Orthopedic Research and Reviews

Dove

REVIEW

The Management of Cervical Spine Injuries —
A Literature Review

Isaac Okereke
Kingsley Mmerem
Dhanasekaraprabu
Balasubramanian

Department of Trauma & Orthopaedics,
The Royal London Hospital, London, UK

Correspondence: Isaac Okereke
Department of Trauma & Orthopaedics,
The Royal London Hospital, UK

Tel +447405742716

Email okereke.isaac@gmail.com

Abstract: Due to the inherent bony instability of the cervical spine, there is an over-reliance
on ligamentous structures for stability, making this segment of the vertebral column most
prone to traumatic injuries. The frequently occurring mechanisms of injury include axial
compression, hyper-flexion, hyper-extension, and rotational type injuries. Good pre-hospital
care and a thorough assessment in the emergency department of patients suspected to have a
cervical spine injury (CSI) leads to improved clinical outcomes. The objective of the initial
evaluation of a patient with a suspected CSI is to identify the presence of injuries through
thorough clinical and radiologic assessments as missed injuries are potentially catastrophic.
The treatment of cervical spine injuries can be conservative, pharmacological, or surgical,
and aims to halt SCI progression, stabilize the spine, and to allow rehabilitation of the
patient.
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Introduction

The cervical spine consists of seven very specialized vertebrae located between the
skull proximally and the thoracic vertebrae distally, articulating at the craniocervi-
cal joint and with the first thoracic vertebra respectively. The cervical spine sup-
ports the head and its movements, protects the spinal cord, and is a conduit for the
vascular supply to the brain through the foramen transversarium located laterally in
C3 to C7 vertebrae.

Due to the inherent bony instability of the cervical spine, there is an over-
reliance on ligamentous structures for stability making this segment of the
vertebral column most prone to injuries. For example, the subaxial cervical
spine relies on static stabilizers like the anterior longitudinal ligament, the
posterior longitudinal ligament, facet joint capsules, intervertebral discs, the
interspinous and supraspinous ligaments to maintain stability while providing
maximum flexibility."

It is estimated that approximately 1000 people sustain a spinal cord injury (SCI)
every year in the UK? with cervical spine injuries (CSI) accounting for a significant
proportion of these injuries. There are 10,000 to 12,000 new SCls every year in the
US with two-thirds of the patients aged less than 30 . In a review of 65 studies,
Milby et al found the prevalence of CSI in all trauma patients to be 3.7%. In this
study, alert patients had a CSI prevalence of 2.8%, while clinically unevaluable
patients had a significantly higher prevalence rate of 7.7%.” The majority of CSI is
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seen between the ages of 15 and 30, and in those older than
65.%° In a retrospective ten-year multicentre analysis of
CSI in the southeast of Nigeria, Uche et al found a male to
female distribution of 3.1:1 in the study cohort. Motor
vehicle accidents, fall from height, sports-related injuries
and assault are the most common causes of CSI in the
younger population.” In the elderly, non-traumatic causes
of cervical spine injuries that may be due to osteoporotic
compression fractures, degenerative diseases of the spine
or compression fractures from spinal tumours are more
prevalent. The C5/C6 and C6/C7 are the most frequently
injured cervical vertebrae following trauma, followed by
the C1/C2 vertebrae. The common mechanisms of injury
are axial compression causing Jefferson-type fractures in
C1 vertebrae, occipito-condylar fractures or burst fractures
in other vertebrae; hyper-flexion, hyper-extension, and
rotational-type injuries.®

Initial Assessment and Evaluation

Cervical Spine Clearance

The aim of the initial assessment of a patient with
a suspected CSI is to “clear the cervical spine”. The
objective of cervical spine clearance is to establish the
absence of an injury to the spine and to identify any
injuries, where present, that might require ongoing treat-
ment with a collar or a surgical intervention.

The ATLS® protocol should be followed in the initial
clinical assessment of trauma patients suspected to have
a CSI with sufficient attention paid to other limb or life-
threatening distracting injuries. The British Orthopaedic
Association Standards for Trauma and Orthopaedics
(BOAST) guidelines for spinal clearance in a trauma
patient recommend that all patients involved in significant
blunt trauma are assumed to have an unstable injury to
their spine.®’ The proper management of patients sus-
pected to have suffered a CSI begins in the field.
Excessive movements of the spine by untrained and over-
zealous first-responders in the setting of an unstable spinal
injury is one of the most common cause of a secondary
CSI.'® Spinal precautions should therefore be instituted
straightaway in the pre-hospital setting to immobilize the
cervical spine and minimize neck movements during the
movement of patients in line with the British National
(NICE)
guidelines.” Current evidence supports the utilization of
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the triad of a cervical collar, a spine board, and head
immobilization between a pair of sandbags or foam

wedges. This enables full in-line spinal immobilization
and adequately minimizes head motion or rotation during
the transfer of patients in the pre-hospital setting and
during initial assessment in hospital.""*'> It should be
noted that spine boards are very hard surfaces designed
primarily to resist spine motion, therefore, when they are
utilized patients should be immediately transferred to
a softer mattress as soon as possible to prevent the occur-
rence of pressure ulcers.'>'*

All patients should have a neurologic assessment using
the International Standards for Neurological Classification
of Spinal Cord Injury (ISNCSCI) impairment scale, pre-
transfer, post-transfer, and pre- and post-operatively.'> The
American Spinal Injuries Association (ASIA) grading (see
Figure 1), a modification of the Frankel scoring system, is
a universal classification tool for spinal cord injuries based
on a standardized sensory and motor assessment.'®'” It is
used to determine the sensory and motor level of injury for
each side of the body and whether the injury is complete
or incomplete. Scores are recorded on a scale of A to E:
A is a complete spine injury, and E a normal neurological
examination finding.

Clinical examination has been shown to have a low
sensitivity in identifying CSI, however, the presence of
tenderness on palpation along the spinous processes of
the first cervical vertebrae to the first thoracic vertebrae
and across the facet joints, a gap or step deformity in the
continuity of the cervical structures, the presence of a
haematoma or oedema around these structures is indicative
of an acute injury.'® Also, a spinal cord injury should be
suspected in obtunded patients, in patients with neck pain,
and in those with evidence of a neurological injury.

The decision to image is taken following either the
National Emergency X-Radiography Utilization Study
Group (NEXUS) guidelines or the Canadian C-Spine
Rule (CCR) in alert and stable patients. The NEXUS
guidelines suggest cervical spine radiography is unne-
cessary if the patient satisfy all of the following five
low-risk criteria: the absence of midline tenderness,
normal level of alertness, no evidence of intoxication,
no abnormal neurological findings, and no painful dis-
tracting injuries.'” In a large cohort of patients with
CSI, plain film views such as anteroposterior AP, cross-
table lateral and open-mouth odontoid views missed
61% of all fractures, 36% of subluxations and disloca-
tions and gave false-negative results in 23% of the
patients, half of whom had unstable cervical spine
injuries.® Plain radiographs have also been shown to
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have a low sensitivity in confused patients. In a study to
determine the usefulness of radiographs in patients with
a low clinical suspicion of cervical spine fracture, Lange
et al found an incidence rate of 0.0% for cervical spine
fractures on plain x-ray imaging and an overall positiv-
ity of 6.4%
Tomography (CT).>' CT scanner were previously

rate for cervical spine Computed
referred to as the “doughnut of death” due to delays in
acquiring images. They have supplanted plain radio-
graphs for the imaging of suspected spinal injuries due
to their accuracy, ability to produce images in every
spatial plane, cost-effectiveness and speed.””?* A CT
scan of the cervical spine is the gold standard imaging
modality for patients with a suspected cervical spine
injury.?®

Although MRI scans are not indicated for cervical
spine clearance, they are a useful adjunct in patients

INTERNATIONAL STANDARDS FOR NEUROLOGICAL
CLASSIFICATION OF SPINAL CORD INJURY

whose injuries are not well delineated using a CT scan.
They are more sensitive to soft tissue injuries and are able
to detect disruptions to the Discoligamentous Complex
(DLC). Pourtaheri et al found that cervical MRI data
included additional clinically useful information in 48%
of cases, led to a change in management in 39%, and
a decision for surgery in patients previously assumed to
be non-operative in 24%.%° The drawbacks of MRI ima-
ging are that they are expensive, time-consuming, and are
a logistic challenge for patients who have monitoring
equipment in-situ.”’ Figure 2 shows an algorithm for the
initial assessment and management of a suspected CSI in
the Emergency Department.

Spinal Stability
As defined by White and Panjabi, spinal stability is the
spine’s ability under physiologic loads to limit patterns of

Patient Name. Date/Time of Exam

AMERICAN SPINAL INJURY ASSOCIATION (ISNCSCI) Examiner Name Signature
MOTOR SENSORY SENSORY MOTOR
RI G HT KEY MUSCLES KEY SENSORY POINTS KEY SENSORY POINTS KEY MUSCLES LE FT
Light Touch (LTR) Pin Prick (PPR) Light Touch (LTL) Pin Prick (PPL)
Cc2 C2
C3 C3
C4 c4
Elbow flexors C5 C5 Elbow flexors
UER Wrist extensors C6 C6 Wrist extensors UEL
(Upper Extremity Right)  £jpoy extensors C7 C7 Elbow extensors  (Upper Extremity Left)
Finger flexors C8 C8 Finger flexors
Finger abductors (little finger) T4 T1 Finger abductors (little finger)
Comments (Non-key Muscle? Reason for NT? Pain? T2 T2 MOTOR
Non-SCl condion?) T3 LK} (SCORING ON REVERSE SIDE)
T4 T4 0= Total paralysis
1= Palpable or visible contraction
T5 T5 2= Active movement, gravity eliminated
T6 T6 3= Active movement, against gravity
17 17 4 = Active movement, against some resistance
5= Active movement, against fullresistance
T8 T8 NT= Not testable
To Key _Sensory To 0%, 1%, 2, 3", 4%, NT* = Non-SClI condition present
T10 Points T10 SENSORY
(SCORING ON REVERSE SIDE)
™ ™ 0=Absent NT = Not testable
T12 T12 1= Altered 0%, 1%, NT* = Non-SCI
L1 1 2= Normal condltion present
Hip flexors L2 L2 Hip flexors
Knee extensors L3 L3 Knee extensors LEL
(Lower Extremity Right) Ankle dorsiflexors L4 L4 Ankle dorsiflexors  (Lower Extremity Left)
Long toe extensors L5 L5 Long toe extensors
Ankle plantar flexors  S1 S1 Ankle plantar flexors
S2 S2
. S3 S3
(VAC) Voluntary Anal Contraction S4-5 I:I (DAP) Deep Anal Pressure
(Yes/No) $4-5 - (Yes/No)
RIGHT TOTALS | | | | | | | | | | LEFT TOTALS
(MAXIMUM)  (50) (56) (56) (56) (56) (50)  (MAXIMUM)
MOTOR SUBSCORES SENSORY SUBSCORES
Uer|_ |+uer[  |-uvemstora[ | e[ |+ier[ | =emstora| | wRr[__ |+ [ |=trroma[ | eeR[__ J+ppL[ | =pprOTAL[ |
MAX (25) (25) (50) MAX (25) (25) (50) MAX (56 (56) (M2)  MAX (56) (56) (112)
NEUROLOGICAL R L 4. COMPLETE OR INCOMPLETE? (In injuries with absent motor OR sensory function in $4-5 only) R L
LEVELS rsensory_J[]  SAeroroso Incompiete = Anysensory or et fucton i S4.5 6.ZONE OF PARTIAL - sensorv[ ][]
Steps 1- 6 for classification
asonreverse 2 MOTOR :l :l (NLI) 5. ASIA IMPAIRMENT SCALE (AIS) l:l Most caudal levels with any innervation MOTOR l:l l:l
Page 112 This form may be copied freely but should not be altered without from the A Spinal Injury A REV04/19
Figure | Continue.
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Muscle Function Gradin

0 = Total paralysis

1 = Palpable or visible contraction

2 = Active movement, full range of motion (ROM) with gravity eliminated
3 = Active movement, full ROM against gravity

4 = Active movement, full ROM against gravity and moderate resistance in a
muscle specific position

5 = (Normal) active movement, full ROM against gravity and full resistance in a
functional muscle position expected from an otherwise unimpaired person

NT = Not testable (i.e. due to immobilization, severe pain such that the patient
cannot be graded, amputation of limb, or contracture of > 50% of the normal ROM)

0%, 1%, 2%, 3*, 4*, NT* = Non-SCl condition present #

Sensory Grading

0 =Absent 1 = Altered, either decreased/impaired sensation or hypersensitivity
2 =Normal NT = Not testable

0%, 1*, NT* = Non-SCl condition present ®

2Note: Abnormal motor and sensory scores should be tagged with a “*' to indicate an
impairment due to a non-SCI condition. The non-SCI condition should be explained
in the comments box together with information about how the score is rated for
classification purposes (at least normal / not normal for classification).

When to Test Non-Key Muscles:

In a patient with an apparent AIS B classification, non-key muscle functions
more than 3 levels below the motor level on each side should be tested to
most accurately classify the injury (differentiate between AIS B and C).

Movement Root level

Shoulder: Flexion, extension, adbuction, adduction,
internal and external rotation C5
Elbow: Supination

Elbow: Pronation
Wrist: Flexion 43
Finger: Flexion at proximal joint, extension c7

Thumb: Flexion, extension and abduction in plane of thumb

Finger: Flexion at MCP joint
Thumb: Opposition, adduction and abduction (o]
perpendicular to palm

Finger: Abduction of the index finger T
Hip: Adduction L2
Hip: External rotation L3

Hip: Extension, abduction, internal rotation

Knee: Flexion L4
Ankle: Inversion and eversion

Toe: MP and IP extension

Hallux and Toe: DIP and PIP flexion and abduction L5
Hallux: Adduction S1

ASIA Impairment Scale (AIS)

A = Complete. No sensory or motor function is preserved
in the sacral segments S4-5.

B = Sensory Incomplete. Sensory but not motor function
is preserved below the neurological level and includes the
sacral segments S4-5 (light touch or pin prick at S4-5 or
deep anal pressure) AND no motor function is preserved
more than three levels below the motor level on either side
of the body.

C = Motor Incomplete. Motor function is preserved at the
most caudal sacral segments for voluntary anal contraction
(VAC) OR the patient meets the criteria for sensory
incomplete status (sensory function preserved at the most
caudal sacral segments S4-5 by LT, PP or DAP), and has
some sparing of motor function more than three levels below
the ipsilateral motor level on either side of the body.

(This includes key or non-key muscle functions to determine
motor incomplete status.) For AIS C - less than half of key
muscle functions below the single NLI have a muscle

grade = 3.

D = Motor Incomplete. Motor incomplete status as
defined above, with at least half (half or more) of key muscle
functions below the single NLI having a muscle grade = 3.

E = Normal. If sensation and motor function as tested with
the ISNCSCI are graded as normal in all segments, and the
patient had prior deficits, then the AIS grade is E. Someone
without an initial SCI does not receive an AIS grade.

Using ND: To document the sensory, motor and NLI levels,
the ASIA Impairment Scale grade, and/or the zone of partial
preservation (ZPP) when they are unable to be determined
based on the examination results.

AMERICAN SPINAL INJURY ASSOCIATION

INTERNATIONAL STANDARDS FOR NEUROLOGICAL
CLASSIFICATION OF SPINAL CORD INJURY

INTERNATIONAL SPINAL CORD SOCIETY

Page 2/2

Steps in Classification
The following order is recommended for determining the classification of
individuals with SCI.
1. Determine sensory levels for right and left sides.
The sensory level is the most caudal, intact dermatome for both pin prick
and light touch sensation.

2. Determine motor levels for right and left sides.

Defined by the lowest key muscle function that has a grade of at least 3 (on
supine testing), providing the key muscle functions represented by segments
above that level are judged to be intact (graded as a 5).

Note: in regions where there is no myotome to test, the motor level is
presumed to be the same as the sensory level, if testable motor function
above that level is also normal.

3. Determine the neurological level of injury (NLI).

This refers to the most caudal segment of the cord with intact sensation and
antigravity (3 or more) muscle function strength, provided that there is normal
(intact) sensory and motor function rostrally respectively.

The NLI is the most cephalad of the sensory and motor levels determined in
steps 1and 2.

4. Determine whether the injury is Complete or Incomplete.
(i.e. absence or presence of sacral sparing)

If voluntary anal contraction = No AND all S4-5 sensory scores = 0
AND deep anal pressure = No, then injury is Complete.

Otherwise, injury is Incomplete.

5. Determine ASIA Impairment Scale (AIS) Grade.
Is injury Complete? If YES, AIS=A

NO ;
Is injury Motor Complete? If YES, AIS=B

NO ; (No=voluntary anal contraction OR motor

function more than three levels below the motor
level on a given side, if the patient has sensory
incomplete classification)

Are at least half (half or more) of the key muscles below the
neurological level of injury graded 3 or better?

NO ; YES ;

AIS=C AlIS=D

If sensation and motor function is normal in all segments, AIS=E
Note: AlS E is used in follow-up testing when an individual with a documented
SCl has recovered normal function. If at initial testing no deficits are found, the
individual is neurologically intact and the ASIA Impairment Scale does not apply.

6. Determine the zone of partial preservation (ZPP).

The ZPP is used only in injuries with absent motor (no VAC) OR sensory
function (no DAP, no LT and no PP sensation) in the lowest sacral segments
S4-5, and refers to those dermatomes and myotomes caudal to the sensory
and motor levels that remain partially innervated. With sacral sparing of
sensory function, the sensory ZPP is not applicable and therefore “NA” is
recorded in the block of the worksheet. Accordingly, if VAC is present, the
motor ZPP is not applicable and is noted as “NA”.

Figure | The International Standards for Neurological Classification of Spinal Cord Injury. Reprinted from American Spinal Injury Association: International Standards for
Neurological Classification of Spinal Cord Injury, revised 2019; Richmond, VA. Available from: https://asia-spinalinjury.org/international-standards-neurological-classification-

sci-isncsci-worksheet/.?®

displacement so as not to damage or irritate the spinal
cord and nerve roots, and also, to prevent incapacitating
deformity or pain due to structural changes. Instability
(acute or chronic) refers to an excessive spine displace-
ment that would result in a neurologic deficit, deformity,
or pain.”’

In his landmark work, Panjabi very elegantly conceptua-
lized the stability of the spine to be dependent on the harmo-
nious functioning of three subsystems: the active
musculoskeletal subsystem (muscles and tendons), the pas-
sive musculoskeletal subsystem (discs, ligaments, joints and
soft tissue) and the neural and feedback subsystem (force and
motion transducers, nerves).’® Therefore, it follows that
a dysfunction of any of these systems following trauma can

lead to instability of the spine.

The Cervical spine can be anatomically divided into the
axial (Occipito-cervical junction and the atlantoaxial spine
C1-C2) and the subaxial (C3-C7) segments. The axial spine
accounts for most flexion-extension and rotational move-
ments of the cervical spine and compared to the subaxial
spine, relies considerably on ligamentous support for stabi-
lity. Bogduk and colleagues described the cervical spine as
consisting of four discrete functional and anatomical units:
the cradle (atlas), the axis, the root (C2-C3 junction) and the
column (C3-C7), each contributing distinctively to the bio-
mechanics of the cervical spine.®!

Several clinical classifications of spinal injuries have
been evolved over the last few decades to facilitate accurate
and clear communication between clinicians. Older classifi-
cations have been more mechanistic, dependent on the
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Note high-risk criteria
-Dangerous mechanism
-Fall >3m
-Axial loading
-High speed MVA (ejection/rollover0
-Motorised recreational vehicles
-Bicycle accidents

No

Yes

v

A

Figure 2 An algorithm for the management of suspected CSl in the Emergency Department.

injury’s radiographic morphology and lacking in severity
grade, hence, unable to predict stability and outcome.’'
More current classification systems consider the patient’s
global picture, have more validity, reliability, and clinical
consequence. They can accurately guide treatment and deter-
mine potential outcomes.

Upper Cervical Spine Injuries
Atlanto-Occipital Dislocations (AOD)

This is a highly unstable devastating injury arising from
the osseoligamentous disruption of all the major stabilizers
of the atlanto-occipital joint: alar ligaments, the tectorial
membrane, and the atlanto-occipital joint capsule.

Orthopedic Research and Reviews 2021:13
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Occipital Condyle Fractures

This injury generally occurs unilaterally secondary to axial
trauma. Historically classified before the advent of CT and
MRI imaging by Anderson and Montesano and more
recently by Tuli et al.***?

Atlas Fractures

Isolated fractures of the C1 vertebrae are quite easily diagnosed
on plain films. The atlas is a bony ring, implying that fractures
at this level almost always involve at least two points. Jefferson
et al described a characteristic 4-point burst fracture morphol-
ogy. CT imaging is usually required to classify an atlas fracture
as a stable or unstable burst fracture. The presence of a bony
avulsion of the Transverse Atlantal Ligament (TAL) is usually
the indicator of potential instability.

Odontoid Fractures

Odontoid fractures account for 20% of all cervical spine frac-
tures and occur secondary to an avulsion injury involving the
apical ligament.>® They are stable injuries when they occur in
isolation. Anderson and D’Alonzo initially classified odontoid
fractures into three types, based on the fracture patterns.

Pars Interarticularis Fractures

More traditionally referred to as “Hangman’s fractures”, these
injuries are caused by a hyperextension and hyperflexion injury
mechanism causing a traumatic spondylolisthesis of C2 on C3.
The most frequently utilized classification system is the Levine
and Edwards modification of the Effendi classification.**

Axis Body Fractures
These are fractures of the C2 vertebral body.

The AO Spine classification of upper cervical injuries
is a modern classification system that aims to simplify and
generalize the process of classifying upper cervical inju-
ries by combining all levels from the occiput to the C2-3
facet joint complex into three anatomic types and then
further subdividing according to injury type and presence
of neurological signs and/or modifying factors.

Type
e Type 1: Occipital condyle and occipital cervical joint
complex injuries
e Type 2: C1 ring and C1-2 joint complex injuries
e Type 3: C2 and C2-3 joint complex injuries
Injury types (A, B or C)

e A: Bony injury only — considered stable injuries

e B: Tension band injuries — considered potentially
unstable injuries
e C: Translation injuries — considered unstable injuries

Neurological signs (N)

NX: The patient cannot be examined

NO: No neurological deficits

N1: Transient neurological injury

N2: Nerve root injury

N3: Incomplete spinal cord injury

N4: Complete spinal cord injury

+: Continued spinal cord compression
Modifiers (M)

e MI: Injury with significant potential for instability

e M2: Injury at high risk of non-union with nonopera-
tive treatment

e Ma3:Patient-specific factors affecting treatment (eg,
age, smoking status, medical comorbidities, concur-
rent injuries, or metabolic bone disease)

e M4: Vascular
treatment

injury or abnormality affecting

Subaxial Cervical Spine Fractures

The Allen-Ferguson classification of subaxial injuries was
one of the historical classifications for subaxial injuries. It
divides injuries into six types: compression-flexion, vertical
compression, distraction-flexion, compression-extension,
distraction-extension, and lateral flexion. More recently, the
AO classification and the Subaxial Cervical Spine
Classification (SLIC) and severity scale published by
Vaccaro et al in 2007 are more widely employed . The
SLIC classification system is based on three factors: fracture
morphology, neurological status, and the disco-ligamentous
complex’s integrity (DLC).>® It is more frequently employed
due to its high intra-rater intraclass correlation and inter-rater
intraclass correlation measurements of 0.83 and 0.71,

respectively.*®*” The SLIC classifies injuries as follows:

1. Injury morphology:
e No abnormality 0 points
e Compression 1 point
e Burst fracture 2 points
e Distraction 3 points (perched facet joints, hyper-
extension injuries)
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e Translation or rotation injuries 4 points (facet
dislocation, unstable teardrop, or advanced flex-
ion/compression)

2. Discoligamentous complex (DLC) formed by the
intervertebral disc, anterior and posterior longitudi-
nal ligaments, interspinous ligaments, facet cap-
sules, and ligamentum flavum:

e Intact 0 points

e Indeterminate 1 point (isolated magnetic reso-
nance imaging signal change or isolated widen-
ing of the spinous process)

e Disrupted 2 points (widening of the disc, facet
perch or locked).

3. Neurologic status:

e Intact 0 points

e Root injury 1 point

e Complete cord injury 2 points

e Incomplete cord injury 3 points and (+1) contin-
uous cord compression in the setting of neurolo-
gical deficit.

Injuries with a score <3 can be treated conservatively,
scores >5 are managed surgically, and the managing
team’s preference for either surgical or conservative treat-
ment is usually indicated for scores of exactly 4.

Patients suspected of having sustained a cervical frac-
ture should have their clinical history, examination find-
ings, and imaging outcomes integrated by the assessing
clinician to classification and

guide subsequent

management.

Treatment of Cervical Spine Injuries
The principles of treatment of a spinal injured patient
are to:

e Decompress neurological structures
e Prevent or correct segmental collapse and deformity

Restore normal spinal mechanics

Avoid and manage complications

Facilitate early ambulation and rehabilitation

Conservative Treatment
Until recent advances and developments in the surgical
management of spine injuries, non-operative therapy had
been the mainstay of treatment of spinal injuries. Despite
innovations and advancements

remarkable in spine

surgery, conservative management still has a role to play,
either in the initial stage of injury, later as an adjunct to
surgery, or as the definitive treatment of spinal injuries.
The non-operative treatment of cervical spine fractures
employs the use of traction and ideally external fixation,
halo-vests, and cervical braces. Conservative treatment is
indicated for the treatment of all fractures that are not
dislocated and which are not unstable.

Skeletal Skull Traction

Skeletal skull traction via skull tongs or a halo ring can be
used in cases of facet subluxation/dislocation, burst frac-
tures, and in high cervical fractures to immobilize and
realign the cervical spine.*® Unilateral or bilateral facet
dislocations in an alert patient amenable to serial neurolo-
gical examinations can be managed definitively by closed
reduction with skull traction. The recommendation in
closed reduction with traction is to begin with the applica-
tion of 10 to 15 pound weights and then 5 to 10 pounds for
each level of injury added incrementally with serial neu-
rologic exams.”’ There is, however, a potential for wor-
sening of disc protrusion during closed reduction,
therefore, in patients who are obtunded or unable to co-
operate with serial neurological testing, an MRI scan
should be acquired before attempts at closed reduction.
Skull tractions are generally poorly tolerated by patients
and can be a cause of morbidity.

Cervical Braces

Cervical collars and cervicothoracic orthoses are indicated
for the definitive treatment of patients with stable lower
cervical injuries or as an adjunct post-operatively in patients
with questionable fixation. Collars are more comfortable for
patients when compared to skull traction techniques but tend
to allow significant motion of the spine. Johnson and collea-
gues described three broad categories of cervical orthoses:
collars, poster braces, cervicothoracic braces, and halo
vests.*” Types of collars include soft collars, semi-rigid col-
lars and rigid collars. Examples of semi-rigid collars are
Philadelphia collars, Miami collars, Aspen collar, and the
Malibu brace. Rigid collars are employed in the pre-
hospital transport of trauma patients with suspected cervical
spine injuries.

Cervicothoracic braces extend over the trunk and are
indicated for stable injuries and lower cervical injuries.
Poster braces are like cervicothoracic orthoses and control
the head through padded mandibular and occipital supports
with metal uprights and flexible straps that connect the
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anterior and posterior components. Generally, increasing the
working length of cervical orthosis improves their ability to
restrict rotatory and flexion motion in the lower cervical
spine but have no effect on lateral bending as well as flexion-
extension in the upper cervical spine. Compression type
fractures with no posterior ligaments or capsule involvement
can be managed non-operatively in a rigid cervical orthosis.

Halo Vests

Halos vests are employed when rigid fixation of an
unstable cervical spine injury is needed and can be used
for definitive treatment of injuries. The halo is connected
to the trunk by metal bars which may be attached to
a plastic body vest. Hyperextension injuries in the elderly
following a fall in the presence of degenerative kyphotic
and spondylotic cervical spinesand type 3 odontoid frac-
tures can generally be managed non-operatively in a halo
vest.

Pharmacologic Treatment

From a pharmaceutical perspective, only high-dose
Methylprednisolone Sodium Succinate (MPSS) showed
modest success in the landmark National Acute Spinal
Cord Injury Study (NASCIS) trial, with all other drugs fail-
ing to show any benefits in clinical efficacy trials.*! MPSS
functions as an immunosuppressant and anti-inflammatory
There have however been concerns raised over the efficacy
and safety of MPSS in patients with an acute SCL.*?

et al, following a systematic review on the use of MPSS in

Fehlings

acute SCI, suggested not offering 24-hour infusions of high-
dose MPSS to patients with an acute SCI after 8 hours and
not offering 48-hour infusions to acute SCI patients .*> The
NICE guidelines in the UK explicitly recommend not using
MPSS in acute SCI treatment.** Some potential pharmaco-
logical treatments at various stages of development and
evaluation include the antibiotic Minocycline, Riluzole,
Cethrin, and Premarin to name a few.

Surgical Treatment
Indications for surgical management of SCI are:

e Unstable injuries.

e Progressive neurological deterioration.

e For early mobilization in neurologically compro-
mised patient.

e In patients with a high incidence of late complica-
tions, eg, kyphosis of 30° or loss of height of more
than 50%.

The immediate aims of surgery are to realign the spine,
decompress neural elements, and provide mechanical stabi-
lity. Surgical options for treating subaxial cervical injuries
include anterior decompression (discectomy/corpectomy)
and fusion, posterior stabilization with or without decom-
pression and a circumferential approach to the spine that
combines both anterior and posterior approaches.*’ Surgical
stabilization should also be considered in patients who are
still unable to mobilize with appropriate bracing.*®

Timing of Surgery

The widely accepted 2-hit theory of spinal cord injury
describes an initial primary injury resulting from trauma
causing lacerations or intramedullary haematoma forma-
tion and a subsequent cascade of secondary injury
mechanisms that exacerbate the degree of neural tissue
destruction.®® Wilson et al strongly recommended the
carly application of surgical decompression and spinal
stabilization (within 24 hours) of SCI when medically
feasible based on available data that showed secondary
injuries of the spinal cord could be attenuated by decom-
pressive surgery.*®*” There is a consensus amongst spine
surgeons on the early surgical management of patients
with an incomplete or progressing SCI, while early sur-
gery for patients with complete injuries is still controver-
sial. The Surgical Timing in Acute Spinal Cord Injury
Study (STASCIS), a multicentre international study that
recruited patients between the age of 16 to 80 with
a cervical SCI, showed a 19.8% >2 ASIA grade improve-
ment in patients who had early surgery (14.2+5.2 hours)
compared to an 8.8% rate of improvement in patients who
had late surgery (48.3 £ 29.3 hours).***

Anterior or Posterior Approach
The decision on the best approach is based primarily on the
morphology of the injury. The anterior approach to the spine,
first described by Robinson and Smith in their 1935 landmark
paper, is best employed when adequate decompression with
removing a vertebral body is required.’® There is usually
minor muscle splitting in this approach, and so it is consid-
ered to be more favourable for patients post-operatively.
Upper cervical spine injuries that lend themselves to an
anterior approach include type 2 odontoid peg fractures via
direct screw fixation of the dislocated fragment under trac-
tion, Jefferson fractures, and Hangman fractures.

The posterior approach is excellent for alignment and
stability, and ensures anatomic reduction of facet joints. It
confers better biomechanical stability in cadaver studies
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and is used for C2 lateral mass screw placement and pars
screw fixations in the upper cervical spine. There is, how-
ever, no evidence that supports the use of one approach
over the other. Brodke et al reported no significant differ-
ences in fusion rates, neurologic recovery, or long-term
outcomes between the two approaches.”’ Highly unstable
fracture dislocation/subluxation require a combined
approach for spinal decompression, anterior column height
restoration, and reconstruction of the posterior complex.
Complications following an anterior approach include:
oesophageal injury, injury to the recurrent or superior
laryngeal nerves, injuries to the vertebral and carotid
arteries. Other complications are an ossified posterior
longitudinal ligament (PLL), adjacent segment degenera-
tion (ASD), and pseudoarthrosis. Screw malpositioning
leading to spinal cord and nerve root injuries and post
laminectomy kyphosis are some complications of posterior
surgery. Rare complications following surgery include
post-operative nerve injuries, commonly C5 and C8-T1
nerve palsies, Horner’s syndrome, Parsonage-Turner
Syndrome (PTS), and surgical site infections. Figure 3
shows the standard algorithm for the management of cer-

vical spine injuries.>?

Conclusion

A cervical spine injury, although uncommon, is
a catastrophic event and can lead to long-term disability.
Evaluating patients with a suspected CSI requires a high
index of suspicion, careful clinical and radiological evalua-
tion, and an individualized treatment plan. Treatment aims to
halt SCI progression and stabilize the spine to allow rehabi-
litation of the patient. While conservative management had
been the mainstay of treatment, recent advances in surgical
techniques and more favourable outcomes have tilted the

scale towards more aggressive surgical interventions.
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