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ABBREVIATIONS

ALL Anterior longitudinal ligament
(O] Cervical spineinjury

CT Computed tomography

GCs Glasgow Coma Scale

HTV Hal o-thoracic vest

MRI Magnetic resonance imaging
MVA Motor vehicle accident

NEXUS National Emergency X-radiography Utilization Study

PLL Posterior longitudinal ligament
ROM Range of motion
SCl Spinal cord injury



INTRODUCTION

Spinal cord injury (SCI) represents an important cause of morbidity and
mortality.

Estimates of the annual incidence of SCI in developed countries vary from

11.5 to 53.4 per million people ®.

The majority of victims are young males. Between the ages of 16-32 years,
whose injuries are due to motor vehicles accidents, sports and recreational

activities, work- related accidents and violence @,

The financia burden of SCI to the patient, the health care system and
society is high . The cervical spine is the most frequently injured portion
of the spinal column, in automobile accidents, especiadly for those

occupants who do not wear shoulder and lap belts restrains.

Also the significance of another cause of cervical spine injury “diving “ is
well known . These injuries tend to occur in young individuals (second to

third decade) , in summer season .

A high proportion of those injuries are associated with complete
neurological defect .

The national spinal cord injury data research Centre in Phoenix, Arizona
estimates that there are 250,000 spinal cord injury victims currently living in

the United States with 10,000 new injuries occurring each year ©.

To prevent a spina cord injury, there is no argument that it is better to deal

with it. Asaresult acomprehensive prevention is necessary.



The new generation of safety equipment such as air bags, and better laws
requiring seat belt, helmets and lower speed limits, have already resulted in
the reduction of catastrophic injury in developed countries.

The greatest influence on the outcome of cervical spine injury has not come
from medical or surgical therapy, But from standardization and
sophistication of pre hospital care afforded to accident victims across this

nation.

The emergency medical services “at the scene “, first responder have played
an important role in the improved outcome for multisystem trauma victims,

which includes the mgjority of spinal cord injury.

Unfortunately all of those factors, problems, services, we try to discuss in

our subject.

15T : We have no ambulance system service to prevent pre hospital

secondary spinal cord injuries.
2" - There isno any rules of safety equipment and speed limitations.

At the end the most important problem that we have no protocol of
emergency medical services regarding spinal cord injuries, so we studied
and focused al factors to improve the hospital management of cervical

spineinjuries.



AIMS AND OBJECTIVES

. Epidemiology of cervical spine injury in view of age, sex nature or
cause of trauma and levels of cervical spineinjury.

. Degree of complications: loss of consciousness, neurological and/or
respiratory involvement.

. Role of stabilization and surgical intervention in cases with cervica
spineinjury.



MATERIAL AND MEDTHODS

This is a record of 49 patients who sustained and acute unstable cervical
spine injuries. All were admitted to Al Jala Hospital (trauma department),
Benghazi — Libya, in the period of 1% January 2010 to 31% of December
2011. The 49 patients underwent open reduction, decompression and spinal
stabilization via anterior approach. The indications for surgery were spine
instability or fracture with or without neurological involvement. All the
patients were generally stabilized for 72 hours before surgery, anterior-
posterior and lateral plain radiography with computed tomography were
performed for all patients, but magnetic resonance imaging (MRI) was
performed only for patients with no respiratory involvement.

The neurological assessment was assigned to all patients both preoperatively
and postoperatively. All patients received low molecular weight heparin to
prevent deep vein thrombosis, Diclofenac Sodium as analgesia, while
methyl prendisolone was given to patients with neurological deficit to reduce
edema. Patients who had subluxations or dislocation of cervical spines had
crania traction was applied both preoperatively and intra-operatively.
Philadelphia cervical collar was applied postoperatively to al patients for
3-6 weeks. The statistical analysis. data were analyzed using statistical
package for social science (SPSS) version 18. Descriptive statistics as mean,

standard deviation and median were used.

Data were presented in tables and figures by Microsoft Excel 2007.



PERFORMA

Role of Stabilization and Surgical Intervention in Cervical Spine
Cord Injury
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LITERATURE REVIEW

Anatomy, Biomechanics, and | nstability

The cervical spineisarelatively complex anatomical structure consisting of
seven dightly differing vertebra with a total of 23 articulations: two C0/1
facet joints, two C1/2 facet joints plus the odontoid process articulation with
the C1 anterior arch, and two facet joints plus an intervertebral disk in each
of the C2/3 to C7/Thl segments. Movements of the cervical spine are, in
addition to active stabilization by muscle contraction, also passively
restricted by facet joints, anterior (ALL) and posterior (PLL) longitudinal
ligaments, intervertebral disks, ligamentum flavum, facet joint capsules, and
intertransverse, interspinous, and supraspinous ligmaments, as well as
ligamentum nuchae. Flexion is restricted mainly by the posterior
ligaments®”, i.e., by ligamentum flavum, by interspinous, supraspinous,

and nuchal ligaments, and by facet joint capsules ©.

Extension is restricted by ALL, PLL, and the intervertebral disks ©7.
In addition to the intervertebral disk and facet joint capsules, the frail
intertransverse ligaments restrict lateral bending (. Rotation is restricted
by the intervertebral disk and to some extent by the tensile force of all the
other ligaments. Rotatory restriction by the facet joint capsule is less
significant ®. The facet joints effectively restrict anterior translator

movement ©.



In the upper cervica spine, the tectorial membrane, and the cruciform and
alar ligaments provide additional stability; the anterior atlantooccipital
membrane is an extension of ALL.

The transverse ligament, which is the horizontal part of the cruciform
ligament, is the primary ligamentous stabilizer of the CO/1 segment and
prevents anterior movement of the C1 ring, alowing it to pivot around the
odontoid process. The agpical ligament offers no significant stability to the
craniocervical junction . Accessory atlanto-axial ligaments running
laterally within the osseous spina canal are common and provide additional
rotational stability *°. The main movement of the CO/1 segment is flexion-
extension (average range of motion, ROM 25 °) while rotatory and lateral

bending movements (10° ROM each) of this segment are minor V.

The C1/2 segment has, on average, a 20 ° ROM in flexion-extension, only
minor lateral bending (ROM 10°) and an important rotatory function ( ROM
80 °), contributing approximately half of the rotatory movement of the
whole cervical spine.

The C2/3 segment has a 10 ° flexion-extension ROM, a 20 ° |ateral bending
ROM, and only a6° rotational ROM.

C3/4, C4/5, and C5/6 share similar motion characteristics: on average a 15—
20 ° flexion-extension ROM, a 16-22 ° lateral bending ROM, and a 14 °
rotational ROM. In contrast, the C6/7 and C7/Th1l segments are relatively
rigid: on average a 6- 7 © flexion-extension ROM, a 8-14 ° lateral bending
ROM, and rotationally a 12 ° ROM in C6/7 and only 4 ° in C7/Thl. With
advanced age, the rotation of the C1-2 segment slightly increases, while the
overall cervica spine mobility in flexion-extension, lateral bending, and



rotation decreases with age (12) due to degenerative changes of the spine™?.
Clinical sability of spine after biomechanical analysis of subaxial
ligamentous injuries is as defined “the ability of the spine to limit its
patterns of displacement under physiologic loads so as not to damage or
irritate the spinal cord or the nerve roots.” ©

This became probably the most popular definition of cervical spine stability.
Their later refinement of this definition emphasized clinical symptoms in
instability: “loss of ability of the spine under physiologic loads to maintain
relationships in such a way that there is neither damage nor subsequent
irritation to the spinal cord or nerve roots and, in addition, there is no
development of incapacitating deformity or pain”. Y cervical spines with
intact anterior structures plus one posterior element, or spines with intact
posterior structures plus one anterior structure remain biomechanically
stable under physiological loads ©. Any further removal of stabilizing

ligaments causes a sudden increase in flexion-extension ROM.

In their study, “anterior structures’ included PLL and any structures anterior
to it, while “posterior structures’ were those posterior to PLL. The two-
column (Holdsworth 1970) “® and three-column (Denis 1983) 4 concepts-
both initially used in thoracolumbar injuries and later also used in CSl-
essentially evaluate the same stabilizing structures and share similar
biomechanical assumptions White also concluded that 2.7-mm horizontal
displacement (3.5 mm in a radiograph, when adjusted for magnification) in
a cervical spine motion segment exceeds the normal physiologica limits
and indicates biomechanical instability. ©



Similarly, using adjacent motion segments as the reference, they found an
angular displacement of more than 11 degrees indicating biomechanical
instability.

Occipitocervical junction and Upper Cervical Spine (C0-2)

Fractures of the occipita condyles are relatively rare and usuadly
neurologically uncomplicated injuries. Atlanto-occipital (C0/1) dislocations
are encountered clinically only rarely ‘9| as they are associated with a very
high mortality before hospitalization. Even after hospitalization they show
an approximately 50% mortality. ”

Atlas (C1) fractures account for 8.8% of CSl in blunt trauma. While the
injury may be limited to the anterior arch (13%), posterior arch (18%), or
lateral mass (21%) only, which are considered relatively stable injuries, the
most common injury pattern (37%) is a comminuted fracture of both the

anterior and the posterior arch. ©

The most common of such comminuted injury patterns, Jefferson's fracture,
is a compression fracture of C1 with bilateral fracture lines in both the
anterior and posterior arches. The hallmark finding in this injury is the

tendency of the lateral massesto migrate laterally.

In stable type | fractures the net displacement of the lateral masses is less

than 7 mm and in unstable type Il fractures-with a torn or avulsed transverse

ligament-more than 7 mm .



Magnetic resonance imaging (MRI) can show transverse ligament ruptures
and avulsions more reliably and thus provide more precise information on
biomechanical stability in these injuries, %

Atlanto-axial (C1/2) didocations can occur in three distinct patterns. a
rotatory dislocation of the facets, one anteriorly and one posteriorly, an
anterior dislocation due to transverse ligament rupture or odontoid process
fracture , or a posterior dislocation due to C1 anterior arch fracture or

odontoid process fracture.

Fielding classified the rotatory dislocations into four types, based on

severity:

type | rotatory fixation without subluxation, type Il rotatory fixation with
unilateral 3 to 5 mm facet didocation, type Il with bilateral facet
dislocation greater than 5 mm, and type IV rotatory fixation with bilateral

posterior disocation.

Type | injuries can occur within physiologic ROM without ligamentous
injury, types Il and I11 with ligamentous injuries, and type IV in conjunction

with odontoid process insufficiency (fracture, rheumatoid erosions).

The axis (C2) is the most frequently (23.5-23.9%) injured cervical vertebra

in blunt trauma *®2Y and relatively more often in patients aged over 65. %V

Odontoid process (dens) fractures, which account for 7.7% of CSI and are
present in 11% of patients with CSI, ™® are the most common upper CSl.
The stable type | @ fractures aar ligament distractive avulsion of the

odontoid tip account for 5% of odontoid fractures, and the unstable type |1
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fractures-flexion or extension injuries with a fracture of the odontoid base
for 57% of odontoid fractures.

Type 11 fractures account for 36% of odontoid fractures ), are located in
the area of the vertebral body, and are usually considered to be relatively
stableinjuries.

Hangman's fractures, i.e., traumatic spondylolisthesis of the axis account for

9.6% of axis fractures ®, Aswith most CSl, several classifications co-exist.

The classification proposed by Effendi (1981) has gained the widest
acceptance @, describing type | injury as a fracture through both pars
interarticularis with less than a 3- mm displacement , type Il injuries have
more than a 3-mm displacement, and type Il injuries have an additional
C2/3 facet joint displacement.

All three types are believed to result from hyperextension. A later refinement
of the classification (Levine and Edwards 1985) includes subtype IIA, a
hyperflexion injury with mainly angular displacement due to PLL rupture. ¥

L ower Cervical Spine and Cervicothoracic Junction (C3-Th1)

Fractures of C3 and C4 are uncommon, accounting for 4.2% and 7.0% of
cervica spine fractures. Fractures occur more commonly in C5 (15.0%), C6
(20.2%), and C7 (19.1%) and similarly, dislocations and subluxations occur
most often in C4/5, C5/6, and C6/7 interspaces (16.4, 25.1, and 23.4% of
displacements) and only rarely (3.9% of displacements) in the C7/Thl
interspace 9. |solated injuries that do not generally need any treatment are
isolated spinous and transverse process fractures, wedge compression

fractures (with less than 25% compression), avulsion fractures without

11



ligamentous injury, end plate fractures, osteophyte fractures, and trabecular

fractures, 1©

Patients with spinal stenosis and intervertebral disk disease are most
susceptible to Spinal cord injury without radiographic abnormality, and one-
third of the patients have central cord syndrome: an incomplete SCI with
motor impairment predominantly affecting the upper extremities, sensory

loss below the injured level, and bladder dysfunction. *®

Hyperflexion injuries comprise of arelatively heterogeneous group of CSl,
in which the injury pattern is modified not only by the magnitude of the
force, but aso by co-existing additional force vectors. Hyperflexion causes
compression of the anterior column structures and distraction of posterior
column structures, causing posteriorly both ligamentous injuries and
fractures of the spinous processes and laminae. Addition of more force or a
distractive force vector increases ligamentous injury, starting posteriorly,
sufficient to allow dislocation or fracture of the facet joints; this may also be
unilateral, when the flexion is oblique or with a rotational force vector
added. The instability criteria of White et al. (1975) are designed for
evaluation of biomechanical stability in such injuries . Unilateral locked
facet didocation without a fracture can be biomechanically stable, but such
injuries can be considered clinically unstable, because the anatomical

conditions may cause nerve root compression and injury. ©

After reduction of the dislocation, the motion segment also becomes
biomechanically Unstable ®”. Injuries of the intervertebral disk are common
in both Uni- and bilateral facet dislocations. Bilateral facet dislocations are
associated with extensive ligamentous disruption, frequently involving both

12



ALL and PLL, while in unilateral dislocations, ALL and PLL often remain

intact. %

Compression and compression-flexion cause compression of the anterior
and middle column structures and, with increasing flexion, distraction of the
posterior column structures. A wedge fracture of the vertebral body, usualy
biomechanically stable, is the least severe of the compression-flexion
injuries. More forceful compression causes a burst fracture, which
frequently involves not only anterior and middle column structures, but also
the posterior column. Addition of more flexion to the compression creates a
flexion teardrop fracture-a compressive fracture of the vertebral body with a

typical triangular fragment from the anterior-lower corner.

This injury aso includes shearing across the intervertebral disk, retrolis
thesis, and frequently a distractive posterior column injury that is seen as

fractures or ligamentous ruptures. %%

Hyperextension causes extenson teardrop fracture, ALL rupture or
traumatic retrolisthesis. These injuries begin as ligamentous ruptures of the
anterior column and extend-with increasing hyperextension-posteriorly as
intervertebral disk rupture and in severe cases as PLL, ligamentum flavum,

or facet joint ruptures.

In these injuries, spinal canal stenosis, as a congenital anomaly or as a result

of spondylosis, predisposes to SCI.

Great care should be taken not to confuse extension teardrop fractures with
the formerly described flexion teardrop fracture, because extension
teardrop-an ALL avulsion of the anterior-inferior vertebral body corner-is

significantly more stable.

13



EPIDEMIOLOGY OF CSI AND SCi

It has been reported that the cervical spineisinjured in 2.4% of blunt trauma
victim 9. Certain demographic factors are known to be associated with
cervica spine injury; age greater than 65 years, male sex and white
ethnicity®Y.

In a cross-sectional study only one population-based study of spinal column
injuries has been performed in a complete population. Hu et a. (1996)
found the annual incidence of spinal fractures in Manitoba, Canada to be

640 per million, 290 per million requiring hospitalization.

Cervical spineinjuries account for 33% of the fractures, with two peaks, one
in the second and third decade of the male population and another in elderly
females. While accidental falls account for the greatest number of CSI, with
motor vehicle accidents (MVA) second in occurrence. ¢V

In another study, which is the largest multi — center trial to date, the most
common site of injury was the atlantoaxial region, with the most commonly

injured levelsin the subaxial cervical spine being C6 & C7.

One third of the injuries identified in this study were considered clinically
insignificant. Despite this surprising number of clinically minor injuries, the
cervica spine injuries remain the most common level for spina cord injury
(SCl ), representing 55% of SCls ©?, the incidence of traumatic CS-FX in a
general Norwegian population to be 11.8/100.000/year. A male
predominance was observed , and the incidence increased with advancing
age . Falls were the most common trauma mechanism, and SCI was
observed in 10% of those included. The 1- and 3-months mortality rate were

14



7% and 9%, respectively. The incidence of open surgical fixation of CS-FX
in this population is 3.1/100.000/year.

The National Emergency X-radiography Utilization Study (NEXUYS),
searching for clinica decision rules for cervica spine clearance
(3316,30.342521) provided valuable data on CSl epidemiology in blunt trauma
of 34069 patients with blunt trauma and suspected CSl, 818 (2.4%) were

diagnosed with CSI.

The majority of CSI cases occur in those aged 20 to 50 Reported age
distribution of CSI incidence per admission showed three distinct segments:
arelatively low incidence (< 1%) in children, a plateau of 2.2% incidence in
adults aged 18 to 64, and a higher 4.6% incidence per admission in those
aged 65 years or more.

Those over 65 have relatively more injuries of the C1 and C2 segments,
especialy the odontoid process ®?V typically sustained in a simple fall
from standing height . The severity of head injury correlates with
incidence of CSl: 1.4% in patients with Glasgow Coma Scale (GCS) score
13t0 15, 6.8% in GCS 9to0 12, and 10.2% in GCS < 8. *?

DIAGNOSIS OF CS|

Clinical Cervical Spine Clearance

The clinical decision rules studied and validated by the NEXUS group are
highly accurate for the task for which they were designed: In some patients
they can rule out virtually any unstable CSl. (3337

15



The NEXUS criteria for clinical exclusion of CSl are the following: no
evidence of intoxication, no posterior midline neck tenderness, no painful
distracting injuries, normal level of alertness, and no focal neurologic
deficit. Patients who meet al five criteria have a very low risk for CSl
(99.8% negative predictive value).

The senditivity of the decision rule is high (99.0%), but due to its low
specificity (12.9%), its positive predictive value is low (2.7%). Use of the
NEXUS criteria could, in theory, reduce the number of radiographic
examinations of the cervical spine by approximately 20%. &”

RADIOGRAPHY

Despite advances in computed tomography (CT) and MRI technology, plain
radiography is still the fundamental primary imaging method for CSl.

In plain radiographic clearance of the cervical spine, three views including
lateral, Anteroposterior, and open-mouth odontoid are the minimum

requirement. ¢®

Utilization of supine oblique views in addition to these three views does not
significantly improve detection of CSI 49 |t may, however, improve
diagnostic confidence “? and more specificaly the confidence of excluding

fractures,

16



Computed Tomoagraphy and M ulti-Detector Computed
Tomogr aphy

Helical CT is an accurate and reliable imaging modality widely used in

modern emergency radiology. ¢

In cervical spine trauma, CT is both cost and time-effective, and has been

recommended for screening in high-risk patients, #3444

Clinical decision rules can help to identify those blunt trauma patients at
higher risk for CSI. 449

Helical CT can detect CSl at a 95 to 98% sensitivity “"“*349 and 93 to
100% specificity “®%), Whereas detection of mild vertebra body
compression fractures and mild subluxations are known pitfalls ‘9,
odontoid fractures are reliably detected ®*9. 3D surface reconstruction
images do not generally enhance diagnostic accuracy, but may be of value
in interpretation of rotational CSlI ®?. CT is unreliable in assessment of

ligamentous injuries and SCI “9.

RI

MRI has the ability to visuadize soft-tissue injuries and may serve as a
complement to radiography and CT. It can aid in assessment of transverse
ligament injuries in Jefferson's fractures ¥, of intervertebral disk and PLL
integrity in type Il and 111 hangman's fractures, ALL and intervertebral disk
integrity in hyperextension injuries ¥, posterior ligaments and facet joints
in hyperflexion injuries ®>*°, and also of post-traumatic disk herniation and

hematoma "),

17



CLASSIFICATION OF CS

Five main classification systems for acute subaxial cervical trauma were found
(Holdsworth's classification, Allen's classification, Harris classification, the
subaxial cervical spine injury classification system (SLIC) and the cervica
spineinjury severity score (CSISS).

The complexity of some CSls indicates the presence of severa different injury

mechanismsin asingle trauma. ©¥

By comparing the classification systems, it is evident that older classification
systems (Holdsworth, Allen et a and Harris et a) have focused on the

mechanisms of injury %%V

, while newer classification systems (Vaccaro et
al, Moore et a) have discarded this in favor of radiological findings and, ©¢*%

in the case of VVaccaro et a, neurologic status.

Comparisons of the classification systems show that there are clear advantages
to the system presented by Vaccaro et a (SLIC scale) compared to previous
systems because it may be used to guide treatment, however it has lower
reliability and validity compared to the Allen and Harris systems, none of these
classification systems has gained uniform acceptance among researchers or

clinicians.

Assessment of spina stability and instability are essentia in conjunction with
al classification systems, as choice of treatment in each specific type of CSl is
based on whether the injury is considered biomechanically and clinically stable

or not.

Classification by injury level to upper (CO-2) and lower (C3-7) CSI is well
established, because the anatomical and biomechanical properties and thus also

18



the type and significance of injuries-of the two uppermost cervical vertebra

significantly differ from those in the third to seventh vertebra.

In most studies and also clinically, a combination of several classification
methods is used concurrently. For example, the injury is described by both
level and trauma mechanism followed by morphological description of the

injury and finally an assessment of stability

19



TREATMENT OPTIONSAND CLINICAL RESULTSINCS

Occipitocervical Junction and Upper Cervical Spine

In neurologically uncomplicated fractures of the occipital condyles, external
stabilization using a stiff collar is sufficient ©¥. Because untreated and
conservatively treated atlanto-occipital dislocations are often complicated
by neurological deterioration, surgical interna  stabilization is

recommended. (>

Isolated fractures of the anterior or the posterior arch of the atlas and
combined anterior and posterior arch fractures with an intact transverse
ligament (type | injuries) have been successfully treated with rigid collars,
sternooccipitomandibular immobilizing devices, and HTV. No study has

provided evidence for using one of these devices over the other. ©”

For combined anterior and posterior arch fractures with evidence of
transverse ligament rupture (including type Il Jefferson's fractures), HTV
and surgical stabilization are the main treatment options, yet no evidence

exists as to their performance relative to each other. ©”

Type | odontoid fractures are usually stable and clinically non-problematic
Avulsion fractures of the odontoid process tip ©®, while only limited
knowledge of such injuries yet exists 9.

Type Il odontoid fractures are unstable, often failing to unite by
conservative treatment 9. The optimal treatment—external stabilization or

surgery—and indications for early surgery are controversial. ("

20



Main treatment options include HTV for al type Il fractures 'V, for non-
displaced fractures only ™), and primary surgical treatment. (">

Treatment by cervical brace aone provides insufficient stability and
produces lower osseous union rates than does HTV (7. While HTV
provides an immobilization superior to that of a soft collar, aMiami Jcollar,
or a Minerva brace ("®. It cannot completely immobilize the cervical spine;

it allows some movement, especialy in the upper cervical spine.

Surgical treatment, meaning either posterior fusion with bone grafting and
wires @ posterior atlanto-axial screw fixation, ®Y or anterior screw
fixation, is effective but technically demanding and is associated with
complications (°#) |t is well accepted that surgical treatment is preferable
for patients for whom conservative treatment cannot be undertaken or

conservative treatment has failed.

In type Il fractures, surgical treatment is generally unnecessary, as most
heal well by conservative treatment such as HTV or Minerva cast. 887770

A cervica collar may, however, provide insufficient immobilization for

some type |11 fractures, &

Most hangman's fractures, being most commonly type |, heal by

conservative treatment with arigid cervical collar or aHTV.

Surgical stabilization, either posterior or anterior, is an option in cases with

severe disocation or angulation, i.e., typell, I1A, and I injuries,
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L ower Cervical Spine And Cervicothoracic Junction

A relatively safe and efficient way of reducing cervical spine displacements
in awake patients is skull traction with progressively increasing weights-
without general anesthesia ®#. Patients with unilateral facet dislocations
should be initidly treated with initial halo traction in an attempt to obtain

reduction. &

They also recommended HTV in neurologically intact patients in whom
closed reduction was successful. In contrast, Hadley et al. (1992) concluded
that facet dislocations without apparent fracture do not respond well to

conservative treatment. @

Surgical treatment of cervical spine dislocations allows earlier mobilization
of the patient and shortens the primary hospital stay. &

In posterior internal stabilization (Omeis et al. 2004) ®, numerous fixation
methods have been used successfully: interspinous or interlaminar fixation
such as Rogers interspinous wiring Y, Bohlmann's modification of the
Rogers wiring with addition of bone grafting and triplewires 2, the
interspinous Daab plate ¥, and interspinous or sublaminar wiring with

multistrand cables, ¥

Other methods are direct fixation of lateral masses with plates and

screws(95), and various instrumentation utilizing rods and screws. (%7

Triple-wire fixation and direct fixation of lateral masses with plates are
biomechanically equally stable @, but lateral mass fixation with screws and

rods may be even more efficient in preventing pseudoarthrosis. "
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Posterior fixation can stabilize one- and two-column posterior injuries, but
without additional anterior stabilization these are insufficient for three-

column injuries, *

The era of anterior instrumentation began when Bohler (1967) reported the

use of anterior plate fixation in cervical spine fractures.

Screw loosening in  such instrumentation occurs in approximately 5% of
cases 100 Anterior plates can stabilize not only compressive flexion and
extension injuries, but also distractive flexion injuries (disocations and
fracture dislocations), by either non-locking “°; or locking cervical spine
plates. (102)
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RESULTS

Table 1: Distribution of patients according to age.

Age lyear No. %

<20 5 10.2
21-25 9 184
26- 30 7 14.3
31- 35 5 10.2
36 - 40 2 4.1
41 - 45 6 12.2
46 - 50 7 14.3
>50 8 16.3
Total 49 100

Table 1 showed the distribution of patients had cervical spine injury to
the age, it ranges from age of 18 years to 77 years, the mean was 36.9
years, standard deviation = 13.9 years and median was 33 years.

It is obvious that more than half of them (53.1%) were < 35 years.
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Fig. 1: Distribution of Patients According to Age.
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Table 2 : Distribution of patients according to the sex.

Sex No. %
Male 39 79.6
Female 10 204
Total 49 100

Table 2 showed that most of our patients in this study were men (79.6%)
and 10 were women. This may be due to the type of activities resulting in
such type of injury which are more practiced by men than women like
diving.

20.4%

B Male

Fig. 2 : Distribution of Patients According to the Sex.
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Table 3 : Distribution of patients according to the department admitted to.

Department No. %
ICU 16 32.7

Word 25 51
NSSR 8 16.3
Total 49 100

Table 3 describes that about half of our patients were admitted to the
general word of the department and those were of good general condition
while near 1/3 rd. (32.7%) were of critical general condition and needed
to be admitted to the intensive care unit (ICU) , but 8 patients (16.3%)
were kept in observation room of Neurosurgery department (NSSR), for a
while before surgery and then transferred postoperative to the word.

16.3%

mICU
® Word
= NSSR

51%

Fig. 3: Distribution of Patients According to the Department Admitted
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Table 4 : Distribution of patients according to level of conscious.

L evel of Conscious No. %
Conscious 46 939
Unconscious 3 6.1
Total 49 100

Table 4 showed that most of our patients were conscious (93.9%) on
admission and only 3 patients were admitted unconscious usually because

of associated head trauma.

6.1%

M Conscious

M Unconscious

93.9%

Fig. 4 : Distribution of Patients According to Level of Conscious
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Table 5 : Distribution of patients according to the months.

Months No. %
January 4 8.2
February 5 10.2
March 3 6.1
April 4 8.2
May 3 6.1
June 4 8.2
July 7 14.3
August 3 6.1
September 9 184

October 1 2
November 3 6.1
Dec. 3 6.1
Total 49 100

Table 5 reveded that the cervical spineinjuries occurred morein July and

September may be because of holiday seasons in Benghazi.
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Table 6: Distribution of patients according to the seasons .

Seasons No. %
Spring 10 20.4
AP 14 _________________________ e
Autumn 13 26.5
WIS B 12 _________________________ e
Total 49 100

Table 6 described again that the cervical spine injuries occurred in
Summer and Autumn (55.1%). This explains that the injuries occurred

more on the holiday seasons in Benghazi.

24.5%

B Spring
B Summer

» Autumn

B Winter

Fig. 6 : Distribution of Patients According to the Seasons
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Table 7: Distribution of patients according to cause of injury.

Causeof Injury No. %
RTA 32 65.4
Fall down 8 16.3
Diving 7 14.3
Bomb explosion 1 2
Hanging 1 2
Total 49 100

Table 7 showed that the most common cause of trauma was the road
traffic accidents (65.4%), then the falling down (16.3%) and diving
(14.3%) while hanging was reported in one case and bomb explosion in

another one case.

70 65.4

o 143

2 2
= =

RTA Fall down Diving Bomb explosionHanging

Fig.7: Distribution of Patients According to cause of Injury
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Table 8 : Distribution of patients according to age and cause of injury.

= Causeof injury
g% RTA Fall down Diving Others Total
< [No.| % | No| % | No.| % |No.|% | No. | %
<20 1 31 0 0 4 571 0 0 5 |10.2
21-25 5 |156| O 0| 3 ...... 429 | 1 50 9 184
e e Do B B e [P o e s Sute
i I Do B e e I Rt et B B
T B e e B B e e R
i e e B e e [P N et B S
PSSP e e B ey B RO RO e i BUPY
> 50 1 3.1 7 | 85| 0 0 0 0 s | 163
Total 32 | 100 8 100 7 100 | 2 |[100| 49 | 100

Table 8 found the relations between the age and the cause of traumain 49

Patients with cervical spine injuries. It revealed that road traffic accident

was an important cause of CSl In both young and middle age groups

(= 50 years). While falling down was an important cause for CSl in

patients > 50 years of age. Diving was an obvious cause of trauma in

patients < 25 years.
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Table 9 : Distribution of patients according to cause of injury and sex.

Sex
Ci?]ljjjrey()f Male Female Total

No. % No. % No. %
RTA 24 61.6 8 80 32 65.4
T , - X o | 8 _________________ s
oiving , - X S 7 _________________ s

o X e X P 2 _________________ .
Total 39 100 10 100 49 100

Table 9 was reveadling the relation between the patient gender and the

cause of trauma leading to CSI. It is clear that 80% of women had the

injury because of RTA, one hanging and one falling down, since diving is

not a hoppy of women in our community.

Regarding men, RTA again was the most common cause of trauma

(61.6%) followed by falling and diving (17.9% each).




Table 10 : Distribution of patients according to type of injury.

Typeof injury No. %
Fracture 33 67.4
Sublaxation 15 30.6

Didlocation 1 2
Total 49 100

Table 10 presented that the nature or type of injury among 49 patients of
this study. Cervical spine factures was the most common type of injury in
67.4% of cases, then subluxations in 30.6% of them while dislocation was

diagnosed in one case.

70 1 67.4
760
50
40
30
20
10

Fracture Sublaxation Dislocation

Fig. 8 : Distribution of Patients Accordingto Typeof Injury
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Table 11 : Distribution of patients according to cause of injury and type

of injury.
Typeof injury
Ci?]ljﬁ?;f Fracture | Sublaxation | Didocation Total

No. % No. % No. % No. %

RTA 25 781 7 21.9 0 0 32 | 100
Fall down 2 25 | 6 ....... 75 0 0 8 100
Diving 4 |s71| 2 ....... 28.6 1 14.3 7 100
Others > |100| O ....... 0 0 0 2 100
Total 33 |674| 15 | 30.6 1 2 49 | 100

Table 11 found the relation between the cause of trauma and the nature or
type of injury. It is clear that RTA was an important cause of cervical
spine fracture in 78% of patients, while falling down was an important
cause of cervica spine sublaxation (75%) but diving may result in
fractures (57%) or sublaxation (28.6%). Hanging and bomb explosions

both were the cause of cervica spine fractures..
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Table 12 : Distribution of patients according to level of injury .

Level of injury No. %
C2 14 28.6
C2-C3 2 4.1

C3 1 2
C3-4 2 4.1
C4 4 8.2
C4-C5 5 10.2
C5 8 16.3
C5-C6 8 16.3
C6 2 4.1
C6-C7 2 4.1

C7 1 2
Total 49 100

Table 12 reveded that the most frequent cervical spine level was C2 in
(28.6%) of cases, followed by C5: 8 cases (16.3%) and C5-C6 : 8 cases
(16.3%) then C4 or C4-C5 levels (8.2% % 10.2%).

2C -2C 3C 43C 4C —4C 5C -5C oC -o6C TE|
3C sC 6C 7C

Fig. 9: Distribution of Patients According to Level of Injury
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Table 13 : Distribution of patients according to level of injury and type

of injury.
Typeof injury
I__e\_/el ol Fracture | Sublaxation | Didocation Total
injury
No. % No. % No. % No. %
C2 14 | 425 0 0 0 0 14 | 286
C2-C3 1 3 1 6.7 0 0 2 4.1
C3 1 3 0 0 0 0 1 2
C3-C4 0 0 2 13.3 0 0 2 41
C4 4 12.1 0 0 0 0 4 8.2
C4-C5 0 0 4 26.7 1 100 5 10.2
C5 8 24.2 0 0 0 0 8 16.3
C5-C6 2 6.1 6 40 0 0 8 16.3
C6 2 6.1 0 0 0 0 2 4.1
C6-C7 0 0 2 13.3 0 0 2 41
C7 1 3 0 0 0 0 1 2
Total 33 100 15 100 1 100 49 100

Table 13 presents the nature of trauma to the level of cervical spines. Itis
obvious that fractures were seen in large number of cervical spine but
mostly at level C2 (42.5%) level C5: (24.2%) and levels C6 or C5-C6
(12.2%).
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Table 14 : Distribution of patients according to level of injury and cause

of injury
Causeof injury
L_e\_/el 2 RTA Fall down Diving Others Total
injury
No.| % | No.| % [ No.| % | No.| % | No.| %
C2 12 |375| O 0 1 |143] 1 | 50 | 14 | 286
______ CZCS o s Toe g ; 0 . T
____________ C3 T o 5 5 5 0 5 X ,
________ C34 > Tea ; 5 5 0 5 T
____________ C4 s Toa T 7 Tocl o 5 0 5 o
..... C4—CS 1 31| 1 |125| 3 | 428 O 0 5 | 10.2
____________ C5 P 5 T one 0 Ties
_____ C5_(;6 ool - 5 5 0 5 ies
____________ C6 TR 5 ; ; 1 T o
C6_C7 o s Toe g T 0 ______ B T
____________ C7 . 5 5 5 T 0 5 X ,
Total 32 {100 8 | 100 | 7 | 100 | 2 | 100 | 49 | 100

Table 14 found the relation between the cause of injury and the level of

cervical spine involved RTA was the cause of trauma at almost all levels

of cervical spines mostly C2, C5 and C5-C6, while falling down was the
cause of injury at levels of C4 or C4-C5; C6-C7 but mostly at the levels

of C5-C6 on the other hand diving was the cause of trauma at the cervical

spine levels C4-C5 more than other levels.
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Table 15 : Distribution of patients according to neurological involvement.

Neurological No. %
I nvolvement
Yes 22 44.9
No 27 55.1
Total 49 100

Table 15 revealed that 22 patients out of 49 cervical spine injured cases

were diagnosed to have neurological involvement (44.9%).

44.9%
® Yes

® No

55.1%

Fig. 10 : Distribution of Patients According to Neurological | nvolvement



Table 16 : Distribution of patients according to neurological involvement.

Type of neurological No. %
| nvolvement
Quadriplegic 18 818
Centra cord syndrome 3 13.6
Others 1 4.6
Total 22 100

Table 16 showed that out of the 22 neurologically involved cases 18 had
guadriplegia (81.8%) with complete loss of muscle power at upper and

lower limbs, loss of bowel and bladder functions.

The central cord syndrome with weakness of upper limbs more than that
of lower limbs was diagnosed in 3 cases, one case had weakness only at
the upper limbs with normal lower limbs (UL: 3/5& LL : 5/5).

100
9% S1.8

80

60 -

40

20 - 13.6 4.6

0 B <
T T T .'I
Quadriplegic Central cord Others

syndrome

Fig. 11 : Distribution of Patients Accor ding to Neurological I nvolvement
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Table 17 : Distribution of patients according to causes of quadriplegia.

Causes of Quadriplegia No. %
RTA 10 55.6
Diving 5 27.8
Fall down 3 16.7
Total 18 100

Table 17 showed the relation between quadriplegic patients and the cause
of trauma. It is clear that more than half of our quadriplegic cases were
occurred because of RTA (55.6%) and more than 1/4™ of them because of

diving (27.8%) while faling down was the least cause of quadriplegia

(16.7%).

B RTA
¥ Diving

# Fall down

Fig. 12 : Distribution of Patients According to Causes of Quadriplegia
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Table 18: Distribution of patients according to level of injury and
neurological involvement.

Neurological involvement
I‘iﬁ}lﬁlr;f Yes No Total

No. % No. % No. %
C2 0 0 14 51.9 14 28.6
C2-C3 0 0 2 14 2 4.1

C3 0 0 1 3.7 1 2
C3-4 2 9.1 0 0 2 4.1
C4 2 9.1 2 14 4 8.2
C4-C5 5 22.7 0 0 5 10.2
C5 5 22.7 3 11.1 8 16.3
C5-C6 6 27.4 2 7.4 8 16.3
C6 0 0 2 14 2 4.1
C6-C7 1 4.5 1 3.7 2 4.1

Cr 1 4.5 0 0 1 2
Total 22 100 27 100 49 100

Table 18 found the relation between the neurological involvement in this
study and the level of cervical spine injured. It is obvious that C2 level
trauma had no neurological involvement (14 patients. 28.6%) but the
neurologica involvement occurs more among patients who had C4-C5,

C5 or C5-C6 cervical spineinjury.



Table 19 : Distribution of patients according to respiratory involvement .

Respiratory involvement No. %
Yes 13 26.5
No 36 73.5
Total 49 100

Table 19 showed that 13 patients (26.5%) had respiratory complications
and those al were with neurological involvement 12 (92.3%) were
discharged alive and one died (7.7%).

E Yes

No

73.5%

Fig. 13 : Distribution of Patients According to Respiratory I nvolvement



Table 20 : Distribution of patients according to level of injury and
respiratory involvement.

Respiratory involvement
I‘iﬁ;fﬁrsf Yes No Total

No. % No. % No. %
C2 0 0 14 38.8 14 28.6
C2-C3 0 0 2 5.6 2 4.1

C3 0 0 1 2.8 1 2
C3-C4 2 15.4 0 0 2 4.1
C4 2 15.4 2 5.6 4 8.2
C4-C5 2 15.4 3 8.3 5 10.2
C5 2 15.4 6 16.7 8 16.3
C5-C6 4 30.7 4 11 8 16.3
C6 0 0 2 5.6 2 4.1
C6-C7 1 1.7 1 2.8 2 4.1

C7 0 0 1 2.8 1 2
Total 13 100 36 100 49 100

Table 20 describes the relation between the level of cervical spine injury
and the respiratory involvement. It is obvious that the spine level of C5-
C6 was the most affected area among patients of respiratory involvement
followed by: C3-C4, C4, C4-C5 and C5.



Table 21 : Type of surgery performed for 49 patients with cervical spine

Injury
Typeof Surgery No. %
Anterior Odonoid screws fixation 10 20.4
[_)l sc_ectomy, bone graft or cage and 19 8.7
fixation
Corpectomy and fixation 20 40.9
Total 49 100

Table 21 describes the type surgery that performed for 49 patient of
cervical spine surgery corpoectomy and fixation for fracture spine was
donein 20 cases (40.9%) while discectomy and fixation had performed in
another 19 cases (38.7%). For dens fracture type Il anterior odontoid

screws fixation was performed for 10 cases (20.4%).

B Odonoad serews

Ovizcectomy, bone graft or cage and
fixation
O Corpectomy and fixation

Fig. 14 : Type of Surgery Performed for 49 Patients with
Cervical Spineinjury
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Table 22 : Condition of patients at discharge.

Condition at discharge No. %
Good 27 55.1
P R 21 _______________ e
Died 1 2
Total 49 100

Table 22 showed that more than half of our patients discharged well with
no neurological deficits while 21 of them were discharged home with
same neurological deficit three patients with central cord syndrome
improved shortly after discharge. One patient died at hospital.

%

= |
I | | i
Good With Died
neurological
problems

Fig. 15 : Condition of Patients at Discharge
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Table 23 : Distribution of patients according to duration of hospital stay.

Duration of Hospital Stay/ No. %
Days
1-7 33 67.3
>7 16 32.7
Total 49 100

Table 23 describes the total hospital stay of our patients, since most of
them were kept in hospital for < 7 days (67.3%) and near 1/3™ were kept
for more than that the mean of hospital stay 6.4 days, minimum 3 days

and maximum was 12 days.

32.7%

mi-7
m>7

Fig. 16 : Distribution of Patients According to Duration of Hospital Stay



30 year mae Libyan Neurosurgeon doctor admitted with H/O R.T.A.
He was complaining of neck pain and inability to move his limbs
O/E: Tone hypotonia in upper and lower limbs, Power of upper and lower
limbs were 0/5, Hyporeflexia in upper and lower limbs, sensation up to C5
dermatome.

Anterior cervical corpoectomy and fixation done

Preoperative Preoperative Postoperative
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32 year femae paient was admitted with H/O RT.A.
She complains of neck pain and inability to move his limbs and loss of
sensation

O/E Tone hypotoniain upper and lower limbs, Power of upper and lower limbs
were 0/5, Hyporeflexia in upper and lower limbs, sensation up to C5
dermatome

CT cervical reveals C5-C6 sublaxation

Cranial skull traction applied preoperatively

Anterior cervical discectomy and fixation done for her

Preoperative Postoperative
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24 year mae paient was admitted with H/O RT.A.
He was complaining of neck pain

Patient was conscious, No respiratory involvement, and No neurological
deficit

Anterior odontoid screw fixation done for him

I ntraoperative

Postoperative Postoperative Postoperative
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SUMMARY

1. The mean age of patients had cervical spine injury is 36.9 years with
standard deviation = 13.9 years. The youngest 18 years and oldest 77
years - Table 1.

2. Malesare ahigher risk of cervical spineinjury (79.6%) in this study
- Table 2.

3. Most of patients were admitted to the word and most of them were
conscious - Table 3&4.

4. Mostinjuriesof cervical spines had occurred at Summer and Autumn
(between July and September) — Table 5& 6.

5. Most of this crisis had occurred due to RTA (65.4%), other causes
were fall down and diving - Table 7.

6. Both young and middle age groups were at risk of cervical spine
injury due to RTA. In young age group < 25 years diving was an
additional important cause of trauma, in the other hand falling down
was seen to be an important cause of trauma among old age group -
Table 8.

7. RTA was an important cause of cervical spineinjury in both men and
women. Diving as a cause of cervical spine trauma not seen among
women — Table 9.

8. Cervical spine fractures was the most frequent type of injury in this
study (67.4%), followed by subluxations in 30.6% of cases while
dislocations was seen only in one case — Table 10.
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10.

11.

12.

13.

14,

15.

16.

The cervical spine fractures was seen more among patients who had
RTA (78.1) while fall down was the cause of most cases of cervical
spine subluxations (75%) - Table 11.

The most common level of cervical spine injury was C2 followed by
C5o0r C5& C6—Table12.

Fractures of cervical spines occurs more at level C2 but can occurs at
other levels as well, C5 was the second common cause of fracture but
subluxations was occurred more at the levels C5-C6 and C4-C5 -
Table 13.

Neurological involvement was seen in 44.9% of patients had cervical
spine injury. Quadriplegia was the most common clinical form of
neurologica involvement (81.8%) the cause of this kind of trauma
was mostly RTA (55.6%) - Table 15,16 & 17.

Neurological involvement was mostly because of injuries at cervical
spine levels — C4-C5, C5, C5-C6 - Table 18.

Respiratory involvement was seen in 13 patients (26.5%) 12 of them
(92.3%) were improved. It occurs more when the injury involving
spines of levels C4, C4-C5, C5 and C5-C6 — Table 19& 20.

Corpoectomy and fixation was performed to 20 patients while
discectomy and fixation was performed for 19 patients, but odontoid
screws fixations was performed only for 10 patients (20.4%) whom
diagnosed to have type Il dense fractures of cervica spines
Table 21.

Hospital stay was variable but mostly patients were discharged
within aweek of surgery, the least stay 3 days and the maximum stay
was 12 days— Table 23.
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DISCUSSION

This study was designed to find out the epidemiology of cervical spine
injuries in view of patients age, gender, cause of trauma, type of injury,
level of spine affected and neurological with or without respiratory
complications associated with such type of trauma.

In our study the patients age were ranging from 18-77 years with mean
36.9 years and medium 33 years. It also showed the predominance of
males (79.6%) with motor car accidents being the commonest cause of
injury (65.4%) followed by falling (16.34%) and diving (14.3%) the most
common type of injury was fracture in 67.4% of cases followed by
subluxations (30.6%) and one dislocation. Vashdev Chandwani et al 2010
193) had reported almost the same mean age of 36.4years in a study
included 36 men and 5 women with trauma caused mostly by RTAsS
(46.3%). Recently Kamravan et al 2014 “*? had a so reported a mean age
near to that in our study (37.2 years) with predominance of males (male:
female ratio = 3 : 1), aso the concluded that the car accidents were the
leading cause of cervical spine injury. On the other hand Hasler RM et |a
2012 % concluded that the mean age of cervical spine injury in a
multicenter study was higher than that of our patients with median 47.2
years, 60.2% were males and road traffic accidents with falls were
important predictive factors for fracture or dislocations of cervical spine
injuries among their patients . also Adeou and his associates from Nigeria
(%) had reported that higher age group with mean 41.8 years were at
higher risk for cervica spine injuries that obtained by road traffic injuries



in al cases included in their study, the commonest was ondontoid peg

and hangman fractures.

Falling down was the 2™ cause of traumain this study (16.3%), it noticed
to occur more among elderly patients (= 50 years) causing subluxations
or fractures of cervical spine. Falling from a height had also reported in
14.3% of patients had cervical spine trauma in a study of Vashdev
Chandwani et al. ™

In other studies like that of Sidong Kang and his associates 7, fall was

the commonest cause of cervical spineinjury in 75.5% of their cases.

Fredo et al “® also had reported that falling was the commonest cause of
injury in their series (60%) with mean age group higher than that of our

study 56 years.

The 3" cause of cervical spine injury in our study was diving (14.3%)

that occurred only among males and of young ages =25 years.

T. Noguchi “*® had concluded that lack of skills and misjudgment to the
depth of water in diving activity were the cause of cervical spineinjuries
in 35 cases included in his study (32 males and 3 female), most of them
were young, less than 30 years (88.6%).

Korres and his colleagues ™ had reported cervical spine injury because
of diving in 2.6% of their cases, mostly occur in May and September
resulting in fractures mostly at the level of C5 and C6 compared to our
study the cases had occurred mostly in July and September (summer and

autumn) and mostly at levels of C4-C5 and C5 cervical spines.

Most frequency of injuries in this study had occurred at cervical spine
levels. C2 (28.6%) C5 alone (16.3%) or C5-C6 (16.3%) followed by C4
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or C4-C5. Others had reported that fractures most often occur at C6 and
C7 while dislocations often occur between C5-C6 and C6-C7. 412

Kocis and his associated **? earlier also reported that the commonest
cervical spine levels had injured were C5th and C6-C7 among 363
patients studied for cervical spine injuries that seen more among young
and middle age groups with predominance of car accidents as a cause of

trauma.

Neurological involvement in our study was diagnosed in 22 patients
(44.9%) al of them had trauma at levels of C3 to C7 (mostly C4-C5 and
C6). Quadriplegia was the commonest form of neurological involvement
(81.8%) while central cord syndrome seen in 3 patients (13.6%). Fredo et
a (2012) had reported that 79% of their patients with cervical spine
injury had no neurologica deficits, 8% had incomplete spinal cord injury
while 2% were diagnosed to have complete spinal cord injury
(quadriplegia)
quadriplegia may be due to lack of pre-hospital management.

(%) This shows that we had a higher incidence of

The respiratory involvement among our patients was detected in 13
patients (26.5%). It is wel known that the extent of respiratory
complication in cervical spine injury depends on the level of cord injury
and degree of motor impairment *. Total long capacity and static lung
volume are reduced according to the level of cervical spine cord
injury™. Devivo MJ et a ™ had concluded that respiratory
complications are the important causes of morbidity and mortality in both

phases of cervical spineinjury.

Surgery was performed after 72 hours in all patients in this study. It is
well known that the golden standard time of decompressing within 6 to
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72 hours, much of controversy continuous over the timing of surgery after

cervical spineinjury. (117,118,119)

Recent studies suggest that decompression within 48 hours result in
improved neurological outcome without increase in systemic

complications. %

Though other had concluded that no significant neurological benefit

between early or late surgery for cervical spinal cord injury. ™9

In thisstudy :

§ The type of surgery applied was according to the type of injury : in
C2 dens fracture anterior adontoid screw fixation was applied and for
solitary cervical vertebral fractures corpectomy with fixation was
performed while in cervica sublaxations discectomy and fixation

was performed.

§ Vaccaro Alexacler et a ¥ had performed almost similar operations
on their patients of both early or late intervention: anterior cervical
discectomy and fusion was done for 9 patients in both groups,
anterior corpoectomy and fusion in 20 cases in both groups and
posterior approach was added to the rest of patients in their both

groups (33 cases).

The hospital stay of our patients was ranging from 3 to 12 days, mostly
discharged well to follow rehabilitation center outside the hospital,
Sidong Yang et a © had reported an average hospital stay of 13.3 days
in total patients and 13.6 daysin cord injury patients this may be because
of most of their patients were old and from the rural region.

57



CONCLUSION

. The diagnosis of the cervical spine injuries in our study was based on
the medical history and clinical examination followed by x-ray images
In 3 basic projections and CT scan.

. All of our patients had stabilized for 72 hours before surgery that
performed through anterior approach which allow us to carry out
decompression, graft and plate insertion under direct visua control.

. Cervical spineinjury had occurred more among young and middle age
groups with male predominance.

. Road traffic accidents was the commonest cause of trauma followed
by falling down and diving.

. Thetype of injury was fractures mostly followed by sublaxation.

. Elderly =50 years at higher risk for subluxations of cervical spines
because of fall down mostly.

. Diving was the cause of cervical spine injury in young male patients
<25 year affected lower cervical spines.

. The most affected spine regions were C2 , C5 and C5-C6 then C4
with C4-C5.

. Quadriplegia the commonest form of neurological involvement
because of lesions of lower cervical spines mostly C4-C5 and C6.

10.The respiratory involvement was seen with patients who had lower

cervical spineinjuries below C2.
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RECOMMENDATIONS

. Thisstudy callsfor further studies with larger groups and multicenter
to evaluate the proper clinical approaches to this group of patients by

emergency physicians.

. Asking for a well develop and updated pre-hospital management to
those patients including education to the populations with

availability of well-equipped ambulances throughout the country.

. Prevention for the type of injury is very important particularly the
risk of road traffic injuries that can be reduced by speed control and
using of car seat belt.

. Attention should be targeted towards the elderly people above 50
years who need careful public health and family care.

. Diving needs alots of education to get good skills.

60



REFERENCES

Fehiligg MG , Shekhon LH , Tator C.H “ The role and timing of
decompression in acute spinal cord injury “ . Spine 2001, 26 (suppl
24) 101-110

Tater CH ,Duncan EG , Edmoand NE et a “ Complications and
costs of management of acute spinal cord injury “ paraplegia. 1993
,31 207-215

Tater CH , Skaf GS * spina cord trauma in neurology in clinical
practice “. 2000, 26 1089-1111

Hall JC , and Burke DC . “ diving injury resulting in tetraplegia “ .
Medj, Ausl, 171 . 2003

Walk JM , Edekan , Manrae BS , Harris JH . “ three dimensional
CT in acute cervical spine trauma , A preliminary report “ . 16:
261-269 , 2005.

White AA I1II, Johnson RM, Panjabi MM, Southwick WO.
Biomechanical analysis of clinical stability in the cervical spine.
ClinOrthop 1975; 109:85-96.

Johnson RM, Crelin ES, White AA, Panjabi MM, Southwick WO.
Some new observations on the functional anatomy of the lower
cervical spine. ClinOrthop 1975; 111:192—200.

Zdeblick TA, Abitbol JJ, Kunz DN, McCabe RP, Garfin S. Cervica
stability after sequential capsule resection. Spine 1993; 18:2005—
2008.

61



10.

11.

12.

13.

14.

15.

16.

17.

Tubbs RS, Grabb P, Spooner A, Wilson W, Oakes WJ. The apical
l[igament: anatomy and functional significance. J Neurosurg Spine
2000; 92:197-200.

Tubbs RS, Sdter EG, Oakes WJ. The accessory atlantoaxial
ligament. Neurosurgery 2004; 55:400-402.

White AA 1Il, Panjabi MM. The problem of clinical instability in
the human spine. A systematic approach. Clinical biomechanics of
the spine, 2nd ed. JB Lippincott 1990, 277-378.

Dvorak J, Antinnes JA, Panjabi M, Loustalot D, Bonomo M. Age
and gender related normal motion of the cervica spine. Spine
1992; 17(10 Suppl):S393—-398.

Dvorak J, Panjabi MM, Grob D, Novotny JE, Antinnes JA. Clinical
validation of functional flexion/extension radiographs of the
cervical spine. Spine 1993;18:120-127.

Denis F. The three column spine and its significance in the
classification of acute thoracolumbar spina injuries. Spine 1983;
8:817-831.

Holdsworth F. Fractures, dislocations, and fracture-dislocations of
the spine. J Bone Joint Surg [Am] 1970; 52:1534-1551.

16-Goldberg W, Mudler C, Panacek E, Tigges S, Hoffman JR,
Mower WR. NEXUS group. Distribution and patterns of blunt
traumatic cervical spineinjury. AnnEmerg Med 2001, 38:17-21.

Labler L, Eid K, Platz A, Trentz O, Kossmann T. Atlanto-occipital
dislocation: four case reports of survival in adults and review of the
literature. Eur Spine J 2004; 13:172-180.

62



18.

19.

20.

21.

22.

23.

24,

25.

Spence KF JR, Decker S, Sell KW. Bursting atlantal fracture
associated with rupture of the transverse ligament. J Bone Joint
Surg [Am] 1970; 52:543-549.

Dickman CA, Greene KA, Sonntag VK. Injuries involving the
transverse atlantal ligament: classification and treatment guidelines
based upon experience with 39 injuries. Neurosurgery 1996;
38:44-50. [Comment in Neurosurgery 1996; 39:210]

Fielding JW, Hawkins RJ. Atlanto-axia rotatory fixation. (Fixed
rotatory subluxation of the atlanto-axial joint). J Bone Joint Surg
[Am] 1977; 59:37-44.

Touger M, Gennis P, Nathanson N, Lowery DW, Pollack CV,
Hoffman JR, Mower WR. Validity of a decision rule to reduce
cervical spine radiography in elderly patients with blunt trauma.
Ann Emerg Med 2002; 40:287-293.

Anderson LD, D'Alonzo RT. Fractures of the odontoid process of
the axis. J Bone Joint Surg [Am] 1974; 56:1663-1674.

Effendi B, Roy D, Cornish B, Dussault RG, Laurin CA. Fractures
of thering of the axis. A classification based on the analysis of 131
cases. JBone Joint Surg [Br] 1981; 63:319-327.

Levine AM, Edwards CC. The management of traumatic
spondylolisthesis of the axis. J Bone Joint Surg [Am] 1985;
67:217-226.

Hendey GW, Wolfson AB, Mower WR, Hoffman JR, Nationa
Emergency X Radiography Utilization Study Group. Spinal cord
injury without radiographic abnormality: results of the National
Emergency X-Radiography Utilization Study in blunt cervical
trauma. J Trauma 2002; 53:1-4.

63



26.

27.

28.

29.

30.

31.

32.

33.

Vaccaro AR, Madigan L, Schweitzer ME, Flanders AE, Hilibrand
AS, Albert TJ. Magnetic resonance imaging analysis of soft-tissue
disruption after flexion distraction injuries of the subaxial cervical
spine. Spine 2001; 26:1866—1872.

Crawford NR, Dugga N, Chamberlain RH, Park SC, Sonntag VK,
Dickman CA. Unilateral cervical facet dislocation: injury
mechanism and biomechanical consequences. Spine 2002,
27:1858-1864.

Kim KS, Chen HH, Russdl EJ, Rogers LF. Flexion teardrop
fracture of the cervical spine: radiographic characteristics. AJR
1989; 152:319-326.

Fisher CG, Dvorak MF, Leth J, Wing PC. Comparison of
outcomes for unstable lower cervical flexion teardrop fractures
managed with halo thoracic vest versus anterior corpectomy and
plating. Spine 2002; 27:160-166.

Lowery DW, Wad MM, Browne BJ, Tigges S, Hoffman JR,
Mower WR. NEXUS Group. Epidemiology of cervical spineinjury
victims. Ann Emerg Med 2001; 38:12-16.

Hu R, Mustard CA, Burns C. Epidemiology of incident spina
fracture in a complete population. Spine 1996; 21:492—-4909.

Sekhon LH, Fehlings MG. Epidemiology, demographics, and
pathophysiology of acute spina cord injury. Spine 2001; 26(24
Suppl):S2-S12.

Hoffman JR, Wolfson AB, Todd K, Mower WR, The Nexus Group.
Selective cervicalspine radiography in blunt trauma: Methodol ogy
of the National Emergency X Radiography Utilization Study
(NEXUS). Ann Emerg Med 1998; 32:461-469



35.

36.

37.

38.

39.

40.

Viccellio P, Simon H, Pressman BD, Shah MN, Mower WR,
Hoffman JR, NEXUS Group. A prospective multicenter study of
cervical spine injury in children. Pediatrics 2001; 108:E20.
[Available from http://pediatrics.aappublications.org
/cgi/reprint/108/2/e20]

Lomoschitz FM, Blackmore CC, Mirza SK, Mann FA. Cervica
spine injuries in patients 65 years old and older: epidemiologic
analysis regarding the effects of age and injury mechanism on
distribution, type, and stability of injuries. AJR 2002; 178:573—
577. [Comment in AJR 2002; 179:1346-1347]

Demetriades D, Charalambides K, Chahwan S, Hanpeter D, Alo K,
Velmahos G, Murray J, Asensio J. Nonskeletal cervical spine
injuries. epidemiology and diagnostic pitfalls. J Trauma 2000;
48:724-727

Hoffman JR, Mower WR, Wolfson AB, Todd KH, Zucker MI.
Validity of aset of clinical criteriato rule out injury to the cervical
spine in patients with blunt trauma. National Emergency X-
Radiography Utilization Study Group. N Engl J Med 2000;
343:94-99. [erratum appearsin N Engl J Med 2001; 344:464]

Vandemark RM. Radiology of the cervical spine in trauma patients:
practice pitfalls and recommendations for improving efficiency and
communication. AJR 1990;155:465-472.

Freemyer B, Knopp R, Piche J, Wales L, Williams J. Comparison
of five-view and three-view cervical spine series in the evaluation
of patients with cervical trauma. Ann Emerg Med 1989; 18:818—
821.

Basak S, Schweitzer ME, Parker L, Karasick D, Shah R, Weishaupt
D. Cervica spine trauma radiology: comparison of general and

65


http://pediatrics.aappublications.org

41.

42.

45.

46.

47.

49.

musculoskeletal radiologists, with emphasis on number of views.
EmergRadiol2001; 8:85-90.

Turetsky DB, Vines FS, Clayman DA, Northup HM. Technique
and use of supine obligue views in acute cervical spine trauma.
Ann Emerg Med 1993, 22:685-689.

Novelline RA, Rhea JT, Rao PM, Stuk JL. Helica CT in
emergency radiology. Radiology 1999; 213:321-339.

Blackmore CC, Ramsey SD, Mann FA, Deyo RA. Cervical spine
screening with CT intrauma patients. A cost-effective anaysis.
Radiology 1999; 212:117-125.

Hanson JA, Blackmore CC, Mann FA, Wilson AJ. Cervical spine
injury: A clinical decision rule to identify high-risk patients for
helical CT screening. AJR 2000a; 174:713-717.

Daffner RH. Helical CT of the cervical spine for trauma patients: A
time study. AJR 2001; 177: 677-679.

Daffner RH. Controversies in cervical spine imaging in trauma
patients. EmergRadiol 2004; 11:2-8.

Nunez DB, Ahmad AA, Coin CG, LeBlang S, BecerraJL, Henry R,
Lentz K, QuencerRM. Clearing the cervica spine in multiple
trauma victims. a time-effective protocol using helical computed
tomography. EmergRadiol 1994; 1:273-278.

Hanson JA, Blackmore CC, Mann FA, Wilson AJ. Cervical spine
injury: accuracy of helical CT used as a screening technique.
EmergRadiol 2000b; 7:31-35.

Holmes JF, Mirvis SE, Panacek EA, Hoffman JR, Mower WR,
Velmahos GC. The NEXUS Group. Variability in computed

66



50.

ol

52.

53.

55.

56.

S7.

tomography and magnetic resonance imaging in patients with
cervical spineinjuries. J Trauma 2002; 53:524-529.

Ptak T, Kihizczal D, Lawrason JN, Rhea JT, Sacknoff R, Godfrey
RR, Novelline RA. Screening for cervical spine trauma with
helical CT: experience with 676 cases. EmergRadiol 2001; 8:315—
3109.

Weisskopf M, Reindl R, Schroder R, Hopfenmuller P, Mittimeier
T. CT scans versus conventional tomography in acute fractures of
the odontoid process. Eur Spine J 2001; 10:250-256.

Ksling S, Dietrich K, Steinecke R, Klppe R, Schulz HG.
Diagnostic value of 3D CT surface reconstruction in spinal
fractures. EurRadiol 1997; 7:61-64.

Dickman CA, Greene KA, Sonntag VK. Injuries involving the
transverse atlantal ligament: classification and treatment guidelines
based upon experience with 39 injuries Neurosurgery 1996; 38:44—
50. [Comment in Neurosurgery 1996;39:210]

Davis SJ, Teres LM, Bradley WG Jr, Ziemba MA, Bloze AE.
Cervica spine hyperextension injuries. MR findings. Radiology
1991; 180:245-251.

Kerslake RW, Jaspan T, Worthington BS. Magnetic resonance
imaging of spina trauma. Br J Radiol 1991; 64:386-402

Leite CC, Escobar BE, Bazan C 3rd, Jinkins JR. MRI of cervicd
facet dislocation. Neuroradiology 1997; 39:583-588..

Rizzolo SJ, Piazza MR, Cotler JM, Balderston RA, Schaefer D,
Flanders A. Intervertebral disc injury complicating cervical spine
trauma. Spine 1991; 16(6Suppl): S187-S189.

67



58.

59.

60.

61.

62.

63.

65.

Vaccaro AR, Madigan L, Schweitzer ME, Flanders AE, Hilibrand
AS, Albert TJ. Magnetic resonance imaging analysis of soft-tissue
disruption after flexion distraction injuries of the subaxial cervical
spine. Spine 2001; 26:1866—1872.

Cusick JF, Yoganandan N, Pintar F, Gardon M. Cervical spine
injuries from high velocity forces: a pathoanatomic and radiologic
study. J Spinal Disord 1996;9:1—7.

Allen BL, Ferguson RL, Lehmann TR, O'Brien RP. A mechanistic
classification of closed, indirect fractures and dislocations of the
lower cervical spine. Spine. 1982;7(1):1-27.

Harris JH, Edeiken-Monroe B, Kopaniky DR. A practica
classification of acute cervical spine injuries. The Orthopedic
clinics of North America. 1986 Jan;17(1):15-30.

Vaccaro AR, Hulbert RJ, Patel A a, Fisher C, Dvorak M, Lehman R
a, et a. The subaxia cervical spine injury classification system: a
novel approach to recognize the importance of morphology,
neurology, and integrity of the disco-ligamentous complex. Spine.
2007 Oct 1;32(21):2365-74.

Moore T a, Vaccaro AR, Anderson P a. Classification of lower
cervical spine injuries. Spine.2006 May 15;31(11 Suppl):S37-43;
discussion S61.

Capuano C, Costagliola C, Shamsaldin M, Maleci A, Di Lorenzo
N. Occipital condyle fractures. a hidden nosologic an entity. An
experience with 10 cases. Acta Neurochir 2004; 146:779—-784.

Traynelis VC, Marano GD, Dunker RO, Kaufman HH. Traumatic
atlanto-occipital dislocation. Case report. J Neurosurg 1986;
65:863-870. [erratum appears in J Neurosurg 1987; 66:789]

68



66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Hadley MN, Walters BC, Grabb PA, Oyesiku NM, Przybylski GJ,
Resnick DK, RykenTC. Diagnosis and Management of Traumatic
Atlanto-occipital Dislocation Injuries. Neurosurgery 2002c; 50(3
Suppl):S105-S113.

Hadley MN, Walters BC, Grabb PA, Oyesiku NM, Przybylski GJ,
Resnick DK, RykenTC. Isolated Fractures of the Atlas in Adults.
Neurosurgery 2002d; 50(3Suppl):S120S124.

Anderson LD, D'Alonzo RT. Fractures of the odontoid process of
the axis. J Bone Joint Surg [Am] 1974, 56:1663-1674.

Julien TD, Frankel B, Traynelis VC, Ryken TC. Evidence-based
analysis of odontoid fracture management. Neurosurg Focus 2000;
8(6):E1. [Available from http://www.aans.org]

Hadley MN, Walters BC, Grabb PA, Oyesiku NM, Przybylski GJ,
Resnick DK, RykenTC. Isolated Fractures of the Axis in Adults.
Neurosurgery 2002e; 50(3Suppl):S125-S139.

Lind B, Nordwall A, Sihibom H. Odontoid fractures treated with
halo vest. Spine 1987;12:173-177.

Dunn ME, Seljeskog EL. Experience in the management of
odontoid process injuries.an analysis of 128 cases. Neurosurgery
1986; 18:306-310.

Hanssen AD, Cabanela ME. Fractures of the dens in adult patients.
J Trauma 1987; 27:928-934.

Southwick WO. Management of fractures of the dens (odontoid
process). J Bone Joint Surg [Am] 1980; 62:482-486.

Maman DJ, Larson SJ. Management of odontoid fractures.
Neurosurgery 1982; 11:471-476.

69


http://www.aans.org

76.

77.

78.

79.

80.

81.

82.

83.

Aebi M, Etter C, Coscia M. Fractures of the odontoid process.
Treatment with anterior screw fixation. Spine 1989; 14:1065-1070.

Polin RS, Szabo T, Bogaev CA, Replogle RE, Jane JA.
Nonoperative management of types Il and Il odontoid fractures:
The Philadelphia collar versus the Halo Vest. Neurosurg 1996;
38:450-456.

Richter D, Latta LL, Milne EL, Varkarakis GM, Biedermann L,
Ekkernkamp A, Ostermann PA. The stabilizing effects of different
orthoses in the intact and unstable upper cervical spine: a cadaver
study. J Trauma 2001; 50:848-854.

Lind B, Sihibom H, Nordwall A. Forces and motions across the
neck in patients treated with halo-vest. Spine 1988a; 13:162-167.

Brooks AL, Jenkins EB. Atlanto-axia arthrodesis by the wedge
compression method. J Bone Joint Surg [Am] 1978; 60:279-284.

Grob D, Magerl F. Operative Stabilisierungbei Frakturen von C1
und C2. Orthopadel1987; 16:46-54.

Andersson S, Rodrigues M, Olerud C. Odontoid fractures. high
complication rate associated with anterior screw fixation in the
elderly. Eur Spine J 2000; 9:56-60.

Hadley MN, Dickman CA, Browner CM, Sonntag VKH. Acute
axis fractures: a review of 229 cases. J Neurosurg 1989; 71.642—
647.

Clark CR, White AA 3rd. Fractures of the dens. A multicenter
study. J Bone Joint Surg [Am] 1985; 67:1340-1348.

70



85.

86.

87.

88.

89.

90.

91.

92.

Star AM, Jones AA, Cotler JM, Baderston RA, Sinha R.
Immediate closed reduction of cervical spine didocations using
traction. Spine 1990; 15:1068-1072.

Hadley MN, Walters BC, Grabb PA, Oyesiku NM, Przybylski GJ,
Resnick DK, Ryken TC. Initial closed reduction of cervical spine
fracture-dislocation injuries.  Neurosurgery  2002a; 50(3
Suppl):SA44-S50.

Rorabeck CH, Rock MG, Hawkins RJ, Bourne RB. Unilateral facet
dislocation of the cervica spine. An anaysis of the results of
treatment in 26 patients. Spine 1987; 12:23-27.

Hadley MN, Fitzpatrick BC, Sonntag VKH, Browner CM. Facet
fracture-dislocation injuries of the cervical spine. Neurosurgery
1992; 30:661-666.

Cotler HB, Cotler JM, Alden ME, Sparks G, Biggs CA. The
medical and economic impact of closed cervica spine dislocations.
Spine 1990; 15:448-452.

Omeis I, DeMattia JA, Hillard VH, Muradi R, Das K. History of
instrumentation for stabilization of the subaxia cervical spine.
Neurosurg Focus 2004; 16(1):E10. [Avalable from
http://www.aans.org]

Rogers WA.. Treatment of fracture-dislocation of the cervical spine.
JBone Joint Surg[Am] 1942; 23:245-258 (as quoted by Kreshak et
a. 2002).

Bohlman HH. Acute fractures and dislocations of the cervica
spine. An analysis of three hundred hospitalized patients and
review of the literature. J Bone Joint Surg [Am] 1979; 61:1119-
1142.

71


http://www.aans.org

93.

94.

95.

96.

97.

98.

99.

100.

Bstman O, Myllynen P, Riska EB. Posterior spinal fusion using
internal fixation with the Daab plate. ActaOrthopScand 1984,
55:310-314.

Huhn SL, Wolf AL, Ecklund J. Posterior spinal osteosynthesis for
cervical fracture/dislocation using a flexible multistrand cable
system: technical note. Neurosurgery 1991; 29:943-946.

Roy-Camille R, Saillant G, Laville C, Benazet JP. Treatment of
lower cervical spinal injuries - C3 to C7. Spine 1992; 17(10
Suppl): SA442-5446.

Richter M, Wilke HJ, Kluger P, Neller S, Claes L, Puhl W,
Biomechanical evaluation of a new modular rod-screw implant
system for posterior instrumentation of the occipito-cervical spine:
in-vitro comparison with two established implantsystems. Eur
Spine J 2000; 9:417-425.

Deen HG, Birch BD, Wharen RE, Reimer R. Lateral mass screw-
rod fixation of the cervical spine: a prospective clinical series with
1-year follow-up. Spine J 2003; 3:489-495.

Mihara H, Cheng BC, David SM, Ohnari K, Zdeblick TA.
Biomechanical comparison of posterior cervical fixation. Spine
2001; 26:1662-1667.

Kreshak JL, Kim DH, Lindsey DP, Kam AC, Panjabi MM, Yerby
SA. Posterior stabilization at the cervicothoracic junction: a
biomechanical study. Spine 2002; 27:2763-2770.

Kostuik JP, Connolly PJ, Esses SI, Suh P. Anterior cervica plate
fixation with the titanium hollow screw plate system. Spine 1993;
18:1273-1278.

72



101. Caspar W, Barbier DD, Klara PM. Anterior cervical fusion and

Caspar plate stabilization for cervical trauma. Neurosurgery 1989;
25:491-502.

102. Jnsson H Jr, Cesarini K, Petrén-Malmin M, Rauschning W.

Locking screw-plate fixation of cervical spine fractures with and
without ancillary posterior plating. Arch Orthop Trauma Surg
1991b; 111:1-12.

103. Vashdev Chandwani, BK-Ojha, Anil Chandra, Mohammed Kaif,

Vishwanath: Subaxial (C3-C7). Cervical spineinjuries, comparison
of eary and late surgical intervention. Indian Journal of Neuro-
trauma: (IINT): 2010, val. (7) No. 2; pp: 145-148.

104. Hamid Reza Kmravan, Ali Haghnegahdar, Shahram Paydar,

Mohamad Khalife, Masha Sedighi, Fariborz Ghaffar Psand.
Epidemiological and clinical features of cervical column and cord
injuries. A 2 years Experience from a Large Trauma Center in
Southern Iran. Bulletin of Emergency and Trauma; Vol. 2, No. 4
Jan (2014).

105. Hasler-RM, Exadk\aktylos AK, Bouamra O, Benneker LM,, Clancy

106.

107

M, Sieber — R, Zimmermann — H, Lecky — F. Epidemiology and
predictors of cervical spine injury in adult mgjor trauma patients a
multicenter cohort study: J trauma Acute care surg. 2012 Apr. 72
(4): 975-81

A deolu AA, Ukachkwu AK, Maoma AO. Outomce of surgery for
upper cervical spine injuries in Nigerians. Niger Postgra Med. J.
2014. Mar. 21(1): 6195

. Sidong Yang, Wenyuan Ding, Dalong Yang et a. Epidemiology

and risk factors of cervical spine injury during heating seasons in

73



108.

109.

110.

111.

112.

113.

114.

115.

patients with cervical trauma. Sectional Study. PLOS One-2013
8(11): e 78358.

Fredo et a . The epidemiology of traumatic cervical spine fractures:
a prospective population study from Norway. Scandinavian Journal
of Traumaand Emergency Medicine 2012, 20; 85

T-Noguchi: A survey of spinal cord injury resulting from sports.
Paraplegia 1994. 32; 170-173.

Korres-DS, BenetosIS, Themisto Cleous-GS, Mavrogenis-AF,
Nikolakakos-L & Liantis PT: Diving injuries of the cervical spine
in amateur divers. The spine Journa 2006, 6(1): 44-49

National spinal cord injury Association Resource Center 2013 (12
April 2013).

Green Baum J, Walters N, Levy PD. An evidenced-based approach
to radiographic assessment of cervical spine injuries in emergency
department. J Emerg Med 2009; 36: 64-71.

Kocis J, Wendsche P, Visna P, Muzik V, Pasa L. Injuries to the
lower cervical spine. Acta Chir Ortho Traumatol Lech. 2004; 71
(6): 366-72

Ditunno-JF, Young-W, Donovan-WH et a. The international
standards booklet for the neurological and functional classification
of spinal cord injury. Paraplegia-1994, 32: 70-80

Anke-A, AK Senses et a. Lung volumes in teraplegic patients
according to cervical spina cord injury level. Scand. J Rehabil.
Med. 1993; 25: 73.7

74



116.

117.

118.

119.

120.

Devivo MJ, Kraus JS, Lammertse DP. Recent trends in mortality
and causes of death among persons with spina cord injury. Arch.
Phys. Med. Rehabil. 1999; 80: 1411-9.

Whitehill R, Lennox D. Late surgical reduction of cervical
subluxations. Vamed 1981; 108: 616-7.

Kostuik JP, Connolly PJ, Esses SI, Suh P. Anterior cervica plate
fixation with the titanium hollow screw plate system. Pine (Phila
Pa 1976) 1993; 18: 1273-8.

Vaccaro AR, Daugherty RJ, Sheehan TP, et al. Neurologic outcome
of early versus late surgery for cervical spinal cord injury. Spine
(PhilaPa 1976) 1997; 22: 2609-13.

Emery SE, Bohlman HH, Bolesta MJ, Jones PK. Anterior cervical
decompression and arthrodesis for the treatment of cervical
spondylotic myelopathy. Two to seventeen-year follow-up. J Bone
Joint Surg Am 1998; 80: 941-51

75



