationships between adjacent 
vertebra, and the overall spinal morphology  [  20  ] . 
CT scan demonstrates  fi ner bony detail compared 
to x-ray and can be useful to document thoracic 
cage and pulmonary volumes. MRI is the diag-
nostic technique of choice in this population for 
identifying intraspinal anomalies and should be 
performed in all children undergoing surgery 
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 [  33  ] . Dynamic MRI allows for the assessment of 
chest wall motion and respiration, while MR 
angiography may be useful for identifying vascu-
lar anomalies and the position of the vertebral 
artery prior to surgery  [  2  ] .  

    23.6   Treatment 

 The primary goal of treatment of congenital ver-
tebral malformation is to prevent the develop-
ment of a severe deformity while optimizing the 
child’s overall function and growth potential. 
Early diagnosis, anticipation, and prevention of 
deterioration are critical to achieve ideal results, 
as correction of a severely deformed spine is 
much more dif fi cult than prevention. A thorough 
understanding of the type of malformation, 
knowledge of the natural history of the progres-
sion, frequent follow-up (4–6 months intervals), 
and understanding when to initiate surgical inter-
vention are essential in providing optimal care. 

 Observation plays a role in patients with defor-
mities in which the natural history is not known 
or in conditions that are known to progress slowly 
such as hemivertebra or block vertebra. Two peri-
ods of rapid growth merit closer follow-up, those 
being during the  fi rst 4 years of life and during 
the adolescent growth spurt. There is no role for 
observation in deformities that are known to uni-
formly progress, such as an unsegmented bar 
with contralateral hemivertebra or congenital 
kyphosis. 

 Nonoperative therapies that have been effec-
tive in idiopathic forms of scoliosis and kyphosis 
such as bracing have been ineffective in congeni-
tal spine anomalies  [  34  ] . Congenital scoliosis 
curves tend to be rigid as the defect is primarily 
in the bony anatomy, whereas idiopathic forms 
with long sweeping curves from soft tissue 
derangements are  fl exible and amenable to ortho-
sis treatment. Alternative forms of therapy such 
as exercises, manipulation, and electrical stimu-
lation have completely failed in the treatment of 
congenital spine deformity. 

 Surgical stabilization of the spine is consid-
ered the most effective treatment for severe or 
progressive congenital deformity. No single 

operative procedure can be applied to the numer-
ous forms of deformity seen in congenital spine 
malformation. A thorough understanding of 
patient anatomy is required for hardware plan-
ning and postoperative care. A number of surgi-
cal principles are constant for patients undergoing 
surgical intervention of congenital spine defor-
mity  [  33  ] . Neurologic monitoring is mandatory 
for anyone undergoing spinal surgery for con-
genital malformation, as these patients are at 
increased risk to develop postoperative paraple-
gia after instrumentation and fusion  [  35  ] . The 
anesthesia team should know how to perform a 
Stagnara wake-up test in case neuromonitoring 
shows a change in spinal function or becomes 
unreliable  [  36  ] . A number of spinal implants have 
been effective in patients of diminutive size, with 
3.2-mm-diameter rod systems available in the 
surgeon’s armamentarium; having two different 
systems available provides the surgeon with addi-
tional options in decision making intraoperatively 
 [  33  ] . The use of titanium implants is bene fi cial, 
as many patients with congenital spine deformity 
exhibit some other system anomaly, allowing 
postoperative MRI to be more distinct and useful 
for subsequent follow-up. 

 The type of surgery selected to correct con-
genital spine deformity depends on the age of the 
patient, the site and type of vertebral anomaly, 
and the size of the curvature. There are  fi ve main 
procedures for the surgical treatment of congeni-
tal spine deformity:

   Convex growth arrest (anterior and posterior • 
hemiepiphysiodesis)  
  Fusion with or without instrumentation, • 
 posterior and combined anterior/posterior 
approaches  
  Hemivertebra excision  • 
  Vertebral column resection  • 
  Fusionless instrumentation systems    • 
 Convex growth arrest was  fi rst described by 

MacLennan  [  37  ] . It was designed to eliminate 
further convex growth while permitting concave 
growth to occur and lessen the curvature. This 
intervention is most applicable for young patients 
with short limited curves. The surgery is classi-
cally performed in two stages, with a preliminary 
anterior approach on the convexity to eliminate 
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the anterior growth plates at the site of the anom-
aly and a subsequent procedure through a dis-
tinct, posterior exposure of the convexity at the 
site of the hemivertebra in order to perform a pos-
terior convex fusion  [  38  ] . Postoperatively, the 
child is immobilized in a body cast and kept non-
ambulatory for 3–4 months. After the cast is 
removed, the child is placed in a spinal orthosis 
that is worn full time for an additional 12 months, 
allowing adequate time for fusion. This is consid-
ered a relatively safe procedure, although there is 
concern for often slow and uncertain correction 
of the deformity. 

 Spinal fusion with or without instrumentation 
through posterior alone or combined anterior/
posterior approaches has become commonplace 
to stabilize relatively  fl exible curves secondary to 
congenital anomaly. Early fusion-alone surgeries 
demonstrated relative high pseudarthrosis rates 
and continued curve progression  [  39  ] . The use of 
spinal instrumentation to correct congenital sco-
liosis is  fi rst attributed to Hall and colleagues 
from their use of the Harrington rod in 1981  [  40  ] . 
The evolution of instrumented segmental spinal 
systems has continued to allow improvement in 
surgical correction and fusion rates in this chal-
lenging population  [  41  ] . The use of posterior 
instrumentation at the time of the spinal fusion 
has several advantages, including a modest 
improvement in correction and a lower incidence 
of pseudarthrosis than a posterior spinal fusion in 
a Risser jacket alone  [  33,   40  ] . The use of poste-
rior spinal implants can also negate the need for 
postoperative immobilization. There is a greater 
risk of neurologic complication, however, due to 
the distraction of the spinal cord while the child 
is under anesthesia  [  35  ] . As with any fusion sur-
gery, attention is required to performing a metic-
ulous arthrodesis bed, and the fusion levels must 
cover the entirety of the measured curve and 
extend to the central gravity line. Performing dis-
cectomies ensures an anterior growth arrest, 
which reduces or eliminates any bending of the 
fusion (crankshaft effect). 

 Hemivertebra excision was  fi rst reported by 
Royle in Australia in 1928  [  42  ]  and was later uti-
lized as circumferential posterior/anterior opera-
tion  [  43  ] . It was re fi ned by Harms and colleagues 

in 1991 to require a posterior-only approach 
 [  44,   45  ] . Most hemivertebrae have normal growth 
plates and will cause a resultant wedge-shaped 
deformity with maturation, with the exception of 
incarcerated and some nonsegmented forms. Due 
to the local deformity and asymmetric loads the 
adjacent vertebrae will experience, neighboring 
levels can demonstrate asymmetric growth as 
well  [  45  ] . Resection of a fully segmented 
hemivertebra in progressive scoliosis theoreti-
cally allows for near-complete correction of the 
spinal deformity and has been shown to be safe 
and effective  [  46  ] . Correction of these defects at 
a young age prevents progression and subsequent 
secondary structural curves, minimizing long 
fusion segments. Nordeen et al. describe a new 
technique for the treatment of congenital kypho-
sis, wherein the hemivertebra is  maintained , 
while the adjacent intervertebral discs are excised 
and a rib graft strut or metal cage is placed ante-
riorly, followed by lateral vertebral body instru-
mentation  [  8  ] . 

 Vertebral column resection entails the removal 
of two or more whole vertebral levels and is the 
most radical of all procedures for congenital ver-
tebral malformation. Vertebrectomy creates some 
mobility of the spine allowing for correction yet 
inherently creating instability. Therefore, prior to 
resection, stable  fi xation must be achieved above 
and below the osteotomy sites with instrumenta-
tion. The anterior column requires reconstruction 
with structural graft, typically titanium mesh 
cages  fi lled with autograft  [  33  ] . The procedure is 
fraught with risk to the neurologic structures but 
has been found to be a safe and effective opera-
tion in the well-trained surgeon  [  47  ] . 

 Fusionless instrumentation surgery for con-
genital spinal anomaly has become an alternative 
intervention in treating curvature and thoracic 
dysplasia. Its rationale parallels traditional doc-
trine, that is, to achieve maximal spine length and 
mobility, to maintain thoracic and pulmonary 
function, and to minimize operations and surgical 
risk  [  7  ] . Expandable growing rods (GR) or verti-
cal expandable prosthetic titanium rib devices 
(VEPTR) are the two main techniques utilized in 
the fusionless treatment of progressive spinal 
deformity. If a long section of spine is anomalous 
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and deformed or if a long fusion is required to 
achieve control, then a fusionless, growth- 
oriented treatment may be preferable, particularly 
in the very young population. Early intervention 
at a period of mild deformity makes device 
implantation easier and probably facilitates sym-
metric chest growth. Late intervention, however, 
may have distinct advantages in some cases, as 
fewer lengthenings may be needed and implant 
anchor points and bone quality may be better 
with maturity. GR is considered internal bracing, 
working by controlling deformity through serial 
distractions while permitting continued spinal 
column growth. Some work has shown the bene fi t 
of GR in congenital malformations, with moder-
ate curve corrections and improved space avail-
able for lung ratios  [  48  ] . VEPTR arose for the 
treatment of congenital scoliosis with fused rubs 
in children at risk for the development of thoracic 
insuf fi ciency syndrome in an attempt to improve 
thoracic cage volumes for the developing lungs 
 [  49,   50  ] . The growing body of literature examin-
ing its utility has suggested bene fi t in the diminu-
tion of ventilator dependence, increased space 
available for lung, and increased lung volumes 
 [  7  ] . Appropriate patient selection and a thorough 
understanding of these instrumentation systems 
are required for their use.  

    23.7   Summary 

 Congenital spine abnormalities frequently result 
from physiologic insult during the embryologic 
period, with resultant disruption in somitogene-
sis. The resultant anatomic expression can be 
classi fi ed based on failures of formation, seg-
mentation, or a combination of the two. Structural 
alterations of the spine at birth can further deform 
during growth, potentially resulting in to short 
stature, scoliosis, kyphosis, and kyphoscoliosis. 
A multidisciplinary approach should be engaged 
to ensure that this patient population receives 
comprehensive care, as multiple organ systems 
are frequently involved. A multitude of surgical 
options exist to stabilize and correct congenital 
deformity, and a thorough understanding of the 
natural history is critical for optimal outcomes.      

   References 

    1.    Hensinger RN (2009) Congenital scoliosis: etiology 
and associations. Spine 34(17):1745–1750  

    2.    Chan G, Dormans JP (2009) Update on congenital 
spine deformities: preoperative evaluation. Spine 
34(17):1766–1774  

    3.    Tanaka T, Uhthoff HK (1981) The pathogenesis of 
congenital vertebral malformations: a study based on 
observations made in 11 human embryos and fetuses. 
Acta Orthop Scand 52:413–425  

    4.    Winter R, Moe J, Eilers V (1968) Congenital scolio-
sis: a study of 234 patients treated and untreated. 
J Bone Joint Surg Am 50-A:1–47  

    5.    McMaster MJ, Ohtsuka K (1982) The natural his-
tory of congenital scoliosis: a study of two hun-
dred and  fi fty-one patients. J Bone Joint Surg Am 
64:1128–1147  

    6.    Beals RK, Robbins JR, Rolfe B (1993) Anomalies 
associated with vertebral malformations. Spine 
18(10):1329–1332  

    7.    Yazici M, Emans J (2009) Fusionless instrumentation 
for congenital scoliosis: expandable spinal rods and 
vertical expandable prosthetic titanium rib in the man-
agement of congenital spine deformities in the grow-
ing child. Spine 34(17):1800–1807  

    8.    Noordeen MHH, Garrido E, Tucker SK, Elsebaie HB 
(2009) The surgical treatment of congenital kyphosis. 
Spine 34(17):1808–1814  

    9.    Bulent E, Tracy MR, Dormans JP et al (2004) 
Congenital scoliosis and vertebral malformations; 
characterization of segmental defects for genetic anal-
ysis. J Pediatr Orthop 24:674–682  

    10.    Kuhns JG, Hormell RS (1952) Management of con-
genital scoliosis, review of one hundred and seventy 
cases. AMA Arch Surg 65:250–263  

    11.    Bernard TN, Burke SW, Johnston CE, Roberts JM 
(1985) Congenital spine deformities: a review of 47 
cases. Orthopedics 8:777–783  

    12.   Purkiss SB, Driscoll B, Cole WG et al (2002) 
Idiopathic scoliosis in families of children with con-
genital scoliosis. Clin Orthop Relat Res 401:27–31  

    13.    Winter RB, Moe JH, Lonstein JE (1983) A review of 
family histories in patients with congenital spinal 
deformities. Orthop Trans 7:32  

    14.    Bulas D (2010) Fetal evaluation of spine dysraphism. 
Pediatr Radiol 40:1029–1037  

    15.    Hervey-Jumper SL, Garton HJL, Wetjen NM, Maher 
CO (2011) Neurosurgical management of congenital 
malformations and inherited disease of the spine. 
Neuroimaging Clin N Am 21:719–731  

    16.    Colombo LF, Motta F (2011) Consensus conference 
on Chiari: a malformation or an anomaly? Scoliosis 
and other orthopaedic deformities related to Chiari 1 
malformation. Neurol Sci 32(Suppl 3):S341–S343, 
Electronic Publication Sept 14  

    17.    Singh SK, Singh RD, Sharma A (2005) Caudal regres-
sion syndrome – case report and review of the litera-
ture. Pediatr Surg Int 21(7):578–581  



310 W.D. Long III and J.N. Grauer

    18.    Morita M, Miyamoto K, Nishimoto H et al (2005) 
Thoracolumbar kyphosing scoliosis associated with 
spondyloepiphyseal dyplasia congenital: a case report. 
Spine J 5(2):217–220  

    19.    Viehweger E, Giacomelli MC, Glard Y et al (2009) 
Congenital dislocated spine: implications for ortho-
paedic management. J Pediatr Orthop 29(4):362–368  

    20.    Kawakami N, Tsuji T, Imagama S et al (2009) 
Classi fi cation of congenital scoliosis and kyphosis: 
a new approach to the three-dimensional classi fi cation 
for progressive vertebral anomalies requiring opera-
tive treatment. Spine 34(17):1756–1765  

    21.    Winter RB, Moe JH, Wang JF (1973) Congenital 
kyphosis – its natural history and treatment as 
observed in a study of one hundred thirty patients. 
J Bone Joint Surg Am 55:223–256  

    22.    McMaster MJ, Singh H (1999) The natural history of 
congenital kyphosis and kyphoscoliosis. J Bone Joint 
Surg Am 81:1367–1383  

    23.    Marks DS, Qaimkhani SA (2009) The natural history 
of congenital scoliosis and kyphosis. Spine 34(17):
1751–1755  

    24.    Larsen W (1997) The fourth week. Differentiation of 
the somites and the nervous system; segmental devel-
opment and integration. In: Larsen W (ed) Human 
embryology. Churchill Livingstone, New York, pp 
73–104  

    25.    Erol BK, Lou J, Dormans JP (2002) Etiology of con-
genital scoliosis. The University of Pennsylvania. 
Orthop J 15:37–42  

    26.    Tanaka T, Uhthoff HK (1981) Signi fi cance of reseg-
mentation in the pathogenesis of vertebral body mal-
formation. Acta Orthop Scand 52:331–338  

    27.    Campbell RM Jr, Smith MD, Mayes TC et al (2003) 
The characteristics of thoracic insuf fi ciency syndrome 
associated with fused ribs and congenital scoliosis. 
J Bone Joint Surg Am 85-A:399–408  

    28.    Rufener S, Ibrahim M, Parmar HA (2011) Imaging of 
congenital spine and spinal cord malformations. 
Neuroimaging Clin N Am 21:659–676  

    29.    Ruanon R, Molho M, Roume J et al (2004) Prenatal 
diagnosis of fetal skeletal dysplasias by combining 
two-dimensional and three-dimensional ultrasound 
and intrauterine three-dimensional helical computed 
tomography. Ultrasound Obstet Gynecol 24:134–140  

    30.    Cassart M, Massez A, Cos T et al (2007) Contribution 
of three-dimensional computed tomography in the 
assessment of fetal skeletal dysplasia. Ultrasound 
Obstet Gynecol 29:537–543  

    31.    Cobb JR (1948) The American Academy of orthope-
dic surgeons instructional course lectures, vol 5. 
Edwards, Ann Arbor  

    32.    Locke GR, Gardner JI, Van Epps EF (1966) Atlas-
dens interval (ADI) in children: a survey based on 200 
normal cervical spines. Am J Roentgenol Radium 
Ther Nucl Med 97:135–140  

    33.    Hedequist DJ (2009) Instrumentation and fusion 
for congenital spine deformities. Spine 34(17):
1783–1790  

    34.    Winter RB (1988) Congenital scoliosis. Orthop Clin 
North Am 19(2):395–408  

    35.    MacEwen GD, Bunnell WP, Sriram K (1975) Acute 
neurological complications in the treatment of scolio-
sis. A report of the scoliosis research society. J Bone 
Joint Surg Am 57:404–408  

    36.    Brustowicz RM, Hall JE (1988) In defense of the 
wake-up test. Anesth Analg 67:1019  

    37.    MacLennan GD (1922) Scoliosis. BMJ 2:864  
    38.    Andrew TA, Piggott H (1985) Growth arrest for 

progressive scoliosis. J Bone Joint Surg Br 67-B:
193–197  

    39.    Winter RB, Moe JH (1982) The results of spinal arthr-
odesis for congenital spinal deformity in patients 
younger than  fi ve years old. J Bone Joint Surg Am 
64:419–432  

    40.    Hall JE, Herndon WA, Levine CR (1981) Surgical 
treatment of congenital scoliosis with or without 
Harrington instrumentation. J Bone Joint Surg Am 
63:608–619  

    41.    Hedequist DJ, Hall JE, Emans JB (2004) The safety 
and ef fi cacy of spinal instrumentation in chil-
dren with congenital spine deformities. Spine 29:
2081–2086  

    42.    Royle ND (1928) The operative removal of an acces-
sory vertebra. Med J Aust 1:467–468  

    43.    Hedequist DJ, Hall JE, Emans JB (2005) Hemivertebra 
excision in children via simultaneous anterior 
and posterior approaches. J Pediatr Orthop 25:
60–63  

    44.    Ruf M, Harms J (2003) Posterior hemivertebra 
resection with transpedicular instrumentation: early 
correction in children aged 1 to 6 years. Spine 28:
2132–2138  

    45.    Ruf M, Jensen R, Letko L, Harms J (2009) 
Hemivertebra resection and osteotomies in congenital 
spine deformity. Spine 34(17):1791–1799  

    46.    Bollini G, Docquier PL, Viehweger E et al (2006) 
Thoracolumbar hemivertebrae resection by double 
approach in a single procedure: long-term follow-up. 
Spine 31:1745–1757  

    47.    Suk SI, Kim JH, Kim WJ et al (2002) Posterior verte-
bral column resection for severe spinal deformities. 
Spine 27:2374–2382  

    48.   Elsebaie HB, Yazici M, Thompson GH et al (2007) 
Safety and ef fi cacy of growing rod technique for pedi-
atric congenital spinal deformities. In: 1st interna-
tional congress of early onset scoliosis and growing 
spine, Madrid, 2–3 Nov 2007  

    49.    Campbell RM, Smith MD, Hell-Vocke AK (2004) 
Expansion thoracoplasty: the surgical technique of 
opening-wedge thoracostomy. Surgical technique. 
J Bone Joint Surg Am 86-A:51–64  

    50.    Emans JB, Caubet JF, Ordonez CL et al (2005) The 
treatment of spine and chest wall deformities with 
fused ribs by expansion thoracostomy and insertion of 
vertical expandable prosthetic titanium rib: growth of 
thoracic spine and improvement of lung volumes. 
Spine 30:558–568      



311V.V. Patel et al. (eds.), Spine Surgery Basics, 
DOI 10.1007/978-3-642-34126-7_24, © Springer-Verlag Berlin Heidelberg 2014

  24

    24.1   Introduction 

 Back pain in the pediatric population is common, 
and increases during adolescence. The incidence 
of back pain has been reported as high as 50 % by 
the age of 15 years  [  1,   2  ] . While in most cases the 
pain is due to muscular pain or in fl exibility, the 
most common structural cause of back pain in 
adolescents is spondylolysis with or without 
spondylolisthesis, the signs and symptoms of 
which are exaggerated upon lumbar spine hyper-
extension and rotation. A thorough history and 
physical exam is imperative when assessing for 
this condition in children with back pain. 

 Spondylolysis is a stress fracture of the pars 
interarticularis, usually at the L5 level. Five per-
cent of the population has radiographic evidence 
of spondylolysis. The condition is believed to 
occur due to repetitive hyperextension of the lum-
bar spine and has increased prevalence in danc-
ers, gymnasts, and football linemen. Prognosis is 
excellent with nonoperative treatment, and surgi-
cal management is rarely recommended. 

 Spondylolisthesis is a forward slippage of one 
vertebra on its adjacent vertebra. It occurs com-
monly in the degenerated lumbar spine. In chil-
dren and adolescents, however, spondylolisthesis 

generally occurs due to displacement at the site 
of stress fracture of the pars interarticularis or 
due to dysplastic development of the L5/S1 pos-
terior articulation. Surgery is not usually required 
to treat low-grade spondylolisthesis, but is almost 
universally required for the management of high-
grade spondylolisthesis. Surgical management of 
high-grade spondylolisthesis is among the most 
debated and contentious topic of discussion 
among spine surgeons.  

    24.2   Case Example 
Spondylolisthesis 

 An 11-year-old female presented with a six-month 
history of back pain, stiffness, and worsening gait. 
She has been progressively walking on her toes. 
She has dif fi culty standing straight with her knees 
extended. She has lower back pain, but no numb-
ness or paresthesias in her legs. She does have 
radicular pain in the anterior and lateral lower left 
leg. She denies bowel and bladder incontinence. 
She is an otherwise healthy female. Her neuro-
logic exam demonstrated no focal de fi cits with 
5/5 strength throughout the lower extremities and 
a normal sensory examination of the lower 
extremities. She has signi fi cant hamstring tight-
ness, with popliteal angles of 60° on the left and 
30° on the right. She has absent deep tendon re fl ex 
at the left Achilles tendon only. No neurologic 
symptoms with straight leg raise test bilaterally. 
Radiographs were taken (Fig.  24.1 ), demonstrat-
ing a grade 3 spondylolisthesis with dysplastic 
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features. She has been undergoing physical ther-
apy for 6 months without any signi fi cant improve-
ment of her symptoms.   

    24.3   Case Example: Spondylolysis 
Without Spondylolisthesis 

 A 12-year-old competitive gymnast presents with a 
1–2-year history of vague back pain. Her pain has 
been increasing in frequency over the past 6 months 
and is now causing dif fi culty with completing her 
competitions and practice sessions. She describes 
the pain as dull, aching, and constant. The symp-
toms are at their worst in the hours after practice 
and competition. There are no radicular symptoms 
and the pain is fairly well localized to the lower 
lumbar region. She has normal bowel and bladder 
habits. Her examination is remarkable for a normal 
gait and neurological examination. However, her 
pain is readily reproduced with extension efforts in 
her lumbar spine (Fig.  24.2 ). Radiographs were 
obtained of her lumbar spine and are read as nor-
mal. She has had no previous treatment.   

    24.4   Pathology 

 In 90 % of patients with spondylolysis, a unilat-
eral or bilateral defect of the pars interarticularis 
is observed at the L5–S1 junction  [  3  ] . Though the 
etiology is still unclear, spondylolysis is most 
likely due to the mechanical factors associated 
with the upright position, as there have been no 
reports in infants or non-ambulators, and it is 
rarely diagnosed before age 5; furthermore, the 
prevalence rate increases from 4 % at age 6 years 
to 6 % by age 18 years  [  4  ] . Spondylolysis is a 
consequence of mechanical factors such as repet-
itive microtrauma (stress fractures) and/or acute 
trauma. 

 The pars interarticularis is the weakest part 
of the posterior elements of the vertebra and is 
responsible for resisting shear stresses and 
therefore preventing anterior displacement of 
the vertebra (Fig.  24.3 ). During lumbar hyper-
extension, the load on the posterior bony arch in 
the normal spine increases dramatically across 
the lumbar vertebrae, with most of the force 
concentrating at L5. Therefore, spondylolysis is 

  Fig. 24.1    AP and lateral lumbar spine radiographs demonstrating a grade 3 dysplastic spondylolisthesis. Note the 
elongated pars interarticularis of L5 without isthmic defect       
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particularly prominent among individuals 
participating in sports that involve repetitive 

hyperextension of the trunk, such as gymnastics, 
weight lifting, tennis, volleyball, baseball, 
cheerleading, swimming/diving, football, and 
soccer (Fig.  24.4 )  [  5,   6  ] . Once a defect is cre-
ated, these repetitive increased shear forces pre-
vent healing, causing the center of gravity to 
move forward which further increases shear 
force at the lumbosacral junction. These forces 
are also increased as the sacrum becomes more 
vertical. Progression of deformity may result in 
secondary spondylolisthesis.   

 Spondylolisthesis occurs due to a variety of 
underlying pathology. The commonly used Wiltse 
classi fi cation separates spondylolisthesis into 
 fi ve types (Table  24.1 )  [  7  ] . The isthmic and dys-
plastic types at the L5/S1 level are the most com-
monly seen in pediatrics. Isthmic type is an 
extension of a spondylolytic defect, whereas dys-
plastic type is a result of pathologic development 

  Fig. 24.2    Provocative maneuvers, such as controlled 
lumbar extension, can be useful in eliciting tenderness/
pain that mimics the patients’ complaints. Such physical 
examination techniques help to elevate the clinicians’ sus-
picion toward a diagnosis of spondylolysis       

  Fig. 24.3    Saw bones image depicting the anatomic loca-
tion of spondylolysis, the pars interarticularis       

  Fig. 24.4    Activities requiring extremely repetitive lum-
bar spine hyperextension, such as gymnastics, put athletes 
at risk for the development of spondylolysis       
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of the L5/S1 articulation. Dysplastic spon-
dylolisthesis occurs either due to an elongated 
pars interarticularis at L5 and/or de fi cient facet 
formation at the L5/S1 level. These two anatomic 
features predispose to development of spon-
dylolisthesis. Isthmic defects frequently occur 
in patients with preexisting dysplastic spon-
dylolisthesis.  

 Another etiology-based classi fi cation was 
developed by Marchetti and Bartolozzi and 
groups isthmic and dysplastic together as devel-
opmental spondylolisthesis (type I) with sub-
groups being low and high grade with proposed 
prognostic implications on slip progression, neu-
rologic symptoms, and surgical treatment. The 
second type in their classi fi cation was acquired 
spondylolisthesis (type II) encompassing degen-
erative, posttraumatic, and pathologic  [  8  ] . This 
chapter focuses on the management of isthmic 
and dysplastic (developmental) spondylolisthesis 
in the pediatric population. 

 Severity of spondylolisthesis is often 
described using the Meyerding classi fi cation. 
Each 25 % forward slippage of L5 on S1 advances 
the grade 1 level. Grade 5 occurs when there 
is 100 % displacement of L5 on S1 and the 
superior end plate of L5 is inferior to the sacral 
promontory. This condition is also known as 
spondyloptosis. In clinical practice, spondylolis-
thesis is classi fi ed as low grade (Meyerding 1 
and 2) and high grade (Meyerding 3–5). 
Progression of deformity and need for surgery is 
infrequent in low-grade spondylolisthesis, espe-
cially the isthmic type. In contrast, surgery is 
almost always needed to relieve symptoms in 
high-grade spondylolisthesis  [  9  ] . 

 Several anatomic and radiographic features 
have been used to describe spondylolisthesis 
and help evaluate risk of progression and assist 

with treatment decisions. These include the 
 Meyerding grade ,  slip angle , and  pelvic inci-
dence . High-grade spondylolisthesis (Meyerding 
3–5) have high rates of progression whereas low 
grades (Meyerding 1–2) have very low risks of 
progression. Slip angle is the angle between the 
superior end plate of L5 and the superior sacral 
end plate. Higher angles are more likely to have 
symptoms and progression. Pelvic incidence 
represents the combination of sacral slope and 
pelvic inclination and is uniform regardless of 
body position  [  10  ] . High pelvic incidence has 
been suggested to lead to increased risk of spon-
dylolisthesis, but has not been shown to be 
prognostic for progression of spondylolisthesis 
 [  11  ] . As a fundamental descriptor of the lum-
bopelvic anatomy, it continues to be studied as a 
measure to assist with prognostic and treatment 
decisions. 

 Patients with dysplastic spondylolisthesis 
have a worse prognosis than those with isthmic 
spondylolisthesis. The dysplastic L5/S1 articula-
tion allows for forward slippage without fracture 
of the pars interarticularis. The presence of intact 
posterior elements can lead to compression of the 
dural sac as L5 slips forward. Consequently, 
patients with dysplastic spondylolisthesis tend to 
be more symptomatic and present earlier than 
those with strictly isthmic spondylolisthesis. 
Neurologic symptoms are more common than in 
isthmic spondylolisthesis. Making the distinction 
between isthmic and dysplastic spondylolisthesis 
is critical since low-grade isthmic spondylolis-
thesis has a very low risk of progression versus 
near certain progression in dysplastic spon-
dylolisthesis. Treatment will be more aggressive 
surgically in dysplastic spondylolisthesis and will 
be discussed in more detail in the treatment 
section.  

    24.5   History 

 Obtaining a thorough history is imperative when 
assessing a child or adolescent with back pain. 
Patients between the ages of 10 and 15 years old 
that participate in hyperextension sports are at 

   Table 24.1    Wiltse classi fi cation   

 Type 1: dysplastic 
 Type 2: isthmic 
 Type 3: degenerative 
 Type 4: posttraumatic 
 Type 5: pathologic 
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high risk of spondylolysis. Common presentation 
includes dull aching pain that is localized in the 
lower back and exacerbated by activity. Patients 
may occasionally experience radicular-type pain. 
The nature of the pain, onset, character, location, 
and duration must all be taken into account. Pain 
associated with spondylolysis is often exacer-
bated with activities involving hyperextension of 
the lumbar spine. Gait changes may also be 
observed. Family history must also be taken into 
account, as there exists an inherited predisposi-
tion  [  4  ] .  

    24.6   Physical Examination 

 Patients commonly present during late childhood 
or early adolescence with symptoms of localized 
midline low lumbar back pain and tenderness that 
is exacerbated by physical activity, prolonged 
standing, and/or lumbar hyperextension. In many 
cases, however, the patients are poorly able to 
localize their symptoms. 

 Effects on posture, gait, and transitional move-
ments (spinal rhythm), as well as alignment and 
deformity issues, may also be observed. Sagittal 
and coronal alignment should be assessed, along 
with spinal mobility. Pain radiating to the buttock 
and posterior thighs upon walking or standing is 
a common  fi nding. Hamstring tightness has also 
been noted in a majority (80 %) of patients  [  12  ] . 

 Standard neurological exams are commonly 
normal among spondylolysis patients. Therefore, 
neurological assessment should also include sit-
ting, standing, toe walking, heel walking, jump-
ing, hopping, testing re fl exes, and provocative 
maneuvers such as hyperextension of the lumbar 
spine.  

    24.7   Differential Diagnosis 

 Common differential diagnoses include muscle 
strain and overuse. Less commonly encountered 
are disc herniation, Scheuermann’s disease, dis-
citis, and apophyseal ring fracture. Tumors, JRA, 
ankylosing spondylitis, and intra-abdominal and 

intrathoracic causes may also be seen but are rare 
 [  1,   3,   12  ] .  

    24.8   Diagnostic Imaging 

    24.8.1   X-Rays 

 Spondylolysis can be diagnosed by obtaining 
anteroposterior, lateral, and oblique radiographs 
of the lumbar spine. Bilateral pars defects can be 
identi fi ed on the lateral view, which should be 
obtained with the patient standing in order to 
identify any associated spondylolisthesis. The 
oblique view is optimal for identifying unilateral 
pars defects and offers a unique view of the pars 
often referred to as the “Scottie dog” (Fig.  24.5 ). 
A spondylolytic defect may appear as the collar 
or broken neck of the Scottie dog.  

 During the early phases, the spondylolytic 
defect may be easy to miss on plain radiographs 
and/or the pars may appear normal. If suspicious 
based on clinical  fi ndings, further investigation is 
warranted.  

    24.8.2   Bone Scan 

 A bone scan or SPECT scan is helpful in diag-
nosing spondylolysis in patients with normal 
x-rays (Fig.  24.6 ). Increased metabolic activity 
on the scan (“hot spots”) are areas of increased 
osteoblastic activity indicating a stress reaction 
or subacute injury which may precede a fracture, 
while decreased metabolic activity (“cold spots”) 
signify areas of nonunion  [  13  ] .   

    24.8.3   CT Scan 

 A CT scan may offer superior visualization of the 
area in question. However, slices must be small 
(1.0–1.5 mm) or the lesion may be overlooked. In 
instances where a SPECT scan denotes an area of 
abnormal metabolic activity, a CT scan can then 
be targeted to this speci fi c anatomic region. 
(Fig.  24.7 )   
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    24.8.4   MRI 

 An MRI scan can also be a useful diagnostic tool. 
If radicular symptoms are present, an MRI scan 
is indicated. MRI provides the opportunity to 
assess for associated degenerative disc disease 
and disc herniation. Viewing the pedicle, disc 

space, and parasagittal views at the level of the 
pars allows for assessment of the lesion as well as 
the surrounding soft tissue structures  [  14,   15  ] .   

  Fig. 24.5    Occasionally, bilateral spondylolyses can be 
visualized on lateral projection x-rays as seen in this 
 fi gure. However, more commonly they are best seen on 

oblique views. Note that the “neck” of the “Scottie dog” is 
representative anatomically of the pars interarticularis       

  Fig. 24.6    This SPECT scan denotes a focal increase in 
metabolic activity unilaterally at the L5 region       

  Fig. 24.7    Fine cut CT scans are necessary in order to 
discern the spondylolytic defect, as seen in this image       
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    24.9   Treatment: Spondylolysis 

    24.9.1   Nonoperative 

 Treatment for spondylolysis is largely nonopera-
tive, unless prolonged conservative measures are 
unsuccessful. Management should largely focus 
on core strengthening, activity modi fi cation, and 
immobilization  [  16  ] . 

 Core  fi tness programs often include physical 
therapy and Pilates or yoga-type activities. Focus 
should be placed on avoiding lumbar extension 
activities while strengthening core muscles and 
increasing the  fl exibility of the hamstrings. 

 Exercises should be complemented with activ-
ity modi fi cation. Patient recommendations should 
include avoiding high-risk hyperextension activi-
ties and sports until after pain resolves. 
Subsequently, patients may return gradually to 
normal activity. Patients who stop sports until 
pain resolution have been shown to have better 
outcomes  [  17  ] . Return to the same high-risk 
hyperextension activities, however, can lead to 
repetitive cycles of recurring back pain. 

 Immobilization, such as casting or bracing, 
may be used to reduce the shear stresses acting 
on the pars of the affected vertebrae. Bracing 
should include the application of a thora-
columbar spinal orthosis for 3–6 months. Bracing 
and casting have proved effective in success-
fully healing the majority of unilateral or 
bilateral spondylolytic defects if diagnosed early 
 [  3,   14,   18  ] . Close follow-up is imperative and 
patients whose pain does not resolve must be 
reevaluated.  

    24.9.2   Operative 

 Only after failure of prolonged attempts at nonop-
erative management should surgery be con-sidered 
for spondylolysis. In cases where it is unclear as 
to whether or not the spondylolysis is the source 
of the patient’s pain, a localized in-jection into the 
pars interarticularis may prove bene fi cial. 

 The options available for surgical manage-
ment are repair of the spondylolytic defect (pars 
repair) and single level fusion (Fig.  24.8 ). 
Indications for a single level fusion include failed 
attempts at pars repair, bilateral spondylolysis 

associated with mild spondylolisthesis, and bilat-
eral L5 spondylolysis  [  12  ] . In some individuals, 
the pars interarticularis at L5 can be quite small 
and atrophic. The high likelihood of failure of 
pars repair in these patients makes L5–S1 fusion 
a more attractive option.  

 The optimal utility for pars repair would be a 
patient with mid-lumbar spondylolysis, no spon-
dylolisthesis, no disc disease, and a positive local 
injection conforming pain relief. The principles 
surrounding a successful attempt at pars repair 
involve creating a biologic environment suitable 
to bone healing and achieving biomechanical sta-
bility. First, resecting  fi brous tissue from the spon-
dylolytic defect site and subsequently adding bone 
graft material establish the biologic environment. 
Stability can be achieved by a variety of implant 
choices including wires, intralaminar screws, and 
pedicle screws with wires and/or hooks.  

    24.9.3   Postoperative Management 

 Immobilization after surgery is not necessary 
and has not been shown to improve healing 
rates. Postoperative management consists of a 
3–4-day hospital course, immediate ambulation, 
and expected return to full activities by 3–4 months.  

    24.9.4   Outcomes 

 With careful patient selection, including attention 
to detail in the nonoperative course of manage-
ment, overall excellent results can be expected 
from operative management of spondylolysis. 
The vast majority of patients experience excel-
lent relief of their pain and return to normal activ-
ities. Unfortunately, the biology surrounding 
spondylolytic defects is not always conducive to 
healing. Failed attempts at pars repair can typi-
cally be salvaged with a single level fusion with 
excellent outcomes being the standard.  

    24.9.5   Complications 

 Failure of healing in pars repair and pseudarthro-
sis after single level attempts at fusion are 
accepted risks in this population. The current lit-
erature is sparse relative to actual healing and 
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fusion rates with high-quality data lacking. In 
general, rates of healing/fusion are reported to be 
in excess of 90 %. The risk of iatrogenic neuro-
logic injury in this group of patients is low. Other 
complications that occur are consistent with all 
spine surgery such as infection, dural tear, implant 
prominence, implant failure, and medical 
complications.   

    24.10   Treatment: Spondylolisthesis 

    24.10.1   Nonoperative 

 Asymptomatic patients with low-grade isthmic 
spondylolisthesis do not require any routine treat-
ment or follow-up. Progression is rare, and if it 
occurs, almost universally will cause symptoms 
and prompt return to the clinic for evaluation. 
Families should still be counseled to follow up 
for new back pain or neurologic symptoms. No 

activity restrictions are recommended. Bracing is 
not ef fi cacious. Long-term studies have shown 
only rare cases of progression of pure isthmic 
spondylolisthesis. Symptomatic patients with 
low-grade isthmic spondylolisthesis bene fi t from 
a physical therapy program emphasizing spinal 
 fl exibility, core strengthening, aerobic condition-
ing, and hamstring stretching. Home program 
with daily exercises is recommended for best 
results. Advanced imaging with MRI is not indi-
cated unless the nonoperative program fails to 
relieve symptoms. Long-term follow-up studies 
have demonstrated resolution of symptoms in 
more than 80 % of patients with symptomatic 
low-grade isthmic spondylolisthesis without sur-
gery  [  16,   19,   20  ] . 

 Patients with dysplastic low-grade spon-
dylolisthesis should be followed up annually, 
regardless of symptoms, to monitor for progres-
sion. Symptomatic patients will bene fi t from a 
nonoperative therapy program. Surgery should 

  Fig. 24.8    AP and lateral radiographs demonstrating postoperative changes after surgical pars repair at L4. A bilateral 
pedicle screw/compression wiring technique was utilized to create stability and compression across the pars defect       
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be strongly considered for any patients with dys-
plastic spondylolisthesis showing progression 
regardless of symptoms. Once demonstrated, 
progression universally continues and will 
nearly always become symptomatic. Treatment 
prior to the deformity becoming high grade 
simpli fi es treatment decisions and carries less 
risk than surgical management of high-grade 
spondylolisthesis.  

    24.10.2   Operative 

 Operative treatment is indicated for patients with 
symptomatic low-grade isthmic spondylolisthesis 
that fails to respond to nonoperative management 
and for patients with dysplastic spondylolis-
thesis that is progressive. Presence of neurologic 
symptoms in particular is a generally accepted 
indication for surgical treatment. High-grade 
spondylolisthesis of any type also usually requires 
surgical treatment since symptoms are invariably 
present and nonoperative treatment is ineffective. 
For low-grade spondylolisthesis, uninstrumented 
posterolateral fusion from the transverse pro-
cesses of L5 to the sacral ala is the gold standard. 
Surgical treatment of high-grade spondylolisthe-
sis is more controversial. Treatment options pro-
posed range from uninstrumented posterolateral 
fusion to full reduction of L5 on the sacrum via 
anterior and posterior approach. The decision 
whether to not reduce, partially reduce, or fully 
reduce the spondylolisthesis deformity is a topic 
of great contention among spine specialists.  

    24.10.3   Uninstrumented In Situ Fusion 

 Posterolateral fusion, in situ, without instrumen-
tation is the preferred treatment for symptomatic 
low-grade spondylolisthesis without neurologic 
symptoms. This is done via a paramedian muscle 
splitting approach as originally described by 
Wiltse et al.  [  21  ] . This approach splits the paraspi-
nal muscles and allows for direct exposure of the 
transverse process of L5 and sacral ala. Iliac crest 
autograft is placed between these structures, and 
often a  fl ap of the superior sacral ala can be lifted 

off with an osteotome to bridge the gap to the 
transverse process of L5 and provide a base for 
the autograft. Immobilization after surgery is not 
necessary and has not been shown to improve 
fusion rates. 

 Results of uninstrumented in situ fusion for 
low-grade spondylolisthesis without neurologic 
symptoms are excellent  [  22,   23  ] . In general 
fusion, rates between 80 and 90 % are reported 
with generally excellent relief of symptoms. 
Some argue for this type of treatment even in 
patients  with  neurologic symptoms. Reports have 
demonstrated relief of radicular symptoms, ham-
string tightness, and improvement of altered gait 
after in situ fusion. Persistent neurologic symp-
toms after arthrodesis can be addressed by sec-
ond-stage decompression. Other complications 
include pseudarthrosis and consequent progres-
sion of spondylolisthesis. This occurs in 10–20 % 
of patients, even in some who have radiographi-
cally solid fusion  [  22  ] . Surprisingly, despite a 
high rate of pseudarthrosis, often symptom relief 
at long-term follow-up is equivalent despite qual-
ity of the fusion mass after in situ uninstrumented 
fusion  [  24  ] . Although no dural exposure or reduc-
tion is attempted, cauda equina dysfunction has 
still been reported after in situ uninstrumented 
fusion and is best addressed by immediate decom-
pression  [  25  ] . 

 The presence of motor defects or bowel or 
bladder dysfunction, however, should compel 
surgeons to neurologic decompression as part of 
the surgical treatment. Traditionally, a Gill 
laminectomy is done with complete removal of 
the posterior elements of L5. In isthmic cases, or 
dysplastic cases with isthmic defect, there is 
retained superior articular facet of L5 that also 
must be removed. The decompression should 
allow for full relief of the L5 and S1 nerve roots 
along with the dural sac. Frequently, in high-
grade spondylolisthesis, sacral dome osteotomy 
is also required to relieve tension on the dural 
sac. Return of pulsations of the dural sac gener-
ally heralds appropriate decompression. Although 
in situ posterolateral fusion can also be utilized 
following thorough neurologic decompression, 
instrumentation is usually placed because of the 
instability created by the bony resection.  
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    24.10.4   Instrumented Fusion 
(Includes Reduction 
Discussion, Transsacral 
Implants, Fibular Graft) 

 Addition of instrumentation to fusion for lumbar 
spondylolisthesis has been established to improve 
fusion rates in adult degenerative spondylolisthe-
sis. If reduction of the deformity in isthmic or 
dysplastic spondylolisthesis is to be attempted, 
then instrumentation is mandatory. The decision 
to reduce, and how much to reduce, a spondylolis-
thesis deformity in children and adolescents is 
controversial. Proponents believe correction of 
the deformity, especially the slip angle, will 
improve long-term functional outcomes by cor-
rection of the abnormal sagittal plane caused by 
the spondylolisthesis  [  26  ] . Furthermore, they 
believe fusion rates are higher with instrumented 
versus uninstrumented in situ fusion. High-
quality data is lacking for both of these assump-
tions. Those against reduction point to the lack of 
evidence supporting reduction along with pres-
ence of data showing increased rates of neuro-
logic de fi cits following attempts at reduction. 

 Increasingly, the push from experts in the  fi eld 
has been to a middle ground in high-grade spon-
dylolisthesis with decompression of the neural 
elements, partial reduction with a primary goal of 
slip angle improvement as a way to restore sagit-
tal plane alignment without the neurologic risks 
of a full reduction  [  27  ] . If reduction is to be 
attempted, decompression of the dural sac and 
visualization of the nerve roots are mandatory to 
avoid iatrogenic compression with reduction. 
Posterior sacral dome osteotomy is often needed 
to decompress the dural sac. Strong segmental 
pedicle screw  fi xation of the vertebrae and sacrum 
is important to achieve and hold reduction. 
Fixation of L5–S1 can be either via segmental 
screws or screws directed supero-posterior from 
the S1 pedicle into the L5 vertebral body  [  28  ] . 
High-grade spondylolisthesis usually bene fi ts 
from additional  fi xation to L4 and into the pelvis 
via iliac bolts or S2 alar iliac screws. Reduction 
is done by patient positioning with the hips 
extended on the table preoperatively and by dis-
traction and posterior reduction of L5 (and L4 if 

instrumented). Extended tab (reduction) pedicle 
screws are useful in L4 and L5 when attempting 
reduction to allow for posterior force on these 
levels during attempted reduction. 

 In high-grade cases, including spondyloptosis, 
spinal  fi xation can also be supplemented with a 
 fi bular auto- or allograft from the sacrum into the 
body of L5 between the S1 and L5 screws. This 
can be done regardless of whether reduction is 
being attempted. This technique was popularized 
by Bohlman and affords excellent fusion rates in 
high-grade spondylolisthesis with relief of symp-
toms  [  29–  31  ] . Bohlman did not have any neuro-
logic de fi cits postoperatively in his published 
series, but other authors have described neuro-
logic de fi cit postoperatively with this technique 
 [  31  ] . Use of an ACL reamer through the sacrum 
and L5 is a helpful technique for bony tunnel 
preparation for the  fi bular allograft. The graft can 
be placed either from the posterior approach as 
described by Bohlman or anteriorly as described 
by Sasso et al.  [  32  ] . If reduction is attempted, 
anterior support in the L5–S1 disc is bene fi cial 
for supporting the corrected sagittal plane and for 
improving fusion rates. This can be done either 
via anterior interbody fusion or posterior or trans-
foraminal lumbar interbody fusion based on the 
surgeon’s preference. 

 Results of instrumented fusion with reduction 
have been published recently demonstrating high 
fusion rates, improved clinical status, and low 
rates of neurologic injury  [  27,   33–  36  ] . No direct 
trials comparing uninstrumented and instru-
mented fusion with reduction have been done to 
compare the two techniques. Pseudarthrosis is a 
complication of instrumented fusion with reduc-
tion; however, the rates seem to be less than with 
uninstrumented fusion in the small series 
reported. The most feared complication, neuro-
logic de fi cit, which occurs in up to 25 % of cases, 
however, is most often transient with a perma-
nent de fi cit incidence less than 5 %  [  37,   38  ] . A 
recent large review of the SRS morbidity and 
mortality database for pediatric spondylolisthesis 
surgery reported a 5 % rate of neurologic injury, 
of which 94 % of patients had improvement (half 
of who had full resolution)  [  37  ] . Other compli-
cations that occur less frequently are similar 
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to those for all spine surgery such as infec tion, 
dural tear, implant prominence, implant fail-
ure, and miscellaneous postoperative medical 
compli cations.  

    24.10.5   L5 Corpectomy and Fusion 

 Gaines has described a comprehensive surgical 
treatment of high-grade spondylolisthesis and 
spondyloptosis that involves complete vertebrec-
tomy of L5  [  39  ] . The body of L5 is removed ini-
tially via an anterior approach, followed by 
posterior decompression, instrumentation of L4 
and the sacrum, and reduction of L4 onto the 
sacrum with posterolateral fusion. There is a high 
rate of neurologic injury described, with 23 of 30 
patients having transient motor and/or sensory 
L5 injury, of which two have permanent motor 
de fi cit. Other surgeons have not published results 
of this surgical treatment. The neurologic com-
plication rate described by Gaines is higher than 
other described reduction techniques preserving 
L5 from a posterior-only approach. Although 
some centers continue to offer this treatment for 
high-grade spondylolisthesis, most utilize some 
form of instrumented posterior fusion with or 
without reduction.  

    24.10.6   Postoperative Management 

 After surgery, it is recommended to initially keep 
the hips and knees  fl exed with pillows under the 
knees. This reduces neural tension. The pillows 
are slowly removed over the postoperative course 
as the patient tolerates. Mobilization is encour-
aged as soon as postoperative day #1. Neuropathic 
pain is common, in particular when there has 
been dural retraction as part of the surgical pro-
cedure. Medications such as gabapentin and tri-
cyclic antidepressants can be useful in the man-
agement of acute neuropathic pain postoperatively. 
These can usually be weaned off within 1–2 months 
following surgery. 

 In the past, patients with uninstrumented 
fusion in situ were often immobilized in a panta-
loon cast after surgery. Currently, most surgeons 

do not use any immobilization following surgical 
treatment of spondylolisthesis regardless of use 
of instrumentation. Activity restrictions postop-
eratively should include limitation of bending at 
the waist for a minimum of 6 months. Patients 
can generally resume light activities such as 
swimming, running, and bicycling after 1–2 
months when the soft tissue is healed. Contact 
sports are discouraged until at least 6 months, 
ideally until radiographic evidence of arthrodesis 
is appreciated.  

    24.10.7   Case Example: 
Spondylolisthesis Outcome 

 The presence of dysplastic features and high-
grade spondylolisthesis prompted the recom-
mendation for surgical treatment. The patient 
underwent posterior spinal fusion with instru-
mentation from L5 to S1 with transforaminal 
lumbar interbody fusion at L5–S1. This was done 
through a left-sided hemilaminectomy which 
allowed for decompression of the dural sac and in 
particular the left L5 and S1 nerve roots. There 
was no attempt at reduction, only postural correc-
tion of the slip angle to neutral via positioning 
with hips extended and knees  fl exed on the oper-
ating table. She had relief of her radicular symp-
toms immediately, and her gait improved steadily 
after surgery. By 6 months after surgery, she had 
complete relief of her back and leg pain and res-
toration of normal gait. Radiographs demon-
strated stable  fi xation (Fig.  24.9 ).   

    24.10.8   Case Example: Spondylolysis 
Without Spondylolisthesis 
Outcome 

 SPECT scan imaging revealed a focal area of 
increased uptake unilaterally at the right L5 pars 
interarticularis. Subsequently, she stopped her 
gymnastics activities. Physical therapy focused 
on achieving and maintaining core  fi tness, while 
eliminating lumbar spine hyperextension, was 
introduced successfully. Over the ensuing 
4 months, she experienced complete resolution 
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of her back pain. Her gymnastics activity was 
gradually reintroduced over an additional 
2 months without recurrence of her symptoms. 

  Questions 
    1.    Which types of spondylolisthesis are most 

common in the pediatric population?
   (a)     Pathologic and isthmic  
   (b)     Pathologic and degenerative  
   (c)     Isthmic and dysplastic  
   (d)     Isthmic and posttraumatic     
 Preferred response (c): Isthmic and dysplastic 
are the most common types of spondylolisthe-
sis in the pediatric population and can occur in 
tandem. Degenerative spondylolisthesis is 
common in the adult population, most fre-
quently at L4–L5. Pathologic spondylolisthe-
sis is rare in all ages.  

   2.    Patients with high pelvic incidence have:
   (a)     Increased prevalence of spondylolisthesis  
   (b)      Increased rates of progression of deformity  
   (c)     Low fusion rates following surgery  
   (d)     Elevated sacral slope     
 Preferred response (a): While some argue that 
increased pelvic incidence results in increased 
rates of progression, only an increased preva-

lence of spondylolisthesis has been demon-
strated in population studies. No relationship 
to fusion rates following surgery has been 
established. Pelvic incidence is the summa-
tion of sacral slope and pelvic tilt.  

   3.    A patient with spondylolysis is most likely to 
have long-term problems including?
   (a)     Progressive spondylolisthesis  
   (b)     Incontinence  
   (c)     Chronic back pain  
   (d)     No long-term spinal problems     
 Preferred answer (d): Spondylolysis generally 
is a self-limiting problem that responds to 
improving back strength and  fl exibility. 
Progression to spondylolisthesis is infrequent, 
and incontinence has not been described. 
Chronic back pain can occur with spondyloly-
sis, but is not the most likely outcome.  

   4.    Surgical intervention is most likely to be 
required in which clinical scenario?
   (a)      16-year-old gymnast with symptomatic 

spondylolysis  
   (b)     8-year-old with dysplastic spondylolisthe-

sis, Meyerding grade 2  
   (c)      18-year-old with isthmic spondylolisthe-

sis, Meyerding grade 1  

  Fig. 24.9    AP and lateral lumbar spine radiographs demonstrating postsurgical changes of L5–S1 posterior fusion with 
TLIF at L5–S1. Radiographic markers identify cage in the L5–S1 interspace       
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   (d)      12-year-old with isthmic spondylolisthe-
sis, Meyerding grade 2     

 Preferred answer (b): A young child with dys-
plastic spondylolisthesis has a high risk of pro-
gression of deformity and development of 
neurologic symptoms. Any progression should 
prompt consideration of surgical treatment with 
spinal fusion. Patients with low-grade isthmic 
spondylolisthesis have an extremely low rate of 
progression and should be treated symptomati-
cally with strengthening and  fl exibility.            
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    25.1   Case 

 A 72-year-old healthy female presents with neck 
pain after a fall from standing. A trauma evaluation 
was performed per acute trauma life support proto-
col. She is found to have stable vital sign and is 
alert and oriented. No other injuries are identi fi ed. 
Her neurologic examination is without focal de fi cits 
throughout her upper and lower extremities. A CT 
scan of her neck was obtained (Fig.  25.1 ).  

 The patient was found to have a type IIC odon-
toid fracture with displacement. The patient was 
taken to the operating room for a de fi nitive 

 fi xation utilizing a screw-rod construct with C1 
lateral mass screws and C2 par screws (Fig.  25.2 ). 
The patient progressed to a solid fusion.   

    25.2   Anatomy 

 The skull base consists of the clivus, the occipital 
condyles, and the foramen magnum. The cranium 
articulates with the spinal column through two 
uniquely shaped vertebrae, C1 and C2. These 
bones stabilize the neck and protect the spinal 
cord while allowing for a substantial amount of 
 fl exion, extension, and rotation of the head. The 
base of the skull articulates with C1 through two 
convex projections, the occipital condyles. These 
protrude inferiorly from the anterolateral edges 
of the foramen magnum. 

 The atlas directly supports the weight of the 
skull; it is a ring-shaped structure comprised of 
two neural arches that connect a pair of lateral 
masses. The occipital condyles rest directly on 
the concave superior facets of the C1 lateral 
masses. This articulation provides the most range 
of motion of any spinal level:  fl exion and exten-
sion of 25° with rotation and lateral bending of 5° 
each  [  1  ] . The stability of the occipitocervical 
junction arises from the ligaments of the facet 
capsules (occiput–C1 and C1–C2), the anterior 
longitudinal ligament, the tectorial membrane 
(a continuation of the posterior longitudinal liga-
ment), the apical and alar ligaments, and the 
transverse ligament of the atlas; the transverse 
ligament coupled with the superior and inferior 
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longitudinal fascicules forms the cruciate liga-
ment complex. Furthermore, the atlanto-occipital 
membrane, interspinous ligament, ligamentum 
nuchae, rectus posterior major/minor, and 
obliquus capitis superior/inferior provide addi-
tional stability to this joint. The transverse pro-
cess of the atlas contains the foramen 
transversarium and vertebral artery. After ascend-
ing through this foramen, the vertebral artery 
courses posteriorly and medially around the lat-
eral mass and over the posterior arch before enter-
ing the dura mater, coalescing with the contralateral 
vertebral artery to form the basilar artery. 

 The atlas in turn articulates with a second 
uniquely shaped vertebra (C2) or the axis. The 
axis is named for the odontoid process or dens that 
extends cranially from the body of the axis into 
the ring of the atlas, providing an axis for rotation. 
The lateral masses extend posterolaterally from 
the body and include the superior and inferior fac-

ets. The foramen transversarium, through which 
the vertebral artery travels, extends laterally from 
the lateral masses. Representing the embryologi-
cal vertebral body of C1  [  2  ] , the odontoid articu-
lates with the anterior arch of C1 via a true synovial 
joint and is stabilized against this arch by the 
transverse ligament. The transverse ligament 
arises from the medial tubercles of the lateral 
masses of the C1 and resists anterior displacement 
of C1 on C2 and extremes of  fl exion. In addition 
to the articulation of the odontoid process with the 
anterior arch, the superior facets of C2 articulate 
with the inferior facets of C1 via a biconcave syn-
ovial joint  [  2,   3  ] . Given the natural axial arrange-
ment of the atlantoaxial articulation, this joint 
provides rotation of 40°,  fl exion and extension of 
20°, and lateral bending of 5°  [  1  ] . Unlike other 
areas of the spine, there is no intervertebral disk 
between C1 and C2. The atlas is sometimes 
described as a “bony meniscus” between the skull 

a b
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  Fig. 25.1    CT scan of the cervical spine demonstrating a Type IIC odontoid fracture       
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and the axis  [  3  ] . Fractures of C2 represent about 
20 % of cervical fractures  [  4  ] . Three distinct injury 
patterns that affect C2 include odontoid fractures, 
hangman fractures (traumatic spondylolisthesis), 
and fractures of the body of C2. 

 The upper cervical articulations are stabilized 
by ligaments both internal (intrinsic) and external 
(extrinsic) to the spinal canal  [  5  ] . The intrinsic liga-
ments confer the most stability  [  6,   7  ] . Three layers 
of ligaments exist anterior to the dura from ventral 
to dorsal: the odontoid ligaments, the cruciate liga-
ment, and the tectorial membrane. The odontoid 
ligaments include the apical and alar ligaments. 
The paired alar ligaments that run from the odon-
toid process to the occipital condyles of the skull 
are the principal restraints for axial rotation and to 
a lesser extent lateral bending  [  3  ] . Incompetence of 
the alar ligaments results in up to a 30 % increase 
in axial rotation across Occiput–C1 and C1–2  [  8  ] . 
The apical ligament runs vertically between the tip 
of the odontoid and the foramen magnum. The cru-
ciate ligament lies dorsal to the odontoid ligaments. 
The most important component of this ligament is 
the transverse ligament. The vertical bands of the 
cruciate ligament connect the foramen magnum to 

the posterior body of axis. Overlying these liga-
ments is the tectorial membrane that runs from the 
anterior rim of the foramen magnum down along 
the posterior aspect of the vertebral bodies, con-
tinuing as the posterior longitudinal ligament  [  8,   9  ] . 
The tectorial membrane resists hyperextension  [  6  ] . 
The extrinsic ligaments include the ligamentum 
nuchae, which extends from the occipital protuber-
ance to the posterior arch of C1 and the cervical 
spinous processes. Other extrinsic ligaments 
include the facet joint capsules and the anterior and 
posterior atlanto-occipital membrane  [  9,   10  ] .  

    25.3   Injury Incidence 
and Mechanism 

    25.3.1   Occipital Condyle Fracture 

 Occipital condyle fractures are fractures of 
the skull base near the articulation with C1. 
The  condyles support the weight of the skull on 
top of the articulation with the spine. They also 
serve as the superior attachments for the alar liga-
ments that run down to the odontoid, acting as 

  Fig. 25.2    Anterior-posterior and lateral x-rays of the cervical spine status-post C1 lateral mass and C2 pars screw 
instrumentation       
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the limits to rotation and lateral bending of the 
skull  [  11  ] . Occipital condyle fractures are usu-
ally caused by a compression injury, most com-
monly motor vehicle accident (60–66 %), fall 
(11–20 %), motorcycle accident (9–11 %), and 
bicycle accident (4–7 %)  [  11,   12  ] . Occipital 
condyle fractures were originally thought to be 
a very rare injury. Anderson and Montesano’s 
classi fi cations were made from six original cases 
and 20 found in the literature  [  13  ] . In the past, 
most of these cases were usually identi fi ed post-
mortem. This is a re fl ection of how dif fi cult the 
condition is to recognize on plain  fi lm and the 
usual good outcomes. With the widespread use of 
CT, incidental  fi ndings of occipital condyle frac-
tures have increased substantially, ranging as high 
as 4–19 % in upper cervical trauma  [  14,   15  ] . 

 Occipital condyle fractures are divided into 
three types as outlined by Anderson and 
Montesano  [  13  ] . Type I injury is a comminuted 
fracture from impaction of the condyle from an 
axial loading injury. These tend to be relatively 
stable as the tectorial membrane and contralateral 
alar ligament stabilize the atlanto-occipital artic-
ulation  [  13  ] . Originally believed to be rare, type I 
is the most commonly recognized type on high-
resolution CT scan  [  12,   16  ] . Type II is an exten-
sion of a basilar skull fracture, often from a direct 
blow to the skull. These fractures are typically 
stable. The exception occurs when a piece of the 
condyle is completely severed and migrates into 
a position that compresses the brainstem, precipi-
tated by sudden head rotation  [  17  ] . Type III is an 
avulsion fracture involving the alar ligaments that 
run from the condyles to the odontoid process 
and portends the worst outcome as ligament 
interruption leads to instability  [  12  ] . The mecha-
nism is either rotation or lateral bending as the 
alar ligaments limit the extremes of those motions. 
In Anderson and Montesano’s original descrip-
tion of the type III fracture, one of their four 
patients subsequently died from a pontine hemor-
rhage  [  13  ] . A second classi fi cation system 
described by Tuli is based on displacement and 
stability and designed to guide treatment. Type 1 
is nondisplaced and stable. Type 2A is displaced 
but stable, and type 2B is displaced and unstable 
 [  10  ] . Tuli proposed that type 2B requires surgical 

intervention, while the remainder can be man-
aged with immobilization.  

    25.3.2   Occipitocervical Dissociation 
and Instability 

 Occipitocervical dissociation (atlanto-occipital 
dislocation) involves total separation of the artic-
ulation between the skull and upper cervical spine 
due to complete ligamentous disruption. They are 
among the most devastating injuries due to their 
high mortality and permanent neurologic injury 
rates, occurring in 5–8 % of fatal motor vehicle 
crashes and 19–35 % of cervical spine fatalities. 
Occipitocervical dissociation accounts for 
8–18 % of immediate deaths after a blunt trauma 
 [  18  ] . The most common mechanism is a pedes-
trian being struck by a car  [  19,   20  ] . Mechanism 
of death is usually acute neurogenic shock and 
loss of respiratory function  [  3  ] . Of survivors, 
40 % are quadriplegic or quadriparetic, 40 % 
hemiplegic or hemiparetic, and 20 % are neuro-
logically intact  [  3  ] . A report exists of one patient 
with both occipitocervical and atlantoaxial disas-
sociation while remaining neurologically intact 
 [  21  ] . Children are particularly at risk due to their 
shallower occipitocervical joints, looser liga-
ments, and larger head to vertebrae ratio  [  9  ] . In 
milder cases where ligamentous disruption is not 
complete, occipitocervical instability may result. 
Such injuries are classi fi ed by the direction of 
instability and displacement, with anterior dis-
placement as type I, vertical displacement as type 
II, and posterior displacement as type III. Vertical 
displacement is further divided into type IIA 
involving displacement between the occiput and 
C1, and type IIB involving C1 and C2  [  22  ] .  

    25.3.3   Fractures of the Atlas 

 Fractures of atlas (C1) are relatively common, 
comprising 2–13 % of all cervical fractures with 
most studies reporting around 10 %  [  23  ]  and for 
approximately 25 % of craniocervical injuries 
 [  24–  27  ] , and there is a 50 % incidence of associ-
ated cervical fractures  [  25  ] . Most common 
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 mechanisms include motor vehicle accidents and 
falls that combine to account for 80–85 % of atlas 
fractures  [  2  ] . Outcomes from atlas fractures are 
often good, as fractured components of the ring 
tend to expand, creating more room for the spinal 
cord. A variety of mechanisms of injury create 
several possible fractures of the atlas. A symmet-
rical force placed along the axis of the spine can 
result in multiple fractures of the ring of the atlas, 
termed a burst fracture (also known as a Jefferson 
fracture). These axial compression forces often 
are associated with  fl exion, extension, and lateral 
bending forces  [  2  ] . An asymmetrical force placed 
along the axis of the spine may result in fracture 
of a lateral mass. Fracture of just the posterior 
ring may result from a hyperextension injury, as 
the posterior ring of the atlas provides a bony 
limitation to extension  [  9  ] . In burst fractures, the 
distance between the lateral masses is increased 
as the ring is fractured and expands. This may 
result in rupture of the transverse ligament, either 
in the midsubstance or as an avulsion from the 
medial tubercles of the lateral masses. In contrast 
to transverse ligament rupture from hyper fl exion 
injuries, the alar ligaments are spared, as the dis-
tance from the odontoid and occipital condyles is 
unchanged. The Jefferson classi fi cation, modi fi ed 
by Gehweiler, is comprised of  fi ve types  [  28  ] . 
Type I involves the posterior arch only. Type II 
involves the anterior arch only. Type III involves 
bilateral posterior arch fractures with a unilateral/
bilateral anterior arch fracture. Type IV is a lat-
eral mass fracture. Type V is a transverse fracture 
of the anterior arch. The classic Jefferson fracture 
is a type III fracture with lateral displacement of 
the lateral masses. The most common atlas frac-
ture is type I followed by type III. Atlas fractures 
frequently occur with other cervical spine frac-
tures. The most common combination is atlas and 
axis fractures (odontoid)  [  29  ] .  

    25.3.4   Rupture of the Transverse 
Ligament 

 The transverse ligament is critical in atlantoaxial 
stability. C1 fracture stability is often de fi ned by 
the integrity of the transverse ligament. Disruption 

of the transverse ligament can result from C1 
burst fractures (as described above) as well as 
odontoid process separation from the posterior 
surface of the anterior arch of C1. The primary 
mechanism by which the latter occurs is a  fl exion 
injury that often also results in rupture of the alar 
ligaments that span the odontoid to the occipital 
condyles. Because the normal function of the 
transverse ligament is to hold the odontoid tight 
against the posterior wall of the anterior arch of 
the atlas, disruption of this ligament widens the 
atlantodens interval (ADI). Ligament rupture is 
classi fi ed as midsubstance (type I) ruptures and 
avulsion (type II) ruptures from the insertion on 
the lateral mass  [  30  ] . Rupture of the alar liga-
ments alone can result from an extreme rotational 
stress, because the alar ligaments resist extreme 
rotational motion. This allows for greater than 
normal rotation of the C1 across the C2 to the 
point where the lateral mass of the C1 rotates past 
the ipsilateral mass of the C2 below it. At this 
point, the lateral mass of C1 may lock behind the 
lateral mass of the C2, causing patients to present 
with a  fi xed head rotation and pain. This is pri-
marily seen in children and especially in patients 
with atlantoaxial laxity such as Down’s syndrome 
or Marfan’s syndrome  [  31  ] .  

    25.3.5   Odontoid Fractures 

 The odontoid is prone to fracture, as it is a struc-
ture that protrudes from the body of C2 and bears 
translational stresses of the head upon the spine. 
The mechanism is often a hyperextension- or 
hyper fl exion-type injury  [  32  ] . Odontoid fractures 
are the most common C2 fracture and comprise 
about 8–18 % of all cervical fractures, with neu-
rological de fi cits in 10–20 % of cases  [  33  ] . They 
comprise up to 75 % of childhood cervical spine 
fractures due to the large head to body ratio 
amplifying stresses on the odontoid  [  26  ] .It is also 
the most common cervical spine fracture in the 
elderly. Odontoid fractures are classi fi ed by loca-
tion of fracture as proposed by Anderson and 
D’Alonzo. Type I is a fracture of the superior tip, 
above the transverse ligament, and may be due to 
alar ligament avulsion from occipital distraction 
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 [  34  ] . Type I fractures are the least common odon-
toid fracture and are generally stable  [  35  ] . Type II 
odontoid fractures occur at the base of the odon-
toid and are the most common. Type II fractures 
have unpredictable healing and a high risk of 
nonunion especially when there is greater than 
6 mm of translation, failed reduction, age over 
50, or angulation greater than 10°. A mobile 
odontoid nonunion can lead to late-onset myel-
opathy due to the resulting upper cervical insta-
bility  [  36,   37  ] . Type II fractures have been further 
divided into A,B, and C subcategories as pro-
posed by Grauer et al.  [  32  ] . Type IIA is a fracture 
with less than 1 mm of displacement. Type IIB is 
displaced transversely more than 1 mm or frac-
tured anterior-superior to posterior-inferior. Type 
IIC is comminuted or fractured anterior-inferior 
to posterior-superior  [  32  ] . Type III fractures are 
within the body of the axis. These are more stable 
than type II fractures with better rates of union.  

    25.3.6   Traumatic Spondylolisthesis 
of the Axis 

 Traumatic spondylolisthesis of C2 involves frac-
tures through the pars interarticularis. Often 
termed the “hangman’s fracture,” the pattern of 
fracture is similar to that of a judicial hanging but 
the mechanism and outcomes are different. The 
mechanism for a judicial hanging involves sud-
den hyperextension and distraction. The mecha-
nism for traumatic spondylolisthesis is generally 
hyperextension and hyper fl exion forces typically 
associated with high-speed motor vehicle acci-
dents or falls from a height; they comprise up to 
15 % of cervical fractures  [  34  ] . As the mecha-
nism is usually different from that of judicial 
hanging, spinal cord injury is rare (approximately 
6.5 %). The classi fi cation system described by 
Effendi et al. in 1981 and later elaborated by 
Levine and Edwards is based on fracture mor-
phology and the mechanism of injury  [  38  ] . Type 
I fractures occur through the isthmus and has a 
fracture line that is vertical with no angulation 
and minimal (<3 mm) translation. The injury 
mechanism of type I fractures is hyperextension 
and axial loading. The articulation between C2 

and C3 is intact and the ligaments are intact. 
A type IA, or atypical hangman’s, occurs when 
the fracture lines of each isthmus are not parallel; 
the mechanism is hyperextension and lateral 
bending. In type IA fractures, the fracture line 
may run obliquely into the vertebral body and 
may involve the foramen of the vertebral artery. 
Type 2 fractures involve signi fi cant angulation 
and translation of greater than 3 mm. As with 
type I fractures, the fracture lines of type II frac-
tures are predominately vertical. The injury 
mechanism of a type II fracture is a combination 
of hyperextension and axial loading forces cou-
pled with a  fl exion force. Type 2A fractures 
involve minimal translation but signi fi cant angu-
lation. The injury mechanism of a type II fracture 
is a  fl exion-distraction force; the fracture line is 
oblique. Type 2A fractures are more unstable 
than type 2 and have a propensity to displace into 
greater angulation with traction. A type III frac-
ture represents a type I fracture combined with 
bilateral dislocation of the C2–C3 facet joints or 
a unilateral facet dislocation coupled with a con-
tralateral isthmus fracture.   

    25.4   Clinical Manifestations 

 Patients who sustain upper cervical spine frac-
tures have a high incidence of concomitant head 
trauma, and altered mental status may complicate 
the history and physical examination. 
Consequently, all patients with head injury should 
be assumed to have a cervical spine injury and 
undergo appropriate radiographic examination. 
Advanced trauma life support procedures should 
be performed  fi rst to maintain airway, breathing, 
and circulation. Careful examination of the spine 
with inspection, palpation, and neurological test-
ing should then be performed while the head, 
neck, and spine are immobilized in neutral align-
ment. Neurologic examination should include 
cranial nerve, peripheral motor, sensory, and 
re fl ex testing. Patients with upper cervical spine 
fractures frequently present with neck pain, 
spasms, and limited neck motion. Dif fi culty swal-
lowing may result from retropharyngeal swell-
ing. Cranial nerves VI, VII, IX, XI, and XII in 
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particular may be affected; however, some 
patients may have no neurological defects on ini-
tial exam  [  9  ] . Vertebral artery injuries may mani-
fest as transient loss of consciousness, diplopia, 
and/or posterior fossa ischemia. Many of the 
described fractures and injuries share similar 
clinical  fi ndings of neck pain, loss of range of 
motion, and vascular or neural compromise  [  9  ] . 

    25.4.1   Occipital Condyle Fractures 

 There is a wide range of severity and injury pat-
terns with occipital condyle fractures, with a cor-
responding range of clinical presentations. Some 
patients can present with only pain and tender-
ness, whereas others may demonstrate signi fi cant 
neurologic compromise. As with many upper 
cervical spine injuries, a concomitant head injury 
may be present. Traumatic brain injury is detected 
in up to half of patients found to have occipital 
condyle fractures, and other cervical spine inju-
ries are found in 40 %  [  16  ] . The occipital con-
dyles are in close proximity to the brain stem, IX, 
X, XI, XII cranial nerves, and jugular vein. 
Damage to the lower cranial nerves, especially 
CN XII (hypoglossal), can occur in up to 30 % of 
patients with occipital condyle fractures  [  39  ] , and 
the hypoglossal nerve is the most frequently 
involved lower cranial nerve due to its proximity 
to the occipital condyle  [  17  ] . Unilateral paralysis 
of CN IX–XII is termed Collet-Sicard syndrome. 
Condyle fractures may compromise the posteri-
or-inferior cerebellar artery leading to ischemia 
of the lateral medulla and Wallenberg syndrome 
 [  40  ] . The clinician must maintain a high index of 
suspicion for this injury, as the majority of 
patients with occipital condyle fractures have 
nonspeci fi c  fi ndings  [  12  ] .  

    25.4.2   Occipitocervical Dissociation 
and Instability 

 Patients with occipitocervical dissociation have a 
high mortality rate. Prompt recognition of disso-
ciation and/or instability and immobilization is 
essential. Patients may present with neurological 

abnormalities, including lower cranial nerve 
paresis (particularly CN VI, X, and XII), hemipa-
resis, quadriparesis, respiratory dysfunction 
(including apnea), and complete high cervical 
cord motor de fi cits.  

    25.4.3   Atlas and Axis Fractures 

 Often the presenting symptoms are neck pain, 
spasms of cervical neck muscles, and limited 
neck motion. Compression of the C2 nerve is 
possible, as are compression of CN IX-XII in the 
Collet-Sicard pattern. Collet-Sicard syndrome 
presents as paralysis of the tongue on the ipsilat-
eral side, ipsilateral vocal cord and gag re fl ex 
dysfunction, and ipsilateral weakness of the ster-
nocleidomastoid and trapezius muscle; the clini-
cal manifestation is hoarseness, dif fi culty 
swallowing, and impaired speech. The vertebral 
artery may be at risk as well leading to headache, 
visual abnormalities, and nausea. Retropharyngeal 
swelling can lead to dysphagia  [  2  ] . Neurologic 
de fi cits rarely accompany isolated C1 or C2 frac-
tures, given the capacious nature of the spinal 
canal at this level.   

    25.5   Diagnostic Imaging 

 The standard cervical spine radiographic evalua-
tion includes the lateral, anterior-posterior, and 
open-mouth odontoid views. The open-mouth 
odontoid view allows visualization of C1, its lat-
eral masses and the odontoid. While up to 85 % 
of cervical fractures can be visualized on the lat-
eral view, anterior-posterior and open-mouth 
views should routinely be obtained  [  9,   41  ] . 

 On lateral X-ray, the clivus should point to 
the tip of the odontoid with the tip of the clivus 
(basion) within 5 mm of the odontoid. Anterior 
soft tissue swelling greater than 5 mm in the adult 
(>7 mm in child) at the C3 level raises suspicion 
of a C1 anterior arch fracture  [  9,   25  ] . A distance 
of more than 2 mm between the occiput and C1 
raises suspicion of trauma  [  9  ] . A retropharyngeal 
hematoma should raise suspicion for an upper 
cervical injury. Many fractures are best  visualized 
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and characterized by CT. MRI allows visualiza-
tion of ligamentous disruption and is useful in 
identifying injury to the transverse ligament. 
Flexion-extension lateral radiographs may allow 
detection of instability in the upper cervical spine, 
but the role of  fl exion-extension radiographs in 
the acutely injured patient is controversial due to 
the inherent splinting that is present with muscle 
spasm and the risk of a neurologic catastrophe in 
the setting of acute ligamentous instability. 

    25.5.1   Occipital Condyle Fracture 

 Occipital condyle fractures are poorly diagnosed 
by radiographs. As CT is the imaging modality of 
choice. All patients with a suspected occipital 
condyle fracture should undergo this examina-
tion  [  15,   42,   43  ] . In a study of over 50 patients 
with documented occipital condyle fracture by 
axial CT with 2D reconstruction, none of these 
patients were initially recognized by lateral cer-
vical plain  fi lm  [  42  ] . The authors also recom-
mended the use of very thin 1.2 mm sections to 
achieve the resolution needed to identify very 
small type I and type II fractures. Possible dis-
ruption of the alar ligaments, and thus fracture 
instability, can be determined by MRI.  

    25.5.2   Occipitocervical Dislocation 
and Instability 

 A number of parameters have been described on 
plain  fi lm to detect occipitocervical dissociation, 
including Wackenheim’s clival line, Power’s 
ratio, X-line, and Wholey method (dens-basion 
line)  [  44  ] . However, the sensitivity of these imag-
ing parameters is generally in the 60–70 % range, 
making them of limited utility in clinical practice 
for ruling out an injury  [  45  ] . A more accurate 
plain  fi lm indicator of injury utilizes the basion-
axial interval and basion-dens interval as described 
by Harris et al.  [  46  ] . This interval is obtained by 
measuring from the tip of the clivus (basion) to 
the tip of the odontoid (dens) and also from the 
basion to the extended line from the posterior cor-
tex of the axis. It is also nicknamed the rule of 12 

as both the basion-axial and basion-dens intervals 
should be less than 12 mm. Reported sensitivity 
and speci fi city are 96 and 98 %  [  45  ] . Neurologic 
abnormalities in the setting of normal radiographs 
should prompt additional imaging with CT or 
MRI. The presence of prevertebral soft tissue 
swelling on plain  fi lm and/or subarachnoid hem-
orrhage at the craniovertebral junction on CT/
MRI should prompt consideration of the diagno-
sis of occipitocervical dissociation or instability.  

    25.5.3   Atlas Fractures and Rupture 
of the Transverse Ligament 

 On plain  fi lm, lateral, open-mouth odontoid 
views should be obtained. Any displacement of 
the C1 lateral mass over the C2 lateral mass sug-
gests burst fracture. The transverse ligament runs 
between the two lateral masses and maintains the 
odontoid process against the anterior arch of C1. 
Normally, the atlantodens interval (ADI) is less 
than 3 mm in an adult and less than 5 mm in a 
child. An ADI greater than 3 mm in an adult 
implies an incompetent transverse ligament  [  47  ] . 
An ADI greater than 7 mm implies disruption of 
the alar ligaments and tectorial membrane. 
Normal C1 lateral mass overhang on C2 on open-
mouth odontoid view is <6.9 mm. Total lateral 
overhang of the C1 lateral masses on C2 greater 
than 7.0 mm after a burst fracture implies trans-
verse ligament disruption (rule of Spence)  [  48  ] . 
Advanced imaging studies (CT and MRI) should 
be considered to further de fi ne fracture patterns 
and to better characterize ligamentous injury.   

    25.6   Nonsurgical Treatment 

    25.6.1   Occipital Condyle Fractures 

 Unilateral occipital condyle fractures can often be 
treated nonsurgically. Some authors have 
described no immobilization for stable type I 
fractures while others suggest a collar for 
6–8 weeks  [  10,   49  ] . Stable type II fractures can be 
treated in a hard collar; stability is preserved due 
to the absence of injury to the alar ligaments or 
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tectorial membrane. Displaced type II fractures 
should be placed in a halo vest for 8–12 weeks 
 [  9  ] . Type III occipital condyle fractures represent 
an avulsion fracture that involves the alar liga-
ments. With avulsion of the occipital condyle, the 
contralateral alar ligament is stressed, making the 
injury potentially unstable. Type III occipital con-
dyle fractures necessitate careful consideration of 
the upper cervical spine ligaments; if the contral-
ateral alar ligament and tectorial membrane are 
uninjured, the fracture may be amenable to man-
agement with a hard collar or halo-vest immobili-
zation. Union rates overall for all types are as 
high as 88 %  [  16,   50  ] . Occipital condyle fractures 
resulting in an unstable craniocervical junction 
likely necessitate occipital–C1–C2 posterior 
arthrodesis. In general, signi fi cantly displaced 
fracture fragments and/or rupture of the ligaments 
are believed to portend instability due to the pre-
sumed low union rate of a signi fi cantly displaced 
fracture. Note that prior to the advent of advanced 
imaging studies, many fractures were likely undi-
agnosed, and there is a consequent paucity of 
higher-level clinical evidence regarding the out-
comes of management of this fracture.  

    25.6.2   Occipitocervical Dissociation 
and Instability 

 In type I occipitocervical instability, a reduction 
can be accomplished by placing a bolster behind 
the thorax to bring the head more posterior. In 
type III posterior displacement, the bolster can be 
placed behind the occiput to bring the head more 
anterior. Following reduction, a halo vest should 
be applied. In type II vertical displacement, care 
must be made to avoid traction due to the risk of 
further disassociation and neurologic catastrophe. 
Reduction can be achieved with gentle downward 
force and halo placement. These injuries require 
subsequent arthrodesis for stabilization  [  9  ] .  

    25.6.3   Atlas Fractures 

 Most isolated C1 fractures can be treated nonop-
eratively. In posterior arch fractures of the C1, the 

injury is usually stable and can be managed with a 
cervical orthosis. Anterior arch fractures can also 
be treated with a rigid cervical collar. In Jefferson 
burst fractures, the amount of displacement dic-
tates treatment. Displacement less than 5 mm can 
be treated with halo vest for 3 months with good 
results  [  9  ] . Displacement greater than 5 mm may 
bene fi t from skeletal traction followed by halo 
placement. In most patients with isolated C1 frac-
tures, the majority heal well without nonunion, 
instability, or neurological de fi cits  [  2  ] . Late insta-
bility must be ruled out by dynamic imaging (e.g., 
 fl exion-extension X-rays). Instability requires 
fusion to prevent neurological injury.  

    25.6.4   Rupture of the Transverse 
Ligament 

 If the atlantodens interval is less than 5 mm and 
the patient is neurologically intact, a nonopera-
tive treatment can be attempted with a cervical 
collar or halo vest; this may be effective in type II 
avulsion ruptures, which may be managed with 
external immobilization for 3 months and fol-
low-up imaging studies. Up to 74 % of type II 
injuries heal spontaneously with immobilization 
 [  30  ] . Type I injuries heal poorly by comparison 
and often require surgery.  

    25.6.5   Odontoid Fractures 

 For most type I and III fractures, management is 
generally nonoperative. Nondisplaced type I frac-
tures can be managed with a cervical collar for 
6–8 weeks, but in the setting of a type I fracture, 
upper cervical instability and occipitocervical dis-
location must be excluded. The management of 
type II odontoid fractures is controversial – par-
ticularly in the elderly, there is a high rate of non-
union, irrespective of treatment type. Nonoperative 
treatment can be attempted with minimally dis-
placed type II (less than 5 mm of displacement 
and/or 10° of angulation). However, even with 
minimal displacement, nonoperative management 
of type II odontoid fractures is associated with a 
relatively high nonunion rate,  particularly in the 



334 X. Lo et al.

elderly patient  [  51,   52  ] . Nonunion of a type II 
fracture is a signi fi cant clinical concern due to the 
risk of late-onset myelopathy  [  53  ] . Type II frac-
tures with displacement greater than 5 mm or 10° 
of angulation are generally managed surgically 
due to the high rate of nonunion  [  54  ] . Type III 
fractures occur through the body of C2 which has 
a good blood supply and overall good potential 
for healing. Minimally displaced type III fractures 
generally heal, but type III fractures with anterior 
displacement may be unstable and are at risk of 
displacement with closed management.  

    25.6.6   Traumatic Spondylolisthesis 
of the Axis 

 For type I fractures through both pars and less 
than 3 mm displacement and no angulation, 
immobilization with collar or halo vest is 
suf fi cient. For type II fractures with more than 
3 mm displacement, angulation, and C3 anterior 
compression, reduction with gentle traction may 
be attempted by placing a bolster behind the 
shoulders. Rigid immobilization with a halo vest 
or cervical orthosis should be performed for 
8–10 weeks. For type IIA fractures, reduction 
with slight extension may be attempted with sub-
sequent halo-vest immobilization. Type IIA frac-
tures should not be placed in traction due to the 
risk of axial displacement and neurologic catas-
trophe. Type III injuries are often not amenable to 
closed reduction and necessitate surgical treat-
ment. In studies of nonsurgical treatment, 90 % 
of type I fractures achieved stable union com-
pared to 70 % of type II fractures  [  55  ] .   

    25.7   Surgical Treatment 

 The options for surgical treatment include direct 
 fi xation of fractures or arthrodesis of the involved 
levels. Occiput–C1 fusion will reduce neck 
 fl exion-extension by approximately 50 %, while 
C1–C2 fusion will reduce cervical rotation by 
approximately 50 %. Traditionally, C1–C2 fusion 
was performed with posterior wiring techniques 
such as the Gallie or Brooks constructs, utilizing 

bone graft placed between the posterior arches of 
C1 and C2 and compression with sublaminar 
wires. Contemporary constructs utilize occipital 
plates, C1 lateral mass, and C2 pars, pedicle, or 
translaminar screw constructs. The Magerl screw 
is a C1–C2 transarticular screw that is placed 
through the posterior aspect of the inferior facet 
of C2, through the C1–C2 articulation into the 
lateral mass of C1, thereby achieving a C1–C2 
fusion. In part due to the increased risk to the ver-
tebral artery with placement of transarticular 
C1–C2 screws, C1 lateral mass-C2 pars instru-
mentation was popularized by Harms and Melcher 
 [  56  ] . A C1 lateral mass screw is placed posteri-
orly through the lateral mass of C1, generally uti-
lizing  fl uoroscopic or surgical navigation image 
guidance. C2 screws can be placed through the 
pars, pedicle, or lamina of C2. 

    25.7.1   Occipital Condyle Fracture 

 Surgery is generally not required for most occipi-
tal condyle fractures, as the majority will heal 
with either collar or halo immobilization. 
However, cases of potential craniocervical insta-
bility or signi fi cant fracture displacement as 
identi fi ed by CT scan require occipitocervical 
fusion to C2; these cases usually correspond to 
Tuli type IIB injuries  [  57  ] .  

    25.7.2   Occipitocervical Dissociation 
and Instability 

 Occipitocervical dislocation often requires poste-
rior occipitocervical fusion to C2  [  58  ] . Severe 
cases involving both occipitocervical and atlanto-
axial dissociation can be  fi xed and fused using an 
occipital plate with C1 lateral mass, C2 pars 
interarticularis, and C3 lateral mass screws with 
bone graft  [  21  ] .  

    25.7.3   Atlas Fractures 

 Burst fractures with displacement over 6.9 mm 
are associated with disrupted transverse ligament. 
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Midsubstance ruptures of the transverse ligament 
are particularly dif fi cult to heal and require 
C1–C2 fusion after reduction  [  59  ] . In cases of 
progressive displacement, C1 nonunion, or insta-
bility after nonsurgical immobilization, C1–C2 
or occiput–C2 arthrodesis can be performed 
 [  2,   9  ] . In cases of combined C1–C2 fractures, the 
C2 fracture and integrity of the transverse liga-
ment generally dictates treatment. External 
immobilization is generally recommended unless 
instability is demonstrated on upright and supine 
radiographs in an orthosis. Integrity of the liga-
mentous complex at the craniovertebral junction 
is a determining factor in considering if an occip-
itocervical fusion is necessary.  

    25.7.4   Rupture of the Transverse 
Ligament 

 Type I ruptures through the midsubstance have 
poor healing rates  [  30  ] . They can be managed 
with a C1–C2 arthrodesis construct such as 
C1–C2 transarticular screws or C1 lateral mass 
with C2 pars/pedicle screws. Type II injuries can 
be treated with rigid immobilization and close 
follow-up.  

    25.7.5   Odontoid Fractures 

 Surgical management of type II fractures is con-
troversial. Patient-speci fi c considerations include 
the degree of fracture displacement, angulation, 
patient age, and medical comorbidities. With 
direct anterior odontoid screw  fi xation across the 
fracture, healing rates have been reported as high 
as 86–100 %. Purported bene fi ts of screw  fi xation 
include preservation of rotation of the atlantoax-
ial articulation. However, osteoporosis is a rela-
tive contraindication to anterior screw  fi xation 
 [  60  ]  due to concerns about screw pullout, and 
signi fi cant comminution precludes direct osteo-
synthesis via an anterior approach. Additionally, 
one must  fi rst achieve an appropriate fracture 
reduction prior to anterior screw  fi xation. Rupture 
of the transverse ligament is a contraindication to 
anterior screw  fi xation. Outcomes with anterior 

screw  fi xation in chronic fractures are worse, and 
therefore, the technique is not recommended in 
the setting of a chronic fracture. Posterior 
approaches to odontoid fractures involve arthrod-
esis of C1–C2, via either transarticular C1–C2 
 fi xation or C1 lateral mass-C2 pars/pedicle/lami-
nar  fi xation  [  61  ] .  

    25.7.6   Traumatic Spondylolisthesis 
of the Axis 

 A fracture with more than 11 % angulation at the 
C2–C3 interspace is considered by some to be a 
possible indication for surgical  fi xation  [  29  ] . The 
vast majority of these angulated fractures how-
ever are treated adequately nonoperatively. Type 
II fractures that fail closed reduction can be man-
aged with cervical collar or halo-vest immobili-
zation. Open reduction internal  fi xation and 
subsequent collar or halo-vest immobilization 
may also be a consideration but is rarely indi-
cated. Type III fractures warrant surgical treat-
ment to perform an open reduction of the facet 
dislocation at C2–C3. Fixation of the hangman 
fracture component can be achieved using a lag 
screw  fi xation technique; however, many treat the 
hangman component nonoperatively  [  62,   63  ] . 
Late instability may be treated with C2–C3 ante-
rior diskectomy and fusion or a C1–C3 posterior 
fusion.   

    25.8   Postoperative Complications 

 In addition to general surgical complications such 
as infection, common problems include postop-
erative residual neck pain, limitation of range of 
motion, and persistent neurological compromise 
 [  2  ] . Patients may feel (C2) greater occipital nerve 
irritation. Cranial nerves VI, IX, X, XI, and XII 
dysfunction may be persistent or only recover 
slightly after reduction  [  64  ] . Injury to the verte-
bral artery can result in a perfusion abnormality of 
the posterior-inferior cerebellar artery and resul-
tant lateral medullary (Wallenberg) syndrome. 
Clinical manifestations of Wallenberg’s syn-
drome include CN V, IX, X, and XI  dysfunction, 
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i.e., Horner’s syndrome, contralateral pain/temp 
loss, and cerebellar ataxia. The use of C1–C2 
transarticular screws has a risk of vertebral artery 
injury in 4.1 % of patients, stroke in 0.2 %, and 
overall mortality in 0.1 %  [  65  ] . This construct 
is contraindicated in aberrant coursing verte-
bral artery or  fi xed C1–C2 subluxation  [  66,   67  ] . 
Elderly patients have marked complications with 
halo-vest immobilization, with a 66 % complica-
tion rate and 42 % mortality rate  [  68  ] . Relatively 
good results have been reported by some insti-
tutions with halo-vest immobilization, although 
this was in a cohort of patients with a mean age of 
41 years  [  69  ] . The management of type II odon-
toid fractures in the elderly is particularly prob-
lematic, with signi fi cant perioperative medical 
morbidity irrespective of management type  [  70  ] .      
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  26

          26.1   Introduction 

 The cervical spine is the most mobile portion of 
the spinal column, which also makes it the most 
common location of traumatic spinal injury. The 
extent of injury can range from a minor strain of 
a ligament without any neurologic de fi cit to a 
fracture dislocation with ligamentous disruption 
causing complete cord injury. The patient’s neu-
rologic outcome is in fl uenced by multiple fac-
tors, including the mechanism, force, and level of 
injury, as well as the patient’s age and medical 
comorbidities.  

    26.2   Case Examples 

 A 38-year-old female fell down a short  fl ight of 
stairs. The patient had immediate onset of lower 
extremity weakness. Lateral X-ray showed 
C6–C7 injury (Fig.  26.1a ), and CT scan showed 
C6–C7 subluxation and spinal cord compression 

with kyphosis (Fig.  26.1b ). MRI showed signal 
change in the spinal cord (Fig.  26.1c ). After ini-
tial screening, trauma evaluation revealed no 
other injuries. The patient was taken to the oper-
ating room for open reduction and stabilization 
of the injury.  

 A 29-year-old man suffered a fall resulting in 
an incomplete spinal cord injury. Diagnostic 
work-up revealed multiple fractures: C5 burst 
fracture, C4 facet fracture, and C5 lamina frac-
ture. The patient underwent C5 vertebrectomy 
and C4–C6 anterior fusion (Figs.  26.2a–d and 
26.3a–f ).   

    26.3   Pathophysiology 

 The subaxial cervical spine    encompasses the 
region immediately inferior to the axis (C2) 
through the C7 vertebral body and is responsi-
ble for providing the majority of forward and 
lateral  fl exion of the neck as well as almost 
50 % of cervical rotation. Thus, it is not surpris-
ing that over 75 % of all cervical spine injuries 
in adults occur in the subaxial region, given its 
inherent mobility  [  4,   39,   48,   63  ] . This percent-
age is slightly less in children due to their liga-
mentous laxity, incompletely ossi fi ed vertebral 
bodies, and underdeveloped neck muscles, all 
of which predispose them to fractures between 
the occiput and C2  [  34  ] . 

 Possible injuries to the subaxial cervical spine 
include fractures, subluxations, dislocations, and 
ligamentous tears; these injuries can be isolated 

    K.  L.   Crabtree ,  M.D.   •     K.  K.   Anderson ,  B.S.  
     Department of Neurosurgery , 
 University of Kansas Medical Center ,
  Kansas City ,  KS ,  USA    
e-mail:  kcrabtree@kumc.edu  ;   kanderson3@kumc.edu  

     P.  M.   Arnold ,  M.D.   (*)
     Department of Neurosurgery , 
 University of Kansas Medical Center ,
  3901 Rainbow Blvd, Mail Stop 3021 , 
 Kansas City ,  KS   66160 ,  USA    
e-mail:  parnold@kumc.edu   

      Spine Trauma: Subaxial Cervical 
Spine (C3–C7)       

     Kelli   L.   Crabtree  ,     Paul   M.   Arnold  ,  
and    Karen   K.   Anderson            



340 K.L. Crabtree et al.

or can occur in conjunction with one another. The 
cervical spinal cord can be damaged directly by 
traction forces or transection or by compression 
forces from bone, intervertebral disc, ligament, 
and/or hematoma. The cord can also sustain an 
indirect, yet severe, insult if its vascular supply is 
disrupted. 

 With any traumatic injury, it is critical to 
assess spinal stability. In the subaxial cervical 
spine, this is commonly done using the Holdsworth 
two-column theory. The anterior column    includes 
the vertebral bodies and intervertebral discs 
aligned by the anterior longitudinal ligament 
(ALL) and the posterior longitudinal ligament 
(PLL). The posterior column    is comprised of the 
spinal canal surrounded by the vertebral arch and 
posterior ligament complex. If only one column 
is disrupted, the risk of spinal cord injury is low 
because the other column can maintain the struc-
tural integrity of the spine. If both columns are 
injured, the cervical spine can move as two inde-

pendent units with the potential to cause severe 
cord compromise. 

 The treatment of subaxial cervical trauma is 
based on multiple variables including the mecha-
nism of injury, neurologic de fi cit, spinal column 
alignment, type of bony injury, and expected long-
term stability. Allen and Ferguson published the 
 fi rst mechanistic classi fi cation   , in which six cat-
egories of injury were described as follows: verti-
cal compression, compressive  fl exion, distractive 
 fl exion, compressive extension, lateral  fl exion, 
and distractive extension. This classi fi cation was 
published in 1982, the pre-CT era, and is mostly 
descriptive  [  1,   10  ]  (Fig.  26.4 ).  

 To address concerns and limitations of previ-
ous classi fi cation    systems, a subcommittee of the 
Spine Trauma Study Group recently proposed 
the subaxial cervical spine injury classi fi cation 
(SLIC) system, classifying injuries according to 
three primary considerations: injury morphol-
ogy, the patient’s neurologic status, and the 

a b

  Fig. 26.1    A 38-year-old female fell    down a short  fl ight of 
stairs. The patient had immediate onset of lower extremity 
weakness. Lateral X-ray showed C6–C7 injury ( a ). CT 
scan showed C6–C7 subluxation and spinal cord com-

pression with kyphosis ( b ). MRI showed signal change in 
the spinal cord. After initial screening, trauma evaluation 
revealed no other injuries. The patient was taken to the 
OR for open reduction and stabilization of the injury ( c )       
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integrity of the discoligamentous complex 
(DLC), which includes the ALL, PLL, ligamen-
tum  fl avum, facet capsule, and interspinous and 
supraspinous ligaments  [  23,   63  ] . This system is 
helpful in assessing the pattern and severity of 
the injury and in guiding management decisions 
regarding treatment and prognosis. The score 
obtained on the SLIC scale in fl uences the clini-
cal decision for surgical versus nonsurgical man-
agement  [  47  ] .  

    26.4   Mechanisms of Injury 

 Hyper fl exion is the most common type of injury    
to the cervical spine and is typically seen fol-
lowing trauma such as motor vehicle collisions, 
falls, or diving into shallow water. Axial load-
ing    and hyperextension are other mechanisms 
of injury seen in subaxial cervical spine trauma 
(Figs.  26.5a–c  and  26.6a–d ). Because it is the 

fulcrum of cervical movement and maximum 
 fl exion, C5–C6 is the most frequently injured 
level  [  5,   35  ]  (Fig.  26.7 ).    

 Hyper fl exion can cause compression of the 
 anterior vertebral body, creating a wedge fracture 
which is generally stable. However, wedge fractures 
with more than 50 % loss of vertebral body height, 
or compression fractures with a signi fi cant retro-
pulsed bony fragment, should be considered unsta-
ble due to associated ligamentous injury  [  41,   65  ]  
(Fig.  26.8a, b ). Spinous process fracture, also called 
clay-shoveler’s fracture, is a stable injury that occurs 
when hyper fl exion causes avulsion of the spinous 
process, most commonly at the level of C7. While 
typically the result of neck  fl exion, these fractures 
can also occur by a direct blow to the spinous pro-
cess or by whiplash injury  [  8  ] .  

 Teardrop fractures    occur when extreme  fl exion 
or axial loading forces cause one vertebral body 
to collide with the one below it, displacing a 
small “teardrop”-shaped bony fragment anteri-
orly while the inferior margin of the fractured 
vertebral body is forced posteriorly into the spi-
nal canal  [  55  ]  (Fig.  26.9 ). These fractures can 
result in complete disruption of the ligaments, the 
facet joints, and the intervertebral disc and thus 
are usually considered unstable. Many patients 
with a teardrop fracture will present with 
signi fi cant neurologic compromise on initial 
examination  [  54  ]  (Fig.  26.10a, b ).   

 Distraction  fl exion    injuries result in damage to 
the posterior column. The degree of injury can 
range from mild stable sprain to moderate sub-
luxation to severe facet dislocation. Sprains never 
involve injury to the bony elements, while sub-
luxation injuries can occur with or without bony 
fractures or dislocations. As one might expect, 
there is a signi fi cantly higher incidence of spinal 
cord injury in cases of subluxation with associ-
ated fractures  [  31,   42  ]  (Fig.  26.11a, b ).  

 Bilateral facet dislocations occur when severe ante-
rior  fl exion causes disruption of the  intervertebral 
disc, ALL, facet joint capsules, and posterior liga-
mentous complex, all of which allow the inferior 
articulating facets of the upper vertebrae to move 
over the superior facets of the lower vertebrae. This 
unstable process results in anterior displacement of 
the spine and neurological injury in nearly 100 % of 

c

Fig. 26.1 (continued)
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patients  [  9,   64  ]  (Fig.  26.12 ). Unilateral facet dislo-
cations involve a rotational component to the 
hyper fl exion injury and are considered more stable 
than bilateral dislocations, although neurologic 
de fi cit still occurs in approximately 75 % of cases 
 [  22  ] .   

 While trauma is generally considered to occur in 
the young, hyperextension    injuries to the cervical 
spine are most likely to occur in older age groups 
due to underlying cervical spondylosis  [  24,   40  ]  
(Fig.  26.13a–c ). Most extension injuries in these 
patients damage the ALL, which allows the cord 

to be compressed brie fl y between the degenera-
tive body and disc anteriorly and the hypertrophic 
ligamentum  fl avum posteriorly. When extension 
forces cause impaction of the posterior arches 
and facet joints, the result can be fractures of the 
lamina, pedicles, or spinous processes. Although 
cord injury can occur, most hyperextension inju-
ries are considered stable  [  59  ] .  

 Central cord syndrome   , a hyperextension 
injury originally described by Schneider et al. 
 [  56  ] , is the most common incomplete spinal 
cord injury. In elderly patients, it can occur 

a

c d

b

  Figs. 26.2    ( a – d ) A 29-year-old man suffered a fall resulting in an incomplete spinal cord injury. Axial CT shows verti-
cal fracture through the vertebral body as well as laminar and facet fracture       
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after low-impact trauma, such as a fall. Recent 
studies have shown that central cord syndrome 
is associated with axonal injury in the lateral 
columns, with relative preservation of the gray 
matter  [  14,   32,   52,   62  ] . Patients typically pres-
ent with weakness in all four extremities, with 
the upper extremities worse than the lower 
extremities. Hand function is usually the weak-
est and the slowest to recover. Gait abnormali-
ties and urinary dysfunction are also evident. 
Classical surgical management of these patients 
stressed delayed operative intervention to allow 
the spinal cord edema and swelling to resolve. 
However, more recent literature has found that 
early surgery can be performed with acceptable 
risks  [  29,   67  ] . Surgery involves decompression 
at the level of injury and  fi xation and fusion 
where appropriate.  

    26.5   History and Physical 
Examination 

 Obtaining the history in a trauma patient can be 
dif fi cult. If the patient is unable to provide his or 
her own history, then details from EMS, the 
trauma team, and the patient’s family and/or wit-
nesses should be obtained whenever possible. 
Key features of the trauma history    include the 
mechanism of injury, time since injury, any loss 
of consciousness, and neurologic complaints, as 
well as neurologic status at the scene and any 
changes in status since that time. While trauma 
patients are generally young and healthy, it is still 
important to identify any medical comorbidities 
that may predispose the patient to certain types of 
injuries. These include ankylosing spondylitis, 
diffuse idiopathic skeletal hyperostosis, previous 

a b

  Fig. 26.3    ( a – f ) A 29-year-old man    suffered a fall result-
ing in an incomplete spinal cord injury. Diagnostic work-
up revealed multiple fractures: C5 burst fracture, C4 facet 

fracture, and C5 lamina fracture. The patient underwent 
C5 vertebrectomy and C4–C6 anterior fusion       
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cervical spine fusion, and osteoporosis, as well as 
 connective tissue disorders leading to ligamen-
tous laxity. It is also necessary to know what 
medications the patient takes, whether prescribed 

or illicit, as well as the medications that have 
recently been administered by medical staff, 
because many agents can affect the accuracy of 
the physical exam. 

c

e

d

f

Fig. 26.3 (continued)
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 A thorough neurologic exam is absolutely 
essential in any patient with questionable spine 
injury, since the treatment plan is often based on 
the degree of neurologic compromise. In addition 
to a detailed neurologic exam (see Chap.   2    ), the 
physical exam must include palpation of the cervi-
cal spine assessing for bony tenderness, crepitus, 
and the presence of a “step-off,” or widened inter-
spinous space. Properly assessing neck pain is 
crucial because 84 % of patients with a cervical 

spine fracture will complain of midline neck pain 
on exam  [  58  ] . Removal of the cervical collar with-
out radiographic imaging is allowed only if the 
patient is awake, alert, neurologically intact, not 
intoxicated or drugged, has no neck pain or ten-
derness, and has no distracting injuries  [  15–  17  ] . 

 The most common and widely used tool to 
assess neurologic status is the ASIA (American 
Spinal Injury Association) score (Fig.  26.14 ). 
This system can be easily and rapidly applied. It 

a

b

c

d

e

f

g

h

Distraction/extension

Distraction

Distraction/flexion

Flexion/compression Extension/compression

Compression

Flexion Extension

  Fig. 26.4    ( a – h ) The Allen & Ferguson subaxial cervical spine injury classi fi cation system according to mechanism of injury       

 

http://dx.doi.org/10.1007/978-3-642-34126-7_2


346 K.L. Crabtree et al.

a

c

b

  Fig. 26.5    ( a – c ) Plain X-ray and CT scan of C7 compression fracture       
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involves testing motor function on a 0–5 scale in 
 fi ve muscle groups in each of the four limbs for a 
total possible score of 100. This score can be used 
at any time point in the patient’s course of 
 treatment to assess recovery. Perianal sensation 
and sphincter function should also be assessed  [  2  ] .   

    26.6   Differential Diagnosis 

 Congenital variants of the cervical spine commonly 
mimic traumatic lesions and need to be correctly 
identi fi ed in order to prevent any unnecessary 
 surgical intervention. For example, the congenital 

a b

c

d

  Fig. 26.6    ( a – d ) Hyper fl exion injury with anterior and posterior ligamentous injury. The patient was densely parapa-
retic on admission. Following surgery, she regained the ability to walk       
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absence of a cervical pedicle is a rare develop-
mental anomaly that is commonly  mistaken for a 
unilateral facet dislocation following acute trauma 
 [  45,   46,   57  ] . These patients do not typically require 
surgery, although several have undergone an opera-

tion in the past when the congenital lesion was not 
correctly identi fi ed during the initial presentation. 

 Spine surgeons must also differentiate between 
acute and chronic traumatic injuries to avoid over-
treatment in stable patients. Chronic  fractures are 

  Fig. 26.7    Hyper fl exion 
injury with C5 compression 
fracture. This sagittal T2 MRI 
also shows posterior 
ligamentous injury       

a b

  Fig. 26.8    ( a ,  b ) Hyper fl exion injury with compression fracture of C7 and ligamentous injury       
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commonly identi fi ed during the work-up follow-
ing an acute traumatic event. They typically appear 
sclerotic without any surrounding edema or tissue 
injury on imaging. While the patient may not be 
aware of the old fracture, they can usually point to a 
previous incident that  corresponds with the injury.  

    26.7   Investigations/Diagnostic 
Imaging    

 The Eastern Association for the Surgery of 
Trauma (EAST) recommends obtaining a thin-
cut axial CT from the occiput to T1 with sagittal 
and coronal reconstructions as the initial screen-
ing modality in suspected cervical spine trauma 
 [  15,   18–  20  ]  (Figs.  26.15a, b  and  26.16 ). When 
CT is not available or not indicated, a cross table 
lateral radiograph of the cervical spine should 
be obtained, along with anteroposterior and 
 open-mouth odontoid views  [  51  ] . Radiographic 
signs suggestive of traumatic cervical spine injury 

  Fig. 26.9    Plain X-ray shows C6 teardrop fracture       

a

b

  Fig. 26.10    ( a ,  b ) A 37-year-old man was involved in an 
MVA. He had a teardrop-type fracture of C6. He suffered 
an incomplete spinal cord injury and underwent combined 
anterior-posterior stabilization for this very unstable injury. 
The black arrow indicates widening of the C4-5 disk space. 
The white arrow indicates the C6 fracture       
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include loss of lordosis, kyphotic angulation, torti-
collis, widened interspinous or intervertebral disc 
space, vertebral rotation, discontinuity of contour 
lines, enlargement of the retropharyngeal space, 
and tracheal deviation  [  13,   66  ]  (Fig.  26.17a, b ). 
Once a cervical spine fracture is identi fi ed, a 
complete radiographic examination of the entire 
spine is necessary, because noncontiguous spinal 
column injuries have been reported in 10–15 % 
of patients with cervical injury  [  3,   12,   43  ] .    

 If CT and three-view X-ray series are nega-
tive, dynamic  fl exion-extension  fi lms can be per-
formed in an alert, neurologically intact patient 
with persistent neck pain to assess for instability 
secondary to ligamentous damage. A negative 
study does not rule out injury, so if the patient 
continues to have pain, the cervical spine should 
remain immobilized and the  fi lms repeated in 
2–3 weeks  [  28,   30,   33,   60  ] . 

 MRI is an extremely useful imaging modality 
in cervical spine trauma patients, as it can identify 
cervical cord changes, disc herniations, hemato-
mas, soft tissue injuries, and ligamentous pathol-

a b

  Fig. 26.11    ( a ,  b ) Plain X-ray showing C4–C5 bilateral locked facets       

  Fig. 26.12    MRI of patient with bilateral facet injury. 
There is signal change in the spinal cord       
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a

c

b

  Fig. 26.13    ( a – c ) MRI shows severe multilevel cervical stenosis. This patient fell from a chair and suffered a central 
cord syndrome       

ogy not easily seen on CT  [  26,   44  ]  (Figs.  26.18  
and  26.19 ). In patients who cannot undergo an 
MRI, CT myelogram may be used to accurately 
assess the relationship of bony spinal elements to 
the cervical cord and nerve roots  [  27,   53  ] .    

    26.8   Treatment 

 The initial management of any trauma patient 
requires that the physician recognize the possibility 
of cervical injury and then properly immobilize the 

head and neck throughout the entire resuscitation, 
triage, and radiographic process until cervical frac-
ture or instability has been de fi nitively excluded 
 [  37,   50  ] . Missing a cervical injury on initial evalu-
ation can result in delayed treatment, instability, 
and permanent neurologic de fi cit  [  39,   49  ] . 

 A unique complication of cervical spinal cord 
injury is spinal shock   . This usually occurs in the 
 fi rst 1–2 days after injury and consists of hypoten-
sion with euvolemia, as well as a loss of all motor, 
sensory, and re fl ex function below the injured 
level. This is due to loss of sympathetic tone and 
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  Fig. 26.15    ( a ,  b ) Thin-cut CT shows unilateral facet injury       

a
b

  Fig. 26.14    Diagrammatic representation of the ASIA classi fi cation of spinal cord injury       
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leaves the parasympathetics unopposed, causing 
bradycardia. This condition must be differenti-
ated from hypovolemic shock, which is usually 
due to blood loss and is treated with appropriate 
 fl uid replacement. Spinal shock is managed with 
sympathetic drugs, including dopamine for 
hypotension and atropine for bradycardia. 

 The general management of subaxial cervical 
fractures, subluxations, and dislocations involves 
early cervical immobilization and closed reduction 
of the injury whenever possible. This is then 
 followed by stabilization, which can be operative or 
nonoperative depending on the type of injury, neu-
rologic status, and overall stability of the patient. 

    26.8.1   Nonoperative Treatment    

 Patients with non-displaced stable vertebral 
body fractures, or isolated posterior element 
fractures without posterior ligamentous dis-
ruption or signi fi cant kyphosis, heal well with 
external immobilization. In contrast, only 25 % 
of facet dislocations that have been successfully 
reduced will heal with 3 months of nonoperative 
immobilization  [  22  ] . It has been suggested that 
all facet dislocations undergo surgical stabiliza-
tion following reduction, given this low success 
rate, the need for frequent X-rays throughout 
this time period, and the potential for re-dislo-
cation  [  36  ] .  

ba

  Fig. 26.17    ( a ,  b ) Plain X-ray and CT show C4–C5 bilateral locked facets       

  Fig. 26.16    CT scan shows injury to anterior and poste-
rior elements       

 

 



354 K.L. Crabtree et al.

    26.8.2   Operative Treatment    

 Acute surgical decompression is generally war-
ranted in patients with an incomplete spinal cord 
injury and radiographic evidence of spinal canal 
compromise, as surgery may facilitate some return 
of spinal cord function in these patients  [  11,   25  ] . 
In contrast, patients with complete spinal cord 
lesions should not undergo an urgent decompres-
sion, as they generally do not recover any neuro-
logic function and would be at risk for sustaining 
further neurologic injury at a higher spinal level 
 [  11,   25  ]  (Figs.  26.2a–d and 26.3a–f  from case 
examples). 

 Patients with unstable subaxial cervical inju-
ries and those who fail closed reduction typically 
require internal immobilization with surgical 
fusion. The decision to go from an anterior, pos-

terior, or combined approach depends on the 
mechanism of injury and site of instability. 

 Indications for an anterior approach include 
most extension injuries, severe fractures of the 
posterior elements that preclude posterior stabili-
zation, as well as herniated disc or fractured ver-
tebral body with bone retropulsed into the spinal 
canal as seen in unstable burst or teardrop frac-
tures. The anterior operation generally involves a 
corpectomy for decompression of neural ele-
ments and removal of damaged bone in addition 
to strut graft fusion with compression plates. 
Supplemental posterior  fi xation may be neces-
sary in osteoporotic patients or cases of extensive 
cervical injury and instability, including teardrop 
fractures and burst fractures  [  38  ] . 

 Posterior immobilization and fusion is the 
procedure of choice for most  fl exion injuries, 

  Fig. 26.18    MRI of patient 
with stenosis and central cord 
syndrome       
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including posterior ligamentous injury, trau-
matic subluxation, unilateral or bilateral locked 
facets, lateral mass fractures, and simple wedge-
 compression fractures  [  7  ] .   

    26.9   Postoperative Care    

 Antibiotics should be continued for 24 h postop-
eratively, and the patient’s diet should be advanced 
slowly as tolerated, especially in patients with an 
anterior approach as there may be associated 
neck swelling. The patient should be placed on 
range of motion, lifting, and work restrictions 

until these restrictions can be cleared in clinic. 
External immobilization with a rigid cervical 
collar or cervicothoracic orthosis should be con-
tinued for several weeks following internal 
immobilization and fusion or for up to 15 weeks 
if cervical fusion was performed without internal 
immobilization. Patients should be instructed on 
proper wound care and follow-up in 7–14 days 
postoperatively for wound check and removal of 
any sutures or staples. Patients may be reevalu-
ated in clinic with AP and lateral cervical spine 
 fi lms at 6 weeks, 3 months, 6 months, and up to 
1 year. If the patient is doing well, he or she is 
typically released from follow-up after 6 months 
or 1 year.  

    26.10   Potential Complications    

 Patients can suffer from hardware problems 
due to posterior wire failure if an improper wire 
gauge was used for the type of fracture treated or 
if there was inadequate postoperative immobili-
zation due to patient compliance issues or 
improper brace selection. Other hardware issues 
can occur following anterior plating if the plate 
fractures or if the screws pull out, loosen, or 
break. In a patient presenting with new neuro-
logic de fi cits postoperatively, one must also con-
sider nerve root, spinal cord, or vertebral artery 
injury due to incorrect screw placement or move-
ment  [  21,   61  ] . Other complications seen follow-
ing an anterior cervical approach include 
dysphagia, which increases the risk of aspiration, 
and potential hematoma formation, which causes 
airway compromise  [  6,   21  ] . These complications 
should be treated emergently if they arise. As 
with any surgery, there is always a risk of postop-
erative wound infection, especially in posterior 
cervical cases. The patient should be given proper 
wound care instructions upon discharge and 
instructed to return with any signs of wound 
infection. 

  Questions    
     1.    A 27-year-old male was involved in an MVA. 

After appropriate resuscitation, neurologic 
exam revealed 3/5 strength in the triceps and 
hand muscles bilaterally, as well as lower 

  Fig. 26.19    MRI of patient with C4 compression fracture 
and kyphosis. There is posterior ligamentous damage as 
well as spinal cord edema       
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extremity weakness. Which diagnostic tests 
are helpful in evaluating this patient?
   (a)    Plain X-ray of the cervical spine  
   (b)    Thin-cut CT scan of the cervical spine  
   (c)    MRI of the cervical spine  
   (d)    All of the above     
 Answer (d): All these diagnostic tests may 
offer unique information regarding the extent 
of this patient’s injury.  

    2.    Which of the following is  not  associated with 
central cord syndrome?
   (a)    Hyper fl exion injury  
   (b)    Normal hand strength  
   (c)    Weakness in all four extremities  
   (d)    Cervical stenosis     
 Answer (b): Bilateral hand weakness, not nor-
mal hand strength, is a characteristic of central 
cord syndrome.  

    3.    Thin-cut CT is least helpful in diagnosing 
which of the following conditions?
   (a)    Facet fracture  
   (b)    Laminar fracture  
   (c)    Spinal cord hematoma  
   (d)    Compression fracture  
   (e)    Bilateral locked facets     
 Answer (c): MRI would be a better test to 
evaluate spinal cord hematoma.           
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  27

          27.1   Introduction 

 The thoracolumbar junction is a common site for 
spinal injuries. The thoracic spine is distinguished 
from the cervical and lumbar spine by the pres-
ence of the ribs and their articulations. The tho-
racic spine shows physiological kyphosis, and 
the lumbar spine shows physiological lordosis. 
The thoracolumbar region is a transitional zone 
of spinal alignment. The rib cage restricts motion 
of the thoracic spine and contributes to stiffness 
and stability. The rigid thoracic spine and the 
mobile lumbar spine create a junction exposed to 
a concentration of stresses, leading to a higher 
likelihood of injuries between T10 and L2 com-
pared with other spinal regions. These injuries 
include compression fractures, burst fractures, 
 fl exion distraction injuries (seat belt-type inju-
ries), and fracture dislocations. Among these, 
unstable injuries result in the loss of trunk sup-
port and neural injury to the spinal cord, conus 
medullaris, and/or cauda equina.  

    27.2   Case Study 

 A 19-year-old male fell from a height of 25 ft 
while painting at work, landing on his buttocks. 
He immediately experienced severe back pain 
and left buttock pain, and he was brought to the 
emergency room of the nearest hospital for evalu-
ation. He was then transferred to a spine center 
for the treatment of L2 vertebral and left iliac 
fractures (Fig.  27.1 ). He complained of severe 
low back pain, left hip pain, and left lower limb 
numbness, but no weakness or loss of bowel/
bladder control.  

 Anteroposterior (AP) and lateral radiographs 
and computed tomography (CT) imaging of the 
thoracolumbar spine showed a burst fracture of 
the L2 vertebral body with 60 % canal compro-
mise (Fig.  27.2 ). Magnetic resonance imaging 
(MRI) revealed encroachment of the spinal 
canal and severe compression of the cauda 
equina (Fig.  27.3 ). The patient underwent L1–L3 
posterior instrumentation with pedicle screws 
and hooks, followed by anterior decompression 
and right iliac bone grafting (Fig.  27.4 ). Left 
iliac fracture was treated conservatively. One 
year later, radiography and CT demonstrated 
secure bony union with good alignment and 
complete canal clearance. He returned to his 
previous work without pain or neurologic de fi cit 
(Figs.  27.5  and  27.6 ).       
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    27.3   Pathology (Basics of Pathology 
and Pathophysiology) 

 The thoracic spine is more resistant to  fl exion/
extension and axial rotation forces than the cer-
vical or lumbar spine because of the presence 
of the rib cage. Two to three times the amount 
of compressive load can be tolerated relative to 
other spinal segments before instability devel-
ops. Because of these differences, very high 
mechanical forces are required to cause tho-
racic vertebral injuries, making concomitant 
injuries to the other organs and/or extremities 
more likely. Moreover, spinal injuries to the 
upper and mid-thoracic spine (T1–T10) are 
very rare. 

 Another important difference between the tho-
racic and lumbar spine is the spinal cord. The spi-
nal canal is relatively narrow in the thoracic spine, 
making the space available for the cord 
signi fi cantly smaller. The blood supply to the 
thoracic spinal cord is also relatively sparse, 
increasing the susceptibility of this level to isch-
emia with lesser degrees of compression  [  23  ] . 

 Thus, injury to the upper and mid-thoracic 
spine usually induces critical neural damage. 
Damage to intercostal nerve roots in the  thoracic 
spine does not have as great of a functional con-
sequence as similar injuries to nerve roots at 
the lumbar or sacral levels because of the rela-
tive lack of motor function associated with the 
 thoracic nerve roots. 

  Fig. 27.1    Anteroposterior and lateral X-ray       
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 The pattern of spinal injury is characteristic to 
the level. Fracture–dislocation is often seen at the 
upper or mid-thoracic spine (T1–T11). Burst 
fractures frequently occur at the thoracolumbar 
spine (T12–L2)  [  15  ] .  

    27.4   History and Physical 
Exam Findings 

 The mechanism of injury and medical history 
suggest the level or degree of spine injury and 
offer valuable information to surgeons looking 
for occult injury. Likewise, checking for bruises 
in the obtunded patient can also be very helpful 
as signs of visceral injuries. 

 The initial evaluation must consist of the stan-
dard trauma primary survey, as prescribed by the 
advanced trauma life support protocol. This pri-
mary survey focuses on immediately identifying 
life-threatening injuries and beginning resuscita-
tion if appropriate. Airway, breathing, circulation, 
disability, and environment are the  fi ve compo-
nents of the primary survey. Thoracolumbar trauma 
is often associated with thoracic and abdominal 
injuries. These include hemothorax, pneumotho-
rax, liver lacerations, aortic injuries, and bowel 
injuries. A thorough neurologic examination is 
also very important in every trauma patient. 

 Once the patient is in a stable condition, the 
secondary survey should be conducted. The spine 
must be examined by inspection and palpation. 

  Fig. 27.2    Sagittal and axial CT scans of L2 and pelvic CT scan       
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All spinous processes are palpated to assess for 
tenderness, step-offs, and widening, any of which 
suggest injury to the posterior elements. During 
the secondary survey, a detailed neurologic 
evaluation can be performed to identify de fi cits 
and, if necessary, determine the level of spinal 
cord injury (SCI). The impairment scale created 
by the American Spinal Injury Association is a 
validated method to reliably classify the severity 
and level of SCI. Serial examinations are neces-
sary to detect deterioration during management. 
Once a  fi nal assessment of SCIs is established, 
the patient should be removed from the rigid 
board to prevent pressure sores (particularly 

SCI patients with impaired sensory and motor 
functions).  

    27.5   Differential Diagnosis 

 Thoracolumbar injuries (with the exception of 
compression fractures) are usually induced by 
high-energy accidents. Pathological fractures 
should be considered if these injuries occur in 
young or middle-aged subjects after minor injury 
(e.g., falls). Pathological fractures are caused by 
osteopenia, spinal tumors, metastatic tumors, and 
infection. The pedicle sign in the AP view of 

  Fig. 27.3    Sagittal and axial MR imagings of L2       
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plain radiography, MRI, CT, and bone scintigra-
phy is helpful in the diagnosis.  

    27.6   Investigations/Diagnostic 
Imaging 

 Typically, plain radiographs in the AP and lateral 
planes can be used as a screening test, particularly 
if the mechanism of injury involves the possibility 
of compromise of the spinal column. Radiographs 
should be inspected for disruptions in spinal 
alignment or severe changes in angulation associ-
ated with translational motion. Changes in verte-
bral body height with retropulsion of fragments 
should alert the physician to the potential of com-
pression of the spinal cord. If bony  injuries are not 

evident on radiographs, ligamentous injuries can 
be assessed by investigating changes in the inter-
spinous process distance and facet joint space. 

 Further evaluation with CT is necessary if 
plain radiography suggests bony or ligamentous 
injury at any level. CT offers the best resolution 
of bony anatomy, especially at the cervicotho-
racic and thoracolumbar junctions (which are 
dif fi cult to assess by plain radiography). Not only 
axial images but also sagittal and coronal recon-
struction images can improve diagnostic accu-
racy. Occasionally 3D reconstructions may help 
in evaluation of complex fractures. 

 MRI is used to correlate the level of fracture 
or neurologic impairment with SCI. Ligamentous 
injuries and disruptions that may have otherwise 
been missed by CT or plain radiography are 
detected in MRI. This imaging method is now a 
vital tool to evaluate soft tissues (including the 
spinal cord). MRI can also provide information 
about pathological fractures caused by tumors, 
osteoporosis, or infection. 

 Complete sets of imaging studies are needed in 
each patient for decision-making and surgical plan-
ning. These include preoperative plain radiography 
(AP and lateral views), CT, and MRI. Occasionally, 
 fl exion and extension radiographs in the presence 
of a physician are necessary to assess the integrity 
of the posterior ligament complex. The latter 
should be examined in the obtained images to 
assess if the fracture is a three-column injury.  

    27.7   Classi fi cation of 
Thoracolumbar Injury 

 Despite numerous attempts at classifying thora-
columbar spinal injuries, there remains no con-
sensus on a single unifying algorithm of 
management. The ideal system should provide 
diagnostic and prognostic information, exhibit 
adequate reliability and validity, and be easily 
applicable to clinical practice. A few representa-
tive classi fi cations are outlined below. 

 The modi fi ed Denis classi fi cation system is 
based on a three-column theory of spinal instabil-
ity  [  6  ] . In this system, the spine is divided into 

  Fig. 27.4    Intraoperative picture after posterior instru-
mentation with pedicle screws and hooks       
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three columns: anterior, middle, and posterior. 
The middle column (composed of the posterior 
longitudinal ligament, posterior annulus, and 
posterior aspect of the vertebral body) was 
hypothesized to be the most critical segment. The 
anterior column is composed of the anterior lon-
gitudinal ligament and anterior half of the annu-
lus and vertebral body. The posterior column 
includes the laminae, facet joints, yellow liga-
ments, and posterior ligamentous complex. 
Failure of two or three columns is considered an 
unstable injury. 

 A more comprehensive classi fi cation (the AO 
classi fi cation) was proposed by Magerl et al. 

based on progressive pathomorphology and the 
mechanism of injury  [  16  ] . There are three main 
types of injury: A (compression), B (distraction), 
and C (rotation). These types are subdivided into 
three groups that are de fi ned by the fracture pat-
tern and column involved. This classi fi cation 
takes into account the soft tissue injury and helps 
to differentiate unstable fracture patterns along 
with predicting the likelihood of an associated 
neurologic de fi cit. 

 A new classi fi cation system for thoracolum-
bar spine injuries (including assessment of injury 
severity) was proposed by Vaccaro and the Spine 
Trauma Study Group  [  22  ] . This classi fi cation 

  Fig. 27.5    Postoperative AP and lateral X-rays       
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system–the Thoracolumbar Injury Classi fi cation 
and Severity Score (TLICS)–was devised based 
on three injury characteristics: (i) morphology of 
injury determined by radiographic appearance, 
(ii) integrity of the posterior ligamentous com-
plex, and (iii) neurologic status of the patient. 
This scoring system is intended for easy applica-
tion and facilitates decision-making in terms of 
the need for surgical versus nonsurgical care as 
well as the approach of surgical treatment in 
unstable injury patterns.  

    27.8   Nonsurgical Treatments 

 The goals of spinal trauma management involve 
maximizing neurologic recovery, reducing and 
stabilizing the spinal column, and enabling early 
mobilization and rehabilitation. If SCI is 
identi fi ed, early institution of corticosteroid 

 therapy should be considered to improve out-
come. Methylprednisolone is reported to be the 
only effective drug for SCIs  [  1–  3  ] . However, its 
effectiveness has been controversial, inducing 
various complications at a considerably high 
prevalence. Currently, many spinal surgeons do 
not use methylprednisolone for patients with SCI, 
or they use it selectively in patients who have a 
low risk-factor pro fi le for corticosteroid compli-
cations  [  11  ] . 

 Once the patient has been stabilized and diag-
nosed with appropriate imaging, the indications 
for conservative or surgical treatments must be 
decided. Stable injuries that consist of compres-
sion fractures and stable burst fractures can be 
treated nonsurgically. 

 Conservative treatment of thoracolumbar frac-
tures through postural reduction and immobiliza-
tion has historically been as effective as surgery 
for most fractures  [  24  ] . However, several authors 

  Fig. 27.6    Postoperative sagittal and axial CT scans 1 year after surgery       
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noted a signi fi cant occurrence of late neurologic 
deterioration in conservatively treated patients 
 [  6,   17  ] . Advances in spinal instrumentation and a 
decrease in surgical morbidity and mortality have 
made surgery more feasible. Nonetheless, the 
treatment of thoracic fractures remains contro-
versial, especially in complete SCI and neuro-
logically intact patients. 

 If there is no evidence of gross instability or 
symptoms, the patient is placed in an external 
orthosis and followed closely with radiography 
in the outpatient setting. Patients with stable 
thoracolumbar injury wear a thoracolum-
bosacral orthosis (TLSO) brace for 8–12 weeks. 
In this period, very close follow-up is needed 
to monitor for the potential progression of 
deformity. If patients experience neurologic 
deterioration or development of pain, diagnos-
tic imaging should be obtained and the possi-
bility of surgical correction entertained. After 
orthotic treatment, patients undergo a period 
of back-strengthening and hyperextension 
exercises.  

    27.9   Surgical Treatments (Options 
of Surgery with Discussion 
of Positive/Negative Features 
of Each Procedure and Basic 
Description of Procedures) 

    27.9.1   Indications and Advantages 
of Procedures 

 Stability of the vertebral column in the thora-
columbar region is dependent upon the integrity 
of the osseous and ligamentous components. 
Once these structures are disrupted, the stability 
of the vertebral column is compromised, result-
ing in an unstable spine. 

 The indication for surgery is a fracture between 
T1 and L2 with at least one of the following 
criteria:
    (a)    Incomplete neurologic de fi cit  
    (b)     Canal compromise by retropulsed frag-

ments with stenotic ratios: T11,12 = 35 %; 
L1 = 45 %; L2 = 55 %  [  10  ]   

    (c)     Severe vertebral damage with kyphotic 
deformity, segmental kyphotic deformity 
>20°, and anterior body height <50 %  

    (d)     Fracture with disruptions of the posterior 
ligamentous complex     

 Once a decision to proceed to surgery has been 
made, the choice of surgical approach is guided 
by the location and characteristic features of the 
fracture. The two main goals of surgeries for tho-
racolumbar injuries are (i) adequate decompres-
sion of the spinal canal to maximize neurologic 
recovery and (ii) creation of spinal stability to 
prevent painful deformity and potential future 
neurologic deterioration.   

    27.10   Timing of Surgery 

 The indication for emergency surgical interven-
tion in thoracic and lumbar trauma is progressive 
neurologic de fi cit in an unstable fracture pattern 
with signi fi cant compression of the spinal cord. 
However, studies have shown that even delayed 
decompression of persistent compression of the 
thoracolumbar spinal cord can be bene fi cial in 
terms of improved neurologic status  [  13  ] . 

 Multiple variations exist based on three 
 methods to decompress the thecal sac: anterior, 
posterior, and posterolateral. There are two 
 reconstructive techniques: anterior instrumenta-
tion and posterior instrumentation. Three 
 representative procedures are often used in recon-
structive surgery: posterior surgery, anterior sur-
gery, and anterior–posterior combined surgery. 

    27.10.1   Posterior Surgery 

 The posterior approach is used to indirectly 
decompress the anterior thecal sac through dis-
traction, fracture reduction, and realignment via 
ligamentotaxis at the spinal cord level with seg-
mental spinal instrumentation. Ligamentotaxis 
requires a partially intact posterior longitudinal 
ligament and posterior annulus  fi brosus (Sharpey’s 
 fi bers) to help push the fracture fragments ante-
rior as it is stretched. Distraction instrumentation 
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has been shown to be effective in reducing the 
number of retropulsed bone fragments ventrally 
and out of the spinal canal (especially if per-
formed within 2 days of injury). However, 
laminectomy alone after thoracic and thora-
columbar injuries has been shown to be associ-
ated with a signi fi cant prevalence of kyphotic 
deformity and neurologic deterioration. 
Therefore, this procedure should not be used as 
an isolated treatment strategy. 

 Posterior pedicle screw implants potentially 
allow for shorter posterior  fi xation in non- 

osteoporotic patients. The addition of supple-
mental laminar hooks or cables increases the 
construct stability and as such reduces the likeli-
hood of implant failure  [  5  ] . Despite the increased 
rigidity of pedicle screw systems, posterior 
short-segment  fi xation for unstable thoracolum-
bar fractures has resulted in high failure rates. 
With an injured and de fi cient anterior column, a 
posterior spinal construct bears most of the axi-
ally applied loads. This leads to the potential for 
arthrodesis and early instrumentation failure. 
McCormack et al. developed a load-sharing 
classi fi cation system of spinal fractures based 
on plain radiography and CT to evaluate the 
success of fracture treatment with posterior 
short-segment pedicle screw  fi xation  [  18  ] . 
According to their classi fi cation, short-segment 
hardware failure is more likely to occur if there 
is >30 % vertebral body comminution in sagittal 
images of CT, more apposition of fragments, 
and kyphotic correction >10°. Ebelke et al. 
reported that all failures of short-segment pedi-
cle screw  fi xation occurred in patients who did 
not undergo anterior bone grafting and that no 
patient who underwent such grafting experi-
enced instrumentation failure  [  7  ] . Even long-
segment posterior  fi xation with multiple anchors 
is a risk for failure if a signi fi cant gap or bony 
de fi ciency exists at the level of the injured verte-
bral body. For fracture–dislocation at a lower 
thoracic level, transforaminal thoracic interbody 
fusion was reported as a new technique to carry 
out the anterior column support and posterior 
instrumentation from the posterior approach 
alone  [  14  ] . 

 The upper and mid-thoracic regions are sur-
rounded by the rigid rib cage. The range of motion 
at this level is less than at other levels. 
Anatomically, it is dif fi cult to reconstruct the 
anterior column support via an anterior approach 
at the upper and mid-thoracic level. Therefore, 
long-segment  fi xation between T1 and T9 is con-
sidered acceptable. 

 The obvious advantages of the posterior 
approach are its familiarity to all spinal surgeons 
and the relative ease of placing pedicle screws. 
The approach avoids potential injury to intra-ab-
dominal or retroperitoneal structures that are at 
risk during anterior procedures.  

    27.10.2   Anterior Surgery 

 Anterior decompression by vertebrectomy is use-
ful for compromise of the spinal canal due to ret-
ropulsion of vertebral bone and disc fragments. 
At the level of the spinal cord, the anterior 
approach is the most direct and reliable means of 
visualizing and decompressing neural tissue  [  4  ] . 
Anterior surgery also allows for direct restoration 
of the load-bearing function of the anterior spine. 
Eighty percent of the axial load of the intact spine 
is transmitted through the anterior column. 

 An extrapleural approach for the thoracic 
spine (T10–T12) with removal of the rib two lev-
els superior to the injured level or a retroperito-
neal approach for the lumbar spine (L1 and L2) 
just below the 12th rib is utilized to expose the 
injured vertebra. The left-side approach is favored 
below T10 for several anatomical reasons. On the 
left side, the aorta can be mobilized and manipu-
lated more easily than the thin-walled vena cava. 
In addition, retroperitoneal dissection around the 
liver on the right side can be avoided. 

 During surgery, once the vertebral body is 
identi fi ed, the desired level should be con fi rmed 
by inserting a marker needle into the disc space 
followed by radiographic or  fl uoroscopic imag-
ing. The intervertebral discs and the cartilaginous 
end plate cephalad and caudad to the injured level 
are almost fully excised after taking care not to 
damage the adjacent intact bony end plates. 
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The vertebral body and displaced fragments in 
the spinal canal are completely removed until the 
base of the contralateral pedicle is clearly visual-
ized. A tricortical iliac crest bone graft is com-
monly used as the interbody spacer. Recently, 
allograft bone has been used as a substitute for 
iliac crest bone to avoid donor-site problems. 
However, the rate of union is less than that of 
autograft bone. Expandable cages packed with 
bone chips or autograft is used in place of strut 
bone grafts in older patients with osteoporosis. 

 Various anterior instrumentation systems are 
available that may be applied to the anterior spi-
nal elements after an adequate decompression 
and fusion procedure  [  12  ] . Anterior spinal fusion 
constructs are the best choice for bony healing if 
the posterior ligament complex is intact. In the 
absence of signi fi cant posterior osteoligamentous 
disruption, an anterior-alone procedure utilizing 
a dual rod or plating  fi xation device may confer 
adequate spinal stability, avoiding the need for 
posterior instrumentation  [  9  ] . If signi fi cant poste-
rior instability exists or if more than one vertebral 
body has been resected, a second-stage posterior 
stabilization and fusion procedure is usually 
recommended. 

 Anterior instrumentation usually involves 
ligation of segmental vessels and exposure of 
vertebral bodies at  ³ 3 levels. Taking down the 
diaphragm is necessary to access injuries at the 
thoracolumbar junction and is an invasive proce-
dure for patients with insuf fi cient pulmonary 
function or for elderly patients. A signi fi cant 
prevalence of severe complications is associated 
with anterior surgeries. Anterior thoracolumbar 
decompression followed by reconstruction is 
technically demanding and may have a steep 
learning curve  [  19  ] .  

    27.10.3   Anterior–Posterior Combined 
Surgery 

 Anterior–posterior combined surgery is applied 
for severe destructive and unstable injury at the 
thoracolumbar junction. This includes fracture–
dislocation and a burst fracture with disruption of 
the posterior ligament complex. 

 If the spine is in the dislocated or subluxation 
position, a reduction procedure should be per-
formed  fi rst. A posterior approach provides access 
to injured facets and access for inserting pedicle 
screws and laminar hooks. In the next step, anterior 
decompression provides a full view of the anterior 
spinal canal if fracture dislocations are associated 
with a burst fracture or signi fi cant compromise of 
the spinal canal. The vertebral column is recon-
structed with an autograft/allograft or a cage/lift. 

 The anterior–posterior combined procedure 
has several advantages: 360° observation of frac-
tures, direct canal decompression, rigid  fi xation 
with posterior instrumentation, and anterior strut 
reconstruction  [  8,   15,   21,   26  ] . Decompression 
can be performed safely under a stable condition 
after posterior  fi xation with instrumentation. This 
surgery has few disadvantages: the need for two 
skin incisions and the relatively high level of 
invasiveness. This procedure bypasses the need 
for circular incision of the diaphragm. Hence, the 
invasiveness is comparable with that of sole ante-
rior instrumentation surgery  [  12,   15  ] . 

 The direct decompression potentiates good 
neural recovery. Rigid  fi xation promotes a high 
prevalence of union and a lower prevalence of 
instrumentation failure. Combined surgery with 
posterior instrumentation, followed by anterior 
decompression and strut grafting, yields good 
fracture reduction as well as a high prevalence of 
fusion and neurologic recovery in the treatment 
of thoracolumbar burst fractures  [  15,   25,   26  ] .   

    27.11   Postoperative Care (Basics 
of In-Hospital Care and Early 
Home Care) 

    Bracing • 
 A hard corset (TLSO) is usually applied for • 
approximately 12 weeks.  
  Activity • 
 Ambulation and rehabilitation protocols are • 
initiated on the day of drain removal (usually 
2–3 days after surgery).  
  Follow-up • 
 Patients with paralysis are transferred to a • 
rehabilitation unit several days after surgery. 



36927 Thoracolumbar    Spine (T1–L2)

For these patients, prevention of secondary 
diseases, optimization of function, and reinte-
gration into the community are paramount. 
Patients are instructed to visit the clinic and 
undergo follow-up radiography 1, 3, 6, 12, and 
24 months after surgery.     

    27.12   Potential Complications 
(Focus on Signs/Symptoms 
for Early Recognition 
of Intraoperative and 
Postoperative Complications) 

    27.12.1   Potential Intraoperative 
Complications 

 Intraoperative complications include problems 
related to the particular approaches to the spine, 
patient positioning on the surgical table, and neu-
rologic deterioration. Iatrogenic neurologic 
de fi cit and instrument migration may occur in 
any surgical approach. Pseudomeningocele, 
major vessel injury, chylothorax, atelectasis, and 
pleural effusion are possible complications in 
anterior surgery. 

 Traumatic or iatrogenic dural tears should be 
repaired through laminectomy if encountered in 
posterior surgery. This can be technically dif fi cult 
in anterolateral decompression and may require a 
fascial patch and/or lumbar cerebrospinal  fl uid 
drain. 

 If neurologic deterioration is detected postop-
eratively without a known source, nothing can be 
done other than to administer high-dose corticos-
teroids. Prophylaxis must be applied continu-
ously throughout the procedure. Intraoperative 
neurophysiological monitoring is one example of 
such prophylaxis methods  [  20  ] .  

    27.12.2   Postoperative Complications 

 Postoperative complications fall into four broad 
categories: general medical complications, prob-
lems associated with speci fi c surgical approaches 
and positioning, postoperative infection, and 
instrumentation failure after pseudarthrosis. Early 

mobilization of patients with paralysis or multi-
system trauma is important to prevent pulmonary 
complications, decubitus, deep vein thrombosis, 
and pulmonary embolism. The diagnosis of post-
operative infections requires a high index of sus-
picion. Infections after posterior surgical 
approaches are generally more common than 
those after anterior approaches. Wound drainage 
and unexplained fever are usually the earliest 
signs of infection. Enhanced CT imaging may 
demonstrate an abscess at the surgical site. Early 
irrigation, debridement, and appropriate use of 
antibiotics are the hallmarks of successful treat-
ment of this complication. 

 Once loss of  fi xation is noted on follow-up 
radiographs, the surgeon should take immediate 
steps to prevent further displacement or mala-
lignment of the implant. This may include reop-
eration at the same site by changing the 
instrumentation and/or stabilizing the spine via 
alternative surgical approaches. 

  Questions (Typical In-Training Examination-
Type Questions) 

     1.     A 32-year-old woman complains of severe 
low back pain after falling from a horse. 
Examination reveals no neurologic disorder. 
Radiography shows L1 burst fractures with 
15° of local kyphosis between T12 and L2. 
Which examinations are needed?

    (a)     Nothing  
    (b)     CT  
    (c)     MRI  
    (d)     CT and MRI     
 Preferred response (d): Canal compromise 
due to displaced fragments and soundness of 
the posterior ligament complex are key fac-
tors in deciding the need for surgery. Therefore, 
CT and MRI are strongly recommended.  

    2.    CT demonstrates 30 % of canal compromise 
by displaced fragments. MRI shows an intact 
posterior ligament complex and no compres-
sion of neural elements. How do you treat 
this patient?

    (a)    Hard bracing or body cast  
    (b)    Decompression (laminectomy)  
    (c)     Posterior decompression and  fi xation 

with instrumentation  
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    (d)     Anterior decompression and  fi xation 
with instrumentation  

    (e)     Anterior–posterior combined surgery 
with instrumentation     

 Preferred response (a): She has no neurologic 
de fi cits, and her L1 spine is not severely 
injured. Hard bracing or a body cast followed 
by a hard brace is suitable.  

    3.    A female patient was unfortunately lost from 
serial follow-up. 6 months later, she returned 
to the clinic with progressed kyphotic defor-
mity and severe back pain. Radiography 
demonstrated angular deformity of the L1 
vertebral body and 25° of local kyphosis 
between T12 and L2. The collapse of the 
T12–L1 disc and the wide gap between T12 
and L1 spinal processes were seen on MRI. 
How do you treat this patient?

    (a)    Hard bracing  
    (b)    Posterior surgery with instrumentation  
    (c)    Anterior surgery with instrumentation  
    (d)     Anterior–posterior combined surgery 

with instrumentation     
 Preferred response (d): A wide anterior gap 
between T12 and L1 could occur after posterior 
reduction and  fi xation in the neutral position. 
Posterior surgery with short-segment pedicle 
screw  fi xation and anterior column reconstruc-
tion with bone graft are recommended in 
patients with late-onset deformities.            
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  28

          28.1   Introduction 

 The tenets in treating spinal fractures include res-
toration of anatomic alignment, stabilization of 
fracture, decompression of neural elements, pres-
ervation of motion segments, promotion of early 
mobilization, and reduction of complications. 
Although these treatment principles stay rela-
tively consistent as one goes from the cervical to 
the lumbar spine, the low lumbar spine has unique 
characteristics inherent to its anatomy and bio-
mechanical behavior such as its extremely mobile 
lordotic alignment, its increased canal to neural 
element ratio, and its attachment to the sacrum 
that make it interesting, and occasionally quite 
challenging, when diagnosing and treating low 
lumbar fractures.  

    28.2   Case Example 

 A 25-year-old female presents with acute back 
pain after being involved in an automobile acci-
dent in which she was a restrained passenger. At 
the scene, the car was found to be upside down, 
and the passengers needed to be extricated by 
emergency personnel. Upon her arrival in the 
emergency department, she has deformities in 
multiple extremities, in addition to low back 
pain. On examination, she has gross movement 
of her  fi ngers and toes. Sensation to light touch is 
intact throughout, as is her rectal tone. Hoffman’s 
and Babinski’s signs are negative for any neuro-
logical de fi cits. Her spine exam shows midline 
tenderness to palpation at the level of the iliac 
crest, but no step-off or wound is appreciated. A 
trauma workup including computed tomography 
(CT) of the lumbar spine shows a burst fracture 
of L4 with about 75–80 % canal compromise, 
60–70 % vertebral height loss, disruption of the 
facet complexes, and loss of normal lumbar lor-
dosis (Fig.  28.1a, b ). Magnetic resonance imag-
ing (MRI) portrays disrupted anterior and 
posterior ligamentous complexes (Fig.  28.2 ). 
Due to the instability caused by the aforemen-
tioned characteristics, the patient was taken to 
surgery for L4 corpectomy with an expandable 
structural cage and L2–S1 posterior fusion and 
instrumentation with L3–L4 posterior decom-
pression (Fig.  28.3a, b ).     

    V.  H.   Le ,  M.D.     
   Department of Orthopaedic Surgery , 
 University of California, Irvine ,
  101 The City Drive, Pavilion 3 , 
 Orange ,  CA   92868 ,  USA    
e-mail:  vle3@uci.edu  ;      

    N.   Bhatia ,  M.D.   (*)
     Spine Service, Department of Orthopaedic Surgery , 
 UC Irvine Medical Center ,
  University of California, Irvine, 
101 The City Drive, Pavilion 3 , 
 2nd Floor, Orange ,  CA   92868 ,  USA    
e-mail:      nitinbhatia@yahoo.com   

      Spine Trauma: Low Lumbar 
Spine (L3–5)       

     Vu   H.   Le         and    Nitin   Bhatia            



374 V.H. Le and N. Bhatia

    28.3   Anatomy 

 Although more attention has been given to 
injuries of the thoracolumbar spine due to its 

being the most common site of injury in tho-
racic and lumbar spine fractures, the low lum-
bar spine has distinctive aspects that must be 
kept in mind when approaching the diagnosis 
and treatment of L3–5 spinal fractures. Normal 

a b

Spin: –95
Tilt: 6

  Fig. 28.1    ( a ) Midsagittal and ( b ) axial CT views showing L4 burst with more than 50 % vertebral body weight loss, 
70–80 % canal compromise, and loss of normal lumbar lordosis       
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lordosis of the lumbar spine ranges from 30° to 
60°  [  1,   2  ] . This is largely due to the downward 
slope of the sacral ala, which along with the S1 
body forms the lumbosacral junction with L5. 
This interchanging between the  fl exible lordo-
tic lumbar curve and the  fi xed kyphotic sacral 
curve serves as a transitional area of high shear 
stress, exposing it to possible postoperative 
or post- traumatic nonunion. Since the lumbar 
facet joints are oriented in the sagittal plane, the 
primary motion of this segment is  fl exion and 
extension. The  morphology of the pedicles has 

also been described to assist in the placement of 
pedicle screws. In general, from L1 to L5 there 
is an increase in size of the transverse diameter 
of the pedicles as well as the degree of the trans-
verse pedicle axis  [  3,   4  ] . 

 The spinal cord tapers into the conus medul-
laris, which usually ends at the L1 level. 
Therefore, the rest of the caudad spinal canal 
only houses nerve roots that are collectively 
known as cauda equina. This leads to a favorable 
canal to neural element ratio that allows the low 
lumbar to have signi fi cant canal stenosis before 
neurological impingement is encountered. 

 In 1983, Denis introduced the popular three-
column system of describing the thoracolumbar 
vertebra  [  5  ] . The anterior column consists of the 
anterior halves of the vertebral body and interver-
tebral disc, along with the anterior longitudinal 
ligament. The middle column comprises of the 
posterior halves of the vertebral body and inter-
vertebral disc, along with the posterior longitudi-
nal ligament. Finally, the posterior column is 
made up of the pedicles, laminae, spinous pro-
cess, facet joints, and posterior ligamentous com-
plex (PLC), which contains the interspinous and 
supraspinous ligaments, ligamentum  fl avum, and 
facet capsules. The PLC is an integral structure in 
stabilizing the spine by serving as a tension band.  

    28.4   Mechanism of Injury 

 Like other regions of the spine, various force vec-
tors can cause low lumbar spinal fractures. These 
forces include  fl exion, axial compression, lateral 
compression,  fl exion rotation,  fl exion distraction, 
and extension. Flexion results from a forward-
bending moment involving anterior compression 
or wedging of the vertebral body and placing the 
posterior column in tension. Axial compression 
involves placing a downward force along the axis 
of the spine. This is akin to hammering a nail 
down along its long axis instead of striking it 
obliquely. Examples of axial compression inju-
ries include compression fracture and burst frac-
tures (Fig.  28.4 ). Compression fractures involve 
only the anterior column, where as burst fractures 
involves at least both the anterior and middle 

  Fig. 28.2    Sagittal T2-weighted fat-suppressed sequence 
demonstrating disruption of anterior longitudinal liga-
ment, retropulsed fragments of L4 vertebral body causing 
root impingement, and posterior ligamentous complex 
injury as evident by disruption of ligamentum  fl avum and 
interspinous ligaments       
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 columns and may also include the posterior col-
umn. Lateral compression injuries involve a side 
bending moment resulting with resulting com-
pression of half of the vertebral body and tension 
on the other half. This can lead to focal scoliosis 

in the coronal plane due to asymmetric vertebral 
body collapse and contralateral distraction.  

 The next three mechanisms can affect all 
three columns of the vertebra. Although rare, 
extension injuries place the anterior column in 
tension and compress the posterior column. 
In the ankylosing spondylitis (AS) and diffuse 
idiopathic skeletal hyperostosis (DISH) patient, 
signi fi cant displacement or distraction can occur 
with extension injuries due to the immobile 
nature of the ankylosed spine which makes it 
less able to absorb energy before failing. In con-
trast,  fl exion-distraction injuries involve a for-
ward-bending force applied to the vertebral 
body. This is classically seen in patients involved 
in front impact motor vehicle accidents using 
lap-only seat belts. This injury pattern is known 
as a bony Chance fracture if the force results in 
bony disruption of all three columns or a liga-
mentous Chance variant if it disrupts the disco-
ligamentous structures of the columns instead. 
The bony Chance fractures can frequently be 
treated nonsurgically, whereas ligamentous 
Chance injuries may require surgical interven-
tion due to the inability of the discoligamentous 
structures to heal. If the axis of rotation in 
 fl exion-distraction injuries is anterior to the spi-
nal column, as in lap-only seat belt injuries, dis-
traction will be seen in all three columns. If, 

a b

  Fig. 28.3    ( a ) Lateral and ( b ) PA intraoperative  fl uoroscopy of lumbar spine after L4 corpectomy with placement of an 
expandable cage and posterior instrumentation of L2–S1       

L
Neutral

  Fig. 28.4    Lateral conventional radiograph of lumbar 
spine showing compression fracture of L3 involving the 
anterior column with minimal vertebral height loss, intact 
posterior vertebral body wall, and no evidence of loss of 
lordosis       
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however, the axis of rotation is within the verte-
bral body, distraction in the posterior and middle 
column with compression of the anterior column 
may occur. Lastly,  fl exion-rotation injuries typi-
cally result in facet dislocation due to the failure 
of the middle and posterior columns in shear and 
anterior column in  fl exion. These injuries tend to 
be highly unstable. 

 Unique to the low lumbar spine, a retrospec-
tive study (Dai 2002) looking at 54 patients with 
low lumbar fractures showed that 25 of the 
patients sustained compression fractures, 21 with 
burst fractures, 5 with fracture dislocation, and 3 
with  fl exion-distraction injuries  [  6  ] . In that group, 
only 3 had complete neurologic de fi cits, 17 had 
incomplete neurological injuries, and 34 were 
neurologically intact. This study illustrates that 
most low lumbar injuries involve axial loading as 
demonstrated by the high number of patients sus-
taining compression and burst fractures, as 
opposed to  fl exion distraction or  fl exion rotation. 
It also shows that with the favorable canal to neu-
ral element ratio, neurologic injury is infrequent 
with low lumbar fractures. 

 Denis also described minor injuries involving 
the transverse proves, spinous process, lamina, 
pars interarticularis, or facets  [  5  ] . Transverse and 
spinous process fractures can occur from direct 
trauma or avulsion injury from the paraspinous 
musculature. Pars fracture can result from low-
energy hyperextension injury and is usually seen 
in young adults and teens participating in sports 
such as gymnastics.  

    28.5   Fracture Classi fi cation 

 Spinal stability refers to the ability of the spinal 
column to withstand stresses without progressive 
deformity or neurologic compromise  [  7  ] . 
However, judging if a fracture is stable or not is 
still a debate among surgeons, especially when it 
comes to burst fractures. Numerous fracture 
classi fi cations have attempted to describe the 
morphology of the fracture, to predict its stabil-
ity, and to give prognostic factors. To date, how-
ever, there is no consensus as to how to approach 
every type of fracture, and it is still a matter of 
surgeon’s preference. 

 In the 1960s, Holdsworth presented one of the 
early spinal column models in describing the 
two-column model that consists of an anterior 
column and a posterior column  [  8  ] . He further 
described compression and burst fractures as sta-
ble fractures due to the intact posterior ligamen-
tous complex, and any type of dislocation as 
unstable. The shortcoming of this system is that it 
does not incorporate any neurological status and 
does not provide any prognostic factors or treat-
ment recommendations. 

 As described above, Denis introduced the three-
column theory by adding the middle column, which 
plays an important stabilizing role as demonstrated 
in a cadaveric study (Panjabi 1995)  [  9  ] . He de fi ned 
mechanical instability as disruption of at least two 
of the three columns. Neurologic instability is any 
injury that involves neurologic de fi cit. By asso-
ciation, any injury causing neurologic instability is 
also mechanically unstable, therefore needing sur-
gery  [  10  ] . He also subclassi fi es each major type 
of injury such as bony versus ligamentous injuries 
in  fl exion distraction and  fl exion rotation, thereby, 
providing treatment guidance. 

 Subsequent classi fi cation systems, such as the 
Magerl system, attempt to be more detailed in 
terms of predicting mechanical and neurological 
instabilities, but they have also been accompanied 
with complexity and impracticality leading to 
poor inter- and intra-observer reliability  [  11,   12  ] . 
Nonetheless, the most recent classi fi cation, the 
thoracolumbar injury classi fi cation and severity 
score (TLICSS), shows promising signs despite 
the fact that it has not been validated by a prospec-
tive randomized study. This system looks at three 
components: fracture morphology, neurologic 
involvement, and posterior ligamentous complex 
status and assigns appropriate points based on the 
severity of each component  [  13,   14  ] . Treatment is 
then based on the sum of the components.  

    28.6   History and Physical 
Examination 

 Assessment of any trauma patient begins with a 
systematic approach involving basic life support 
and advanced trauma life support. After airway 
and breathing are taken care of, circulation is 
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addressed. Hypotension in light of brachycardia 
suggests neurogenic shock, which should be 
treated with intravenous  fl uids, vasopressors, 
and/or inotropic agents. Rarely does a low  lumbar 
fracture cause spinal cord injury since the cord 
ends at the L1 level, but studies have shown that 
there is a 5–15 % chance of noncontiguous spinal 
injury so patients with low lumbar injuries should 
be evaluated for other levels of spinal injury as 
well  [  15,   16  ] . Once the patient is hemodynami-
cally stable, a primary examination includes log 
rolling the patient while the cervical spine is sta-
bilized, and the spine is assessed for wounds, ten-
derness, and step-off of the spinous processes. 

 The neurologic examination involves assess-
ment of motor, sensation, re fl ex, and rectal tone 
statuses. Usage of the American Spinal Injury 
Association (ASIA) form to record the exam 
helps to keep track of the progress of the patient. 
Upper motor lesions associated with cervical or 
thoracic injuries can manifest as abnormal 
Babinski, Hoffman, or clonus tests and show dif-
fuse signi fi cant neurologic compromise includ-
ing frank paralysis. Spinal shock, which usually 
takes 24–48 h to resolve, may mask the true 
de fi cits, therefore, the bulbocavernosus re fl ex 
must be checked because it is the  fi rst to return 
due to it being the lowest cord mediated re fl ex. 
The bulbocavernosus re fl ex can be affected in a 
lower motor neuron injury involving the sacral 

nerve roots so one might confuse this injury for 
spinal shock  [  17  ] . 

 Three neurological injuries pertaining to low 
lumbar fractures are cauda equina syndrome, 
conus medullaris syndrome, and most commonly 
nerve root injuries. Generally, cauda equina syn-
drome portrays lower motor neuron de fi cits 
whereas conus medullaris syndrome presents with 
combined upper and lower motor neuron de fi cits. 
A useful distinction between the two conditions is 
that cauda equina syndrome may have asymmet-
ric involvement, whereas conus medullaris syn-
drome tends to have a bilateral presentation. Nerve 
root injuries result in functional de fi cits involving 
that respective myotome and dermatome. This 
can be caused by direct compression of the nerve 
by the fracture fragments or entrapment of the 
nerve with the laminar fracture. Lamina fractures, 
especially in burst fractures, can lead to nerve root 
entrapment or dural tears. 

 Certain fracture types can also be related with 
injuries in other anatomic areas. Flexion-
distraction injuries can be associated with abdom-
inal organ injury. Fractures to the transverse 
processes, especially L5, may be caused by 
cephalad displacement of an unstable pelvic frac-
ture (Fig.  28.5a, b ).  

 Along the line of initial evaluation, the National 
Acute Spinal Cord Injury Studies (NASCIS) have 
recommended the usage of  high-dose methylpred-

a b

  Fig. 28.5    ( a ) and ( b ) Axial CT sequences transverse fracture at the tip showing right L5 transverse process fracture 
with associated right sacral ala fracture       
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nisolone in patients sustaining spinal cord injury 
from blunt trauma, as long as not more than 8 h 
have passed since the time of injury  [  18–  21  ] . The 
rationale is to lessen the damage from in fl ammatory 
processes and oxidation. The current recommen-
dations include administration of 30 mg/kg intra-
venous bolus followed by 5.4 mg/kg for 23 h if 
presenting within 3 h of the injury or for 48 h if 
presenting between 3 and 8 h from time of injury. 
Although the studies were randomized controlled 
trials, many have questioned their methodologies 
and clinical effectiveness, not to mention the 
reported complications of wound infection and 
pulmonary impairment in the steroid group. There 
are studies refuting the effectiveness of high-dose 
steroids in spinal cord injuries  [  22,   23  ] . Another 
limitation of high-dose steroid is its ineffective-
ness in lower motor neuron de fi cits, which is likely 
to occur in low lumbar fractures. Since injuries to 
the low lumbar spine do not result in spinal cord 
injury, use of high-dose steroids for these injuries 
is not indicated by these studies, and surgeon dis-
cretion should be used.  

    28.7   Imaging 

 In the trauma setting, CT has overtaken conven-
tional radiography as the modality of choice when 
it comes to spinal imaging. In fact, studies have 
shown that CT scans are more sensitive, accurate, 
faster, and cost effective when assessing spinal 
trauma  [  24,   25  ] . The sagittal cuts display the 
integrity of the vertebral body and facet align-
ments. On the midsagittal view, the correspond-
ing aspects of the vertebrae should line up well 
with each other to make nice arcing lines such as 
the anterior and posterior walls of the vertebral 
bodies, the spinolaminar junctions, and the poste-
rior borders of the spinous processes. Moreover, 
the facets should line up on top of each other, 
resembling shingles. If the facets do not “shingle” 
over one another, that facet joint is either sublux-
ated, perched, or dislocated. The axial views 
would show an “empty” or “naked” facet sign 
due to the incongruity of the facet joint. The axial 
views also show a more accurate estimation of 
canal compromise from a burst fracture. 

 When looking at an anteroposterior (AP) plain 
radiograph of the low lumbar spine, the surround-
ing soft tissue must be looked at for hematoma or 
soft tissue edema. The interspinous process and 
interpedicular distances should be similar, respec-
tively. Increased interspinous distance suggests a 
 fl exion injury that might have affected the poste-
rior ligamentous complex. Misalignment of the 
spinous processes on the AP view denotes a rota-
tional injury. Increased interpedicular space 
signi fi es an axial compression injury such as a 
burst fracture. 

 The limitations with the aforementioned imag-
ing techniques are their inabilities to display soft 
tissues and neural elements well. Hence, MRI 
scans can be used for further injury clari fi cation. 
The T2-weighted fat-suppressed MRI series are 
very helpful in determining injuries to the soft 
tissues, neural elements, and bony structures, 
especially in occult cases by demonstrating bright 
signals. This series can distinguish between acute 
and chronic injuries such as in compression frac-
tures. An acute fracture would show bright bony 
edema within the vertebral body, whereas a 
healed injury would not. In the past, a fat-sup-
pressed T2-weighted sagittal sequence was 
shown to be highly sensitive and speci fi c for 
assessing the posterior ligamentous complex 
injury  [  26  ] . However, recent studies have shown 
that the sensitivity and speci fi city for detecting 
PLC injury are lower than reported due to the dif-
ference in interpreting which structure is injured 
or not between a radiologist and intraoperative 
 fi ndings  [  27  ] . Hence, although the MRI scan can 
provide further information, care must be taken 
to not over-interpret the  fi ndings as being sugges-
tive of more instability than actually exists.  

    28.8   Treatment 

    28.8.1   Nonsurgical Versus Surgical 

 Nonsurgical and surgical treatments are based on 
neurological and mechanical instabilities. 
Neurologic de fi cits secondary to fractures with 
ongoing neural compression suggest mechanical 
instability, and surgery is frequently recommended 
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for decompression and stabilization. In the absence 
of neurologic de fi cits, however, the need for sur-
gery is still debated because there is no widely 
accepted algorithm to predict mechanical instabil-
ity. Although subject to interpretation, mechanical 
instability refers to injuries which have caused or 
will lead to sagittal or coronal deformity or any 
signi fi cant ligamentous disruption due to the 
inability of these ligaments to heal adequately.  

    28.8.2   Nonsurgical 

 In general, stable fractures involve isolated minor 
fractures such as transverse process fractures, 
lamina fractures, and pars fractures. These can be 

treated with pain control, activity modi fi cation, 
early mobilization, and bracing in the case of 
spondylolysis (Fig.  28.6a, b ). A recent study, 
however, showed that bracing did not in fl uence 
functional outcome after spondylolysis  [  28  ] . The 
exception is a lamina fracture with a traumatic 
dural tear that does not resolve with short-term 
bed rest. In this case, dural repair is indicated. 
Major fractures that are considered stable are cer-
tain compression fractures, burst fractures, and 
bony  fl exion-distraction fractures.  

 Traumatic compression fractures are gener-
ally stable due to the involvement of the ante-
rior column only. It is hard to predict which will 
become unstable, but the commonly used criteria 
are more than 50 % vertebral body weight loss 

ba

  Fig. 28.6    ( a ) Sagittal and ( b ) axial CT views displaying right pars interarticularis fracture of L5       
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and more than 30° focal kyphosis  [  29,   30  ] . This 
is suggestive of signi fi cant PLC injury, which 
can be con fi rmed with an MRI and warrants sur-
gery for stabilization if indicated. The need for 
surgical intervention for traumatic compression 
fractures is quite uncommon. Osteoporotic com-
pression fractures can lead to similar  fi ndings 
in patients without signi fi cant trauma. Vertebral 
augmentation procedures, such as kyphoplasty or 
vertebroplasty, may be useful in both traumatic 
and osteoporotic compression fractures that are 
not healing appropriately or are causing debili-
tating pain. Nonoperative treatment of compres-
sion fractures includes pain control, activity 
modi fi cation, and early mobilization. A molded 
thoracolumbosacral orthosis (TLSO) with a leg 
extender for fractures caudal to L3 for 3 months 
can also be used, although the leg extender can be 
quite problematic in both  fi t and function. Serial 
radiographs are used to ensure that there is no 
further displacement or malalignment during the 
3 months healing period. 

 The determination of the stability of burst 
fractures can be challenging. According to Denis’ 
de fi nition, all burst fractures should be unstable 
because, by de fi nition, they involve at least two 
of the three columns. Studies, however, have 
shown that many burst fractures can be treated 
successfully nonoperatively as long as there are 
no progressive neurological de fi cits and the PLC 
is intact  [  31,   32  ] . As with compression fractures, 
the commonly stated criteria for instability in the 
absence of neurologic compromise and PLC dis-
ruption are vertebral height loss of more than 
50 %, focal kyphosis more than 30°, and canal 
encroachment of more than 50 %. Despite these 
numbers, some studies have shown successful 
nonoperative treatment with bracing and early 
mobilization even with excessive canal compro-
mise because of eventual bony resorption  [  31,   32  ] . 
A retrospective study (Seybold 1999) comparing 
operative versus nonoperative treatment of L3–L5 
burst fractures showed that functional outcome 
between the two groups was similar, with a large 
percentage of the surgical group needing further 
surgery  [  33  ] . In that study, both groups had 
signi fi cant initial presentations in terms of mean 
canal compromise (34 % for nonoperative group 

versus 53 % for operative group), kyphosis, 
(−5.5° vs. +1.8°), and vertebral height loss (27.5–
27.9 %). Because the surgical group did not pres-
ent with any parameter far exceeding the 
aforementioned radiographical criteria for insta-
bility, it is uncertain whether they needed surgery 
to begin with. A limitation with the study is that 
it did not comment on the ligamentous integrity, 
which would have played a role in distinguishing 
stable and unstable fractures. Hence, the interpre-
tation of stable and unstable burst fractures varies 
widely among surgeons. The most important cri-
teria to establish the stability of these injuries and 
resultant need for surgery include the compe-
tency of the PLC, especially the facet joint com-
plexes, and the sagittal alignment of the 
lumbosacral spine. 

 Flexion-distraction bony injuries can be 
treated nonsurgically as long as spinal alignment 
is appropriate and the patient is neurologically 
intact. Similar to the nonsurgical treatment of 
compression and burst fractures, nonoperative 
treatment of  fl exion-distraction injuries includes 
a rigid TLSO brace, pain control, and early mobi-
lization. Standing radiographs in the brace should 
be obtained to ensure that there is no displace-
ment when the patient is upright. Because these 
injuries are caused by  fl exion forces and are 
reduced with extension forces, supine imaging, 
including cross table x-rays, CT scans, and MRI 
scans, may appear misleadingly well aligned in 
unstable injuries. Serial radiographs are taken 
upright in the brace, and dynamic  fl exion and 
extension views may be obtained at the 3 months 
mark to con fi rm stability. Ligamentous  fl exion-
distraction injuries require surgical intervention 
more aggressively than similar bony injuries, and 
care should be taken to evaluate the spinal stabil-
ity and healing potential in these variants.  

    28.8.3   Surgical 

 Low lumbar fracture patterns that lead to mechan-
ical instability, worsening neurologic injury, or 
unacceptable spinal alignment may require surgi-
cal intervention. Injuries that lead to dislocation 
are obviously unstable regardless if there is 
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 neurologic compromise or not. As stated, 
 compression and burst fractures that result in neu-
rologic  compromise, PLC disruption, and exces-
sive kyphotic deformity warrant surgery, as do 
ligamentous Chance variant injuries and displaced 
extension injuries in AS or DISH patients. 

 Surgical goals include reduction of malalign-
ment, mechanical stabilization, and neurologic 
decompression. Stabilization with instrumenta-
tion can be performed through an anterior, poste-
rior, or combined approach. According to a 
cadaveric biomechanical study, circumferential 
 fi xation provides the strongest  fi xation, followed 
by posterior  fi xation with anterior strut grafting, 
then posterior  fi xation alone, and lastly anterior 
 fi xation with strut grafting  [  34  ] . Despite this 
 fi nding, the aim is to avoid morbidity and mortal-
ity as much as possible and yet still obtain opti-
mal results. Unless anterior reconstruction and/or 
decompression is necessary, operative risks are 
still relatively high even when the anterior 
approach is done with minimally invasive 
approaches  [  35  ] . 

    28.8.3.1   Posterior Approach 
 Posterior surgery, including decompression and 
instrumented fusion, is useful in low lumbar frac-
tures especially those requiring stabilization 
without signi fi cant neurologic de fi cit. The poste-
rior approach to the low lumbar spine is com-
monly performed, and in general surgeons and 
operating room staff are more comfortable with 
this approach versus the anterior or lateral 
approaches. In the absence of excessive anterior 
column failure or anterior neurologic compres-
sion, posterior stabilization with instrumentation 
is the preferred approach. The introduction of 
rigid  fi xation with pedicle screws and rods theo-
retically allows for shorter  fi xation, therefore 
obviating the need to include other mobile levels 
and preserving motion. Short-segment constructs, 
which include one level above and below the 
injured vertebra, should be approached with cau-
tion as they can have high failure rates if the right 
indications are not met  [  36,   37  ] . Even with the 
addition of cross-links in hopes to minimize the 
length of posterior  fi xation in an unstable burst 
fracture model, construct stiffness was not 

restored to preinjury level, except for lateral 
bending  [  38  ] . For that reason, long posterior con-
structs alone or short-segment posterior instru-
mentation with anterior reconstruction, to 
minimize the stress on the posterior short-seg-
ment  fi xation, should be used for highly unstable 
injury patterns. With fractures of L4 or L5, 
 fi xation to the sacrum is important in reestablish-
ing lordosis. Sacral  fi xation is generally easily 
done posteriorly as opposed to anteriorly due to 
the overlying iliac vessels. Fixation involving the 
lumbosacral junction must be rigid to avoid 
pseudoarthrosis and loss of sagittal alignment, 
and extension to the S2 segment or the ilium may 
be useful to further backup and protect the sacral 
 fi xation.  

    28.8.3.2   Anterior Approach 
 Anterior surgery for low lumbar injuries is useful 
for decompression of a highly compromised spinal 
canal and to provide further stabilization via ante-
rior column reconstruction in highly unstable inju-
ries. Numerous studies have shown excellent results 
in terms of fusion rate and neurologic improvement 
with anterior decompression, reconstruction, and 
instrumented stabilization alone with certain burst 
fractures  [  39,   40  ] . A comminuted vertebral body 
with more than 50 % vertebral height loss may 
need a corpectomy and replacement with structural 
bone graft or structural cages with bone graft in 
order to reconstruct the failed anterior column. It 
has also been shown that without instrumented sta-
bilization, anterior reconstruction with structural 
graft alone has poor outcomes with restoration of 
sagittal alignment  [  41  ] . Thus, if the anterior 
approach is the primary treatment, consider aug-
menting the structural graft with anterior instru-
mentation. If not, then posterior instrumentation 
should be performed to stabilize the anterior graft.  

    28.8.3.3   Combined Approach 
 Although there is increased morbidity with the 
combined anterior and posterior approach, this 
approach may be required in highly unstable 
injuries involving all three columns. Examples 
include burst fractures with more than 50 % loss 
of vertebral height and PLC disruption with 
signi fi cant canal narrowing.  



38328 Spine Trauma: Low Lumbar Spine (L3–5)

    28.8.3.4   Decompression 
 The need for surgical decompression after low 
lumbar trauma is based on the amount of neuro-
logic de fi cit and ongoing canal compromise. The 
widely accepted indication to perform decom-
pression is neurological de fi cit from neural 
impingement. The method of decompression, 
however, is as controversial as when to decom-
press. Direct decompression involves removing 
the offending structure, whereas indirect decom-
pression is via ligamentotaxis to restore anatomic 
alignment, which ultimately puts the neural ele-
ments back to their original places. Commonly, 
direct decompression is performed in light of neu-
rological de fi cits from neural impingement. In the 
low lumbar spine where the nerve roots are more 
forgiving than the spinal cord in terms of neural 
manipulation, decompression can be done anteri-
orly or posteriorly. This is based on the approach 
warranted by the fracture pattern and surgeon 
preference. In patients with signi fi cant canal com-
promise without neurologic de fi cit, patients may 
not require prophylactic decompression due to 
eventual remodeling of the involved vertebrae.  

    28.8.3.5   Postoperative Care 
 Postoperative management is based upon the 
kind of surgery performed, surgeon preference, 
and the patient’s concomitant injuries. Physical 
therapy is initiated as early as feasible. Based on 
the stability of the  fi xation determined during 
surgery, postoperative bracing may or may not be 
required. Serial standing radiographs are obtained, 
and fracture healing generally occurs 3 months 
post injury.  

    28.8.3.6   Surgical Complications 
 Postoperative complications include neurologic 
decline, nonunion, hardware failure leading to 
loss of  fi xation, dural tears, and infection. 
Changes in neurologic status can result from 
migration of an unstable fracture in an asleep 
patient or could be due to malpositioned hard-
ware such as inappropriately placed pedicle 
screws causing root impairment. Dural tears can 
be controlled with meticulous surgical tech-
niques. Hardware failure can either be due to 
inadequate preoperative planning in terms of 

length and location of the construct or from poor 
bone quality. Likewise, nonunion and infection 
can be attributed to either the surgeon’s tech-
niques or patient’s predisposition. In order to 
minimize these potential mishaps, a surgeon has 
to develop a well-thought-out plan preoperatively 
and execute it appropriately. Complication rates 
are higher in post-trauma patients versus patients 
undergoing elective surgery due to the inability to 
obtain preoperative medical optimization, associ-
ated injuries, and a higher catabolic state due to 
the traumatic injuries.    

    28.9   Summary 

 Although its incidence is less common than tho-
racolumbar trauma  [  42  ] , low lumbar trauma 
shares similar concepts in terms of diagnosis and 
treatment. There are, however, unique character-
istics relating to the lumbar spine’s lordotic align-
ment, increased canal to neural element ratio, and 
lumbosacral junction that predispose it to differ-
ent fracture patterns, treatments, and outcomes as 
compared to its counterpart. There is a lack of 
studies evaluating low lumbar trauma, and fur-
ther exploration in this area may be useful. 

  Questions 

     1.    The posterior ligamentous complex is thought 
to act as a tension band. Which of the follow-
ing is not considered part of the complex?

    (a)    Interspinous ligament  
    (b)    Ligamentum  fl avum  
    (c)    Supraspinous ligament  
    (d)    Posterior longitudinal ligament     
 Preferred answer: (d) The complex consists 
of the interspinous and supraspinous liga-
ments, ligamentum  fl avum, facet capsules.  

    2.    According to a biomechanical study compar-
ing  fi xation techniques, which of the follow-
ing demonstrates the least amount of 
rigidity?

    (a)    Circumferential  fi xation  
    (b)    Anterior  fi xation with strut grafting  
    (c)    Posterior  fi xation alone  
    (d)     Posterior  fi xation with anterior strut 

grafting     
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 Preferred answer: (b) Circumferential 
 fi xation provides the strongest  fi xation, fol-
lowed by posterior  fi xation with anterior strut 
grafting, then posterior  fi xation alone, and 
lastly anterior  fi xation with strut grafting.  

    3.    In low lumbar fractures, which of the follow-
ing neurological de fi cits is most likely to 
occur due to its anatomy?

    (a)    Central cord syndrome  
    (b)    Brown-Sequard syndrome  
    (c)    Conus medullaris syndrome  
    (d)    Nerve root impingement     
 Preferred answer: (d) The spinal cord ends at 
the L1 level, and nerve roots make up the con-
tent of the spinal canal distal to that. Due to this 
anatomy, low lumbar fractures tend to affect 
the nerve roots more so than the spinal cord.  

    4.    Which imaging modality is best used to detect 
subtle posterior ligamentous complex injury?

    (a)    Conventional radiographs  
    (b)    CT  
    (c)    MRI  
    (d)    Bone scan     
 Preferred answer: (c) Up to date, MRI is still 
the preferred modality used to assess PLC 
injury in light of normal radiographic and CT 
 fi ndings.           
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  29

    29.1   Anatomy 

 The sacrum is con fi ned and supported by both 
bony and ligamentous restraints. It consists of  fi ve 
fused, nonarticulated vertebral segments (Fig.  29.1 ). 
The sacrum also has three articulations: one with 
the L5 vertebral body through the L5–S1 disk com-
plex and two involving a true synovial joint with 
the innominate bones bilaterally (sacroiliac joints). 
The coccyx is the vestigial “tail” off the sacrum’s 
inferior 5th segment. The sacrum assumes a 
kyphotic posture of 45–60° to the perpendicular 
axis of the body. The ligamentous restraints 
attached to the sacrum are considered the strongest 
ligaments in the body. The bilateral sacrospinous 
ligaments anchor each side of the sacrum to the 
ischial spine of the pelvis, while the sacrotuberous 
ligaments anchor the sacrum to the ischial tuberos-
ity. The long and short posterior sacroiliac liga-
ments prevent rotational forces of the hemipelvis in 
lateral compression injuries that will be discussed 
later. Because of these stout ligamentous restraints, 
the sacrum usually incurs bony injury before pure 
ligamentous or sacroiliac joint dislocations occur.  

 Posteriorly, the sacrum is covered by the 
multi fi dus musculature, lumbosacral fascia, and 
relatively thin layer of subcutaneous tissue and 
skin. The sacrum acts as a roof to important neu-
rovascular structures that lie on its anterior bor-
der. The L5 nerve root runs just lateral to the 
L5–S1 disk and over the top of the sacral ala and 
can be injured with any force directed to this area. 
The lumbosacral plexus controls urinary conti-
nence and micturition, fecal continence and def-
ecation, and sexual function.    The internal iliac 
artery and vein course just anterior to the sacrum 
bilaterally, while sigmoid colon and rectum lie in 
the midline and can be damaged in high-energy 
mechanisms.  

    29.2   History and Physical 
Examination 

 The evaluation of a patient with a sacral injury begins 
with the mechanism of injury. The sacrum can be 
injured by direct blow or through indirect forces on 
the pelvic ring. Strict adherence to ATLS protocols 
is imperative. The physical examination and inspec-
tion of the patient may provide clues to a pelvic ring 
and/or sacral injury. This injury can present with a 
wide spectrum of neurologic de fi cits. A thorough 
neurologic evaluation must be performed including 
rectal examination for sphincter testing and perianal 
sensation. This includes individual root testing for 
L5 with ankle dorsi fl exion and toe extension, lateral 
thigh, lower leg, and dorsum of foot sensation. An 
isolated L5 de fi cit can indicate a  fracture involving 
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the sacral ala. Testing of the S1 nerve root involves 
ankle plantar fl exion, lateral thigh, posterior lower 
leg, and plantar foot sensation. Complete below the 
knee paralysis may indicate severe injury to the lum-
bosacral plexus from a displaced sacral fracture. 
Cauda equina syndrome may indicate a fracture dis-
location through S1 or S2. Instability with rocking 
the pelvis by applying pressure on bilateral anterior 
superior iliac spines may indicate an unstable injury 
pattern with or without neurological injury. 

Inspection of the skin overlying the sacrum and 
perineum may reveal bogginess, step-offs, crepitus, 
ecchymosis, or penetrating wounds.  

    29.3   Investigations 

 Initially, a standard trauma AP view of the pelvis 
should be obtained. Signs on plain radiographs 
that should alert the physician to a possible sacral 

  Fig. 29.1    Dorsal and 
ventral views of sacrum 
(Photograph courtesy of 
Hamman-Todd Museum, 
Cleveland, OH)       
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fracture include transverse process fractures at 
L4 or L5 and pelvic ring disruptions. If there is 
signi fi cant suspicion for a sacral fracture, plain 
 fi lms should be promptly followed with advanced 
imaging (typically computed tomography [CT]), 
as only 30 % of sacral fractures are demonstrated 
on plain  fi lms  [  1  ] . In the author’s experience, 
1–2 mm cuts as well as coronal and sagittal 
reconstruction views are helpful in identifying 
fracture type and planning surgical treatment. 
Magnetic resonance imaging (MRI) is useful par-
ticularly when neural injury is suspected as it 
more accurately demonstrates neural compres-
sion and injury than CT.  

    29.4   Classi fi cation Systems 

 Multiple classi fi cation systems have been devel-
oped for sacral fractures and generally fall into 
one of three areas: those associated with pelvic 
ring injuries, those intrinsic to the sacrum, and 
those involving the lumbosacral junction. The 
Denis classi fi cation  [  2  ]  is commonly applied to 
describe the morphometry of sacral fractures in 
the  fi rst two categories and can be used in 

 conjunction with pelvic ring fracture classi fi cation 
systems (Letournel and Tile systems). The Denis 
classi fi cation describes three zones of injury, with 
higher grades corresponding to an increased inci-
dence of neurologic injury (Fig.  29.2 ). Zone I 
injuries are in the sacral ala lateral to the foram-
ina and are the most common type, with a 6 % 
rate of neurologic injury typically affecting the 
L4 and L5 nerve roots. Zone II fractures are verti-
cal with the fracture line entering the sacral 
foramina. This is the second most common type 
with a 28 % incidence of neurologic injury, most 
commonly involving the L5, S1, or S2 nerve 
roots. Vertical shear in a type II fracture implies 
instability and may require operative treatment as 
malunions in this region lead to poor functional 
outcomes. Zone III fractures lie medial to the 
foramina in the spinal canal. This is the least 
common fracture type but is associated with a 
57 % rate of neurologic injury. Zone III injuries 
with a transverse component have also been fur-
ther subclassi fi ed by Roy-Camille  [  4  ]  and 
Strange-Vongsen and Lebech  [  5  ]  (Fig.  29.3 ) 
according to the degree of kyphosis and transla-
tion of the fracture. Type 1 demonstrates only 
kyphosis, type 2 demonstrates kyphosis with 
incomplete anterior sacral translation, and type 3 
fractures have complete sacral displacement. 
Type 4 fractures comprise a broad category with 
any of these types in conjunction with comminu-
tion of the S1 body. Complex type III fracture 
patterns can also be graded according to the letter 
of the alphabet they resemble (i.e., U, H, Lambda, 
and T) (Fig.  29.4 ).    

 Injury at the lumbosacral junction is typically 
associated with very high-energy trauma since 
the lumbosacral ligaments are very strong. These 
can be viewed as unilateral or bilateral facet dis-
locations. These fractures are classi fi ed by the 
Isler system  [  5  ] . Type I fractures are vertical frac-
tures lateral to the L5–S1 facet and are unlikely to 
affect lumbosacral stability. Type II fractures tra-
verse through the L5–S1 facet and are further 
subclassi fi ed as either extra-articular fractures of 
the lumbosacral junction or facet dislocations 
with variable displacement. Type III fractures 
cross into the neural foramen medial to the L5–S1 
facet joint, are inherently unstable, and often 
require operative stabilization.  

  Fig. 29.2    Denis  [  2  ]  classification of sacral fractures. 
 Zone I  fractures occur lateral to the sacral foramina,  zone 
II  fractures involve the sacral foramina,  zone III  fractures 
occur medial to the sacral foramina (Mehta et al.  [  3  ] . 
© 2006 AAOS)       
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H U

Tλ

  Fig. 29.4    Modi fi cation of Denis  [  2  ]  zone III fractures by Roy-Camille  [  4  ]  and Strange-Vongsen  [  5  ] .  H ,  U ,   l  , and  T  fractures       

1 2 3 4  Fig. 29.3    Modi fi cation of 
Denis  [  2  ]  zone III fractures 
by Roy-Camille  [  4  ]  and 
Strange-Vongsen  [  5  ] .  Type 1  
fractures have minimal 
kyphosis,  type 2  fractures are 
kyphotic with translation, 
 type 3  fractures involve frac-
tures with dislocations,  type 4  
fractures involve severe com-
minution (Mehta et al.  [  3  ] . 
© 2006 AAOS)       
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    29.5   Treatment Options 

 Initial evaluation of a patient with a traumatic 
sacral fracture should follow an appropriate ATLS 
workup and consideration of other injuries as the 
mechanism of injury is frequently high energy. 
Mehta et al  [  3  ] . recommended that sacral fractures 
should be classi fi ed into one of four basic clinical 
scenarios upon presentation: (1) fractures with 
associated pelvic ring injuries, (2) fractures with 
associated lumbosacral facet injury, (3) fractures 
with associated lumbosacral dislocation, and (4) 
fractures with neurologic injury and persistent 
cauda equina or spinal cord compression. 
Indications for nonoperative treatment are poorly 
delineated in the literature. In general, authors 
advocate operative management for fractures with 
signi fi cant soft tissue compromise, incomplete 
neurologic de fi cits with evidence of compression, 
and signi fi cant lumbosacral ligament disruption 
causing signi fi cant pelvic ring instability  [  6  ] . 

 In the case of sacral fractures with associated 
pelvic ring injuries, initial assessment centers on 
evaluation of whether the pelvic ring is stable or 
unstable and the overall constellation of injuries 
with which the patient presents. When the pelvis is 
signi fi cantly unstable, temporary stability may be 
achieved with use of a pelvic binder or wrapping a 
sheet about the pelvis. If these techniques are inad-
equate, external  fi xation or pelvic clamp place-
ment are appropriate temporizing operative 
options. If hemodynamic instability without other 
obvious cause persists, acute angiographic embo-
lization of bleeding vessels should follow promptly 
thereafter to minimize blood loss. Some authors 
also advocate open packing of the retroperitoneal 
space to control bleeding. Evaluation of pelvic 
ring injuries as well as surgical techniques for 
anterior stabilization is beyond the scope of this 
chapter and discussed elsewhere; however, it 
should be noted that the anterior component of 
pelvic ring injuries should be treated before 
addressing the posterior pelvic ring and associated 
sacral fracture as this confers improved posterior 
stability, particularly when the patient is prone  [  3, 
  6  ] . Although multiple techniques for posterior sta-
bilization of sacral fractures have been described, 
sacroiliac screws are most  commonly performed 
as both vertical sacral fractures and sacroiliac joint 

disruptions are amenable to this technique and it 
can be safely performed percutaneously  [  7  ] . 
Horizontal or more complex fracture types are not 
amenable to this technique and require a more 
complex construct such as iliolumbar  fi xation. 

 In the case of sacral fractures with neurologic 
injury or persistent compression, debate exists as 
to the overall bene fi t of decompression as neuro-
logic improvement rates of up to 80 % have been 
reported with both operative and nonoperative 
management. This confusion is largely due to the 
poor quality of the literature in this area. 
Incomplete neurologic injury or intact neurologic 
function more frequently necessitates operative 
management than those with complete neuro-
logic injury. Decompression of sacral roots is 
generally performed in conjunction with fracture 
stabilization as decompression alone frequently 
worsens instability  [  6  ] . Although the role of 
decompressive surgery is debated, it is indicated 
when neurologic de fi cits are noted with objective 
evidence of neural compression  [  3  ] . Additionally, 
decompression should ideally be performed at 
the time of stabilization as late decompression is 
more dif fi cult due to epineural  fi brosis and 
increased scarring in the central canal  [  8  ] . 
Although timing of decompression and stabiliza-
tion is frequently dictated by the severity of asso-
ciated injuries, prompt surgical treatment allows 
for early mobilization and has been linked to 
improved outcomes. Routt reported that in Denis 
zone I–II fractures, surgical delays >5 days post 
injury were associated with less accurate closed 
reduction  [  7  ] . Additionally, Denis  [  4  ]  reported 
worse outcomes in patients with neurologic 
injury treated >2 weeks post injury. 

 Sacral fractures associated with lumbosacral 
junction injuries frequently require operative 
treatment. Signs of instability such as rotational 
malalignment, anterolisthesis at the lumbosacral 
junction, or facet dislocation are typically treated 
with surgical stabilization. Multiple methods have 
been described for stabilization of these injuries, 
but iliolumbar  fi xation with lower lumbar pedicle 
screw and iliac screw  fi xation is biomechanically 
most stable  [  9  ] . Additionally, the surgical expo-
sure allows easy access for  neurologic decom-
pression if indicated. Frank lumbosacral 
dislocation with bilaterally dislocated L5–S1 
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 facets is a rare but severe injury and can occur in 
conjunction with multiple sacral fracture patterns. 
U-shaped sacral fractures are a similar injury but 
represent a dislocation of the sacrum from the pel-
vis. Although the necessity of surgery in these 
fracture patterns is clear, multiple treatments have 
been proposed for this rare injury.  

    29.6   Summary 

 Traumatic sacral fractures can present as a solitary 
injury, but are frequently observed in association 
with a pelvic ring injury or lumbosacral facet 
injury in a multiply injured patient. Plain  fi lms are 
inadequate to assess most sacral fractures, and 
concern for this injury should prompt advanced 
imaging (CT or MRI). Neurologic injury com-
monly occurs, particularly with more medial frac-
tures (Denis zone II and III). When clinically 
feasible, early surgical decompression and fracture 
stabilization is appropriate for patients who have 
objective evidence of neural compression and a 
neurologic de fi cit as epinural  fi brosis may dimin-
ish the bene fi t of late decompression. Multiple 
forms of skeletal  fi xation exist. Sacroiliac screws 
are appropriate for most vertical sacral fractures 
without signi fi cant comminution. For comminuted 
sacral fractures or lumbosacral facet injuries/dislo-
cations, lumbopelvic  fi xation affords the greatest 
biomechanical stability, and the surgical exposure 
allows for direct neurologic decompression.  

    29.7   Pelvis and Pelvic Ring 

 Injuries to the pelvic ring typically result from 
high-energy trauma and are associated with 
bony and soft tissue injuries of the pelvis. These 
injuries may be associated with visceral and 
urogenital trauma, as these structures are all 
located within the pelvis. Neurovascular injuries 
to the lower extremities can also occur with pel-
vic ring disruptions. The incidence of neuro-
logic injury following pelvic ring injury is 
approximately 21 %, seen primarily in unstable 
injuries. The overall mortality rate associated 
with unstable pelvic ring injury ranges between 
8 and 11 %  [  10–  13  ] . 

 The initial management of patients with acute 
pelvic ring disruption revolves around stabiliza-
tion of the pelvic ring. Patients that survive the 
initial trauma may have morbidity associated with 
neurovascular injuries, intra-abdominal trauma, 
or urogenital trauma. Pelvic ring deformity may 
be a cause of chronic pain. The treatment goal 
with high-energy pelvic ring disruptions is to treat 
life-threatening injuries and stabilize the pelvis in 
an anatomic position to avoid complications asso-
ciated with pelvic malalignment or nonunion.  

    29.8   Anatomy of the Pelvis 

 The bony pelvis consists of two innominate bones 
and the sacrum (Fig.  29.5 ). Each innominate bone 
consists of three fused bones; the pubic, ilium, 
and ischium. The ilium comprises the superior 
portion of the innominate, with the ischium mak-
ing up the inferior portion. The pubis extends 
medially from each acetabulum, creating the 
anterior aspect of the pelvis.  

 The integrity of the pelvic ring depends upon 
the surrounding soft tissues, as the bones offer 
only minor intrinsic stability. The ligaments of 
the pelvis provide stability of the ring and include 
the anterior and posterior sacroiliac ligamentous 
complexes and the ligaments of the pelvic  fl oor 
(sacrospinous and sacrotuberous ligaments). The 
pubic symphysis is the  fi brocartilaginous joint in 
the anterior portion of the pelvis, joining the two 
pubic bones of either hemipelvis. This joint is 
supported by the pubic ligaments. 

 The anterior and posterior sacroiliac ligaments 
play a major role in pelvic stability. The posterior 
sacroiliac ligaments exert a tension-band effect 
on the pelvic ring. The iliolumbar ligaments attach 
the transverse processes of the  fi fth lumbar body 
to the iliac crests, enhancing the tension-band effect. 
The posterior sacroiliac ligaments are among the 
strongest ligamentous structures in the human body. 

 The sacrospinous and sacrotuberous ligaments 
(located in the pelvic  fl oor) also provide stability. 
The sacrospinous ligament originates from the 
lateral aspect of the sacrum and attaches to the 
ischial spine. This ligament acts to resist external 
rotation of the hemipelvis. The sacrotuberous 
ligament extends from the posterior sacroiliac 
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ligaments and inserts onto the ischial tuberosity, 
acting to counteract shearing forces in the verti-
cal direction as well as resist external rotation   . 

 It is important to note that major blood vessels 
and neural structures are located within the pel-
vis. The iliac, obturator, and femoral arteries all 
lie within close proximity to the bony pelvis. The 
lumbosacral plexus also lies along the sacrum. 
The femoral, sciatic, and obturator nerves are all 
at risk for injury following pelvic ring disruption. 
Additionally, the bladder and urethra also reside 
near the anterior aspect of the pelvic ring. Long-
term sequelae of pelvic ring injuries include par-
esthesias, muscle weakness, and sexual 
dysfunction resulting from injury to nearby ana-
tomic structures.  

    29.9   Radiographic Evaluation 

 The standard anteroposterior (AP) (Fig.  29.6 ) 
radiograph of the pelvis provides limited infor-
mation regarding the integrity of the pelvic ring. 
With the patient supine, the plane of the pelvic 
brim is oblique to the x-ray beam while obtaining 
the AP pelvic radiography. Other projections are 
required to ascertain anterior and posterior dis-
placement of the pelvic ring as well as caudad or 
cephalad displacement of the hemipelvis. These 
projections were developed and described by 
Pennal and Sutherland in 1961  [  14  ] .  

 The inlet view (Fig.  29.7 ) of the pelvis is 
obtained with the patient supine. The x-ray beam 

is directed approximately 40°caudad. The inlet 
view better shows anterior or posterior displace-
ment of the pelvic ring. The inlet view also 
reveals rotation of the anterior aspect of the 
 pelvis  [  14  ] .  

 The outlet view (Fig.  29.8 ) is obtained with the 
x-ray beamed directed approximately 40° cephalad. 
This view demonstrates vertical displacement of 
either hemipelvis. In addition, the sacral foramina 
are best evaluated on the outlet view.  

 Computed tomography (CT) (Fig.  29.9 ) pro-
vides additional information regarding injury to 

  Fig. 29.5    AP radiography of normal pelvis       

  Fig. 29.6    AP pelvis with intact symphysis, with healing 
right iliac wing fracture       

  Fig. 29.7    Inlet view, demonstrating healing right iliac 
wing fracture       
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the pelvic ring. CT is especially useful to  evaluate 
injury to the posterior pelvic ring, as it readily 
demonstrates sacral fractures and sacroiliac joint 
widening are damaged. This renders the pelvis 
completely unstable.   

    29.10   Description and Classi fi cation 
of Pelvic Ring Injury 

 It is essential to realize that the pelvis is a ring. If 
the ring is disrupted in one area, it must be dis-
rupted in another region. Simply stated, when an 

anterior lesion is noted to disrupt the pelvic ring, 
a posterior lesion must also exist. 

 Anterior disruptions include symphyseal dia-
stasis, pubic rami fractures, or both rami fractures 
and symphyseal disruptions. 

 Posterior injuries include fractures, either 
through the ilium or sacrum. Posterior disrup-
tions also include sacroiliac joint dislocations 
(pure) or fracture dislocations. 

 Pelvic fractures may be associated with total 
stability, partial stability, or complete instability 
of the ring. Stability is de fi ned as “the ability of 
the pelvis to withstand physiologic force without 
deformation”  [  15  ]  and depends upon the integrity 
of the posterior aspect of the ring. Stability relies 
on the strong ligamentous structures of the poste-
rior pelvis, including the anterior and posterior 
sacroiliac, sacrotuberous, and sacrospinous liga-
ments. These key structures prevent displacement 
of the pelvic ring with normal weight-bearing 
forces. Tile described a classi fi cation system 
based on stability of the pelvic ring  [  16  ] . Type A 
fractures are stable and minimally displaced. 
Type B fractures show partial stability of the ring, 
with partial disruption of the posterior pelvic 
ring. Posterior or vertical displacement does not 
occur in these types of injuries. Type C injuries 
are completely unstable and result from high- 
energy mechanisms. Type A and B injuries com-
prise 70–80 % of all pelvic injuries  [  15  ] . 

 Young and Burgess described a classi fi cation 
of pelvic fractures based on the mechanism of 
injury in 1990  [  10  ] , which is the most frequently 
used classi fi cation system. The system takes 
into account the direction of deforming force as 
well as the amount of bony displacement. This 
classi fi cation system has traditionally been used 
to predict mortality, transfusion requirements, 
and associated injuries in patients with pelvic 
ring disruption. The classi fi cation according to 
direction of the force causing the ring disruption 
falls into one of three categories: anteroposte-
rior compression, lateral compression, and ver-
tical shear. 

 Anteroposterior compression (APC) injuries 
result from a force applied against the front or 
back of the pelvis (Fig.  29.10 ). These injuries are 
de fi ned by pubic symphyseal diastasis and 

  Fig. 29.8    Outlet view, again demonstrating right iliac 
wing fracture       

  Fig. 29.9    CT scan demonstrating left sacroiliac joint 
widening       
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 sacroiliac joint widening  [  10  ] . The pelvis under-
goes progressively increased amounts of external 
rotation with higher degrees of injury. Initially, 
the pubic symphysis is disrupted. Symphyseal 
disruption is followed by injury to the anterior 
sacroiliac ligaments. If the energy continues to 
produce further external rotation, the pelvic  fl oor 
ligaments are thought to rupture next. The poste-
rior sacroiliac ligaments are the last stabilizing 
structure to fail. Once the posterior sacroiliac 
ligaments fail, the pelvis is rendered completely 
rotational unstable. The external rotation defor-
mity leads to tensile forces, which act to stretch 
or tear neurovascular structures within the pelvis. 
The AP radiograph reveals symphyseal diastasis 
or a vertical rami fracture, which is associated 
with sacroiliac joint widening. The anteroposte-
rior injuries are subdivided into three groups: 
APC I– III    injuries.  

 APC I injuries describe slight symphyseal 
widening (traditionally thought to be <2.5 cm). 
The anterior sacroiliac, posterior sacroiliac, sac-
rotuberous, and sacrospinous ligaments are 
intact, resulting in a stable injury. APC II inju-
ries are associated with anterior sacroiliac joint 
 widening. Anatomically, the anterior sacroiliac 
ligaments and the pelvic  fl oor ligaments (sacro-
tuberous and sacrospinous) have been disrupted. 
The posterior sacroiliac ligaments remain intact. 
These injuries are described as “open book” in 
nature, due to the external rotation noted on 

x-ray. The intact posterior sacroiliac ligaments 
act as a hinge, allowing the anterior pelvis to 
“book open.” 

 APC III injuries are the most severe variety of 
anteroposterior compression. These injuries 
result from high-energy mechanisms, such as 
crush injuries. The hemipelvis is completely sep-
arated from pelvic ring. The posterior sacroiliac 
ligaments have failed, along with the anterior 
sacroiliac, sacrotuberous, and sacrospinous liga-
ments. This severe injury is associated with major 
vascular, neurological, or visceral pathology. 
APC injuries are associated with higher risk of 
bleeding, as the vasculature is subjected to tensile 
forces that may tear the large vessels. 

 Lateral compression (LC) ring injuries result 
from a laterally directed force (Fig.  29.11 ). These 
injuries are associated with “T-bone”-type motor 
vehicle mechanisms. The laterally directed force 
imparts an internal rotation injury to the affected 
hemipelvis. The internal rotation deformity leads 
to shortening of ligamentous and neurovascular 
structures. Unlike APC injuries, the pelvic ring 
acts to produce a “tamponade” phenomenon. The 
lateral compression fractures also further 
classi fi ed into three subdivisions: LCI–LCIII. 
LCI ring injuries reveal fractures of the pubic 
rami with an associated sacral compression frac-
ture. The sacral compression fracture occurs on 

  Fig. 29.10    AP pelvis from trauma bay demonstrating 
symphyseal diastasis, consistent with APC type of injury         Fig. 29.11    LC-1 injury, with fractures of the left supe-

rior and inferior pubic rami. Also noted to have impacted 
fracture of the left sacral ala, which is dif fi cult to 
appreciate       
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the same side as the impaction force. The sacral 
fracture may not be obvious on the AP views, but 
is better visualized on the inlet and outlet projec-
tions. CT allows for improved visualization of 
sacral involvement.  

 LCII injuries involve rami fractures as well as 
an iliac wing (crescent) fracture. The iliac cres-
cent fracture fragment consists of a piece of the 
posterior ilium, which is attached to the sacrum 
by the intact posterior sacroiliac ligaments. The 
injury involves medial rotation of the iliac wing 
near the anterior aspect of the affected sacroiliac 
joint  [  10  ] . 

 LCIII pelvic ring disruptions are associated 
with a more severe energy imparted to the pelvis 
via a lateral blow. The greater amount of energy 
results in external rotation of the contralateral 
pelvis. These injuries are associated with roll-
over mechanisms, occurring after a struck 
 pedestrian is subsequently rolled over by a motor 
vehicle  [  10  ] . The impacted hemipelvis is inter-
nally rotated, while the contralateral hemipelvis 
is externally rotated (windswept deformity). 

 Finally, vertical shear injuries are associated 
with cephalad displacement of one or both 
hemipelvis (Fig.  29.12 ). Vertical shear injuries 
result from high-energy axial loads to the 
hemipelvis. Patients may have a history of a fall 
from a height or ejection from a motorcycle. The 
vertical displacement may be evident on the 
 initial AP view, but is best seen on the outlet view 
(Fig.  29.13 ).    

    29.11   Clinical Evaluation 

 The evaluation of any patient with a suspected 
pelvic ring injury begins with a thorough history 
and physical examination. The patient most often 
reports a high-energy mechanism of injury, such 
as motor vehicle collision, crush injury, or fall 
from a height. Occasionally, elderly patients may 
suffer a pelvic ring injury resulting from a fall 
from standing. Injuries to the pelvic ring result-
ing from low-energy trauma are vastly different 
than high-energy injuries. Based on the Young-
Burgess classi fi cation, the mechanism of injury 
allows prediction of the fracture pattern. Crush 

injuries are associated with APC-type injuries. 
Falls from a height may result in vertical shear 
disruptions. Patients involved in a “T-bone” colli-
sion will present with lateral compression inju-
ries. The history alerts the clinician to be 
suspicious for vascular disruption and other asso-
ciated injuries. 

  Fig. 29.12    AP pelvis demonstrating pubic symphyseal 
disruption and superior translation of the left hemipelvis       

  Fig. 29.13    Outlet view of previous patient, demonstrat-
ing vertical translation of the left hemipelvis       
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 Physical examination may reveal pelvic mal-
rotation. This may be appreciated by palpation of 
the anterior iliac spines and iliac crests. 
Additionally, the patient may present with a 
shortened extremity. If there is no obvious frac-
ture of the lower extremity, pelvic ring disruption 
must be suspected. Finally, compression of the 
iliac crests may elucidate gross instability and 
motion of the pelvic ring. 

 Clinical evaluation of any patient with a pelvic 
ring injury must follow standard ATLS protocol, 
beginning with stabilization of airway and breath-
ing. Fluid resuscitation requires the placement of 
two large-bore intravenous catheters to allow 
administration of 2 L crystalloid solution. This is 
followed by administration of blood products if 
the patient does not respond to crystalloid resus-
citation. It is essential to closely monitor the 
patient’s hemodynamic status, utilizing a urinary 
catheter and arterial line. The patient should be 
examined for associated urogenital trauma prior 
to insertion of urinary catheter. 4 % of patients 
with a pelvic fracture sustain a bladder injury, 
while 2 % of pelvic ring injuries are associated 
with a urethral injury  [  17  ] . Blood at the urethral 
meatus, scrotal hematoma, hematuria, and a high-
riding prostate detected upon rectal examination 
are clinical signs of urogenital trauma. Any resis-
tance with attempted urinary catheterization is 
also indicative of urogenital injury and needs fur-
ther evaluation. Retrograde urethrogram is indi-
cated with any suspicion of urogenital injury. 

 Open pelvic fractures are associated with lac-
erations of the perineal region. Open pelvic frac-
tures may be associated with injury to the vagina, 
urethra, anus, or rectum. These are highly con-
taminated injuries and require urgent surgical 
debridement, as these injuries may result in sep-
sis and multiorgan failure. A multidisciplinary 
approach is paramount, as diverting colostomy is 
indicated when there is bowel injury to prevent 
development of sepsis  [  17  ] . 

 Bleeding associated with pelvic ring injuries 
is usually venous in nature and will respond to 
limiting pelvic volume via binding. Life-
threatening bleeding is most often attributable to 
injury to branches of the internal iliac artery, most 
often the internal pudendal artery. Patients with 

pelvic ring injuries often have associated injuries 
to other body systems. Therefore, the source of 
bleeding must be identi fi ed emergently in order 
to stabilize the patient. Pelvic binding using a 
sheet is an inexpensive, noninvasive, and expedi-
ent method to reduce pelvic volume, thereby con-
trolling pelvic bleeding. Appropriate sheet 
placement is essential to provide effective control 
of bleeding. The sheet should be placed inferior 
to the anterior superior iliac spines and centered 
over the bilateral greater trochanters  [  17  ] . 
Angiography with embolization is indicated in 
patients who do not respond to pelvic binding in 
the face of adequate  fl uid resuscitation. Pelvic 
sources of bleeding are initially diagnosed on 
pelvic CT images, showing contrast extravasa-
tion. Angiography requires patient transport to 
the angiography suite, which can be hazardous 
for an unstable patient. The patient must be 
closely monitored while in the angiography suite, 
as rapid resuscitation may become necessary 
should the patient become hemodynamically 
unstable. Complications associated with angio-
graphic embolization of intrapelvic sources of 
bleeding include gluteal muscle necrosis, which 
adversely affect surgical treatment of pelvic frac-
tures. The risks and bene fi ts of angiographic 
embolization must be carefully weighed and tai-
lored to each individual clinical scenario. Thus 
some authors advocate retroperitoneal packing 
instead of embolization as a  fi rst treatment after 
pelvic binding.  

    29.12   Treatment of Pelvic 
Ring Injuries 

 The treatment of pelvic ring injuries depends 
upon the severity of the injury. Stable injuries 
have a minimal risk of displacement and respond 
to nonoperative treatment. The patient may bear 
weight as tolerated immediately after the injury. 
LCI and APC I injuries are examples of stable 
injuries, which are amenable to early weight 
bearing and mobilization. The type of treatment 
depends upon the type of injury (stable versus 
unstable). Unstable pelvic fractures require sur-
gical intervention to achieve stability of the ring. 
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APC-type injuries require open reduction inter-
nal  fi xation of the pubic diastasis (traditionally 
greater than 25 cm) through anterior symphyseal 
plating. An alternative treatment for APC-type 
injuries involves placement of an anterior pelvic 
external  fi xator. 

 Unstable posterior ring injuries also require 
some operative treatment. Injuries to the sacroiliac 
joint or fractures of the sacrum are often amenable 
to closed reduction and percutaneous treatment 
using an iliosacral screw. For more severely dis-
placed injuries to the sacroiliac joint, treatment 
options include open reduction internal  fi xation or 
sacral bars. Finally, more severe injuries require 
anterior and posterior  fi xation for stability. Early 
care allows improved patient mobilization as well 
as early control of pelvic bleeding. Fixation of the 
ring provides stability to the injury, which affords 
better patient comfort and pulmonary function 
through improved patient mobilization.  

    29.13   Complications Associated 
with Pelvic Ring Injuries 

 Acute complications include hemorrhage and 
nerve injury. These typically present at the time 
of injury. Later complications include pain, which 
may be secondary to pelvic deformity resulting 
from the fracture. It is essential to recognize that 
patients with pelvic ring injuries are most often 
poly-trauma patients. Mortality in the acute phase 
of these injuries often results from hemorrhage, 
head injury, or multisystem organ failure. 

 In summary, patients with pelvic ring injuries 
have an overall mortality rate of approximately 
10 %. These injuries are often associated with 
other systemic and bony injuries. Patients with 
unstable pelvic ring injuries require early surgi-
cal  fi xation to provide stability of the pelvic ring 
and to avoid long-term complications associated 
with pelvic ring malunion.      
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    30.1   Epidemiology  

 The annual incidence of traumatic spinal cord 
injury (SCI) varies depending on the region con-
sidered, with international estimates ranging 
from 10 to 85 per million population  [  1–  5  ] . In the 
United States, SCI is diagnosed in approximately 
1 in 40 patients presenting to a major trauma cen-
ter, with up to 15% of patients dying prior to 
arrival at hospital  [  4–  6  ] . At present there are over 
1 million people living with SCI in the United 
States, with a documented prevalence in the 
developed world ranging from 681 to 750 per 
million  [  7–  10  ] . 

 In the majority of published epidemiological 
studies, the age distribution of SCI appears bimodal 
with the  fi rst peak occurring in adolescence/young 
adulthood between the ages of 15 and 30 (related 

to an increase in injuries secondary to violence, 
sports accidents, and motor vehicle accidents) and 
the second peak occurring in those greater than 
70 years old (related to an increase in fall-related 
SCI in the elderly)  [  11,   12  ] . Approximately 
60–75 % of all injuries are cervical in location, 
whereas thoracic and lumbosacral injuries are sub-
stantially less common, accounting for 15 and 
10 % of all injuries, respectively  [  7,   13  ] . As regards 
etiology, motor vehicle accidents and falls are gen-
erally the most common causes of injury; however, 
the lack of consistency in the classi fi cation of eti-
ology across the literature precludes a more in-
depth analysis on this topic  [  14,   15  ] .  

    30.2   Pathophysiology 

 The  fi nal degree of neurological tissue destruc-
tion that occurs after traumatic SCI is a product 
of an orderly sequence of pathological processes 
 [  16,   17  ] . Initiating this sequence is the primary 
injury sustained during the initial traumatic event. 
At a macroscopic level, this injury component 
often results from a compressive force applied to 
the spinal cord arising from (1) bone, disc, or 
ligamentous material extruded into the spinal 
canal; (2) extradural hematoma formation; or (3) 
dynamic instability of the spinal column  [  18,   19  ] . 
In light of the limited elasticity of the spinal cord, 
primary injury can also result from applied dis-
tractive forces, often associated with vascular 
shearing, petechial hemorrhage, and axonal dis-
ruption  [  20  ] . Within seconds of their occurrence, 
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these primary injury mechanisms initiate a 
 cascade of deleterious pathobiological processes, 
collectively referred to as secondary injury mech-
anisms. Initial vascular disruption and petechial 
hemorrhage formation are followed in close tem-
poral sequence by the appearance of edema, an 
increase in intramedullary interstitial pressure, 
and release of vasoactive proteins, which leads to 
vasospasm of spinal cord microvasculature and 
reduced tissue perfusion  [  21–  24  ] . The resulting 
ischemic changes incite a combination of pro-
cesses that exacerbate the degree of tissue 
destruction and include interstitial and cellular 
ionic imbalance, free radical formation, glu-
taminergic excitotoxicity, lipid peroxidation, and 
generation of arachidonic acid metabolites 
 [  25–  27  ] . The end result is the incremental expan-
sion of the primary traumatic lesion in a rostral 
and caudal direction, beginning immediately 
after the original event and culminating several 
weeks later  [  19  ] . Although little can be done from 
a therapeutic standpoint to correct damage sus-
tained during the primary injury, by mitigating 
the evolution of secondary injury events, there is 
opportunity to preserve remnant viable neuro-
logical tissue and hence optimize outcomes.  

    30.3   Prehospital Period 

 Concerning the prehospital care of an individual 
with a suspected SCI, three overriding principles 
apply. First, all spinal cord injured patients should 
be transferred expeditiously to a regional health-
care center equipped with the resources and 
expertise to offer de fi nitive medical and surgical 
care  [  28,   29  ] . Several quasi-experimental studies 
from both Canada and Europe have demonstrated 
the potential impact of prompt transport of patients 
to a specialty center on improving clinical out-
comes. Tator et al. compared two time periods of 
SCI care within the Canadian province of Ontario, 
before and after the creation of a dedicated SCI 
unit and the development of improved medical 
transport systems  [  30  ] . These changes translated 
into fewer deaths, reduced complication rates, 
and shorter hospital stays for patients treated in 
the more modern era  [  31  ] . The decision of trans-
port modality (ground ambulance vs. helicopter 

vs.  fi xed wing aircraft) should re fl ect a balance 
between geographical considerations and the 
patient’s clinical status, with the overall aim of 
delivering the injured patient at the specialty cen-
ter as rapidly as possible. Second, for all patients 
where spinal injury is a possibility, transfer should 
proceed to de fi nitive care with complete immobi-
lization of the craniospinal axis  [  32  ] . This is 
accomplished through placement of a rigid cervi-
cal collar while maintaining in-line stabilization 
of the neck and by transferring a patient, through 
use of a log-roll maneuver, to a rigid spinal board. 
Third, given the high incidence of pulmonary and 
hemodynamic complications among patients with 
acute SCI, patients’ cardiorespiratory status must 
be continuously monitored throughout the trans-
port process. Furthermore, the transporting team 
should be equipped with the resources and exper-
tise necessary to provide advanced airway, respi-
ratory, or cardiovascular support at any point 
through the transfer process, should a deteriora-
tion in clinical status occur  [  33  ] .  

    30.4   Neurological Evaluation 

 At hospital arrival, determination of injury sever-
ity by performing a neurological assessment is 
important for purposes of communicating progno-
sis to the patient and their family, establishing a 
frame of reference to which future neurological 
exams can be compared and for formulating a 
de fi nitive management strategy  [  34  ] . At present, 
all examinations should proceed according to the 
fourth edition of the International Standards for 
Neurological Classi fi cation of Spinal Cord Injury 
proposed by the American Spinal Injury 
Association(ASIA)  [  35  ] . Using these criteria, three 
separate indices are recorded. ASIA motor score 
(AMS) records muscle power in 10 myotomes 
bilaterally (each with a maximum power of 5) 
resulting in a cumulative score with a minimum 
value of 0 and a maximum value of 100. For ASIA 
sensory score (ASS), pinprick and light touch sen-
sation are assessed in 28 dermatomes bilaterally 
(C2–S5), with each dermatome receiving a score 
of 0, 1, or 2 depending on whether the sensation is 
absent, abnormal, or normal, respectively. This 
results in cumulative scores for both pinprick and 
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light touch with minimum values of 0 and maxi-
mum values of 112. Finally ASIA Impairment 
Severity grade is determined according to the cri-
teria outlined in Table  30.1 . According to these 
criteria, a patient with a complete injury has no 
sensory or motor function in the distal most sacral 
segment, whereas a patient with an incomplete 
injury does have evidence of sensory or motor 
preservation within this segment (“sacral spar-
ing”). Also important to delineate is the neurologi-
cal level of injury, which is de fi ned as the most 
caudal segment of the spinal cord with normal sen-
sory and motor function on both sides of the body. 
Finally, the zone of partial preservation applies 
only to complete or AIS grade A injuries and refers 
to those myotomes and dermatomes caudal to the 
neurological level of injury that remain partially 
innervated. The presence of a zone of partial pres-
ervation has shown to be a positive predictor of 
neurological recovery among patients with com-
plete lesions  [  36–  39  ] .  

 Although there is individual variation depend-
ing on the series examined, AIS grade A injuries 
are generally the most common followed by AIS 
grade D injuries  [  13  ] . Among incomplete inju-
ries, central cord syndrome (CCS) is the most 
commonly observed. CCS is frequently seen 
among elderly patients with preexistent cervical 
spondylosis and spinal canal stenosis who 
undergo a cervical hyperextension injury, typi-
cally due to a fall  [  40  ] . Patients with CCS 

 classically present with motor de fi cits greater in 
the upper extremities than the lower extremities 
and greater in the proximal muscle groups than 
distal. Also, they can have a variable pattern of 
sensory disturbance below the level of the lesion 
and, less frequently, sphincter dysfunction. This 
pattern of neurological de fi cit is directly related 
to the somatotopic organization of motor  fi bers in 
the cervical spinal cord, with  fi bers serving the 
upper extremities located more medially than 
 fi bers serving the lower extremities. Given that 
the center of the spinal cord has a watershed vas-
cular supply, the upper extremity motor  fi bers are 
the most susceptible to hypoperfusion in the set-
ting of cord swelling after SCI. 

 Anterior cord syndrome presents with bilat-
eral paresis and loss of temperature/pain sensa-
tion, with preservation of light touch sensation. 
Brown-Sequard (hemicord) syndrome presents 
with unilateral motor and light touch sensory 
loss and contralateral loss of pain and tempera-
ture sensation below the lesion. These are less 
frequently encountered incomplete SCI syn-
dromes  [  41  ] .  

    30.5   Radiographic Evaluation 

 Characterization of speci fi c anatomical injury 
characteristics obtained through diagnostic imag-
ing allows for the enactment of a patient speci fi c 
treatment plan. Initial screening investigations 
for trauma patients suspected of harboring a spi-
nal injury may include spinal X-rays and or CT 
scan  [  42,   43  ] . At present, however, in light of the 
 fi nding that X-rays alone may miss up to two-
thirds of cervical fractures, CT is currently the 
preferred modality for diagnosing spinal frac-
tures  [  44,   45  ] . Moreover, the three-dimensional 
CT reconstructions provide an accurate represen-
tation of the bony anatomy helpful for purposes 
of surgical planning. While X-ray and CT are 
best suited to diagnose spinal fractures and dislo-
cations, they are less effective at identifying inju-
ries to the neural elements or to soft tissues such 
as the posterior ligamentous complex and the 
disco-ligamentous complex. For these purposes, 
spinal MRI is the preferred diagnostic imaging 
modality. 

   Table 30.1    ASIA Impairment Severity (AIS) grade 
classi fi cation   

 AIS grade A  No motor or sensory function is 
preserved in the sacral segments 

 AIS grade B  Sensory but no motor function is 
preserved below the neurological 
level and includes the sacral 
segments 

 AIS grade C  Motor function is preserved below 
the neurological level, and more 
than half of key muscles below this 
level have a muscle grade less than 
3 

 AIS grade D  Motor function is preserved below 
the neurological level, and more 
than half of key muscles below this 
level have a muscle grade of 3 or 
more 

 AIS grade E  No neurological de fi cit 
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 Speci fi c MRI  fi ndings have shown importance 
in aiding in treatment decision making in SCI. 
Because the need for urgent decompressive sur-
gery is dependent upon the presence or absence 
of spinal cord compression, having access to an 
objective standardized method for diagnosing 
compression is imperative. The Fehlings group 
has provided a method to determine maximal spi-
nal cord compression by comparing the 
anteroposterior(AP) cord diameter at the level of 
injury with the AP cord diameter at the nearest 
normal levels above and below, using the midsag-
ittal T2-weighted MRI  [  46  ] . The advantage to 
this method, in contrast to other measures such 
as cord area, circumference, and circularity, is 
that it can be rapidly applied by any clinician 
with minimal training required. In a similar 
 fashion, maximal spinal canal compromise is 
 calculated by comparing the AP canal diameter 
at the level of injury with the AP canal diameter 
at nearest normal levels above and below, using 
the midsagittal T1-weigthed MRI. Spinal canal 
compromise on CT was found to be a poor sur-
rogate for detecting spinal cord compression, 
shown by the fact that many of the patients with 
less than 25 % canal compromise on CT demon-
strated evidence of spinal cord compression on 
T2-weighted MRI. This  fi nding highlights the 
utility of MRI as an aid in surgical decision mak-
ing in the post-SCI setting. In follow-up studies 
assessing the psychometric properties of these 
measurements, reliability and responsiveness 
were found to be consistently strong  [  47,   48  ] . 

 A variety of MRI parameters have also proven 
useful as markers of long-term neurological prog-
nosis. Consistently MRI signal change compati-
ble with intramedullary hemorrhage, as well as 
spinal cord swelling, has been associated with a 
more severe pattern of neurological de fi cit at pre-
sentation in addition to a diminished potential for 
recovery at long-term follow-up  [  49–  52  ] . The 
degree of spinal cord compression has also shown 
to be an important predictor of future neurologi-
cal status, with more compression portending a 
worse outcome  [  53  ] . In contrast, signal change 
consistent with intramedullary edema, in the 
absence of the previously mentioned characteris-
tics, has been associated with a favorable progno-
sis for recovery at follow-up  [  54  ] . The ability to 

prognosticate outcome based on initial imaging 
characteristics facilitates rehabilitation planning 
and aids in communication with patients and their 
families (Table  30.2 ).   

    30.6   Medical Management 

    30.6.1   Intensive Care Unit Admission 

 At present, the medical management of SCI is 
centered around the treatment of cardiovascular 
and respiratory dysfunction. The preeminent goal 
of these supportive measures is to ensure ade-
quate perfusion to and oxygenation of the injured 
spinal cord, by avoiding systemic hypoxia and 
hypotension. The  fi rst 2 weeks are particularly 
precarious for patients with SCI as it is during 
this period that they are most prone to the devel-
opment of acute complications such as hypoten-
sion, cardiac dysrhythmias, hypoxemia, and 
pulmonary dysfunction  [  55  ] . Not unsurprisingly, 
patients with cervical injuries, as well as those 
with more severe injuries (AIS grade A), are the 
most susceptible to experiencing these complica-
tions. In a study of 50 patients with acute SCI, 
those with motor complete injuries were 5.5 
times more likely to develop hypotension refrac-
tory to volume expansion, as compared to those 
with incomplete lesions  [  56  ] . In a larger European 

   Table 30.2    Primary and secondary injury mechanisms 
after traumatic SCI   

 Primary injury 
mechanisms 

 Secondary injury 
mechanisms 

 Initial force applied to 
spinal cord 

 Edema 

 Spinal cord contusion/
laceration 

 Increased interstitial 
pressures 

 Petechial hemorrhage 
formation 

 Release of vasoactive 
proteins 

 Axonal shearing  Vasoconstriction and 
vascular thrombosis 

 Vascular disruption  Ischemia 
 Cellular ionic imbalance 
 Free radical formation 
 Cellular membrane lipid 
peroxidation 
 Excitotoxic glutamine 
release 
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series, 70 % of patients with complete SCI expe-
rienced respiratory insuf fi ciency during the acute 
hospital stay, compared to just 27 % among 
patients with incomplete SCI  [  29  ] . For these rea-
sons, SCI patients, particularly those with severe 
cervical lesions, should be monitored in an inten-
sive care unit (ICU) setting for the  fi rst 7–14 days 
after injury  [  57  ] . The continuous physiological 
monitoring and aggressive medical management 
performed in the ICU setting have been associ-
ated in many studies with lower rates of morbid-
ity and mortality and improved rates of 
neurological recovery at long-term follow-up 
 [  56,   58,   59  ]  (Table  30.3 ).   

    30.6.2   Blood Pressure Management 

 The deleterious effects of hypotension after any 
traumatic injury to the central nervous system 
are now well established. A large body of pre-
clinical literature offers compelling biological 
rationale to justify the optimization of spinal 
cord perfusion by avoiding hypotension in the 

acute post-SCI setting  [  24  ] . A variety of factors 
predispose SCI patients to the development of 
hypotension, with the major causes including 
interruption of sympathetic output leading to the 
loss of vascular tone and bradycardia (neuro-
genic shock), hypovolemia due to blood loss 
from associated traumatic injuries, and venous 
blood pooling due to skeletal muscle paralysis. 
The latter two causes of hypotension will mani-
fest with classic clinical stigmata of hypovolemia 
such as tachycardia and cool clammy skin due to 
super fi cial vasoconstriction. The treatment of 
these conditions begins with aggressive  fl uid 
resuscitation using isotonic crystalloid adminis-
tered intravenously and may also include blood 
transfusion and/or surgical control measures in 
the case of an associated hemorrhage. In con-
trast, neurogenic shock is characterized by 
hypotension with a low heart rate and warm 
hyperemic skin. This condition is primarily man-
aged through administration of vasopressor med-
ications, with a preference for those such as 
dopamine and norepinephrine, which cause 
peripheral vasoconstriction. 

 While performing a high-quality clinical study 
identifying optimal blood pressure cutoff points 
remains challenging in light of ethical concerns, 
there is consistency in the  fi nding across several 
smaller studies that the institution of aggressive 
blood pressure targets leads to improved clinical 
outcomes  [  56,   60  ] . Based on the results of these 
studies (largely class III evidence), the American 
Association of Neurological Surgeons, in their 
2002 guidelines for the management of acute SCI, 
have suggested that the mean arterial pressure of 
all SCI patients be maintained at 85–90 mmHg 
for the  fi rst 7 days after injury  [  61  ] .  

    30.6.3   Administrations 
of Corticosteroids 

 Although there have been over a dozen clinical 
trials published to date evaluating the ef fi cacy of 
a variety of pharmaceutical agents in the treat-
ment of SCI, no safe and universally effective 
drug therapy has emerged  [  62  ] . Of all the drugs 
that have been evaluated, corticosteroids have 
been the most intensively investigated and were 

   Table 30.3    Guidelines for the medical management of 
acute spinal cord injury   

 Care setting  Patients with severe cervical 
level SCI should be managed 
in an intensive care unit 
setting with continuous 
hemodynamic, cardiac, and 
respiratory monitoring for the 
 fi rst 7–14 days post injury 

 Hemodynamics  Hypotension should be 
avoided with MAP main-
tained between 85 and 
90 mmHg for the  fi rst 7 days 
post injury 

 Pharmacologic therapy  Administration of methyl-
prednisolone for either 24 or 
48 h is an option that should 
only be undertaken with the 
knowledge of the potential 
for an increased occurrence 
of complications 

 Thromboembolism 
prophylaxis 

 Thromboembolism prophy-
laxis is recommended 
including the use of low 
molecular weight heparin, 
pneumatic compression 
boots, and rotating beds 

  Modi fi ed from Hadley et al.  [  91  ] ; March Supplement  



404 J.R. Wilson et al.

the subject of the  fi rst large randomized trials in 
traumatic SCI  [  63  ] . 

 The  fi rst National Acute Spinal Cord Injury 
Study (NASCIS I) compared a 10-day regimen of 
high-dose methylprednisolone sodium succinate 
(MPSS) to low-dose MPSS and found no differ-
ence between the treatment groups in motor and 
sensory recovery at 6-week or 6-month follow-up 
 [  64  ] . Overall mortality and complication rates 
were the same between the groups, with the 
exception of wound infection rates, which were 
signi fi cantly higher among patients who received 
the high-dose regimen. On the heels of laboratory 
evidence indicating that higher doses of steroid 
would be required to appreciate a clinical effect, 
the second National Acute Spinal Cord Injury 
Study (NASCIS II) was undertaken  [  65,   66  ] . This 
study compared higher-dose MPSS administra-
tion, commenced within 24 h and continued for 
24 h, to naloxone and placebo. In the primary 
analysis, there was superior sensory recovery 
reported among the steroid treated patients, with 
no treatment effect observed with respect to 
motor recovery. However, in a sub-analysis of 
patients who received treatment within 8 h from 
injury, greater motor recovery was observed 
among those treated with MPSS, a  fi nding 
con fi rmed by a single small Japanese study which 
restricted enrollment to those receiving treatment 
within 8 h  [  67  ] . The third and  fi nal NASCIS study 
had three treatment arms comparing a 24- and a 
48-h MPSS infusion (NASCIS II dose) to a third 
treatment group that received tirilazad mesylate 
 [  68  ] . At 6-week and 6-month follow-up, no 
signi fi cant differences were found between 
groups with respect to neurological recovery. 
However, in a prede fi ned sub-analysis, patients 
treated between 3 and 8 h post injury had greater 
motor and functional recovery if treated with the 
48-h MPSS regimen as compared to the 24-h 
regimen. However, the 48-h dose was associated 
with a signi fi cantly higher rate of pneumonia and 
severe sepsis when compared to the 24-h group. 

 In the wake of the NASCIS trials, clinicians 
remain divided on the routine use of MPSS admin-
istration in the context of acute SCI  [  69  ] . From a 
methodological standpoint, one of the largest 
issues remains that only in sub-analysis compari-
sons, not powered to answer the primary research 

question, were positive steroid treatment effects 
observed. However, perhaps the most concerning 
point, in light of the fact that the 48-h MPSS regi-
men given in NASCIS III represents the largest 
dose of steroid ever examined for clinical use, is 
the increased potential for infectious complica-
tions. Given these issues, the Canadian 
Neurosurgical Society, the Canadian Spine Society, 
and the Canadian Association of Emergency 
Physicians have adopted the recommendation that 
“a high-dose, 24-h infusion of methylpredniso-
lone, started within 8 h after an acute closed spinal 
cord injury is not a standard treatment nor a guide-
line for treatment but, rather, a treatment option, 
for which there is level II and III evidence”  [  70  ] .   

    30.7   Surgery for SCI 

 In the post-SCI setting, surgery is performed to 
achieve two speci fi c goals: (1) to decompress the 
spinal cord and (2) to restore stability to the spinal 
column. A large body of preclinical literature sup-
ports the observation that persistent compression 
of the spinal cord represents a potentially revers-
ible form of secondary injury, which, if uncor-
rected, can lead to a greater degree of neurological 
tissue destruction and worsened clinical outcomes 
 [  71–  76  ] . Hence, decompression is performed with 
a rationale of mitigating secondary injury events. 
As regards the second goal, the presence of ongo-
ing spinal instability, whether secondary to liga-
mentous or bony injury, can lead to repetitive 
spinal cord trauma, therefore exacerbating the 
degree of primary neurological injury. With 
advances in surgical technique and increased use 
of spinal instrumentation, instability can be cor-
rected, preventing additional injury, obviating the 
need for prolonged immobilization, and expediting 
the commencement of rehabilitation protocols. 

    30.7.1   Surgical Timing 

 Many animal studies have documented the delete-
rious effects of persistent spinal cord compression 
on outcomes after SCI, as well as the potential 
bene fi cial effects of decompression surgery in 
this setting  [  77–  80  ] . In a recent  systematic review 
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of the preclinical literature, of the 19 studies eval-
uating decompression in several different ani-
mals models, 11 reported a time- dependent effect 
favoring early surgery  [  81  ] . Illustrating this point, 
in one of the individual studies included in the 
review, rats were subjected to various durations 
of persistent spinal cord compression after weight 
drop induced SCI  [  74  ] . After a 6-week recovery 
period, functional status was noted to be progres-
sively superior among rats with shorter duration 
of spinal cord compression. These results have 
led to the development of the clinical hypothesis 
that patients with SCI and evidence of persistent 
spinal cord compression treated with early sur-
gery will experience superior clinical outcomes 
as compared to those patients who undergo sur-
gery in a delayed fashion or not at all. 

 Although there is compelling biological ratio-
nale to support surgical spinal cord decompres-
sion in human patients with SCI, several practical 
issues have limited the translation of this therapy 
to the clinic. Traditionally, one dominating con-
cern among clinicians has been the risk of wors-
ening the degree of neurological injury by 
exposing patients to the potential risks of periop-
erative hypotension and or hypoxia. Considering 
the surgery itself, until the dissemination of 
instrumented fusion techniques in the last 
15–20 years, decompression performed alone 
acted to further destabilize the spinal column, 
exposing the patient to the risk of further injury. 
Additionally, transport delays, as well as the time 
required to perform diagnostic investigations and 
medical stabilization of an injured patients, often 
preclude the possibility of expedient surgical 
management  [  82,   83  ] . In spite of the practical 
challenges, many clinical studies have been per-
formed to evaluate the role of decompressive sur-
gery in SCI, but more speci fi cally, to de fi ne a 
therapeutic window that affords maximal neuro-
protection balanced with the practical time con-
straints encountered in real-world medicine. 

 To identify an optimal surgical therapeutic 
window, a variety of time points have been used to 
distinguish early versus late surgical decompres-
sion. For the two most intensively investigated 
cutoff points, 24 and 72 h post injury, the results 
of ef fi cacy studies are divergent, with several 
reporting clear-cut bene fi t with early intervention, 

while others have failed to  fi nd such a treatment 
effect. According to a recent systematic review of 
studies using the 24-h cutoff point, one surgical 
series found that surgery performed before 24 h 
was associated with improved neurological recov-
ery, while several other papers  associated early 
surgical decompression with shorter length of 
hospitalization, shorter length of  intensive care 
unit stay, and reduced intraoperative blood loss 
 [  81  ] . In contrast, additional studies incorporating 
the 24-h cutoff have failed to  fi nd an effect for 
early surgical decompression on neurological 
recovery and operative blood loss. A similar 
dichotomy in outcomes, neurological and other-
wise, exists among studies evaluating the 72-h 
post-injury time cutoff  [  81  ] . In spite of the lack of 
consensus among studies regarding the relative 
ef fi cacy of early surgical decompression, there is 
consistency in the  fi nding that early surgery, 
regardless of the time cutoff considered, is safe 
and not associated with a worse neurological sta-
tus at follow-up. It is important to note however 
that the majority of studies on this topic are of low 
methodological quality, with results from a large 
systematic comparative analysis absent to date. 

 In order to help provide a more de fi nitive 
answer regarding surgical timing after SCI, the 
Surgical Trial in Acute Spinal Cord Injury Study 
(STASCIS) was undertaken. This large prospec-
tive study involving  fi ve North American centers 
completed patient enrollment in 2009 with results 
anticipated in late 2011. The primary goal of this 
study is to evaluate the relative effectiveness of 
early (<24 h post injury) vs. late (>24 h post 
injury) surgical decompression on neurological 
recovery at 6-month follow-up. Preliminary data 
seem to support the authors’ hypothesis that sur-
gical decompression prior to 24 h post injury 
results in a greater degree of neurological recov-
ery at follow-up  [  84  ] .   

    30.8   Mortality and Complications 

 Mortality after SCI is heavily front-loaded with 
15–20 % of patients dying prior during the prehos-
pital period  [  4  ] . After hospital admission, the case 
fatality rate for SCI drops with 5–15 % patients 
dying during the acute hospital admission  [  4,   13  ] . 
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Risk factors for inhospital mortality include age 
over 60, male sex, and cervical neurological level 
of injury  [  4,   7,   13  ] . In the long term, mortality 
rates for SCI patients decline; however, rates con-
tinue to be elevated relative to age matched nonin-
jured individuals  [  85,   86  ] . According to data from 
the Model Systems SCI database, mortality rates 
were 3.8 % during the  fi rst year post injury, 1.6 % 
during the second year post injury, and 1.2 % per 
year over the next 10 years  [  87  ] . 

 Given the physiological disruptions that occur 
as a result of injury, SCI patients are susceptible 
to a myriad of medical complications. At present 
it appears that respiratory complications, particu-
larly pneumonia, followed closely by urosepsis 
are the most common causes of death among 
individuals with SCI  [  85,   88,   89  ] . Other com-
monly encountered secondary complications 
include decubitus ulcer development, autonomic 
dysre fl exia, depression, thrombotic complica-
tions, and heart disease. Given the fact that com-
plications develop in 20–35 % of patients after 
SCI, a high degree of vigilance is required on the 
part of medical personnel to recognize their 
occurrence and promptly institute appropriate 
treatment  [  7,   90  ] .      
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    31.1   Case Example 

 A twenty-two-year-old female presented to her 
primary care physician’s of fi ce complaining of 
mid-thoracic pain. The pain started suddenly 
2 months prior to her visit when she bent over to 
pick up her 1-year-old son. She is otherwise 
healthy with no known medical problems. She is 
neurologically intact and has point tenderness to 
her mid-thoracic spine.  

    31.2   History and Physical 
Examination 

 The patient’s history helps begin the formation of a 
differential diagnosis. In general, patients under 30 
years old have benign conditions with exception of 
Ewing’s sarcoma and osteosarcomas, while patients 
older than 30 years of age are more likely to have 
malignant diagnoses like myeloma or metastatic 
disease with the exception of common benign 
 conditions like bone islands and hemangiomas 
 [  1  ] . Aggravating and alleviating factors can help 

establish mechanical instability or be pathomne-
monic, as in relief from NSAIDs with osteoid 
osteoma. Furthermore, medical comorbidities and 
past treatments can help guide the differential diag-
nosis; eliciting a history of radiation therapy expo-
sure could be very helpful in establishing a diagnosis 
of radiation-associated osteosarcoma. A detailed 
neurologic exam and serial exams for evolving con-
ditions are always important and can be a red  fl ag 
for progression of disease. In this case, the patient is 
22, and she has the sudden onset of pain without 
antecedent trauma. Sudden onset of pain is typically 
muscular in origin; however, it is also possible that 
the patient has developed a fracture. She has point 
tenderness to one of her spinous processes in the 
mid-thoracic spine, which should make one suspi-
cious for a bony abnormality. Since she has not had 
any trauma, one must consider a pathologic fracture 
and this should be sought out with further imaging.  

    31.3   Differential Diagnosis 

 The lesion in our case is located within the verte-
bral body. The location of the lesion is helpful in 
forming a differential diagnosis as some tumors 
have a predilection for the vertebral body or pos-
terior elements. Again, the location of the lesion 
should be taken in context with the patient’s age 
and history. We mentioned that this patient was 
22 and that most lesions occurring in this age 
group (<30) are benign. However, there are 
malignant tumors that occur in the vertebral body 
in this age group including osteosarcoma. Other 
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malignant bone tumors that occur in this location 
include chordomas, lymphoma, and plasmacy-
toma; however, they tend to occur in patients over 
30 years old. Benign tumors must also be on the 
differential diagnosis including hemangioma, 
giant cell tumor (GCT), and eosinophilic granu-
loma    (EG). If    this lesion were located in the pos-
terior elements in a similarly aged patient, then 
benign diagnoses would dominate the differential 
diagnosis including aneurysmal bone cyst (ABC), 
osteoid osteoma, osteoblastoma, and osteochon-
droma. However, one must not forget Ewing’s 
sarcoma which can occur in this age group. 
Chondrosarcoma can occur anywhere in the ver-
tebrae, but it usually occurs in older patients.  

    31.4   Investigations 

 In certain instances, laboratory data can be help-
ful. Mankin    has advocated ordering complete 
blood count (CBC), erythrocyte sedimentation 
rate (ESR), calcium, phosphorous, alkaline phos-
phatase, blood urea nitrogen (BUN), creatinine, 
glucose, serum, and urine immunoelectrophore-
sis (SPEP and UPEP). Currently C-reactive pro-
tein (CRP) can be added to that list as should 
tumor markers such as AFP (alpha-fetoprotein), 
carcinoembryonic antigen (CEA), and prostate-
speci fi c antigen (PSA) if metastatic disease is 
strongly suspected  [  2  ] . 

 When evaluating a patient for a tumor, the  fi rst 
imaging one should obtain is a plain radiography. 
A plain radiograph can help narrow the differen-
tial diagnosis based on the location of the tumor, 
its radiographic appearance, the impact the lesion 
has on the normal bone, and the impact that the 
normal bone has on the tumor. For instance, a 
bony lesion in the posterior elements associated 
with a soft tissue mass containing “popcorn”-like 
calci fi cation is indicative of a cartilage-based 
lesion such as an osteochondroma or chondro-
sarcoma. A well- circumscribed, bone-forming 
lesion in the posterior elements with no soft tis-
sue mass is consistent with an osteoid osteoma. 
A small area of dense bone with no surrounding 
bony changes is consistent with an enostosis or 
bone island. They represent compact bone within 
the spongiosa. On the other extreme, if a bone-

forming lesion is noted in fi ltrating the adjacent 
bone with a soft tissue mass, then one should con-
sider malignant tumors such as an osteosarcoma. 

 Computed tomography is often very helpful in 
describing the nature of a bone tumor. In our case 
examples, a CT scan revealed a lytic lesion with 
no bony matrix centered in the vertebral body 
(Figs.  31.1  and  31.2 ). Furthermore, it demon-
strated a fracture in the vertebral body. This frac-
ture corresponds to the patient’s history in which 

  Fig. 31.1    Axial view of CT scan showing a lytic lesion 
with no bony matrix centered in the vertebral body. 
Additional images show endplate fracture       

  Fig. 31.2    Sagittal view of CT scan showing a lytic lesion 
with no bony matrix centered in the vertebral body and 
endplate fracture       
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she developed sudden pain. The absence of bony 
matrix helps narrow down the differential diag-
nosis on this patient. Bone-forming tumors such 
as osteoid osteomas, osteoblastomas, and osteo-
sarcomas typically have a bony matrix evident on 
plain radiographs and CT. Similarly, cartilagi-
nous tumors typically have stippled calci fi cation 
evident on plain images or CT. In rapidly grow-
ing malignant bone tumors such as osteosarcoma, 
one might see periosteal elevation with associ-
ated calci fi cation, so-called Codman’s triangle.   

 Aneurysmal bone cysts (ABC) can occur in 
the same age group as the patient in our case; 
however, they have a characteristic appearance 
on plain radiograph (Fig.  31.3 ) and CT in which 
the cortex appears to balloon out from its normal 
location as if the bone were in fl ated with air like 
a balloon. Again, ABCs generally occur in the 
posterior elements and expand the bone which is 
not what we are seeing in the case presented here. 
Further, they often have  fl uid/ fl uid lines, which 
are better seen on MRI (Fig.  31.4 ) but can also be 
seen on CT. Eosinophilic granulomas (EG) can 

be associated with lytic lesions in the vertebral 
body. In fact, EG is associated with profound 
lytic disease in which the vertebrae completely 
collapse causing so-called vertebra plana. EG is a 
benign condition that occurs often in the verte-
bral body, but it usually occurs in children under 
age 10. Our patient is 22 and so the diagnosis of 
EG is less likely.   

 Magnetic resonance imaging (MRI) is war-
ranted when working up a lesion particularly if 
the diagnosis is in question or if surgical treat-
ment is considered. One of the reasons for order-
ing an MRI is to evaluate the extent of soft tissue 
involvement outside of the vertebrae. Clearly, if 
the patient has neurologic signs or symptoms, 
then an MRI is warranted to evaluate for nerve or 
spinal cord compression. One of the most com-
mon lesions found incidentally in the spine is that 
of hemangioma. Hemangiomas are hamartomas 
which means they are composed of normal cells 
occurring in abnormal locations. They have a 
characteristic appearance on plain radiograph and 
CT in which vertically oriented coarsened trabe-
culae are noted. Axial CT scans often reveal a 
polka-dot appearance which corresponds to imag-
ing the trabeculae in cross section. Furthermore, 
they have a characteristic MRI appearance in 
which areas of the tumor demonstrate increased 
signal on T1-weighted images and other areas 
demonstrate increased signal on T2-weighted 
images. The increased T1 signal corresponds to 
the presence of fat in the tumor, and the increased 

  Fig. 31.3    Aneurysmal bone cyst showing characteristic 
balooning out of cortex       

  Fig. 31.4    MRI of same patient of Fig.  31.3 , aneurysmal 
bone cyst showing typical  fl uid- fl uid levels       
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T2 signal demonstrates the presence of a vascular 
supply. Hemangiomas are generally asymptom-
atic and typically found incidentally. 

 A bone scan is often indicated in the workup 
of bone tumors. Not only does it provide infor-
mation as to the metabolic impact the tumor is 
having on the bone, it also provides important 
information with regard to the extent of the tumor. 
When one is working up a potentially metastatic 
lesion, a bone scan is imperative. It provides 
information regarding staging, and it may reveal 
a more accessible lesion for biopsy. Bone scans 
demonstrate the relative activity of osteoblasts by 
measuring the degree of radiolabeled phosphate 
derivatives placed in the matrix by local osteo-
blasts. Both normal osteoblasts and osteoblasts 
associated with tumors take up radiolabeled 
phosphate from the blood. 

 Positron emission tomography (PET) scans 
measure the relative degree of glucose uptake by 
cells. Malignant cells rely heavily on glucose for 
metabolism, and so malignant cells take up more 
glucose than most tissues outside of the brain. 
PET is gaining popularity in the staging of can-
cer; however, most bone tumors can be identi fi ed 
based on the image modalities mentioned above; 
thus the role of PET has not been fully elucidated 
in the workup of primary bone tumors. 

 After obtaining a history, physical examina-
tion, and imaging when the diagnosis is in ques-
tion, a biopsy should be considered. However, a 
biopsy is usually a con fi rmatory test. The differ-
ential diagnosis should be relatively short by the 
time a biopsy is considered. Most bone patholo-
gists are keen to know the history as well as the 
outcome of routine imaging before they make a 
diagnosis based on histologic examination. The 
results of a biopsy should not be a surprise in that 
the histologic diagnosis should have been under 
consideration prior to the biopsy. When the results 
of a biopsy are a complete surprise, then one must 
relook at all aspects of the workup to learn where 
clues were missed. The answer is usually present 
in the history or plain radiographs. 

 Once the decision has been made to proceed 
with a biopsy, then the method of biopsy must be 
chosen. A CT-guided biopsy is often adequate; 
however, when a CT biopsy fails to provide 

 diagnostic tissue, then an open biopsy can be 
 performed. In the thoracic or lumbar spine, a 
transpedicular approach is often used to reach a 
vertebral body lesion, and a direct approach to 
the posterior elements is most commonly used 
for posteriorly based lesions. Lesions in the cer-
vical spine pose greater problems due to the rela-
tive density of sensitive anatomic structures 
including the trachea, esophagus, spinal cord, 
and carotid and vertebral arteries. Image guid-
ance is helpful and an experienced musculoskel-
etal radiologist is a must. In our case a 
transpedicular biopsy was performed which 
obtained suf fi cient tissue for diagnosis. 

 The histologic diagnosis was consistent with 
a giant cell tumor of the bone. Giant cell tumor 
tends to present after closure of the physes, in 
the 20–40-year-old, with a slight female predi-
lection. It is also more common in Asians  [  3  ] . 
Spinal occurrences make up 5–10 % of GCTs, 
most often appearing in the vertebral bodies, 
and extraosseous extension is not uncommon 
 [  4  ] . The sacrum is where 90 % present, followed 
by lumbar, thoracic, and cervical regions. GCT 
tends to appear in the upper sacrum and tends to 
lateralize to an ala  [  5  ] . Pregnant patients may 
experience worsening of symptoms or tumor 
growth secondary to a hormonal response. 
Histologically, giant cell tumors made up of 
three cell populations the giant cell tumor 
stromal cells (GCTSC), mononuclear histio-
cytic cells (MNHC), and the characteristic 
multinucleated giant cells (MNGC). Presenting 
symptoms are most commonly pain and neuro-
logic compromise  [  6  ] . Negative bone scans have 
been reported, but the majority are likely to 
show uptake at the lesion  [  7  ] . Plain radiographs 
will show lytic areas without matrix that may 
have an expansile appearance. CT imaging will 
have similar features to the radiographs. In addi-
tion, they can demonstrate the extraosseous soft 
tissue component and cystic areas of hemor-
rhage or associated ABC. MR imaging can be 
heterogeneous on both T1 and T2 sequences 
and can have areas of hemorrhage which are 
bright on both T1 and T2 sequences. The lesion 
is likely to enhance with gadolinium in all but 
the cystic areas.  
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    31.5   Nonsurgical Treatments 

 It is important to note that not all bone tumors 
require surgical treatment. In fact many benign 
tumors can be followed with history and physical 
examination as well as radiographs if they are 
asymptomatic. Systemic treatment in the form of 
NSAIDs has been advocated by some for osteoid 
osteomas. For malignant bone tumors such as 
Ewing’s sarcoma or osteosarcoma, systemic che-
motherapy combined with surgery is the standard 
of care. Radiation therapy has been advocated by 
some for the management of malignant tumors 
about the spine. It is important to note that the 
 fi eld of radiation oncology is evolving and the 
use of high-precision radiation therapy is gaining 
momentum. High-precision radiation therapy 
allows the delivery of higher doses of radiation 
from multiple directions to concentrate at the 
tumor site, thus sparing normal tissues and 
thereby decreasing the toxicities associated with 
radiation. This has traditionally been the rate-
limiting step of radiation therapy. This is men-
tioned here because what have historically been 
considered radiation-resistant tumors may be 
treated with radiation in the future at higher doses 
than used previously. In the example we pre-
sented here, the use of systemic agents targeting 
the RANK/RANKL has been investigated 
because of the long association between giant 
cell tumors and osteoclasts. In fact, giant cell 
tumors were at one time known as osteoclasto-
mas. More recently denosumab (Amgen), a 
RANK-ligand inhibitor, has shown promise in 
some early studies of giant cell tumor  [  8  ] . Other 
drugs within this class are entering the clinical 
trial realm, and they will likely be available in the 
coming years.  

    31.6   Surgical Treatments 

 There are two main reasons why one should con-
sider using preoperative angiography. The  fi rst is 
to help decrease blood loss in surgery by embo-
lizing the tumor. This is particularly true when an 
intralesional resection is planned and the tumor is 
known to be vascular such as a giant cell tumor 

 [  9  ] . Tomita et al. describe embolizing the level of 
the tumor and also the level above and below as 
this decreases the blood supply to the involved 
vertebrae by nearly 80 %  [  10  ] . 

 The second reason to consider embolization is 
to identify the dominant blood vessel to the spi-
nal cord. Historically, ligation of this vessel was 
thought to increase the risk of inducing paralysis. 
However, Tomita has shown in an animal model 
and subsequently in a small series of patients that 
ligation of the so-called artery of Adamkiewicz 
by itself does not increase the risk of paralysis. 
Tomita reports that ligating multiple segmentals 
including the dominant artery can lead to paraly-
sis but not the ligation of the dominant artery in 
isolation  [  11  ] . 

 The treatment of primary spinal tumors is dic-
tated by the nature of the tumor (benign vs. malig-
nant) as well as the anatomic location and extent 
of the tumor. The WBB (Weinstein, Boriani, 
Biagini) classi fi cation system (Fig.  31.5 ) is meant 
to guide the surgeon when an en bloc excision is 
considered  [  12  ] . En bloc excision is usually 
reserved for malignant tumors; however, benign 
but aggressive tumors may also warrant en bloc 
resection. En bloc resection means removing the 
tumor in one piece. It is not synonymous with a 
negative margin. Margins are determined by the 
pathologist via histologic examination of the spec-
imen. A negative margin indicates that the tumor 
was not exposed during surgery and that normal 
tissue surrounds the tumor. A positive margin 
indicates that the tumor was cut through or other-
wise exposed during surgery. This has classically 
been considered a suboptimal margin for malig-
nant bone tumors. When a tumor is removed in 
multiple pieces, it is known as an intralesional 
resection. Margins do not play into the histologic 
evaluation of intralesionally resected tumors as a 
negative margin was not the goal of the surgery. 
Instead, the extent of resection should be com-
mented upon by the surgeon such as gross total 
resection or subtotal resection.  

 The WBB classi fi cation is meant to assist the 
surgeon in making decisions as to whether an 
oncologically sound margin can be obtained. The 
WBB system divides the spine into 12 radially 
based  segments like the face of a clock on an 
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  Fig. 31.6    Postoperative AP view of our case example 
patient after tumor resection, strut grafting and fi xation       

  Fig. 31.7    Postoperative lateral view of our case example 
patient after tumor resection, strut grafting and fi xation       

LeftRight

Spinous
Process 12

11

10

9

8

7 6

5

4

3

2

1

Pedicle

Vertebral
Body

Superior Articular
Facet

Transverse
Process

Soft
Tissue

Extraosseous
Soft Tissues  

Extraosseous
(Extradural)  

Extraosseous
(Intradural)  

M Metastasis

Intraosseous
(Superficlal)

Intraosseous
(Deep)

A

B

C

D

E

  Fig. 31.5    The Weinstein, 
Boriani, Biagini 
Classi fi cation for spine tumor 
for use when considering en 
bloc excision       

 

  



41931 Primary Spine Tumors   

axial cut through the spine. Further, the spine is 
divided into  fi ve zones indicating the depth of 
spinal involvement. Zone “a” indicates the mass 
extends outside the bony spine, zone “b” involves 
the super fi cial bone of the spine, and zone “c” 
involves the deep bone of the spine. Zone “d” 
indicates the tumor extends to the epidural space, 
and zone “e” is an intradural tumor. According to 
the WBB classi fi cation, at least one pedicle must 
be free of tumor for an oncologically sound mar-
gin to be obtainable. Further, it is less favorable 
to have zone “d” involvement when a negative 
margin is required. 

 In our case the tumor is benign. However, 
giant cell tumors can be locally aggressive, and 

those with a soft tissue mass (Enneking stage III)    
 [  13  ]  have high rates of local recurrence after sim-
ple curettage. A recent study by Boriani et al. 
revealed that Enneking stage II tumors like the 
one presented here are adequately treated with 
intralesional curettage and they do not require en 
bloc removal  [  14  ] . In this case the spine was sta-
bilized with pedicle screws above and below. In 
addition, the posterior elements of the involved 
vertebrae including the pedicles were removed. 
This was followed by a thoracotomy and com-
plete intralesional resection of the tumor. An 
allograft femoral strut was used to reconstruct the 
anterior column (Figs.  31.6  and  31.7 ). This was a 
gross total intralesional resection.

 Surgical staging system for musculoskeletal tumors (Enneking and MSTS) 

  Benign  

 1. Latent  G 0  T 0  M 0 

 2. Active  G 0  T 0  M 0 

 3. Aggressive  G 0  T 1–2  M 0–1 

  Malignant : Stage determined by three different sub-categories 

 –  Grade : Histology with aid of radiographic  fi ndings and clinical correlation 

   G 1: Low grade, uniform cell type without atypia, few mitoses 

   G 2: High grade, atypical nuclei, mitoses pronounced 

 –  Site  

   T 1: Intracompartmental (con fi ned within limits of periosteum) 

    T 2: Extracompartmental (breach in an adjacent joint cartilage, bone cortex (or periosteum) fascia lata, 
quadriceps, and joint capsule) 

 –  Metastasis  

   M 0: No identi fi able skip lesions or distant metastases 

   M 1: Any skip lesions, regional lymph nodes, or distant metastases 

  Enneking’s staging system of malignant bone tumors, CORR 1980  

 Ia  Low grade, intracompartmental  G 1  T 1  M 0 

 Ib  Low grade, extracompartmental  G 1  T 2  M 0 

 IIa  High grade, intracompartmental  G 2  T 1  M 0 

 IIb  High grade, extracompartmental  G 2  T 2  M 0 

 IIIa  Low or High grade, intracompart. w/metastases  G 1–2  T 1  M 1 

 IIIb  Low or High grade, extracompart. w/metastases  G 1–2  T 2  M 1 
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    31.7   Postoperative Care 

 The postoperative management of patients with 
spinal tumors is unique in two important ways. 
The  fi rst is related to the potential hypercoagula-
ble state found in malignant disease. These 
patients may be at higher risk for deep venous 
thrombosis/pulmonary embolism. One must con-
sider more robust anticoagulation in this popula-
tion. This of course must be balanced with the 
risk of bleeding adjacent to the spinal cord. 

 The    second important difference is in long-
term follow-up of these patients. Local recurrence 
is a potential problem in any bone tumor that 
 warrants resection in the  fi rst place. These patients 
must be followed periodically with clinical exam-
ination and/or appropriate imaging studies.  

    31.8   Potential Complications 

 Exsanguination is a potential complication of 
removing even benign bone tumors. Giant cell 
tumors and ABCs carry well-known bleeding risks. 
Further, en bloc resection carries with it a high rate 
of complication from massive bleeding to paralysis 
to death. The rate and severity of complications 
correlates with the complexity of the resection and 
the inherent vascularity of the tumor being treated. 
Furthermore, the use of systemic therapy such as 
with the treatment of osteosarcoma can predispose 
patients to infection particularly if their white blood 
cell count has not been given appropriate time to 
recover. The use of radiation is expanding its use in 
primary tumors and is likely to increase over time. 
This will increase the well-known rate of wound 
complications found after radiation. 

  Questions 
     1.    Which of the following best describes the 

meaning of en bloc resection?
    (a)     Removing a tumor with negative margins.  
    (b)      It is a pathology term that does not have a 

surgical meaning.  
    (c)      It implies the piecemeal removal of a tumor.  
    (d)      It is a descriptive term used by surgeons 

when they remove a tumor in one piece.     
 Answer (d) 

 Explanation: En bloc resection is a surgical 
term. It means the tumor was removed in one 
piece. It does not imply a negative margin as 
the margin status is interpreted by the patholo-
gist. One can remove a tumor in an en bloc 
fashion and still have a positive margin.  

    2.    Which of the following presentations most 
closely  fi ts that which one would expect for a 
patient with osteoblastoma?

    (a)     65-year-old smoker with new onset severe 
back pain and a pathologic vertebral fracture  

    (b)     3-year-old patient with multiple skin 
lesions and organ dysfunction with a com-
pletely collapsed vertebrae  

    (c)     21-year-old female with a large, in fi ltrating 
lytic lesion of the vertebral body with 
associated soft tissue mass  

    (d)     18-year-old male with 8 months of tho-
racic back pain and a bone-forming lesion 
in the posterior elements     

 Answer (d) 

 Explanation: Osteoblastoma occurs most com-
monly in the second decade of life. It is a bone-
forming lesion, and it is most commonly seen in 
the posterior elements when it occurs in the spine.  

    3.    All of the following are most likely lytic 
except?
    (a)     Giant cell tumor  
    (b)     Plasmacytoma  
    (c)     EG  
    (d)     Chondrosarcoma     
 Answer (d) 

 Explanation: Chondrosarcoma often has stip-
pled calci fi cation. This is sometimes described 
as “popcorn” calci fi cation. It is not usually 
lytic unless it has dedifferentiated.           
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  32

          32.1   Introduction 

 Metastatic spine tumors are a frequent problem 
in patients af fl icted with cancer and are often 
associated with signi fi cant morbidity and mortal-
ity. The skeletal system is the third most common 
site of metastasis  [  62  ] . Among the skeletal sys-
tem, the spine is most frequently involved, with 
autopsy studies showing spinal metastasis in up 
to 70 % of patients who die of cancer  [  62  ] . 
Thoracic spine lesions comprise the majority of 
these cases (approximately 70 %) followed by 
lumbosacral and cervical lesions  [  71  ] . Breast 
cancer is the most common primary tumor to 
metastasize to the spine, with 16–37 % of breast 
cancer patients developing spine metastasis. 
Other common primary tumors include prostate, 
lung, kidney, and thyroid tumors  [  71  ] . 

 Spinal metastases can be intradural or extra-
dural, with the majority being extradural  [  62  ] . 
Tumor cells can spread via various routes inculd-
ing: hematogenous spread, direction extension, 
and CSF seeding  [  65  ] . The hematogenous spread 
is believed to be most common, either through 
segmental arteries to the vertebral marrow (e.g., 
lung cancer) or through the valveless extradural 

Batson’s venous plexus (e.g., breast cancer)  [  65, 
  71  ] . Alternatively, tumors in the thorax, abdo-
men, and pelvis including lung, prostate, bladder 
and colorectal cancers can extend or invade 
directly into the vertebral column  [  65  ] . Seeding 
of tumor cells in the CSF occurs most frequently 
from surgical manipulation of primary CNS 
tumors and can result in intradural and intramed-
ullary metastases  [  65  ] .  

    32.2   Clinical Presentation 
and Diagnosis 

 Up to 14 % of patients with spinal metastases, or 
more than 20,000 patients in the United States 
annually, develop symptoms from the disease 
 [  62  ] . The most common symptom is pain, pres-
ent in up to 85–96 % of cases  [  26,   71  ] . Pain can 
be caused from periosteal stretching and 
in fl ammation from local tumor growth, which 
results in constant, dull, nocturnal pain (noctur-
nal pain is often a “red  fl ag” for tumor or infec-
tion)  [  65  ] . Spinal metastases can also result in 
spine instability, which can lead to mechanical 
pain that worsens with movement or axial load-
ing. Alternatively, they can compress nerve roots 
and cause radicular pain, that is typically sharp or 
shooting in character  [  65  ] . Other clinical presen-
tations include weakness (in up to 85 % of 
patients), pathologic fractures (Fig.  32.1 ), motor 
and/or sensory de fi cits, and/or bladder and 
sphincter dysfunction  [  2,   65  ] . In addition, patients 
with spinal metastasis can present with more 
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constitutional symptoms such as weight loss, 
anorexia, and/or organ dysfunction. 

 Imaging plays an essential role in diagnosing 
and evaluating metastatic tumors of the spine. 
Magnetic resonance imaging (MRI) allows high-
resolution imaging of the tumor and surrounding 
soft tissue (Fig.  32.2 ). Furthermore, different types 
of tumors can have characteristic appearances on 
different MR sequences (i.e., T1 and T2), with 
and without gadolinium contrast  [  2,   3,   28,   37, 
  65,   72  ] . Computed tomography (CT) is particu-
larly useful in de fi ning the bony anatomy of the 
spine, assessing the extent of bony involvement 

and bony destruction  [  65  ]  (Fig.  32.3 ). Positron 
emission tomography (PET) scan can also be used 
to identify cystic or necrotic tumors  [  65,   71  ] . 

 A de fi nitive diagnosis can be made by tissue 
biopsy. Percutaneous biopsy is frequently used 
using a transpedicular or transforaminal approach 
under  fl uoroscopy or CT guidance  [  1,   4,   11,   22, 
  36,   67  ] . The rates of tissue diagnosis have been 
reported to be 71–93 %  [  6,   11,   25,   39,   61  ] . 
Percutaneous biopsy is also associated with low 
complication rates; in one study on CT-guided 
needle biopsy, only 9 out of 430 biopsies were 
associated with complications, mostly limited to 
transient paresis and hematoma  [  45,   61  ] .     

    32.3   Management Considerations 

 Management of metastatic tumor depends on 
various factors including patient age, comorbidi-
ties, tumor type/size, and functional status. 

  Fig. 32.1    60 year old male with a history of esophageal 
cancer. Sagittal T1 MRI demonstrating multi-level meta-
static spine disease, with the L4 vertebral segment most 
severely affected by a pathologic fracture         

  Fig. 32.2    56 year old male with history of metastatic 
renal cell carcinoma. Sagittal T2 MRI demonstrating a 
large mass within the C2 vertebral body without signi fi cant 
extension into the spinal canal or cord compression         
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Several treatment modalities are available includ-
ing radiation, surgical, and medical therapy. 
Devising a management plan is therefore a highly 
individualized process that typically involves a 
multidisciplinary approach with specialists from 
oncology, hematology, surgery, pain, and radiol-
ogy. The extent of treatment with associated mor-
bidities must be balance with the patient’s pain, 
function, and life expectancy.  

    32.4   Radiation Therapy 

 External beam radiation therapy (EBRT) is a main-
stay of treatment for metastatic spine tumors, espe-
cially for pain relief and disease control  [  20,   65  ] . 
The therapy is typically given in daily fractions 
over 2–4 weeks to minimize damage to the spinal 
cord  [  20,   59  ] . However, the exact radiation regi-
men is typically individualized to each patient 
based on a number of factors including their sur-
vival prognosis as well as primary tumor pathol-
ogy and size  [  58  ] . EBRT is an effective intervention 
to reduce morbidities associated with spinal metas-
tasis. In one study, improvement of motor de fi cit 
was seen in 25 % of patients with no further pro-
gression of compression in 59 %  [  60  ] . However, 
damage to the surrounding tissues from radiation 
is a concern, particularly in treating tumors that 
have invaded into the spinal cord  [  49,   58,   70  ] . 

 Stereotactic radiosurgery (SRS) allows 
more precise targeting of the tumor by using 

 multiple radiation beams that are focused on a 
speci fi c target  [  33  ] . This minimizes exposure 
to adjacent tissues and allows higher doses of 
radiation to be given per treatment session  [  33, 
  49,   65  ] . Commonly used SR systems include 
Novalis (BrainLAB), Synergy S (Elekta), and the 
Cyberknife system (Accuray Inc., California). 
These systems are capable of irradiating the 
target region with accuracy of near 1 mm  [  33  ] . 
SRS has been associated with favorable out-
comes with studies showing pain reduction and 
tumor control in 80 % and 90–100 % of cases, 
respectively  [  12,   24  ] . For instance, Gerzten et al. 
performed a prospective study examining the 
outcome of SRS treatment for 500 metastatic 
spinal lesions  [  24  ] . The study found pain reduc-
tion in 86 % of cases during the follow-up period 
of 3–53 months and control of radiographically 
determined tumor progression in 88 % of cases 
 [  24  ] . Adverse effects of SRS include dysphagia, 
diarrhea, and nocturia but are typically infrequent 
 [  12  ] . Recurrence of tumor near the irradiated site, 
possibly due to insuf fi cient dose and/or missed 
lesion, has been reported as well  [  33  ] .  

    32.5   Surgical Treatment 

 The goals of surgery include cord decompres-
sion, tumor excision, and spinal stabilization. 
With advancements in techniques, surgery has 
become an increasingly important modality in 
managing patients with metastatic spinal tumors, 
either as a stand-alone treatment or in combina-
tion with other treatment modalities. For instance, 
a randomized, prospective study by Patchell 
et al.  [  54  ]  reported a better outcome in patients 
who received a combination of EBRT and direct 
decompressive resection compared to those 
treated with EBRT alone. Patients who received 
combination of surgery and EBRT were associ-
ated with a higher rate of ambulation (84 % vs. 
57 %), greater maintenance of ambulation after 
treatment (62 % vs. 19 %), longer median sur-
vival time (126 days vs. 100 days), and improved 
functional ability and muscle strength  [  54  ] . 

 In general, indications for surgery include 
spinal instability, rapidly progressing neurologic 

  Fig. 32.3    Axial CT reconstruction demonstrating soft 
tissue in fi ltration of the vertebral body and pedicle         
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de fi cit, and/or radioresistant tumor  [  2,   71  ] . 
However, the decision for surgery often involves 
careful assessment of surgical risks versus 
bene fi t. A number of risk strati fi cation schemes 
are available for risk assessment in surgical can-
didates: WBB surgical staging system  [  5  ]  as 
well as classi fi cation systems developed by 
DeWald et al.  [  14  ]  and Enneking et al.  [  18  ]   [  2,   5, 
  14,   17  ] . One of the most commonly used scor-
ing systems was developed by Tokuhashi et al. 
 [  68  ]  (Table  32.1 ). The Tokuhashi scoring sys-
tem assigns up to two points in each of six dif-
ferent categories covering general condition, 
extraspinal body metastases, spinal metastases, 
organ metastases, primary site of cancer, and 
myelopathy  [  2,   13,   68,   69  ] . Lesions with scores 
≤ 8 are generally considered nonsurgical  [  65  ] . In 
addition to these factors, life expectancy of 
>3 months is typically indicated to be a surgical 
candidate  [  65,   71  ] .  

 Several surgical options are available and can 
be divided largely into open versus minimally 
invasive approaches. With open surgery, tumors 
can be approached either anteriorly or posteriorly 
depending on the location and type of the tumor. 
Anterior approaches can involve anterolateral 
cervical approach, sternotomy, and/or thoraco-
tomy and are favorable for approaching meta-
static tumors involving the vertebral bodies, 
which are most frequently involved  [  65  ] . 
However, posterior decompression is preferred in 
cases where the risk of organ damage is high, 
particularly for tumors in the upper thoracic and 
lower lumbosacral regions  [  57  ] . Alternatively, a 
posterolateral approach (e.g., posterolateral cos-
totransversectomy) can be used for anterior 
decompression in cases where an anterior 
approach is dif fi cult  [  71  ] . 

 Spinal stabilization is required in some cases 
due to circumferential decompression and/or 
pathologic fracture (Fig.  32.4 ). The extent of spi-
nal destabilization that warrants surgical inter-
vention is still debated. However, several schemes 
are available to help guide decision for surgery. 
An example is a vertebral strength index devel-
oped by Dimar et al., which allows determination 
of spinal stability based on remaining intact ver-
tebral body and bone density  [  16  ] . In general, 
>50 % loss of vertebral height or increasing 

angular deformity are considered to be concern-
ing  [  71  ] . 

 The outcomes of surgical intervention have 
been increasingly more favorable, particularly 
with the use of anterior decompression (Table  32.2 ). 
For instance, Kostuik et al.  [  41  ]  reported neuro-
logical improvement in 71 % of cases treated with 

   Table 32.1    Revised evaluation system for the prognosis 
of metastatic spine tumors   

 Characteristic  Score 

  General condition  ( performance status ) 

  Poor (PS 10–40 %)  0 

  Moderate (PS 50–70 %)  1 

  Good (PS 80–100 %)  2 

  No. of extraspinal bone metastases foci  

   ≥ 3  0 

  1–2  1 

  0  2 

  No. of metastases in the vertebral body  

   ≥ 3  0 

  1–2  1 

  0  2 

  Metastases to the major internal organs  

  Unremovable  0 

  Removable  1 

  No metastases  2 

  Primary site of the cancer  

   Lung, osteosarcoma, stomach, bladder, 
esophagus, pancreas 

 0 

  Liver, gallbladder, unidenti fi ed  1 

  Others  2 

  Kidney, uterus  3 

  Rectum  4 

   Thyroid, breast, prostate, carcinoid 
tumor 

 5 

  Palsy  

  Complete (Frankel A, B)  0 

  Incomplete (Frankel C, D)  1 

  None (Frankel E)  2 

  Adapted from Tokuhashi et al.  [  68  ]  
 Criteria of predicted prognosis: total score (TS) 0–8 < 
6 months; TS 9–11  ≥  6 months; TS 12–15  ≥  1  
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anterior decompressions, whereas posterior 
decompressions were associated with improve-
ments in 40 % of cases. In another study by Overby 
et al.  [  53  ] , neurological improvement was observed 
in 75 % of patients who underwent anterolateral 
decompression for radiation-refractory metastatic 
epidural spinal cord compression.  

    32.5.1   Minimally Invasive Treatment 

 Minimally invasive approaches include sur-
gical excision of the tumor using endoscopic 
visualization or minimal access as well as per-
cutaneous vertebral augmentation. The advan-
tages of minimally invasive approaches include 
decreased surgery-associated trauma and blood 
loss and shorter length of hospitalization  [  8,   15, 
  35,   38  ] . 

 Endoscopic approaches include video-assisted 
thoracoscopic surgery (VATS), laparoscopic 
 retroperitoneal approach, and endoscopy-assisted 
posterolateral decompression. As with open sur-
gery, the type of endoscopic approach is dictated 
in large part by the location of the tumor  [  52  ] . 
Thoracic vertebrectomy, discectomy, corpec-
tomy, spinal reconstructions, stabilization, and 
biopsies can be performed using these approaches 
 [  30,   46,   48,   52,   63,   71  ] . These approaches also 
have been associated with favorable outcomes, 
particularly for pain reduction. Infrequent com-
plications include transient intercostals neuralgia, 
atelectasis, trocar injury, and temporary parapa-
resis. Disadvantages include a steep learning 
curve, prolonged operative time, and high equip-
ment cost  [  52  ] . 

 Minimal access surgeries are modi fi cations of 
conventional open approaches, where the inci-
sion is kept at minimum, and exposure is facili-
tated by the use of specialized retractor systems 
(e.g., SynFrame) [  22,   52  ] . Mini-open thoraco-
tomy involves a 5- to 10-cm incision and is used 
for thoracolumbar tumors  [  22,   40  ] . Retroperitoneal 
mini-approach is preferred for lesions in the 
lumbar region. Outcomes of minimal access 
approaches have been promising. A study by 
Huang et al.  [  34  ]  showed comparable rates of 
blood loss,  complication rates, and survival rates 
between minimal access and open thoracotomy 

a

b

  Fig. 32.4    43 year old male with history of multiple 
myeloma A. Pre-operative sagittal CT reconstruction of 
the thoracic spine demonstrating a T8 vertebral fracture. 
B. CT scan status post vertebral corpectomy and pedicle 
screw and cage reconstruction         
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for treatment of spine metastasis in T3–T12. 
Minimal access approach, however, was associ-
ated with signi fi cantly shorter hospital stay, 
with only 6.9 % requiring a 2-day ICU stay com-
pared to 88 % in patients treated with standard 
thoracotomy  [  34  ] .    

    32.6   Percutaneous Vertebral 
Augmentation 

 Percutaneous vertebroplasty and kyphoplasty can 
be an effective treatment option for patients 
with pathologic compression fractures with mini-
mal deformity  [  71  ] . Both approaches involve 
injection of a surgical cement (e.g., polymethyl-

methacrylate [PMMA]) into the vertebral body 
 [  29  ] . In kyphoplasty, however, a balloon is intro-
duced and in fl ated within the vertebral body to 
create a cavity that can be  fi lled with PMMA. 
Percutaneous vertebral augmentation has shown 
to result in signi fi cant pain reduction in 80–100 % 
of patients with spinal metastasis  [  52,   56,   66  ] . 
The most frequent complication is cement 
extravasation (2–73 % of cases) [  10,   21,   29,   32, 
  42,   44,   55  ] . They are mostly asymptomatic 
but can cause more adverse effects such as 
severe paraplegia  [  43,   45  ] . Contraindications to 
percutaneous vertebral augmentation include 
patients with active infection such as epidural 
abscess,  sepsis, osteomyelitis, and/or uncorrect-
able coagulopathy  [  29  ] .  

   Table 32.2    Outcomes of surgical treatment for metastatic spinal tumors   

 Study  Surgery type  Patient characteristics  Outcome  Complications 

 Overby and 
Rothman  [  53  ]  

 Anterolateral 
decompression 

 No—12  Neurological de fi cit 
improvement a —75 % 

 DVT—8.3 % 

 Age—51.9 (mean)  Improved 
ambulation—58.3 % 

 Urinary tract sepsis—8.3 % 

 Breast, prostate, lung 
mets 

 Restored bladder 
continence—83.3 % 

 Fidler  [  19  ]   Anterior 
decompression 
and stabilization 

 No—17  Pain 
improvement—94.1 % 

 Local recurrence in 1 case 

 Age—53 (mean)  Neuro 
improvement b —93.3 % 

 Pts with pathologic fx  Improved 
ambulation—82.3 % 
 Restored bladder 
continence—2/2 

 Kostuik et al. 
 [  41  ]  

 Decompression 
and stabilization 
(anterior or 
posterior) 

 No—100  Pain improvement—85 %  Instrumentation 
failure—2 % 

 (71 patients with 
metastatic spinal 
lesions) 

 Neurological de fi cit 
improvement—71 % 
(anterior decompression), 
40 % (posterior 
decompression) 

 Infection—4 % 

 Restored bowel/bladder 
continence—47 % 

 Pseudoarthrosis—3 % 

 Gokaslan 
et al.  [  27  ]  

 Transthoracic 
vertebrectomy 

 No—72  Pain 
improvement—92.3 % 

 Epidural hematoma (4.2 %), 
PE (1.4 %), Atelectasis, 
ileius, AFib, wound 
infection 

 Age—56 (median)  Neuro 
improvement b —76.1 

 Renal, breast, 
melanoma, sarcoma, 
lung mets 

 Restored 
ambulation—76.9 % 

   DVT  deep vein thrombosis,  Fx  fractures,  PE  pulmonary embolism,  AFib  atrial  fi brillation 
  a Neurological grading based on Brice and McKissock  [  7  ]  
  b Neurological function assessed by the Frankel score  [  23  ]   
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    32.7   Medical Treatment 

 Options for medical therapy in management of 
spinal metastasis include hormone therapy, che-
motherapy, bisphosphonates, corticosteroids, and 
analgesic agents. With an exception of a few 
hormonal treatments or chemotherapies, most 
medical therapy is not curative but is limited to 
the role of an adjuvant therapy. Hormone therapy 
can be used in treatment of speci fi c types of 
tumors such as breast cancer and prostate cancer. 
For instance, tamoxifen and aromatase inhibitors 
are used for breast cancer and gonadotropin-
releasing hormone agonists for prostate cancer 
 [  9,   50  ] . Chemotherapy can be used postopera-
tively as or preoperatively as adjuvant or neoad-
juvant therapy, respectively.  [  62,   64,   65  ] . 
Bisphosphonates inhibit bone resorption and can 
help reduce pathologic fractures as well as pro-
gression of osteolytic tumors and maintain bone 
mineral density for patients on hormonal therapy 
(e.g., prostate cancer patients pharmacologically 
castrated)  [  2,   31,   51  ] . Other medical treatments 
include corticosteroids for reduction of spinal 
cord edema and nonsteroidal anti-in fl ammatory 
drugs (NSAIDs) and opioids for pain manage-
ment  [  13,   47,   65  ] .  

    32.8   Concluding Remarks 

 Metastatic spine tumors cause signi fi cant morbid-
ity and mortality. Surgical interventions have been 
playing an increasingly critical role in managing 
patients with metastatic tumors. Modi fi cation of 
traditional surgical approaches as well as endo-
scopic techniques has helped with ef fi cient man-
agement of symptoms and disease control with 
reduced procedure-associated morbidity. Further 
improvements in surgical techniques and other 
treatment modalities also promise better manage-
ment of metastatic spine tumors in the future.      
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    33.1   Case Example 

 A 48-year-old male presented with 2 months of 
increasing thoracic spine and bilateral shoulder 
pain. He had known osteoarthritis of the right 
shoulder and had received two intra-articular ste-
roid injections in the past, the most recent 
7 months prior to presentation. He denied any 
radiation of pain into the upper or lower extremi-
ties and had not experienced weakness, sensory 
loss, balance problems, or bowel/bladder inconti-
nence. His spinal pain was made worse with 
coughing, deep breathing, and bending forward. 
Review of systems revealed that the patient has 
experienced subjective fevers and intermittent 
night sweats. 

 On physical exam, the patient had tenderness 
to palpation in the upper thoracic spine. He did 
not display any motor weakness in the upper or 
lower extremities. Sensation was intact through-
out. Re fl exes were 1+ symmetrically. He dis-
played no clonus, negative Hoffmann and 
Babinski signs, and a negative Romberg test. 

 Plain  fi lm radiographs of the cervical and tho-
racic spine demonstrated slight disk space nar-
rowing at T2–T3 (Fig.  33.1 ). Cervical and 
thoracic magnetic resonance imaging (MRI) 
studies with and without gadolinium revealed a 
lesion at T2–T3 involving both the vertebral bod-
ies and the intervertebral disk. This lesion 
extended anteriorly into the mediastinum adja-
cent to the esophagus and lung pleura. The lesion 
also extended posteriorly into the epidural space, 
creating stenosis of the spinal canal.  

 Laboratory studies demonstrated a white 
blood cell (WBC) count of 10.9, an erythrocyte 
sedimentation rate (ESR) of 51.0, and a C-reactive 
protein level of 71.9. 

 A computed tomography (CT)-guided biopsy 
of the lesion was performed, and the specimen 
sent for histological and microbiological analy-
sis. Cultures were positive for methicillin- 
sensitive  Staphylococcal aureus  (MSSA). No 
malignant tissue was seen on histology. 

 The patient was diagnosed with vertebral 
osteomyelitis and diskitis at T2–T3, with a 
small epidural abscess extending from the ver-
tebral infection. Intravenous antibiotic therapy 
was initiated with ceftriaxone and maintained 
for 6 weeks. After 6 weeks, the patient’s pain 
was much improved, he was not experiencing 
fevers, and he felt able to return to work. On 
exam, he had no neurologic de fi cits. A repeat 
thoracic spine MRI showed progressive destruc-
tion of the vertebral end plates but improvement 
in the extent of the prevertebral and epidural 
infection.  
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  Fig. 33.1    Images of a 
48-year-old male with 
T2–T3 vertebral osteomyeli-
tis with epidural abscess 
formation, as well as T2–T3 
diskitis. He presented with 
2 months of increasing upper 
thoracic spine pain, made 
worse by coughing, deep 
breathing, and bending 
forward. He also had 
subjective fevers and night 
sweats. No neurologic 
de fi cits were present on 
physical exam, but he did 
have tenderness to palpation 
of the upper thoracic spine. 
Plain  fi lm radiographs ( a ,  b ) 
demonstrate only slight disk 
space narrowing at T2–T3. 
T1 ( c ) and T2 ( d ) MRI 
images demonstrated 
abnormal signal within the 
T2 and T3 vertebral bodies, 
narrowing of the disk space, 
and an abscess extension into 
the epidural space ( solid 
arrow ) as well as the 
posterior mediastinum 
( dashed arrow ). A techne-
tium-99 bone scan ( e ) 
showed increased tracer 
uptake in the upper thoracic 
spine. CT-guided biopsy 
yielded  Staphylococcus 
aureus . He was treated with 
intravenous antibiotics         
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    33.2   Differential Diagnosis 
for Spinal Infections 

    Vertebral osteomyelitis vs. diskitis vs. epidural 
abscess  
  Pott’s disease (tuberculous infection of the spine)  
  Disk herniation  
  Degenerative disk disease  
  Primary spinal tumor  
  Metastatic tumor  
  Epidural hematoma  
  Transverse myelitis  
  Syringomyelia  
  Spinal cord infarction     

    33.3   Vertebral Osteomyelitis 

    33.3.1   Epidemiology 
and Pathophysiology 

 Between 2 and 4 % of all pyogenic osteomyelitis 
cases occur in the vertebrae  [  69  ] . Prior to the 
advent of antibiotic medications, mortality from 
vertebral osteomyelitis was nearly one in every 
four patients  [  45  ] . This condition is more com-
mon in men and in the elderly, with peak inci-
dence during the seventh decade  [  7,   16,   44  ] . 
Incidence of vertebral osteomyelitis is thought to 
be increasing, due in part to intravenous drug 

e
Fig. 33.1 (continued)
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abuse and the use of long-term intravenous access 
devices in elderly patients  [  73,   74  ] . Carragee 
found that 40 % of patients in his series had 
immune suppression resulting from diabetes mel-
litus, corticosteroid use, chemotherapy for cancer 
or rheumatologic conditions, hepatic or renal 
failure, myelodysplasia, or malnutrition. He also 
found that 10 % of the patients in his series had 
prior radiation therapy to the spine for metastatic 
cancer  [  7  ] . Infective endocarditis is also a risk 
factor for development of vertebral osteomyeli-
tis; spinal infection occurs in approximately 10 % 
of endocarditis cases and is sometimes the pre-
senting sign of a cardiac valve infection  [  52  ] . 

 While most common in adults, vertebral osteo-
myelitis can occur in neonates and children as well 
and must be included in the differential diagnosis 
for occult infection and back pain in these patients 
 [  19,   23,   36  ] . Signi fi cant neurologic de fi cits have 
been reported in neonates with osteomyelitis  [  26  ] . 

 The lumbar spine is the most common site of 
adult pyogenic osteomyelitis  [  7,   16,   25,   44,   74  ] . 
In a series by Krogsgaard et al.  [  44  ] , 59 % of 
cases were in the lumbar spine, 33 % were tho-
racic, and 8 % were cervical  [  44  ] . Most patients 
have involvement of only a single motion seg-
ment (two vertebrae and the interposed disk), but 
up to 13 % of cases can involve multiple motion 
segments  [  7,   16  ] . 

 Vertebral osteomyelitis typically begins with 
hematogenous seeding to the vertebral body. 
There are two possible routes. One is arterial, 
with bacteria entering the vertebral bodies through 
the nutrient arterioles  [  80  ] . The other is venous, 
via the valveless perivertebral venous plexus  [  2  ] . 
This venous plexus is in communication with the 
pelvic venous plexus, explaining how urinary and 
pelvic infections can indirectly seed the vertebral 
column via retrograde venous  fl ow  [  2,   80  ] . 
Similarly, there is a prevertebral venous plexus in 
the cervical spine that may function as a hematog-
enous route for peripharyngeal infections to travel 
 [  56  ] . The posterior spinal elements are rarely 
involved in vertebral osteomyelitis  [  25  ] . 

 Once a vertebra is infected with osteomyelitis, 
direct local spread can occur  [  73  ] . The avascular 
disk can be destroyed by the infection, which can 
then extend into the adjacent vertebra. Cervical 

infections can breach the prevertebral fascia and 
spread into the mediastinum or supraclavicular 
fossa. Lumbar infections can track along the 
psoas muscle, even reaching the piriformis fossa 
or perianal spaces. If the infection penetrates into 
the subarachnoid space, then meningitis results.  

    33.3.2   History and Physical Exam 

 Clinical presentation varies depending on the loca-
tion and extent of the infection, but back pain is 
seen in more than 85 % of patients with vertebral 
osteomyelitis  [  7,   74  ] . There is often paraspinal 
muscle spasm as well. Pain is not necessarily 
dependent on activity level and often wakes the 
patient from sleep at night. A signi fi cant number of 
patients are afebrile at presentation, with case 
series ranging from 15 to 66 % of patients 
 [  7,   25,   74  ] . Adjacent soft tissue infections may also 
cause symptoms, such as a psoas abscess causing 
pain with hip extension or a paravertebral cervical 
abscess causing dysphagia or torticollis  [  73  ] . 

 Neurologic de fi cits of varying severity are com-
mon. Patients are more likely to suffer neurologic 
injury from vertebral osteomyelitis if they have dia-
betes mellitus or rheumatoid arthritis, are elderly, 
are using systemic steroids, or have a more cephalad 
level of infection  [  20  ] . Torda et al.  [  74  ]  found that 
11 of 20 (55 %) patients had limb weakness at pre-
sentation. Of these 11 patients, 4 also had dysesthe-
sias, 3 had objective sensory loss, and 3 had urinary 
retention  [  74  ] . Carragee 1997 found that 9 of 111 
(8 %) of patients developed complete spinal cord 
injury at some point during their disease course. An 
additional 21 patients (19 %) had incomplete neu-
rologic de fi cits; 11 were cauda equina lesions, 
2 were conus lesions, and 8 were cord lesions  [  7  ] . 

 Previous studies have found that between 27 
and 46 % of patients had an identi fi able primary 
source of infection  [  7,   44  ] . Of these, the genito-
urinary tract was the source in up to 43 % of cases; 
Krogsgaard et al.  [  44  ]  found that 18 of 137 (13 %) 
patients had a genitourinary procedure in the 
3 months prior to the diagnosis of vertebral osteo-
myelitis  [  7,   16,   20,   44  ] . Torda et al.  [  74  ]  found 
that 8 of 20 patients had vertebral osteomyelitis 
from intravenous cannula-related sepsis  [  74  ] .  
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    33.3.3   Laboratory Studies and Imaging 

 The most commonly isolated bacterium in ver-
tebral osteomyelitis is  Staphylococcus aureus . 
Torda et al.  [  74  ]  identi fi ed  Staph aureus  as the 
causative organism in 68 % of cases, almost half 
of which were methicillin-resistant  Staph aureus  
(MRSA)  [  74  ] . Genitourinary source infections 
are often caused by  Escherichia coli  and  Proteus 
mirabilis . Patients who abuse intravenous 
drugs can  present with  Pseudomonas aerugi-
nosa   osteomyelitis  [  79  ] . Coagulase-negative 
 Staphylococcus  species,  Propionibacterium 
acnes , and  Streptococcus viridans  can cause 
more indolent presentations of vertebral osteo-
myelitis and should not be  dismissed as con-
taminants;  Strep viridans  is the most common 
organism in infections seeded from endocarditis 
 [  7,   52  ] . Children with sickle cell anemia fre-
quently have  Salmonella  osteomyelitis  [  73  ] . 

 In patients with normal immune systems, 
Carragee reported elevation of WBC count in 
44 % of patients and elevation of ESR in 100 %. 
However, in patients with suppressed immune 
systems, only 30 % had elevated WBC counts 
and 89 % had elevated ESR values  [  7  ] . Blood 
cultures are positive in approximately 30–60 % 
of patients  [  7,   16,   74  ] . Cultures from bone biop-
sies are positive in up to 73 % of cases  [  74  ] . 
Core biopsy is preferable to  fi ne needle aspira-
tion, as a better specimen is obtained. Open 
biopsy should be performed if the locus of infec-
tion is not accessible to radiographically guided 
biopsy, when signi fi cant bone damage with neu-
rologic injury is present, or when closed biopsy 
has not yielded a causative organism. During the 
diagnostic workup, cultures of blood, urine, and 
bone should be obtained prior to initiation of 
antibiotic therapy unless the patient is septic 
 [  73  ] . Cultures should be kept for at least 10 days 
to detect less-virulent bacteria. All tissue cul-
tures should also be sent to pathology for analy-
sis to rule out malignant or metabolic bone 
diseases and to stain for acid-fast bacilli and 
fungi. An echocardiogram should be done to 
rule out endocarditis as a source of infection, 
particularly in patients with known valvular 
defects  [  52  ] . 

 Imaging is crucial in establishing the diagno-
sis of vertebral osteomyelitis (Fig.  33.2 ). Torda 
et al.  [  74  ]  found plain radiographic abnormalities 
in all 20 (100 %) of their patients, most com-
monly loss of disk height  [  74  ] . However, only 
eight (40 %) patients demonstrated bone or disk 
destruction. In infants, radiographs may initially 
be normal, but the infection can rapidly progress 
to demonstrating complete or near-complete 
obliteration of the affected vertebral bodies  [  19  ] . 
Children with vertebral osteomyelitis have nor-
mal initial radiographs in 46 % of cases  [  23  ] .  

 MRI has been reported to have a sensitivity 
for vertebral osteomyelitis of 96 % and a 
speci fi city of 92 %, making this the imaging 
modality of choice  [  51  ] . Use of MRI has been 
shown to be diagnostic even within the  fi rst 
2 weeks of symptoms, signi fi cantly shortening 
the time to diagnosis  [  6  ] . Usually, vertebral osteo-
myelitis also causes signal changes of the adja-
cent intervertebral disk on MRI; if no disk 
involvement is seen, then neoplasm, tuberculosis, 
and fungal infection should be ruled out with fur-
ther laboratory tests, as these processes usually 
do not involve the disk  [  1,   40  ] . Technetium-99 
bone scans have been shown to be positive in 
almost 90 % of patients, but are not highly speci fi c 
as they cannot differentiate infection from frac-
ture or malignancy  [  51,   74  ] .  

    33.3.4   Nonsurgical Treatment 

 Intravenous antibiotics are the standard initial 
treatment for vertebral osteomyelitis, once appro-
priate cultures have been obtained. Generally, at 
least 6–8 weeks of antibiotic therapy is needed 
 [  75  ] . In a series of 20 patients, Torda et al.  [  74  ]  
cited a mean duration of intravenous antibiotic 
therapy of 34 days. Subsequently, oral antibiotic 
therapy was maintained for between 21 and 
240 days. Three of their 20 patients (15 %) devel-
oped relapse of infection, were treated with repeat 
courses of intravenous and oral antibiotics, and 
did not have further recurrences  [  74  ] . MRSA 
osteomyelitis may respond better to a combina-
tion treatment of intravenous vancomycin and 
oral rifampin, which animal studies have shown 
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to have better penetration into bone  [  17,   30  ] . 
Predictors for successful nonoperative treatment 
are age less than 60 years, a healthy immune 
 status, and a downtrending ESR  [  7  ] . Malnutri-
tion is often seen in patients with vertebral 
osteomyelitis and should be treated to maximize 
the patient’s chances of eliminating infection. 

A serum  albumin of <3 g/dL, absolute lympho-
cyte count of <800/mL, and serum transferrin of 
<150  m g/dL all are indicative of malnutrition  [  73  ] . 
If after 4 weeks of antibiotic therapy, the patient 
has not clinically improved, has persistently ele-
vated in fl ammatory markers, or has an MRI show-
ing no improvement in the extent of infection and 

  Fig. 33.2    Images of a 51-year-old female who initially 
presented with progressive bilateral lower extremity 
paralysis over several months. Radiographs ( a , b ) and a 
CT scan ( c ,  d ) revealed T8–T9 vertebral osteomyelitis and 
diskitis ( solid arrows ). An MRI STIR sequence ( e ) dem-
onstrated increased signal intensity of the vertebral bodies 
and disk, as well as mild cord signal change. A bone 
biopsy yielded MRSA, and the patient was treated with 

intravenous antibiotics as her neurologic lesion was com-
plete and she had multiple medical comorbidities. Four 
months later, the patient presented with bilateral upper 
extremity paralysis. T1 MRI with gadolinium ( f ,  g ) dem-
onstrated osteomyelitis at C4–C5 with an anterior epidu-
ral abscess ( dashed arrow ). An anterior C5 corpectomy 
was initially performed to decompress the spine, followed 
by a posterior C3–C6 fusion         
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no progression of vertebral fusion, then operative 
treatment should be considered  [  75  ] . 

 In infants and children, aggressive antibiotic 
therapy should be maintained for several weeks. 
Often the infection results in destruction of part 
or all of a vertebral body, leaving the child with a 
hemivertebra or segmentation failure. Bracing 
should be used to prevent development of severe 
short-segment kyphosis or scoliosis  [  19  ] .  

    33.3.5   Surgical Treatment 

 Surgical treatment for vertebral osteomyelitis is 
often necessary either acutely or after failure of 
medical management, particularly when neuro-
logic de fi cits or spinal instability is present  [  75  ] . 
Torda et al.  [  74  ]  reported that 5 of 20 (25 %) 

patients required surgical debridement  [  74  ] . 
Because the infection is generally within the ver-
tebral body, an anterior surgical approach is typi-
cally utilized. Emery et al.  [  22  ]  reported excellent 
results in 21 patients who underwent anterior 
debridement with autogenous bone grafting. Six 
of these patients had preoperative neurologic 
de fi cits (Five were Frankel grade D, and one was 
Frankel grade C); all six recovered motor and 
sensory function. No patients had recurrence of 
infection, and only one patient developed a pseu-
darthrosis. No signi fi cant postoperative kyphotic 
deformities occurred  [  22  ] . Eismont et al.  [  20  ]  
found better results in osteomyelitis patients pre-
senting with paralysis who underwent anterior 
debridement rather than laminectomy, both in the 
cervical and lumbar spine  [  20  ] . Recently, 
Gonzalvo et al.  [  27  ]  challenged the superiority of 
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anterior  debridement in a report of nine patients 
with vertebral osteomyelitis and only minor neu-
rologic de fi cits (Frankel grades D and E), all of 
whom were treated with simultaneous posterior 
debridement and single-level fusion. No patients 
required subsequent surgeries, and all patients 
had successful fusions after a mean 5-year fol-
low-up period  [  27  ] . Infections in the thoracic 
spine can be treated either with costotransversec-
tomy or thoracotomy  [  20  ] . 

 While there is concern over placing metal 
implants in an infected space, there are case series 
demonstrating low risk of persistent infection 
with instrumentation in place. Carragee treated 
42 of 111 (38 %) patients with surgical debride-
ment and arthrodesis; instrumentation was placed 
in 14 of these patients, and all had successful out-
comes despite presence of infection at time of 
implantation  [  7  ] . Korovessis et al.  [  43  ]  placed 
titanium cages at the site of vertebral debride-
ment in 17 patients with osteomyelitis via com-
bined anterior/posterior approaches. At a mean 
follow-up of 4 years, no patients had recurrent 
vertebral infections, loss of sagittal correction, or 
cage migration  [  43  ] .  

    33.3.6   Prognosis 

 Mortality has improved with use of antibiotics, 
and in recent series, it is often dif fi cult to deter-
mine if those patients who died succumbed 
because of the vertebral infection or from other 
comorbidities. In the  fi rst several decades after 
the advent of antibiotics, series of vertebral osteo-
myelitis patients reported mortality rates between 
0 and 5 %  [  25,   70,   80  ] . However, more recently 
Carragee reported that 18 of 111 (16 %) patients 
died, 10 patients within 6 months of diagnosis 
and 8 of those within 1 month. Most had serious 
comorbidities. Perhaps this re fl ects the increas-
ing danger of antibiotic-resistant forms of bacte-
ria, particularly MRSA. 

 Morbidity from vertebral osteomyelitis can 
be signi fi cant. Torda et al. reported that out of 20 
patients, two (10 %) had residual urinary reten-
tion and lower extremity weakness. Other noted 
complications included bacterial endocarditis, 

hepatic abscess, and ischiorectal abscess  [  74  ] . 
In Carragee’s series, of the nine (8 %) patients 
who experienced a complete spinal cord injury, 
four fully recovered, one had Frankel grade D 
function, two had grade C function, and two 
died without recovering spinal function. Of 
the 21 (19 %) incomplete neurologic lesions, 
nine completely resolved, and twelve had per-
manent partial injury. Approximately 10 % of 
patients have chronic severe back pain at 2-year 
follow-up  [  7  ] .   

    33.4   Epidural Abscesses 

    33.4.1   Epidemiology and 
Pathophysiology 

 Epidural abscesses are potentially life- threatening 
infections with high risk for neurologic impair-
ment, and so prompt diagnosis is critical. 
Incidence of epidural abscesses is highest in the 
sixth and seventh decades of life and is more 
common in men by a ratio of approximately two 
to one  [  3,   10,   15  ] . Diabetes mellitus, intravenous 
drug abuse, spine trauma, paraspinal abscess, 
skin ulcers, and cellulitis have all been identi fi ed 
as predisposing factors  [  10,   13,   39,   42,   58  ] . 
Endocarditis is another well-documented source 
of infection for epidural abscesses  [  10,   21  ] . Also, 
epidural catheters for anesthesia or analgesia are 
a risk factor for development of epidural 
abscesses, and any back pain or new neurologic 
de fi cits in patients with these catheters should 
be thoroughly evaluated for possible epidural 
 infection  [  5,   41,   64  ] . 

 The epidural space is not an uninterrupted 
space between the spinal ligaments and dura but 
rather an organized and septated arrangement of 
spaces along the spinal cord. Anterior to the spi-
nal cord, the dura is directly adjacent to the pos-
terior longitudinal ligament, resulting in a 
potential rather than an actual space. Posterior 
and lateral to the cord, there are segmental actual 
epidural spaces  [  32  ] . The clinical importance of 
this anatomy is that epidural abscesses typically 
do not form circumferentially and they usually 
only span a few vertebral segments. Series have 
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reported that abscesses span a mean of 3.5 verte-
bral body levels, with a range of 1–6 levels; at 
least 65–70 % of abscesses are ventral to the spi-
nal cord, while 17–23 % are dorsal and only 
12–14 % are circumferential  [  10,   39,   46  ] . Epidural 
abscesses can form at any level along the spine, 
with different series reporting varying distribu-
tions of infections  [  10,   15,   39,   66  ] .  

    33.4.2   History and Physical 
Examination 

 As with osteomyelitis, back pain is the most com-
mon presenting symptom, affecting more than 
70 % of patients. The pain is typically severe and 
unrelenting  [  3,   46,   58  ] . Approximately 60 % of 
patients are febrile at presentation  [  58  ] . 
Neurologic de fi cits at time of presentation occur 
in approximately 57–75 % of patients  [  10,   39  ] . 
These include radiculopathy, bowel or bladder 
dysfunction, paresis, and plegia. In a large meta-
analysis,  [  58  ]  found that 31 % of patients pre-
sented with paraparesis or paraplegia  [  58  ] .  

    33.4.3   Laboratory Studies and Imaging 

 Elevated WBC counts are present in more than 
50 % of cases, and the ESR is nearly always ele-
vated  [  54,   58,   60  ] . Blood cultures are positive in 
35–69 % of cases  [  10,   13,   46  ] , and abscess cul-
tures from aspiration or biopsy are positive in 
approximately 85 % of cases  [  10,   13  ] . 
Cerebrospinal  fl uid (CSF) was drawn in 30 of 35 
patients in a series by Danner and Hartman  [  13  ] , 
and only two of these patients grew bacteria from 
the CSF. One of these displayed clinical signs of 
meningitis  [  13  ] . Thus, lumbar puncture should 
only be performed in patients with symptoms 
consistent with meningitis, as penetrating the 
dura near an epidural abscess may introduce bac-
teria into the spinal  fl uid  [  58  ] . 

  Staphylococcus aureus  is the causative organ-
ism in 45–65 % of cases  [  10,   13–  15,   39  ] . However, 
Gram-negative rods and anaerobic bacteria may 
be increasingly common causative agents of epi-
dural abscesses  [  14,   15  ] . 

 MRI is the most useful imaging modality, as it 
has a high diagnostic accuracy for epidural 
abscess  [  54,   60  ]  (Fig.  33.3 ). The abscess is 
hypointense or isointense on T1-weighted images 
and hyperintense on T2-weighted images  [  60  ] . 
Use of gadolinium contrast further improves the 
capability of MRI to differentiate abscesses from 
surrounding tissues  [  63  ] . MRI can delineate 
between abscess and tumor, disk herniation, spi-
nal cord infarction, or other spinal pathologies 
and does not require a lumbar puncture as with 
CT myelography  [  58  ] . If MRI is contraindicated, 
then CT myelogram is also an excellent study, 
although there is risk of introducing bacteria into 
the intradural space if needle placement is near a 
purulent collection.  

 In one report, 73 % of patients with epidural 
abscesses also had MRI signal abnormalities 
consistent with adjacent diskitis and/or vertebral 
osteomyelitis  [  10  ] ; an anterior abscess location 
has independently been shown to be a risk factor 
for development of these other loci of spinal 
infection  [  66  ] . Identi fi cation of the extent of 
infection is crucial in establishing a proper treat-
ment plan.  

    33.4.4   Treatment 

 Emergent surgical debridement followed by anti-
biotic therapy remains the standard of care  [  54  ] . 
Surgical approach should be dictated by the loca-
tion of the abscess. In series of operative treat-
ment for epidural abscesses, most cases were 
performed via posterior laminectomy. However, 
anterior debridement with corpectomy some-
times is required if there is a large anterior 
abscess, particularly in the cervical spine 
(Fig.  33.2 )  [  58,   60  ] . Del Curling et al.  [  15  ]  
reported that only 2 of 29 patients initially treated 
operatively required repeat debridements; in 
84 % of their cases, the surgical wound was pri-
marily closed. 

 Duration of antibiotic therapy is typically at 
least 2–6 weeks of intravenous agents, some-
times followed by a course of oral antibiotics 
 [  15,   60,   66  ] . Choice of antibiotic is dictated by 
bacterial cultures. Duration of treatment should 
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be guided by the patient’s symptoms, serial 
WBC and ESR values, and follow-up imaging 
 [  60,   66  ] . Adjunctive administration of corticos-
teroids to patients with epidural abscesses has 
been shown to negatively impact neurologic 
recovery  [  13  ] . 

 Successful percutaneous drainage has also 
been described for posterior thoracolumbar and 
lumbar epidural abscesses  [  12,   34,   48,   72  ] . In 
some of these cases, CT-guided needle aspiration 
was suf fi cient to decompress the abscess  [  48  ] . 
Other patients were treated by placement of an 
epidural catheter using  fl uoroscopic guidance, 
and in certain cases, irrigation was pumped 
through these catheters to facilitate clearance of 
the infection  [  34,   72  ] . Intravenous antibiotics 
were initiated as adjunctive treatment in all 
cases. 

 Some authors have advocated nonoperative 
treatment for epidural abscesses  [  39,   49,   53,   78  ] . 
In these small series, patients had no neurologic 
de fi cits and typically had an identi fi ed organism 
from blood or abscess cultures. The patients were 
treated with 4–8 weeks of parenteral antibiotics. 
Most had complete recoveries, but several still 
required surgical debridement. However, other 
studies have shown that patients treated with 
antibiotic therapy alone have signi fi cantly greater 
chance for unfavorable outcome, even if these 
patients selected for nonoperative treatment did 
not initially have sepsis or neurologic de fi cits 
 [  10,   31  ] . Harrington et al.  [  28  ]  stated that nonop-
erative treatment should only be attempted in 
patients with no neurologic de fi cits, a clearly 
identi fi ed causative organism, a clearly decreas-
ing WBC count and ESR with antibiotic therapy, 
percutaneous drainage of any identi fi ed abscess 
collections, and capability to closely observe for 
and operatively treat the patient if sudden neuro-
logic changes arise  [  28  ] .  

    33.4.5   Prognosis 

 Neurologic improvement is more likely with 
shorter duration of symptoms, prompt initiation 
of treatment, and less severe initial neurologic 
de fi cits  [  13,   31,   58  ] . Predictors of poor outcome 
from epidural abscesses include advanced age, 

a
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  Fig. 33.3    Images of a 64-year-old male with a thoracolum-
bar epidural abscess. He presented with 3 weeks of increasing 
pain and progressive left leg weakness. Initially he received a 
left hip intra-articular injection, as this was thought to be the 
origin of his pain. He subsequently became febrile and also 
developed mental status changes and constipation. Sagittal 
T1 MRI with contrast ( a ) demonstrated a ring-enhancing pos-
terior epidural lesion extending from T11 to L5 that com-
pressed the spinal sac ( solid arrow ). Axial T2 MRI without 
contrast ( b ) further elucidated the degree of spinal sac com-
pression ( dashed arrow ). After operative debridement via an 
L1-L4 hemilaminectomy, cultures grew  Staphylococcus 
aureus . The patient recovered full neurological function       
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severity of thecal sac compression, and sepsis 
 [  39  ] . Curry et al.  [  10  ]  reported neurologic 
improvement in 38 % of patients, deterioration in 
29 %, and no change in 33 %  [  10  ] . Mortality 
ranged from 7 to 20 % in various recent series 
 [  13,   15,   39,   58  ] .   

    33.5   Diskitis 

    33.5.1   Pediatric Diskitis 

    33.5.1.1   Epidemiology 
and Pathophysiology 

 Pediatric diskitis is generally considered a sepa-
rate pathological entity from vertebral osteomy-
elitis, although arguments have been made that 
both are manifestations of what should be called 
pyogenic spondylitis  [  61  ] . Typically, pediatric 
diskitis occurs in children younger than 5 years. 
The lumbar spine is most commonly affected, 
and only rarely is more than one disk involved 
 [  4,   50,   61,   77  ] . The disk is seeded hematoge-
nously, as vascular channels exist in the cartilagi-
nous end plates of the pediatric vertebrae that 
allow bacteria to invade the annulus  fi brosus 
from the adjacent vertebral physeal blood supply. 
These vascular channels close once the physes 
ossify, explaining why diskitis is more common 
in young children than adults  [  29,   62,   68  ] . Also, 
in children, there is collateral  fl ow among the 
intraosseous arteries within the vertebral bodies 
that persists until adolescence. Infarction and 
bacterial deposition are therefore much less 
likely within the mid-body than at the vertebral 
end plates, resulting in vertebral osteomyelitis 
occurring less frequently in young children than 
adults  [  57  ] . 

 Differential diagnosis should include vertebral 
osteomyelitis, leukemia, sacroiliac joint septic 
arthritis, Scheuermann’s kyphosis, eosinophilic 
granuloma (characterized by vertebra plana on 
plain  fi lms), and osteoid osteoma or osteoblas-
toma (generally found in the posterior elements) 
 [  18  ] . Children with vertebral osteomyelitis are 
often older (mean age 7.5 years for osteomyeli-
tis vs. 2.8 years for diskitis), more likely to be 
febrile, and in many cases appear systemically 
ill  [  23  ] .  

    33.5.1.2   History and Physical 
Examination 

 Clinically, a history of a recent illness or infec-
tion is common  [  50,   77  ] . Approximately 25 % of 
patients present with fever >38 °C  [  61  ] . The child 
can present with neck, back, thigh, or abdominal 
pain. Unwillingness to bear weight is often 
observed, and so diskitis must be considered in 
any young child who refuses to stand or walk. 
Paravertebral muscle spasm, local tenderness to 
palpation, and loss of lumbar lordosis may be 
present as well  [  4,   18,   50,   61,   77  ] .  

    33.5.1.3   Laboratory Studies and Imaging 
 In pediatric diskitis, WBC count is normal in 
90 % of patients, but ESR is nearly always ele-
vated  [  11,   61  ] . Blood cultures are negative in 
nearly 90 % of patients as well  [  23  ] . Positive cul-
ture rates of disk biopsies range from 37 to 60 % 
of patients. The most common causative organ-
ism is  Staph aureus   [  18,   77  ] . However,  [  26  ]  found 
 Kingella kingae  in 17 % of children who under-
went biopsy, and this Gram-negative species may 
be an increasingly common cause of pediatric 
musculoskeletal infections  [  26,   47  ] . Since disk 
culture is often not conclusive and involves a pro-
cedure, and because MRI provides a powerful 
diagnostic tool, biopsy is not frequently per-
formed for pediatric diskitis unless patients fail to 
respond clinically to empiric antibiotic treatment 
 [  18,   61  ] . 

 Approximately 75 % of children with diskitis 
will display changes on plain radiographs  [  9,   23  ] . 
Several stages seen on plain radiographs have 
been described, distinct from osteomyelitis: ini-
tial disk space narrowing, then new subperiosteal 
bone formation at the end plates, followed by 
end-plate erosion and sclerosis. Sometimes the 
disk space then balloons, and there is notable 
vertebral body erosion  [  11,   38  ] . Technetium-99 
bone scans are positive in more than 92 % of 
patients  [  33  ] . MRI has been shown to have a sen-
sitivity of 93 % and speci fi city of 97 % for diski-
tis and detects disk changes at least several days 
before plain  fi lms and bone scans  [  71  ] . 
T1-weighted sequences show decreased signal at 
an end plate-disk-end plate unit, while 
T2-weighted sequences show increased signal 
 [  61  ] . Also, MRI best  demonstrates epidural or 
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paraspinal abscesses; up to 75 % of children with 
diskitis will also have an in fl ammatory paraverte-
bral mass  [  4  ] .  

    33.5.1.4   Treatment 
 Currently accepted treatment for pediatric diski-
tis is intravenous antibiotics. Rest and bracing are 
often used in conjunction with antibiotics for 
symptomatic relief, but the preponderance of data 
suggests that intravenous antibiotics shorten 
duration of symptoms and reduce recurrence 
 [  61  ] . In a review of case series published since 
1990, total length of treatment should be at least 
4–6 weeks, with 1–2 weeks of parenteral therapy 
followed by 4–6 weeks of oral antibiotics  [  4,   23, 
  26,   61,   68  ] . Choice in antibiotic is generally 
empirical and should cover  Staph aureus ; good 
success has been documented with cefazolin or 
nafcillin intravenously and cephalexin or diclox-
acillin orally  [  61  ]  .  Clinical improvement and 
serial CRP measurements should be used to eval-
uate progress, as CRP normalizes more rapidly 
than ESR with successful antibiotic treatment 
 [  18  ] . A thoracolumbosacral orthosis can provide 
signi fi cant relief; 4 weeks is a typical duration for 
wear  [  11,   18,   68  ] . Surgical debridement or drain-
age is performed only when the patient fails to 
improve on appropriate antibiotic therapy, 
becomes septic, or has a progressing neurologic 
de fi cit  [  18  ] . Even paravertebral abscesses do not 
necessarily require drainage and can improve 
with antibiotic therapy alone  [  61  ] . Once treat-
ment has been completed, the patient should be 
followed periodically for 12–18 months to insure 
that symptoms do not recur.  

    33.5.1.5   Prognosis 
 Outcomes for children with diskitis are excellent. 
Brown et al.  [  4  ]  cited a series of patients, all who 
were initially treated with intravenous antibiotics 
for 2 weeks, followed by oral antibiotics for a 
minimum of another 2 weeks. Half of the patients 
also wore a brace. More than 50 % of the patients 
had improvement in their symptoms in less than 
4 days, and an additional 45 % experienced relief 
in less than 3 weeks. At a mean of 21 months, all 
children who followed up were symptom-free 
 [  4  ] . Crawford et al.  [  9  ]  presented a series of 36 

children with diskitis, all who eventually were 
asymptomatic. Of note, 74 % of these children 
still had vertebral changes on plain radiographs 
even once they were entirely asymptomatic, sug-
gesting that radiographs alone should not be used 
to dictate the duration of treatment  [  9  ] .   

    33.5.2   Adult Diskitis 

    33.5.2.1   Epidemiology 
and Pathophysiology 

 Adult diskitis most commonly occurs after an 
invasive spinal procedure but can occur sponta-
neously as well  [  33,   38  ] . However, spontaneous 
diskitis is much less common than in children. 
The vascular channels through the vertebral end 
plates have closed, thus reducing the available 
routes for bacteria to reach the disk spaces from 
the vertebral body blood supply  [  29  ] . Diskitis can 
develop easily from contiguous vertebral osteo-
myelitis or an epidural abscess. Mean age in mul-
tiple series is in the 50 and 60s  [  33,   38  ] . The 
lumbar spine is most commonly affected  [  33  ] .  

    33.5.2.2   History and Physical 
Examination 

 Adult patients typically complain primarily of 
back pain, and radicular symptoms are common 
 [  38  ] . The pain often is subacute, having been 
present for weeks or even months prior to diagno-
sis  [  38  ] . More than 25 % of patients have a his-
tory of prior bacteremia  [  33  ] . Neurologic de fi cits 
in absence of a concurrent epidural abscess or 
extensive vertebral osteomyelitis are rare.  

    33.5.2.3   Laboratory Studies and Imaging 
 Laboratory tests follow trends similar to pediatric 
diskitis. ESR is elevated in nearly all cases. Most 
cases of adult diskitis are caused by  Staph aureus  
or Gram-negative rods  [  33  ] . In a series of 16 
patients,  [  33  ]  reported that 12 of these patients 
underwent disk aspiration and 10 of these patients 
(83 %) had positive aspirate cultures. Ten patients 
(63 %) had negative blood cultures at time of 
diagnosis  [  33  ] . 

 MRI is the best choice of imaging to assist 
with diagnosis. As with children, technetium-99 
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bone scans are also highly sensitive and can be 
used in patients who cannot undergo MRI scan-
ning  [  33  ] . Plain radiographs should be obtained 
to rule out any spinal deformity that has resulted 
from the infection, but often only a loss of disk 
height is seen.  

    33.5.2.4   Treatment 
 Nearly all patients can be treated nonopera-
tively with intravenous antibiotics. A typical 
course of treatment lasts 6–8 weeks. Choice of 
antibiotic should be determined by culture sen-
sitivities  [  33  ] . Surgical treatment is typically 
indicated only when neurologic de fi cit is pres-
ent, and in these cases, an epidural abscess or 
other cause of spinal cord compression is likely 
present.  

    33.5.2.5   Prognosis 
 Generally, appropriate antibiotic treatment alone 
is curative in adults with diskitis. Honan et al. 
 [  33  ]  reported a 94 % success rate, with the one 
exception being a patient who died of unrelated 
causes. However, Kemp et al.  [  38  ]  described 
three patients who presented with complete 
paralysis from diskitis, and only one recovered. 
The authors noted that signi fi cant granulation tis-
sue from the disk space had invaded the spinal 
canal in the patients who presented with com-
plete paralysis. Thus, close monitoring of these 
patients is necessary during treatment to insure 
that they are not worsening.    

    33.6   Atypical Spinal Infections 

    33.6.1   Tuberculosis 

 Tuberculosis (TB) has become an increasingly 
common infection in the United States over the 
past two decades, due in part to the rise of HIV, 
development of drug-resistant mycobacteria, and 
an in fl ux of immigrants from countries with high 
rates of TB  [  59  ] . The spine is the most common 
site of extrapulmonary disease in TB patients. 
Spinal TB infection was  fi rst described by British 
surgeon Percivall Pott in 1779 and is known today 
as Pott’s disease  [  35  ] . 

 Unlike pyogenic infections, back pain caused 
by TB is more insidious and is often accompa-
nied by fevers, malaise, weight loss, and night 
sweats. A  fl ank mass is commonly palpable as 
well. Complicating diagnosis is the fact that 80 % 
of spinal TB patients do not have active pulmo-
nary disease  [  59,   65  ] . However, the diagnosis of 
Pott’s disease should be considered in any patient 
presenting with back pain and fevers who has 
lived in countries with high rates of TB or those 
with immunode fi ciencies such as HIV. 

 The bacteria usually reach the spine via 
hematogenous spread from a focus of infection in 
the lungs  [  65  ] . There are two major patterns of 
spinal TB infection. One is destruction of con-
tiguous vertebrae, including the intervertebral 
disks; often there is a paraspinal abscess as well 
(Fig.  33.4 ). The other form of infection spares the 
intervertebral disk, instead tracking along the 
anterior longitudinal ligament to involve the next 
adjacent vertebral body  [  65  ] . The thoracic spine 
is most commonly involved  [  76  ] . Infection often 
results in kyphotic deformity and neurologic 
de fi cits. Psoas abscess formation is common in 
spinal TB, occurring in more than 40 % of patients 
 [  76  ] . Gadolinium-enhanced MRI is useful to dif-
ferentiate abscesses from granulation tissue (ring 
enhancing vs. diffuse enhancement, respectively) 
 [  65  ] .  

 Up to 60 % of spinal TB patients have neuro-
logic compromise, and this is caused by abscess 
extension into the epidural space, retropulsion of 
necrotic bone, or from the progression of defor-
mity  [  73,   76  ] . Lab tests should include WBC 
count and ESR, as well as a puri fi ed protein 
derivative (PPD) skin test. WBC count is often 
not elevated, and ESR is normal in about 25 % of 
cases, in contrast to pyogenic spinal infections 
 [  73  ] . Cultures can take 6 weeks to grow, often 
resulting in slow diagnosis. PCR is highly sensi-
tive and speci fi c for detection of  M. tuberculosis  
in formalin- fi xed tissue samples. Ziehl-Neelsen 
acid-fast staining of histology specimens is use-
ful, as is the identi fi cation of caseating granulo-
mas and giant cell formation  [  65  ] . 

 Initial treatment for spinal TB is multidrug 
antibiotic therapy consisting of isoniazid, 
rifampin, ethambutol, and pyrazinamide,  typically 
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  Fig. 33.4    Images of a 
23-year-old female with 
spinal tuberculosis, or Pott’s 
disease. She presented with 
several months of low back 
pain, night sweats, a 
productive cough, and 
unintentional weight loss of 
20 lbs. She was incarcerated 
several years ago. Tuberculin 
skin testing was positive. 
Plain radiographs ( a ,  b ) 
demonstrated collapse of the 
L2 and L3 vertebral bodies, 
with resulting loss of lumbar 
lordosis. T1 ( c ) and T2 ( d ) 
MRI scans revealed 
retropulsion of the vertebral 
fragments into the spinal 
canal, as well as development 
of large bilateral psoas 
abscesses ( arrows ). A chest 
radiograph ( e ) and chest CT 
( f ) demonstrated 
calci fi cations in both lung 
apices, consistent with 
granuloma formation         
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for 6–9 months. Pyridoxine is given adjunctively 
to prevent vitamin B6 de fi ciency. Infectious dis-
ease consultation is imperative, as patterns of 
mycobacterial drug resistance are regional  [  65  ] . 
Patients with severe or progressive deformity, 
neurologic de fi cits, unresponsiveness to medica-
tion, or non-diagnostic biopsy are candidates for 
surgical treatment  [  59  ] . The Hong Kong proce-
dure is the classic surgical treatment for spinal 
TB and consists of anterior debridement, spinal 
canal decompression, kyphotic deformity correc-
tion, and fusion using autograft (iliac crest or 
 fi bula) for strut support of the affected segment(s) 
 [  8  ] . Adjunctive posterior instrumentation is often 
placed, but posterior laminectomy alone will 
compound the deformity by weakening the pos-
terior elements. Successful treatment with place-
ment of anterior instrumentation in addition to 
strut grafts has also been described, without 
recurrent or persistent infection from colonized 
implants  [  35,   81  ] .  

    33.6.2   Brucellosis 

 Brucellosis, caused by  Brucella  bacterial species 
transmitted by cattle, goats, and hogs, is the most 
prevalent zoonotic infection worldwide. Generally 
human infection results from contact with infected 
meat or unpasteurized milk products. While 
uncommon in the United States, Mexico has a high 
incidence of the disease; other geographic regions 
with high infection rates include the Middle East 
and Central Asia  [  55  ] . Brucellosis can cause 

signi fi cant musculoskeletal complaints such as 
sacroiliitis and back pain, as well as fever, weight 
loss, and malaise  [  67  ] . Spinal infection commonly 
affects the anterior inferior vertebral end plate, 
particularly in the lower lumbar spine. Generally 
only a single spinal level is affected. Blood cul-
tures are frequently positive, aiding diagnosis  [  65  ] . 
Also, serological tests such as the standard agglu-
tination test and Coombs test are nearly always 
positive  [  67  ] . Microbiological staining demon-
strates Gram-negative coccobacilli and negative 
acid-fast staining, and histology demonstrates 
non-caseating granulomas  [  65  ] . Treatment for 
brucellosis is appropriate antibiotic therapy; com-
monly this consists of doxycycline and intramus-
cular gentamicin or streptomycin for 2–3 weeks, 
then doxycycline combined with rifampin or 
trimethoprim/sulfamethoxazole for up to 6 months 
 [  65  ] . Immobilization with bracing also is helpful 
for pain relief. Frequent follow-up is necessary, as 
recurrence is common. Surgical intervention does 
not play a major role in brucellosis spondylitis but 
is indicated in rare cases  [  37  ] .  

    33.6.3   Fungal Infections 

 Fungal infections can also occur in the spine. 
Patients who are immunocompromised have 
long-term central venous catheters, or those 
receiving parenteral nutrition are at increased risk 
 [  24,   73  ] . Causative species include  Candida, 
Blastomyces, Coccidioides, Cryptococcus,  and 
 Aspergillus.  The spine is the most common loca-
tion for osseous dissemination in blastomycosis 
and cryptococcal infections  [  40  ] . Diagnosis can 
be dif fi cult;  [  24  ]  cited a mean time from symp-
tom onset to treatment of more than 3 months 
 [  24  ] . Patients are often afebrile, and the WBC 
count is frequently within normal ranges  [  24  ] . 
Fungal culture and potassium hydroxide (KOH) 
staining from blood and tissue biopsy specimens 
may yield a causative organism but often are neg-
ative. Rather, antigen detection assays are much 
more sensitive and speci fi c tests. Polymerase 
chain reaction (PCR) is proving to be increas-
ingly helpful with fungal infection diagnosis as 
well. Histology can demonstrate yeast or hyphae 
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from biopsy tissue or  aspirate  [  40,   65  ] . MRI is 
very useful for diagnosing the extent of infection, 
and typically the intervertebral disks are spared 
in fungal osteomyelitis  [  40  ] . Kyphosis is uncom-
mon, as these infections are indolent in nature; 
however, compression fractures can eventually 
occur  [  65  ] . While nonoperative management can 
be attempted with intravenous antifungal drugs, 
successful treatment often requires operative 
debridement as well. Generally, the anterior spine 
is the site of involvement, so debridement via a 
posterior approach requires costotransversec-
tomy or extracavitary approach. An anterior 
approach provides direct visualization of and 
access to the infected vertebral bodies  [  40  ] . 

 Frazier et al. presented a series of 11 patients 
with fungal spine infections; eight experienced 
some degree of paralysis as a result of infection. 
Causative organisms included  Candida, 
Aspergillus,  and  Coccidioides . Ten patients were 
treated with surgery; anterior debridement proved 
to be more successful than posterior laminec-
tomy, as none of those in the former group 
required subsequent revision surgery. All patients 
were also treated with intravenous antifungal 
drugs, typically amphotericin B. Two patients in 
the series died during hospitalization, indicating 
the potential severity of these infections  [  24  ] . 

  Questions 
     1.    What is the most informative imaging modal-

ity for most types of spinal infections?
    (a)    Plain radiographs  
    (b)    Computed tomography  
    (c)    Gallium-67 nuclear medicine scan  
    (d)    Magnetic resonance imaging      

    2.    Which of the following tests would not be part of 
a standard workup for vertebral osteomyelitis?
    (a)    Complete blood cell count  
    (b)    Lumbar puncture  
    (c)    Blood cultures  
    (d)    Echocardiogram      

    3.    Which of the following is FALSE?
    (a)    Epidural abscesses can rapidly lead to neu-

rologic injury if diagnosis or treatment is 
delayed.  

    (b)    Vertebral osteomyelitis is often seen in 
patients with urosepsis.  

    (c)    Brucellosis often causes sacroiliitis.  
    (d)    Pediatric diskitis often requires surgical 

intervention.         
 Answers: 1—(d), 2—(b), 3—(d)        
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  34

          34.1   Introduction 

 Spinal cord tumors are classi fi ed in three 
different categories to guide diagnosis and 
treatment: extradural, intradural extramedullary, 
and intramedullary spinal tumors. In this chapter, 
we will focus primarily on intradural tumors 
since their primary treatment is surgical resec-
tion. Extradural tumors, which are frequently 
metastatic and include a wide range of neoplasms 
with varying treatment options, are discussed 
elsewhere in this book. Intramedullary spinal 
cord tumors, which arise from cells within the 
spinal cord, account for just 5 % of all central 
nervous system tumors and 15 % of all spinal 
tumors. A small minority of these tumors are 
associated with  heritable diseases, including Von 
Hippel–Lindau (VHL) disease, which causes 
hemangioblastomas, and neuro fi bromatosis types 
1 and 2 (NF-1 and NF-2), which cause astrocy-
tomas and ependymomas, respectively  [  2,   49  ] . 
Approxi mately 20–30 % of patients with VHL 
disease or NF-2 have intramedullary tumors. 
Patients with intramedullary tumors typically 
present initially with pain and sensory changes, 
followed by motor weakness and, then at later 
stages, bowel and bladder de fi cits. In this 

chapter, we will  discuss an extensive list of 
intramedullary and some pertinent intradural 
extramedullary tumors, emphasizing their epide-
miology, symptoms, radiological features, histo-
pathology, and treatment modalities.  

    34.2   Ependymomas 

 The ependymal lining of the ventricles and cen-
tral canal is associated with the development of 
ependymomas. Their occurrence within the cen-
tral nervous system is usually sporadic but can 
also be associated with NF-2. Epidemiological 
studies estimate that 30 % of all ependymomas 
are spinal  [  58  ] . They are the most common spinal 
cord tumor in adults and the second most com-
mon in children after  astrocytomas  [  28,   58  ] . 

 Ependymomas are located within the central 
canal of the spinal cord and cause symptoms 
related to expansion of the neural elements. 
Pediatric patients may also present with hydro-
cephalus. Because of the slow-growing nature of 
the lesions, the average patient presents 2–4 years 
after the onset of symptoms  [  28  ] . Mean age of 
presentation in adults is 40 years  [  28,   58  ] . 

 Ependymomas are more frequent in the cer-
vical and thoracic regions than in the lum-
bosacral region. On imaging, they often show 
an expansion of the cord. CT  fi ndings are spinal 
canal widening and thinned pedicles. Contrast-
enhanced CT scans show a well-circumscribed 
solid lesion. T1-weighted MR sequences of 
ependymomas are isointense to the spinal cord, 
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and the administration of contrast agent enhances 
the lesion. T2-weighted sequences of ependymo-
mas are hyperintense and may show a syrinx 
related to the central canal obstruction as well as 
cord edema surrounding the lesion (Figs.  34.1 , 
 34.2 , and  34.3 )  [  24,   60  ] .    

 Spinal ependymomas are subdivided into four 
grades by the World Health Organization (WHO), 
including subependymomas (grade 1), myxopap-
illary ependymomas (grade 1), classic ependymo-
mas (grade 2), and anaplastic ependymomas 
(grade 3). Slow-growing subependymomas are 
considered benign ventricular lesions and are 
rarely encountered in the spinal cord. They 
are composed of nests of ependymal cells in a 
dense glial  fi brillary matrix and are often associ-
ated with small cysts. Myxopapillary ependymo-
mas occur almost exclusively in the conus–cauda 
equina– fi lum terminale region. They are com-
posed of cuboidal tumor cells arranged in a circu-
lar pattern around vascular cores. Classic 
ependymomas are further subdivided into four 
categories: cellular, papillary, clear-cell, and tany-
cytic. The cellular variety is the most common 
and microscopically presents with perivascular 
pseudorosettes, moderate cellularity, and rare 
nuclear atypia. The papillary subtype resembles 
choroid plexus papilloma, with well-formed 
papillae with blood vessels covered by a smooth 
layer of tumor cells. The clear-cell variety resem-
bles oligodendrogliomas but contains ependymal 
and perivascular rosettes. The tanycytic subtype 
is extremely rare and similar to astrocytoma. It 
is characterized by streams of piloid, or hair-
like, cells having “ependymal” nuclei, which 
resemble tanycytes. Tanycytes are bipolar spe-
cial cells related to hypothalamic/endocrine 
function. Anaplastic ependymomas differ from 
the other varieties by displaying increased 
mitotic activity, increased cellularity, microvas-
cular proliferation, in fi ltrative patterns, and 
necrosis. Macroscopically, low-grade intramedul-
lary ependymomas are well-circumscribed, slow-
growing, centrally located soft red lesions. They 
are well circumscribed and may show cystic 
changes  [  27,   30,   38,   47  ] . 

 Treatment guidelines recommend immediate 
gross total resection of the lesion to remove 
tumor burden and mass effect and to reduce the 

risk of recurrence. In cases in which a gross total 
resection cannot be achieved, studies support 
adjuvant treatment with high-dose radiation. 
Survival studies estimate an 85 % 5-year survival 

  Fig. 34.1    T1-weighted MRI with contrast enhancement 
showing an ependymoma       

  Fig. 34.2    T1-weighted MRI with contrast enhancement 
depicting an ependymoma       
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rate, including patients with subtotal resection 
and adjuvant radiation  [  28,   58  ] .  

    34.3   Astrocytomas 

 Astrocytomas are the most common type of 
intramedullary tumor in children and second 
most common in adults after ependymomas. 
Several types of astrocytoma have been recog-
nized; the most common is the pilocytic astrocy-
toma. High-grade astrocytomas are infrequent in 
the spinal cord. Spinal pilocytic astrocytomas are 
usually found before age 30, with many found 
during childhood. They often are associated with 
syndromes in the juvenile population, including 
Turcot syndrome, tuberous sclerosis complex, 
Li-Fraumeni syndrome, and NF-1  [  2,   49  ] . 

 Patients with spinal astrocytomas have symp-
toms of pain and myelopathy. Because these 
lesions are slow growing, bony remodeling with 
associated scoliosis may also occur  [  31  ] . 

 The cervical spine is the most common loca-
tion of spinal astrocytomas, followed by the 

 thoracic and lumbar regions. The lesions are 
 generally 1–3 cm in size and cause oblong  fusiform 
expansion of the spinal cord. CT  fi ndings without 
contrast enhancement show cord enlargement, 
while contrast-enhanced images show mild 
enhancement. MR  fi ndings on T1 sequence also 
suggest cord enlargement, and approximately 
40 % of tumors have intratumoral cysts or syringo-
hydromyelia. Contrast-enhanced T1-weighted 
MR sequences show heterogenous contrast 
enhancement  [  42  ] . 

 Histopathological grading of spinal astro-
cytomas is based on the highest degree of ana-
plasia observed. Grade 1 astrocytomas [juvenile 
pilocytic astrocytomas (JPAs)] are the most com-
mon subtype in the pediatric population. Grade 
2 astrocytomas ( fi brillary) are often found to 
be diffusely in fi ltrating the parenchyma. Grade 
3 lesions are anaplastic in nature, and grade 4 
tumors are classi fi ed as glioblastoma multiforme. 
Microscopic histopathology of JPAs shows elon-
gated cells with intracellular Rosenthal  fi bers and 
granular eosinophilic bodies. Grade 2 lesions 
show hypercellularity, nuclear pleomorphism, and 
diffuse in fi ltration into the spinal cord. Tumors of 
grades 3 and 4 show vascular proliferation, necro-
sis, and active mitotic features. Gross pathologi-
cal analysis of spinal cord astrocytomas shows an 
expanded spinal cord  [  27,   47  ] . 

 Gross total resection is the goal of treatment, 
but the in fi ltrative nature of astrocytomas makes 
this goal dif fi cult to achieve. The secondary goal 
of treatment is reducing tumor burden by surgical 
resection. Survival statistics reveal an 80 % 
5-year survival rate for patients with low-grade 
tumors and a 30 % 5-year survival rate for those 
with high-grade lesions  [  51  ] . The use of adjuvant 
postoperative radiation therapy remains a contro-
versial topic among researchers. Most studies 
show no additional survival with radiation ther-
apy unless tumors are grade 3 or 4  [  51,   52  ] .  

    34.4   Hemangioblastomas 

 Hemangioblastomas represent approximately 
12 % of all intramedullary tumors and 4 % of spi-
nal tumors  [  53  ] . They are commonly associated 
with VHL disease but can also occur sporadically. 

  Fig. 34.3    T2-weighted MRI showing an ependymoma. 
Vertebral levels are indicated (C2, C4, C6, T1, T3, T5)          
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According to studies, approximately 25 % of VHL 
patients have spinal hemangioblastomas  [  34,   53  ] , 
so genetic testing for VHL disease is recommended 
for patients diagnosed with such tumors  [  43,   46  ] . 
The majority of patients come to medical attention 
during the  fi fth decade of life. A rare clinical pre-
sentation of acute hemorrhage has been reported in 
the literature, but the majority of patients have a 
slow onset of symptoms  [  61  ] . These tumors tend 
to occur predominantly in the posterior aspect of 
the spinal cord. In one series, most of the tumors 
were located in the thoracic spine  [  46  ] . 

 Contrast-enhanced MR imaging is the ideal 
imaging modality for these tumors. They appear 
as enhancing intramedullary masses with possi-
ble cysts associated with them. Because of their 
posterior location, many of these tumors show 
extensive cord edema surrounding the lesion 
(Fig.  34.4 )  [  12  ] .  

 Hemangioblastomas are low-grade, well-
circumscribed, capillary-rich neoplasms. Micro-
scopic  fi ndings reveal vacuolated stromal cells 
with extensive capillary networks. They are 
classi fi ed by the WHO as grade 1  [  27,   47  ] . 

 Gross total surgical resection is the treatment 
of choice of patients with symptomatic lesions, 
and most tumors can be safely removed com-

pletely without sequelae  [  46  ] . Asymptomatic 
tumors are generally observed with conservative 
management and serial imaging. Preoperative 
embolization, if possible, has been shown in stud-
ies to reduce intraoperative bleeding; however, 
no studies have shown superior outcome with 
preoperative embolization  [  46  ] .  

    34.5   Cavernous Malformations 

 Cavernous malformations of the spinal cord 
account for only 3–5 % of all intramedullary 
lesions  [  21  ] . They occur most frequently between 
the 3rd and 6th decades of life, with a peak around 
the 4th decade. Cavernomas show a female pre-
dominance, with a female-to-male incidence ratio 
of 2:1  [  21  ] . The annual risk of hemorrhage asso-
ciated with cavernous malformations is thought 
to be about 2–4 % per year  [  21  ] . 

 Because these lesions may result in repeated 
hemorrhages, multiple clinical patterns of the dis-
ease have been documented. Patients may present 
with stepwise neurological deterioration with 
intermittent recovery, slow progressive neurolog-
ical decline, sudden onset of symptoms with rapid 
decline because of a large acute hemorrhage, or 

a b
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  Fig. 34.4    ( a ) T2-weighted MRI, ( b ,  c ) T1-weighted MRI with contrast enhancement showing a hemangioblastoma       
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sudden onset of symptoms with slow decline after 
a smaller acute hemorrhage. The patterns of dete-
rioration highlight the heterogenous nature of 
these lesions  [  21,   44,   57  ] . 

 T1-weighted MR imaging is heterogenous 
because of varying ages of blood products, and 
the mixed heterogeneity gives the lesions a lobu-
lar or “popcorn”-type shape. Gadolinium admin-
istration causes minimal enhancement of the 
lesions. T2-weighted images show hypointense 
rims (hemosiderin) with heterogenous mass in 
the cord. Cavernous malformations are angio-
graphically occult. Gradient echo sequences 
(GRE) con fi rm the hemorrhagic nature of these 
lesions (Figs.  34.5 ,  34.6 , and  34.7 )  [  5,   8  ] .    

 Fifty percent of spinal cavernomas are 
located in the thoracic spine, 40 % in the cervi-
cal spine, and 10 % in the conus  [  8  ] . Twenty 
percent of lesions are associated with familial 
cavernous malformation syndrome. The famil-
ial variety results from mutations on chromo-
some 3 that predispose patients to multiple 
lesions in an infratentorial location and an ear-
lier age of presentation because of increased 
rates of hemorrhage. Microscopic histopatho-
logical evaluation of cavernous malformations 
shows vascular spaces with a single layer of 
endothelial cells. These vascular spaces are 

separated by poorly constructed collagen walls 
with no support from elastin, smooth muscle, or 
other structural  proteins. Cavernomas do not 
contain neural tissue between vascular spaces 
and lack histological features of capillaries. 
Macroscopically, they appear as discrete lobu-
lated brownish “popcorn” nodules with hemo-
siderin-stained capsules  [  27,   47  ] . 

  Fig. 34.5    T1-weighted MRI with contrast enhancement 
showing a cavernous malformation       

  Fig. 34.6    T1-weighted MRI depicting a cavernous 
malformation       

  Fig. 34.7    T2-weighted MRI showing a cavernous mal-
formation. Vertebral levels C2–T3 are indicated          
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 These vascular malformations can remain 
clinically occult for decades before an acute hem-
orrhage commences the chronic and progressive 
stage of these lesions. Symptomatic lesions as 
well as asymptomatic lesions that are safely 
accessible should be treated to avoid the devastat-
ing consequences associated with a large bleed. 
Surgical gross total resection remains the treat-
ment of choice. The annual risk of hemorrhage 
and associated neurological morbidity compared 
with the postoperative outcomes favors surgical 
intervention. Most lesions can be resected com-
pletely, and a majority of patients with prior hem-
orrhage improve clinically  [  21,   59  ] .  

    34.6   Dermoid Cysts 

 Dermoid cysts are unique intramedullary lesions 
that represent just 1 % of all spinal cord tumors 
but 10 % of all spinal cord tumors in patients 
under the age of 15 years  [  20  ] . They are benign 
germ cell tumors that are the consequence of 
embryological errors during neural tube closure. 
All dermoid cysts are congenital. Most are dis-
covered within the second decade of life. Studies 
show that males are more often affected than 
females  [  20,   48  ] . 

 These slow-growing congenital lesions con-
tain cells that gradually produce cholesterol-
laden products, resulting in continuous growth. 
Thus, most patients present with mass effect 
symptoms; however, case studies also show 
patients presenting with acute chemical meningi-
tis secondary to rupture and dissemination of 
in fl ammatory cholesterol products into the cere-
bral spinal  fl uid  [  48  ] . 

 Dermoid cysts can be located extramedullary 
(60 %) as well as intramedullary (40 %) and most 
commonly occur in the lumbosacral spine. 
T1-weighted MR imaging with contrast agent 
shows mild ring enhancement, while imaging 
without contrast enhancement shows variable 
 fi ndings from hypo- to hyperdense. T2-weighted 
sequences show high signal intensity from the 
mass  [  3  ] . 

 Gross surgical specimens appear as smooth, 
well-demarcated masses containing thick yellow-

ish material. Microscopic pathological evaluation 
reveals an outer connective tissue capsule com-
posed of strati fi ed squamous epithelium with the 
inner content composed of epithelial keratin and 
cholesterol crystals  [  27  ] . 

 Dermoid cysts are treated by surgical resec-
tion. Their adherent nature makes removal 
dif fi cult without damage to neural structures 
and often requires lengthy dissection. Addi-
tionally, care must be taken to avoid spillage of 
the cyst material into the cerebrospinal  fl uid 
(CSF), which may cause chemical meningitis. 
Complete gross total resection is considered 
curative. Subtotal resections may result in recur-
rence  [  48  ] .  

    34.7   Gangliogliomas 

 Gangliogliomas are composed of ganglion cells and 
glial elements. They usually occur in the temporal 
lobes and cerebellum in children and young adults. 
Spinal occurrence is speculated to be less than 1 % 
of all spinal neoplasms  [  32,   36  ] . MR  fi ndings on 
T1-weighted sequences show mixed signal inten-
sity, whereas T2-weighted images show a heterog-
enous appearance. Gadolinium-enhanced studies 
show patchy enhancement of the lesion  [  55  ] . 

 Case studies report that spinal gangliogliomas 
have low malignant potential. The majority of 
the cases reported were located in the cervical 
cord. Microscopically, gangliogliomas appear 
astrocytic in nature, with large cells displaying 
dysplastic features, perivascular in fi ltration, 
Rosenthal  fi bers, and eosinophilic granular bod-
ies. Macroscopically, they appear as solid mass 
with cystic changes  [  27  ] . 

 Surgical gross total resection is the treatment 
of choice. In case studies, subtotal resection 
resulted in a high frequency of recurrence, both 
radiologically and clinically  [  36,   54  ] .  

    34.8   Lipomas 

 Spinal lipomas arise from premature separation of 
ectoderm from neuroectoderm during the neuru-
lation process. They may occur intradurally or at 
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the distal cord/ fi lum area. They represent less than 
1 % of intradural spinal lesions  [  22  ] . Peak ages 
for presentation are younger than 5 years and dur-
ing the 3rd and 4th decades. There is a female pre-
disposition for intradural lipomas  [  22,   45  ] . 

 Lipomas are composed of normal fat cells, 
change continuously depending on body fat con-
tent, and may regress with fat-de fi cient diets and 
grow during steroid therapy and other fat-retaining 
metabolic conditions such as pregnancy  [  22,   45  ] . 
Microscopically, they appear as masses of fat 
globules. Macroscopically, they appear as partially 
capsulated tumors completely contained within 
the dura  [  27  ] . 

 The most common location for intradural 
lipomas is the thoracic spine, followed by 
the  cervical and then lumbosacral regions. 
T1-weighted MR imaging shows hyperintense 
rounded mass attached to the cord; lipomas do 
not enhance on contrast-enhanced studies. T2 
sequences also show a hyperintense lesion within 
the cord  [  1,   7  ] . 

 Surgical decompression of the affected spinal 
segments is the procedure of choice; however, 
lipomas do not have a good dissection plane with 
respect to the cord and seem “in fi ltrative” in 
nature. Thus, decompression and removal of non-
adherent portions is the appropriate treatment. 
Weight loss is a nonsurgical option reserved for 
obese patients that may result in decrease in the 
size of the lesion  [  22,   23  ] .  

    34.9   Melanocytomas 

 Melanocytes originate in the neural crest and are 
found throughout the leptomeninges, with higher 
concentrations around the brain stem and upper 
cervical spinal cord. These cells give rise to mel-
anocytomas, which are rare pigmented primary 
neoplasm of the central nervous system involving 
both the brain and the spinal cord. They differ 
from melanoma both histologically and clini-
cally. Men and women are affected in equal num-
bers, and the lesions have no peak age at which 
they present  [  4,   25  ] . 

 T1-weighted MR imaging shows hyperintense 
intradural lesions that heterogeneously enhance with 

gadolinium administration. T2-weighted sequences 
show a lesion that is hypointense to the cord  [  19  ] . 

 Some authors have speculated that melano-
cytic lesions constitute a spectrum from benign 
melanocytomas to malignant melanoma. On 
gross pathological analysis, these lesions appear 
black. Microscopically, they feature spindle cells, 
with minimal nuclear activity and variable 
amounts of melanin  [  25,   27  ] . Surgical resection 
is the treatment of choice, both for pathological 
evaluation and to remove the mass effect associ-
ated with the lesions  [  6  ] .  

    34.10   Schwannomas 

 Schwannomas are the most common intradural 
extramedullary tumors. They are cystic, well-
encapsulated tumors that arise from the dorsal 
sensory root. Some tumors involve both the intra- 
and extradural space and present as “dumbbell”-
shaped lesions  [  15  ] . 

 On T1-weighted MR images, schwannomas 
are usually isointense to the cord but enhance 
with gadolinium administration. On T2-weighted 
sequences, these tumors are hyperintense  [  14  ] . 

 On pathological examination, schwannomas 
arise from a single nerve fascicle, typically off of 
dorsal spinal nerve roots, displacing the other 
fascicles. On microscopic analysis, these tumors 
have a three-layered capsule with  fi brous tissue, 
nerve tissue, and a transitional layer. The cell of 
origin is the Schwann cell, and the tumors classi-
cally have a biphasic pattern with Antoni A and B 
regions  [  29  ] . 

 Complete surgical resection is the only treat-
ment modality that is curative, and frequently, 
the involved nerve root must be sacri fi ced  [  15  ] .  

    34.11   Meningiomas 

 Meningiomas are dural-based, benign slow-
growing intradural lesions. The majority of men-
ingiomas are found in the thoracic region, with an 
increased prevalence in female patients  [  50  ] . 

 On T1-weighted MR imaging sequences, 
meningiomas are isointense to the spinal cord; 
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with gadolinium administration, these tumors 
enhance avidly. T2-weighted sequences also 
show that the majority is isointense to the cord. 
They usually displace rather than invade the cord 
(Fig.  34.8 )  [  17  ] .  

 On pathological analysis, most meningiomas 
are solitary,  fi rm, and well demarcated and have a 
dural attachment. On microscopic analysis, most 
meningiomas are psammomatous with calcium 
concentrations, meningothelial,  fi brous, or transi-
tional. Rarely, patients present with more aggres-
sive atypical or anaplastic features including 
increased mitosis/cellularity  [  37  ] . 

 Surgical resection is the treatment modality of 
choice, and residual tumor burden directly corre-
lates with recurrence and progression-free sur-
vival. In patients with aggressive disease in whom 
subtotal resection is achieved, radiation may be 
considered for tumor control  [  13  ] .  

    34.12   Metastasis 

 Intramedullary metastases of cancers are rare and 
occur in less than 1 % of patients with spinal 
metastasis  [  56  ] .The most common tumor parent 
types are breast and lung carcinomas. Most 

patients who present with metastatic lesions to 
the spinal cord have brain metastases as well and 
are in poor general health. Metastatic lesions to 
the brain may also spread into the spinal cord via 
“drop metastases.” These CSF-disseminated cells 
often preferentially are located in the lumbosacral 
region  [  39  ] . 

 The differential diagnosis for patients 
with cancers presenting with myelopathy may 
include paraneoplastic myelopathies, radiation-
induced myelopathies, and chemotherapy-
associated symptoms. MR imaging of the 
spinal axis is the only way to con fi rm metasta-
sis  [  16,   39  ] . 

 Because the majority of the patients present-
ing with spinal metastases have severe tumor 
burden, surgical intervention is rarely under-
taken. Unless symptomatic relief is the purpose 
of the surgery, the majority of patients are 
started or continued on chemoradiation proto-
cols  [  39  ] .  

    34.13   Treatment Modalities 

    34.13.1   Surgery 

 Generally, surgery is the treatment of choice for 
intramedullary or extramedullary intradural 
lesions. Multiple studies con fi rm excellent clini-
cal results with gross total resections of tumors 
 [  31,   32,   35  ] . Surgery may be less effective for dif-
fuse and in fi ltrative lesions, for which the goal of 
the treatment shifts from gross total resection to 
tissue diagnosis. 

 Surgical resection of the tumor is achieved by 
exposing the lesion while preserving the sur-
rounding neural elements. Most of these tumors 
are resected via a posterior approach. The patient 
should be monitored with somatosensory-evoked 
potentials and motor-evoked potentials through-
out surgery. The use of multimodality neuromon-
itoring is critical for allowing more thorough 
resection of ependymoma and astrocytoma in a 
safe manner  [  41  ] . The laminectomy must be 
planned such that it is adequate to expose the 
entire lesion. Intraoperative ultrasound guidance 

  Fig. 34.8    T1-weighted MRI with contrast enhancement 
depicting a meningioma       
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can improve the localization of the lesion and 
reduce the size of the laminectomy, durotomy, 
and myelotomy. Myelotomy is usually done in 
the midline, at the posterior median septum, 
unless the tumor is located laterally, in which 
case the dorsal root entry zone may be used. 
Minimal coagulation of posterior surface vessels 
should be done to avoid damage to the sensory 
tracts. The myelotomy should be performed by 
opening the pia with microscissors and then using 
blunt dissection to open the rest of the cord. The 
spinal cord opening should be extensive enough 
to expose the entire tumor  [  40  ] . Ideally, a plane 
between the tumor and the cord should be pres-
ent. Lack of a clear plane may indicate an 
in fi ltrative process and shift the purpose of the 
surgery to tissue sampling  [  31,   32,   35  ] . Tumor 
planes may be found by gently lifting spinal tis-
sue of the tumor and evaluating the neoplasm for 
a tumor capsule. Additionally, the presence of the 
syrinx will intrinsically create a tumor boundary 
and allow for plane development. Also, hemosid-
erin rings and recent hemorrhage may de fi ne the 
margin of the tumor in the case of vascular 
lesions. Once the tumor margins have been delin-
eated, gross total resection, whether en bloc or 
piecemeal, is possible. In the process of debulk-
ing, care must be taken to preserve normal vascu-
lature while coagulating tumor-feeding vessels. 
Once the tumor is resected, care must be taken to 
close the wound in a systematic fashion to avoid 
CSF leaks and CSF  fi stulas  [  40  ] .  

    34.13.2   Adjuvant Treatments 

    34.13.2.1   Radiation Therapy 
 Intramedullary spinal tumors exert their in fl uence 
primarily through a mass effect; thus, surgical 
debulking has been the primary treatment modal-
ity. Adjuvant radiotherapy has played a very lim-
ited role, principally to supplement treatment in 
patients with incompletely resected neoplasms. 
Radiation in young children is associated with 
substantial adverse effects; thus, radiation oncol-
ogists have delayed or avoided radiotherapy com-
pletely in children. In the adult population, 

radiotherapy is more prevalent, but only to a lim-
ited extent. In low-grade astrocytomas and 
ependymomas, however, radiotherapy has been 
shown to improve outcome in patients with sub-
total resections  [  28,   32,   33  ] .  

    34.13.2.2   Chemotherapy 
 Chemotherapy is not a standard treatment modal-
ity in patients with intramedullary tumors. After 
surgery or radiation, some authors  [  9,   26  ]  
have used chemotherapy agents for recurrent 
ependymomas and low-grade astrocytomas. 
These include platinum-based agents and 
nitrosourea-based protocols. The overall effect on 
survival and outcomes of chemotherapy is still 
unclear  [  9–  11,   26  ] .   

    34.13.3   Outcomes 

 In a large study, overall survival of patients with 
intramedullary tumors after surgery was 90 % at 
1 year, 75 % at 5 years, and 73 % at 10 years 
 [  40  ] . The survival outcome of patients has been 
directly linked to the histology of the tumor/
grade, tumor recurrence, preoperative Karnofsky 
performance scale score, and length of symp-
toms prior to  surgery  [  18  ] . For patients with 
grade I lesions, survival outcomes of 84 % after 
10 years were noted  [  40  ] . Survival of patients 
with grade II lesions was similar. Patients with 
grade III and grade IV lesions showed very poor 
survival; the majority of patients were dead 
within 1 year, and very few survived past 5 years 
(Table  34.1 ).    

   Table 34.1    Survival rates for patients with intramedul-
lary tumors  [  40  ]    

 Grade 

 Survival rate (%) 

 1-year 
survival 

 5-year 
survival 

 10-year 
survival 

 I  93  84  84 
 II  100  92  92 
 III  89  42  21 
 IV  20  0  0 
 Total  87  76  74 
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      Conclusion 

 Spinal intramedullary tumors are relatively rare 
but do cause signi fi cant morbidity and mortal-
ity to patients. Their prevalence in the younger 
population results in long-term implications for 
patients, extensive costs to the health-care sys-
tems, and severe burden to families. Recent 
improvements in radiological imaging, espe-
cially MR imaging, have allowed earlier char-
acterization of many of these lesions. Surgical 
gross total resection when possible is the main-
stay of treatment. Radiation and chemotherapy 
treatments play a limited role overall and are 
used only in speci fi c tumor types. Survival out-
come of patients is  typically good for patients 
with grades I and II tumors; survival is directly 
linked to the histology of the tumor, tumor 
recurrence, preoperative Karnofsky perfor-
mance scale score, and length of symptoms.      

   References 

    1.    Aoki N (1990) Rapid growth of intraspinal lipoma 
demonstrated by magnetic resonance imaging. Surg 
Neurol 34:107–110  

    2.    Baleriaux DL (1999) Spinal cord tumors. Eur Radiol 
9:1252–1258  

    3.    Barkovich A (2000) Pediatric neuroimaging. 
Lippincott-Raven, Philadelphia  

    4.    Barth A, Pizzolato GP, Berney J (1993) Intramedullary 
meningeal melanocytoma. Neurochirurgie 39:188–194  

    5.    Bourgouin PM, Tampieri D, Johnston W, Steward J, 
Melancon D, Ethier R (1992) Multiple occult vascular 
malformations of the brain and spinal cord: MRI diag-
nosis. Neuroradiology 34:110–111  

    6.    Brat DJ, Giannini C, Scheithauer BW, Burger PC 
(1999) Primary melanocytic neoplasms of the central 
nervous systems. Am J Surg Pathol 23:745–754  

    7.    Brunberg JA, Latchaw RE, Kanal E, Burk DL Jr, 
Albright L (1988) Magnetic resonance imaging of spi-
nal dysraphism. Radiol Clin North Am 26:181–205  

    8.    Chabert E, Morandi X, Carney MP, Riffaud L, Louail 
C, Carsin-Nicol B (1999) Intramedullary cavernous 
malformations. J Neuroradiol 26:262–268  

    9.    Chamberlain MC (2001) Recurrent intracranial 
ependymoma in children: salvage therapy with oral 
etoposide. Pediatr Neurol 24:117–121  

    10.    Chamberlain MC (2002) Etoposide for recurrent spi-
nal cord ependymoma. Neurology 58:1310–1311  

    11.    Chamberlain MC (2002) Salvage chemotherapy for 
recurrent spinal cord ependymoma. Cancer 95:
997–1002  

    12.    Chu BC, Terae S, Hida K, Furukawa M, Abe S, 
Miyasaka K (2001) MR  fi ndings in spinal hemangio-
blastoma: correlation with symptoms and with angio-
graphic and surgical  fi ndings. AJNR Am J Neuroradiol 
22:206–217  

    13.    Cohen-Gadol AA, Zikel OM, Koch CA, Scheithauer 
BW, Krauss WE (2003) Spinal meningiomas in 
patients younger than 50 years of age: a 21-year expe-
rience. J Neurosurg 98:258–263  

    14.    Colosimo C, Cerase A, Denaro L, Maira G, Greco R 
(2003) Magnetic resonance imaging of intramedul-
lary spinal cord schwannomas. Report of two cases 
and review of the literature. J Neurosurg 99:114–117  

    15.    Conti P, Pansini G, Mouchaty H, Capuano C, Conti R 
(2004) Spinal neurinomas: retrospective analysis and 
long-term outcome of 179 consecutively operated 
cases and review of the literature. Surg Neurol 61:34–
43; discussion 44  

    16.    Costigan DA, Winkelman MD (1985) Intramedullary 
spinal cord metastasis. A clinicopathological study of 
13 cases. J Neurosurg 62:227–233  

    17.    Covert S, Gandhi D, Goyal M, Woulfe J, Belanger E, 
Miller W, Modha A (2003) Magnetic resonance imag-
ing of intramedullary meningioma of the spinal cord: 
case report and review of the literature. Can Assoc 
Radiol J 54:177–180  

    18.    Cristante L, Herrmann HD (1994) Surgical manage-
ment of intramedullary spinal cord tumors: functional 
outcome and sources of morbidity. Neurosurgery 
35:69–74; discussion 74–76  

    19.    Czarnecki EJ, Silbergleit R, Gutierrez JA (1997) MR 
of spinal meningeal melanocytoma. AJNR Am J 
Neuroradiol 18:180–182  

    20.    de Baecque C, Snyder DH, Suzuki K (1977) 
Congenital intramedullary spinal dermoid cyst associ-
ated with an Arnold-Chiari malformation. Acta 
Neuropathol 38:239–242  

    21.    Deutsch H, Jallo GI, Faktorovich A, Epstein F (2000) 
Spinal intramedullary cavernoma: clinical presenta-
tion and surgical outcome. J Neurosurg 93:65–70  

    22.    Dyck P (1992) Intramedullary lipoma. Diagnosis and 
treatment. Spine (Phila Pa 1976) 17:979–981  

    23.    Endoh M, Iwasaki Y, Koyanagi I, Hida K, Abe H 
(1998) Spontaneous shrinkage of lumbosacral lipoma 
in conjunction with a general decrease in body fat: 
case report. Neurosurgery 43:150–151; discussion 
151–152  

    24.    Fine MJ, Kricheff II, Freed D, Epstein FJ (1995) 
Spinal cord ependymomas: MR imaging features. 
Radiology 197:655–658  

    25.    Glick R, Baker C, Husain S, Hays A, Hibshoosh H 
(1997) Primary melanocytomas of the spinal cord: a 
report of seven cases. Clin Neuropathol 16:127–132  

    26.    Gornet MK, Buckner JC, Marks RS, Scheithauer BW, 
Erickson BJ (1999) Chemotherapy for advanced CNS 
ependymoma. J Neurooncol 45:61–67  

    27.    Graham D, Lantos P (2002) Green fi eld’s neuropathol-
ogy. Arnold, London  

    28.    Hanbali F, Fourney DR, Marmor E, Suki D, Rhines 
LD, Weinberg JS, McCutcheon IE, Suk I, Gokaslan 



46334 Intradural Spinal Cord Tumors

ZL (2002) Spinal cord ependymoma: radical surgical 
resection and outcome. Neurosurgery 51:1162–1172; 
discussion 1172–1174  

    29.    Hasegawa M, Fujisawa H, Hayashi Y, Tachibana O, 
Kida S, Yamashita J (2001) Surgical pathology of spi-
nal schwannomas: a light and electron microscopic 
analysis of tumor capsules. Neurosurgery 49:1388–
1392; discussion 1392–1393  

    30.    Hirose Y, Aldape K, Bollen A, James CD, Brat 
D, Lamborn K, Berger M, Feuerstein BG (2001) 
Chromosomal abnormalities subdivide ependymal 
tumors into clinically relevant groups. Am J Pathol 
158:1137–1143  

    31.    Houten JK, Cooper PR (2000) Spinal cord astrocy-
tomas: presentation, management and outcome. 
J  Neurooncol 47:219–224  

    32.    Houten JK, Weiner HL (2000) Pediatric intramedul-
lary spinal cord tumors: special considerations. 
J  Neurooncol 47:225–230  

    33.    Isaacson SR (2000) Radiation therapy and the man-
agement of intramedullary spinal cord tumors. 
J  Neurooncol 47:231–238  

    34.    Isu T, Abe H, Iwasaki Y, Akino M, Koyanagi I, Hida 
K, Miyasaka K, Saito H (1991) Diagnosis and surgi-
cal treatment of spinal hemangioblastoma. No Shinkei 
Geka 19:149–155  

    35.    Iwasaki Y, Hida K, Sawamura Y, Abe H (2000) Spinal 
intramedullary ependymomas: surgical results and 
immunohistochemical analysis of tumour prolifera-
tion activity. Br J Neurosurg 14:331–336  

    36.    Jallo GI, Freed D, Epstein FJ (2004) Spinal cord gan-
gliogliomas: a review of 56 patients. J Neurooncol 
68:71–77  

    37.    Kabus D, Sidhu GS, Wieczorek RL, Choi HS (1993) 
Metastatic meningioma. Hemangiopericytoma or 
angioblastic meningioma? Am J Surg Pathol 17:
1144–1150  

    38.    Kahan H, Sklar EM, Post MJ, Bruce JH (1996) MR 
characteristics of histopathologic subtypes of spinal 
ependymoma. AJNR Am J Neuroradiol 17:143–150  

    39.    Kalayci M, Cagavi F, Gul S, Yenidunya S, Acikgoz B 
(2004) Intramedullary spinal cord metastases: diagno-
sis and treatment – an illustrated review. Acta 
Neurochir (Wien) 146:1347–1354; discussion 1354  

    40.    Klekamp J, Samii M (2007) Surgery of spinal tumors. 
Springer, New York  

    41.    Kothbauer KF, Deletis V, Epstein FJ (1998) Motor-
evoked potential monitoring for intramedullary spinal 
cord tumor surgery: correlation of clinical and neuro-
physiological data in a series of 100 consecutive pro-
cedures. Neurosurg Focus 4(5):e1  

    42.    Kulkarni AV, Armstrong DC, Drake JM (1999) MR 
characteristics of malignant spinal cord astrocytomas 
in children. Can J Neurol Sci 26:290–293  

    43.    Lee DK, Choe WJ, Chung CK, Kim HJ (2003) Spinal 
cord hemangioblastoma: surgical strategy and clinical 
outcome. J Neurooncol 61:27–34  

    44.    Lee KS, Spetzler RF (1990) Spinal cord cavernous 
malformation in a patient with familial intracranial 
cavernous malformations. Neurosurgery 26:877–880  

    45.    Lee M, Rezai AR, Abbott R, Coelho DH, Epstein FJ 
(1995) Intramedullary spinal cord lipomas. 
J  Neurosurg 82:394–400  

    46.    Lodrini S, Lasio G, Cimino C, Pluchino F (1991) 
Hemangioblastomas: clinical characteristics, surgical 
results and immunohistochemical studies. J Neurosurg 
Sci 35:179–185  

    47.    Louis D, Ohgaki H, Wiestler O, Cavenee W (eds) 
(2007) WHO classi fi cation of tumors of the central 
nervous system. International Agency for Research on 
Cancer, Lyon  

    48.    Lunardi P, Missori P, Gagliardi FM, Fortuna A (1989) 
Long-term results of the surgical treatment of spinal der-
moid and epidermoid tumors. Neurosurgery 25:860–864  

    49.    Mellon CD, Carter JE, Owen DB (1988) Ollier’s dis-
ease and Maffucci’s syndrome: distinct entities or a 
continuum. Case report: enchondromatosis compli-
cated by an intracranial glioma. J Neurol 235:376–378  

    50.    Naderi S (2000) Spinal meningiomas. Surg Neurol 
54:95  

    51.    Ng A, Pizer B, May P (2000) Congenital spinal astro-
cytoma: how favourable is the long-term outcome? Br 
J Neurosurg 14:366–370  

    52.    Nishio S, Morioka T, Fujii K, Inamura T, Fukui M 
(2000) Spinal cord gliomas: management and out-
come with reference to adjuvant therapy. J Clin 
Neurosci 7:20–23  

    53.    O’Keefe T, Ramirez H Jr, Huggins MJ, Bennett WF, 
Blumenkopf B (1985) Computed tomography detec-
tion of cervical spinal cord hemangioblastoma: a case 
report. J Comput Tomogr 9:249–252  

    54.    Park CK, Chung CK, Choe GY, Wang KC, Cho BK, 
Kim HJ (2000) Intramedullary spinal cord ganglio-
glioma: a report of  fi ve cases. Acta Neurochir (Wien) 
142:547–552  

    55.    Patel U, Pinto RS, Miller DC, Handler MS, Rorke LB, 
Epstein FJ, Kricheff II (1998) MR of spinal cord gan-
glioglioma. AJNR Am J Neuroradiol 19:879–887  

    56.    Reddy P, Sathyanarayana S, Acharya R, Nanda A 
(2003) Intramedullary spinal cord metastases: case 
report and review of literature. J La State Med Soc 
155:44–45  

    57.    Sandalcioglu IE, Wiedemayer H, Gasser T, Asgari S, 
Engelhorn T, Stolke D (2003) Intramedullary spinal 
cord cavernous malformations: clinical features and 
risk of hemorrhage. Neurosurg Rev 26:253–256  

    58.    Schwartz TH, McCormick PC (2000) Intramedullary 
ependymomas: clinical presentation, surgical treatment 
strategies and prognosis. J Neurooncol 47:211–218  

    59.    Spetzger U, Gilsbach JM, Bertalanffy H (1995) 
Cavernous angiomas of the spinal cord clinical pre-
sentation, surgical strategy, and postoperative results. 
Acta Neurochir (Wien) 134:200–206  

    60.    Sun B, Wang C, Wang J, Liu A (2003) MRI features 
of intramedullary spinal cord ependymomas. 
J  Neuroimaging 13:346–351  

    61.    Yu JS, Short MP, Schumacher J, Chapman PH, Harsh 
GR 4th (1994) Intramedullary hemorrhage in spinal 
cord hemangioblastoma. Report of two cases. 
J Neurosurg 81:937–940      



465V.V. Patel et al. (eds.), Spine Surgery Basics, 
DOI 10.1007/978-3-642-34126-7_35, © Springer-Verlag Berlin Heidelberg 2014

  35

    35.1   Case Example 

 A 54-year-old woman with a long-standing his-
tory of rheumatoid arthritis returns to clinic 
complaining of worsening suboccipital neck 
pain. She has known atlantoaxial instability 
which has been followed regularly for many 
years. She denies changes in gait or balance, 
dif fi culty with  fi ne motor skills, or radicular 
symptoms. On examination, she has mild tender-
ness to palpation posteriorly in the proximal cer-
vical spine. Flexion slightly exacerbates her neck 
pain, and extension of the neck produces a clunk-
ing sensation. Motor strength is 5/5, sensation is 
intact, and deep tendon re fl exes are normal in 
both upper and lower extremities. She has no 
long tract signs. Radiographic examination 
(Fig.  35.1 ) demonstrates progression of her 
C1–C2 instability with signi fi cant motion on 
 fl exion and extension imaging and a posterior 
atlanto-dens interval measuring approximately 
10 mm on  fl exion. Because of her progressive 
instability and concern over the decreasing space 
available for the cord, she underwent posterior 
C1–C2 fusion with C1 lateral mass and C1–C2 
transarticular  fi xation.   

    35.2   Pathophysiology 
and Pathoanatomy 

 The disease process within the cervical spine is 
the same as elsewhere in the body; rheumatoid 
arthritis targets synovial joints, and the multiple 
synovial joints of the cervical spine are no excep-
tion  [  1  ] . The underlying in fl ammatory process 
consists of T lymphocytes, macrophages, and 
plasma cells in a hypervascular synovial pannus 
 [  29,   37  ] . As in fl ammation and pannus formation 
progress, erosion of joint, capsular, and bony 
structures can occur, leading to progressive insta-
bility. The cervical spine typically exhibits three 
patterns of instability: atlantoaxial (C1–C2) sub-
luxation (AAS), subaxial subluxation, or cranial 
settling (basilar invagination or atlantoaxial 
impaction). These patterns may occur separately 
or in combination with one another. 

    35.2.1   Atlantoaxial Instability    

 The most common instability pattern seen in 
the rheumatoid cervical spine is AAS, which 
is the result of progressive pannus formation 
around the odontoid and in fl ammatory destruc-
tion of the upper cervical spine  [  1,   31,   54  ] . The 
periodontoid pannus may compress the spinal 
cord and can deform or erode the alar, apical, and 
transverse ligaments; the dens; and the C1–C2 
lateral articular masses  [  11  ] . This results in insta-
bility (either static or dynamic) of 50–70 % of 
patients  [  41,   42,   52  ] . Anterior subluxation is most 
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common;  posterior, lateral, and rotational insta-
bilities are also possible  [  7,   40  ] . Subluxation 
anteriorly of up to 3 mm is normal in adults. 
Subluxation of 3–6 mm suggests disruption of 
the transverse ligament, and more than 9 mm 
may be representative of disruption of all perio-
dontoid capsuloligamentous structures and is an 
indication for surgery  [  38,   41,   42,   57  ] . When 
coupled with instability, the buildup of periodon-
toid pannus may cause spinal cord impingement 
and myelopathy. Paralysis may be the result of 
both neural compression and/or impairment of 
the vascular supply to the neural structures  [  17  ] . 
While instability may promote worsening pannus 

formation, surgical stabilization may lead to a 
decrease in the size of the pannus  [  31  ] .  

    35.2.2   Subaxial Subluxation 

 The second most common instability pattern, 
subaxial subluxation, occurs due to destruc-
tion of the facet joints, interspinous ligaments, 
and degenerative changes of the interverte-
bral disc  [  30,   52  ] . The decrease in disc height, 
coupled with bony erosion of the facet joints 
and ligamentous laxity, creates a “step ladder” 
appearance of multilevel anterior subluxation

a

d e

cb

  Fig. 35.1    A 54-year-old woman presents with worsening 
atlantoaxial subluxation (see text for details). Lateral neu-
tral ( a ),  fl exion ( b ), and extension ( c ) radiographs demon-
strate C1–C2 instability with subluxation and decreased 
posterior atlanto-dens interval (<10 mm) on  fl exion and 

reduction of the subluxation on extension. An axial CT 
scan through the C1 ring ( d ) demonstrates increased ante-
rior atlanto-dens interval. Postoperative lateral radiograph 
( e ) following a posterior C1–C2 fusion utilizing C1 lateral 
mass screws and C2–C1 transarticular screw  fi xation       
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(Fig.  35.2 ). This instability may be static or 
dynamic. Soft tissue hypertrophy in conjunc-
tion with altered sagittal alignment may lead to 
neural compression.   

    35.2.3   Cranial Settling 

 Cranial settling is the least common, but most 
concerning instability pattern. It is due mostly to 
destruction of the cartilage of the atlantoaxial and 
occipitoatlantal joints rather than ligamentous lax-
ity. As the cranium settles more caudally, the 
odontoid becomes positioned relatively more cra-
nially, which places patients at increased risk for 
sudden death secondary to stenosis of the foramen 
magnum and brainstem. This may occur either 
statically or dynamically. Direct compression can 

block normal  fl ow of cerebrospinal  fl uid and lead 
to obstructive hydrocephalus or syringomyelia.   

    35.3   History and Physical Exam 
Findings 

 The most common presenting symptom (to spine 
surgeons) is neck pain; however with instability, 
nerve impingement may occur. In the upper cer-
vical spine, this may manifest as occipital pain or 
headaches due to compression of the greater and 
lesser occipital nerves. Such  fi ndings likely sug-
gest atlantoaxial instability or cranial settling, 
whereas mid to lower cervical pain may be more 
likely with subaxial subluxation. As instability 
increases in the subaxial spine, painful sagittal 
deformity may occur, which can eventually 
become a  fi xed deformity. In patients with AAS, 
spontaneous reduction of subluxation with neck 
extension may produce a clunking sensation; this 
is referred to as the Sharp-Purser test  [  49  ] . 

 As instability progresses, the cross-sectional 
area of the spinal canal decreases, leading to 
compression on the spinal cord or brainstem. 
Mechanical compression and ischemic changes 
secondary to compression of the spinal cord may 
cause myelopathy and vertebrobasilar dysfunc-
tion  [  17  ] . Patients may develop a so-called cruci-
ate paralysis which can mimic a mild central cord 
syndrome  [  3  ] . Instability may also lead to com-
pression of the vertebral artery. Disruption of ver-
tebrobasilar blood  fl ow can lead to Wallenberg’s 
syndrome or lateral medullary infarction. This 
manifests as ipsilateral palsies of cranial nerves 
V, IX, X, and XI; cerebellar ataxia; Horner’s syn-
drome; facial pain; and contralateral loss of pain 
and temperature sensation  [  22  ] . Quadriplegia, 
locked-in syndrome, and sudden death have also 
been reported in rheumatoid patients  [  37,   41,   42, 
  53  ] . 

 Patients must be evaluated within the context 
of their disease process. For example, upper 
extremity deformities may mask typical myelo-
pathic symptoms such as dif fi culty with  fi ne 
motor skills; worsening ambulation may ini-
tially be attributed to hip or knee involvement. 
The clinician, therefore, must maintain a high 

  Fig. 35.2    Lateral radiograph depicting multilevel sub-
axial subluxation in a patient with rheumatoid arthritis. 
Note the step ladder appearance of the vertebrae       
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index of suspicion so as not to attribute early 
myelopathic signs to progression of peripheral 
disease. Ranawat developed a grading system 
which is predictive of outcome (Table  35.1 ) 
 [  43  ] . Casey et al. examined patients who were 
Ranawat Class IIIB (quadriparetic, nonambula-
tory) and found that only 25 % of patients under-
going surgery had a good outcome, with a 
30-day mortality rate of 13 % which increased 
to 60 % at 4 years postoperatively  [  10  ] . Thus, it 
is important to identify and treat patients early 
in the disease process.   

    35.4   Differential Diagnosis 

 The  fi ndings associated with rheumatoid arthritis 
of the cervical spine may be seen in other disease 
processes; therefore, it is critical to realize that 
just because one or more of these  fi ndings is 
noted on radiographic examination, it does not 
mean the patient has rheumatoid arthritis. 
Calcium pyrophosphate deposition disease, or 
pseudogout, may cause the development of a 
periodontoid pannus similar in appearance to that 
of rheumatoid arthritis  [  60  ] . Similarly, psoriatic 
arthritis may mimic the upper cervical  fi ndings 
characteristic of the rheumatoid spine  [  33  ] . 
Infection, in particular tuberculosis, can cause 
bony erosions and soft tissue mass accumulation 
around the odontoid  [  50  ] . Clinically, myelopathy 
may also occur from degenerative spondylosis or 

disc herniation. Furthermore, subaxial sublux-
ation may result from progressive degenerative 
changes of the discs and facet joint complexes.  

    35.5   Diagnostic Imaging 

 Initial cervical screening should be performed 
with plain radiography. A standard series of 
anteroposterior, open-mouth odontoid, and lat-
eral views with [controlled]  fl exion and extension 
is appropriate and should provide basic informa-
tion about the presence of any of the common 
instability patterns. Several radiographic mea-
surements may be made which can assess the 
degree of instability. 

    35.5.1   Atlantoaxial Instability 

 For AAS, the most important measurement is the 
atlanto-dens interval. Classically, the anterior 
atlanto-dens interval (AADI), which is de fi ned as 
the distance between the posterior margin of the 
anterior C1 ring and the anterior surface of the 
dens, has been used. However, the posterior 
atlanto-dens interval (PADI; de fi ned as the dis-
tance between the posterior surface of the dens 
and the anterior margin of the posterior C1 ring) 
gives a more accurate assessment of the true 
space available for the spinal cord, and thus, the 
PADI may be a more reliable predictor of neuro-
logic outcome  [  6  ] . An AADI of up to 3 mm is 
normal in adults, whereas 3–6 mm suggests insta-
bility (disruption of the transverse ligament) and 
greater than 9 mm indicates de fi nite instability 
(disruption of all periodontoid capsuloligamen-
tous structures)  [  57  ] . Boden et al. reported that 
patients with a PADI greater than or equal to 
14 mm were more likely to have neurologic 
recovery following surgical treatment and those 
with a PADI of less than 10 mm had no recovery 
 [  6  ] . Open-mouth odontoid views can detect lat-
eral subluxation (greater than 2 mm of displace-
ment). Posterior subluxation can occur in patients 
with a fracture of the odontoid or an absent dens 
(secondary to bony destruction) and can be 
assessed on the lateral views.  

   Table 35.1    The    Ranawat classi fi cation for pain and neu-
rologic de fi cit in patients with rheumatoid arthritis   

  Pain  
 Grade 0  No pain 
 Grade 1  Mild, intermittent 
 Grade 2  Moderate 
 Grade 3  Severe 
  Neurologic function  
 Class I  No de fi cit 
 Class II  Subjective weakness, 

hyperre fl exia, dysesthesias 
 Class IIIA  Objective paresis and long 

tract signs, ambulatory 
 Class IIIB  Quadriparesis, nonambulatory, 

or unable to feed oneself 

  Adapted from Ranawat et al.  [  43  ]   
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    35.5.2   Cranial Settling 

 Several measurement techniques have been 
described for assessing cranial settling and basi-
lar invagination (Fig.  35.3 ). McGregor’s line is 
drawn from the posterior edge of the bony palate 
to the base of the occiput, and if the dens is more 
than 4.5 mm above this line, cranial settling has 
occurred. A measurement described by Redlund-
Johnell and Peterson places a vertical line from 
the midpoint of the caudal margin of C2 running 
to McGregor’s line; they de fi ed cranial settling to 
have occurred when the line is less than 34 mm in 
men and 29 mm in women  [  44  ] . Ranawat de fi ned 
cranial settling as a distance less than 15 mm in 
men (13 mm in women) along a line drawn from 
the C2 pedicle to the transverse axis of the C1 
ring  [  43  ] . Clark et al. described the “station of the 
atlas” by noting the position of the atlas relative 
to the odontoid process, which is divided in thirds 
 [  13  ] . The C1 ring normally resides adjacent to 
the upper third, with mild settling de fi ned as 
migration to the middle third and severe cranial 
settling if the ring is adjacent to the caudal third 
of the dens. Although anatomic variations (such 
as erosion of the dens) can make any of these 
measurements individually less sensitive or 
speci fi c, Riew et al. found that using a combina-
tion of the Clark station, the Redlund-Johnell 

line, and the Ranawat criteria provided sensitivity 
of 94 % and negative predictive value of 91 % 
 [  45  ] .   

    35.5.3   Subaxial Subluxation 

 Lateral  fl exion-extension radiographs provide an 
assessment of subaxial settling. “Instability” has 
long been de fi ned as greater than 3.5 mm of 
translation or greater than 11° of angular change 
between adjacent motion segments  [  58  ] . More 
importantly, however, is the space available for 
the spinal cord. One study reported that a canal 
sagittal diameter less than 14 mm should be con-
sidered “critical stenosis” for patients with rheu-
matoid arthritis  [  6  ] .  

    35.5.4   Advanced Imaging 

 Computed tomography scans (CT) provide excel-
lent bony detail. When combined with intrathecal 
contrast (CT myelogram), the degree of cord 
compression can be assessed. Magnetic reso-
nance imaging (MRI) provides the best de fi nition 
of soft tissue structures and best delineates the 
presence of periodontoid pannus, the degree of 
spinal cord compression, nerve impingement, or 

Hard palate

Chamberlain

Redlund-Johnell

McGregor

Occiput

McCrae

  Fig. 35.3    Schematic 
depicting lines used for 
radiographic measurement 
of cranial settling. See text 
for details (From Daffner 
and Emery  [  16  ] . Used 
without permission. 
Copyright © 2011, 2006, 
1999, 1992, 1982, 1975 by 
Saunders, an imprint of 
Elsevier Inc.)       
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the extent of brainstem compression  [  4,   9,   18  ] . 
The cervicomedullary angle may be measured on 
midsagittal MR images as the intersection of a 
line drawn along the anterior surface of the brain-
stem and the anterior aspect of the spinal cord; a 
measurement of less than 135° correlates with 
myelopathic  fi ndings  [  9  ] .   

    35.6   Treatment 

    35.6.1   Nonsurgical Treatment 

 Advances in medical management of rheumatoid 
arthritis have delayed the natural progression of 
the disease in many patients. Fewer patients are 
presenting for surgical intervention. Patients with 
mild intermittent pain without radiographic evi-
dence of instability or  fi ndings of myelopathy 
may be managed with a soft cervical collar or 
physical therapy. Such patients should be fol-
lowed closely at regular intervals for progression 
of radiographic instability or neurologic 
symptoms.  

    35.6.2   Surgical Treatment 

    35.6.2.1   Indications and Preoperative 
Management 

 The goals of surgery are spinal stabilization, 
decompression of neural elements, restoration of 
sagittal alignment, and pain relief. The presence 
of instability with or without pain, myelopathy, 
or other neurologic de fi cit in a patient with rheu-
matoid arthritis is a relative indication for early 
surgery. An AADI of greater than 9 mm, PADI of 
less than 14 mm, subaxial subluxation greater 
than 3.5 mm, spinal cord compression (or space 
available for the cord less than 14 mm), or cranial 
settling are all radiographic indications for sur-
gery. The decision for surgery, however, must be 
made in the context of the patient’s entire clinical 
picture. 

 Early surgery is generally more bene fi cial to 
patients. Schmitt-Sody et al. found better neuro-
logic recovery when treating patients who were 
Ranawat Class II (seven of ten patients improved) 

as opposed to those who were Class III (one of 
eleven improved; two patients deteriorated)  [  48  ] . 
Agarwal et al. found that when surgery was per-
formed before cranial settling occurred, there 
was less likelihood of recurrent (subaxial) cervi-
cal instability  [  1  ] . 

 Preoperative skeletal traction should be con-
sidered for patients with severe basilar invagina-
tion. Gentle, midline traction of 7–12 lb, avoiding 
hyperextension or hyper fl exion, for 3–7 days can 
improve alignment, neurologic symptoms, and 
pain  [  32,   39,   55  ] . Patients should be monitored 
with frequent neurologic examinations, and plain 
radiographs must be obtained to avoid 
overdistraction. 

 Perioperative management of rheumatoid 
medications is also important. Many of the com-
monly used drugs function as immune modula-
tors or anti-in fl ammatories, which can place 
patients at risk for perioperative complications 
such as wound infections, delayed wound heal-
ing, or delayed fusion. Some medications can 
have systemic effects if abruptly discontinued. 
Patients on chronic corticosteroids may require 
stress dosing perioperatively. There are currently 
no studies in the literature speci fi cally addressing 
use of these medications in patients undergoing 
spinal surgery. The surgeon should work closely 
with the patient’s rheumatologist to develop a 
plan for perioperative dosing of rheumatoid 
medications.  

    35.6.2.2   Operative Procedures 
 The surgical approach should be determined by 
the location of the underlying pathology and the 
surgical goals. In many ways, this is similar to the 
means of deciding on approach for treating 
patients with cervical spondylotic myelopathy 
 [  12,   19  ] . Anterior, posterior, or combined 
approaches may be used. 

      Atlantoaxial Instability 
 Posterior fusion is the procedure of choice for 
treatment of C1–C2 instability. Brooks or Gallie 
sublaminar wiring techniques require an intact 
posterior arch of C1  [  8,   20  ] . With the advent of 
screw  fi xation, wiring techniques are now used 
only as an adjuvant, for example, to hold a bone 
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graft in place. Transarticular screw  fi xation, as 
described by Magerl, provides multidirectional 
stability  [  34  ] . More recently, posterior C1–C2 
screw-rod constructs have become more popular. 
As described by Harms and Melcher, this tech-
nique entails placement of screws into the lateral 
mass of C1 and the pars interarticularis or pedicle 
of C2 bilaterally, followed by attachment of verti-
cal rods and bone grafting  [  23  ] . This procedure has 
become the technique of choice. In patients with 
abnormal C2 anatomy (small pedicles or a large 
vertebral artery), screws may be placed into the C2 
lamina and connected to the C1 screws  [  59  ] .  

      Occipitocervical Fusion 
 Occipitocervical fusion is the technique of choice 
for treatment of cranial settling or for patients 
with  fi xed atlantoaxial subluxation causing cord 
impingement (from the posterior C1 ring)  [  32, 
  36,   39  ] . This technique allows a C1 laminectomy 
to be performed while still providing adequate 
surface for bone grafting. Wiring techniques are 
largely of historical signi fi cance and may only be 
used to secure a graft. Rigid  fi xation with a vari-
ety of occipital plate-screw-rod constructs is now 
the preferred method  [  21,   26,   47,   51  ] .  

      Resection of the Odontoid 
 In most patients, the periodontoid pannus will 
resorb with posterior stabilization, and a C1 
laminectomy and occipitocervical fusion may be 
all that is necessary  [  31  ] . An anterior decompres-
sion and resection of the odontoid may be required 
in cases of irreducible anterior extradural com-
pression by the pannus or a severely migrated 
odontoid  [  15,   28  ] . The transoral approach is tech-
nically straightforward; however, it is associated 
with a high risk of infection. The high retropha-
ryngeal anterior approach is an alternative  [  35  ] . 
Supplemental posterior fusion is required and 
may be performed before or after the anterior 
procedure.  

      Subaxial Fusion 
 Fixed subaxial subluxation may best be treated 
with an anterior cervical decompression and 
fusion. There is a relative risk of anterior graft 
resorption due to the rheumatoid disease process 

and a risk of settling of the graft into osteoporotic 
bone; therefore, one should consider supplemen-
tal posterior fusion. Mobile subaxial subluxation 
is best treated with traction (usually intraopera-
tive positioning rather than preoperative traction 
is all that is required) and posterior instrumented 
fusion. Lateral mass screw-rod constructs are the 
preferred technique; they can be placed safely 
and provide excellent  fi xation  [  2,   24  ] .     

    35.7   Postoperative Care 

 After surgery, all patients should be monitored 
very closely for neurologic changes and airway 
compromise. All patients receive intravenous 
antibiotics for 24 h postoperatively. Prophylaxis 
for deep vein thrombosis is generally mobilization 
and use of sequential compression devices and 
compression stockings. Patients are usually placed 
in a rigid cervical collar for 6–12 weeks postop-
eratively. With the advent of rigid internal  fi xation, 
postoperative halo immobilization is rarely 
required. Patients are mobilized early during their 
hospitalization. After the collar is removed, out-
patient physical therapy may begin for strengthen-
ing and gentle range of motion. Early and regular 
clinical follow-up is recommended to monitor 
wound healing in this population which is at risk 
for infection. Frequent radiographic imaging is 
required to monitor for healing of the fusion as 
well as any potential instrumentation-related com-
plications (e.g., loosening or breakage). The opti-
mal timing for resumption of rheumatoid 
medications is not clear, and this should be dis-
cussed and a plan developed preoperatively with 
the patient and his or her rheumatologist.  

    35.8   Potential Complications 

 Complications of cervical spine surgery in 
patients with rheumatoid arthritis include but are 
not limited to bleeding, infection, wound dehis-
cence, damage to neurovascular structures, quad-
riplegia, nonunion or delayed fusion, hardware 
failure, and subaxial subluxation adjacent to a 
fused segment. Anterior fusion procedures add 
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the risks of anterior approach (such as dysphagia, 
dysphonia, and damage to anterior cervical soft 
tissue structures) and are also at risk for graft 
resorption and anterior column collapse or insta-
bility due to the progression of the disease or ver-
tebral body osteoporosis. Long-term clinical and 
radiographic follow-up is required to monitor for 
the development of progressive symptoms at pre-
viously unaffected (or asymptomatic) levels. 
Clarke et al. found that 39 % of patients who 
underwent C1–C2 fusion developed subaxial 
subluxation at an average 8.3 year follow-up  [  14  ] . 
Ronkainen et al. found that age, presence of 
atlantoaxial instability, and perioperative compli-
cations were independent predictors of long-term 
mortality after cervical surgery in patients with 
rheumatoid arthritis  [  46  ] . 

  Questions 
     1.    A 56-year-old woman with a history of rheu-

matoid arthritis presents to clinic complaining 
of worsening neck pain, subjective upper and 
lower extremity weakness, and dif fi culty with 
 fi ne motor skills. On examination, motor 
strength is slightly diminished, gait is normal, 
and she is hyperre fl exic. The most important 
preoperative imaging  fi nding which correlates 
with neurologic recovery following surgical 
treatment is:
   (a)    Anterior atlanto-dens interval of 5 mm  
   (b)    Posterior atlanto-dens interval of >14 mm  
   (c)    Basilar invagination of 7 mm  
   (d)    Subaxial subluxation of <3 mm  
   (e)    Rotatory subluxation of <8°     
 Preferred response: (b) 

 Patients with rheumatoid arthritis and neuro-
logic deterioration due to C1–C2 instability are 
more likely to achieve neurologic recovery if the 
posterior atlanto-dens interval (PADI) is greater 
than 10 mm on preoperative radiographic exami-
nation, and at least one study suggests that 
patients with neurologic symptoms and a PADI 
greater than 14mm will achieve full recovery of 
motor function.  

    2.    A 62-year-old woman with rheumatoid arthri-
tis presents complaining of suboccipital neck 
pain, motor weakness, and dif fi culty with  fi ne 
motor skills and gait/balance. Examination 

demonstrates hyperre fl exia, unsteady gait, and 
mild objective weakness. Plain radiographs 
demonstrate the tip of the dens to be approxi-
mately 6 mm above a line drawn from the 
bony palate to the occiput, and MRI demon-
strates a large pannus behind the dens, com-
pressing the spinal cord with associated 
hyperintense signal on T2-weighted imaging. 
The most appropriate surgical management of 
this patient would be:
   (a)    Posterior C1–C2 fusion with C1 lateral 

mass and C2 pedicle screws  
   (b)    Posterior C1–C2 fusion with C1–C2 tran-

sarticular screws  
   (c)    C1 decompressive laminectomy  
   (d)    Posterior occiput to C3 fusion  
   (e)    C1 laminectomy and posterior occipito-

cervical fusion     
 Preferred response: (e) 

 This patient has cranial settling and neuro-
logic symptoms stemming from the large 
rheumatoid pannus placing pressure on the 
spinal cord behind the dens at the level of the 
C1 ring. A C1 laminectomy will allow decom-
pression of the spinal cord, but because of the 
cranial settling, an occipitocervical fusion 
must be performed. C1 laminectomy alone 
would not halt the progression of the basilar 
invagination and may lead to worsening neu-
rologic symptoms if the brainstem becomes 
involved. Occipitocervical fusion alone does 
not address the need to decompress the spinal 
cord at the C1 level. Posterior C1–C2 fusion 
does not address either pathologic process.  

    3.    C1–C2 instability with an anterior atlanto-
dens interval of 5mm suggests disruption of 
what structure(s)?
   (a)    Alar ligaments  
   (b)    Apical ligament  
   (c)    Transverse ligament  
   (d)    Apical, alar, and transverse ligaments  
   (e)    None of the above as this is a normal ana-

tomic variant     
 Preferred response: (c) 

 An anterior atlanto-dens interval (AADI) of up 
to 3 mm is normal in adults. Subluxation of 
between 3 and 6 mm suggests disruption of the 
transverse ligament. Subluxation greater than 
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9 mm suggests disruption of apical, alar, and trans-
verse ligaments and is an indication for surgery.  

    4.    After surgical stabilization, periodontoid pan-
nus has been found to:
   (a)    Continue to proliferate at an increased rate  
   (b)    Continue to proliferate at a decreased rate  
   (c)    Migrate cranially  
   (d)    Migrate caudally  
   (e)    Decrease in size     
 Preferred response: (e) 

 Following surgical stabilization, periodon-
toid pannus has been found to resorb and 
decrease in size. On rare occasions, it may 
persist following posterior fusion, necessitat-
ing an anterior resection of the odontoid and 
the pannus via either transoral or high retro-
pharyngeal approach.           
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  36

           36.1   Introduction 

 Ankylosing spondylitis (AS) and diffuse  idiopathic 
skeletal hyperostosis (DISH) are two distinct 
musculoskeletal diseases with similar clinical and 
radiological characteristics. Both commonly mani-
fest with back pain, believed to result from reduced 
range of motion in the spine and peripheral joints 
due to abnormal bone formation. Recognition of 
these conditions out of the more benign causes of 
back pain is crucial, as their chronic course can 
result in debilitating kyphosis, loss of  fl exibility, 
and a predisposition to spinal cord threatening 
fractures with minimal trauma  [  1,   2  ] . 

 Ankylosing spondylitis, in brief, is a systemic 
 immune-mediated  attack on the entheses of the 
spine and other joints, especially the sacroiliac 

joints, resulting in bone destruction and subse-
quent abnormal bone reformation; its exact etiol-
ogy is unknown. It is associated with many 
medical comorbidities such as anterior uveitis 
 [  1  ] . Diffuse idiopathic skeletal hyperostosis, on 
the other hand, is a  nonimmune-mediated  process 
of increased bone deposition in spinal ligaments 
and entheses. The underlying etiology is also 
unknown but appears related to advancing age, 
obesity, and diabetes  [  2  ] . 

  Case 
 Patient is a 55-year-old male with polytrauma 
from a head-on motor vehicle collision with bilat-
eral open femur fractures and an open tibia- fi bula 
fracture. AP pelvis (Fig.  36.1 ) demonstrated 
fused SI joints. Sagittal CT scan demonstrated a 
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a

  Fig. 36.2    Sagittal CT scan: 
note the anterior column 
extension distraction injury. 
( a ) Coronal view. ( b ) Sagittal 
reconstruction        

b



47736 Ankylosing Spondylitis and Diffuse Idiopathic Skeletal Hyperostosis   

a b

  Fig. 36.3    AP ( a ) and Lateral ( b ) postoperative images demonstrate short-segment percutaneous instrumentation for 
stabilization of the fracture       

discontinuity in the anterior osteophytes consis-
tent with extension-distraction injury of T8–T9 
(Fig.  36.2 ). Due to the nature of his multiple inju-
ries and a desire to mobilize the patient quickly to 
chair after  fi xation of the extremities, it was 
elected to proceed with percutaneous stabiliza-
tion of the T8–T9 fracture (Fig.  36.3 ).     

    36.1.1   History 

 Ankylosing spondylitis is an aptly named dis-
ease, deriving from the Greek word “ankylos” 
which carries the double meaning of “fusion” 
and “bent,” both describing late manifestations of 
the disease. The  fi rst recognized descriptions 
came during the late 1,800 s, with a trio of papers 
published by Bechterew in Russia, Strumpell in 

Germany, and Marie in France. Bechterew origi-
nally described three patients ages 39, 52, and 56 
who shared spinal stiffness, back pain, kyphosis, 
diffuse peripheral weakness, and mild peripheral 
sensory loss. Strumpell and Marie’s later descrip-
tions differed slightly in that spinal involvement 
was mostly thoracic and marked neurological 
de fi cit was a requirement for inclusion, though 
they found no peripheral joint involvement  [  3  ] . 
As a result of these pioneering papers, ankylos-
ing spondylitis is also referred to as Bechterew’s 
disease or Strumpell Marie’s disease. 

 The earliest reports of diffuse idiopathic skel-
etal hyperostosis (DISH) in the mid-nineteeth 
century were based on examination of cadaveric 
spines of elderly patients, which revealed consis-
tent patterns of bony change in the thoracic spine, 
often on the right side. It was not until the 
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 mid-twentieth century that clinicians began to 
extensively investigate these radiological pat-
terns in living individuals. Forestier gave an apt 
description of the “ fl owing” bony formations 
found on the anterolateral aspects of the spine 
and bridging ossi fi cation across intervertebral 
discs that are now the hallmarks of the disease 
 [  4  ] . As a result of that detailed description, DISH 
is often referred to as Forestier’s disease. The 
name DISH did not come about until a few years 
later when Resnick recognized that the classi-
cally described spinal disease occurs in the set-
ting of extraspinal enthesis in such locations such 
as the pelvis and calcaneus, thus earning the dis-
ease’s  diffuse  pre fi x  [  5  ] .  

    36.1.2   Epidemiology 

 In the family of in fl ammatory diseases of the 
spine, the spondylarthopathies, ankylosing spon-
dylitis is the most common, comprising between 
45 and 61 % of all reported spondylarthopathies 
 [  6,   7  ] . Prevalence of ankylosing spondylitis dif-
fers depending on the population and study per-
formed. Studies in Scandinavia have found the 
prevalence of ankylosing spondylitis to be 
between 1.9 and 2.2 % in males and .3–.6 % in 
females. In individuals expressing the HLA-B27 
complex, the prevalence increases to 6.7 %. Most 
notably, in patients with HLA-B27 and back pain, 
the prevalence jumps to 22.5 %  [  8  ] . Studies in the 
United States have found similar rates. Early 
American studies in the 1970s found a prevalence 
of 1.29 % in the Caucasian population, with a 
markedly reduced prevalence in the African 
American population  [  9,   10  ] . More recent 
American data in 1998 con fi rms that the preva-
lence has remained relatively stable at 1.97 % for 
men, .73 % for women, and .48 % for African 
Americans  [  11  ] . In Asian countries, the reported 
prevalence is much lower at .23 %, though this 
may be due to under-recognition of the disease in 
those countries  [  12  ] . In addition, there appears 
to be a male predominance of ankylosing spon-
dylitis. In Marie’s early description of the dis-
ease, he wondered if it was only coincidence that 
all the affected patients were men. Initial studies 
in the 1940s supported a highly skewed ratio for 

men to women of 9–10:1  [  13  ] . However, as the 
disease became better characterized in women, 
the ratio of men to women shifted closer to 2 or 
3:1  [  8,   14  ] . The most recent data collected through 
self-reported survey found a 2.5: 1 ratio for men 
 compared to women  [  15  ] . 

 As with ankylosing spondylitis (AS), the esti-
mation of the prevalence of diffuse idiopathic 
skeletal hyperostosis (DISH) depends greatly on 
the population and the study performed. DISH 
may be related to age, obesity, diabetes, and glu-
cose intolerance, all conditions rising in epidemic 
proportions in well-developed societies. Early 
large studies performed in Scandinavia found a 
relatively modest prevalence of DISH, ranging 
from .7 to 3.8 % in men and .4 to 2.6 % in women. 
Investigators found sharp increases with age, obe-
sity, and weaker associations with diabetes and 
glucose intolerance  [  16,   17  ] . However, as DISH is 
often asymptomatic in patients until there is 
signi fi cant disease progression, true  prevalence 
may be far higher as there may be a signi fi cant 
population with asymptomatic and unrecognized 
disease. On autopsy in patients over age 65 years, 
28 % of spines showed changes consistent with 
DISH  [  18  ] . Later studies in smaller populations 
have reported as high as 27.3 % in men and 12.8 % 
in women over 50 and up to 36.6 % in men over 
75  [  19  ] . In the most recent study in older men, the 
overall prevalence was 42 % and as high as 56 % 
in men over the age of 80  [  20  ] . There is an unusu-
ally high reported prevalence in Pima Indians, as 
high as 48 % overall in men over 55, well corre-
lated with the population’s high incidence of obe-
sity, diabetes, and insulin resistance  [  21  ] .   

    36.2   Pathogenesis 

    36.2.1   Ankylosing Spondylitis 

 The exact pathogenesis of ankylosing spondyli-
tis is an area of active and ongoing research. 
Ankylosing spondylitis at its core is an immune-
mediated in fl ammatory process most heavily 
involving tendon and ligament insertion sites of 
the sacroiliac joints and spine  [  22  ] . A proposed 
model of the ankylosing mechanism in AS 
starts with an initial in fl ammation mediated by 



47936 Ankylosing Spondylitis and Diffuse Idiopathic Skeletal Hyperostosis   

monocytes and osteoclasts that cause erosive 
bone and cartilage destruction. The destroyed 
bone is then replaced by  fi brous tissue which 
eventually becomes re-ossi fi ed by osteoblasts. 
The re-ossi fi cation no longer follows the struc-
ture of the original bone but rather that of the 
 fi brous replacement, forming bony bridges 
between vertebrae called syndesmophytes. In 
late disease, the extent of the syndesmophytes 
results in a spine that is affectively auto-fused, 
the “bamboo” spine of late AS  [  23  ] . 

 There are a number of theories concerning the 
etiology of the initial in fl ammatory process. At 
the core of the leading theories are the concepts 
of  susceptibility  and  exposure . Ankylosing spon-
dylitis manifests in individuals with the preexist-
ing immunological circumstances that portend 
susceptibility to a precipitating event. The exis-
tence of susceptible individuals was recognized 
in the 1970s with the discovery that ankylosing 
spondylitis was tightly associated with the MHC-I 
molecule type HLA-B27  [  24  ] . In fact, 90–95 % 
of persons affected with ankylosing spondylitis 
carry the HLA-B27 type. In subsequent research, 
this was further re fi ned to certain subtypes, nota-
bly B2705, 2703, 2704, and 2707 being associ-
ated with AS  [  1  ] . The HLA-B27 molecule is 
responsible for presenting foreign antigens of 
bacteria or viruses from within infected cells to 
the surface for signaling to CD8 cytotoxic T cells. 
Faulty signaling may cause CD8 cytotoxic T cells 
to attack HLA-B27 cells that are not infected. 
Transgenic mice expressing human HLA-B27 
develop a systemic in fl ammatory process that 
involves many organ systems, including the axial 
and peripheral joints  [  25  ] . 

 Although over 90 % of ankylosing spondylitis 
patients express HLA-B27, only 5 % of HLA-
B27 patients develop ankylosing spondylitis – 
this supports the hypothesis that additional factors 
are necessary to produce disease in the suscepti-
ble population. It has been hypothesized that cer-
tain pathogens produce antigens that activate the 
CD8 T cells against HLA-B27-expressing cells. 
Yersinia and Chlamydia species have been sus-
pected as the exposure pathogens, although that 
research has been inconclusive  [  1  ] . In a trans-
genic mouse model for systemic in fl ammation 
from human HLA-B27, the in fl ammatory  cascade 

was prevented if the mice were raised in a sterile 
environment  [  26  ] . 

 In addition to HLA-B27, other proteins are 
likely involved. Linkage studies in twins demon-
strate that HLA-B27 accounts for at most half of 
the genetic component of the disease  [  27  ] . Other 
hypothesized proteins include IL-1, IL-23, IL-17, 
and interferon gamma  [  22  ] .  

    36.2.2   Diffuse Idiopathic Skeletal 
Hyperostosis 

 The etiology and pathogenesis of diffuse idio-
pathic skeletal hyperostosis is even less well 
understood than ankylosing spondylitis. It is dis-
tinct from ankylosing spondylitis in that it is a 
nonimmune-mediated process that results in 
excessive bone formation. There have been 
observed associations with metabolic diseases 
and obesity. The prevalence of DISH has been 
reported to be as high as 40 % in obese patients, 
30 % in diabetes Type II patients, and 22 % in 
glucose intolerance patients  [  28  ] . The association 
of DISH with metabolic disease is controversial 
and study dependent  [  29,   30  ] . There have been 
investigations into involvement of insulin-like 
growth factors and vitamin A and K  [  31–  33  ] . 
Other investigations of associated diseases 
involve dysregulation of parathyroid hormone, 
multiple myeloma, and rheumatoid arthritis. 
Additional studies have found hypervascularity 
of the ossi fi ed ligaments in DISH, suggesting 
vascular etiologies  [  34  ] . Curiously, in the thorax, 
DISH predominantly affects only the right side. 
The pattern is reversed in situs inversus, possibly 
due to location of the vasculature and protective 
effects of a pulsatile abdominal aorta.   

    36.3   Clinical Manifestations 

 Clinical judgment is paramount to the correct 
diagnosis and management of both AS and DISH. 
It is important to recognize that the primary symp-
tom of many of ankylosing spondylitis and DISH 
patients is back pain, one of the most  common and 
broadest differentials in medicine. Consequently, 
the diagnosis of AS or DISH is frequently 



480 X. Luo et al.

 incidental. A high index of suspicion in the setting 
of an ankylosed spinal segment is necessary, as 
unfortunately, these patients are at risk of devastat-
ing neurological compromise in the setting of rela-
tively minor fractures. They have a signi fi cant risk 
of fracture displacement due to the long lever-arm 
forces of the ankylosed motion segments  [  35  ] . 

    36.3.1   Ankylosing Spondylitis 

 Ankylosing spondylitis has a varied clinical pre-
sentation. The hallmarks of the condition are spi-
nal  and  sacroiliac joint involvement. The primary 
symptom is back pain that is in fl ammatory in 
nature, often reported as most severe in intensity 
on waking, improved by exercise but not rest, 
worse at night, and better after rising. In addition 
to back pain, sacroiliac joint in fl ammation may 
cause buttock pain  [  36  ] . With disease progression, 
patients have progressive loss of spinal motion, 
with an end result of a rigid kyphosis that may 
limit chest expansion and prevent visualization of 
the horizon. The kyphosis is particularly debilitat-
ing, limiting both ambulation, balance, and feed-
ing. Beyond the axial skeleton, peripheral 
involvement includes enthesitis, at the achilles, 
hip, shoulder, and jaw  [  36  ] . Extra-skeletal mani-
festations are also a feature of ankylosing spon-
dylitis, the most common being anterior uveitis, 
ranging from 14 to 40 % in patients. Conversely, 
about 11 % of patients presenting with anterior 
uveitis were found to have ankylosing spondylitis 
based on a 7-year cohort of 514 patients  [  37  ] . 
There also may be gender differences in clinical 
presentation. Studies have noted a higher preva-
lence of cervical pain and greater change in the 
sacroiliac joints and cervical spine on radiological 
study in women  [  38  ] . However, radiological dif-
ferences between the genders is controversial 
 [  39  ] . In addition, women may have more periph-
eral joint involvement and uveitis than men  [  40  ] . 

 The eventual fusion of the spine causes a 
number of additional problems in late stage AS. 
One is the  fi xed kyphosis of the spine, eventually 
resulting in the “chin on chest” deformity where 
the patient can no longer look to see the horizon. 
The other is the predisposition to fractures with 
only minor trauma  [  35  ] . As syndesmophytes 

bridge the vertebral joints, mobility in each indi-
vidual joint is lost. The spine begins to move and 
transmit force as a single rigid lever arm, which 
can exert enormous torque on adjacent vertebral 
bodies  [  35  ] . Most common sites of fracture are 
the cervical regions especially C5–C6, due to the 
heavy weight of the head supported on the rela-
tively small cervical vertebral bodies and the 
mid thoracic spine due to the long lever arm. 
Rarely, severe complications can arise, causing 
neurological de fi cits due to atlanto-axial sublux-
ation  [  41  ]  or cauda equina syndrome  [  42  ] . In any 
case, there should be a high index of suspicion 
for fractures in patients with even minor trauma 
and pain. Consideration should also be given to 
treat these fractures more aggressively due to the 
risk of displacement and neural injury.  

    36.3.2   Diffuse Idiopathic Skeletal 
Hyperostosis 

 Diffuse idiopathic skeletal hyperostosis is often 
asymptomatic in patients and discovered inciden-
tally on radiograph. In fact, in a comparison of 
elderly patients with DISH to normal controls, 
the DISH patients overall reported less back pain 
 [  20  ] . The most common reported symptoms are 
intermittent, non-radiating thoracic pain, associ-
ated with limited range of motion and stiffness 
 [  43  ] . Later disease also involves cervical spine, 
as growing osteophytes interfere with swallow-
ing and motion, and also the lumbar spine, with 
more patients presenting with low back pain  [  2  ] . 
Cervical osteophytes most commonly mani-
fest as dysphagia, up to 28 % of the time; how-
ever, more life threatening symptoms have been 
reported  [  5,   44  ] . The quality of the dysphagia 
is described as  fl uctuant, insidiously progres-
sive, worse with swallowing solids, or with neck 
extension. Other cervical manifestations include 
chronic neck pain, hoarseness, foreign body sen-
sation, and very rarely medullar compression 
from ossi fi cation of the posterior longitudinal 
ligament  [  45  ] . Additionally, cervical osteophytes 
may cause impingement on the airway, causing 
stridor, laryngeal edema, chronic obstructive 
pneumonia, and dif fi cult or complicated intuba-
tion due to clinically hidden tracheal deviation 
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 [  46–  48  ] . Long cervical osteophytes may even 
cause thoracic outlet syndrome and may cause 
acute respiratory distress in severe cases, requir-
ing emergent tracheotomy  [  49,   50  ] . Extraspinal 
manifestations include tendinitis and entheso-
phytes (osseous outgrowths at the tendon attach-
ment sites) in the pelvis and other peripheral joints 
 [  5,   29  ] . Ossi fi cation of the posterior ligament of 
the cervical spine may result in spinal cord com-
pression and neurological compromise  [  2  ] . 

 Similar to ankylosing spondylitis, fusion of 
the spine results in signi fi cant lever-arm forces on 
adjacent sections, increasing mechanical risks for 
fracture and displacement  [  35  ] . However, most 
recent studies have found that the risk for mortal-
ity for DISH after fracture may be exaggerated in 
prior studies and no different from controls  [  51  ] .   

    36.4   Differential Diagnosis 

 AS and DISH are in a family of diseases that 
involve arthritic changes in the spine and periph-
eral joints. These include reactive arthritis, 
psoriatic arthritis, spondyloarthritis related to 
in fl ammatory bowel disease, and rheumatoid 
arthritis. Thus, it is important to establish any 
history of prior GI or GU infections, prior skin 
involvement, past history and family history of 
in fl ammatory bowel diseases and associated 
 fi ndings of in fl ammatory bowel disease, and 
small peripheral joint involvement, with rheuma-
toid factor screen  [  7  ] .  

    36.5   Investigations/Diagnostic 
Imaging    

    36.5.1   Ankylosing Spondylitis 

 The diagnosis of AS is based on a constellation 
of clinical symptoms and radiologic  fi ndings. 
Diagnosis can be made when one  clinical crite-
ria , either (1) in fl ammatory back pain of at least 
3 months duration, (2) limitation of lumbar spine 
motion in sagittal and frontal planes, or (3) 
decreased chest expansion relative to normal 
values for sex and age, is combined with the 
 radiological criteria  of either (1) bilateral sacro-

iliitis grade 2 or higher or (2) unilateral sacroilii-
tis grade 3 or higher  [  36  ] . To assess forward 
lumbar  fl exion, physicians often perform the 
Schober’s test, which involves marking the back 
to document the amount of lengthening of the 
skin as a patient bends. Lateral lumbar  fl exion 
and decreased chest expansion are also useful in 
assessing back mobility. Occasionally, palpation 
and stress of the sacroiliac joint provides a diag-
nosis of sacroiliitis. The most sensitive test is 
imaging for sacroiliac joint widening, erosion, 
and sclerosis, especially with bilateral involvement; 
in fl ammation of the SI joints will eventually 
result in fusion. Sacroiliitis can be investigated 
with plain  fi lm, CT, or MRI; however, MRI has 
been shown to be the most sensitive. Classically 
described ossi fi cation and bridging of the spine 
are often late  manifestations. In these severe 
cases, marginal vertebral body erosions, bony 
bridges called syndesmophytes spanning neigh-
boring vertebral bodies, ossi fi ed spinal liga-
ments, and squared vertebral bodies can be seen 
on imaging. The total fusion of the spinal col-
umn in extremely advanced disease gives rise to 
the bamboo spine appearance that is classically 
described  [  36  ] . Ophthalmic exam for anterior 
uveitis may also be contributory. HLA-B27 test-
ing may be useful keeping in mind that the vast 
majority of HLA-B27 patients do not have AS. 
In patients with back pain and HLA-B27, preva-
lence increases to 22 %  [  8  ] . Patients with sus-
pected AS and back pain should be carefully 
investigated for fractures through both the verte-
bral disc and body, even with a history of minor 
or no trauma  [  52  ] . For fracture screening, multi-
detector CT is more sensitive than plain  fi lm or 
MRI  [  53  ] . If diagnosis continues to be equivo-
cal, a trial of NSAIDs may demonstrate the 
in fl ammatory nature of the back pain and aid in 
AS diagnosis  [  54  ]  (Table  36.1 ).   

    36.5.2   Diffuse Idiopathic Skeletal 
Hyperostosis    

 In diffuse idiopathic skeletal hyperostosis, the 
clinical  fi ndings are often more subtle and 
nonspeci fi c, and much of the investigation is 
heavily reliant on radiological evidence. The 
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  Fig. 36.4    AP ( a ), Lateral ( b ) x-ray and sagittal CT ( c ) scan of a patient with cervical DISH.  Note the large syndesmo-
phytes, which in this patient caused signi fi cant dysphagia       

a b

c

   Table 36.1    Chest expansion values and Schober’s test values      

 Chest expansion test  Schober’s test 

 Chest circumference if measured at full 
inspiration and full expiration. The difference 
between the two measurements should 
normally be at least 1 in. 

 Place a mark on the patients back at approximately L5 and 
another mark 15 cm above the fi rst mark, while the patient is 
upright. With the patient forward fl exing fully (reaching for their 
toes) the marks should increase to at least 20 cm apart in normals 
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 classic description is of large syndesmophytes 
and  fl owing laminated ossi fi cation across 3–4 ver-
tebral joints especially on the right thoracic spine 
 [  2  ] . The appearance is similar to wax melting off 
a candle. Signs of degenerative joint/bone disease 
are uncommon.    Involvement of the cervical spine 
is less common; when involved large osteophytes 
are present in this region (Fig.  36.4 ). As with AS, 
patients presenting with axial spine pain after rel-
atively minor mechanical injury should be pre-
sumed to have a fracture until proven otherwise. 
An unrecognized fracture in this patient popula-
tion can have devastating neurologic compromise 
if there is subsequent fracture displacement. 
Involved peripheral joints may show radiologic 
bone proliferation in the pattern of “ whiskering” 
calci fi cations at the entheses. The sacroiliac joints 
are not involved, in contrast to AS  [  2  ] . The lack of 
disc height degeneration and absence of sacroiliac 
changes are used to distinguish DISH from degen-
erative joint diseases or in fl ammatory diseases 
such as ankylosing spondylitis  [  55  ] .    

    36.6   Nonsurgical Treatment 

    36.6.1   Ankylosing Spondylitis 

 Treatment of ankylosing spondylitis includes 
physical therapy, education, pain control, anti-
in fl ammatory drugs, disease-modifying antirheu-
matic drugs (DMARDs), and biologics  [  36,   54  ] . 

 Physical therapy has been shown to improve 
function in the short term in limited studies. 
However, the long-term bene fi ts are not well 
established at this time. Cognitive behavioral 
therapy has been shown to provide mild pain 
relief and management of anxiety. There is the 
added bene fi t of educating the patients on their 
susceptibility to fractures with trauma  [  54  ] . 
NSAIDs are the  fi rst line of management of AS. 
Beyond pain symptom relief, there is evidence of 
their ef fi cacy in slowing disease progression as 
monitored by radiologic evaluation  [  56,   57  ] . 
Corticosteroids have limited support for use in 
AS beyond pain relief afforded by local injections 
into in fl amed SI joints  [  36  ] . Simple analgesics are 
less effective than NSAIDs in controlling symp-
toms and are only indicated in patients where 
pain cannot be controlled by NSAIDs alone. 

 The antirheumatoid agents sulfasalazine and 
methotrexate have shown little to modest bene fi t. 
Sulfasalazine yields improvement in reported 
spinal stiffness but little improvement in patient 
function or objective evaluation of disease. 
Methotrexate was found to be effective in small 
studies, but overall, the evidence for its use is 
weak  [  36,   54  ] . For patients who fail to respond to 
two NSAIDs in 3 months with moderate disease, 
in fl iximab, etanercept, and adalimumab are the 
most powerful agents in use in ankylosing spon-
dylitis. Unlike methotrexate or  sulfasalazine 
which are presumed to slow the immune system 
by slowing production of nucleic acids and thus 
DNA, in fl iximab, etanercept, and adalimumab 
work by directly blocking the signaling proteins 
of in fl ammation. These drugs have shown 
improvement in clinical symptoms, imaging pro-
gression, and quality of life. In fact, they may 
work better in ankylosing spondylitis than they 
do in rheumatoid arthritis. Biologic treatment is 
often long term, as stopping treatment often 
brings rapid return of symptoms. These agents 
also predispose patients to infections, especially 
reactivation of latent TB, and patients should be 
evaluated for TB prior to their use  [  58,   59  ] .  

    36.6.2   Diffuse Idiopathic Skeletal 
Hyperostosis 

 Treatment options for diffuse idiopathic skeletal 
hyperostosis are primarily for symptom relief. 
Studies for speci fi c therapies are scarce, as the 
majority of patients are asymptomatic for long 
periods of time and often follow a benign course. 
Physical therapy can relieve pain and improve 
function based on anecdotal experiences from 
providers. Pain is often treated with analgesics 
and NSAIDs  [  2  ] . Local heat application is often 
used for additional pain relief. There are small 
studies involving alternative therapies such as 
chiropractic manipulations and acupuncture that 
report modest bene fi t. Other therapies reported 
include local steroid injections, lidocaine, mas-
sage, and therapeutic ultrasound. Additionally, 
there are reports of the use of low-dose radiation 
for the prevention of heterotopic bone formation 
after hip arthroplasty. There has been no therapy 
that has been reported to slow the natural history 
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of the disease. One study investigating 24 weeks 
of exercise therapy found modest improvement 
in subjective pain and mobility as measured by 
the Schober bending test  [  60  ] .   

    36.7   Surgical Treatment 

 Surgery for both conditions is a rare indication. For 
both ankylosing spondylitis and diffuse idiopathic 
skeletal hyperostosis, fractures may necessitate 
surgical management  [  35,   61,   62  ] . Additionally, 
severely kyphotic ankylosing spondylitis patients 
may bene fi t from surgical correction of “chin on 
chest deformity”  [  63,   64  ] . In patients with diffuse 
idiopathic skeletal hyperostosis, dysphagia caused 
by large cervical osteophytes are an additional 
indication for surgery  [  65  ] . 

    36.7.1   Fractures 

 The surgical indications for spinal fracture in the 
setting of AS or DISH are controversial, and there 
is little consensus in the literature. Clinical deci-
sion-making should be based on the presence of 
active compression of the neural elements in the 
presence of a neurologic de fi cit, the presence of 
an epidural hematoma, or the need to achieve 
biomechanical stability. 

 In one study of spinal fractures in patients 
with ankylosing spondylitis and diffuse idio-
pathic skeletal hyperostosis, spinal cord injury 
was found in over half of the cases. Diagnosis 
was delayed in 19 % of the cases, leading to fur-
ther neurological decline in 81 % of those patients 
 [  61  ] . Late neurologic decline is frequently the 
consequence of fracture displacement or epidural 
hematoma. Patients with ankylosing spondylitis 
are particularly at risk for spinal epidural hema-
tomas that may lead to rapid compressive neuro-
logic compromise. Early studies found up to a 
50 % risk for spinal epidural hematoma with 
fracture in ankylosing spondylitis patients com-
pared to nearly none in controls  [  66,   67  ] . The 
mechanism of this association is unclear as epi-
dural hematomas also occur more often in anky-
losing spondylitis patients undergoing epidural 
anesthesia  [  68,   69  ] . Surgical indications are con-
troversial, but generally, surgery is utilized for 

fracture stabilization if closed immobilization 
fails or is not appropriate or to decompress neural 
elements in the setting of neurologic de fi cit. 
Studies have yet to demonstrate an effect of sur-
gery on outcomes in the setting of neurologic 
de fi cit, and patients treated conservatively had 
shorter hospital stays after fracture. Overall, a 
well-supported consensus on when and how to 
operate remains to be established. When surgery 
is performed, posterior long-segment instrumen-
tation is the most commonly performed proce-
dure  [  35  ] .  

    36.7.2   Kyphosis Correction 

 In extreme kyphosis, ankylosing spondylitis 
patients have trouble maintaining their sight lines 
on the horizon for ambulation. In addition, the 
compression of the abdominal cavity may cause 
reduced vital lung capacity and increased abdom-
inal pressures  [  63  ] . There are three described sur-
gical approaches in the literature: opening wedge 
osteotomy, polysegmental wedge osteotomy, and 
closing wedge osteotomy. 

 One of the  fi rst operations described for cor-
recting kyphosis is the opening wedge osteotomy, 
traditionally performed on the lumbar spine. This 
process involves cutting away portions of the 
laminae and spinous processes and facets, creat-
ing an osteotomy of the posterior column. This 
posterior gap is then closed, with a concomitant 
lengthening of the anterior column (disc space). 
The anterior length of the spinal column is 
increased; the posterior length is slightly 
decreased. Because this process involves forcibly 
lengthening the anterior spine, it may cause vas-
cular damage, the most devastating being tearing 
of the abdominal aorta that overlies the anterior 
spine. The outcome of these procedures is often 
mixed, with success in half of patients, poor out-
comes in 6 %, and mixed outcomes in between 
 [  70  ] . Early reports have documented mortalities 
as high as 12 %, transient neurologic damage at 
30 %, and permanent neurologic damage at 3 %. 
Other side effects reported include nerve root 
irritation, retrograde ejaculation, and deep vein 
thrombosis. 

 The next procedure to be described is poly-
segmental wedge osteotomy, a procedure that 
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resembles opening wedge osteotomy spanning 
multiple vertebrae  [  71  ] . Small cuts are made 
from the posterior aspects of 4–6 adjacent verte-
brae, and the posterior column is shortened and 
then  fi xed with instrumentation. In a report of 173 
patents, this process resulted in fewer complica-
tions than monosegmental methods, and it was 
hypothesized that the strain on each individual 
vertebrae is reduced. However, other studies have 
found signi fi cant complications with the addi-
tional implants involved in polysegmental proce-
dures. Overall, the success rate for polysegmental 
wedge osteotomy ranges from being similar to 
monosegmental opening wedge to worse  [  72  ] . 

 In 1963, Scudese and Calabro introduced 
another method of closing wedge osteotomy or 
pedicle subtraction osteotomy. This process 
involves cutting a portion from the posterior verte-
brae body itself. This gap is closed without length-
ening the anterior column  [  73  ] . The bene fi t of this 
process over the opening wedge is that the poste-
rior length of the spinal column is shortened while 
the anterior length is unchanged, decreasing the 
risk of vascular compromise. A potential risk is 
the increased bone resection around the spinal 
canal, posing the possible increased risk of dam-
age to the neural elements. Success rates reported 
are varied but overall similar to those of opening 
wedge and  polysegmental approaches  [  74  ] . 

 To correct a severe chin on chest deformity, a 
C7–T1 osteotomy is performed to allow for large 
correction angles. A complete laminectomy is 
performed at C6 and C7 levels. Complete forami-
notomies are carried out at the C7–T1 joints. The 
patient’s neck is extended slowly and the osteot-
omy site is internally  fi xed, before placement of 
morselized bone graft from the osteotomy. 
Patients are generally placed in a halo vest with 
plaster jacket for 3 months  [  75  ] . 

 Despite numerous small studies measuring 
post-op satisfaction, there is little evidence-based 
literature assessing the relative merits of various 
osteotomies  [  64  ] . However, because open wedge 
is generally thought to carry a higher risk of vas-
cular damage than closed wedge osteotomy, the 
closing wedge technique has largely replaced the 
open wedge approach  [  63  ] . A consideration is 
that the open wedge (e.g., Smith-Peterson) osteot-
omies necessitate a mobile disc space anteriorly 
to facilitate the anterior column lengthening; in 

the absence of an open anterior disc space, a clos-
ing wedge (e.g., pedicle subtraction) osteotomy 
is necessary to restore lordosis, as the anterior 
column cannot be readily lengthened through 
opening of the disc space.  

    36.7.3   Dysphagia 

 Long osteophytes in advanced cervical diffuse 
idiopathic skeletal hyperostosis can lead to dys-
phagia, odynophagia, hoarseness, and airway 
compromise. Often, symptoms can be managed 
conservatively with steroids, analgesics, muscle 
relaxants, and diet changes  [  76  ] . Surgical cervi-
cal osteophyte resection is reserved for severe 
progressive cases. Prior to surgery, history, and 
clinical exam are crucial to determining whether 
the patient is a good candidate for surgery. In a 
study of patients who underwent cervical osteo-
phyte removal, the mean symptom duration was 
7.7 months and included dysphagia, rigidity, and 
sensation of foreign body. Lateral cervical X-ray 
and CT of the neck allow for assessment of the 
location and extent of osteophytes. Contrast swal-
low X-rays are used to assess the esophagus for 
compression and dysmotility and exclude for 
other causes of dysphagia. Fiberoptic larygno-
scopic exams are used to assess for retropharyn-
geal bulging or hypo-motility of the vocal cords 
from compression by osteophytes  [  55  ] . 

 There are three main methods described in the 
literature for removal of cervical osteophytes, 
namely, transoral, retrovascular, and prevascular 
transcervical approaches. The transoral approach 
was  fi rst described by Uppal and Wheatley and 
involves going through the posterior pharyngeal 
wall to access the vertebrae. Due to the high loca-
tion of this approach, it is best for osteophytes 
located in C1 to C3. However, this operation is a 
clean but contaminated operation due to incision 
through the oral cavity and may carry a higher 
risk of infection  [  77  ] . 

 The transcervical approaches are divided into 
retrovascular (posterolateral) and prevascular 
(anterolateral). With retrovascular (posterolat-
eral) approach, the carotid sheath is retracted 
medially and the osteophytes are accessed poste-
rior to the sheath. The thyroid vessels and 
omohyoid are retracted with the carotid sheath 
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and thus are at relatively lesser risk for injury 
than with an anterior approach. The retrovascular 
approach allows for greater exposure of the pre-
vertebral space; however, this is at the cost of 
greater retraction forces on the carotid sheath, 
resulting in more reports of carotid and sympa-
thetic chain injuries. 

 The most commonly used approach today is the 
prevascular (anterolateral) approach; this method 
allows better access of lower vertebrae, especially 
C2–C7. The prevascular approach is further subdi-
vided into left and right approaches. The left-sided 
approach is often favored because of less chance 
of damaging the laryngeal nerve. Ultimately, how-
ever, the location of the osteophytes themselves 
plays the biggest role in deciding left or right 
approaches. Most patients have rapid resolution of 
dysphagia within 2 weeks  [  65  ] .   

    36.8   Postoperative Care 

 Surgical procedures in ankylosing spinal disease 
patients often carry high risks and long recovery 
times. In addition to routine post-op care, monitor 
patients closely for complications, discussed in the 
next section. Patients often necessitate postopera-
tive intensive care unit observation and postopera-
tive bracing for 3–6 months. For patients that 
underwent C7–T1 osteotomy for chin on chest 
deformity, halo ring  fi xation was placed for 3 months 
and cervicothoracic orthosis placed for another 
3 months. Patients are followed by CT scans every 
3 months to assess for fusion status  [  75  ]   

    36.9   Potential Complications 

 Complications include infection, bleeding, and 
neurological compromise when working near 
the spine. Reported complications during kypho-
sis correction include neurological compromise 
resulting in lower extremity weakness, loss of 
bladder control, or nerve root pain. As previously 
mentioned, with opening wedge osteotomy, there 
are rare reports of vascular compromise or aor-
tic rupture  [  70  ] . With polysegmental osteotomy, 
implant complications often arise  [  78  ] . Closing 

wedge osteotomy carries a relatively increased 
risk of damage to the neural elements due to the 
large amounts of vertebral body bone resection 
near the spinal canal  [  74  ] . There are reports of 
pneumothorax and hematoma and a chance for 
secondary loss of correction  [  63,   64  ] . Additionally, 
there are reported cases of abdominal compart-
ment syndrome, when increasing abdominal 
pressures exceed the capillary  pressure to main-
tain perfusion, requiring emergency exploratory 
laparotomy  [  79  ] . In patients undergoing C7–T1 
osteotomy for chin on chest deformity, the most 
common complication was postoperative neck 
pain. A majority of patients had dif fi culty swal-
lowing immediately post-op, though nearly all 
patients improve with time. The most serious 
complications include quadriplegia or death usu-
ally immediately or soon after the operation  [  75  ] . 

 In DISH patients, cervical osteophyte resection 
carries the risk of infection, bleeding, and 
parasethesias. The most common reported com-
plication is vocal fold paralysis. Less common 
complications include vertebral disc prolapse, 
 fi stulas, transient aspiration, and Horner’s syn-
drome  [  80  ] . There are case reports of asphyxiation 
due to neck hematoma following anterior approach 
neck surgery  [  81  ] . Recurrence of osteophytes 
causing recurrent dysphagia occurs in approxi-
mately 10–20 % of patients in 10 years  [  82  ] .      
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 Osteoporotic spine fractures can follow multiple 
different patterns, but vertebral compression 
fractures (VCF) are the most common to occur. 
VCF are the leading cause of disability and mor-
bidity in the elderly  [  3,   4  ] . Pain can be severe, 
and progressive vertebral collapse with resultant 
kyphotic deformity can occur. Osteoporotic VCF 
have been shown to negatively affect quality of 
life, physical function, mental health, and sur-
vival, with the effects related to spinal deformity 
severity  [  5–  7  ] . Acute pain can also be severe with 
the potential for chronic pain to develop. This is 
believed to result from (1) structural instability 
leading to progressive collapse, (2) spinal defor-
mity causing altered spinal biomechanics, and 
(3) pseudoarthrosis of involved vertebrae. Spinal 
deformity, often a kyphotic deformity, may also 
predispose the patient to additional fractures of 
the spine. It has been postulated that the kyphotic 
deformity shifts the center of gravity anteriorly, 
thus increasing  fl exion-bending moments at the 
apex of the kyphosis  [  8  ] . Prevention of kyphotic 
deformity or correction of an existing deformity 
may therefore be important in preventing further 
fractures and resulting sequelae. Patients with a 
vertebral fragility fracture have a tenfold increase 
for a subsequent vertebral fracture     [  9  ] . The 
expectations for spine surgeons in  addressing 

osteoporosis are to (1) treat direct sequelae of 
osteoporosis, (2) treat the resultant deformity, 
and (3) consider osteoporosis as it relates to 
 spinal reconstructive surgery. 

    37.1   Case Example 

 An 85-year-old woman presents with sudden 
onset of back pain. She does not recall an ante-
cedent event associated with the onset of her 
symptoms. She has been treated for a hip fracture 
in the past 2 years. On examination, she is neuro-
logically intact without any focal de fi cits, but 
does have increased pain in the upright position. 
Imaging demonstrates multiple compression 
fractures at T12, L1, and L2 (Fig.  37.1 ).   

    37.2   Pathology/Pathophysiology 

 Bone is a dynamic and well-organized tissue 
composed of mineral, proteins, water, and cells, 
with exact composition dependent on patient age, 
health, diet, and anatomic location. At the micro-
scopic level, bone consists of two forms: woven 
(primitive) and lamellar bone. Lamellar bone is 
highly organized with stress-oriented collagen 
giving it isotropic properties. In the mature skel-
eton, lamellar bone can be further categorized 
into trabecular (spongy or cancellous) or corti-
cal (dense or compact) bone. The three main cell 
types in bone include osteoclasts, osteoblasts, 
and osteocytes. The exact pathophysiology of
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osteoporosis is a rapidly advancing  fi eld but 
can be divided into two different categories: 
osteoclast mediated and osteoblast mediated. 
Osteoclast-mediated osteoporosis is character-
ized by rapid bone loss. This is more commonly 
seen in postmenopausal women with women 
affected six times more commonly than men 
and affecting trabecular bone (vertebral body 
and distal radius). Osteoblast-mediated osteo-
porosis is more related to aging and an overall 
decrease in bone production. Women are affected 
twice as commonly as men. The ultimate result 
is a decreased rate of bone formation relative to 

bone destruction,  contrary to osteomalacia which 
represents a dysregulation of bone mineralization 
with normal osteoid production.  

    37.3   Risk Factors 

 In the typical adult, bone mass is lost at roughly 
0.5 % per year after peak bone mass is achieved 
in the early 30 s. The major determinants for 
whether or not osteoporosis occurs are depen-
dent on peak bone mass and the rate of bone 
loss. Risk factors for osteoporosis can be divided 

  Fig. 37.1    Sagittal CT scan and sagittal STIR imaging demonstrating edematous changes within the T12, L1, and L4 
vertebral bodies, suggestive of the acuity of these fractures       
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into  non-modi fi able and modi fi able risk factors. 
 Non-modi fi able include advancing age, female 
sex, Caucasian or Asian ethnicity, rheumatoid 
arthritis, endocrine disorders, chronic disease, 
and personal history or family history in  fi rst-
degree relative of fracture. Modi fi able risk factors 
include low body weight, hormonal de fi ciencies, 
long-term use of medications affecting skeletal 
homeostasis (e.g., glucocorticoids, immunosup-
pressive medications), smoking, heavy alcohol 
use, inactivity, and diet de fi cient in calcium and 
vitamin D (Table  37.1 ).   

    37.4   Diagnosis 

 Osteoporosis is an advancing systemic disease 
that is often clinically silent until low energy fra-
gility fractures occur. Fractures of the spine, 
along with the hips and wrists, are the most com-
mon sites with patients complaining of localized 
pain in the effected areas. Before becoming 
symptomatic, screening studies can be used to 
identify osteoporosis. Dual-energy x-ray absorp-
tiometry (DEXA) is the screening study of choice 
and is used to calculate a DEXA score from the 

patient’s bone mineral density. Indications for 
DEXA scan are listed in Table  37.2 . A t-score is 
used to compare the patient’s calculated bone 
mineral density to healthy same-gender young 
adults. For each 1 standard deviation below the 
mean, fracture risk increases 1.5–3-fold. A t-score 
of −1 to −2.5 de fi nes osteopenia with a score of 
−2.5 or less positive for osteoporosis. A z-score 
compares bone mineral density with age-matched 
controls. It is important to note that DEXA values 
can be falsely elevated if assessed in areas of pre-
vious fractures, scoliosis, sclerosis, osteophyto-
sis, vascular disease, or other disease processes 
that increase calci fi cation.  

 In patients that have sustained a suspected 
osteoporotic spine fracture, it is important that a 
thorough history be obtained. These fractures 
occur in the setting of minimal to no trauma and 
are symptomatic with a deep, focal, midline spine 
pain. Symptoms should be primarily mechanical. 
It is important to know the course of the patient’s 
symptoms and also any related symptoms or pre-
vious fractures. Past medical history, particularly 
systemic infection, malignancy, and tuberculosis, 
should be known. Patients with bladder or bowel 
incontinence, unexplained weight loss, night 
sweats, or other constitutional symptoms require 
more extensive investigation. Physical examina-
tion should begin with evaluation of patient’s 
overall status and sagittal spinal balance, and 
should also include a thorough neurologic exam. 
Areas of point tenderness should also be 
identi fi ed, particularly over the spinous processes, 
as this is a hallmark of acute VCF and burst frac-
tures. In contrast, sacral insuf fi ciency fractures 
can present with pain over the sacral body, in the 
sacroiliac joint, or in a bandlike distribution 
across the low back. Laboratory studies can also 
be obtained. These can include sedimentation 
rates, C-reactive protein, protein electrophoresis, 
and differential blood counts to evaluate for 

   Table 37.1    Risk factors for osteoporosis   

 Non-modi fi able 
  Advancing age 
  Female sex 
  Asian or Caucasian ethnicity 
  Menopause 
  Personal/family history of fracture 
  Disease states 
    Endocrine (e.g., hypercortisolism, 

 hyperthyroidism, hypogonadism) 
   Chronic disease 
   Rheumatoid arthritis 
   Tumors 
 Modi fi able 
  Diet – de fi cient calcium and vitamin D 
  Alcohol (>80 g/day) 
  Body mass index <22 kg/m 2  
  Smoking 
   Medications (e.g., glucocorticoids, 

immunosuppressives) 
  Inactivity 

   Table 37.2    Indications for DEXA scan   

 Postmenopausal women >65 years old 
 Women >65 with 1 or more risk factors 
 Patient with fragility fracture (s) 
 Women on prolonged hormone replacement therapy 
 Osteopenia on x-rays 
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malignancy or infection. To distinguish between 
osteoporosis and osteomalacia, serum calcium, 
serum phosphorous, alkaline phosphatase, and 
urinary calcium can be obtained. These lab val-
ues are typically normal for osteoporosis and 
abnormal in osteomalacia.  

    37.5   Imaging of Patients with 
Suspected Osteoporotic Spine 
Fractures Serve to Evaluate for 

    Vertebral collapse  • 
  Location and extent of lytic lesions  • 
  Pedicular involvement  • 
  Cortical destruction  • 
  Epidural or foraminal stenosis  • 
  Acuity of fracture    • 
 Imaging should begin with plain radiographs 

of the spine, obtained upright if possible to 
reveal overall sagittal and coronal spinal bal-
ance. Upright radiographs can be followed seri-
ally or compared to previous  fi lms to reveal a 
progressive or new vertebral collapse, endplate 
erosion, or changes in overall spinal balance. 
Magnetic resonance imaging (MRI) is useful in 
determining foraminal or epidural involvement. 
Furthermore, MRI is able to detect edema that 
is indicative of an acute fracture. This is well 
seen on sagittal MRI with short tau inversion 
recovery (STIR) sequences that highlight mar-
row edema seen in acute fractures. Indications 
for MRI in this setting are to determine whether 
or not patient’s acute pain correlates with an 
acute fracture. Finally, MRI is also useful to 
evaluate for and rule out malignancy and infec-
tion as a cause of a patient’s symptoms  [  10  ] . 
For patients that are unable to undergo MRI, 
computed axial tomography (CT) should be 
obtained.  

    37.6   Treatment 

 Early diagnosis and treatment of osteoporosis 
before a fragility fracture occurs is the optimal 
situation. This includes weight-bearing exercises 
and calcium and vitamin D supplementation. 

This does not increase total bone mass, but 
rather decreases bone resorption and mineral-
izes osteoid. Intermittent parathyroid hormone 
is anabolic and leads to early, dramatic 
increases in bone mass. Bisphosphanates, a 
family of medications that strongly inhibits 
bone resorption, have been bene fi cial in treat-
ing osteoporosis and decreasing rates of verte-
bral fractures (40–50 %)  [  11  ] . The spine 
surgeon, however, more commonly becomes 
involved in the care of the patient once the fra-
gility vertebral fracture has already occurred. 
In the management of osteoporotic fractures, 
the goal for treatment is:

   Decreasing pain  • 
  Early mobilization  • 
  Preservation of spinal stability  • 
  Prevention of neurologic compromise    • 
 Nonoperative management includes bed rest, 

narcotic medications for pain management, and 
spinal orthosis. However, these options are sub-
optimal. Bed rest is associated with additional 
bone mineral density loss. Extended bed rest 
also has signi fi cant other morbidities associated 
with it, including aspiration, pneumonia, and 
pressure sores. Narcotic pain medications, once 
again in an elderly population, has signi fi cant 
adverse effects that may be as functionally 
debilitating as the fragility fracture. The use 
of a spinal orthosis also has many compli-
ance dif fi culties with patients. The American 
Academy of Orthopaedic Surgeons Clinical 
Practice Guideline summary for the treatment of 
symptomatic osteoporotic spinal compression 
fractures was unable to recommend these non-
operative treatment options  [  12  ] . 

 Vertebroplasty and kyphoplasty are two mini-
mally invasive procedures used to address VCF 
that were developed to address the pain and defor-
mity. Vertebroplasty involves the percutaneous 
 fl uoroscopically guided injection of polymethyl-
methacrylate (PMMA) directly into a fractured 
vertebral body to stabilize osteoporotic VCF. 
Kyphoplasty differs in that it involves the percuta-
neous insertion of an in fl atable bone tamp into a 
fractured vertebral body under  fl uoroscopic guid-
ance. In fl ation of the bone tamp elevates the end-
plates, restores the vertebral body height, and 
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creates a cavity to be  fi lled with bone void  fi ller, 
most commonly PMMA. In addition to decreasing 
pain from acute fracture as in vertebroplasty, 
kyphoplasty is more likely to reduce spinal kypho-
sis and improve vertebral body height. Indications 
for both of these procedures are pain and more 
speci fi cally:

   Stabilization of a painful or progressive osteo-• 
porotic and osteolytic VCF  
  Painful vertebra due to metastases or multiple • 
myeloma  
  Kummell’s disease  • 
  Painful vertebral hemangioma    • 
 Contraindications, however, include fractures 

that neurologic compromise, burst-like fracture 
patterns, involvement of the posterior vertebral 
body wall, or morphology restricting access to 
the vertebral body.  

    37.7   Vertebroplasty 

 With patients placed prone and under  fl uoroscopic 
guidance, an 11–13-gauge needle is placed 
toward the center of the vertebral body using a 
transpedicular or extrapedicular approach  [  13  ] . 
Biopsy needles can be used to obtain samples 
before cement injection. PMMA is most com-
monly used and is mixed with barium to be 
viewed  fl uoroscopically. Once the appropriate 
viscosity has been obtained, between 2 and 
10 mL of cement is injected. The mechanism of 
pain relief in vertebroplasty is unclear with 
hypotheses including mechanical immobiliza-
tion of fracture  [  14  ]  and deafferentation of frac-
tured vertebra from the exothermic reaction of 
PMMA polymerization. Studies have shown 
60–100 % of patients with pain reduction main-
tained for months up to 10 years  [  15,   16  ] . 
Vertebroplasty has a low-published complication 
rate, with most complications resulting from 
extravertebral cement leakage. While the large 
majority of cement leakage is asymptomatic, 
there is potential for spinal cord injury, nerve 
root compression, or pulmonary embolism, and 
these have been case reported in the literature. 
Extravertebral cement leakage is an inherent 
weakness of vertebroplasty due to necessity to 

inject low-viscosity cement at high pressure. 
Furthermore, vertebroplasty is not designed to 
correct spinal deformity.  

    37.8   Kyphoplasty 

 Kyphoplasty differs from vertebroplasty in that 
it involves the percutaneous placement and 
expansion of an in fl atable bone tamp in the 
effected vertebral body. When expanded, the 
tamp lifts the endplate(s) thereby restoring ver-
tebral body height and creates a void in which 
PMMA is injected. Because of this difference, 
kyphoplasty has the potential to correct spinal 
deformity. In fl ation of the bone tamp is contin-
ued until (1) fracture is reduced, (2) maximal 
balloon pressure or volume is reached, and (3) 
cortical wall contact occurs. Unlike in verte-
broplasty, the cement used in kyphoplasty is 
thicker and injected at a lower pressure. A mul-
ticenter trial that involved treating 2,194 frac-
tures with kyphoplasty showed 90 % of patients 
reporting pain relief within the  fi rst 2 weeks of 
the procedure and a complication rate of 0.2 % 
per fracture  [  17  ] . Lieberman and associates 
observed signi fi cant improvements in physical 
function, vitality, mental health, and social 
function scores of the SF-36 questionnaire after 
kyphoplasty  [  18  ] . It is important to note that 
there remains signi fi cant disagreement regard-
ing the bene fi ts of vertebroplasty and kyphop-
lasty. Recently published AAOS guidelines 
regarding the treatment of symptomatic osteo-
porotic VCF were unable to recommend verte-
broplasty, however did recommend kyphoplasty 
as an acceptable treatment modality  [  12  ]  
(Figs   .  37.2  and  37.3 ).   

 With the aging population, reconstructive 
spine surgeries are ever more commonly per-
formed in an older population. In these instances, 
the spine surgeon is increasingly faced with the 
 fi xation of spinal instrumentation in osteoporotic 
bone. It is essential to determine whether or not 
an osteoporotic spine can support spinal implants. 
A study by Soshi et al. determined that pedicle 
screws should be avoided in patients with a bone 
mineral density less than 0.3 g/cm 2   [  19  ] . In 
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 general, patients with T scores of less than −2.5 
should be approached cautiously with instru-
mentation. Techniques that can be employed by 
the spine surgeon in the face of poor bone quality 
include:

   Increasing screw length  • 
  Increasing screw diameter  • 
  Optimal screw trajectory  • 
  Under tapping  • 
  Increasing points of  fi xation  • 

  Fig. 37.2    Anterior-posterior and lateral intraoperative images of balloon in fl ation of L5 body during L5 kyphoplasty       

  Fig. 37.3    Anterior-posterior and lateral intraoperative images after cement injection of L5 body during L5 
kyphoplasty       
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  Supplementing construct with offset sublami-• 
nar hooks  
  Augmentation of screw purchase with PMMA • 
injection through the pedicle into the vertebral 
body     

    37.9   Summary 

 With the aging population, today’s spine surgeon 
must have an increasing appreciation of osteopo-
rosis in the spine. The morbidity of vertebral fra-
gility fractures is signi fi cant with optimal treatment 
modalities still needing to be further developed. 
Furthermore, reconstructive spine surgeries in 
osteoporotic bone bring many challenges that 
require modi fi ed techniques to address. The ulti-
mate goal is to prevent osteoporosis from becom-
ing symptomatic, and this effort can be supported 
through proper education, diet, and exercises in 
childhood and early adulthood to maximize peak 
bone mineral density. However, when this does 
not occur, it is essential that the spine surgeon have 
a thorough understanding of the pathology and the 
proper treatment options for his/her patient. 

  Questions 
     1.    Peak bone mineral density occurs during:

   (a)    Ages 0–20  
   (b)    Ages 21–40  
   (c)    Ages 41–60  
   (d)    Age >60      

    2.    All of the following are risk factors for the 
development of osteoporosis except:
   (a)    Female gender  
   (b)    African American ethnicity  
   (c)    History of steroid use  
   (d)    Smoking               
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          38.1   Introduction 

 With modern surgical techniques and periopera-
tive antibiotics, spinal infection after surgery is 
relatively uncommon. Certain patient and surgi-
cal treatments are however at higher risk, and 
should be treated with extra caution. This chapter 
will review the prevention, diagnosis, and treat-
ment of postoperative spinal infection.  

    38.2   Incidence and Risk Factors 

 The rate of infection following spine surgery var-
ies considerably based on the procedure per-
formed as well as patient factors. For example, 
the infection rate following a lumbar diskectomy 
has been reported to be 0.7 %, increasing to 1.4 % 
with the use of a microscope  [  40  ] . In elective 
instrumented cases, the reported rate of infection 
increases to between 2.8 and 6 %  [  16,   20,   22,   29, 

  37  ] . In addition to the baseline risk of infection 
following surgery, additional risk is conferred to 
patients that have a history of smoking, obesity, 
diabetes, long-term steroid use, alcohol abuse, 
prior surgical site infection, prior spinal surgery, 
malnourishment, and a preoperative hospitaliza-
tion of >1 week  [  9,   21,   29,   49  ] . Patient age as a 
risk factor has been a subject of debate. Some 
studies have shown a higher infection rate in 
older patients, while others show an equal infec-
tion rate among age groups  [  21  ] . 

 The role of diabetes in the development of 
postoperative infections has been investigated 
thoroughly. Chen et al. demonstrated a relative 
risk of 4.10 (95 % CI: 1.37–12.32) for developing 
a postoperative surgical site infection (either deep 
or super fi cial) in diabetic patients  [  12  ] . A history 
of diabetes makes a patient susceptible to infec-
tion due to impaired tissue microvascularity, poor 
antibiotic penetration  [  18  ] , and immunosuppres-
sion secondary to impaired granulocyte function 
 [  44  ] . In addition to these underlying impairments, 
elevated pre- (>125 mg/dL) and postoperative 
(>200 mg/dL) blood glucose levels have been 
identi fi ed as an independent risk factor for the 
development of a postoperative infection  [  33  ] . To 
this end, tight control of perioperative blood glu-
cose levels is critical in preventing postoperative 
surgical site infections in this patient population. 

 A history of prior surgical site infection is 
another risk factor that has been described by 
multiple investigators  [  1,   36,   50  ] . It is proposed 
that the previous infectious organism may reside 
in small quantities in the scar tissue caused by 
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prior procedures. The patient may have no signs 
or symptoms of infection despite this bacterial 
colonization. Consequently, the antibiotic sensi-
tivities of the prior infectious organism should be 
considered when choosing a perioperative pro-
phylactic antibiotic in patients with prior surgical 
site infections  [  36  ] . 

 Surgery for spine trauma is associated with an 
increased rate of infection compared with those 
for other diagnoses. The rate of a postoperative 
infection following trauma has been reported to 
be upward of 10 %  [  7,   37  ] . The explanation for 
this infection rate is believed to be multifactorial. 
These patients are more likely to have spent time 
in the ICU and have poor soft-tissue envelopes 
secondary to signi fi cant soft-tissue trauma. They 
often have a greater number of comorbidities and 
may be more nutritionally compromised due to 
their trauma-induced catabolic state  [  23  ] . Finally, 
trauma patients with complete neurologic de fi cit 
or cognitive impairment are at an even higher risk 
of a postoperative infection  [  37,   43  ] . Further risk 
factors speci fi c to this population include multi-
ple levels of surgical involvement and delayed 
surgical treatment of over 160 h  [  7  ] . 

 In addition to patient-speci fi c risk factors, the 
operative plan and surgical technique may also 
in fl uence the chances of developing a postopera-
tive infection. Multiple studies have suggested that 
the anterior surgical approach is associated with a 
lower rate of postoperative infections when com-
pared to the posterior approach  [  26,   36  ] . This phe-
nomenon is hypothesized to be a result of enhanced 
bacterial clearance due to superior venous and 
lymphatic drainage of the anterior spine. Therefore, 
consideration should be made for an anterior sur-
gical approach if the same surgical goals can be 
accomplished equally through either approach. 

 Intraoperative risk factors for infection have 
been reported to include prolonged surgical 
time and intraoperative blood loss in excess of 
1 L  [  50  ] . Susceptibility to infection following 
blood loss has been hypothesized to be due to the 
association between signi fi cant blood loss and 
subsequent non-autologous blood transfusion. 
Non-autologous blood transfusions have been 
hypothesized to cause a relatively immunosup-
pressed state in the recipient (termed transfusion-
associated immunomodulation (TRIM)  [  6  ] ). 

The patient may then become susceptible to an 
increased risk of infection  [  4,   31,   46  ] . Therefore, 
effort should be made to minimize blood loss 
whenever possible and, thus, the need for non-
autologous transfusions.  

    38.3   Etiology 

 Postoperative infections may arise from either 
direct inoculation of the wound or hematogenous 
seeding. Infections caused by low virulence organ-
isms are thought to be due largely from direct 
inoculation. These organisms are highly suscepti-
ble to clearance by the body’s immune system and 
rarely spread hematogenously. However, virulent 
organisms, such as Staphylococcus aureus, may 
cause infection by either route. Staphylococcus 
aureus has been demonstrated to be the most com-
mon causative organism in postoperative spine 
infections. A study by Massie  [  29  ]  showed that 
Staphylococcus aureus was present in over 50 % of 
the 22 cases of postoperative spinal infections that 
were analyzed. Other isolated organisms included 
Staphylococcus epidermidis (coagulase-negative 
Staphylococcus), Peptococcus, Enterobacter cloa-
cae, and Bacteroides. Gram-negative organisms are 
less commonly identi fi ed and are seen primarily in 
trauma patients, especially those with neurologic 
injury  [  37  ] . Polymicrobial infections may also 
occur but are felt to be due to direct inoculation of 
the wound as opposed to a hematogenous route.  

    38.4   Prevention 

 Prophylactic antibiotics have been shown to 
decrease infection rates in all types of spine sur-
gery  [  5  ] . Since Staphylococcus aureus is the most 
common offending organism in postoperative 
infections, a  fi rst-generation cephalosporin such 
as cefazolin is generally selected as the antibiotic 
of choice. Cefazolin is effective against both 
Staphylococcus aureus and Staphylococcus epi-
dermidis and reaches peak serum concentrations 
quickly. For patients allergic to penicillin, clin-
damycin and vancomycin are viable alternatives. 
If a patient is at high risk for methicillin-resistant 
Staphylococcus aureus (MRSA), vancomycin is 
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frequently the prophylactic antibiotic of choice 
 [  40  ] . The perioperative antibiotic should be 
administered within 1 h of skin incision, and 
cefazolin should be re-dosed if the surgical dura-
tion exceeds 4 h. It is also recommended that 
antibiotics should also be re-dosed if the surgical 
blood loss exceeds 1,500 mL, based on  fi ndings 
of decreased tissue concentration of cefazolin in 
settings of blood loss that exceeds that volume 
 [  45  ] . Postoperatively, antibiotics should be given 
for 24 h after closure. 

 Perioperative skin preparation products are 
also utilized for infection prevention. For exam-
ple, in foot/ankle and shoulder surgery, ChloraPrep 
(2 % chlorhexidine gluconate and 70 % isopropyl 
alcohol, Enturia, El Paso, TX, USA) was found to 
be superior to other cleansing products such as 
DuraPrep and povidone-iodine scrub in terms of 
reducing the cutaneous bacterial load  [  34  ] . Despite 
encouraging evidence for chlorhexidine as a supe-
rior operative skin preparation, there has not been 
any evidence to date, showing a decreased clinical 
infection rate when used in spine surgery. 

 Other surgical techniques that have been pos-
tulated to reduce infection rates but not substanti-
ated by results include release of retractors at 
least every 2 h, use of antibiotic irrigation, avoid-
ance of drains, and debridement of necrotic tissue 
at the end of the case. The practice of shaving the 
surgical site prior to surgery has been examined 
and suggested to actually increase the rate of 
postoperative surgical site infection  [  10  ] .  

    38.5   Diagnosis 

    38.5.1   Clinical Presentation 

 Postoperative infections of the spine can be sepa-
rated into super fi cial and deep infections. 
Super fi cial infections often present with pain, 
erythema, edema, warmth, and occasional drain-
age at the surgical site. These infections are pri-
marily diagnosed by clinical evidence and are 
frequently managed medically with antibiotic 
therapy. However, it is essential that a deep infec-
tion is not overlooked. 

 Deep infections are often more challenging 
to diagnose. Patients often will have indolent 

 infections which do not manifest acutely after 
surgery. Fevers and other systemic symptoms 
are often not present, and white blood cell counts 
may not be elevated, particularly with indo-
lent infections. A persistently painful, draining 
wound that does not respond to local wound care 
and conservative measures is one clue to a deep 
infection (Fig.  38.1 ). However, the super fi cial 
appearance of the wound may appear benign due 
to the deep nature of the infection and the multi-
layered closure. Therefore, when pain at the sur-
gical site is unexplained and does not decrease 
as expected postoperatively, an infection must be 
ruled out. Drainage from a seroma will be rela-
tively clear, possibly blood tinged, and with low 
viscosity, whereas that from an infection will 
likely be more copious, viscous, and may appear 
purulent. Fluid aspiration and analysis has been 
deemed particularly useful for the detection of 
acute infections  [  43  ] .  

 Patients suspected of infection must be evalu-
ated for constitutional signs of infection as well 
such as a temperature reading over 39° centi-
grade. Furthermore, other signs such as chills, 
sweats, malaise, lethargy, and mental status 
changes should be noted. These signs warrant 
urgent intervention as sepsis may lead to multiple 
organ system failure and even death.  

    38.5.2   Laboratory Evaluation 

 As mentioned above, deep infections may exist 
in the setting of a completely benign appearing 

  Fig. 38.1    Clinical image of a deep infection of the lum-
bar spine associated with underlying myonecrosis 
(Reprinted with permission from Sasso et al.  [  40  ] )       
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 surgical site. In these patients, the presence of 
unexplained increasing pain at the surgical site 
may be the only clinical  fi nding. In the right clin-
ical setting, leukocyte count, ESR, and CRP 
could aid the evaluation of these patients. An 
elevated ESR and CRP warrant increased suspi-
cion for a postoperative infection; however, lev-
els must be considered in respect to their expected 
postoperative values. ESR does not typically 
return to baseline values until 6 weeks after sur-
gery, while CRP returns to baseline 2 weeks post-
operatively  [  40  ] .  

    38.5.3   Imaging 

 In addition to clinical and laboratory evaluation, 
imaging studies are often indicated and may be 
useful in the diagnosis of a postoperative infec-
tion. Plain radiographs should be evaluated care-
fully as the subtle  fi nding of osteolysis around 
hardware may be suggestive of an infection. 
However, in the early stages of infection, the 
utility of plain radiographs is limited as radio-
graphic  fi ndings lag considerably behind clinical 
symptoms. 

 A CT scan may be performed to examine the 
vertebral bodies as well as any possible dissolu-
tion of the end plates or disk space which may be 
seen with a diskitis or vertebral osteomyelitis. 
CT will also show increased detail of the instru-
mentation-bone interface. Evaluation of this 
interface is critical as lucency surrounding instru-
mentation may be indicative of a postoperative 
infection. 

 MRI is the most sensitive test for the detection 
of a postoperative infection; however,  fi ndings 
must be interpreted with caution because of the 
expected in fl ammatory response from the surgi-
cal insult. Gadolinium contrast can help to 
increase the sensitivity of the MRI by demon-
strating rim enhancement of a large  fl uid collec-
tion, progressive marrow changes, and ascending 
epidural collections  [  24,   41  ] . 

 While the diagnosis of a postoperative infec-
tion is challenging, adequate information can fre-
quently be obtained through clinical evaluation, 
appropriate laboratory studies (including WBC, 

ESR, CRP), and imaging studies. However, if the 
laboratory studies and imaging are equivocal, 
close observation with repeated studies as appro-
priate is recommended.   

    38.6   Postoperative Wound 
Classi fi cation 

 Postoperative wounds may be classi fi ed by the 
Thalgott et al.  [  47  ]  modi fi cation of the Cierny 
classi fi cation  [  13  ]  for osteomyelitis. This staging 
system takes into consideration the characteris-
tics of the infection (group 1: single organism, 
group 2: multiple organism, or group 3: multiple 
organism plus myonecrosis) as well as the clini-
cal status of the patient (class A: healthy, normal 
immune system; class B: local or multiple sys-
temic diseases, including smoking; or class C: 
immunocompromised or injury severity score 
>18). Thalgott evaluated 32 patients with post-
operative infection and found 13 to be infected 
with a single organism (group 1), 16 with more 
than one organism (group 2), and two patients 
with multiple organism and extensive myonecro-
sis. The average time to diagnosis was 23 days 
(range 5–110 days). Most patients with single 
organism infections (group 1) were successfully 
managed with single irrigation and debridement 
with closure over suction drains. Patients with 
multiple organism infections (group 2) required 
an average of three irrigation and debridements. 
This study included two patients with group 3 
infections. These were dif fi cult to manage and 
had much worse outcomes than the other two 
groups. They required an average of six surgeries 
(range 4–8), and both patients required  fl aps for 
closure.  

    38.7   Management 

    38.7.1   Non-Instrumented Infections 

    38.7.1.1   Post-Procedural Diskitis 
 Percutaneous intradiskal procedures have 
become popular methods to both diagnose 
and treat disk pathology. The rate of infection 
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 following these procedures has been reported to 
range between 0.2 and 2.75 %  [  35,   42  ] . Clinical 
manifestations of infection may not be obvious, 
and suspicion must be heightened in patients 
with unexplained increasing pain following the 
procedure. Staphylococcus aureus is the most 
common causative organism, but anaerobic 
organisms have been isolated as well  [  39  ] . The 
incision site is often benign appearing, and blood 
cultures are generally negative. Serum markers 
of in fl ammation including CRP and ESR may 
be helpful, but an MRI is frequently indicated. 
Findings on an MRI may be nonspeci fi c, and a 
biopsy is often indicated for de fi nitive diagnosis 
of an infection. After diagnosis, management 
with culture-directed intravenous antibiotics and 
bracing for comfort are generally effective  [  28  ] . 
Surgical intervention is primarily indicated only 
for cases of failure of medical management and 
development of neurologic de fi cit.  

    38.7.1.2   Post-Diskectomy Diskitis 
 Patients with a postoperative disk space infec-
tion may present with the isolated  fi nding of 
increasing or non-dissipating low back pain in 
an otherwise uneventful postoperative course. 
Persistent elevation of in fl ammatory markers 
(ESR, CRP) may also assist in the diagnosis. 
Imaging using MRI with gadolinium is often 
performed and may show enhancement of the 
disk space and adjacent bone marrow on T2 
images (Fig.  38.2 ) and decreased signal from the 
disk space on T1 images. Treatment of a postop-
erative disk space infection involves appropriate 
 fl uid or tissue culture followed by the administra-
tion of intravenous antibiotics. Often, treatment 
with antibiotics alone may resolve the infection 
and result in an autofusion of the infected disk 
space. Surgical indications include failure of 
medical management (evidenced by progression 
of infection on MRI), spread of the infection 
into the spinal canal with abscess formation, or 
neurologic de fi cit. Surgical intervention tradi-
tionally involves debridement of the disk space 
from either an anterior or posterior approach. 
Successful management has also been reported 
with a posterior interbody fusion with instru-
mentation  [  25  ] .   

    38.7.1.3   Postspinal Decompression 
 Postoperative infections following a spinal 
decompression often cause subfascial abscesses 
with or without associated disk involvement 
or vertebral osteomyelitis. These subfascial 
abscesses often do not respond adequately to 
antibiotics, and surgical intervention is gener-
ally indicated. Culture of infected material and 
debridement of infected necrotic material is 
recommended. Intravenous antibiotics based on 
culture results should be initiated. Intravenous 
antibiotics are maintained for at least 6 weeks, 
and consideration should be given to serial 
debridements, particularly those with multiple 
organism involvement, substantial myonecrosis, 
and in immunocompromised patients. Timely 
recognition and management of the infec-
tion is absolutely necessary in order to prevent 
spread of the infection to the disk and vertebral 
bodies.   

  Fig. 38.2    A T2 weighted image of the lumbar spine 
demonstrating increased signal within the disk space and 
adjacent vertebral body. These  fi ndings are consistent 
with a diskitis (Reprinted with permission from Sasso 
et al.  [  40  ] )       
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    38.7.2   Instrumented Infections 

    38.7.2.1   Post-Instrumented Fusion 
 Deep infections that occur after instrumentation 
of the spine are best managed surgically. The 
goals of managing this type of infection are 
identi fi cation of the offending organism, eradica-
tion of the infection, wound healing, and mainte-
nance of the structural integrity of the spine and 
viability of the bone graft. In the operating room, 
deep tissue gram stain and cultures should be 
obtained prior to administration of intravenous 
antibiotics. Cultures should be maintained for at 
least 10 days in order to detect less virulent organ-
isms, including Propionibacterium acnes  [  38  ] . 

 Meticulous debridement should be performed 
at all layers of the wound, and all devitalized 
material should be excised. Pulse lavage may be 
used but should not be considered a substitute for 
meticulous excision of necrotic tissue. In sub-
acute cases (<6 months from the time of surgery) 
and in the absence of a virulent infection, an 
attempt is made to retain instrumentation and to 
revise or remove only instrumentation that is 
found to be loose  [  48  ] . Stable hardware should be 
left in place in order to prevent destabilization of 
the spine. If loose instrumentation is identi fi ed, 
titanium implants should be used for the revision 
in the setting of infection. Titanium has been 
demonstrated in an animal model to be associ-
ated with a lower infection rate following a bacte-
rial challenge when compared to steel  [  2  ] . The 
ef fi cacy of titanium in the setting of revision sur-
gery following a spinal infection is also supported 
in multiple clinical studies  [  11,   17,   27  ] . The next 
step in management depends on the results of the 
intraoperative gram stain. If the gram stain reveals 
no organism or a single organism, closure over 
suction drains is a viable option. With a polymi-
crobial infection, consideration should be made 
for multiple debridements until the infection has 
been eradicated. With extensive myonecrosis, 
repeat debridement at 48 and 72 h is highly rec-
ommended with repeat gram stain and cultures 
taken at each debridement. 

 Wound closure in such cases of severe soft-
tissue necrosis may be accomplished by granula-
tion tissue from secondary intention, with/without 

wound vacuum assistance, or coverage by local 
muscle rotational  fl ap. The use of a wound vac-
uum has been successful in patients with exposed 
hardware and considerable tissue loss  [  3,   51  ] . 
Local muscle  fl aps have also been found to be 
effective, providing increased vascularity and 
soft-tissue coverage, thereby providing protec-
tion for underlying bone graft and instrumenta-
tion  [  15,   30  ] . Consideration for a plastic surgery 
consult should be made for wound management, 
particularly when substantial soft tissue is debri-
ded  [  15,   30  ] . Broad-spectrum antibiotics should 
be started postoperatively until the intraoperative 
cultures and organism susceptibilities have 
returned. Culture-directed intravenous antibiotics 
are maintained for at least a 6-week period. 

 Consultation with infectious disease is often 
indicated for management of these dif fi cult 
infections. In addition, it is important to consider 
the nutritional status of the patient. Laboratory 
markers such as transferrin and albumin can 
be monitored to assess the patient’s nutritional 
state. For patients with substantial myonecro-
sis, intravenous hyperalimentation should be 
considered. 

 In the setting of extensive infection or in 
patients with late-onset of infection, antibiotics 
and surgical irrigation and debridement may not 
de fi nitively eradicate the infection. Ho et al. dem-
onstrated that hardware was able to be retained in 
97 % of patients presenting with infection within 
6 months of surgery but only 59 % of patients 
presenting >6 months of their index procedure 
 [  19  ] . Bose suggested routine removal of hard-
ware in patients with a late presenting infection 
 [  8  ] . However, he further commented that this 
decision should be made on a case-by-case basis 
and that if the infection is not communicating 
with the hardware that an attempt can be made to 
retain the hardware. If retention of the hardware 
is attempted, but a patient fails serial debride-
ments, one must be prepared to abandon this 
plan. The goal then becomes to delay removal of 
the instrumentation until successful spinal fusion 
has occurred. Intravenous antibiotic therapy may 
be used to suppress the infection until a fusion 
mass has solidi fi ed. Once the fusion mass is pres-
ent, removal of instrumentation should be then 
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performed. However, postoperatively, the spine 
should be monitored carefully for the increased 
risk of spinal deformity following removal of 
instrumentation  [  14,   32  ] .    

     Conclusion 

 As with all spinal infections, diagnosis of a 
postoperative infection begins with a detailed 
history and physical exam, followed by appro-
priate blood tests and imaging. Spinal infec-
tions may be challenging as the de fi nitive 
diagnosis often remains unclear after these 
diagnostic steps. In this case, a biopsy is indi-
cated. Once the diagnosis has been estab-
lished, treatment will vary depending on the 
characteristics of the infection. Variables that 
are considered in the treatment of all subtypes 
of infection are the duration of infection, 
organism, neurologic status, structural integ-
rity, and maintenance of spinal alignment.      
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          39.1   Introduction 

 Dural tears are one of the most common compli-
cations of spinal surgery. Although unintended 
durotomies can occur during surgery at any level 
of the spine, they most frequently occur during 
lumbar spine surgery. The incidence of unin-
tended durotomy varies widely throughout the 
literature. In a retrospective review, Cammisa 
et al. reported a 3.1 % overall incidence of duro-
tomy for all level spine surgery  [  7  ] . Wang et al. 
reported the incidence of dural tears during 
 lumbar spine surgery to be 14 %, with a higher 
rate seen in complex revision surgery as com-
pared to primary surgery  [  47  ] . Higher rates in 
revision have been attributed to loss of anatomic 

landmarks and/or postoperative adhesions. 
Hannallah et al. found the overall rate of cerebro-
spinal  fl uid leak during cervical spine surgery to 
be 1 %  [  16  ] . And a recent review of cases submit-
ted by members of the Scoliosis Research Society 
suggested a 2.2 % rate of unintended durotomy 
during thoracic spine surgery  [  49  ] . 

 Deleterious consequences of unrecognized or 
inadequately treated dural leaks include dural-
cutaneous  fi stulas that can lead to meningitis, 
arachnoiditis or epidural abscess, impaired 
wound healing, wound infection, pseudomenin-
gocele formation, nerve root entrapment, and 
headache. 

 The management of unintended durotomy 
varies based on the location of the dural viola-
tion. For example, primary watertight closure is 
the most important aspect of treatment of duroto-
mies that occur during posterior lumbar spine 
surgery. On the other hand, cerebrospinal  fl uid 
leaks that occur during anterior cervical spine 
surgery can often be treated with observation 
alone. 

 This chapter will provide an overview of the 
anatomy and physiology of the dura mater and 
cerebrospinal  fl uid. We will then review the rele-
vant literature and treatment recommendations 
for unintended durotomies that occur during lum-
bar and cervical spine surgery. Finally, we will 
outline the current options for surgical repair of 
unintended durotomies.  
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    39.2   Anatomy and Physiology 
of the Dura Mater and 
Cerebrospinal Fluid 

 Knowledge of CSF physiology is important in 
the management of dural tears, especially when 
subarachnoid drains are needed to manage a 
complex tear or leak.  

 The meninges that cover the brain and spinal 
cord consist of the dura, arachnoid, and pia mater. 
The dura mater has three distinct layers: a cellu-
lar inner layer, a  fi brous middle layer, and a 
 fi broelastic outer layer  [  44  ] . Although electron 
microscopic studies have found that dural  fi bers 
can run in a variety of directions, the strongest 
 fi bers are directed longitudinally with respect to 
the long axis of the spinal cord. 

 Human cerebrospinal  fl uid is produced in the 
third, fourth, and lateral ventricles of the brain by 
the choroid plexus. Blood plasma is ultra fi ltrated 
by permeable capillaries of the choroid plexus 
and then modi fi ed by a variety of transport-
ers and channels to create cerebrospinal  fl uid. 
Cerebrospinal  fl uid is formed at a rate of 0.3–
0.6 mL/min or 500–600 mL daily  [  18  ] . The total 
amount of cerebrospinal  fl uid is turned over three 
to four times per day. The path of  fl ow of cere-
brospinal  fl uid starts in the lateral ventricles and 
then  fl ows through the third and fourth ventricles, 
before entering the basal cistern. From the basal 
cistern, cerebrospinal  fl uid enters the cortical and 
spinal subarachnoid space.  

    39.3   Mechanism of Dural Tears 

 Most frequently, direct laceration causes dural 
tears during spinal surgery. Because of the fact 
that the tear is often detected and repaired intra-
operatively, this is the most reported and studied 
type of tear. As introduced previously, and 
expanded upon below, the incidence of dural 
tears differs depending on the procedure and the 
level of spinal surgery. Universally, however, 
dural entry is much more common in revision 
procedures due to adhesion in the epidural space 
and dural scarring/ fi brosis. 

 In addition to the level of spinal surgery, Sin 
et al. determined risk factors for dural tears in a 
prospective study  [  37  ] . Two factors were statisti-
cally signi fi cant: surgeon inexperience ( P  = 0.044) 
and advanced patient age ( P  = 0.02). In addition 
to lack of experience, the authors found that signs 
of aging, such as narrowing of the spinal canal, 
thickening of the ligamentum  fl avum, and osteo-
phyte formation, contributed signi fi cantly to 
increased risk of tears. Interestingly, the authors 
also found that the primary tool involved in dural 
tear was the Kerrison rongeur. This was explained 
by the fact that the Kerrison is the most commonly 
used tool in decompression of the lumbar spine. 
Furthermore, the authors also hypothesized that 
shortening of the spine by degenerative processes 
in elderly patients may also cause redundancy of 
the dura, which is more easily caught in the jaws 
of a Kerrison rongeur. 

 Intraoperative mechanisms other than direct 
laceration of the dura include excessive nerve 
root traction and instrumentation. Excessive trac-
tion is easily prevented by meticulous surgical 
technique. Faulty screw placement has been 
reported to cause tears, and instrumentation can 
increase dead space, preventing tamponade of 
small dural tears by paraspinal muscles. 

 Occasionally, durotomies can be encountered 
incidentally. The classic situation in which this has 
been found to occur is in patients who sustain a 
burst fracture with a concomitant fracture of the 
lamina. This has been described in detail by 
Cammisa et al., who found that a burst fracture 
with an associated laminar fracture was 100 % 
sensitive and 74 % speci fi c for the presence of a 
dural tear  [  6  ] . They theorized that vertical loading 
caused the pedicles to splay laterally, resulting in 
retropulsion of bone from the vertebral body that 
impinges the dural sac. When the load dissipates, 
the bone retracts and the dura and nerve roots 
remain trapped in the bony fragments. In this situ-
ation, it is important to recognize the injury pattern 
preoperatively so that the surgeon can be prepared 
intraoperatively, as there can often be nerve root-
lets trapped within the laminar fracture. 

 Patients undergoing CT myelogram can experi-
ence a postdural puncture CSF leak. When mea-
sured by incidence of post-procedure headache, 
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the incidence of CSF leak after CT myelogram has 
been found to be as high as 75 %  [  32  ] . Durotomies 
secondary to lumbar puncture are usually millime-
ters in size and contained by intact lumbar anat-
omy and thus can be managed by observation, 
hydration, and supine positioning for 24 h. 

 Less commonly, other mechanisms may lead 
to CSF leaks postoperatively. These include 
residual bone spikes puncturing the dural sac, 
breakdown of dural tissue in the setting of infec-
tion, and patient-induced increased intrathecal 
pressure. Patients may have coughing, violent 
awakening from anesthesia, or postoperative 
 seizures that can increase the pressure in the epi-
dural space, distending the dura and possibly dis-
rupting any dural repair.  

    39.4   Lumbar Dural Tears 

 The incidence of unintended durotomy during 
lumbar spine surgery has varied widely in the lit-
erature. Wang et al. reported that 14 % of patients 
undergoing lumbar spine surgery for degenera-
tive conditions sustained a dural tear, and 
Cammisa et al. found an overall rate of 3.1 % 
with a rate of 8.1 % in lumbar revision cases  [  7, 
  47  ] . In the largest series to date, Khan et al. 
reported a 7.6 % dural tear rate during primary 
lumbar spine surgery and 15.9 % rate during revi-
sion procedures  [  22  ] . Epstein et al. found that the 
three most common factors associated with unin-
tended durotomy were ossi fi cation of the yellow 
ligament, synovial cysts, and prior surgery  [  12  ] . 

 The signs and symptoms of dural tears in the 
lumbar spine are secondary to persistent leakage 
of cerebrospinal  fl uid. The most common  fi ndings 
are persistent headaches that are exacerbated by 
head elevation and relieved by Trendelenburg 
position. Photophobia or the presence of clear 
drainage can signify persistent leakage. 

 To date, studies have failed to demonstrate 
acceptable results using nonoperative manage-
ment of unrepaired dural tears. Eismont et al. 
advocated several principles in the management 
of dural tears, the most important of which was 
primary repair  [  11  ] . Other recommendations 
included appropriate visualization by using loupe 

magni fi cation or an operating microscope and 
abstaining from use of subfascial drains to pre-
vent the formation of a spinocutaneous  fi stula. 

 Khan et al. used a postoperative protocol that 
resulted in 98.2 % success in the management of 
unintended durotomy after lumbar spine surgery 
 [  22  ] . After primary repair, patients were kept 
supine for 24 h. Subfascial drains were taken off 
suction and put to gravity the morning after sur-
gery, and after 24 h, patients were elevated to 30° 
for 8 h. If no headache occurred, patients were 
allowed to ambulate. If patients experienced a 
headache with head elevation or ambulation, 
another 24 h of bed rest was trialed. If headaches 
persisted beyond 72 h, patients were taken back 
to the operating room for reexploration.  

    39.5   Cervical Dural Tears 

 The incidence of dural tears during cervical spine 
surgery is signi fi cantly less than in lumbar spine 
surgery. In the largest reported series, Hannallah 
et al. reported a rate of 1 %  [  16  ] . In their series, 
the most common factors associated with cervi-
cal durotomy were ossi fi cation of the posterior 
longitudinal ligament (OPLL), revision surgery, 
and patients undergoing anterior cervical corpec-
tomy. Dural tears in patients with OPLL typically 
occur with resection of the ligament with a 
Kerrison rongeur. These patients are 13.7 times 
more likely to experience dural tear than patients 
with a normal PLL. The second most common 
cause of dural tear is revision cervical spine 
surgery. 

 Unintended durotomies during anterior cervi-
cal surgery can be dif fi cult, if not impossible, to 
repair primarily, especially when occurring dur-
ing a discectomy procedure. If the site of a leak is 
not suturable, a sealant is the preferred method of 
treatment. Unlike repairs of lumbar dural tears, 
an upright position postoperatively is preferred 
for repairs of cervical durotomies because grav-
ity diverts  fl uid away from the defect, decreasing 
the local CSF pressure and enabling spontaneous 
closure. 

 If a primary repair is not watertight, or in 
the case of a failed repair, lumbar subarachnoid 
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catheter drainage is utilized to reduce intrathe-
cal pressure and help the durotomy site heal. 
The subarachnoid drain is generally left in 
place for 4 or 5 days, and prophylactic antibiot-
ics are used during this time. CSF is drained at 
a rate of 8–12 mL/h. If there is any evidence 
of infection, the drain must be discontinued 
immediately.  

    39.6   Dural Repair 

 The most important aspect of treatment of a dural 
tear is prevention. Knowing that dural tears occur 
more frequently in revisions and the elderly 
should prompt the surgeon to use careful preop-
erative planning and meticulous surgical tech-
nique. In a revision, we recommend that the 
surgeon begins dissection in areas of unscarred 
tissue and proceed toward the areas of scar and 
adhesions to help prevent unintended durotomy. 

 Eismont et al. were among the  fi rst to report 
on the management of dural tears in the orthope-
dic literature  [  11  ] . Their recommendations 
included the importance of visualization. They 
commented on the necessity of a dry surgical 
 fi eld, having appropriate lighting, and using some 
form of magni fi cation. They suggested the dura 
should be repaired primarily with suture and aug-
mented when necessary. After completion of the 
repair, its integrity should be tested intraopera-
tively using maneuvers, such as the Valsalva, that 
increase intrathecal pressure. The wound should 
be closed in layers, and a watertight closure of 
the fascial layer is of utmost importance. 
Postoperatively, a variable amount of bed rest can 
be used to allow the symptoms to subside. The 
principles that they advocated have formed the 
foundation of current intraoperative and postop-
erative management. 

 Intraoperatively, an unintended durotomy is 
most often seen at the time it occurs. If the duro-
tomy is not seen, there are several signs that can 
be suggestive of a dural violation. The presence 
of clear  fl uid in a dry  fi eld or lighter  fl uid within 
a bloodier  fi eld can indicate a dural tear. The 
presence of signi fi cant epidural bleeding, which 
occurs secondary to the loss of tamponade effect 

of the epidural veins by the dura, can also be 
indicative of dural leakage. 

 Although surgeons often base the necessity of 
a repair on the size of the tear, there is no litera-
ture to guide treatment of a durotomy based on 
absolute size. Dural tears can range in size from 
pinholes to massive defects  [  13  ] . There are even 
times when only the outer layer is torn and the 
two inner meningeal layers remain intact. In this 
situation, there is often no leakage of  fl uid. It is 
our recommendation to repair all violations of 
the dura that occur during posterior spine surgery, 
including those in which there is no leakage, as 
increased postoperative abdominal pressure will 
often result in bursting of the arachnoid layer and 
symptomatic spinal  fl uid leak. Other conse-
quences of persistent dural tear include CSF 
 fi stula, pseudocyst, meningitis, nerve root entrap-
ment, and wound complications  [  4  ] . 

 In the cervical spine, a dural tear that is ame-
nable to repair (such as that which occurs during 
an anterior corpectomy procedure or posterior 
cervical procedure) should be  fi xed, whereas one 
that is dif fi cult to access should be treated through 
adjunctive methods which were brie fl y discussed 
previously and will be readdressed later. 

    39.6.1   Primary Repair 

 Once a dural tear has occurred, preparations must 
be made for repair. Depending on the location of 
the tear, it can be necessary to resect more bone 
in order to fully visualize the tear and also to 
accommodate the instruments necessary to repair 
the defect. Exposure is often the most important 
step in successful dural repairs. Once the  fi eld is 
large enough to allow for successful placement of 
the necessary instruments for repair, the focus 
should turn to obtaining adequate hemostasis. 
Bipolar cautery is used to control epidural bleed-
ing. A hemostatic agent, such as a  fl owable seal-
ant, can be used along with cottonoids to assist 
with maintenance of a dry  fi eld. It can help to 
pack the lateral gutters with Surgifoam® and pad 
the surrounding intact dura with cottonoids so 
that there is no leakage of blood into the area of 
repair. The torn area should be irrigated to remove 
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any blood that has collected within the dural vio-
lation to reduce the risk of arachnoiditis. A dura-
friendly suction device (e.g., Frazier) should be 
utilized, and suction should be done through a 
cottonoid to avoid sucking and injuring any 
extruded nerve rootlets. 

 Attention should now be turned to any nerve 
rootlets that have extruded from the torn area. 
These should be gently pushed back into the 
dural sac. Often, it can be necessary to keep the 
rootlets pushed in with an instrument such as 
a Pen fi eld 3 elevator and start the suture repair 
around it. A cottonoid patty can also be used to 
help hold the rootlets within the dural sac while 
the repair is being performed. Additionally, 
use of the Trendelenburg position can assist in 
allowing the nerve roots to fall anteriorly and 
relaxing the dural edges. Whatever the method, 
it is critical not to catch the rootlets with the 
suture as this will result in trapping the rootlets 
within the repair and can lead to postoperative 
pain. 

 Once hemostasis has been achieved, the entire 
extent of the dural tear visualized, and all rootlets 
securely held within the dural sac, repair of the 
dura can commence. Special instruments, such as 
 fi ne needle drivers and dural holding forceps, are 
often necessary and should be available. The type 
of suture often depends on surgeon preference. 
There has been no evidence of any one particular 
suture material or suturing technique being supe-
rior to any other. Khan et al. used 4-0 silk suture 
in a locking fashion without any adjuncts unless 
a persistent leak was present which resulted in 
98.2 % successful management  [  22  ] . Our prefer-
ence is to use a 5–0 Nurolon® (Ethicon, Inc.) 
(nylon) suture which is tightly braided and han-
dles like silk but has been found to have more 
strength and elicit less of a tissue reaction than 
silk  [  10  ] . We recommend running the suture in a 
locking fashion beginning a few millimeters 
proximal to the cephalad edge of the tear and pro-
ceeding to below the distal end of the tear. A 
watertight closure of the dural defect should be 
the goal of any repair. Upon appropriate repair, 
the dura rein fl ates in a pulsatile manner. The 
integrity of the repair should be tested by per-
forming a Valsalva maneuver. 

 If a watertight closure cannot be achieved 
by suture repair alone, adjunctive methods are 
available.  

    39.6.2   Grafts 

 Fat grafts are among the earliest and least expen-
sive options for enhancing the integrity of dural 
repair. The bene fi ts of using fat are that it is imper-
meable to water, easily harvested, and does not 
adhere to neural structures. Onlay techniques for 
fat graft have been described, as have techniques 
for the usage of fat in anterior dural tears during 
posterior lumbar surgery  [  2  ] . When using a fat 
graft, we generally harvest a piece of fat locally 
that approximates the size of the dural defect. 
Simple sutures are then placed at both ends of the 
defect which has already been approximated by 
suture. The simple stitches at either end are then 
passed through the fat graft which is slid down 
along the suture and onto the dura. The stitches are 
then tied on top of the fat graft to hold it in place. 
For anterior tears, fat can be used to  fi ll the disk 
dead space anteriorly. Addition of another layer of 
fat posteriorly allows for 360 o  of fat enclosure. 

 Fascial grafts can be used when the dural defect 
is too large to allow direct closure without com-
pression of the neural elements  [  4  ] . Fascia lata has 
been used successfully for 40 years as a dural 
graft but necessitates a second incision to harvest. 
During the Korean War, Wallace and Meirowsky 
used fascia lata in 198 of 590 cases of penetrating 
wounds of the brain requiring dural grafting  [  46  ] . 
Thammavaram et al. described 37 cases in which 
fascia lata was used for dural patching  [  39  ] . They 
reported no complications related to grafting. 
Tachibana et al. demonstrated histologically that 
fascia grafts tightly adhere to dura mater and dis-
play a thick  fi brous tissue around the fascial graft, 
leading to successful tolerance of high CSF pres-
sures  [  38  ] . A recent study demonstrated success-
ful repair of intraoperative durotomies with fascial 
grafts in nine patients with OPLLs using an onlay 
technique  [  45  ] . Fascia lata can be used for large 
defects and adjacent lumbar fascia for small 
defects. Eismont described securing these in place 
with interrupted dural silk sutures  [  11  ] . 
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 Synthetic collagen grafts are also available and 
currently more frequently used than fat and fascia 
to substantiate a dural repair. Narotam et al. 
reported the successful use of a collagen matrix 
onlay sutureless graft during primary repair of 
dural tears, in which the onlay graft is placed over 
the defect and attaches via surface tension to the 
dura, providing a low-pressure absorptive surface 
to diffuse any CSF and acting as a site for biologi-
cal repair  [  30  ] . The collagen’s hemostatic proper-
ties initiate clot formation, resulting in an 
immediate seal. In their series of 110 patients with 
dural lacerations, micro fi brillar collagen matrix 
was applied in 100 % of cases, combined with 
subfascial drains (in 82 %),  fi brin glue (in 7.3 %), 
lumbar drains (in 2.7 %), or other adjunct, includ-
ing suture (in 8 %), sealing dural leaks 95 % of 
the time. Options for suturable grafts and grafts 
not requiring suture are available depending on 
the preference of the operating surgeon. In addi-
tion to not requiring additional  fi xation, other 
advantages of synthetic grafts include the fact that 
they fully degrade and are replaced with natural 
collagen in approximately 3 months. Furthermore, 
there is no increased risk of infection, such as 
when using  fi brin glue from pooled sources. 

 Because a failure rate of 5–10 % has been 
reported of primary dural repair, with leakage 
from suture holes made during the repair impli-
cated as the main cause, a sutureless means of 
dural closer with grafts alone has been investi-
gated  [  4,   11,   19,   36  ] . Although there are some 
studies suggesting excellent results with use of 
grafts alone in the treatment of dural tears, we feel 
the current literature is not suf fi cient to recom-
mend this as a preferred method in the treatment 
of posterior durotomies. In dural tears that occur 
during open posterior lumbar and cervical sur-
gery, we recommend a primary watertight repair 
with suture that can be further supported with a fat 
or synthetic graft. It should be noted that with the 
recent upsurgence of minimally invasive surgery, 
dural tears are occurring more frequently in loca-
tions that are dif fi cult to repair. Further studies are 
needed to investigate the necessity of performing 
a primary suture repair in this setting, as tissue 
plains are better preserved with the presumed 
bene fi t of smaller dead space for CSF leakage.  

    39.6.3   Fibrin Glue 

 Fibrin glue is another adjunctive method and is 
composed of puri fi ed  fi brinogen and thrombin 
made from cryoprecipitate. The two solutions are 
injected onto the dural defect simultaneously. 
The  fi rst solution contains human  fi brinogen, fac-
tor XIII,  fi bronectin, and plasminogen from the 
cryoprecipitate. The second solution is a mixture 
of thrombin powder and calcium chloride. 
Injecting the two solutions together creates an 
immediate mechanical seal  [  8  ] . 

 The bene fi ts of  fi brin glue are that it invokes a 
minimal in fl ammatory response and it is resorbed 
during the healing process; therefore, epidural 
scarring and  fi brosis are inhibited. This is espe-
cially important when spinal reoperation may be a 
consideration. Moreover, Cain et al. showed that 
using  fi brin glue to augment suture repair resulted 
in a sevenfold increase in bursting pressure com-
pared to suture alone  [  5  ] . Nakajima et al. demon-
strated the importance of  fi brin glue for sealing the 
suture holes at the repair site to prevent CSF leaks 
 [  29  ] . However, authors unanimously agree that 
 fi brin glue is intended to augment primary repair 
with suture and should not replace it  [  17,   36  ] .  

    39.6.4   Hydrogel Sealant 

 Hydrogel sealant is composed of a polyethylene 
glycol ester solution and a trilysine amine solu-
tion that is intended as an adjunct to primary dural 
suture repair. It was approved in 2005 by the Food 
and Drug Administration  [  48  ] . The literature 
quotes its success rate as 98.2 %, based on intraop-
erative sealing in a prospective, multicenter, non-
randomized, single-arm clinical investigation that 
involved 111 patients  [  43  ] . Additional studies have 
been undertaken to validate its effectiveness and 
safety  [  9,   48  ] . However, because the hydrogel may 
swell up to 50 % of its size in any dimension, there 
is a contraindication to applying the hydrogel to 
con fi ned bony structures where nerves are present, 
since neural compression may occur  [  42  ] . A study 
in canines demonstrated this in vivo expansion, 
and mass effect occurs in the  fi rst 2 weeks after 
insertion  [  20  ] . There have been several reported 
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cases of postoperative cord compression associ-
ated with the mass effect of the hydrogel due to its 
expansion and swelling  [  3,   25,   40  ] .  

    39.6.5   Nonpenetrating Titanium Clips 

 Clips provide the advantage of speed and ease 
of use in a small, restricted operative  fi eld. 
Additionally, they decrease intradural adhesions 
due to nonpenetration. Clip closure of the dura 
was  fi rst reported by Marks and Koskuba in a 
thoracic tumor case  [  26  ] . They found that the 
clips were easily manipulated in a restricted 
operative  fi eld. Timothy et al. reported the use 
of anastomotic clips to close the dura in 58 adult 
patients  [  41  ] . Eight of the 58 cases had addi-
tional methods of dural closure that included 
suturing (3 cases),  fi brin glue (3 cases),  fi brin 
glue and dural patch (1 cases), and a muscle 
patch (1 case). In their report, there was a 14 % 
incidence of CSF leakage postoperative, with 
3 cases requiring reoperation. Importantly, any 
closure method must not interfere with any 
postoperative imaging that may be required. 
Kaufman et al. reported 27 pediatric cases in 
which clips were used to close durotomies of 
<2 cm in length  [  21  ] . Clips were augmented with 
adjuncts in all cases. We agree with Kaufman 
et al. that when a very limited durotomy is used, 
clips may be effectively used to close the dura 
without impairing subsequent imaging and care. 
However, there is a 20-fold difference in cost 
compared with suture material versus clips, pre-
cluding justi fi cation of their use in durotomies 
>2 cm. Additionally, clips cause signi fi cant arti-
fact on MRI and CT imaging.  

    39.6.6   Subarachnoid Drain 

 A subarachnoid drain can be placed at the time of 
surgery if the dural repair is tenuous or in the 
postoperative period if there are signs of persis-
tent leakage. The drain acts as a CSF shunt and is 
placed in a manner similar to spinal anesthesia. 
The CSF should drain preferentially through the 
catheter thereby taking pressure off of the repair 

or the tear. This technique may also contribute to 
healing of a CSF  fi stula as drainage may decrease 
the distention of the dural sac, with approxima-
tion of the dural edges, facilitating healing. 
Kitchel et al. described an 82 % success rate in 
patients that had a catheter placed for 4 days that 
drained at a rate of 200–300 mL/day  [  23  ] . In the 
event of a cervical dural tear that is not amenable 
to direct repair, placement of a subarachnoid 
drain is an acceptable substitute. When using a 
lumbar subarachnoid drain, we recommend using 
a silicone catheter and titrating the shunt to drain 
CSF at a rate of 10 mL/h. If this results in a posi-
tional headache, the rate is further decreased. In 
general, a lumbar subarachnoid catheter can be in 
place for approximately 5 days. The use of anti-
biotics while the drain is in place is based on 
 surgeon preference, but if there are any signs of 
infection, the drain should be immediately 
removed.   

    39.7   Wound Drains 

 The use of subfascial drains in the setting of a 
dural repair is controversial. Eismont et al. rec-
ommended against the use of subfascial drains 
due to concerns of decreased pressure on the 
repair and the risk of forming a durocutaneous 
 fi stula  [  11  ] . Wang et al. reported no increased 
rate of spinocutaneous  fi stula formation with the 
use of subfascial drains as long as a de fi nitive 
dural closure was performed  [  47  ] . Our practice is 
to use subfascial drains in posterior lumbar and 
cervical spine surgery and submuscular drains in 
anterior cervical surgery in the setting of dural 
repair. The drainage is inspected closely in the 
postoperative period to ensure no clear  fl uid is 
being pulled out.  

    39.8   Postoperative Management 

 First and foremost, a smooth reversal of anesthe-
sia is critically important to prevent coughing and 
retching. 

 Postoperative management of a patient after 
dural repair involves a decision of whether or not 
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to prescribe bed rest. A variety of protocols have 
been developed and often depend on surgeon 
preference. 

 For lumbar dural tears, patients are generally 
kept  fl at for 24 h, as the supine position  minimizes 
 fl uid pressure at the durotomy site in the lumbar 
spine. After 24 h, patients are elevated to a sitting 
position for approximately 8 h, and if this is toler-
ated, they are then allowed to ambulate. If the sit-
ting position results in symptoms such as 
headache, another 24 h of supine positioning is 
recommended. If after the second 24 h there are 
still symptoms of persistent dural leakage, con-
sideration should be given to taking the patient 
back to the operating room for re-repair. 

 In dural repairs of the cervical spine, patients 
are kept upright in the postoperative period as 
this is the position that places the least amount of 
pressure on the repair. Antiemetics to prevent 
Valsalva during vomiting and adequate pain con-
trol are critical so that there is no increase in pres-
sure on the repair that can lead to persistent or 
recurrent leakage of cerebrospinal  fl uid. 

 Signs of a successful repair include lack of 
classic CSF leak symptoms, such as positional 
headache, nausea, and/or photophobia, and lack 
of clear drainage from the incision. Symptoms of 
persistent CSF leak may continue for a few days 
postoperatively despite successful repair. Pain 
and nausea can be relieved with opioids, non-
steroidal anti-in fl ammatory drugs, and antiemet-
ics. In the event of postdural puncture headache 
(PDPH), the decreased intracranial CSF with 
resulting venodilation can be managed with caf-
feine or theophylline – a methylxanthine agent 
that produces vasoconstriction. An epidural blood 
patch can also be used in some circumstances, as 
outlined and described below.  

    39.9   Missed or Inadequate Repair 
of a Dural Tear 

 The signs and symptoms of a missed or inade-
quate repair of a dural tear are the same as a 
PDPH, which include headache (that increases in 
severity with standing), nausea, vomiting, and 
dizziness. In some instances, clear  fl uid can be 

seen exiting the surgical wound or is collected 
within the surgical drain. 

 Serious sequelae of a missed tear include 
pseudomeningocele and myelocutaneous  fi stula 
formation, both of which could lead to a 
super fi cial or deep infection or meningitis. A CSF 
leak can be detected with a  b -2 transferrin assay 
on the collected  fl uid. The assay has been shown 
to have a high sensitivity and speci fi city  [  4  ] . 
Additionally, imaging can be very helpful in the 
diagnosis (Fig.  39.1 ). MRI or CT cisternography 
can demonstrate CSF accumulation. However, 
CT cisternography is time-consuming, contrain-
dicated in patients with intracranial mass effect, 
and insensitive to CSF  fi stulas that are not actively 
draining. Radionuclide cisternography is a newer 
and promising imaging modality that has shown 
a sensitivity of 84 % and speci fi city of 98 % in 
detecting CSF leaks in patients with CSF rhinor-
rhea  [  1  ] . 

 In the event of a missed or inadequate repair of 
a dural tear, the surgeon has several options. Bed 
rest alone may not be suf fi cient  [  11  ] . If CSF leak-
age is con fi rmed, reoperation and primary repair 
is indicated using imaging to identify the level of 
CSF leak. However, prior to reoperation, the sur-
geon can utilize nonoperative alternatives to min-
imize invasiveness and avoid morbidity associated 
with surgery and revision procedures. Other 
options, previously described above, include the 
placement of a subarachnoid drain or the use of 
an epidural blood patch. 20 mL of autologous 
venous blood is injected in the epidural space 
near the CSF leak. The injected blood spreads 
cephalad and caudally in the epidural space and 
adheres to the dural defect, forming a gelatinous 
seal over the dura  [  33  ] . One study reported an 
overall success rate of 97.5 % in 118 patients, and 
several other reports have con fi rmed its ef fi cacy 
and safety in patients having spinal surgery  [  24, 
  27,   28  ] . Fibrin glue also has the potential for use 
in postoperative treatment. Patel et al. described 
treating 6 patients with postoperative CSF leaks 
who were treated with percutaneous  fi brin sealant 
 [  31  ] . Spinal  fl uid was aspirated under CT guid-
ance, and a cryoprecipitate solution and a calcium 
chloride and thrombin solution were injected 
simultaneously; CT imaging con fi rmed the  fi brin 
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adherence. Since the initial description, technique 
re fi nement and additional studies have further 
described this nonsurgical option  [  14,   35  ] .  

    39.10   Outcomes After Dural Tear 

 The literature is mixed in terms of patient out-
comes following spinal surgery complicated by 
dural tears. Although there are studies that sug-
gest poorer outcome following surgery compli-
cated by a dural tear, Cammisa et al. found no 
long-term sequelae of unintended durotomy in a 
study of 2,144 patients  [  7,   34  ] . Wang et al. and 
Jones et al. also reported that there were no long-
term effects of dural tears when appropriately 
repaired  [  19,   47  ] .  

      Conclusions 

 Dural tears occur after puncture for CT myel-
ography and during anterior or posterior sur-
gery on the spine. Although prevention is 
always paramount, revision surgery and pres-
ence of ossi fi ed ligaments are associated with 
increased rate of unintended durotomy. 

 If a dural tear is encountered during poste-
rior spine surgery, a direct suture repair is rec-
ommended. After direct repair is completed, 
the integrity of the repair should be tested by 
using a Valsalva maneuver. If the repair is 
tenuous or if suture repair is not possible due 
to location or tissue quality, use of grafts or 
 fi brin glue should be considered. Lumbar sub-
arachnoid drainage catheter can also be 
placed. 

 When an unintended durotomy occurs dur-
ing anterior spine surgery, a repair should be 
attempted if possible. If a direct suture repair 
is not possible, primary use of grafts or  fi brin 
glue is recommended. 

 Postoperatively, patients with lumbar dural 
tears should be kept supine for 24 h, and 
patients with cervical dural tears should be 
kept upright, followed by a return to normal 
activity. The protocol is repeated once or twice 
thereafter if symptoms persist. If a patient 
continues to have symptoms thereafter, a sub-
arachnoid drain or blood patch can be placed 
or the patient is taken back to the operating 
room to evaluate the repair. 

a b

  Fig. 39.1    Postoperative T2-weighted MRI of the lumbar 
spine in the sagittal plane ( a ) and the transversal plane 
( b ) showing a large pseudomeningocele ( white arrowheads ) 

at L3–L4 level, containing herniated cauda equina fi bers 
( black arrowhead ).  White arrows  indicate dura and  white 
asterisk  indicates spinal canal       
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 Although dural tears are the second most 
cited cause of malpractice suits in spinal sur-
gery, most of the literature indicates that 
proper treatment should lead to no long-term 
sequelae or worsened outcomes  [  15  ] .      
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    40.1   Case Presentation 

 A 42-year-old morbidly obese man presented with 
1-week history of severe mid-thoracic back pain 
and worsening bilateral lower extremity weakness 
to the point of not moving his lower extremities. 
Due to the patient’s body habitus, he required an 
open MRI (x-ray and CT of spine were unremark-
able), which showed a hemorrhaged cavernoma in 
the T7 level of the spinal cord (Fig.  40.1a ). His 
examination showed he was only able to move his 
bilateral toes (EHL3/5) with all other lower extrem-
ity muscle groups 0/5. The patient had no bladder 
and bowel dysfunction. He was taken to the operat-
ing room for a decompressive laminectomy and 
intraparenchymal resection of the cavernoma. 
Postoperatively, his back pain improved with iso-
lated EHL function of 3/5 in his lower extremities. 
However, on postoperative day 1, his back pain 
increased and his EHL function deteriorated to 0/5. 
Emergent CT of the thoracic and lumbar spine 

showed a large hematoma (arrow) at the postopera-
tive site extending into the canal space (Fig.  40.1b ), 
even though a drain was in place. Patient was emer-
gently taken back to the operating room for evacu-
ation of this epidural hematoma. Postoperatively, 
the patient regained his bilateral toes mobility and 
was discharged to a rehabilitation facility.  

 A 69-year-old man presented with neurogenic 
claudication when standing or walking with res-
olution of symptoms upon sitting or lumbar 
 fl exion. An MRI showed a grade I spondylolis-
thesis of L4 over L5 causing lumbar stenosis at 
this level as well as stenosis at the level above 
(L3–4) (Fig.  40.2a ). Standing  fl exion extension 
of lumbar x-ray showed 5 mm of translation. 
There was no evidence of a pars defect which 
was con fi rmed by CT of the lumbar spine. The 
patient was taken to the OR for L3–4 and L4–5 
posterior lumbar interbody fusion. Postoperatively, 
he was found to have a new left-sided foot drop. 
Lumbar spine x-ray and CT were obtained which 
showed the left L5 pedicle screw with a medial 
trajectory (Fig.  40.2b ). He was taken back to the 
OR on the same day for revision of the screw. His 
foot drop resolved after screw revision/removal 
but he continued to have a degree of neuropathic 
pain.  

 A 47-year-old electrician presented with pro-
gressive neurological decline with weakness, 
paresthesia, and neuropathic pain in his hands 
after a motorcycle collision 6 months prior. 
Imaging showed cervical cord compression and 
stenosis from C3–6 level (Fig.  40.3a ). On exam, 
the bilateral upper extremities were weak with 
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4/5 strength proximally and 4/5 distally. In addi-
tion, there was decreased sensation bilaterally in 
a C5–C7 dermatomal distribution and dimin-
ished sensation to temperature. This patient 
underwent a C3–7 laminectomy and fusion as 
well as bilateral C4–5 foraminotomy. On postop-
erative day 1, he developed a delayed C5 palsy 
on the left with deltoid strength of 2/5 and biceps 
strength of 4/5 but no change in sensation. An 
MRI of the C-spine taken at the time showed 
excellent decompression (Fig.  40.3b ). However, 

on postoperative day 5, he developed new right 
side weakness consistent with bilateral delayed 
C5 palsies. An MRI at this time again showed no 
mass effect on the spinal cord or foramen 
(Fig.  40.3c ). He had dif fi culty elevating his arms 
and was seen by physical and occupational ther-
apy. A sling was applied to his left arm when he 
was out of bed ambulating. Patient was dis-
charged to attend 6 weeks of outpatient rehabili-
tation. During this period, his bilateral C5 palsy 
gradually resolved.   

a b

  Fig. 40.1    ( a ) Sagittal MRI of T-spine demonstrating hemorrhaged cavernoma at T7 level ( arrow ). ( b ) Sagittal CT of 
T-spine demonstrating hematoma at post-laminectomy site compressing spinal cord ( arrow )       
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    40.2   Pathology 

 The pathology of neurological damage from 
spine surgery can be categorized by the timing 
(preoperative, intraoperative, or postoperative), 
the location (cervical, thoracic, and lumbar), and 
the mechanism (positioning, traction, direct 
mechanical, or ischemic). This section will dis-
cuss these common causes of iatrogenic neuro-
logical injury based on the above three referenced 
cases. 

  Case 1:  Transient SSEP (Somatosensory 
Evoked Potential) Change Due to 
Intraoperative Hypotension-Induced and 
Postoperative Spinal Epidural Hematoma 
 There are multiple etiologies of intraoperative 
neurologic losses and neuromonitoring alerts. 
One cause may be spinal cord hypoperfusion due 
either to direct blood supply interruption or 
hypotension. This appears to be much more com-
mon in the thoracic spinal cord region than in the 
cervical or lumbar spinal cord  [  1  ] . This is because 

a b

  Fig. 40.2    ( a ) Sagittal MRI of L-spine showing grade I spondylolisthesis of L4 over L5. ( b ) Postoperative axial CT of 
L-spine showing medially placed left screw at L5 pedicle       
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the mid-thoracic area has decreased vascular 
supply due to a lack of contribution from radicu-
lomedullary arteries as well as the artery of 

Adamkiewicz which normally arises below T9 
 [  1,   2  ] . This creates a “watershed” region of the 
spinal cord where blood  fl ow is lowest. 

a

c

b

  Fig. 40.3    ( a ) Sagittal MRI of C-spine showing stenosis 
of C3–6 level with cord compression. ( b ) POD1 C-spine 
MRI after developing left C5 palsy demonstrating well-

decompressed spinal cord. ( c ) POD5 C-spine MRI after 
right C5 palsy development again shows excellent 
decompression       
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Diminution of blood supply to this variable area 
may lead to spinal cord ischemia and infarction. 
The risk increases signi fi cantly in the presence of 
preoperative hypertension, hypocapnia, anemia, 
rapid blood loss, or a sudden drop in the blood 
pressure  [  1,   3  ] . Most importantly, neuromonitor-
ing changes should not be ignored. Rather, 
sources should be sought and treated such as 
increasing the blood pressure, reposition of the 
patient, releasing distraction or correction, and 
looking for any compression. 

 Postoperatively, any new neurologic de fi cit 
questions the presence of a spinal epidural hema-
toma. If symptomatic, the patient may require 
urgent evacuation of the hematoma as soon as the 
diagnosis is established or suspected. The mecha-
nism is thought to be bleeding from disrupted 
epidural veins or arteries diseased hypervascular 
epidural soft tissue, or fractured bone, which 
leads to an expanding hematoma con fi ned within 
a rigid spinal canal  [  1,   3  ] . Symptomatic postop-
erative subdural hematoma has been commonly 
attributed to multilevel procedures, preoperative 
coagulopathy, preoperative NSAID use, large 
intraoperative blood loss volumes, advanced age, 
Rh-positive blood types, intraoperative hemoglo-
bin values <10 g/dl, and elevated INR values  [  4–
  6  ] . Clinically, the hematoma follows a rapid 
course, manifesting as an incomplete cord injury 
with rapidly deteriorating neurological status. 
Common    signs typically begin with increased 
pain, more typical for the procedure followed by 
weakness and numbness within several hours 
after injury as a result of external compression 
from the enlarging hematoma  [  2,   6  ] . In rare cases, 
cauda equina symptoms have been reported with 
epidural hematoma in the lumbar spine  [  7  ] .  

  Case 2: Lumbar Spine Instrumentation-Induced 
Foot Drop 
 Some neurological injuries are unique to the lum-
bar spine, and special caution to these hazard 
areas is warranted. Possibilities include nerve root 
injury from a pedicle screw, excessive nerve root 
retraction, and neural injury due to malpositioned 
interbody devices. The use of pedicle screw 
 fi xation as adjuncts for lumbar degenerative dis-
ease has increased signi fi cantly in the past decade, 

and the incidence of neurologic injury from mis-
placed screws has been reported to range from 0 
to 12 %  [  8  ] . Optimal placement involves a thor-
ough knowledge of pedicular anatomy, speci fi cally 
the angle, trajectory, and diameter of the pedicle. 
When placed too medially or into foramen, it can 
cause direct mechanical damage to nerve roots or 
cord causing reversible or irreversible damage 
despite emergent reoperation to remove the screw 
 [  8,   9  ] . Another potential mechanism of neurologi-
cal compromise from lumbar interbody fusions 
arises from a malpositioned graft. A graft that is 
in the canal space may cause cord compression or 
cauda equina syndrome  [  3,   10  ] . Conventionally, 
anatomic landmarks are determined by plain x-ray 
or  fl uoroscopy during operation to aid in place-
ment of pedicle screws. Intraoperative evoked 
potentials (SSEP or MEP) are also commonly 
used to enable surgeons to determine the accuracy 
of pedicle screw placement.  

  Case 3: Postdecompressive C5 Nerve Palsy 
 Postdecompressive C5 palsy is typically consid-
ered to be a result of nerve root injury or segmen-
tal spinal cord disorder and has been more 
frequently reported after the posterior approach 
to the cervical spine  [  11–  14  ] . There are  fi ve pro-
posed mechanisms for its cause:
    1.    Nerve root traction caused by posterior shifting 

of the cord following decompression surgery. 
 Many have presumed that tethering of the 
nerve root might cause a C5 palsy as a result 
of a posterior shift of the spinal cord in asso-
ciation with anchoring of the nerve root at the 
edge of the superior facet  [  10,   15,   16  ] . The C5 
root is particularly susceptible because the 
facet joint at C4–5 protrudes more, the C5 root 
is shorter, and the C5 root is usually at the 
apex of the decompression area resulting in 
greater posterior shifting of the cord at the C5 
level  [  13,   14  ] .  

    2.    Spinal cord ischemia due to decreased blood 
supply from radicular arteries 
 This is supported by the fact that C5 palsy gen-
erally has a good prognosis for a functional 
recovery  [  17  ] . Patients with cervical spondylotic 
myelopathy, as in Case 1, may have impairment 
of anterior spinal cord circulation due to 
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 compression from ventral osteophytes or OPLL 
 [  10  ] . In this setting of already compromised 
cord perfusion, intraoperative drops in blood 
pressure can have catastrophic neurological 
consequences. Hypotension can occur during 
surgery for a number of reasons, but it is most 
commonly encountered during posterior cervi-
cal operations as the patient is positioned prone 
and put into reverse Trendelenburg  [  10,   15,   16  ] .  

    3.    Segmental spinal cord disorder 
 Some researchers have postulated that C5 palsy 
might be associated with pathology of the gray 
matter of the cord because high intensity areas 
in the spinal cord on postoperative T2-weighted 
MRI were found to be present and expanded 
after surgery on C3–4 and C4–5 in patients 
with C5 palsy. However, it should be noted that 
C5 palsy does not always develop in patients 
whose preoperative T2 MRI shows high inten-
sity areas at the C5 segment  [  14,   18  ] .  

    4.    Reperfusion injury of the spinal cord 
 Chiba et al. found that high signal on postop-
erative T2 MRI appeared signi fi cantly more 
frequently in patients with postoperative pare-
sis of the arm than in patients without  [  9  ] . 
Furthermore, affected muscles corresponded 
to segments containing high intensity regions 
on T2-weighted images. They proposed that 
postdecompressive C5 paresis might be caused 
by deterioration of gray matter and that local 
reperfusion in the spinal cord could be the 
mechanism  [  9,   19,   20  ] .  

    5.    Inadvertent injury to the nerve root during sur-
gery from kinking of the nerve root at the lateral 
part of the residual OPLL  [  11–  13  ] . Displacement 
of the bone graft into the neural foramen can 
cause compression of the nerve root within it 
 [  11  ] . In the case of laminoplasty, the downward 
displacement of the elevated lamina into the spi-
nal canal might injure the nerve root  [  12,   17  ] .       

    40.3   Physical Exam Findings 

 A relevant neurological examination should be 
performed on postoperative patients as soon as 
possible. If a patient wakes up with a new de fi cit, 

several questions must be addressed. Is the 
de fi cit partial or complete? Spinal cord or nerve 
root level? What is the etiology? Are there any 
imaging studies indicated for determining the 
cause? Can it be corrected with reoperation? 
Thorough and timely postoperative checks and 
urgent diagnosis of the cause are the key to cor-
recting further neurological insults. Especially 
high index of suspicion for spinal epidural hema-
toma is needed, and any new neurologic de fi cit 
should prompt rapid evaluation of this diagnosis 
 [  3,   10  ] .  

    40.4   Differential Diagnosis 

    Brachial/lumbosacral plexus injury  • 
  Nerve root trauma or traction  • 
  Injury from hypoperfusion (ischemic)  • 
  Spinal cord injury (traumatic)  • 
  Spinal epidural hematoma at surgical site  • 
  Neck hematoma  • 
  Lingering effect of anesthesia  [  • 21  ]      

    40.5   Investigations 

 In a patient with a new post-op de fi cit, postopera-
tive spinal radiographs should be obtained to 
assure there is no gross malpositioning of instru-
mentation or disruption of spinal column align-
ment. If there is any doubt, a CT scan can con fi rm 
that all instrumentation is located on the correct 
position. There must be a high index of suspicion 
for the diagnosis of a spinal epidural hematoma. 
After postoperative radiographs have ruled out 
graft or hardware malposition or change in align-
ment, MRI is the diagnostic test of choice. 
Postoperative MRI is helpful in delineating 
abnormal cord signal and soft tissue edema that 
may not be apparent on another mode of imag-
ing. If the patient has contraindication for MRI, 
CT/myelography may be indicated to further 
con fi rm the screw purchase or detecting bony 
abnormalities  [  10  ] .  
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    40.6   Nonsurgical Treatment 

 If the patient wakes up with a partial de fi cit, post-
operative x-rays are indicated to evaluate spinal 
alignment and hardware, and possibly followed 
by an MRI or CT/myelogram to rule out spinal 
cord pathology. If there is no hematoma or disk 
or structural disorder, it is likely that the treat-
ment will be nonoperative, such as blood pres-
sure support and possible corticosteroids  [  9,   21  ] . 
A good example of this is the treatment of post-
operative C5 palsy. Usually there is no indication 
for surgical intervention for post-op C5 palsy. It 
was reported that rigid external  fi xation has been 
effective for the treatment of C5 palsy after cervi-
cal laminectomy  [  11,   14  ] . It is also common to be 
treated medically with steroids  [  21,   22  ] , although 
the bene fi t of this medication is not clear. In Case 
1, the patient was prescribed physical therapy to 
include cervical traction, muscle strengthening 
exercises, low frequency wave therapy, and range 
of motion exercises of the shoulder joint in order 
to prevent contracture  [  3  ] .  

    40.7   Surgical Emergencies 

 If a patient wakes up with a signi fi cant injury and 
has undergone a posterior decompression only, 
rapid investigation to detect possible epidural 
hematoma or a retained disk fragment is required. 
Both of which may be reversible. Immediate 
return to the operating room to treat those causes 
following appropriate imaging is necessary. If a 
retained disk fragment is found, it should be 
removed and the disk space re explored. If, as in 
Case 2, an epidural hematoma is discovered, it 
should be evaluated and all bleeding sites 
identi fi ed. Further exploration of whether the 
hematoma has spread beyond the space of the 
original surgery is also crucial  [  9  ] . 
 If a patient wakes up with a signi fi cant de fi cit and 
has undergone bone grafting or  fi xation, such as 
in Case 2, immediate plain radiographs are useful 
for assessing the status of the bone graft and 
hardware. If there is an obvious problem, the 
patient should be taken to the OR to explore the 

surgical site in hopes of correcting the misplace-
ment  [  10  ] . Depending on the type of surgery, fur-
ther imaging studies may be required. Returning 
to OR and ruling out hematoma by wound explo-
ration before any imaging is another option if the 
neurological deterioration is pressing. 

 If the patient wakes up with a normal neuro-
logical exam and then has a progressive neuro-
logical de fi cit as in Case 1, the most likely cause 
is an expanding hematoma.  

    40.8   Considerations to Avoid 
Complications 

    40.8.1   Role of Intraoperative Spinal 
Cord Monitoring 

 In recent years, intraoperative spinal cord moni-
toring such as motor evoked potentials (MEPs), 
either alone or in combination with somatosen-
sory evoked potentials (SSEPS), has been used 
extensively as a means of reducing intraoperative 
spinal cord injury  [  1  ] . 

 Initially, the intraoperative monitoring was 
attempted by the Stagnara wake-up test, which 
involved waking the patient during the course of 
surgery and performing a limited neurological 
exam  [  5  ] . Though it serves the purpose of assur-
ing a patient’s neurological status, there are obvi-
ous limitations including the ability to perform 
the test during an operation, the need to wake the 
patient, and discontinuing the muscle relaxant 
intraoperatively, as well as increased risk of air 
embolism and infection  [  5,   9  ] . 

 SSEPs were developed to overcome the prob-
lems associated with the wake-up test. SSEPs 
monitor the sensory pathways located in the pos-
terior white matter of the spinal cord, and thus are 
most useful in dorsal spinal surgery  [  5,   9  ] . SSEPs 
involve stimulating nerves in the upper and lower 
extremity (such as the peroneal, ulnar, median, or 
posterior tibial) and then measuring the evoked 
potentials, usually at cortical sites  [  5  ] . Through a 
continuous recording of the amplitude and latency 
of these nerve potentials, possible injury to the 
spinal cord can be detected and, hopefully, 
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reversed  [  9  ] . A signi fi cant change in SSEPs 
recording involves an amplitude signal decrease 
by 50 % or slowing of the latency by 10 %  [  5  ] . 

 In addition, SSEPs can help distinguish the 
cause of insult. Ischemic injuries to the spinal 
cord occur at a slower rate than mechanical 
insults, which tend to be immediate. Ischemia 
may occur as a result of systemic or local hypoten-
sion or reduced spinal cord perfusion secondary 
to over distraction  [  1,   10  ] . Mechanical injuries 
may occur secondary to direct compression or 
over distraction of the spinal cord. In ischemic 
injuries, the amplitude is often signi fi cantly 
reduced, while the latency is unchanged. The 
latency is signi fi cantly prolonged, and the ampli-
tude is signi fi cantly reduced in mechanical inju-
ries  [  23  ] . 

 The shortcomings of SSEPs are that there may 
be a false-positive rate as high as 1.5 % and more 
importantly a false negative rate of 0–13 %. 
Anesthetic agents alone may alter the SSEPs. 
Also, because SSEPs are a measure of sensory 
spinal cord injury functions, rather than motor 
function, there could be injury to the motor tracts 
without changes in the SSEPs. For this reason, 
most intraoperative monitoring today involves 
MEPs  [  5,   6  ] . MEPs can be elicited by stimulating 
either the spinal cord or the motor cortex of the 
brain. There are two types of MEPs: a compound 
nerve action potential, and the compound muscle 
action potential which is recorded on an EMG  [  6, 
  9  ] . The compound muscle action potential has 
several disadvantages of less reliable recordings 
during surgery and less predictability of patients’ 
postoperative de fi cit  [  6  ] . Thus, compound nerve 
action potentials have been utilized more and 
more frequently and are considered highly reli-
able. A 10 % change in latency or an 80 % 
decrease in amplitude has been de fi ned as a 
signi fi cant alteration and correlates with new-
onset postoperative neurological de fi cit  [  24  ] . 

 If changes in SSEP or MEP monitoring occur, 
steps must be taken to investigate the cause. 
Alterations may be due to anesthetic changes, 
technical aspects of the monitoring apparatus, or 
true neurological injury  [  2,   5,   6  ] . The test should 
be performed again, all leads checked, and 

assessment of whether anesthetic changes have 
occurred. If there was a preceding spinal cord 
manipulation, this should be stopped or reversed, 
usually in the form of hardware removal, support 
of blood pressure, or realigning the spinal cord 
 [  9  ] . MEPs also can help distinguish the mode of 
damage: a reduction of spinal cord blood  fl ow 
has been shown to cause deterioration of motor 
evoked potentials and resultant spinal cord dam-
age  [  6  ] . Hypoperfusion causes a slow loss of 
evoked potentials (>15 min), while cord com-
pression causes a rapid loss (<5 min) of signals. 
A spinal cord blood  fl ow of at least 65 % of base-
line is required to maintain the physiological 
integrity of the spinal cord, and a decrease in 
blood  fl ow to 12 % of baseline is associated with 
the potential for paralysis  [  3,   24  ] .  

    40.8.2   Avoiding Direct Mechanical 
Trauma 

 Operative trauma to the spinal cord is seen more 
often in posterior surgery than anterior, and most 
often occurs during laminectomy  [  11,   14  ] . This 
may be caused by inadvertent pressure on the spi-
nal cord with the use of rongeurs, particularly in 
patients with very signi fi cant stenosis  [  25  ] . Some 
surgeons avoid this by performing laminectomies 
by initially using a high-speed drill, making a 
laminotomy at the most caudal level to be 
removed and then inserting the footplate of a 
Kerris on punch and proceeding cephalad  [  10  ] .  

    40.8.3   Prevention of Hypoperfusion 
Injury 

 This is especially pertinent when operating ven-
trally in the thoracic and thoracolumbar region. 
The major arterial supply to the spinal cord is 
through this region, and in some individuals 
through the artery of Adamkiewicz with its vari-
able appearance from T9 to L2  [  26  ] . There exists 
a “watershed” region of the spinal cord where 
blood  fl ow is lowest; diminution of blood sup-
ply to this variable area may lead to spinal cord 
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ischemia and infarction  [  1,   2,   4,   9  ] . Therefore, it 
is important to preserve the spinal arteries 
although there is literature that illustrated the 
redundancy of the spinal vasculature  [  3  ] .     

    40.8.4   Prevention of Nerve Root 
Retraction Injury 

 Nerve root and the cal sac retraction are performed 
more commonly in the lumbar spine, due to the 
length of these nerve roots compared to thoracic 
nerves. However, over-retraction of the nerve roots 
of the cal sac may cause neurologic injury, and 
unfortunately there is no good contemporary intra-
operative method of detecting this problem  [  10  ] . 
The only means of avoiding it is to prevent by gen-
tle intermittent retraction with shorter total retrac-
tion time  [  27  ] . Removing more bone or ligament 
so that less traction is placed on the nerve may 
assist during surgical dissection  [  9  ] . Also, ensuring 
adequate contralateral decompression  fi rst avoids 
compressing the nerves during retraction.  

    40.8.5   Avoiding Instrumentation Injury 

 Intraoperative radiographs are useful for 
con fi rmation of the pedicle screw placement  [  10, 
  21  ] . Recent advances in pedicle screw placement 
are intraoperative frameless navigation, which 
illustrates the pedicle in three dimensions, and 
intraoperative EMG, which lets the surgeon know 
if a nerve root is irritated  [  10  ] . Posterior migra-
tion of an interbody graft (Fig.  40.4 ) causing 
nerve root compression or cauda equina symp-
tom can be avoided by proper sizing and shaping 
of the implant and proper placement within the 
disk space  [  10  ] . Use of pedicle screws, with the 
potential for intraoperative compression of 
the interbody device such as bone or cage, 
enhances the stability of the construct  [  10  ] .  

 Experience of a surgeon is another important 
factor affecting spinal surgical outcomes. 
However, even a technically skilled, experienced 
spine surgeon will develop complications. Proper 
patient selection, realistic outcome expectations, 

appropriate preoperative planning, and meticu-
lous surgical technique are all keys to minimizing 
complications. 

  Questions 
     1.    Which nerve root is most susceptible to trac-

tion injury during cervical surgery?
   (a)    C5  
   (b)    C6  
   (c)    C7  
   (d)    C8  
   (e)    T1     
 The correct answer is (a). C5 is a short nerve 
root and especially susceptible to injury with 
over distraction, especially during cervical 
corpectomy.  

    2.    When performing laminoplasty hypotensive 
anesthesia is:
   (a)    Bene fi cial in that it reduces blood loss  
   (b)    Up to the surgeons discretion to use 

assuming that anesthesiologist is able to 
perform it  

   (c)    Has been shown to decrease the likelihood 
of coronary events  

   (d)    None of the above     
 The correct answer is (d). Need to keep blood 
pressure reasonably high to maintain cord per-
fusion, i.e., SBP > 100 or MAP > 80.  

    3.    All of the following are true regarding cervical 
postoperative root palsies except:
   (a)    They can occur with anterior corpectomy 

surgery.  
   (b)    Most tend to be motor dominant.  

  Fig. 40.4    Axial MRI of L-spine showing extruded inter-
body graft causing canal compromise       
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   (c)    Surgical treatment is mandatory in patients 
who develop postoperative root palsies.  

   (d)    Postoperative root palsies most commonly 
involve C5.  

   (e)    They can involve any root.     
 The correct answer is (c). No indication for 
surgical intervention. It can be treated medi-
cally with steroids or physical therapy.  

    4.    Which of the following is a false statement 
regarding complications of laminoplasty?
   (a)    Laminoplasty has higher a rate of infec-

tion than anterior surgery.  
   (b)    Irreversible segmental palsy of C5 is a 

common problem, which can be avoided 
by doing anterior surgery.  

   (c)    Some loss of lordosis occurs in lamino-
plasty, although in the vast majority of 
cases, it is not enough to be clinically evi-
dent or of the catastrophic form seen in 
post-laminectomy kyphosis.  

   (d)    Persistent worsening axial neck pain is a 
problem associated with laminoplasty.     

 The correct answer is (b). C5 palsy can hap-
pen with anterior surgery as well though 
thought to be less frequent.            
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  41

          41.1   Introduction 

 Pseudoarthrosis of the spine is de fi ned as 
signi fi cant motion in the area of intended fusion 
that occurs more than 1 year after the index 
surgery  [  1  ] . The diagnosis can be anticipated 
but cannot be made de fi nitive before 1 year as 
the fusion mass continues to mature and may 
take as long as 1 year  [  2  ] . Radiographically, it 
is characterized by the presence of persistent 
motion and absence of bridging mature bony tra-
beculae between adjacent vertebral bodies  [  2  ] . 
Histologically  fi brous soft tissue lies adjacent to 
mobile bone segments, with sclerotic bone at the 

margins of the  fi brous tissue  [  3  ] . Furthermore, the 
cancellous bone has microfractures, which are 
postulated to be a source of pain. The incidence 
of pseudoarthrosis from posterior spine fusion 
surgery may range from 1 to 15 % following lum-
bar fusion, although this number may be much 
higher as many pseudoarthroses can be asymp-
tomatic  [  4  ] . A recent review found that 23.6 % 
of revision fusion surgeries were undertaken for 
pseudoarthrosis  [  5  ] . 

 Furthermore, a literature review by Herkowitz 
and Sidhu delineated the rates of pseudoarthrosis 
based on subtype of fusion. They found the inci-
dence of pseudoarthrosis from 5 to 25 % for pos-
terolateral fusion, 6–27 % for posterior lumbar 
interbody fusion, 20–30 % for anterior lumbar 
interbody fusion, and 6–27 % for posterior lum-
bar interbody fusion  [  6  ] .  

    41.2   Case Example 

 The Patient is a 15-year-old female with adoles-
cent idiopathic scoliosis diagnosed at age 11. Her 
menstrual period began at age 13. Although she 
has been braced since age 11, her curve has pro-
gressed. Physical exam showed an elevated right 
scapula and prominent right thoracic hump and 
left lumbar hump. Radiographs are pictured dem-
onstrating approximately 60° thoracic and 60° 
lumbar curve (Figs.  41.1  and  41.2 ).   
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 She underwent T4–L4 posterior spine fusion 
with local autograft and cancellous allograft. She 
did well until 1 year after surgery, when she was 
bending forward and heard a pop and noticed a 
shift in her trunk. Radiographs showed failed 
instrumentation bilaterally (Fig.  41.3 ). She is 
scheduled for revision surgery.   

    41.3   Classi fi cation 

 In general, nonunions are classi fi ed as either 
hypertrophic or atrophic  [  7  ] . Hypertrophic non-
unions demonstrate abundant bone formation and 
are typically thought of as a consequence of inad-
equate stability in the setting of adequate local 
biology. In contrast, atrophic nonunions demon-
strate little to no bone formation due to poor vas-
cularity and poor local supply of bone forming 

cells. Thus, the potential treatments for the two 
types of nonunions should vary. Hypertrophic 
nonunions that need stability likely will require 
addition or revision of instrumentation. Atrophic 
nonunions would be made more likely to fuse 
and unite with the addition of local biology, either 
with growth factors or autograft. 

 Furthermore, Heggeness et al. developed a 
classi fi cation system for spine pseudoarthrosis 
 [  3  ] . Posterolateral lumbar pseudoarthroses were 
classi fi ed into four patterns: atrophic, transverse, 
shingle, and complex. The atrophic pattern is 
characterized by an absence of bone formation, 
with signi fi cant graft resorption. Transverse 
pseudoarthrosis, similar to a hypertrophic non-
union, involves the presence of a large mass of 
remodeled bone without continuous bridging. 
This is the most common type of spinal nonunion. 
Shingle pseudoarthroses are de fi ned by a defect 

  Fig. 41.1    Preoperative radiographs showing double major curves and large deformity       
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within the fusion mass that passes sagittally and 
obliquely, leading to a defect within the fusion 
mass between the graft and the adjacent vertebra. 
Lastly, complex pseudoarthroses are a mixture of 
the above types.  

    41.4   Risk Factors 

    41.4.1   Patient Factors 

 Several patient-speci fi c risk factors have been 
identi fi ed that may contribute to the development 
of pseudoarthrosis. The most often cited is smok-
ing, which can interfere with the development of 
a mature fusion. Nicotine impairs revasculariza-
tion and can thus inhibit new bone formation. A 
study by Brown et al. demonstrated a nonunion 
rate of 40 % in smokers and 8 % in nonsmokers 

after two-level laminectomy and fusion in a case–
control study of 100 patients  [  8  ] . 

 Systemic diseases affecting thyroid hormone, 
growth hormone, or estrogen levels can also 
impact bone formation and thus increase pseudo-
arthrosis risk  [  2  ] . Corticosteroids can impair 
bone healing, and chemotherapeutic agents can 
decrease bone formation. Nonsteroidal anti-
in fl ammatories inhibit the initial in fl ammatory 
response, which is necessary for bone healing 
and thus spine fusion  [  2  ] . Age greater than 55 
may also play a role in pseudoarthrosis and is 
noted as a risk factor in several papers  [  9  ] .  

    41.4.2   Deformity Speci fi c Factors 

 Pathology that requires long instrumentation 
and fusion to the sacrum has an increase in the 

  Fig. 41.2    Postoperative radiographs showing correction of deformity and posterior instrumentation       
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nonunion rate. These deformity characteristics 
include kyphosis greater than 20°, positive sagit-
tal balance greater than 5 cm, and preexisting hip 
osteoarthritis  [  9  ] . 

 The use of instrumentation reduces the risk of 
pseudoarthrosis signi fi cantly by reducing the 
amount of micromotion. In a prospective, random-
ized controlled study of lumbar decompression and 
posterolateral fusion with and without instrumenta-
tion, the incidence of pseudoarthrosis was 45 % ver-
sus 82 %, respectively, at 2 years  [  10  ] . Extension of 
the fusion to the pelvis is also challenging, and 
fusion at the L5–S1 disc space can be dif fi cult. A 
study by Kim et al. looked at 144 adult patients 
undergoing fusion to the sacrum for cases of defor-
mity  [  9  ] . They observed a 24 % incidence of pseudo-
arthrosis at minimum 2-year follow-up. Furthermore, 
a matched cohort study of fusions ending at L5 ver-
sus S1 in patients with a “healthy” L5–S1 level 

showed an incidence of pseudoarthrosis of 4 % to 
L5 and 42 % to S1  [  11  ] . In thoracolumbar fusions to 
the sacrum, the incidence of nonunion demonstrat-
ing fractured instrumentation may be as high as 
83 %  [  9  ] . Thus, attempted fusion across the thora-
columbar or lumbosacral junction may enhance risk 
of pseudoarthrosis. The biological and mechanical 
burden of a long fusion also impacts bone healing 
and increases the risk of pseudoarthrosis  [  1  ] . 
Cleveland et al. reported fusion rates of 90.3 % for 
one level, 77.2 % for two levels, and 65.2 % for 
three levels for posterolateral lumbar spinal fusion. 

 Fusion technique can also contribute. Inter-
transverse process fusions have a lower rate of 
pseudoarthrosis than standard midline technique 
 [  2  ] . Similarly, anterior or posterior lumbar inter-
body fusions have higher fusion rates than stan-
dard posterior fusions due to a higher surface 
area available for healing  [  2  ] .   

  Fig. 41.3    One year postoperatively ( arrows ) and loss of correction       
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    41.5   Diagnosis 

 A minimum of 1-year postoperative evaluation is 
required before a diagnosis of pseudoarthrosis 
can be made. The time to presentation for patients 
can vary signi fi cantly. A review by Kim et al. of 
40 pseudoarthroses found an average time to pre-
sentation of 3.5 years  [  12  ] . In 23 % of these cases, 
it was even more delayed at 5–10 years after sur-
gery. The most common presentation of nonunion 
was instrumentation fracture followed by pro-
gression of deformity. 

 Diagnosis involves a thorough history and 
physical, followed by advanced imaging studies. 
The history should include a detailed assessment 
of patient symptoms. If preoperative symptoms 
did not change, it is unlikely their symptoms are 
from pseudoarthrosis but more likely from 
wrong-level surgery, unaddressed pathology, or 
symptoms at adjacent levels  [  2  ] . If symptoms 
subside but then return, it may be consistent with 
nonunion. Progressive symptoms are often also 
more consistent with pseudoarthrosis. 

 These changes in patient satisfaction can be 
more easily detected in outcome measures. 
Scoliosis Research Society (SRS) questionnaires 
are utilized by many spinal deformity surgeons to 
both assess and monitor symptoms related to spi-
nal deformity. The SRS questionnaire has been 
well validated as an assessment tool in spinal 
deformity, considered as the standard for deter-
mining and comparing treatment outcomes in 
spinal deformity  [  13  ] . Low patient outcome 
scores are known to correlate with pseudoarthro-
sis and may deteriorate over time  [  9  ] . In addition, 
physical examination should focus on a thorough 
neurologic examination to evaluate for de fi cits, 
as well as palpation of hardware to discover 
prominent or painful hardware  [  2  ] . 

 The diagnosis of pseudoarthrosis is typically 
made radiographically in a patient with persis-
tent pain. Several radiographic modalities exist, 
including  fl exion–extension radiographs, com-
puted tomography (CT) scans, and magnetic reso-
nance imaging  [  14  ] . Plain radiographs may show 
loss of correction, especially with scoliotic defor-
mities. Although no standard radiographic param-
eters exist, loss of correction of 10° is agreed as an 

indicator of possible pseudoarthrosis  [  15  ] . Also, 
segmental motion of greater than 3° in  fl exion–
extension indicates likely nonunion. Plain radio-
graphs have the lowest sensitivity (average 70 %) 
but high speci fi city (average 90 %) in detection of 
presence or absence of fusion  [  16–  18  ] . 

 CT scans provide more detailed information 
than plain radiographs, although metal artifact can 
obscure thorough analysis. Newer 3D CT imaging 
and instrumentation subtraction technology have 
shown a better ability to display the fusion mass 
and assess union  [  2  ] . Bone scan has a low sensi-
tivity and positive predictive value for pseudoar-
throsis and is considered poorly reliable for 
diagnosis of pseudoarthrosis  [  1  ] . Flexion-
extension radiographs may also be helpful in situ-
ations of gross instability, but often rigid 
instrumentation may limit motion. In addition, 
there are no standardized criteria for assessment 
of instability  [  1  ] . An agreed parameter is >5° of 
instability, although absence of instability on 
X-ray does not exclude pseudoarthrosis. Despite 
this, it is the most affordable and accessible modal-
ity, so it is still often ordered  fi rst in nonunion 
evaluation  [  2  ] . The gold standard for diagnosis of 
pseudoarthrosis remains surgical exploration, but 
even that is not 100 % accurate  [  19  ] .  

    41.6   Prevention 

 Successful treatment of the nonunion involves an 
understanding of patient symptoms, a thorough 
radiographic evaluation, and an assessment of the 
cause of the nonunion. Preoperative radiographs 
should be evaluated for coronal and sagittal bal-
ance, bone quality, and rigidity of previous 
 fi xation, and types of operations. 

 Clearly, prevention of nonunion at the index 
surgery is the critical  fi rst step. Many patient-
related risk factors are not modi fi able, but life-
style choices are. Smoking cessation is an 
important consideration for nonunion prevention. 
Many spinal deformity surgeons refuse to operate 
on smokers and require a 3-month nicotine-free 
interval tested with urine nicotine levels. 

 Additional steps that can be taken to prevent 
nonunion include addition of bone grafts and 
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osteobiologics. The gold standard for autogenous 
bone graft is iliac crest bone graft (ICBG). ICBG 
is both osteoconductive and osteoinductive. 
However, there is signi fi cant morbidity with its 
harvest, including bleeding, gait disturbance, 
fracture, and donor site pain as high as 29 %  [  20  ] . 
A study by Banwart et al. found a 10 % incidence 
of major complications and 39 % incidence of 
minor complications after ICBG  [  20  ] . However, 
pseudoarthrosis rates approached 2.7 % with the 
addition of ICBG with posterior instrumentation 
and decortication  [  21  ] . 

 With the morbidity associated with ICBG har-
vest, as well as limitation in quantity of graft that 
can be obtained, particularly with revision surgery, 
signi fi cant investigation has gone into  fi nding a 
suitable alternative. Options include allograft, 
demineralized bone matrix, and bone morpho-
genetic proteins. Several studies have compared 
allograft versus autograft in idiopathic scoliosis 
and found that allograft is an acceptable alter-
native, but limited by its lack of osteoinductive 
properties  [  20  ] . 

 Demineralized bone matrix has both osteo-
conductive and osteoinductive properties  [  20  ] . It 
is composed of extracellular matrix of noncollag-
enous bone-inducing proteins. When taken in 
isolation, several studies have shown acceptable 
fusion rates, but notably lower than autograft 
 [  20  ] . A retrospective study of 88 patients com-
pared the use of autograft, corticocancellous 
allograft, and demineralized bone matrix (DBM) 
in adolescent idiopathic scoliosis  [  20  ] . At mini-
mum 2-year follow-up, the rate of pseudoarthro-
sis was 12.5 % in the ICBG group, 28 % in the 
corticocancellous allograft group, and 11.1 % in 
the DBM + bone marrow aspirate group. The 
authors concluded that DBM with bone marrow 
aspirate was an acceptable alternative to ICBG in 
adolescent idiopathic scoliosis. More recently, 
bone marrow aspirate or bone morphogenetic 
proteins have been added to DBM to improve its 
fusion rate. 

 The use of osteobiologics, most notably bone 
morphogenetic proteins (BMP), has reduced the 
incidence of pseudoarthrosis signi fi cantly. In a 
randomized controlled trial of BMP-2 versus 
iliac crest bone graft in anterior lumbar interbody 

fusion, patients receiving BMP-2 had 100 % 
fusion  [  22  ] . A study by Dimar et al. comparing 
fusion rates with iliac crest bone graft versus 
BMP-2 found a statistically signi fi cantly higher 
fusion rate in the BMP group  [  23  ] . BMP use has 
become standard for many surgeons in adult 
deformity. 

 In addition to grafting, surgical approach can 
be tailored toward the speci fi c deformity. For 
idiopathic scoliosis, excellent results have been 
obtained with posterior only  fi xation, especially 
with an adequate posterior release and segmental 
instrumentation. A multicenter analysis of two 
groups of patients either treated with anterior 
dual rod versus posterior pedicle  fi xation for idio-
pathic scoliosis found no difference in curve cor-
rection or loss of correction/pseudoarthrosis at 
minimum of 2-year follow-up  [  24  ] . In contrast, in 
adult scoliosis, anterior fusion has fared better, 
leading to solid fusion in 15 patients with anterior 
instrumentation alone for thoracic and lumbar 
scoliosis  [  25  ] .  

    41.7   Treatment 

 Once a nonunion has been identi fi ed, there are 
several options for treatment. A study by Pateder 
et al. detailed an algorithm for treatment  [  26  ] . 
Patients with single-level nonunions without 
intraoperative instability were treated with poste-
rior only revision with six points of  fi xation. 
Patients with coronal and sagittal plane non-
unions were treated with anterior stabilization. 
All L5–S1 nonunions received anterior and pos-
terior  fi xation. With this algorithm, the investiga-
tors reported a 90 % rate of fusion at greater than 
3-year follow-up. A second group recently 
reported their algorithm for nonunion manage-
ment  [  2  ] . In patients with posterior instrumenta-
tion, revision posterior instrumentation may be 
considered unless there is posterior element 
de fi ciency, multiple levels involved, or the patient 
has a number of risk factors for nonunion as 
detailed above. If patients fail a second surgery or 
 fi t the exclusion criteria, they are considered for 
anterior interbody fusion. The fusion rate for 
combined anterior and posterior fusion surgery 
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pseudoarthrosis has union rates near 100 % 
 [  27–  29  ] . 

 In patients with posterolateral fusion without 
 fi xation, the pseudoarthrosis is often secondary to 
micromotion and instability, and revision fusion 
with instrumentation is indicated  [  2  ] . A retro-
spective review by Kim et al. found a 55 % fusion 
rate with repair of pseudoarthrosis with autograft 
and external immobilization alone  [  30  ] . Similarly, 
80 % of patients had a solid fusion after revision 
posterior instrumentation using plate  fi xation 
with autograft. Twenty percent needed additional 
interbody fusion  [  31  ] . 

 For nonunions at our institution, determina-
tion of the primary cause of nonunion is critical. 
Nonunion that is hypertrophic is considered a 
sign of inadequate  fi xation, and pedicle screw 
constructs can provide appropriate stability. Rod 
breakage is a sign of fatigue failure and loss of 
stability. Nonunions that are atrophic may be 
the result of poor grafting technique or inade-
quate biology. For these cases, rigid instrumen-
tation is supplemented by osteoinductive 
biologics which are important to achieve a solid 
arthrodesis. Special consideration at L5–S1 
includes pelvic  fi xation for additional posterior 
stability and interbody grafting if possible. Also 
as critical is the exploration of the nonunion 
site. All  fi brous tissue must be removed, until 
bleeding, cancellous bone is exposed. This may 
require extensive debridement in most cases, 
but it is extremely important to provide appro-
priate biology and fusion surface area available 
for union.  

      Conclusions 

 Treatment of patients with spinal deformity 
includes decompression of neural elements, 
correction and prevention of deformity pro-
gression, and maintenance of coronal and sag-
ittal balance. Unfortunately, one postoperative 
complication may be the development of a 
nonunion, even several years after the index 
procedure. Prevention of a nonunion involves 
minimizing potential risk factors at the index 
surgery. Patients should be adequately informed 
of the known complications, risk strati fi ed, and 
medically optimized prior to surgery. If, despite 

these precautions, a nonunion occurs, prompt 
diagnosis and correct proactive management is 
appropriate. Symptomatic nonunions are 
addressed with revision surgery that requires 
debridement of the nonunion site and addi-
tional stability. Osteobiologics and autograft 
are important considerations for both the pri-
mary and revision procedures.      
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          42.1   Introduction 

 In spine surgery, the occurrence of complications 
is inevitable. The complications may occur dur-
ing the perioperative or postoperative periods and 
can be either speci fi c to the type of surgery per-
formed or be a general medical complication. The 
frequency of medical complications is dependent 
on the following: patient risk factors, the underly-
ing pathology, the complexity of the procedure, 
the duration of the procedure, and the postopera-
tive care. The lack of a clear de fi nition of periop-
erative complications, and a standardized method 
of reporting them, contributes to the wide vari-
ability in the reported incidence of complications 
in spine surgery  [  1  ] . In addition, reliance on retro-
spective studies underestimates the true incidence 
of complications in spine surgery  [  2  ] . 

 Although the highest incidence is between 
postoperative days 1 and 3, speci fi c complica-
tions occur in a distinct sequential pattern: imme-
diate, early, or late  [  3  ] . The consequent morbidity 
and mortality from these complications can 

reverse the potential bene fi t from the original sur-
gery. The surgeon and the medical team need to 
be aware of these potential complications, and 
the time frame in which they occur, to be able to 
diagnose and treat them in a timely fashion. 
Delayed recognition and management of compli-
cations leads to anguish for the patient. Constant 
vigilance is required to recognize, assess, and 
treat complications before they become serious.  

    42.2   Case Example 

 A 65-year-old male with past medical history 
signi fi cant for HTN, DM, and CAD who devel-
oped neurogenic claudication did not respond to 
multiple epidural steroid injections and physical 
therapy. An MRI of his lumbar spine demon-
strated an L4–L5 anterolisthesis with bilateral 
foraminal stenosis. Lumbar  fl exion and extension 
X-rays demonstrated dynamic instability. 
Sequential compression devices were place on 
his lower extremities before, during, and after 
surgery. He underwent a posterior lumbar L4–L5 
decompression and interbody fusion that was 
complicated by a dural tear. A lumbar drain was 
placed. Immediately postoperatively, his heart 
rate was 140 and he complained of chest pain. 
For pain control, he was placed on a morphine 
PCA pump. The patient was kept at bed rest for 5 
consecutive days to prevent cerebrospinal  fl uid 
leak. On postoperative day 3, he had abdominal 
distension, and he complained of abdominal pain. 
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On postoperative day 5, after removal of the lum-
bar drain and Foley catheter, he was permitted to 
get out of bed and ambulate. After 6 h, he had 
urinary retention and a PVR of 700 cc. The Foley 
catheter was replaced. While ambulating, he 
complained of pain in the right calf that was noted 
to be warmer and larger than the left calf. He was 
immediately returned to his room, and before 
getting into his bed, he became short of breath 
and collapsed. The medical team was unable to 
resuscitate him, and he expired.  

    42.3   Vascular Complications: Deep 
Venous Thrombosis 

 Deep venous thrombosis (DVT) occurs when a 
thrombus develops in the large veins of the proxi-
mal lower extremities or the pelvic area. This 
scenario occurs as a result of activation of the 
coagulation system in areas of reduced blood 
 fl ow. Contrary to super fi cial thrombi, clots that 
form in the deep large veins are more likely to 
dislodge and travel through the veins, as an 
embolus, to the lungs and cause a pulmonary 
embolism (PE). A PE can be a fatal condition if 
not diagnosed and treated in an expeditious 
fashion. 

    42.3.1   Incidence 

 Deep venous thrombosis is a common and 
signi fi cant potential medical complication after 
spinal surgery. DVTs occur at a reported rate of 
between 0.3 and 31 %  [  4–  10  ] . The rate of DVT 
formation depends on the patient population, the 
methods of surveillance, whether DVT prophylaxis 
is utilized, and the type of DVT prophylaxis. The 
incidence of DVT is signi fi cantly higher in indi-
viduals with spinal cord injury (SCI), ranging 
between 12 and 64 %  [  11,   12  ] . This increased 
DVT rate in SCI patients makes them vulnerable 
for a venous thromboembolic event, which is one 
of the major factors that accounts for the 9.7 % 
mortality rate  [  13  ]  during the  fi rst year following 
SCI.  

    42.3.2   Risk Factors 

 Several clinical risk factors for DVT have been 
identi fi ed, including advanced age, prolonged 
immobilization, previous DVT or PE, malig-
nancy, obesity, pregnancy, oral contraceptive or 
estrogen use, smoking, vasculitis, stroke, conges-
tive heart failure, myocardial infarction, and 
inherited or acquired prothrombotic clotting dis-
orders  [  14,   15  ] . 

 According to Virchow’s pathogenesis of 
venous thrombosis  [  16  ] , three primary factors, 
referred to as “Virchow’s triad”, predispose to 
thrombus formation: (1) stasis or turbulence of 
blood  fl ow, (2) vessel wall damage (endothelial 
injury), and (3) an increased tendency of blood to 
clot (hypercoagulability)  [  17  ] . These factors may 
act independently, or in combination, to cause 
venous thrombosis. Especially in spine surgery 
patients who often suffer from extended periods 
of forced accumbency before surgery secondary 
to pain or neurological de fi cit and decreased 
mobility after surgery, stasis is a major factor in 
the development of venous thrombi  [  18  ] . In addi-
tion to the limited mobility, spine surgery patients 
have additional risk factors which can be related 
to the lengthy operative time in complex spinal 
cases, to the manipulation of the great vessels 
during anterior and lateral approaches to the spine, 
and to compression of the femoral venous system 
by certain frames during prone positioning for 
posterior approaches to the spine  [  4,   5,   19,   20  ] .  

    42.3.3   Presentation 

 DVT can be occult and may occur without any 
noticeable signs or symptoms. When signs and 
symptoms do occur, they are usually a sequela of 
the thrombus that decreases venous blood out fl ow 
causing swelling, redness, warmth, tenderness, 
and pain of the affected extremity. If this pro-
gresses to an acute occlusion of a major out fl ow 
vein, the affected extremity may become pale and 
cold with diminished arterial pulses (phlegmasia 
alba dolens). If there is total occlusion of the 
venous out fl ow of the entire affected extremity, 
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extreme pain, petechiae, and cyanosis ensue 
(phlegmasia cerulea dolens). Although there is 
not a single pathognomonic physical  fi nding that 
accurately establishes the diagnosis of DVT  [  21, 
  22  ] , the most sensitive and speci fi c physical 
 fi ndings are unilateral edema, unilateral tender-
ness of the calf muscles along the affected deep 
vein, a positive Homan’s sign (reproducible calf 
muscle pain upon dorsi fl exion of the foot with 
the knee straight), super fi cial thrombophlebitis, 
and low-grade fever  [  23  ] .  

    42.3.4   Differential Diagnosis 

 There are multiple pathological conditions 
referred to as pseudo-deep venous thrombosis 
(PDVT) that mimic DVT clinically  [  24  ] . PDVT 
is found in more than half of patients with clini-
cally suspected DVT and is usually caused by 
calf hematoma, ruptured Baker’s cyst, lipoma, 
muscle or soft tissue abscess, lymphedema, 
lymphangitis, cellulitis, super fi cial thrombophle-
bitis, or acute synovial rupture in rheumatoid 
arthritis.  

    42.3.5   Investigation 

 Although the clinical examination of the postop-
erative patient is generally considered nonspeci fi c 
and insensitive, the presence of any signs or 
symptoms of DVT should prompt further investi-
gation. In order to prevent a PE, the potentially 
fatal complication of thrombosis, the diagnosis of 
DVT is time sensitive. 

 In either asymptomatic or symptomatic 
patients, the use of the Wells clinical prediction 
guide  [  25  ]  (Table  42.1 ) attempts to quantify the 
probability of DVT and strati fi es patients into 
high, moderate, or low risk clinical probability 
groups where the prevalence of DVT is approxi-
mately 70, 15, or 5 %, respectively  [  25,   26  ] .  

 A  fi brinolytic marker, D-dimer  fi brin frag-
ment, is a degradation product of cross-linked 
 fi brin in fresh clots and plays an important role in 
the predictive diagnostic approach of DVT  [  27  ] . 

D-dimer is more than 95 % sensitive and can rea-
sonably rule out acute DVT in patients with low 
to moderate clinical probability  [  28–  30  ] . D-dimer 
assays are nonspeci fi c for DVT  [  29  ]  because 
D-dimer level may be elevated in any medical 
condition where active thrombosis is present. All 
patients with positive D-dimer assay and high 
clinical probability require further investigation 
and should undergo a con fi rmatory objective 
diagnostic imaging study. 

 The previous “gold standard” for evaluating 
patients for suspected DVT has been contrast 
venography. Venography visualizes the entire 
venous system of the lower extremities and pel-
vis. Because of many disadvantages  [  31  ]  
 including invasiveness, allergic reactions, con-
trast-induced DVT, interobserver variability, 
technical problems, and lack of availability, 
venography has been largely replaced by nonin-
vasive imaging studies. 

 Duplex ultrasonography has become the pri-
mary noninvasive diagnostic study for detecting 
proximal DVT since it has been widely reported 
to have both high sensitivity (92–95 %) and 
speci fi city (97–100 %)  [  32  ]  (Fig.  42.1 ). In addi-
tion, duplex scanning is noninvasive, readily 

   Table 42.1    Wells clinical prediction guide for DVT   

 Clinical feature  Score 

 Active cancer (ongoing treatment or within 
previous 6 months or palliative) 

 1 

 Paralysis, paresis, or recent plaster 
 immobilization of the lower extremities 

 1 

 Recently bedridden for more than 3 days or 
major surgery, within 4 weeks 

 1 

 Localized tenderness along the distribution of 
the deep venous system 

 1 

 Entire leg swollen  1 
 Unilateral calf swelling of greater than 3 cm  1 
 Pitting edema (greater in the symptomatic leg)  1 
 Collateral super fi cial veins (non-varicose)  1 
 Alternative diagnosis as likely as or more 
likely than DVT 

 –2 

 Total score  – 

  In patients with symptoms in both legs, the more symp-
tomatic leg is used. Risk score interpretation: less than 1 
point, low risk; 1–2 points, moderate risk; 3 or more 
points, high risk  
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available, and cost-effective. The major disad-
vantage of duplex is its limited sensitivity for 
detecting calf vein (48 %) and pelvic vein (64 %) 
thromboses  [  33  ] .  

 Magnetic resonance venography (MRV) has 
been found to be as sensitive and speci fi c as con-
trast venography  [  33  ]  and ultrasound  [  34  ]  in the 
diagnosis of DVT. It is more sensitive than any 
other noninvasive study in detecting pelvic and 
below-knee thrombosis, and thus, it is the diag-
nostic test of choice (100 % sensitive and speci fi c) 
 [  35  ]  for iliofemoral DVT. The principle down-
side of MRV is the prolonged time required to 
acquire the images. 

 Computed tomography venography (CTV) 
has a similar sensitivity, compared to MRV and 
duplex ultrasonography, for femoropopliteal 
thrombosis and is 100 % sensitive and 96 % 
speci fi c in detecting lower extremity DVTs 
 [  36  ] . CTV is emerging as the study of choice 
for detecting iliofemoral DVT because of its 
accuracy, availability, and shorter study time 
 [  37  ] . CTV is not feasible in certain clinical situ-
ations including iodine allergy, renal failure, or 
pregnancy.  

    42.3.6   Treatment 

 The treatment of DVT is guided by the American 
College of Chest Physicians (ACCP) Evidence-
Based Clinical Practice Guidelines recommenda-
tions  [  38  ] . The goals of treatment are thrombus 
resolution and prevention of thrombus propaga-
tion/embolization. Treatment is based on whether 
the diagnosis is of a  fi rst episode versus a recur-
rent episode of DVT, a provoked versus an unpro-
voked DVT, secondary to transient versus 
permanent risk factors, and presence versus 
absence of concurrent cancer. 

 According to the ACCP guidelines, a 
con fi rmed acute DVT should be treated with low 
molecular weight heparin (LMWH), unfraction-
ated heparin (UFH), or fondaparinux (a factor Xa 
inhibitor) for at least 5 days with concomitant use 
of a vitamin K antagonist (VKA), such as warfa-
rin (Coumadin), starting the  fi rst day. Once the 
international normalized ration (INR) is equal to 
or greater than 2.0, for at least 24 h, the heparin 
preparation should be discontinued. For DVT 
secondary to a transient, reversible risk factor, 
VKA should be used for 3 months. In occurrences 

  Fig. 42.1    Transverse ( a ) and sagittal ( b ) images of the right lower extremity from color Doppler ultrasound demon-
strating an acute common femoral vein ( CFV ) thrombosis and normal blood  fl ow in the common femoral artery ( CFA )       
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of unprovoked DVT, a VKA should be used for at 
least 3 months. After the initial 3-month treat-
ment, the patient should be evaluated for the risk-
bene fi t of inde fi nite VKA treatment. Inde fi nite 
anticoagulation treatment is recommended for 
 fi rst unprovoked DVT in patients with low bleed-
ing risks and for most patients with a second 
unprovoked DVT. The target INR for treating a 
DVT is 2.5 with a range of 2.0–3.0. 

 Selected patients with lower extremity DVT 
may be considered for thrombectomy using cath-
eter-based thrombolytic techniques or open sur-
gical removal. Elastic compression stocking use 
is recommended to prevent post-thrombotic syn-
drome after proximal DVTs. DVT in the setting 
of cancer should be treated with LMWH for 
3–6 months, then inde fi nitely with VKA, or until 
cancer resolves. 

 For patients with high and/or unacceptable 
risks of bleeding after systemic anticoagulation, 
such as patients who recently underwent com-
plex spine surgery, inferior vena cava (IVC) 
 fi lter placement is an alternative option. IVC 
 fi lters have been associated with a 98 % success 
rate in prevention of PE in patients with known 
DVT  [  39  ] .  

    42.3.7   Prophylaxis 

 The silent nature of DVT is the basis for prophy-
laxis. The  fi rst and only symptom of a DVT could 
be a fatal pulmonary embolism. Unfortunately, 
there are no generally agreed upon guidelines for 
DVT prophylaxis in spine surgery. Recom-
mendations are widely variable and inconsistent. 
The great deal of variation among spine surgeons 
regarding thromboembolic prophylaxis is mainly 
due to the paucity of accurate and consistent 
scienti fi c evidence concerning the risks of DVT, 
PE, symptomatic epidural hematoma, the ef fi cacy 
of a speci fi c prophylactic protocol, and the safety 
of chemoprophylaxis protocols after spinal 
surgery. 

 Spine surgeons are faced regularly with the 
questions of if, when, and how DVT prophylaxis 
should be administered. Spine surgeons are reluctant 
to initiate prophylactic chemical  anticoagulation 

immediately after spinal surgery because of fear 
of a catastrophic symptomatic epidural hematoma 
 [  40  ]  and the risk of wound breakdown  [  41  ] . 
Surgeons have to use their best judgment to bal-
ance the risk of DVT, possibly causing a fatal PE, 
against the risk associated with the use of 
chemoprophylaxis. 

 According to the North American Spine 
Society (NASS), evidence-based clinical guide-
line recommendations  [  42  ] , mechanical DVT 
prophylaxis of any type, pneumatic compression 
boots (PCB), sequential compression devices 
(SCD), or thromboembolic disease stockings 
(TEDS) should be considered for all inpatient 
spine surgeries before surgery and continued 
until full ambulation has been demonstrated. 
Chemoprophylaxis is not recommended after 
posterior spine approaches as they are accompa-
nied by a de fi nable risk of wound and bleeding 
complications versus the very low risk of VTE 
that is associated with posterior approaches. 
Chemoprophylaxis should be considered for long 
and complex surgeries, like anterior or combined 
anterior and posterior spine surgery, and in 
patients with identi fi able high risk factors for 
thromboembolic disease. The ideal safe timing to 
begin prophylactic anticoagulation and the dura-
tion of therapy is unknown. The recommendation 
is that the timing and duration of treatment should 
be considered carefully on an individual case-by-
case basis.   

    42.4   Pulmonary Complications 

    42.4.1   Pulmonary Embolus 

 Pulmonary embolism (PE) is a sudden blockage 
of the main pulmonary artery, or one of its prin-
ciple branches, by a substance such as thrombus 
that has embolized from elsewhere in the body. 
Thrombi can be air, fat, or venous blood. Venous 
thromboembolism, from a DVT in the legs or the 
pelvis, is the most common cause of a PE  [  43  ] . 

    42.4.1.1   Incidence 
 The exact prevalence and incidence of PE after 
spinal surgery is unknown. The incidence is 
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 estimated to range from 0 to 13 %  [  19,   44,   45  ] . 
Unfortunately, most of the reported occurrences 
of PE in the literature do not discriminate between 
the surgical approaches, the level of surgery, and 
the use of DVT prophylaxis.  

    42.4.1.2   Risk Factors 
 The major risk factor for developing a PE is the 
presence of a proximal lower extremity or pelvic 
DVT  [  43  ] . DVT and PE are a continuum termed 
venous thromboembolism (VTE). In spinal sur-
gery, when mentioned in the literature, anterior 
approaches are associated with an increased risk 
of developing a PE versus posterior approaches 
 [  19  ] . Although DVT below the knee has less than 
a 1 % chance of signi fi cant embolization, they 
tend to propagate to the proximal lower extremity 
deep veins in 30–50 % of the cases  [  46  ] . From 
the proximal lower extremity deep venous sys-
tem, the risk of a signi fi cant PE increases.  

    42.4.1.3   Presentation 
 The clinical presentations of PE are diverse and 
often inconsistent. Patients may present with 
characteristic symptoms, atypical symptoms, 
or even no symptoms. Symptoms and signs 
arise from the obstruction of arterial blood  fl ow 
to the lungs and the resultant backup pressure 
on the right ventricle of the heart. Clinical 
manifestations of PE vary greatly, and it 
depends on the size of the thrombus, the amount 
of affected lung, and the presence of underly-
ing lung or heart disease  [  47  ] . Common symp-
toms are shortness of breath, pleuritic chest 
pain, and cough. The classic clinical descrip-
tion of a PE patient is “air hunger.” Less 
 common symptoms are wheezing, excessive 
sweating, and lightheadedness. 

 On physical exam, the patient may frequently 
have tachycardia and tachypnea. In severe PE, 
such as in a saddle embolism, the patient may pres-
ent with hypotensive shock, cardiac arrest, or sud-
den death. Oxygen saturation will be compromised 
depending on the extent of clot burden  [  47  ] .  

    42.4.1.4   Differential Diagnosis 
 The signs and symptoms of PE overlap 
signi fi cantly with other conditions such as pneu-
monia, pulmonary edema, pneumothorax, COPD, 

coronary artery disease, congestive heart failure, 
myocardial ischemia or infarct, and pericarditis.  

    42.4.1.5   Investigation 
 The diagnosis of a pulmonary embolism (PE) 
remains a major clinical challenge. The investi-
gation starts with the evaluation of the patient’s 
pretest probability of PE by assessing their medi-
cal history and clinical presentation. The clinical 
index of suspension for a PE can be assessed by 
using one of the validated diagnostic scoring sys-
tems such as the modi fi ed Wells criteria  [  48  ]  or 
the simpli fi ed revised Geneva score  [  49  ] . 

 The clinical evaluation for a suspected PE 
starts with chest radiography (CXR), electrocar-
diography (ECG), arterial blood gas (ABG), and 
D-dimer measurements. Although CXR and ECG 
are neither sensitive nor speci fi c for the diagnosis 
of PE, they are useful in ruling out other possible 
diagnoses that can mimic PE. CXR and ECG 
have  fi ndings that are nondiagnostic, but sugges-
tive, of PE. 

 The most common ECG abnormality in PE is 
sinus tachycardia. Signs of right ventricular 
strain such as the S1Q3T3 complex, right bun-
dle branch block, or anterior lead T-wave inver-
sion are highly suggestive of PE  [  50  ] . CXR has 
been shown to be normal in only 12 %  [  51  ]  of 
patients with an angiographically proven PE 
and may have suggestive signs such as a 
Hampton hump (a pleural-based wedge-shaped 
in fi ltrate), a Westermark sign (dilatation of pul-
monary vessels proximal to the embolism), a 
knuckle sign (prominent central pulmonary 
artery with abrupt tapering), or elevation of the 
ipsilateral diaphragm  [  50  ] . 

 An ABG will usually demonstrate a respira-
tory alkalosis, an increased alveolar-arterial gra-
dient, and a variable partial arterial oxygen 
pressure secondary to increased alveolar dead 
space and a ventilation-perfusion (V/Q) mis-
match (shunting)  [  50  ] . The usual ABG  fi ndings 
will re fl ect both decreased partial pressures of 
oxygen (pO 

2
 ) and carbon dioxide (pCO 

2
 ). 

 D-dimer levels may be elevated. Although 
D-dimer is not speci fi c for PE, it is extremely sen-
sitive, and if normal, it has a 99 % negative predic-
tive value when combined with a low to moderate 
clinical probability index  [  52  ] . Advanced imaging 
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is warranted if D-dimer is high or normal with a 
high clinical suspicion for a PE. 

 The ideal imaging modality should be accu-
rate, safe, readily available, and cost-effective. 
CT pulmonary angiogram has become the test of 
choice in the evaluation of PE because of its 
comparable sensitivity and speci fi city to pulmo-
nary digital subtraction angiography (DSA), 
common availability, demonstration of alterna-
tive diagnoses, and rapid interpretation  [  53,   54  ] . 
DSA is the gold standard in the evaluation of PE, 
but it is seldom performed because of its limited 
availability, invasiveness, expense, and the need 
for experienced clinicians to perform and inter-
pret the test  [  54,   55  ] . Ventilation-perfusion scan, 
a nuclear medicine study, has been also replaced 
by CT pulmonary angiogram in recent years 
except in patients with iodine contrast allergy, 
pregnancy, and renal diseases  [  54  ]  (Fig.  42.2 ).   

    42.4.1.6   Treatment 
 Prompt anticoagulation therapy is the mainstay 
of treatment and can be lifesaving. Although 
there is a possibility of a disastrous epidural 
hematoma occurring in postoperative spine sur-
gery patients after anticoagulation therapy for 
PE, simple observation of these patients is not an 
acceptable management. Untreated PE is associ-
ated with a very high mortality rate, ranging from 
30 to 80 % compared to less than 3 % in patients 
treated with anticoagulation  [  56  ] . 

 Patients with massive PE and cardiogenic 
shock should be treated urgently with systemic 
thrombolytic agents such as streptokinase  [  57  ] . 
Although some investigators have shown that 
catheter-directed therapy for the treatment of 
massive pulmonary embolism is a relatively safe 
and effective treatment for acute massive PE 
 [  58  ] , others have not identi fi ed an advantage of 
catheter-directed thrombolytic therapy over sys-
temic thrombolytic therapy  [  59  ]  (Fig.  42.3 ). Due 
to its high mortality rate, pulmonary thrombec-
tomy is usually reserved for patients with mas-
sive PE and cardiogenic shock who failed 
thrombolysis  [  60  ] .  

 A stable patient with a sub-massive PE and 
no contraindications for anticoagulation should 
be started simultaneously on heparin, LMWH, 
or fondaparinux for 5 days and VKA 
(Coumadin). The INR goal is between 2 and 3 
and should be increased to a range of 2.5–3.5 if 
another PE occurs while on VKA. Pregnant 
women and patients with an underlying malig-
nancy should be treated with LMWH instead of 
VKA  [  61  ] . Treatment duration is usually 
3–6 months, or lifelong, if it is a  fi rst unpro-
voked or recurrent PE. IVC  fi lter placement is 
indicated for patients in whom anticoagulation 
is contraindicated or ineffective and is recom-
mended for prevention of possible new emboli 
to enter the pulmonary circulation in anticoagu-
lated patients  [  62  ] .  

  Fig. 42.2    A CT pulmonary angiogram showing a large saddle embolism at the bifurcation of the right pulmonary 
artery ( arrow )       
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    42.4.1.7   Prophylaxis 
 DVT and PE are a continuum termed venous 
thromboembolism (VTE); therefore, any risk fac-
tor for DVT will increase the risk of a PE, and the 
prevention of the latter is directly related to the 
decrease incidence of DVT. The recommenda-
tion for DVT prophylaxis outlined earlier is 
appropriate for the prevention of PE.   

    42.4.2   Pneumonia 

 Pneumonia is an in fl ammation of the lung paren-
chyma, especially of the alveoli, usually caused 
by a microbial organism. 

    42.4.2.1   Incidence 
 The incidence of perioperative pulmonary com-
plications, in general, and pneumonia, in par-
ticular, after spinal surgery varies widely from 7 
to 64 %  [  63–  66  ]  and 1.4 to 12 %  [  67–  70  ] , 
respectively. It depends on the patient’s related 
determinants (age and comorbidities [especially 
pulmonary diseases]), the underlying pathology 
for surgery (trauma, scoliosis, degenerative dis-
eases), the surgical approach (anterior, poste-
rior, lateral, or combined), and the level of 
surgery (cervical, thoracic, lumbar). Pneumonia 
is the second most common nosocomial infection 
after UTI. It is the most common  complication 

in patients with SCI and the leading cause of 
death among this group irrespective of patient 
age  [  13,   71  ] .  

    42.4.2.2   Risk Factors 
 Age, smoking, obesity, scoliosis with abnormal 
pulmonary function tests (PFTs), asthma, COPD, 
emphysema, prolonged endotracheal intubation, 
mechanical ventilation, cervical injury, poly-
trauma, aspiration, and pain are major pre-
disposing factors for developing postoperative 
pneumonia after spinal surgery. Preoperative and 
postoperative immobility can lead to atelectasis 
and an inability to clear respiratory secretions 
then to pneumonia. The risk is much higher in 
SCI patients above the C4 level where there is 
loss of the diaphragmatic function, secondary to 
phrenic nerve injury, and loss of cough re fl exes 
secondary to the denervation of the intercostal 
muscles and the accessory muscles of respiration 
 [  72  ] . The risk of aspiration pneumonia is greatly 
increased when there is a loss of airway re fl exes.  

    42.4.2.3   Presentation 
 Patients with infectious pneumonia typically 
present with fever, a productive cough with puru-
lent sputum, shortness of breath, and chest pain 
upon deep inspiration. In the elderly population, 
confusion may be the most prominent symptom 
 [  73  ] . Although these clinical  fi ndings are helpful 

a b

  Fig. 42.3    Pulmonary angiogram showing a massive clot in the right pulmonary artery before ( a ) [ arrow ] and after ( b ) 
[ arrow ] catheter-directed chemical thrombolysis       
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in suspecting pneumonia, they are not as useful in 
ventilator-dependent patient. It has been demon-
strated that only 30–40 % of ventilator-dependent 
patients, with positive clinical  fi ndings, have an 
actual infectious pneumonia on postmortem 
examination  [  74  ] . 

 Physical examination may reveal tachypnea, 
tachycardia, hypotension, and low oxygen satu-
ration. Upon chest auscultation, bronchial breath-
ing, rales, and crackles may be heard over the 
affected lung area. Dullness to percussion over 
the affected lung may also be detected.  

    42.4.2.4   Differential Diagnosis 
 Bacterial pneumonia accounts for only one-third 
of all pulmonary in fi ltrations. Several other condi-
tions like pulmonary edema, bronchiectasis, 
ARDS, COPD, emphysema, asthma, lung cancer, 
and pulmonary embolus have presentations simi-
lar to pneumonia, and they account for most of the 
pulmonary in fi ltrates in ICU patients  [  75,   76  ] .  

    42.4.2.5   Investigation 
 The diagnosis of pneumonia starts with a high 
index of suspicion. It should be suspected in any 
patient when a new pulmonary in fi ltrate on chest 
X-ray is present (Fig.  42.4 ) with two of the fol-
lowing  fi ndings: fever, leukocytosis, and purulent 
tracheal secretions  [  77  ] . The de fi nitive diagnosis 
requires the isolation of the pathogen from the 
respiratory tract. Respiratory secretions for cul-
tures can be obtained by having the patient expec-
torate or inducing a cough with a tracheal aspirate 
or a more invasive bronchoalveolar lavage. 
Although cultures from the tracheal aspirate are 
more likely to produce false positive results, and 
therefore, unnecessary excessive use of antibiot-
ics, it is still the preferred method for obtaining 
pulmonary cultures. It has been shown that there 
are no bene fi ts when more invasive methods are 
used for collecting pulmonary aspirates for cul-
tures  [  78  ] . Whenever possible, cultures should be 
obtained before the initiation of any antibiotics.   

    42.4.2.6   Treatment 
 As soon as there is clinical evidence of a sus-
pected pneumonia, empiric antibiotic treatment 
should be initiated once a specimen is collected 

from the respiratory tract for gram stain and cul-
ture. Empiric antibiotic should be started even 
before the result of the respiratory specimen is 
available if the patient is immunocompromised, 
has sepsis, or is in septic shock. The choice of 
empiric antibiotic is dictated by the state of the 
patient’s immune system, the patient’s location 
( fl oor versus ICU), the patient’s dependence on 
the ventilator, and the patient’s likelihood of col-
onization by a pathogen. Empiric treatment 
should be adjusted according to the culture and 
sensitivity results and should be continued for 
14–21 days  [  79  ] . Empiric treatment should be 
stopped if cultures are negative  [  80  ] .  

    42.4.2.7   Prophylaxis 
 There are many ways to decrease the incidence of 
perioperative pulmonary complications. It is rec-
ommended that patients stop smoking at least 
8 weeks prior to elective surgery  [  81  ] . Protection 
of the airway to prevent aspiration is essential in 
trauma and SCI patients. A good pain control 
regimen, combined with incentive spirometry 
and aggressive pulmonary toilet, should be imme-
diately initiated postoperatively. Nasotracheal 
suctioning, chest physiotherapy, and frequent 
body rotation by log roll or through an oscillatory 
bed are all pulmonary hygiene methods that can 
be used to prevent pneumonia. 

  Fig. 42.4    Portable chest X-ray demonstrating right lung 
consolidation with increased opacity in the right lower 
lobe more than the right upper lobe. Left lung is clear       
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 In critically ill ICU patients, for the prevention 
of gastric stress ulcers, it is recommended to use 
sucralfate instead of antacids or histamine-2 
receptor antagonists since it has been shown that 
sucralfate is associated with a lower incidence of 
nosocomial pneumonia  [  82  ] . In the mechanically 
ventilated patients, especially those who are 
unable to cough and clear their own respiratory 
secretions, mucolytic agents such as acetyl-
cysteine, and expectorants such as guaifenesin, 
should be started early with frequent suctioning. 
The application of topical antimicrobials such as 
methylcellulose paste to the oral mucosa to pre-
vent colonization is associated with a decrease in 
the incidence of ventilator-associated pneumonia 
by about 67 %  [  83  ] . Early enteral feeding in these 
patients has also been associated with a reduction 
in the incidence of pneumonia. In the non-intu-
bated patients, early aggressive incentive spirom-
etry, early mobilization, and, when permitted, 
aggressive physical and occupational therapy are 
helpful in preventing pulmonary complications.    

    42.5   Cardiac Complications 

 Cardiac events are one of the most critical periop-
erative complications. Myocardial ischemia, myo-
cardial infarction, and cardiac dysrhythmias are 
the most common and dangerous cardiac compli-
cations after spinal surgery. Myocardial ischemia, 
or angina pectoris, occurs when the myocardium 
receives insuf fi cient blood  fl ow secondary to nar-
rowed atherosclerotic coronary arteries, coronary 
artery vasospasm, or hypotension. Myocardial 
infarction (MI) is the interruption of blood supply 
to the myocardium, and its subsequent cell death, 
secondary to sudden blockage of coronary arteries 
by an atherosclerotic embolus. Cardiac dysrhyth-
mias encompass a large heterogeneous group of 
cardiac events in which there is an abnormal elec-
trical activity of the heart. 

    42.5.1   Incidence 

 The incidence of cardiac complication after spine 
surgery varies widely in the literature, and it 
depends on the patient age, gender, comorbidities, 

type and duration of surgery performed, and the 
type of anesthesia. The overall reported incidence 
of cardiac events ranges from 1.9 to 13 %  [  65,   66, 
  68,   70,   84,   85  ] . The MI incidence ranges from 0.1 
to 6 %  [  12,   67,   86–  89  ] . Cardiac dysrhythmias are 
the least reported; they are usually reported under 
“general cardiac” events, and their incidence 
ranges from 2.4 to 15 %  [  49,   69,   90,   91  ] .  

    42.5.2   Risk Factors 

 Destabilization of a vulnerable atherosclerotic 
plaque and an imbalance between myocardial 
oxygen supply and demand are the two major 
underlying causes of perioperative MI  [  92–  94  ] . 
Risk factors for cardiac complications are gener-
ally the same risk factors for atherosclerosis. The 
major ones are, but not limited to, diabetes mel-
litus, tobacco smoking, age >55 years for males 
and >65 for females, dyslipidemias, family his-
tory of premature cardiac disease, obesity, hyper-
tension, and sedentary lifestyle. Alike any 
surgical procedure, postoperative cardiac com-
plications after spine surgery are associated with 
postoperative anemia secondary to blood loss, 
hypothermia, and pain. They all cause an over 
activation of the sympathetic system which in 
turn increases the myocardial workload and oxy-
gen consumption against decreased blood and 
oxygen delivery  [  93  ]  

 Structural heart diseases are a major risk factor 
for perioperative cardiac dysrhythmias, and the 
perioperative transient imbalances in serum elec-
trolytes, oxygenation, ventilation, PH, or temper-
ature are usually the initiating factors  [  95  ] .  

    42.5.3   Presentation 

 Cardiac ischemia may be asymptomatic or may 
present with chest discomfort rather than pain. 
Patient often described a squeezing pressure, 
heaviness, tightness, or a burning sensation that 
originates in the chest then radiates to the left 
arm, back, neck, left jaw, or the epigastric area. 
They may even describe it as an elephant sitting 
on top of their chest. Shortness of breath (SOB), 
sweating, and nausea may also be present. 
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 Although some patients with an MI will have 
no symptoms and others may present with sud-
den death, classically, they present with sudden 
chest pain radiating to the left arm with SOB, 
nausea, vomiting, sweating, and a sense of 
impending doom. Silent MI, typically not accom-
panied by pain or other symptoms, is most often 
seen in elderly, heart transplant, or diabetes mel-
litus patients. 

 Patients with cardiac dysrhythmias have a 
wide range of presentations. They may have no 
symptoms or merely an appreciation of an abnor-
mal heartbeat. Some may present with lighthead-
edness, dizziness, syncope, near syncope, or 
sudden death. 

 Physical examination  fi ndings can vary, from 
a patient laying comfortably in bed, with normal 
examination results, to another who may be in 
severe acute distress. They may have dyspnea, 
wheezing, diaphoresis, pallor, hypotension, 
hypertension, tachycardia, bradycardia, or even 
asystole.  

    42.5.4   Differential Diagnosis 

 The postoperative cardiac complications after 
spinal surgery should always be differentiated 
from other catastrophic event such as pulmonary 
embolism. Aortic dissection, pericardial effusion, 
and cardiac tamponade must be ruled out espe-
cially in trauma patients. Tension pneumothorax 
can be seen in trauma patients and in patients 
who underwent a thoracic spinal surgery. 
Esophageal rupture should be differentiated from 
MI after anterior cervical approaches.  

    42.5.5   Investigation 

 Myocardial infarction is de fi ned as myocardial 
cell injury or necrosis resulting from signi fi cant 
and sustained myocardial ischemia  [  96  ] . 
According to the World Health Organization 
(WHO)  [  96  ] , MI is diagnosed when any one of 
the following criteria is met: (1) rise and/or fall of 
serum cardiac biomarkers (troponin and creatine 
kinase-MB fraction) with at least one of the 
 fi ndings of myocardial ischemia such as clinical 

symptoms of ischemia, EKG changes suggestive 
of ischemia, pathological Q waves in the EKG, or 
imaging  fi ndings demonstrating loss of viable 
myocardium or a new wall motion abnormality; 
(2) sudden unexpected death secondary to car-
diac arrest with symptoms suggestive of myocar-
dial ischemia; or (3) histopathological  fi ndings of 
an acute MI in autopsy. The MI workup should 
start with a good evaluation of the patient’s com-
plaints and a thorough physical exam. Serum car-
diac biomarkers, EKG, echocardiogram, and 
coronary angiogram help to con fi rm the diagno-
sis. Routine blood tests and chest XR may help in 
assessing the precipitating causes, the exacerbat-
ing factors, and complications of the MI. 

 The diagnosis of cardiac dysrhythmias is initi-
ated by auscultation of the heart, examination of 
the peripheral pulses, placement of the patient 
under continuous telemetry, and laboratory eval-
uation of ABG and serum electrolytes. An EKG 
is used to con fi rm and identify the speci fi c dys-
rhythmias  [  95  ] . A consultation with a cardiolo-
gist should be initiated after the initial workup for 
further management.  

    42.5.6   Treatment 

 In general, the initial care of a patient with a sus-
pected MI or cardiac dysrhythmia starts with the 
assessment of the patient hemodynamic state and 
treating any airway, breathing, or circulation 
abnormalities (ABCs). After con fi rmation of the 
diagnosis of an MI, the simultaneous administra-
tion of morphine to relieve myocardial ischemic 
pain, oxygen to augment myocardial tissue oxy-
genation, nitrates to increase myocardial tissue 
perfusion, aspirin to reduce platelet aggregation, 
and a beta blocker to reduce myocardial work 
load should be initiated  [  97  ] . Recently, it has been 
shown that use of supplement oxygen may be 
harmful, and its use has been discouraged espe-
cially in uncomplicated MI patients  [  98,   99  ] . 

 Any electrolyte derangement should be cor-
rected. In perioperative spine patients, the spine 
surgeon and the cardiologist should evaluate the 
risk-bene fi t before the use of any antiplatelet agents 
(including aspirin), anticoagulants, or  fi brinolytic 
agents. The management of perioperative cardiac 
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dysrhythmias is more complex and warrants early 
involvement of a cardiologist. Depending whether 
the patient is stable or unstable and the type of dys-
rhythmia, the treatment may include physical 
maneuvers such as vagal nerve/carotid massage, 
medication, electrical conversion, and/or myocar-
dial ablation. Potassium and magnesium depletion 
has been associated with perioperative dysrhyth-
mias, especially atrial  fi brillation  [  100  ] , and should 
be corrected immediately.  

    42.5.7   Prophylaxis 

 Preoperative cardiac risk strati fi cation  [  101,   102  ] , 
intraoperative myocardial ischemia reduction, and 
perioperative surveillance help in predicting, diag-
nosing, and treating perioperative cardiac compli-
cations  [  101  ] . Preoperatively, the authors routinely 
get a cardiac clearance and cardiac optimization, 
when applicable, for patients with high risk for 
cardiac complications. Postoperatively, EKG and 
serum cardiac biomarkers are obtained for long 
complicated surgeries, excessive intraoperative 
blood loss, elderly patients, and any patient with a 
history of cardiac disease or diabetes mellitus. 

 Although the use of beta blockers has been 
considered the standard of care to reduce pre- and 
postoperative myocardial ischemia and infarction 
 [  103  ] , their use has become controversial since it 
has been shown that they may increase the risk of 
death and stroke  [  104  ] .   

    42.6   Gastrointestinal (GI) 
Complications 

 Postoperative abdominal distension is caused by 
impairment of intestinal content transit second-
ary to a mechanical or a functional de fi ciency of 
enteric propulsion. Adynamic ileus and its vari-
ant, acute colonic pseudoobstruction, are well-
known gastrointestinal complications of spine 
surgery. Adynamic ileus, also called paralytic 
ileus or postoperative ileus (POI), is a disruption 
of the normal propulsive ability of the GI tract in 
the absence of a mechanical obstruction causing 
an impairment of intestinal content transit. Acute 
colonic pseudoobstruction (ACPO), also known 

as Ogilvie’s syndrome, is a variant of POI charac-
terized by severe functional impairment of 
colonic content transit and massive colonic dila-
tation without any mechanical obstruction. 

    42.6.1   Incidence 

 The reported incidence of POI after spinal surgery 
varies from 0.6 to 5.6 %  [  86,   105–  107  ] . The high-
est rate has been reported after lumbar spine sur-
gery in comparison to thoracic or cervical. Among 
the lumbar spine surgical approaches, ALIF is 
associated with the highest incidence  [  105,   108  ]  
especially if the transperitoneal approach is used 
versus the retroperitoneal approach  [  108  ] , or if the 
assistance of an access surgeon was used for the 
exposure of the lumbar spine  [  109  ] . Classically, 
ACPO has been considered as a rare syndrome 
after spinal surgery; in fact, the majority of the 
reported incidence is limited to case reports and 
small series of patients  [  110–  112  ] .  

    42.6.2   Risk Factors 

 The combination of three major precipitating 
mechanisms, neurogenic, in fl ammatory, and phar-
macological, has been identi fi ed in the literature 
as the triad of dysmotility  [  113,   114  ] . The neuro-
genic component stems from the pain-induced 
neuronal re fl exes that result in the hyperactivity of 
the sympathetic system causing GI dysmotility 
through endogenous neuromuscular inhibitors 
and endogenous opioids. Surgical manipulations 
of the bowel, as may occur in ALIF surgeries, 
trigger dormant macrophages and mast cells to 
release proin fl ammatory mediators that inhibit GI 
motility  [  114,   115  ] . Opioids are a major pharma-
cological inhibitor of GI motility postoperatively. 
They decrease GI secretions and inhibit peristal-
sis. This effect is proportional with higher doses 
and is augmented in patients with opioid tolerance 
since the GI tract does not develop tolerance  [  114, 
  115  ] . Spinal cord injury is a major risk factor for 
paralytic ileus especially in those with injuries 
above the T5 level  [  116  ] . Diabetes mellitus, hypo-
thyroidism, and electrolyte imbalances contribute 
to postoperative ileus  [  114,   115  ] . 
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 ACPO has been attributed to an imbalance 
between sympathetic and parasympathetic 
colonic innervations  [  110,   111  ] . It is associated 
with increased age, male gender, sepsis, diabe-
tes mellitus, chronic alcoholism, uremia, nar-
cotic addiction, congestive heart failure, trauma, 
laxative abuse, bed rest, narcotics, tricyclic 
antidepressants, steroids, phenothiazines, anti-
parkinsonian drugs, H2 blockers, calcium chan-
nel blockers, and electrolyte abnormalities 
 [  114,   115  ] .  

    42.6.3   Presentation 

 Patients with POI may complain of diffuse 
abdominal discomfort, moderate nausea and 
vomiting, oral intake intolerance, constipation, 
lack of  fl atulence, excessive belching, and mild 
shortness of breath. Although the symptoms of 
ACPO are similar to that of POI, they are more 
dramatic and may even present with paradoxical 
diarrhea. Massive painful abdominal distension 
is the hallmark  fi nding of ACPO. 

 Physical examination of a patient with POI 
reveals a distended, mildly tender, tympanic 
abdomen with hypoactive or absent bowel sounds. 
They may also present with signs of dehydration 
such as tachycardia or orthostatic hypotension. 
The presence of a SCI may confound the diagno-
sis of POI as pain is not a useful  fi nding. In addi-
tion to these physical  fi ndings, patients with 
ACPO may have normal or hyperactive bowel 

sounds and may present with fever if bowel isch-
emia or perforation is present.  

    42.6.4   Differential Diagnosis 

 ACPO is a variant of POI, and they should be dif-
ferentiated from each other, as they require dif-
ferent treatment strategies. ACPO is characterized 
by its signi fi cant abdominal distension secondary 
to right colonic dilatation and the lack of response 
to POI treatment measures. POI and ACPO 
should be distinguished from a wide range of GI 
dysmotility disorders. 

 POI must be differentiated from mechanical 
small bowel obstruction (SBO) where patients 
tend to be more ill, have more severe colicky 
abdominal pain, and more often have obstipation. 
Similarly, ACPO must be differentiated from 
mechanical large bowel obstruction (LBO). In 
addition, ACPO must be differentiated from toxic 
megacolon, ischemic colitis, and cecal volvulus 
through radiographic studies or colonoscopy.  

    42.6.5   Investigation 

 The diagnosis of POI and ACPO is based on 
signs, symptoms, laboratory tests, and abdominal 
radiographic imaging (Fig.  42.5 ). Laboratory 
tests should include serum electrolytes, complete 
blood count, creatinine, blood urea nitrogen, 
amylase, lipase, amylase, and liver function tests. 

  Fig. 42.5    Abdominal X-ray demonstrating several dilated loops of small and large bowel representing an ileus       
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Although abdominal plain X-rays may reveal dif-
fuse gas- fi lled distended small bowels with air-
 fl uid levels, it is not speci fi c for POI. CT scans 
are the gold standard radiographic examinations 
for the diagnosis of POI, as they will differentiate 
it from SBO in more than 98 % of the cases  [  117  ] . 
Oral contrast passage into the colon is completely 
blocked in SBO compared to POI where it is only 
delayed. Leukocytosis is present in 25 % of 
patients with uncomplicated ACPO and nearly 
100 % if colonic ischemia or perforation is pres-
ent  [  118  ] .  

 Proximal colonic dilatation in ACPO is easily 
seen in the plain X-ray of the abdomen, but it may 
be dif fi cult to distinguish it from cecal volvulus or 
LBO. Barium or water-soluble contrast enemas, 
colonoscopy, abdominal CT scans, or abdominal 
MRI can help to differentiate these entities. 
Contrast enemas and colonoscopy may also be 
therapeutic. Abdominal CT scans are 96 % sensi-
tive and 93 % speci fi c for ACPO diagnosis  [  119  ] . 
The cecal diameter should be measured to predict 
potential cecal perforation and to initiate treat-
ment. Normal cecal diameter is usually less than 
8.5 cm, and intervention is warranted if it reaches 
more than 9 cm  [  110  ] . It has been shown that a 
cecal diameter less than 12 cm is less likely to 
cause perforation, whereas a diameter more than 
14 cm has a higher incidence of perforation  [  111  ] .  

    42.6.6   Treatment 

 The treatment of POI is largely supportive and 
starts with restriction of oral intake, intravenous 
 fl uid resuscitation, and correction of electrolyte 
unbalances. Causative pathology, if any, should 
be treated, and any dysmotility drugs should be 
discontinued immediately. Although, nothing by 
mouth should be continued until either  fl atus or 
stool is passed, it has been suggested recently 
that early enteral feeding may shorten the POI 
duration  [  114,   115  ] . Gum chewing, early ambu-
lation, bowel stimulants, enemas, and laxatives 
can be used to promote motility. Metoclopramide, 
a dopamine antagonist, and erythromycin by 
mouth are routinely used to promote GI motility, 
but they both failed to show, in multiple trials, 

any proven improvement of bowel function when 
compared to placebo  [  114,   115  ] . Nasogastric 
suctioning for GI decompression is not bene fi cial; 
in fact, it is associated with prolongation of ileus 
and is only reserved for patients with intractable 
vomiting or severe gastric dilatation  [  114,   115  ] . 
Normal POI duration is unclear, but many sur-
geons suggest that bowel function should return 
after 3–5 days and total parental nutrition should 
be considered if longer duration is anticipated 
especially in SCI patients who are prone to rapid 
catabolism  [  115  ] . 

 Although POI is not a life-threatening condi-
tion, ACPO, on the other hand, can be. As a 
result, early recognition, differentiation, and 
prompt appropriate treatment of the latter will 
prevent signi fi cant morbidity and mortality sec-
ondary to cecal ischemia and perforation. 
Spontaneous perforations can occur in about 3 % 
of patients with ACPO leading to a 50 % mortal-
ity rate  [  120  ] . Treatment of ACPO starts with 
conservative and supportive management similar 
to POI treatment. Laxatives and enemas should 
be avoided as they can cause accumulation of 
 fl uid in the sluggish bowel and increases the risk 
of colonic perforation, respectively  [  114,   115  ] . 
Nasogastric tube is of no bene fi t since it has inad-
equate ef fi cacy in colonic decompression  [  114, 
  115  ] . Placement of a rectal tube will help decom-
press the distal colon but has very limited useful-
ness in decompressing the proximal colon  [  114, 
  115  ] . Conservative management should be con-
tinued for at least 3 days as long as there are no 
signs or symptoms of bowel ischemia or perfora-
tion and serial abdominal XR every 12 h showing 
a cecal diameter less than 12 cm. Most cases 
resolve after 4 days of conservative therapy  [  114, 
  115  ] . Patients who failed conservative measure-
ments can be given rapid intravenous neostig-
mine infusion, an acetylcholinesterase inhibitor 
that has a cure rate of 86–96 % in the treatment of 
refractory ileus in spine surgery patients  [  121, 
  122  ] . Neostigmine should be administered under 
continued telemetry and may be repeated in 4 h if 
no response or recurrence. It is contraindicated if 
the patient has bradycardia, bronchospasm, or a 
suspected LBO. Colonoscopic decompression is 
an option if pharmacological treatment fails or is 



55542 Medical Complications

contraindicated. Although it is associated with a 
success rate of 70–80 %  [  118,   123  ] , it has a higher 
complications rate secondary to an unprepared 
distended colon. Because it is associated with 
high morbidity and mortality rates  [  118  ] , invasive 
surgical options, such as percutaneous transperi-
toneal cecostomy or laparotomy with tube cecos-
tomy, should be used as the last resort and should 
be reserved for the sicker patient who has failed 
medical and colonoscopic treatments or has evi-
dence of colonic ischemia or perforation  [  118  ] .  

    42.6.7   Prophylaxis 

 Preventive measures include minimizing the triad 
of dysmotility. Avoiding narcotics, early ambula-
tion, and early by mouth intake postoperatively 
signi fi cantly decrease the duration of the ileus. 
Serial abdominal exams to monitor for signs of 
ischemia or LBO, serial abdominal X-rays to 
monitor for cecal diameter, serial labs to monitor 
for leukocytosis and metabolic acidosis, and 
serial temperature checks to monitor for pyrexia 
are necessary measures for early diagnosis and 
treatment of any complications from the ileus.   

    42.7   Genitourinary Complications 

 Three major genitourinary complications are 
encountered perioperatively in the spine surgery 
patients: urinary tract infection (UTI), urinary 
retention, and retrograde ejaculation. 

    42.7.1   UTI 

 Urinary tract infection is an infection of the uri-
nary tract and is named for the anatomical part 
involved, such as urethritis (urethra), cystitis 
(bladder), ureteritis (ureter), and pyelonephritis 
(kidney). 

    42.7.1.1   Incidence 
 UTI is a major nosocomial infection especially in 
ICU patients with an indwelling urethral catheter 
where it accounts for more than 30 % of ICU-

acquired infections  [  124  ] . The incidence of UTI 
in the perioperative spine surgery patients ranges 
widely from 4 to 34 %  [  64,   125–  127  ]  and depends 
on sex, age, BMI, DM, length of surgery, and 
duration of indwelling urinary catheterization. 
This incidence is reported to be much less, in the 
vicinity of 0.5 %, in minimally invasive spine 
surgery  [  128  ] .  

    42.7.1.2   Risk Factors 
 Adult women are more prone to UTI than men 
because of a shorter urethra that is also much closer 
to the anus. Among elderly, this difference is non-
existent. Older men develop enlargement of their 
prostate, which can cause urethral obstruction lead-
ing to urinary retention, which will increase the 
risk of developing a UTI. Urinary catheterization is 
a major risk factor for developing a UTI, and the 
presence of an indwelling urethral catheter is asso-
ciated with a 4–7 % increased risk  [  129  ] . Other risk 
factors include DM  [  130,   131  ] , family history, 
immunode fi ciency, and urinary retention second-
ary to SCI or excessive narcotic use  [  131  ] .  

    42.7.1.3   Presentation 
 The clinical presentation of UTI varies with age 
and the affected anatomical part of the urinary 
tract. In adults, the most common symptoms and 
signs for lower UTI (cystitis) are urgency, fre-
quency, dysuria, low-grade fever, cloudy foul 
smelling urine, and suprapubic tenderness. 
Hematuria may be present at times. In elderly 
patients, the most common presentations, besides 
new or increased incontinence, are nonspeci fi c 
signs such as altered mental status, delirium, and 
lethargy, or in extreme cases, sepsis or septic shock 
 [  132  ] . In addition to the above-mentioned signs 
and symptoms, patients with pyelonephritis may 
also present with high-grade fever, chills, nausea, 
vomiting, and  fl ank pain  [  132  ] . The presence of an 
indwelling urinary catheter eliminates the dis-
criminatory value of many of the clinical  fi ndings, 
leaving only the suprapubic tenderness and fever 
as clues for suspecting the presence of UTI.  

    42.7.1.4   Differential Diagnosis 
 Other diagnoses should be considered when there 
is clinical suspicion of a UTI in view of negative 
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urinalysis and culture. Prostatitis as well as sexu-
ally transmitted diseases may present with dysu-
ria, frequency, and urgency. Asymptomatic 
bacteriuria should be considered when there is 
bacteriuria in the absence of signs and symptoms 
of an infection.  

    42.7.1.5   Investigation 
 In uncomplicated, straightforward cases, a diag-
nosis may be obtained based on the signs and 
symptoms alone without any further laboratory 
con fi rmation. In complicated cases, the diagnosis 
must be con fi rmed by urinalysis to look for 
nitrates (a measure of bacteriuria) or leukocyte 
esterase (a measure of pyuria); urine microscopy 
to look for red blood cells, white blood cells, or 
bacteria; and urine culture to isolate the organ-
ism. The presence of either nitrates or leukocyte 
esterase is predictive of UTI with 67–100 % sen-
sitivity and 67–98 % speci fi city. The speci fi city 
improves to 98–100 % when both are positive 
 [  132  ] . Nitrate usefulness is limited when the 
infecting pathogen is a non-nitrate-reducing bac-
teria such as Pseudomonas sp. or Enterococci. 
Leukocyte esterase is useless as well when there 
is high level of protein, glucose, or bacterial con-
tamination of the urine sample  [  132  ] . 

 Since 50 % and nearly 100 % of the patients 
with indwelling urinary catheters will have posi-
tive urine cultures after 5 and 30 days of urethral 
catheterization, respectively, the diagnosis of a 
UTI in this group of patients cannot be based on 
urine culture alone. A combination of positive 
clinical  fi ndings, positive urinalysis, and posi-
tive urine cultures must be present in order to 
make the diagnosis  [  133  ] .  

    42.7.1.6   Treatment 
 According to the Infectious Diseases Society of 
America, uncomplicated cystitis can be treated, 
based on signs and symptoms alone, with oral 
nitrofurantoin monohydrate (Macrobid) twice 
daily for 5 days or oral trimethoprim-sulfamethox-
azole (Bactrim DS) twice daily for 3 days in com-
munities where the rate of resistance is less than 
10 and 20 %, respectively  [  134  ] . Fluoroquinolones 
are the treatment of choice, for 3 days, in commu-
nities with high resistance rates  [  134  ] . 

 There are very limited data regarding the ini-
tial treatment of complicated cystitis, so an 
empiric broad spectrum antibiotic therapy should 
be initiated as early as possible especially in 
immunocompromised patients, patients with 
prosthetic heart valves, and patients with multiple 
organ failure. The Gram stain should initially 
guide the antibiotic selection that later on should 
be tailored based on the urine culture and sensi-
tivity and continued for 7–14 days. Imipenem 
and cipro fl oxacin are good empiric coverage for 
Gram-negative bacilli and Gram-positive cocci, 
respectively. 

 For upper UTI,  fl uoroquinolones are the stan-
dard  fi rst-line treatments for 7 days followed 
by Bactrim DS for 14 days as a second-line 
agent  [  134  ] .  

    42.7.1.7   Prophylaxis 
 An indwelling urinary catheter is a major risk 
factor for developing UTIs. The amount of bacte-
ria rises once it gains access to the urinary tract 
within 24–48 h  [  135  ]  and continues to rise at a 
rate of 5 % per day  [  136  ] . The key to preventing 
postoperative UTI is to limit the use of indwell-
ing urinary catheters and, once used, to decrease 
the duration of their use  [  137  ] . Other measures to 
help prevent postoperative UTIs following spine 
surgeries are tight blood sugar control and judi-
cious use of narcotics.   

    42.7.2   Retrograde Ejaculation 

 Retrograde ejaculation occurs when semen is 
redirected to the urinary bladder instead of 
being ejaculated through the urethra secondary 
to the inability of the internal vesical sphincter, 
the muscles at the base of the bladder, to con-
tract during ejaculation. The internal vesical 
sphincter is innervated by the superior hypo-
gastric plexus, a  fi ne thin plexus of the sympa-
thetic chain that is located in the retroperitoneal 
space overlying the lumbosacral area. Damage 
to this plexus during anterior exposure of the 
lumbosacral area causes denervation of the 
internal vesical sphincter resulting in retrograde 
ejaculation. 
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    42.7.2.1   Incidence 
 The reported incidence of retrograde ejaculation 
following ALIF varies wildly and ranges from 
0.1 to 24 %  [  86,   105  ] . Incidence as high as 45 % 
has been reported when a laparoscopic approach 
is used to access the anterior lumbar spine  [  138  ] . 
This diagnosis can be dif fi cult to make in men 
who are not attempting to achieve fertilization.  

    42.7.2.2   Risk Factors 
 Many factors have been reported in the literature, 
when the ALIF surgical option is used, to be asso-
ciated with an increased risk of retrograde ejacula-
tion. The risk is increased with laparoscopic 
approaches versus standard open laparotomy, 
transperitoneal approach versus standard retro-
peritoneal, the left retroperitoneal approach versus 
right retroperitoneal, and the use of an access vas-
cular surgeon versus none. Recently, it has been 
reported that the use of recombinant human bone 
morphogenetic protein-2 (rhBMP2), with an ALIF 
procedure, is associated with a four to  fi vefold 
higher incidence of retrograde ejaculation  [  139  ] .  

    42.7.2.3   Presentation 
 Some patients will complain of an inability to 
ejaculate, and others may complain that their 
orgasms are not as pleasurable as they used to be. 
Inability to procreate is a major complaint. 
Physical exam is completely normal.  

    42.7.2.4   Investigation 
 Diagnosis is performed by urinalysis of a urine 
specimen that is collected after ejaculation. The 
specimen will contain an abnormal level of sperm 
if retrograde ejaculation is present.  

    42.7.2.5   Treatment 
 Treatment is aimed toward tightening the bladder 
neck muscles to prevent the retrograde  fl ow of 
semen to the bladder. Imipramine, chlorphe-
namine, ephedrine, and phenylpropanolamine 
have been used to treat cases of mild nerve dam-
age with some success  [  140  ] .  

    42.7.2.6   Prophylaxis 
 Patient selection is critical when using the ALIF 
as a surgical option. This procedure should be 

avoided in males of reproductive age. If there is 
no alternative for these patients, it is recom-
mended to advise the patients who plan to have 
children to store sperm before undergoing this 
procedure. It has been suggested that the inci-
dence of retrograde ejaculation could be elimi-
nated by reclining the presacral tissue and the 
nerve plexus from right to left through a right 
anterior approach instead of a left anterior 
approach  [  141  ] .   

    42.7.3   Urinary Retention 

 Postoperative urinary retention (POUR) is the 
inability to pass any urine, ischuria, in the pres-
ence of a full bladder after a surgical procedure. 

    42.7.3.1   Incidence 
 The incidence of POUR varies widely in the lit-
erature, from 4 to 29 %  [  142  ] , depending on the 
patient age, gender, comorbidities, type and dura-
tion of surgery performed, type of anesthesia, use 
of indwelling urinary catheter, and the use of nar-
cotics. The reported incidence of POUR after spi-
nal surgery is low 0.3–2 %  [  128,   143  ] , but it is 
believed to be underreported and that it does not 
differ greatly from the general incidence of 
POUR.  

    42.7.3.2   Risk Factors 
 Gender plays a signi fi cant role as a risk factor in 
the elderly patients but not so much in the younger 
patients. Although some studies have reported 
that young females, less than 40 years old, are 
more predisposed to POUR than males  [  144  ] , 
many other studies have shown no difference 
 [  145,   146  ] . In general, elderly are more prone to 
POUR secondary to deceased detrusor muscle 
function with advanced age  [  142  ] . Postoperative 
pain is associated with increase sympathetic 
out fl ow which promotes detrusor muscle relax-
ation and bladder sphincter contraction  [  142  ] . 
Opioid narcotics promote bladder  fi lling and 
decrease bladder sensitivity by inhibiting the 
parasympathetic out fl ow  [  142  ] . High pre- and 
intraoperative intravenous  fl uid administration 
may cause bladder overdistention thus  decreasing 
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the contractility of the detrusor muscles  [  142  ] . 
General anesthetics cause bladder atony by dis-
rupting the autonomic regulation of the detrusor 
muscle tone. Some anesthetics, such as halot-
hane, cause great increase in the bladder capacity 
and decrease its response to stimulus  [  147  ] . 
Length of surgery is associated with POUR. 
Longer operations necessitate higher  fl uid and 
opiate administration thus increasing the risk of 
POUR  [  144  ] . Diabetes mellitus is associated 
with decrease bladder sensation causing increased 
 fi lling capacity and decreased contractility  [  142, 
  148  ] .  

    42.7.3.3   Presentation 
 In early stages, most patients have no symptoms. 
As the bladder volume increases, they may com-
plain of abdominal discomfort, pain and disten-
sion, inability to urinate, urgency, shivering, 
diaphoresis, and headache. Patients with SCI will 
usually have no symptoms. 

 Upon physical examination, a distended abdo-
men may be noted, and the full bladder can be 
palpable in the suprapubic area. A digital rectal 
exam may reveal an enlarged prostate in male 
patients. A post-void catheterization of the blad-
der will show a post-void residual (PVR) greater 
than 50 cc. More recently, the use of ultrasound 
has been shown to accurately assess PVRs in a 
noninvasive manner  [  149  ] . In extreme cases, the 
painful stimuli from an overdistended bladder 
may cause hypertension, hypotension, cardiac 
dysrhythmias, bradycardia, or even asystole 
 [  150  ] . This is particularly problematic in SCI 
patients.  

    42.7.3.4   Investigation 
 Diagnosis can be established by one of the three 
methods: physical examination and history, ultra-
sonographic bladder volume measurement, or 
post-void residual urine measurement. History of 
lower abdominal pain and discomfort has been 
historically used as hallmark indicators for early 
POUR, but it is unhelpful in patients who cannot 
feel or verbally communicate these symptoms 
such as SCI, stroke, or sedated patients. Physical 
examination by palpation and percussion of the 
suprapubic area is used for diagnosis, but it does 

not provide information about the residual uri-
nary volume. Ultrasound bladder scanning is a 
good noninvasive diagnostic method for POUR. 
It permits rapid and accurate measurement of 
bladder volume, which helps distinguish between 
a failure to void secondary to POUR versus under 
resuscitation. In the literature, there is no stan-
dard de fi nition of POUR  [  151  ] . Normal bladder 
capacity in an adult ranges from 400 to 500 cc 
 [  152  ] , and the authors consider any volume above 
600 cc as diagnostic for POUR. Post-void resid-
ual urine is the volume of urine in the bladder, 
obtained by straight catheterization within 20 min 
after voiding. A PVR of more than 200 cc or 
more than 25 % of the total bladder capacity, 
voided plus residual volume, is considered diag-
nostic for POUR by the authors.  

    42.7.3.5   Treatment 
 The initial treatment is bladder catheterization to 
prevent overdistention of the bladder and long-
term damage to the detrusor muscle. Although 
this is the standard of treatment for POUR, it is 
unknown which patients will bene fi t from 
indwelling catheterization versus clean intermit-
tent catheterization. Phenoxybenzamine, an irre-
versible alpha antagonist, has been used to treat 
POUR. It has been shown to reduce the time to 
initial void and to decrease the incidence of blad-
der catheterization. It decreases urethral out fl ow 
resistance and enhances intravesical pressure 
 [  153,   154  ]   

    42.7.3.6   Prophylaxis 
 Prevention of POUR starts with the identi fi cation of 
patients with high risk factors. Low intraoperative 
IVF volume, shorter procedures, choice of anes-
thetic, and reduction of opiate usage are associated 
with reduced incidence of POUR. Prophylactic use 
of phenoxybenzamine has also been shown to 
decrease the incidence of POUR  [  142  ] .    

    42.8   Decubitus Ulcers 

 Decubitus ulcers or pressure ulcers (PU) are a 
localized damage to the skin and the underlying 
tissue that is caused by shear force, unrelieved 
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pressure, or friction of any dependent area of 
the body, especially over bony prominences 
such as the sacrum, skull, elbows, and ankles. 
Pressure ulcers are classi fi ed into four stages 
depending on the depth and tissue involvement 
(Table  42.2 ). Appropriate staging of pressure 
ulcers helps in the management and prognosis 
of the ulcer.  

    42.8.1   Incidence 

 Pressure ulcers are a serious medical complica-
tion that affect the lives of many spine surgery 
patients, especially those with SCI, and may ulti-
mately result in death through fatal septic infec-
tions  [  155  ] . It is one of the leading iatrogenic 
causes of death in the developed countries. The 
reported annual prevalence of PU in SCI patients 
is between 30 and 50 %. The overall incidence in 
non-SCI patients after spinal surgery is low, 
1–2 %  [  64,   127  ] , except in the elderly patients, 
over 65, where it is up to 12 %  [  156  ] .  

    42.8.2   Risk Factors 

 Especially among elderly and SCI patients, 
immobility and limited mobility are the major 
risk factors for developing PU. Many medical 
conditions such as diabetes mellitus, peripheral 
vascular disease, peripheral neuropathy, smok-
ing, renal disease, and malnutrition are intrinsic 
risk factors for developing PU. Extrinsic risk fac-
tors include unrelieved pressure from hard sur-
faces, shear by sliding down the bed, excessive 
moisture from perspiration or soiled sheets, 

 friction from agitation, dragging across sheets, or 
pushing up the bed with heels.  

    42.8.3   Presentation 

 In early stages, most PU are asymptomatic, and 
they are mostly discovered by vigilant medical 
staff or caregivers. If symptomatic, they will 
present with pain, fever, leukocytosis, or local 
erythema. Local skin infection, osteomyelitis, 
and sepsis are common in advanced stages. 

 On physical examination, PU appearance 
depends on the stage of the ulcer. Stage one 
appears as non-blanching, reactive, hyperemia 
that does not disappear after relief of pressure. 
Stage two appears as a blister or an abrasion 
where there is damage to the epidermis. Stage 
three is an open wound where the damage 
involves the dermis with possible subcutaneous 
tissue involvement. Stage four appears as a deep 
wound where muscle, tendon, or even bone are 
visible. Unstageable PU is an ulcer that is cov-
ered by an eschar and or exudates. The assess-
ment of depth and therefore the staging of these 
types of ulcers are very dif fi cult and require the 
removal of the eschar in order to stage them.  

    42.8.4   Differential Diagnosis 

 Venous stasis ulcers, arterial ischemic ulcers, 
sickle cell ulcers, diabetes mellitus ulcers, gan-
grene, or trauma can mimic PU appearance.  

    42.8.5   Investigation 

 PU is diagnosed by the location and the physical 
exam of the ulcer. The ulcer is evaluated by 
assessing size, depth, odor, and presence of dead 
tissue, blood, pus, or debris.  

    42.8.6   Treatment 

 A well-developed individualized plan of care, 
based on the PU stage and the patient condition, 

   Table 42.2    Decubitus ulcer staging   

 Stage  Description 

 Stage 1  The most super fi cial. A localized, discolored, 
non-blanchable, erythematous intact skin 

 Stage 2  Epidermal damage. Blistering or abrasion of 
the skin 

 Stage 3  Full thickness skin damage. Skin breakdown 
with visible subcutaneous fat 

 Stage 4  Full thickness tissue loss with exposed bone, 
tendon, or muscle 
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should be designed with the wound care team to 
guide the treatment. Dressings should be chosen 
based on the ulcer characteristics and the condi-
tion of the peri-wound skin and must be geared 
toward managing  fl uid balance in the wound. In 
nonhealing PU, surgical debridement or negative 
pressure wound therapy may be considered as 
adjuvant treatments. The bacterial load must be 
managed by the use of topical therapy such as 
silver dressing or systemic antibiotics if there are 
signs or symptoms of cellulitis or sepsis.  

    42.8.7   Prophylaxis 

 Prevention of PU starts with risk assessment. 
Patients can be assessed for risk by using one of 
the PU risk assessment scales such as the Braden 
Scale  [  157  ]  or the Norton Scale  [  158  ] . Based on 
each individual’s risks, a well-de fi ned, speci fi c 
prevention plan should be drafted to reduce or 
control the intrinsic risk factors, such as tight 
blood sugar control, and to eliminate extrinsic 
risk factors by the use of soft support surfaces in 
the bed and the chair, by implementing a reposi-
tioning schedule to reduce prolonged pressure on 
the dependent areas, and by the use of heel sup-
ports to reduce friction.   

    42.9   Mortality 

 Mortality is the worst and the most profound 
complication of spine surgery. It is a major con-
cern for the patient, the patient’s family, and the 
surgeon equally. Its prevention is the number 
one goal of the surgical team, and it starts with 
the knowledge of the rate and causes of mortal-
ity associated with speci fi c age groups, 
 population groups, morbidities, and surgical 
procedures. This knowledge empowers the sur-
geon to make better surgical decisions, patient 
selection, and patient counseling. Due to many 
confounding factors, accurate and meaningful 
mortality rates are inherently dif fi cult to obtain. 
Ideally, data should be collected from a broad 
spectrum of spine surgeons covering a wide 

range of spine pathology across a large demo-
graphic area. The reported rates of mortality in 
spine surgery vary wildly between 0 and 7 % 
 [  65,   70,   159,   160  ] . Advance age is a major inde-
pendent predictor for mortality with or without 
adjustment for the presence of comorbidities 
 [  160–  162  ] . Other independent risk factors for 
mortality after spine surgery, particularly after 
spine fusion surgery are the following: male 
gender  [  160,   162,   163  ] , comorbidity burden 
 [  160–  163  ] , anterior and anterior/posterior 
approaches  [  160  ] , and traumatic or malignancy 
indications  [  160  ] . Thoracic spine surgery, espe-
cially via an anterior approach, has one of the 
highest mortality rates  [  160,   163  ] . Pulmonary 
disease, congestive heart failure, coagulopathy, 
malignancy, and renal disease increase the 
comorbidity burden and are associated with the 
highest increases in the odds for mortality  [  160, 
  163  ] . Postoperative medical complications are 
associated with a great increase for the risk of 
mortality, especially pulmonary embolism and 
cardiac complications where the risk of death 
can increase by as much as 8.2-fold and 6.9-
fold, respectively  [  160  ] . The American Society 
of Anesthesiologists (ASA) grade  [  164  ] , the 
Charlson comorbidity indices  [  165  ] , and the 
Goldman multifactorial cardiac risk index (CRI) 
 [  166  ]  are used for prognostication and for risk 
strati fi cation. Although the ASA classi fi cation 
of physical status is not a predictor of operative 
risk by de fi nition, it has been used as such. The 
Goldman multifactorial index calculates a pre-
dictive score for cardiac complication that has a 
powerful predictive value for perioperative mor-
tality  [  167  ] . It has been shown that the periop-
erative mortality prediction accuracy can be 
increased if the ASA grade and the CRI score 
are used in combination  [  168  ] . 

  Questions 
     1.    According to the Wells clinical prediction 

guide, what is the patient DVT pretest proba-
bility score? What is the most appropriate next 
step?
   (a)    DVT pretest probability score is 2, so no 

further action is needed.  



56142 Medical Complications

   (b)    DVT pretest probability score is 4, and IV 
low molecular weight heparin should be 
started immediately.  

   (c)    DVT pretest probability score is 2, and a 
lower extremity duplex ultrasound should 
be done.  

   (d)    DVT pretest probability score is 5, and a 
D-dimer test would con fi rm the presence 
of a lower extremity DVT.      

    2.    A duplex ultrasound con fi rms the presence of 
an acute right common femoral vein thrombo-
sis. Which of the following statements is 
true?
   (a)    The patient can expect asymptomatic recov-

ery once he becomes more ambulatory.  
   (b)    The patient is at a signi fi cant risk for 

developing a fatal pulmonary embolism.  
   (c)    The patient may be effectively treated 

with low-dose heparin.  
   (d)    This condition may be effectively treated 

with acetylsalicylic acid.      
    3.    Indications for placement of an IVC  fi lter 

include all the following except:
   (a)    Acute axillary vein thrombosis  
   (b)    Presence of an acute epidural hematoma 

on postoperative lumbar MRI  
   (c)    Recurrent pulmonary embolus despite 

adequate anticoagulation therapy  
   (d)    Recurrent DVT despite therapeutic 

anticoagulation      
    4.    What is the most likely cause of chest pain and 

tachycardia in a postoperative spine surgery 
patient?
   (a)    Pain from surgery  
   (b)    Anemia secondary to excessive blood loss 

during surgery  
   (c)    Myocardial infarction  
   (d)    Pulmonary embolus      

    5.    What is the initial step in the management of a 
patient with postoperative chest pain follow-
ing spine surgery?
   (a)    Stat CT pulmonary angiogram  
   (b)    Stat blood transfusion  
   (c)    Increase morphine dose  
   (d)    Stat EKG, ABG, CXR, and cardiac enzymes         

 Answers: 1—(c), 2—(b), 3—(a), 4—(c), 5—(d).       
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  Lumbosacral instrumentation 
 bilateral Luque rods , 113, 114  
 cages and plates , 131–132  
 Cotrel-Dubousset instrumentation , 113–115  
 dynamic stabilization devices 

 Dynesys system , 137, 143  
 non-fusion stabilization , 136  
 posterior dynamic stabilization , 136  

 facet screws , 121–123  
 Galveston technique , 114–116  
 goals of , 113  
 Harrington rod spinal instrumentation , 113, 114  
 hooks and wires 

 cables , 118  
 dislodgement , 119  
 down-going hooks , 116, 117  
  fl at-back syndrome , 118  
 laminar , 117  
 pedicle and lamina , 116, 117  
 scoliosis , 118  
 self-adjusting hooks , 118–119  
 sublaminar wiring , 118  
 up-going hooks , 116, 117  
 with washer , 117  

 iliac bolts 
 complications , 127  
 disadvantages , 126–127  
 L2-sacrum constructs , 127–128  
 offset connectors , 126  

 interbody devices 
 anterior lumbar interbody fusion , 128, 133  
 corpectomy , 130, 138  
 direct lateral interbody fusion , 128, 137  
 dural retraction , 129, 137  
 with femoral ring allograft , 128, 129  
 metal mesh cage , 128, 131  
 posterior lumbar interbody fusion , 128, 135  
 transforaminal lumbar interbody fusion , 

128, 136  
 unilateral facetectomy , 130, 138  

 lumbar arthroplasty 
 NUBAC , 134  
 nucleus arthroplasty , 134  
 prodisc II , 134  

 pedicle screws 
 biomechanical stability , 119  
 lumbosacral fusions , 121  
 percutaneous wires , 119, 122  

 polyaxial , 119, 120  
 starting points , 119, 121  

 Risser body casting , 113  
 rods , 116  
 titanium prosthetic X-STOP device , 

124–125, 127  
 trans S1 screw , 123–126   

  Lumbosacral pain 
 arachnoiditis , 31  
 failed back syndrome , 31–32  
 in fl ammatory arthropathies 

 ankylosing spondylitis , 30  
 Paget’s disease , 31  
 Reiter’s syndrome , 31  
 rheumatoid arthritis , 30–31  
 sacroiliitis , 31  
 Scheuermann’s kyphosis , 31  

 mechanical spinal pain 
 cauda equina syndrome , 27  
 degenerative spine disease , 26  
 fracture , 28  
 herniated disc , 27  
 kyphosis , 29  
 scoliosis , 29–30  
 spinal stenosis , 27–28  
 spondylolisthesis , 28–29  
 strain/sprain , 26  

 spinal nonmechanical 
 infections , 30  
 neoplasia , 30    

  M 
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