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Spinal Cord Injury Without
Radiographic Abnormality
(SCIWORA)

Margaret Marinier ¢ Mary Faut Rodts ¢ Maria Connolly

Spinal cord injury without radiographic abnor-
mality (SCIWORA) is associated with self-
reducing transient subluxation or distraction
of the juvenile spine. It accounts for about
40% of spinal injuries in children under six-
teen. Children’s anatomical features increase
their susceptibility to hyperflexion, hyperex-
tension and distraction mechanisms. Nursing
management includes an awareness of two
of its greatest dangers: a delay in onset of
symptoms and a possible recurrence. If
these dangers are identified early, the child’s
potential for recovery is maximized.

CE #89 Objectives

This independent study offering is designed for nurses and
other heahth care professionals caring for and educating
spinal cord injured patients and their families. The muliple
choice test that follows this offering was created to evaluate
your achievement of the educational objectives listed below:,
After studying this offering, the learner will be able to:

1. Define SCTWORA.

2. Identify the mechanisms of injury causing SCIWORA.
3. List three examples of injuries that could cause
SCIWORA.

Name the two “greatest dangers™ of SCIWORA.
Describe the three common braces used in treating

SCIWORA.
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pinal Cord Injury Without Radiographic Abnormalities
(SCIWORA) is a distinet pediatric entity that was rela-
tively unknown in medical literature before 1969,
Understanding this entity as a unique syndrome has
been tacilitated by advances in research. radiographic technology:,
and neurologic testing. Melzak (1969) is generally accepted as a
leader in making note of the presence of this specific syndrome. Of
29 children admitted to the National Spinal Injuries Centre in
Aylesbury. Buckinghamshire County, England. for traumatic para-
plegia. 16 presented with no x-ray evidence of a fracture to the
spinal colunm.

The specitic term SC/IWORA in reference o “spinal cord
injury without radiographic abnormality™ was coined in 1982 by
Pang and Wilberger. It evolved from their study on neurologic
lesions, biomechanies. treatment. and outcome of 24 children who
had suftered a spinal cord injury (Pang. 1989).

Most recently. Grabb and Pang confirmed that selt-reducing
transient subluxation, or distraction of the juvenile spine, is respon-
sible for the neurologic injury associated with the SCIWORA pic-
ture (Grabb, 1994). The self-reducing transient subluxation studied
describes a temporary or incomplete separation of the joints of the
vertebral column. Injury occurs entirely to soft tissue structures
(ligament and disc) which causes abnormal spinal column motion
with neurologic injury to the spinal cord. However, the vertebral
column is spontancously reduced into alignment. Injuries range
from mild transient neurologic symptoms such as spinal cord con-
cussions to permanent complete paralysis.

SCIWORA has been documented in children ranging in age
from birth to age 16 years. It accounts for 30% of spinal injuries in
children 8 years of age and younger and accounts for 10% of spinal
mnjuries in children age 9 o 16 (Dickman, 1993). Children under 8
suffer greater neurologic trauma and have a worse prognosis than
older children (Ferguson. 1993). The cervical and thoracic spinal
cord injuries are common and lumbar injuries are rare.

Mechanism of Injury

The mechanisms of injury causing the SCIWORA picture
include: (1) extreme tlexion. (2) hyperextension. or (3} distraction
of the spinal column (sce Figure 1). These movements are casiest
to assess at the cervical level compared o the rest of the spine.
Flexion (forward bending) and extension (backward bending)
oceur chiefly between the head and the first cervical vertebrae. In
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Hyperextension

Hyperflexion

Distraction

Figure 1. Mechanisms of injury associated with SCIWORA.
Adapted with permission from the publisher from Athey, A. (1991). A 3 year old with

spinal cord injury without radiographic abnormality (SCIWORA). Journal of
Emergency Medicine, 17, 380-384.

extreme maneuvers. however, the
entire cervical spine may be involved.

In flexion, the body of each verte-
brae is displaced slightly anteriorly
with respect to the subjacent one. It
causes compression of the vertebral
body and tension on the posterior liga-
ments of the spine. Extension increases
tension anteriorly and compression
posteriorly. In both maneuvers there is
narrowing of the cervical canal that can
cause compression on the spinal cord.
Distraction places a tensile stress on all
vertebral bodies including neural arch-
es. In extreme cases. it could stretch the
spinal cord itself.

Flexion

On an anatomic level, there are
several structural components that
increase susceptibility to a flexion
injury. Interspinous ligaments, posteri-
or joint capsules. and cartilaginous end
plates have natural easy movements
and elasticity. The articulating surfaces
of the facet joints are more horizontally
oriented.

The anterior portion of the bony
vertebral bodies are wedged forward
so anterior slipping between adjacent
bodies is easily facilitated. The unci-
nate processes are flat and therefore
ineffective in withstanding flexion
rotation forces. After forward displace-
ment producing the neural injury. the
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upper cervical segment springs back in
place. An example of a flexion mecha-
nism injury could be caused by a blow
to the occipital part of the head as in a
wrestling match.

Hyperextension

As with flexion. posterior joint
capsules, cartilaginous structures and
ligaments also increase a child’s sus-
ceptibility to hyperextension injury.
The posterior joint capsules are sac-like
structures consisting of fibrous and
synovial layers located at the ends of
bone where articulation takes place.
They provide lubrication and hypermo-
bility at the joint. In the cervical verte-
brae. they are located between the neur-
al arches posteriorly.

Cartilaginous  structures like the
intervertebral discs, the ossification
centers, and growth plates are imma-
ture. Autopsy studies of children diag-
nosed with SCIWORA have revealed
these to be common injury sites. With
age, thesc cartilaginous structures
strengthen and ossity or fuse. In the
first cervical vertebrae (atlas), the main
ossification center is not seen at birth
but becomes visible on x-ray during the
first year of life. Cartilage between the
body of the vertebruc and the neural
arches is noted to fuse at about the sev-
enth year (see Figure 2).

In the second cervical vertebrae

(axis) fusion between the body and
neural arches and the odontoid (dens)
is noted between 3 and 6 years of age.
A secondary ossification center at the
summit of the dens appears between 3
and 6 years of age and then fusion
with the dens is noted by age 12 (see
Figure 3).

The rest of the cervical vertebrae,
C3-C7 mature in similar ways. The
spinous processes fuse by the second
or third year. The neural arches fuse
with the body between the third and
sixth year. The transverse process 1s
noted to join the neural arch by the
sixth year.

The cervical vertebrae are also sur-
rounded by a complex network of liga-
ments. They assist with mobility of the
horizontal planes of the facet joints and
support the entire skeletal structure. In
hyperextension, the interlaminar liga-
ments of the child's cervical spine
bulge forward into the spinal canal.
There is shortening and thickening of
the spinal cord, which accentuates the
crowding. Pinching and compression of
the cord is a result.

Extreme hyperextension can also
rupture the anterior longitudinal liga-
ment, detach the disc. and cause a
retrodisplacement of the upper body.
Hyperextension injuries occur when
children do backward somersaults or
fall supine upon an object.
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Figure 2. Diagram of C | (atlas).

A. The body is not ossified at birth, and its ossification
center appears during the first year of life. The body
may fail to develop, and forward extension of neural
arches may take its place.

C. Neural arches appear bilaterally about the seventh
week, and the most anterior portion of the superior
articulating surface is usually formed by the body.

D. Synchondrosis of spinous processes unite by the third
year. Union may rarely be preceded by the appearance
of the secondary center within the synchondrosis.

F. Neurocentral synchondrosis fuses about the seventh
year.

K. The ligament surrounding the superior vertebral notch
may ossify, especially in later life.
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Figure 3. Diagram of C2 (axis).
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. The body in which one center (occasionally two) appears by

the fifth fetal month.

. Neural arches appear bilaterally by the seventh fetal month.
. Neural arches fuse posteriorly by the second or third year.
. Bifid tip of spinous process (occasionally a secondary cen-

ter is present in each tip).

. Neurocentral synchondrosis fuses at 3 to 6 years.
. The inferior epiphyseal ring appears at puberty and fuses at

about 25 years.

. The “summit” ossification center for the odontoid appears at

3 to 6 years and fuses with the odontoid by 12 years.
Odontoid (dens). Two separate centers appear by the fifth
fetal month and fuse with each other by the seventh fetal
month.

Synchondrosis between the odontoid and neural arch fuses
at 3 to 6 years.

Synchondrosis between the odonyoid and body fuses at 3
to 6 years.

. Posterior surface of the body and odontoid.

Figures 2, 3, & 4 used with permission from Bailey, D.
(1952). Normal cervical spine in infants and children.
Radiology, 59, 713-714.

Figure 4. Diagram of typical cervical vertebrae, C3-C7.

A.
B.

m OO

om

The body appears by the fifth fetal month.
The anterior (costar) portion of the transverse process may
develop from a separate center that appears by the sixth fetal
month and joins the arch by the sixth year.

. Neural arches appear by the seventh to ninth fetal week.
. Synchondrosis between spinous processes, usually unites

by the second or third year.

. Secondary centers for bifid spine appear at puberty and unite

with spinous process at 25 years.
Neurocentral synchondrosis fuses at 3 to 6 years.

. Superior and inferior epiphyseal rings appear at puberty and

unite with the body at about 25 years. The seventh cervical
vertebrae differs slightly because of a long, powerful, nonbi-
fid spinous process.
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Figure 5. Philadelphia collar.
Description: Firm plastazote collar rein-
forced with kydex.

Function: Provides significantly more
stability than soft cervical collar. Controls
flexion and extension from occiput to

Figure 6. Guilford cervical brace.
Description: Padded vinyl and alu-
minum orthosis.

Function: Rigid support in flexion,
extension and rotation. Moderate in
lateral plane.

third cervical level.

Distraction

Distraction results from forced lon-
gitudinal pulling or pulling from two
opposite forces.  Leventhal  (1960)

tound that the clastic spinal column of

neonates can be stretehed up to 2 inch-
es. Yet the spinal cord itself can stretch
only one-fourth inch without injury.
Forced distraction occurs with breech
delivery in childbirth. Distraction of the
cervical spine also occurs when head
and neck regions are caught by moving
vehicles and a child is dragged.

A distraction-flexion or “lapbelt”
injury occurs when the thoracic spine is
forcefully distracted. This could occur
when the upper body is hurled forward
in high speed collisions while the pelvis
is fixed to the scat by one belt. Whip-
lash, as a result of acceleration-deceler-
ation, can also cause this distraction
mechanism. As the child advances in
age. elasticity of the spinal column
gradually decreases, and fractures in the
spinal column are more likely to oceur,

Epidemiology

The cause of pediatric SCIWORA
spine injuries varies according to the
age. The most common causes of injury
are related to motor vehicle accidents
(MVA). In the younger age group (0-8
years). the precipitating incident most
often involves an MVA or MV-pedes-
trian accident (Mann. 1993),
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Usually the injury occurs because
the child is cither not restrained or not
restrained properly in the vehicle. In the
older group (9-16 years). the precipitat-
ing incident is more likely an MV-bicy-
cle collision. In these instances. the
child is struck and thrown against a
fixed object causing extreme flexion or
extension  to  the  spinal  column.
Sometimes the child is run over by u car,
causing extreme bowing of the spinal
column and injuring the spinal cord.

The second most common cause of

SCIWORA involves some type of fall,
as a fall from a crib, on stairs, from a
horse. or from a tree.

Sports-related activities are  the
third cause of SCIWORA. Spinal
mjuries associated with sports are more
likely to be seen in older children, usu-
ally caused by gymnastics, wrestling,
football. soccer. or diving accidents.
Many of the injuries occur when super-
vision is not present.

Diagnostic Evaluation

Diagnosis can be a major problem
in juvenile spinal cord injuries. These
injuries are often difficult o examine
clinically and radiographically. Radio-
eraphic evaluation begins with lateral,
anterior/posterior. odontoid. and oblique
views. It medically unstable. a simple
cross-table lateral x-ray is sufficient until
the child’s condition permits a complete

evaluation. Further imaging to assess
stability follows with flexion-extension
lateral C-spine views. Examination of
the entire cervical spine should also be
considered as there is a high incidence
(24% ) of multiple-level injuries in chil-
dren (Rockwood, 1991).

The magnetic resonance imaging
(MRI) scan has proven to be invaluable
in identifying the site and extent of
spinal cord injury. It is noninvasive and
delineates spinal cord and soft tissue
abnormalities well. If an MRI s
unavailable, a computed tomography
(CTy and myelography should be per-
formed. A CT can exclude osseous
injury not detectable with plain radi-
ographs. Water-soluble  myelography
can be used for closer study of nonspe-
cific cord swelling.

Another test, somatosensory evoked
potentials (SSEPs) is used, not diagnos-
tically. but to test neurologic function.
SSEPs are the clectrophysiologic
responses of the nervous system to sen-
sory stimulation. They can relate any
decrease or absence of impulse trans-
mission through the spinal cord. They
arc obtained within 24 hours of admis-
sion and are used for follow-up analysis
of spinal injury cases.

Nursing Management
Nursing management in SCIWO-
RA must be individualized. It should
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Figure 7. Thoracolumbar sacral orthosis (TLSO).
Description: A rigid body jacket made by molding plastic over a model of
the patient to provide maximum restriction of motion and support of the

spine.

consider age, neurologic condition.
type. and level of injury. Any sugges-
tion of ncurologic dysfunction man-
dates immediate stabilization of the
spine. As juvenile patients with sus-
pected spinal injury move through diag-
nostic testing. they need explanations
and reassurance. Therapeutic nursing
measures are similar to those of an
adult with spinal cord injury ongoing
physical and neurologic assessments.
caution in turning, positioning. suction-
ing, and prevention of complications
related to skin breakdown. pulmonary
side effects, or contractures.

The two greatest dangers with
SCIWORA patients are: (1) delay in
onset or the deterioration of neurologic
symptoms or (2) a recurrent injury.
Nurses must be mindful of the possibil-
ity of cither of these conditions.

Transient  numbness, tingling
and/or subjective paralysis type symp-
toms are reported initially. These
include paresthesia affecting the hands
and legs. a subjective feeling of gener-
alized weakness. or a lightning sensa-
tion radiating down the spine associated
with neck movements. These symp-
toms may be missed or dismissed by
initial evaluators. However, within 30
minutes to 4 days. the SCIWORA
patient may begin to exhibit progres-
sive sensormotor deficits that are unre-
lenting (Pang. 1989).

The SCIWORA patient with an

unstable spine x-ray experiences further
or recurrent injury. This has been
reported to be a lethal event in approxi-
mately  one-third  of the patients
(Dickman, 1993). Such cases often
involve patients with mild injuries.
These patients forget about their neuro-
logic deficits. forget about being cau-
tious, and end up leaving the hospital
and  resuming  physical  activity.
Subsequently. o second and more
severe injury to the spinal cord is sus-
tained. Counscling by the nurse or
encouragement to the patient to employ
necessary self-regulation measures may
be expected to be helpful in forestalling
recurrent injuries.

It is critical for the nurse to educate
the patient and tamily as to the impor-
tance of following the strict protocol
prescribed for his/her particular case.
Continuous spinal immobilization is
mandatory. In cervical SCIWORA. a
properly  sized  STIF-NECK  or
Philadelphia collar provides the neces-
sary immobilization in the acute phase
(See Figure 5).

After the diagnosis is established. a

more permanent and rigid form of

immobilization is needed. The Guiltord
cervical brace or posterior resting splint
is recommended (see Figure 6). These
may be used up to 12 weeks.

In thoracic SCIWORA. the patient
is usually fitted with a thoracolumbar
sacral orthosis (TLSO) splint, which
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may also be used up to 12 weeks (see
Figure 7).

The  nurse must  episodically
reevaluate the patient’s alignment,
mobility, and circulation  because
impingement is common to  these
immobilization devices. The spine
should be straight. the head neutral
(neither flexed or extended), and all
extremities in positions ready to carry
out normal activity. A regular schedule
of active or passive range-of-motion
exercises within imposed restrictions is
observed. This will demonstrate and
maintain joint mobility and muscle
strength. All areas of pressure and fric-
tion around the immobilization device
are observed. Any skin redness. discol-
oration. or breakdown is noted, as well
as complaints of pain, tightness, and
sensitivity. [f any of these is present, the
brace may need adjusting.

When medically stable, patients
with serious deficits are transterred to a
rehabilitation hospital for long-term
therapy. For mild lesions. it patients
show substantial improvement within
48 hours. they may be discharged home
alter flexion-extension lateral C-spine
films rule out overt instability. Some
patients continue with outpatient physi-
cal therapy.

For patients who recover quickly.,
difficulty exists in understanding the
need for compliance especially after
discharge. which must be emphasized.
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