CHAPTER40 : Spinal Injuries

Cervical Spine Fractures,

Cervical Spine Fractures

Cervical spine injuries are rare in children and are often
difficult to diagnosis because of inability to obtain a clear
history and the difficulty of imaging the immature spine.
Therefore, a high index of suspicion is necessary to avoid
missing the diagnosis and incurring associated sequelae. Un-
like in adults, neurologic injury may be present despite
negative imaging studies. The patterns of injury in children
older than 10 years are similar to those in adults, with a
greater incidence of subaxial injuries than in younger chil-
dren, in whom injuries occur between the occiput and C2.
The majority of injuries do not result in neurologic injury,
and nonoperative treatment is usually effective. Children
with spinal cord injuries (SCI) should be managed by a
multidisciplinary team and must be followed by the ortho-
paedic surgeon for spinal deformity.

ANATOMY

The development of the atlas and axis with their ossification
centers was well studied by Bailey.” Three ossification centers
are present in the immature atlas: one for the anterior ring,
which usually appears by age 1 year, and one each for the
posterior neural arches. The connection between the ante-
rior and posterior arches is composed of the neurocentral
synchondroses, which fuse at 7 years of age and can be
mistaken for fracture prior to that, The posterior arch most
often closes by age 3 but can remain open or partially closed
(Fig. 40-1).

The ossification centers of the axis include one for the
body, one for each neural arch, and one for the dens (Fig.
40-2). Fusion of the dens to the neural arches and the
anterior body occurs between 3 and 6 years of age. During
fetal development, the dens is formed from two ossification
centers, which fuse during the seventh month of gestation.
An ossification center at the tip of the odontoid appears
between ages 4 and 6 years and fuses to the remaining
odontoid by 12 years. The lower cervical vertebrae follow a
similar pattern of development, with ossification centers at
the body and each neural arch that close by the third year
and the neurocentral synchondroses fusing between the
fourth and sixth years.

The blood supply to the odontoid is derived from the
anterior and posterior ascending arteries, which branch from
the vertebral arteries at the level of the third cervical verte-
brae and coalesce in the midline.” Anastomoses between
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the carotid artery and the ascending arteries occur near the
apex of the odontoid process.

MECHANISM OF INJURY

Cervical spine fractures in children account for a small per-
centage of all cervical spine fractures. A 20-year review of
all cervical spine fractures at the Henry Ford Hospital found
that only 12 (1.9 percent) of 631 patients were less than 15
years old.? Other reports confirm the rarity of these injuries
in children.””””” The majority of spine injuries in children
occur in the cervical region.” Anderson and Schutt reported
that 39 percent of 156 cases of spine injuries in children
were in the cervical spine.*

In contrast to what is seen in adults, most cervical spine
injuries in children occur between the occiput and C2, owing
to increased ligamentous laxity and hypermobility together
with a relatively increased head size, which results in the
fulerum of injury being above C3.1528%1% A the child gets
older and takes on a more adult body habitus, the incidence
of cervical spine injuries resembles the adult pattern.” In a
large series of adults, atlas and axis injuries accounted for
16 percent of cervical spine injuries, compared to 70 percent
of cervical spine injuries in young children.”

The mechanism of injury depends on the age of the child.
In the neonatal period, birth injury with resultant cervical
spine injury is not fully defined; however, up to 25 percent
of all breech deliveries are associated with SCIL'*'® Child
abuse, which should always be suspected in the young child
with a cervical spine injury, is most often due to violent
shaking of the child and may not produce radiographic
abnormalities.”**!!* In this age group a careful clinical evalu-
ation is important, since a significant number of these injur-
ies are the so-called spinal cord injury without radiographic
abnormality.* In older children cervical spine injuries are
more often due to motor vehicle accidents, pedestrian—
motor vehicle encounters, falls from heights, and athletic
injuries.*"** Motor vehicle accidents are the most common
cause of cervical spine injury in adolescents old enough
to drive.

DIAGNOSTIC FEATURES

Every child evaluated in the emergency room after a trau-
matic event should be questioned about the exact mecha-

* See references 28, 48, 85, 86, 106, 114, 116, 123, 128.
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ATLAS (C1) OSSIFICATION CENTERS
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FIGURE 40-1 Ossification centers of the atlas. Note the neurocentral
synchondrosis between the anterior ring and the posterior neural arches.

nism of injury and evaluated for injury to the cervical spine.
Cervical spine injuries should be especially suspected in any
child who arrives with facial abrasions or lacerations,™ head
trauma,’ clavicle fractures, a history of a high-speed motor
vehicle accident, or a fall from a height. One of the most
common presenting complaints when a cervical spine injury
is present in an alert child is pain in the presence of torti-
collis.

The physical examination should include a full assess-
ment, conducted from head to feet and including all organ
systems. The appropriate trauma team should be present
during the initial assessment. The head and face should be
carefully inspected for lacerations and abrasions. The neck
should be palpated to elicit tenderness, muscle guarding, or
the presence of a gap in the spinous processes that would
indicate a posterior ligamentous injury. A complete ortho-
paedic assessment of all four extremities together with the
spine and pelvis should be performed. This should be fol-
lowed by a complete neurologic examination, including a
rectal examination, when neurologic injury is suspected.

The child who arrives in the emergency room uncon-
scious is always considered to have a cervical spine injury.
A cervical collar should be worn to stabilize the cervical
spine until the patient is awake and can cooperate with
the physical examination. When clonus is present in the
extremities without decerebrate rigidity in a child with a
closed head injury, a cervical spine injury should be
strongly suspected.'™
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FIGURE 40-3 Screening lateral radiograph of the cervical spine. The
radiograph should show all seven cervical vertebrae, and should also include
the C7-T1 level.

Radiographic evaluation should be performed when there
is strong suspicion of a cervical spine injury. A review of
2,133 radiographs obtained in children less than 18 years
old over a 7-year period disclosed cervical spine injury in
only 1.2 percent of patients.”” The two best predictors that
cervical spine injury would be seen radiographically were
involvement in a motor vehicle accident and complaints of
neck pain. Although these two factors would have led to
obtaining radiographs in all 25 patients who had cervical
spine injuries, the authors did not recommend these pre-
dictors as the only indications for radiography. In the unsta-
ble patient a screening lateral radiograph of the cervical spine
obtained in the emergency room is necessary to document
obvious pathology (Fig. 40-3). This should be viewed as an

Neural arch

FIGURE 40-2  Ossification centers of the

axis. The four centers of ossification are

depicted. The anterior arch is composed of

the body and the dens, while two neural

arches compose the remaining centers of
Dens ossification.
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FIGURE 40-4 Flexion-extension lateral radiographs.

initial screening test, for up to 25 percent of radiographs
obtained in such cases fail to demonstrate true pathology,
and additional views must be obtained later when the condi-
tion of the patient allows."”" A complete radiographic exami-
nation should include anteroposterior (AP), lateral, open-
mouth, and two oblique views. When injury is suspected
despite normal-appearing radiographs, flexion-extension
lateral radiographs should be obtained to help identify pa-
thology (Fig. 40—4). It is very important to examine spine
radiographs thoroughly and in their entirety without falling
into the trap of focusing on the initial pathology, since
multiple sites of injury may be present. In a study of 42
children with spine injuries seen over a 16-year period, 50
percent of injuries were in the cervical spine, and 35 percent
of patients had more than one level of injury, usually contig-
uous segments.” McGrory and colleagues reported injuries
in nonadjacent motion segments in six (4.2 percent) of
143 patients.”

The lateral radiograph should be examined systemati-
cally, with the examiner looking first at spinal alignment.
Alignment is checked by following the anterior and posterior
lines of the vertebral bodies and the spinolaminar line as
described by Swischuk (Fig. 40—5).""*' This line is more
accurate diagnostically than the line connecting the anterior
and posterior lines of the vertebral bodies, which may exhibit
a step-off, especially at the C2—4 levels. The line connecting
the anterior edge of the spinous processes of C1, C2, and
C3 should show these processes to be within 1 mm of each
other. The classic pseudosubluxation at C2—3 has been well
studied. Forward displacement of up to 4 mm is normal in
children and is most commonly seen in children less than

FIGURE 40-5 Lateral radiograph demonstrating the spinal laminar line
of Swischuk. This line is drawn by connecting the anterior edge of the
spinous processes of C1, C2, and C3.
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8 years old (Fig. 40-6).2%*!"! Second, the posterior interspi-
nous process distance may help identify posterior ligamen-
tous injury. Third, the prevertebral soft tissue width should
be measured; it should be less than 5 to 6 mm anterior to
the body of C2.2 Fourth, the normal cervical lordosis should
be always assessed. Although a loss of cervical lordosis does
not necessarily denote the presence of cervical spine injury,
it is a good screening sign to indicate some muscle guarding
and spasm. Posterior ligamentous instability is manifested
on the lateral radiograph by an increase in the interspinous
distance, loss of parallelism between the articular processes,
and posterior widening of the disk space (Fig. 40-7).” Be-
cause children less than 11 years old have a higher incidence
of injuries between the occiput and C3 than older children,
it is important to evaluate this area well on the lateral radio-
graph and to obtain a good open-mouth view. Apple and
colleagues reported that 10 of 11 patients less than 12 years
old had injuries involving C1, C2, or the occipitoatlantal
articulation, and in all, retropharyngeal swelling of more
than 7 mm anterior to C2 was demonstrated.® For the adoles-
cent patient they recommend an initial cross-table lateral
view, two 30-degree oblique trauma views with the patient
supine,” an AP view of the lower cervical spine, and an
open-mouth view of the atlas and axis.® Nitecki and Moir
reported that 87 percent of patients less than 8 years had
an injury at C3 or higher.”

FIGURE 40-6 Pseudosubluxation of the cervical spine in children. On
the lateral radiograph there is apparent subluxation of the vertebral body
of C2 and C3. It appears that C2 is anteriorly subluxed on C3 (arrow).
However, when the spinal laminar line of Swischuk is drawn, there is no
true subluxation.

FIGURE 40-7 Posterior ligamentous instability. Lateral radiograph of a
2-year-old child demonstrating widening of the posterior elements between
Cl and C2, indicating a posterior ligamentous injury.

Accepted criteria for instability of the cervical spine in
children include more than 10 degrees of forward flexion
of C1 on C2 and an atlanto-dens interval (ADI) of more
than 4 mm.”" Pennecot and colleagues reported an upper
limit of the ADI in children to be 3 = 0.7 mm in flexion,
with less than 0.5 mm of difference in the ADI occurring
between flexion and extension radiographs.” In a classic
article, Fielding and colleagues reported that in adults, when
the ADI is between 3 and 5 mm the transverse ligament is
ruptured, and the transverse and alar ligaments are ruptured
when the ADI is 10 to 12 mm.* In the lower cervical spine no
accepted criteria have been developed for children; however,
White and colleagues reported that in adults, the accepted
amount of angulation between the affected vertebra and the
adjacent segment is 11 degrees.* 1?1

Although plain radiographic assessment of the child is
difficult, up to 98 percent of lateral cervical spine radiographs
have been diagnostic when injury was present, and therefore
careful scrutiny of good-quality radiographs, should allow
the examiner at least to begin assessing and diagnosing
these injuries.”

Further tests, including computed tomography (CT) or
magnetic resonance imaging (MRI), are indicated when ab-
normalities are seen on the initial plain radiographs and
when cervical spine injury is suspected despite normal radio-
graphs. CT is best used in children suspected of having
osseous fractures, facet dislocations, or vertebral end-plate
fractures.”” MRI is best used to evaluate soft tissue injuries,
including posterior ligamentous injury, a herniated disk,
encroachment of the neuroforamina, spinal cord lesions and
edema, or a posttraumatic spinal cord cyst."" MRI may have
some prognostic value in distinguishing patients with spinal



cord edema, who generally recover neurologically, from pa-
tients with intraspinal hemorrhage, who often do not re-
cover.” MRI may also be useful in demonstrating injuries
to the spinal cord that are remote from the bony injury."

Because of the high energy required to produce these
injuries, associated injuries are common and usually involve
the face, head, abdomen, and other sites. Orthopaedic injur-
ies have been reported to occur in up to 40 percent of all
cases.” Closed head injuries are very common, having been
reported in up to 58 percent of cases.”

MANAGEMENT OF THE PATIENT WITH
SUSPECTED CERVICAL SPINE INJURY

Because of the proportionally larger head compared to the
body in the child, positioning the patient to prevent acute
flexion of the neck is very important during transport, evalu-
ation, and imaging studies. In 1989 Herzenberg and col-
leagues reported on 10 children less than 7 years old with
unstable cervical spine injuries who were found to have an
anterior angulation or translation on the lateral radiograph
when the patient was positioned on the traditional back-
board (Fig. 40-8).* They recommended using a bed or
backboard with a posterior recess to allow the head to drop
posterior and prevent anterior angulation at the neck. This
is most important in young children, because the adult
proportions begin to emerge in children 8 years old. At the
initial presentation in the emergency room, the child should
be examined with a cervical collar in place. Although a rigid
collar provides some stability to the neck, residual motion
can occur and can be limited with the use of tape and
sandbags.”® These devices should be gently removed while
a second examiner applies a stabilizing force with mild in-
line traction while the posterior elements are palpated. The
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FIGURE40-8 Proper transport of a child with a suspected cervical injury.
A, Because of the proportionally large head of a child, a standard backboard
will result in cervical spine flexion. B, A more appropriate transport back-
board is one that includes a double mattress pad or a sunken headrest so
that the head can fall back, providing a more normal lordotic position of
the cervical spine.

CHAPTER 40—Spinal Injuries ¢+ 2091

FIGURE 40-9 Atlantooccipital dislocation. Lateral radiograph of a 4-
year-old child involved in a motor vehicle accident who sustained an
atlantooccipital dislocation.

hard collar is then replaced and the appropriate imaging
studies performed. When ventilatory support is required,
the best method of intubation is controversial,'*55¢7110 1t
appears that gentle in-line traction with orotracheal intuba-
tion or nasotracheal intubation is safe and does not lead to
further neurologic injury.

The recommendations for administration of steroids are
discussed later, under Traumatic Injuries of the Thoracic
and Lumbar Spine.

OCCIPITOATLANTAL DISLOCATION

This is a relatively rare injury. It usually occurs in motor
vehicle accidents and is associated with a high mortality
(Fig. 40-9). Bucholz and Burkhead reported findings in 112
postmortem specimens from victims of multiple trauma, of
which nine (8 percent) showed occipitoatlantal dislocation.
Their series included 20 children less than 18 years old, of
whom three (15 percent) had this injury. The relatively low
incidence of occipitoatlantal dislocation may be due to the
horizontal orientation of the facet joints in children. Al-
though these injuries are often fatal, children survive some-
times. Birney and Hanley reported findings in a 2-year-old
child who sustained a complete craniocervical neurologic
injury in a motor vehicle accident and underwent emergency
C1-3 decompressive laminectomy."” Apple and colleagues
reported findings in one of three patients who survived this
injury. The infant had sustained birth trauma, resulting in
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FIGURE 40-10 The Powers ratio. This ratio is determined by drawing
a line from the posterior arch of the atlas (C) to the basion (B) and dividing
this by the distance from the anterior arch of the atlas (A) to the opisthion
(0). A normal Powers ratio is less than 0.9. A ratio greater than 1.0 is
diagnostic of an atlantooccipital dislocation.

occipitoatlantal dislocation and quadriplegia.® Others report
patients who have survived with a variety of neurologic
deﬁcits.ls.iiﬂ.ﬁlll“}

Radiographic assessment of occipitoatlantal dislocations
can be misleading because radiographs obtained in the emer-
gency room often appear normal. The best tool for evaluat-
ing this injury is the Powers ratio, first described in 1979
(Fig. 40-10).” If injury is strongly suspected in the absence
of good radiographic evidence, very mild traction can be
applied to the head to demonstrate abnormal distraction
between the skull and C1.

Treatment consists of halo application and stabilization
and posterior fusion from the occiput to usually C1 or
C2.4%6 Postoperatively the patient is immobilized in a halo-
vest jacket or halo cast (Fig. 40—11). Internal fixation in the
young child may be difficult, although we have used sutures
or metal wire placed around the posterior elements of C1
and C2 and through the base of the skull. The duration of
immobilization should be 3 to 4 months, depending on the
age of the child and the stability of fixation at the time
of operation.

ATLAS FRACTURES

Fracture of the ring of Cl, the so-called Jefferson fracture,
is caused by an axial compressive force applied to the head,
which results in direct compression of the ring of C1 by the
occipital condyles. This is a very rare injury, accounting
for less than 5 percent of all cervical spine fractures in
children 51*4278018 The fracture may be at multiple sites
within the ring of the atlas or it may be at the neurocentral
synchondrosis. It is very difficult to detect a fracture of the
atlas on plain radiographs, where it is best represented by
displacement of the lateral masses. CT is the preferred im-
aging modality. When significant displacement of the frac-
ture has occurred, the transverse ligament may become
stretched and incompetent, resulting in C1-2 instability,
which should be evaluated with flexion-extension radio-
graphs.

Treatment of these injuries with external immobilization
for 3 to 4 months is usually successful. We prefer halo-
vest or halo-cast immobilization, although some prefer a
Minerva cast. When instability of C1-2 is present, treatment
requires fusion and stabilization of this joint, as outlined in
the next section.

TRAUMATIC ATLANTOAXIAL INSTABILITY

In adults, instability of the atlantoaxial junction is most
often a result of injury to the transverse ligament and the
alar ligaments, resulting in an increased distance between
the atlas and the dens. In children, this is most often true
in the older child (Fig. 40—12) and in those who have under-
lying conditions such as Down syndrome, juvenile rheuma-
toid arthritis, Larsen’s syndrome, and other bone dysplasias.
In the younger child, the instability may be from injury to the
synchondrosis at the base of the dens. Apple and colleagues
described three patients who had sustained injuries to this
area, which they described as an epiphysiolysis dentis. All
patients were less than 5 years old.®

In the initial evaluation plain radiographs are obtained
to assess the ADI on the true lateral radiograph and on
flexion-extension views. The rule of thirds, first described
by Steel, divides the area of the spinal canal at C1 into three
equal areas (Fig. 40—13)." Most anterior is the odontoid,
followed by the spinal cord, and finally the unoccupied area,
which allows some “play” for the spinal cord. In the adult,
when the odontoid is displaced posteriorly the distance of
its diameter, the spinal cord is endangered, and therefore
fixation of C1-2 is required to prevent neurologic injury.
The indications in children are not as well defined; however,
we prefer to perform surgical stabilization when anterior
translation is greater than 8 to 10 mm or when neurologic
deficits are present. The joint should be gently reduced to
its anatomic location and fused. In the younger child, we
prefer a posterior fusion followed by halo-vest or halo-cast
immobilization. Internal fixation in the young child is often
difficult; however, a Gallie or Brooks fusion provides addi-
tional stability to the C1-2 segment (Fig. 40-14). Halo
immobilization should be maintained for approximately 2
to 4 months, depending on radiographic healing and the
age of the child. In the older child (> 11 years), more
stable fixation using transarticular screws between C1 and
C2 allows the use of minimal external immobilization, gen-
erally a soft cervical collar that is worn for 8 weeks. #7210
We use 3.5-mm cortical screws placed under direct visualiza-
tion to obtain a solid purchase in the anterior cortex of the
anterior ring of the atlas. This technique can be supple-
mented with a Gallie or Brooks fusion (Fig. 40-15). If the
presentation is delayed from the time of injury, it may be
necessary to use halo traction to reduce the anterior transla-
tion before surgical stabilization is undertaken.

ODONTOID FRACTURES

Odontoid fractures account for approximately 10 percent
of all cervical spine fractures and dislocations in children.*
However, only about 10 percent of all odontoid fractures
occur in children; the vast majority occur in adults.® The

* See references 3, 6, 12, 13, 29, 36, 45, 47, 84, 99, 103.
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FIGURE 40-11 Treatment of an atlantooccipital dislocation. A, Lateral radiograph
demonstrating an atlantooccipital dislocation. B, Lateral radiograph obtained follow-
ing halo application with reduction. C, Lateral radiograph obtained 4 months after
injury and fusion from occiput to C2, demonstrating fusion.
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FIGURE40-12 Lateral radiograph demonstrating atlantoaxial instability.
The atlas is displaced anteriorly on the axis, with an atlanto-dens interval
of 11 mm.

injury in the child occurs at the synchondrosis at the base
of the dens and displaces anteriorly. The mechanism of
injury is usually relatively severe, with falls from a significant
height and motor vehicle accidents accounting for the ma-
jority of injuries.'” However, in children less than 4 years
old the mechanism of injury may be minor, such as a fall
from a bed or a fence’ or a fall from a crib.” Associated
injuries are rare; however, Odent and colleagues recently
reported associated injuries in five of 15 children. Most
commonly the injuries were facial fractures, but they also
included a splenic injury, a pulmonary contusion, and a
liver laceration.™

The clinical examination should concentrate on associ-
ated facial trauma suggesting an acute flexion or extension
injury, since other significant findings are rare. Traditionally
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FIGURE 40-14 Posterior C1-2 fusion by a Gallie technique. A, A loop
of wire is passed below the posterior arch of C1. B, The loop is then turned
back on the posterior arch of C1 and looped around the inferior aspect
of the spinous process of C2. C, An H-shaped iliac crest bone graft is then
placed over the posterior arch of C1 and C2. The wire is twist-tied down
to provide stable fixation.

it has been reported that neurologic injury is rare; however,
Odent and colleagues reported neurologic injury in eight of
15 children, all of whom had complete lesions at the level
of the cervicothoracic junction.* The patient may complain
of neck pain and may have tenderness over the upper cervical
spine. These injuries are often missed because of the innocu-
ous nature of the original injury and the absence of impres-
sive signs and symptoms.*** In the study by Odent and
colleagues, the diagnosis was delayed up to 4 months from
the time of injury in five of 15 children.* Persistent pain
and neck irritability should alert the physician to injury.
Seimon described a clinical sign that he felt correlated well
with an odontoid fracture:* the patient strongly resists the
examiner’s attempts to extend the neck. The child will also
resist attempts to be brought to either an erect or recumbent
position unless the head is supported by the examiner.”
The lateral radiograph usually shows the dens anteriorly
displaced, usually more than 50 percent of its width. In
approximately 10 to 15 percent of cases the displacement
is posterior or there is no displacement. In such cases the
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FIGURE 40-13  Steel’s rule of thirds. One third of
the space is occupied by the odontoid, one third by
the spinal cord, and one third is space.



FIGURE 40-15 Transarticular screw fixation
between Cl and C2. A, Lateral radiograph dem-
onstrating atlantoaxial instability following a
trampoline accident in a 12-year-old boy. B, CT
scan demonstrating anterior subluxation of the
atlas on the axis. C, MRI demonstrating avulsion
of the transverse ligament (arrows), as well as fluid
between the anterior aspect of the dens and the
posterior arch of Cl. D, Interoperative fluoro-
scopic images demonstrating reduction of Cl1 on
C2. Screws are placed after bone grafting of the
articular surfaces. A modified Gallie fusion was
also done posteriorly to supplement fixation.
E and F, Six months after surgery there is solid
healing of the anterior and posterior fusion. Note
screws traversing articular facets of C1-2 on the
AP radiograph.
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injury is difficult to see on plain radiographs, and further
imaging studies, such as CT with sagittal images or tomo-
grams, may be necessary. In patients with neurologic injury,
MRI may demonstrate SCI distal to C2, which is thought
to be due to significant anterior displacement of the upper
spine, leading to stretch of the spinal cord over the cervico-
thoracic junction.*

Treatment of odontoid fractures in children is usually
successful and most commonly does not require operative
intervention.* Odent and colleagues reported successfully
treating 11 patients with external immobilization, either in
a Minerva jacket or in a halo cast; seven required a reduction
and four did not. In one patient, the diagnosis was made 6
months following injury, at which time the fracture healed
despite the fact that there had been no treatment. The three
patients in this series treated operatively all had at least
one complication.* We prefer closed reduction with a halo
placed while the patient is under sedation to allow for con-
stant neurologic assessment. This is followed by immobiliza-
tion in a halo cast for 2 to 3 months until solid union
is achieved. Before complete removal of the halo, flexion-
extension radiographs should be obtained to identify any
motion at the fracture site. Nonunion is extremely rare
when this fracture is identified and treated early. Nonunion
requires operative intervention that includes a posterior fu-
sion of C1-2.

The os odontoideum is most likely an odontoid non-
union, although some controversy exists as to whether this
represents a congenital anomaly due to failure of fusion to
the dens.T The importance of this entity is that the patient
may be symptomatic, with pain, and may exhibit instability,
which should be treated with a posterior C1-2 fusion.

PEDICLE FRACTURES OF C2
(HANGMAN’S FRACTURE)

Pedicle fractures of C2 are rare in children, with few cases
reported in the literature 589211313512 The mechanism of
injury is usually extension and axial loading, with a high
incidence of injuries of the face and head. The injury is
usually incurred in motor vehicle accidents or a fall from a
height. Neurologic injury is rare in these injuries, although
some have reported deficits that resolved over the following
year.*’"** Apple and colleagues described an 11-year-old girl
who was thrown from a Go-cart, sustaining pedicle fractures
at C2 with an associated mild upper extremity weakness.*’"'*
We prefer to perform CT in all suspected cases of hangman’s
fracture to fully define the extent of fracture and the amount
of displacement (Fig. 40-16).

In a reliable patient an undisplaced fracture, or a fracture
with less than 3 mm of anterior displacement of C2 on C3,
can be treated with external immobilization in a collar.
However, one should have a low threshold for using a halo
cast when the child cannot be trusted. For fractures displaced
more than 3 mm, gentle reduction should be performed to
reduce the displacement, and immobilization in a halo cast
for 2 to 3 months is necessary. Pizzutillo and colleagues
reported successful treatment using a Minerva cast or a halo

* See references 12, 13, 36, 52, 84, 96, 99, 102,
t See references 25, 31, 32, 39, 40, 50, 51, 53, 56, 59, 63, 65, 68, 76,
97, 109, 115, 117, 119-121.

cast, with union of the fracture occurring in four of five
children. The fifth child required operative fusion after the

fracture failed to unite with conservative treatment.”

FRACTURES AND DISLOCATIONS
OF THE SUBAXIAL SPINE

Fractures and dislocations of the subaxial spine are relatively
rare in young children; however, the incidence in children
more than 8 years old is similar to the incidence in adults.
Of 43 bony injuries in children, 24 (56 percent) involved
the occiput to C2 (average patient age of 6.2 years) and 19
(44 percent) occurred between C3 and C7 (average patient
age of 13.6 years).” When all cervical spine injuries are
included (including C1-2 rotatory subluxation and SCI
without radiographic abnormalities), subaxial injuries ac-
count for only 23 percent of injuries.” Apple and colleagues
reported that in only one (9 percent) of 11 patients with a
cervical spine injury was the injury below C2.° However,
McGrory and colleagues reported that 67 (47 percent) of
143 cervical spine fractures were between C4 and C7, and
these injuries occurred predominantly in the 11- to 15-year-
old age group.™

These injuries can be subdivided into fracture-disloca-
tions, burst fractures, compression fractures, posterior liga-
mentous injuries, unilateral or bilateral facet dislocations,
and bilateral facet fractures.

The fracture-dislocation injury was the most common
subaxial injury reported by Birney and Hanley (Fig. 40-17).
Two patients were without neurologic injury, one had a
transient incomplete injury, and one had a complete neuro-
logic injury.” This injury usually is a result of a motor
vehicle accident or a fall with a direct blow to the head. The
diagnostic workup should include an MRI of the spinal
cord. Treatment generally includes a reduction maneuver
and stabilization of the spine.

The burst fracture is due to axially applied loads to the
head, usually with the head slightly flexed. The characteristic
fracture pattern includes anterior displacement of the ante-
roinferior aspect of the body—the “teardrop” fracture. The
danger occurs with the posterior aspect of the vertebral
body, which fractures in the sagittal plane and can travel
posteriorly into the canal. These injuries are most often
associated with neurologic injury and are often the injury
sustained by football players. Of six children with a burst
fracture, two had a transient incomplete neurologic injury
and one had a permanent complete injury.” The canal
should be assessed by CT, and posterior ligamentous injury
and disk injury and herniation should be assessed by MRI.
In the patient with a neurologic injury, gentle closed reduc-
tion with a halo should be performed, followed by halo-
cast immobilization for 2 to 3 months. If neurologic injury
is present and spinal cord compression persists despite re-
aligning the patient with in-line traction, anterior decom-
pression with removal of the retropulsed fragments should
be performed, followed by strut grafting. Shacked and col-
leagues reported results in six children, age 3 to 14 years,
who underwent anterior decompression with bony fusion
for cervical spine fractures, with solid union and excellent
results.' The anterior approach, however, should not be
the first choice in young children. The canal is compromised,
and continued posterior growth can lead to excess kyphosis.



FIGURE40-16 Hangman’s fracture sustained by a 3-year-old
boy in a fall. A, Lateral radiograph and CT scan demonstrating a
minimally displaced posterior arch fracture of C2. B, Lateral
radiograph obtained at 4 months showing good bone healing. B

When an anterior burst fracture is associated with significant
posterior ligamentous instability, a posterior stabilization
procedure is necessary.'”

Compression fractures are due to a pure flexion moment
without significant rotatory or axial loading. This leaves the
posterior ligamentous structures intact and does not injure
the posterior aspect of the vertebral body, and there is no
bone or disk protrusion into the spinal canal. These injuries
are relatively rare in children and usually do not result in
neurologic injury. In 11 patients with cervical spine injuries,
Apple and colleagues noted that only one, a 9-year-old girl,
had compression fractures of the C4—6 bodies; she had been
involved in a motor vehicle accident and had no neurologic
injury.® Henrys and colleagues did not describe any patient
with this injury in their report on 18 patients.” McGrory
and colleagues reported that ten (7 percent) of 143 pediatric
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patients had sustained a compression fracture; nine of the
ten were more than 10 years old.”® Neurologic injury is rare
in these patients because of the lack of posterior body injury
and therefore less risk of retropulsion into the canal.

Compression fractures are often difficult to diagnose be-
cause of the mild radiographic findings and the normal,
anteriorly wedged shape of the vertebral body in children.
Treatment consists of cervical spine immobilization in a
cervical collar for 2 to 4 months, depending on the age of
the child and the extent of injury. Surgical treatment is
usually not necessary in these injuries.

Posterior ligamentous injuries result from flexion and
flexion-rotation mechanisms with tearing of the posterior
ligaments and the facet joint capsule. When the flexion-
rotation force is relatively mild, a posterior ligamentous
injury occurs. A more serious injury to the ligamentous
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FIGURE 40-17 Fracture dislocation of the subaxial spine. A, Lateral radiograph demonstrating complete dislocation
of C5 on C6. B, Lateral radiograph obtained after halo reduction and anterior plate fixation with an anterior strut graft.

structures is associated with unilateral or bilateral perched
facets when greater forces are applied. A pure ligamentous
injury in children is rare and is usually not associated with
neurologic injury. Treatment is based on the degree of insta-
bility, but guidelines have not been fully defined in children.
In adults, instability can be defined as angulation between
adjacent vertebra in the sagittal plane of 11 degrees more
than the adjacent normal segment or translation in the
sagittal plane of 3.5 mm or more.**!>1% Since the majority
of these injuries occur in patients more than 10 years of age,
similar criteria can be used in children. Significant posterior
ligamentous injury requires posterior fusion with autologous
bone graft and internal fixation with spinous process wires.

The unilateral or bilateral facet dislocation is a result of
flexion and rotation of the cervical spine and may be associ-
ated with fractures of the facets. McGrory and colleagues
reported one patient each with unilateral and bilateral facet
dislocation and 11 patients with facet fracture with subluxa-
tion.”® With a unilateral facet dislocation, there is anterior
translation between vertebral bodies of 25 to 50 percent of
the sagittal diameter, which may result in a unilateral nerve
root compression or spinal cord lesion. Treatment should
be acute reduction using halo traction with the patient un-
der sedation. In a larger adolescent, it is necessary to treat
the patient similar to the adult, with incrementally increas-
ing weights followed by a lateral radiograph to determine
whether reduction has occurred. The head should be in a
slightly flexed position and then extended when the radio-
graphs demonstrate that the facets are aligned and nearly
reduced. Bilateral facet dislocations are very unstable injuries
and at high risk for causing neurologic injury.” These inju-
ries should be reduced in a similar fashion as the unilateral

dislocation, with care to assess the neurologic status of the
patient during the gradual distraction and reduction maneu-
vers. Following closed reduction of the unilateral or bilateral
facet dislocation, most patients can be treated with 2 to 3
months of halo-cast immobilization. Failure to reduce a
unilateral or bilateral facet dislocation requires an open re-
duction of the facet joint with primary fusion and stabiliza-
tion with posterior wiring and halo-cast immobilization for
2 to 4 months.

LATE COMPLICATIONS FOLLOWING
CERVICAL SPINE INJURIES

The patient with an SCI requires a multidisciplinary ap-
proach in order to manage the multiple needs and complica-
tions.*'** The most common complications include pulmo-
nary insufficiency, gastrointestinal hemorrhage (especially
when steroids are used), deep venous thrombosis, urinary
tract infection, and pressure sores.

The orthopaedic surgeon must realize that the incidence
of late spinal deformity is very high and is most dependent
on the age at which the patient sustained injury.!”? %7
Lancourt and colleagues reported that the incidence of scoli-
osis approached 100 percent if the injury occurred before
age 10 years, was 19 percent in children age 10 and 16 years
at the time of injury, and was only 12 percent of children
older than 17 years.” Others, however, report a greater likeli-
hood of the development of deformity, with those injured
at 14 years having a 78 percent incidence of deformity and
those injured at 16 years having a 50 percent incidence."”
Bracing early, while no spinal deformity is present, can assist
in maintaining sitting balance, may prevent the development



of pressure sores, appears to lessen the incidence of the
deformity, and may delay its progression approximately 1
year."”

Spinal deformity following SCI is treated by posterior
spinal fusion. We prefer to fuse to the sacrum in all complete
lesions when the curve reaches 40 to 50 degrees or when
sitting balance and care of the child become difficult.
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Traumatic Injuries of the
Thoracic and Lumbar Spine

In children, injuries of the thoracic and lumbar spine are
less common than cervical spine injuries. Patients in the
first decade of life are more likely to sustain upper thoracic
(T4 to T10) injuries and are more likely to be injured from
falls or motor vehicle—pedestrian collisions. They may also
be injured from abuse.* Patients in the second decade of
life are more likely to sustain injuries at the thoracolumbar
junction and are commonly injured in motor vehicle colli-
sions or during recreational events.t Neurologic injury oc-
curs in approximately half of patients, with a slight predomi-
nance of incomplete lesions.**7#1¥ It js important for the
surgeon treating these patients to remember these are high-
energy injuries that are frequently associated with other
visceral or orthopaedic injuries, including multiple injuries
of the spinal column.¥

The nomenclature for thoracic and lumbar spine frac-
tures is somewhat confusing, as both thoracic and lumbar
injuries as well as injuries at the thoracolumbar junction
are frequently referred to as “thoracolumbar” injuries. We
reserve the phrase “thoracolumbar injuries” for injuries oc-
curring between T12 and L1.

ANATOMY

An understanding of the anatomy of the immature spine is
important in evaluating and treating children with spinal
injuries. The pediatric spine is more flexible than the adult
spine, which may contribute to the frequency of neurologic
injury as well as the finding of SCI without radiographic
abnormality, or SCIWORA. Several factors contribute to the
flexibility of the child’s spine. First, the soft tissues are more
forgiving, the ligaments are more elastic, the muscles are

* See references 4, 18, 32, 50, 61, 65, 92, 122,

T See references 9, 61, 62, 75, 101, 108, 126, 138.

¥ See references 3, 5, 7, 14, 23, 51, 52, 60, 61, 64, 85, 88, 94, 114, 115,
120, 124, 132, 133, 136, 139.
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smaller, and the intervertebral disks are healthy and well
hydrated. Second, there is a higher ratio of cartilage to
bone. Finally, the facets are more horizontal, allowing greater
motion, #7160 Vertebral growth occurs equally from the
superior and inferior apophyses, which develop within the
cartilaginous end-plate. These apophyses are wider peripher-
ally than centrally, which gives them a ring appearance, the
origin of the term ring apophysis. They are similar to the
epiphysis of a long bone. Ring apophyses appear radiograph-
ically between 8 and 12 years of age and fuse with the body
between 21 and 25 years of age.

Management of children with thoracic and lumbar spinal
injuries requires an understanding of the “three-column
spine,” a concept introduced by Denis in 1983." This ana-
tomic description provides the basis for the most efficient
means of classification as well as a foundation for a rational
approach to treatment. Denis realized that complete rupture
of the posterior ligamentous structures did not produce insta-
bility. Rather, instability in flexion required not only rupture
of the posterior ligaments, but also disruption of what he
termed the “middle column”—the posterior longitudinal
ligament, the posterior annulus fibrosus, and the posterior
wall of the vertebral body (Fig. 40—18). The anterior column
consists of the anterior longitudinal ligament, the anterior
annulus fibrosus, and the anterior vertebral body. The poste-
rior arch and the posterior ligamentous complex (the supra-
spinous and interspinous ligaments, facet joint capsules, and
ligamentum flavum) make up the posterior column.

FIGURE 40-18 The three-column spine. The anterior column consists
of the anterior longitudinal ligament, the anterior annulus fibrosus, and
the anterior vertebral body. The middle column consists of the posterior
wall of the vertebral body, the posterior longitudinal ligament, and the
posterior annulus fibrosus. The posterior column consists of the posterior
arch and the posterior ligamentous complex (supraspinous and interspi-
nous ligaments, facet joint capsules, and ligamentum flavum).
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Musculoskeletal Injuries

MECHANISM OF INJURY

Thoracic and lumbar spine injuries are most commonly the
result of high-energy forces. Motor vehicle—related injuries
are the most common, although falls, recreational activities,
child abuse, obstetric injury, and gunshots have all been
reported as mechanisms.* The force that produces the injury
is most commonly flexion, which may be combined with
compression, distraction, or shear forces.T Extension inju-
ries have been described but are extremely uncommon.”

Roaf in 1960 reported on the events that lead to spinal
fracture. As a vertical load is applied, the end-plate bulges
toward the vertebral body; there is little change in either
the annulus or the nucleus of the disk. As the load increases,
the deformation of the end-plate forces blood out of the
cancellous bone of the vertebral body, decreasing its energy-
absorbing ability. Eventually the elastic limit of vertebral
body is exceeded, and fracture occurs."® The elasticity of
the pediatric spine allows these forces to be distributed over
multiple levels, which explains why multiple compression
fractures are seen more commonly in children. If a distrac-
tion or shear force exists concurrently, it may also produce
deformity, usually through the end-plate rather than the
disk‘zlﬁiﬂs,?s,[]b,]lﬁ

Neurologic injury is classified as primary or secondary.
Primary injuries are the result of direct injury to the neural
elements. They may be the result of contusion, stretch, com-
pression, or laceration. Contusion injuries are most com-

* See references 24, 32, 61, 80, 86, 97, 114, 119, 136.
T See references 2, 8, 20, 39, 43, 65, 68, 114, 120, 128.

FIGURE 40-19 Initial imaging studies
in thoracic and lumbar spine injuries
may be nondiagnostic. A, Lateral radio-
graph of a 4-year-old girl involved in a
high-speed motor vehicle accident. The
films were initially interpreted as normal.
B, Because of persistent back pain with
localized tenderness in the lumbar spine,
a flexion stress view was obtained that
revealed an acute kyphosis due to soft
tissue disruption between L2 and L3. In
retrospect, the initial lateral radiograph
shows some widening of the disk space
and foramen.

mon and have a poor prognosis for recovery. Compression
produces injury both primarily, through direct neuronal
damage, as well as secondarily, by altering vascular perfu-
sion. Secondary injuries are the result of ischemia. Secondary
injuries are most common in the “watershed” area of the
thoracic spine (T7 to T10). Ischemic injury is a mechanical
and biochemical cycle. The initial injury produces a mechan-
ical ischemia, which results in cell death and the release of
vasoactive substances. The substances produce both vaso-
constriction and edema. The edema produces further me-
chanical compression, and the cycle continues."” Because
of their cyclic nature, ischemic injuries may evolve over
time, and the delayed presentation of neurologic injury is
not uncommon.”?5%'% [schemic SCIs may be exacerbated
by systemic hypotension associated with shock from other
traumatic injuries. In fact, paraplegia has been reported in
both children and adults with hypotensive episodes and no
injury to the spinal cord. 2677123133

DIAGNOSIS

Thoracic and lumbar spine injuries may be difficult to diag-
nose. These patients frequently have multiple injuries and
an altered state of consciousness. Occasionally the elasticity
of the pediatric spine allows it to “recoil” into a more normal
position. If this occurs, the displacement at the time of
injury and subsequently the amount of instability may not
be appreciated on initial x-rays (Fig. 40-19). Thus, all pa-
tients with significant traumatic injuries should be assumed
to have spinal column instability until such an injury is



excluded.”**'™ All trauma patients should be “log-rolled”
during the initial assessment, and the entire spine should be
inspected and palpated for ecchymosis, soft tissue swelling,
“step-offs,” and tenderness. Obviously, inability to move
the extremities heightens the suspicion of spinal column
injury, as should significant abdominal injuries and the “lap
belt” sign—a large ecchymosis over the abdomen. Once one
injury of the spine has been identified, the entire spine must
be imaged, as injuries may have occurred at multiple levels.*

Every patient with a spinal injury requires a careful and
thorough neurologic examination. If there is a neurologic
deficit, it is important to determine whether the lesion is
complete or incomplete. A complete lesion is defined as the
absence of both motor and sensory function below the SCI.
Spinal shock must have resolved before an injury can be
classified as complete. Return of the bulbocavernosus reflex
indicates that the S3—4 region of the conus medullaris of
the spinal cord is both physiologically and anatomically
functional and spinal shock has resolved. In 99 percent
of patients the bulbocavernosus reflex returns within 24
hours."” The presence of some neurologic function below
the level of injury defines the injury as incomplete. Incom-
plete lesions have a better prognosis for recovery. Sacral
sparing may be the only evidence of an incomplete lesion
at the time of initial examination. Sacral sparing is evidenced
by perianal sensation, voluntary rectal motor function, and
great toe flexor activity. These findings indicate continued
function of the lower sacral motor neurons and their con-
nections to the cerebral cortex, and improve the prognosis
for recovery. Conversely, absence of these sacral nerve func-
tions may be the only finding in a patient with an injury to
the conus medullaris or cauda equina. Thus, a complete
examination of the patient with an SCI must include an
assessment of these functions. The American Spinal Injury
Association (ASIA) has produced an evaluation form to help
ensure a complete initial assessment for the patient with an
SCI (Fig. 40-20). Another important evaluation at the time
of initial assessment is the degree of functional deficit. The
ASIA recommends using a modified version of the scale,
described by Frankel (Fig. 40-21).

Thoracic or lumbar spine injury from minor trauma
should raise the suspicion of pathologic fracture. These in-
juries are most typically compression fractures, and the bone
is usually obviously pathologic. Gaucher’s disease, all of the
mucopolysaccharidoses, osteogenesis imperfecta, idiopathic
osteoporosis, metastatic neuroblastoma, Ewing’s sarcoma,
and leukemia may all manifest with back pain and multiple
compression fractures (Fig. 40-22).'%'%

RADIOGRAPHIC FINDINGS

Radiographic imaging begins with a careful assessment of
AP radiographs for clues to spinal column injury, such as
shortening of vertebral height, interpedicular widening, or
asymmetry of the spinous process. Lateral radiographs often
reveal the nature of the injury. They are particularly helpful
for identifying injuries sustained from extension forces. CT
defines the three-dimensional anatomy, including the extent
of canal involvement. CT with sagittal reconstructions can
be helpful in assessing areas that are difficult to see on plain

* See references 14, 23, 51, 60, 94, 115, 136.
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radiographs, such as the cervicothoracic junction and upper
thoracic spine (Fig. 40-23). However, CT without sagittal
reconstructions may be of limited value in many injuries,
including seat belt injuries, as the injury is in the axial plane
and can be difficult to appreciate on axial CT scans.” MRI
is the single best imaging tool for the traumatically injured
spine. It provides direct information regarding the cord,
canal, intervertebral disk, and posterior ligamentous struc-
tures. It is important to realize, however, that false positive
and false negative MRI studies do occur. Recently, MRI
findings at the time of injury have been correlated with
functional neurologic outcome.'*"*

CLASSIFICATION

We use Denis’s five-part classification of spinal column in-
juries (Table 40-1).*' He classified spinal injuries as minor
or major, and then subdivided major injuries into four
classes. Minor injuries include fractures of the spinous and
transverse processes, facets, and pars interarticularis. Major
injuries include compression fractures, burst fractures, seat
belt injuries, and fracture dislocations. Compression frac-
tures represent failure of only the anterior column. There
is no loss of posterior vertebral body height. The intact
middle column is pathognomonic for compression fractures.
Burst fractures result from failure of the anterior and middle
columns in flexion; the posterior column remains intact. A
lateral radiograph will reveal fracture of the posterior wall,
loss of posterior vertebral body height, and tilting of one
or both end-plates. Retropulsion of fragments into the canal
may be difficult to appreciate on the lateral radiograph and
is best seen on CT scans. The AP radiograph will show
loss of vertebral body height and a widened interpedicular
distance. Seat belt injuries are the result of a flexion-distrac-
tion force. Both the posterior and middle columns fail in
tension; the anterior column may remain intact or may fail
in compression. Seat belt injuries are further subdivided
based on the location (through bone or ligament) of the
posterior and middle column injury and on whether both
columns are injured at the same level or at adjacent levels
(Fig. 40-24). Fracture dislocations compose the last and
most unstable class of thoracic and lumbar injuries. These
injuries represent failure of all three columns in compres-
sion, tension, rotation, or shear.

TREATMENT

Treatment options for thoracic and lumbar spine injuries
include symptomatic treatment with reassurance, brace or
cast immobilization, and spinal fusion with or without de-
compression.

Nonoperative Treatment. Nonoperative treatment is ap-
propriate for all minor injuries (fractures of the spinous and
transverse processes, facets, and pars interarticularis), all
compression fractures, “bony” seat belt injuries, and many
burst fractures. Minor fractures usually require nothing
more than symptomatic treatment. The most important
aspect of these injuries is to realize they are frequently the
result of high-energy trauma and consequently may be asso-
ciated with other, often intra-abdominal, injuries. Patients
with minor fractures may be treated with a few days of
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FIGURE 40-20 ASIA form for documentation of acute spinal cord injury. (From Standard Neurological Classification
of Spinal Cord Injury, Version 4p, GHC 1996, published by the American Spinal Injury Association.)



bedrest, followed by a gradual return to normal activities.
Bracing is not required, although a simple lumbar corset
may afford significant pain relief. If the patient is treated
on an outpatient basis, it is important to realize that the
retroperitoneal hematoma associated with these injuries in
the lumbar spine may produce a significant ileus. Patients
should be advised accordingly.”

Compression fractures can also be treated with simple
conservative measures. Most patients with compression frac-
tures are more comfortable with an extension brace <7
Studies have shown no difference between bedrest and cast-
ing. Regardless of treatment, most patients are symptom-
free within 2 weeks.®*** Anterior vertebral height may be
restored through remodeling, particularly in younger chil-
dren.**”!% Chance fractures that are entirely through bone
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FIGURE 40-21 Frankel scale of neurologic injury. (From Frankel HL,
Hancock DO, Hyslop G, et al: The value of postural reduction in the initial
management of closed injuries of the spine with paraplegia and tetraplegia.
Paraplegia. 1969;7:179.)
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FIGURE 40-22 Lateral radiograph of a patient who presented with back
pain. Note the multiple compression fractures. A complete blood cell count
revealed acute lymphoblastic leukemia.

(types A and C in Fig. 40-24) will heal with immobilization
in a hyperextension cast.®!0114136137

Burst fractures in children occur most commonly in ado-
lescents, and their management is similar to that for adults.
Unfortunately, the management of burst fractures in adults
continues to be debated."*##76% We treat the majority of
burst fractures in neurologically intact patients with a period
of bedrest, followed by 6 to 12 weeks in a cast or thoracolum-
bosacral orthosis. Each fracture must be treated on an indi-
vidual basis, taking into consideration the patient’s age and
associated injuries as well as the amount of kyphosis, anterior
collapse, and canal compromise. In general, more than 25
degrees of kyphosis (15 degrees if there is greater than 50
percent collapse of the anterior vertebral body) or 50 percent
canal compromise are thought to preclude conservative
treatment.'® If canal compromise is the only surgical indica-
tion, it is important to bear in mind that several studies
have documented reconstitution of the spinal canal with the
conservative treatment of burst fractures.”

Operative Treatment. Indications for operative treatment
include the presence of neurologic deficits, seat belt injuries
with posterior ligamentous injuries, burst fractures not ame-
nable to conservative treatment, and fracture dislocations.
Operative treatment consists of spinal fusion with or without
decompression. We recommend decompression for all pa-
tients with incomplete neurologic injury. We rarely perform

* See references 27, 29, 56, 71, 72, 81, 121, 141.
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FIGURE 40-23 A, Sagittal MRI of a patient with T3—4 fracture disloca-
tion. Plain lateral radiographs of this area are often difficult to interpret.
B, CT scan with sagittal reconstruction demonstrates the bony deformity.

decompression in neurologically intact patients (aside from
the decompression that occurs during reduction and stabili-
zation). The decision to perform decompression in patients
with complete lesions is made on an individual basis, realiz-
ing these patients have little potential for neurologic recov-
ery. The optimal timing of surgical decompression is un-

TABLE 40-1 Denis’s Classification of
Thoracic and Lumbar Spine Injuries

Minor injuries
Articular process fracture
Transverse process fracture
Spinous process fracture
Pars interarticularis fracture
Major injuries
Compression fractures
Burst fractures
Seat belt injuries
Fracture dislocation

known. Ideally, decompression should be performed in the
first 8 hours after injury. However, this is rarely possible.
Advocates for early surgery stress the importance of prompt
decompression, while others express concern that the surgi-
cal trauma can contribute to the edema-ischemia cy-
cle.»#1%13 The surgical approach is determined by the na-
ture of the fracture and the necessity to decompress the
canal. The technique for the operative approach and instru-
mentation is the same as that previously described for ante-
rior or posterior fusion for scoliosis (see Chapter 11, Sco-
liosis).

Most ligamentous seat belt injuries can be treated with
simple posterior fusion. If the patient is large enough, we
prefer to perform an instrumented fusion. If the patient is
too small for even pediatric-size hook-and-rod systems, we
perform a spinous process wiring and place the patient in
a cast. (We also routinely immobilize patients treated with
pediatric-size instrumentation with a cast. Older patients
can frequently be managed with no immobilization or with
a removable brace.) The length of the fusion is determined
by the age of the patient and the extent of the injury. Young
patients with a single-level injury may be treated with a two-
level posterior fusion. Older patients with two-level injuries
may require extension of the fusion two levels above and
below (Fig. 40-25).

Burst fractures not amenable to conservative treatment
and fracture dislocations may be managed with either ante-
rior or posterior fusion. In general we prefer a posterior
approach for reduction, decompression, and stabilization,
although when circumstances dictate we will perform de-
compression and fusion through an anterior approach.
Again, the fusion levels are determined by the age of the
patient and the magnitude and location of the injury. Advo-
cates of short-segment fusion argue that this technique alters
less of the “normal” spine. The trade-off is increased stress
within the fused segment and an increased risk of loss of
correction and pseudarthrosis. Thus, the benefits of a shorter
fusion segment must be weighed against the increased risk
of non- or malunion. We believe restitution of appropriate
sagittal balance is a more important factor in the long-term
prognosis than the length of the fusion.!™*"# Thus, we will
extend the fusion to whatever level is required to provide
a stable construct that can maintain sagittal balance (Fig.
40-26). Regardless of the surgical plan, it is important to
realize that pathology that was not appreciated preopera-
tively is occasionally uncovered intraoperatively. Subtle lam-
inar, transverse process, or facet fractures discovered intra-
operatively will force the surgeon to be flexible with her
preoperative plan. Additionally, the traumatically injured
spine should be approached cautiously, as these subtle inju-
ries may put undamaged neural elements at risk during ex-
posure.

Pharmacologic Treatment of Neurologic Injuries. A
number of pharmacologic agents have been used in an at-
tempt to improve neurologic recovery after SCI. The goal
of these agents is to interrupt the cycle of edema and ischemic
injury. A number of drugs have shown promise in ani-
mal studies, including methylprednisolone, thyrotropin-
releasing hormone, naloxone, and GM, ganglioside. How-
ever, only methylprednisolone has received widespread
clinical attention. (GM, ganglioside has also shown clinical



FIGURE 40-24 Flexion-distraction injuries com-
monly associated with seat belts. A, Single-level injury
entirely through bone. B, Single-level injury entirely
through soft tissue. C, Two-level injury primarily
through bone. While the supra- and interspinous liga-
ments are disrupted, there is a bony component of
the injury in both the posterior and middle columns.
This fracture will heal with cast immobilization.
D, Two-level soft tissue injury. Again, the supra- and
interspinous ligaments are disrupted. Although there
is a fracture through the pars intra-articularis, this
injury is unlikely to heal with cast immobilization
because of the soft tissue nature of the medial col-
umn injury.

success in a smaller study.*) In 1990, the Second National
Acute Spinal Cord Injury Study (NASCIS-II) was the first
multicenter study to report improved recovery in patients
treated with a pharmacologic agent. Patients who received
methylprednisolone within 8 hours of either complete or
incomplete SCI had a better neurologic outcome than pa-
tients given placebo or naloxone. This study has been criti-
cized for flaws in experimental design and incomplete data.
Perhaps the most significant criticism of NASCIS-II is the
lack of a functional outcome measure, making it impossible
to determine whether the measured improvements were
clinically relevant 246471915 [y 1997 the results of NASCIS-
III were published. All patients in this study received the
30 mg/kg bolus of methylprednisolone that was shown to
be useful in NASCIS-II. Patients were then randomized to
receive either 24 or 48 hours of methylprednisolone at
5.4 mg/kg/hr or to receive tirilazad, a lazeroid (an antioxi-
dant), every 6 hours for 48 hours. Patients who received the
initial bolus of methylprednisolone within 3 hours of injury
had similar rates of motor recovery. In patients treated 3 to
8 hours after injury, those receiving methylprednisolone for
48 hours had the highest rates of recovery, statistically greater
than those who received only 24 hours of methylpredniso-
lone. Patients given tirilazad recovered at a rate between the
48- and 24-hour methylprednisolone groups.

Although the NASCIS-II investigators reported no differ-
ence in morbidity or mortality between groups, several au-
thors have expressed concerns about the potentially adverse
effects of massive steroid doses in polytraumatized pa-
tients.™"% Despite concerns, most studies assessing the
NASCIS-II protocol are similar to the report of Gerndt and

* See references 15, 30, 42—46, 59, 91, 100, 142, 143.
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colleagues, who noted an increased incidence of pneumonia
and a longer ICU stay, but no change in mortality and
a decrease in the rehabilitation period.” The findings of
NASCIS-III were similar: patients receiving 48 hours of
methylprednisolone had higher rates of severe sepsis and
pneumonia but no difference in mortality.'®

We follow the recommendations of NASCIS-III. Patients
with SCI who receive methylprednisolone within 3 hours of
injury are maintained on the treatment regimen (5.4 mg/kg/
hr) for 24 hours. When methylprednisolone therapy is begun
3 to 8 hours after injury, we continue it for 48 hours.!**

COMPLICATIONS

Complications following thoracic or lumbar spine injuries
without neurologic deficit are uncommon. Growth arrest
or deformity is unusual in children less than 10 years old
because of their great remodeling capacity.*®#4-715 Thjs
ability may be compromised if the end-plate is damaged,
because it contains the physis. As Roaf has shown, end-plate
damage is most likely to occur from the nucleus pulposus
during axial loading."® Patients treated operatively may de-
velop any of the complications associated with spinal fusion,
including infection (early or delayed), instrumentation fail-
ure, loss of correction, and pseudarthrosis.

Patients with spinal injuries producing a neurologic defi-
cit frequently develop complications. Acute complications
include pneumonia, sepsis, and pulmonary embolism. In a
review of 28,692 pediatric trauma patients, deep vein throm-
bosis developed in six and pulmonary embolism in two.
Both patients with pulmonary embolism had a spinal cord
injury. The overall incidence of pulmonary embolism was
0.000069 percent. However, in patients with SCI the inci-
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FIGURE 40-25 Soft tissue Chance frac-
ture. A, Lateral x-ray showing acute kypho-
sis at L2—3 with widened disk space and
foramen. B, CT scan confirming the ab-
sence of bony involvement. C, Appearance
3 years after posterior L2—3 fusion.

dence was 1.85 percent.” Although deep vein thrombosis
and pulmonary embolism are rarely seen in children, some
authors treat children with SCI with prophylaxis.”

The long-term complications of patients with SCI are
severe. These children potentially can develop all of the
complications associated with myelomeningocele; in fact, we
routinely refer all patients with SCI to our multidisciplinary
spina bifida clinic. In addition to pulmonary and urologic
problems, pressure sores, syringomyelia, and scoliosis may
develop. Since the advent of MRI, syringomyelia has been
noted quite frequently following SCI. Syringomyelia may
present in the first few months after SCI or decades later.
It is more common in patients with complete lesions. The
most common presenting symptoms include pain, dysthe-
sias, increased tone, and weakness.* Scoliosis is the most

* See references 36, 40, 53, 78, 109, 110, 117, 125.

common complication of SCI in children. The incidence has
been reported between 85 and 100 percent and is inversely
correlated with age at the onset of paralysis and directly
correlated with the location of the lesion (i.e., patients with
higher, more cephalad lesion are more likely to develop
scoliosis). Brace treatment is ineffective in managing para-
Iytic scoliosis but may help delay surgical treatment in the
younger patient. If untreated, paralytic scoliosis can lead to
sitting imbalance and pulmonary problems. It is best treated
with posterior spinal fusion from the high thoracic spine
to the sacrum. Younger patients in whom the crankshaft
phenomenon is a concern and patients with large, stiff curves
may benefit from anterior spinal release and fusion (Fig.
40-27).%

* See references 6, 12, 17, 28, 38, 83, 96, 112, 131.



FIGURE40-26 A and B, Postoperative sitting AP and lateral radio-
graphs of the patient with T3—4 fracture dislocation shown in Figure
40-23. He was treated with posterior fusion from C7 to T8.

FIGURE 40-27 A, Sitting AP radiograph of a patient
several years following C3—4 fracture dislocation. Note
the long neuromuscular scoliosis and the anterior cer-
vical plate. B, AP radiograph following posterior spinal
fusion from T2 to the sacrum.
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FIGURE 40-28 SCIWORA (spinal cord injury without radiographic
abnormalities). A, Lateral radiograph of a patient involved in a high-
speed motor vehicle accident who presented with bilateral lower extrem-
ity paralysis. There is no abnormality. B, Midsagittal MRI. Note the in-
creased signal within the spinal cord (arrow). There is no ligamentous in-
jury.

SPINAL CORD INJURY WITHOUT
RADIOGRAPHIC ABNORMALITY

SCI without radiographic abnormality (SCIWORA) usually
occurs only in children. (Adults may sustain cord injury
without fracture but usually have a ligamentous injury noted
on MRIL*) The term SCIWORA as applied to children was
coined by Pang and Wilberger in 1982.'"” The pathogene-
sis of SCIWORA lies in the fact that the spinal column is
more elastic than the spinal cord. Thus the spinal column
can stretch beyond the elastic limit of the neural ele-
ments.”*!041%17 When the deforming force is removed, the
spinal column returns to its normal state, but the cord is
left permanently damaged (Fig. 40-28A). SCIWORA has
been reported to account for 15 to 35 percent of SCls in
children 710418 SCTWORA may occur at any age and at
any location, but it is most common in the cervical spine.
In Pang and Wilberger’s original series, half of the children
presented with a delayed onset of paralysis of up to 4 days.'”

The characteristics of SCIWORA vary according to age.

SCIWORA is more common in young children, who fre-
quently have complete lesions of the cervical spine, with a
poor prognosis for neurologic recovery. The disproportion-
ately large head of young children probably serves as the
force that deforms the cervical spine beyond the physiologic
limit of the cervical cord. Adolescents are more likely to
have incomplete lesions, with a better prognosis for re-
covery. 55104106107

SCIWORA is a diagnosis of exclusion. Therefore, the
initial evaluation and management are the same as for any
child with an SCI. Following initial assessment and resuscita-
tion, plain radiographs and, if indicated, CT scans are ob-
tained. If the preliminary studies fail to reveal pathology,
MRI is usually performed. MRI is diagnostic, revealing ab-
normal signal in the cord in the absence of changes in the
spinal column (see Fig. 40-28B).* Once the diagnosis has
been established, the entire spine should be imaged and the
patient should be treated with spine precautions until awake
and alert. Patients seen within 8 hours of injury should be
treated with methylprednisolone per the NASCIS-III guide-
lines. Once the child is awake, alert, and cooperative, dy-
namic flexion-extension radiographs should be obtained to
ensure there is no subtle ligamentous pathology. Immobili-
zation of patients with SCIWORA may seem unnecessary, as
there is, by definition, no abnormality of the spinal column.
However, Pang and Pollack noted that eight (15 percent)
of 55 children with SCIWORA suffered a second SCIWORA
3 days to 10 weeks after their initial injury.'"® They hypothe-
sized that the initial injury made the spine “incipiently un-
stable” and susceptible to additional, often more severe,
neurologic trauma. We believe that the high incidence of
“secondary SCIWORA” warrants immobilization of these
patients for 3 months following injury.'®1%19%11
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