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The incidence of cervical spine injury in patients with polytrauma is 3.7%. Early identification and
management of cervical spine injuries in these patients play a crucial role in preventing secondary
cervical spine and cord injuries. C-spine clearance assumes a pivotal role in reducing the morbidity and
mortality associated with cervical spine injury. Despite the availability of various validated management
algorithms and protocols for C-spine clearance, there are several controversies regarding C-spine

clearance, such as the ideal protocol and imaging modality, clearance of obtunded patients and man-
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agement of patients that lie out of the described protocols and rules. The current article aims to provide a
comprehensive review of the relevant literature and address the prevalent controversies.
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1. Introduction

The incidence of cervical spine injury in patients with poly-
trauma is 3.7%, 3% in alert patients and rising to 8% in unconscious
or obtunded patients.! Early identification and management of
cervical spine injuries in these patients play a crucial role in pre-
venting secondary cervical spine and cord injuries. Therefore, C-
spine clearance assumes a pivotal role in reducing the morbidity
and mortality associated with cervical spine injury and improving
health-related quality of life (HRQoL) in these patients. Apart from
prioritizing treatment protocol, early cervical clearance also pre-
vents excessive duration of cervical spine immobilization as it has
been found to have several complications, including early tissue
ulceration, increased intracranial pressure through jugular venous
compression, mechanical respiratory restriction and harmful un-
fitted immobilization in ankylosing spondylitis.> > C-spine clear-
ance therefore aims for early identification of C-spine injuries and
at the same time reducing unnecessary and prolonged immobili-
zation in trauma patients without C-spine injuries.

Despite the availability of various validated management algo-
rithms and protocols for C-spine clearance, there are several con-
troversies regarding C-spine clearance, such as the ideal protocol
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and imaging modality, clearance of obtunded patients and man-
agement of patients that lie out of the described protocols and
rules. The current article aims to provide a comprehensive review
of the relevant literature and address the prevalent controversies.

2. Material and methods

An extensive English literature search in various data bases such
as PubMed, EMBASE and Cochrane library was carried out with the
search terms including ‘cervical spine’, ‘radiology’, ‘injury’, ‘trauma’,
‘cervical spine clearance’, ‘national emergency X-radiography uti-
lization study’ and ‘Canadian c-spine rule’. The yielded citations
were examined for relevance and duplication. Unrelated articles
and articles in languages other than English language were
excluded. After making necessary exclusions, the articles were
further analyzed to address the controversies as mentioned above.

3. Primary C-spine evaluation

The initial C-spine evaluation ensues after the primary survey
and once the patient is stabilized. The aim of this exercise is to
identify the patients at a high risk of significant c-spine injury. All
the blunt trauma patients can be divided into four types for the
purpose of evaluation®:

1. Asymptomatic — This group comprises of patients with no pain
or tenderness and a normal cognitive function. These patients
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should undergo screening using either NEXUS or Canadian C-
spine rule and cleared or examined radiologically accordingly.
These algorithms are described in detail in subsequent sections.

2. Temporarily not evaluable — These patients usually present with
an impaired cognitive function such as intoxication. Clearance
for these patients may be delayed for 12—24 h and may be
cleared using the asymptomatic criteria once the cognitive
impairment is corrected. However, in a scenario where the delay
is not deemed appropriate and immediate clearance is required,
the patients may be evaluated as described for obtunded
patients.

3. Symptomatic patients — All symptomatic patients are at a high
risk for c-spine injury and must be evaluated using an imaging
modality. The imaging modalities have been described in detail
in subsequent sections of the article.

4, Obtunded patients — Obtunded patients usually present with a
GCS of less than 14. The current literature lacks any validated
clinical criteria or algorithm for c-spine clearance in these pa-
tients. Hence, the clinicians rely on the imaging for clearance.

4. Indications for C-spine imaging in awake and oriented
patients

Unrecognized cervical spine injury in a trauma patient can
result in catastrophic neurological disability and possible mortality.
Therefore, immobilization and subsequent evaluation of cervical
spine during clinical and radiological assessment of a trauma pa-
tient is of paramount importance. However, liberal and unorga-
nized cervical radiography in trauma patients in an attempt to rule
out cervical spine injury results in exuberant expenditure along
with excessive radiation exposure. A substantial proportion of
expenditure and radiation exposure can be avoided by eliminating
even a small number of radiographs in this patient population.
Defining indications and protocols for cervical imaging in trauma
patients is therefore crucial to avoid missed injuries and unwar-
ranted expenditure at the same time.

Two algorithms or clinical-decision making rules have been
defined in the literature for adequate C-spine clearance.”® While
each has its own set of advantages and drawbacks, none can be
considered as superior to the other. The first of these decision-
making tools was the National Emergency X-radiography Utiliza-
tion Study (NEXUS) by Hoffman et al.® The tool comprises five
clinical criteria and all criteria should be fulfilled to rule out a
cervical spine injury in patients — no midline tenderness, the
absence of a focal neurologic deficit, a normal level of alertness, no
evidence of intoxication, and absence of clinically apparent pain
that might distract the patient from the pain of a cervical-spine
injury. The sensitivity and specificity of the tool was found to be
99% and 12.9% whereas the negative and positive predictive value
was found to be 99.8% and 2.7%.2 Despite a low specificity and
positive predictive value, the high negative predictive value en-
sures reliable exclusion of a cervical spine injury. One of the
greatest advantages with the NEXUS protocol is its ease of appli-
cation, which converts to a quick decision making in the emergency
room. However, the same criteria in the hands of researchers other
than Hoffman et al. were found to have a lower sensitivity of 90.7%.°
Additionally, high subjectivity and lack of clear definitions, such as
the last criteria (absence of clinically apparent pain) are other
important drawbacks of NEXUS.

Three years later in 2001, Steill et al. published the Canadian C-
spine rule (CCR) (Fig. 1).” The authors identified high risk and low
risk criteria for need of radiography. High risk criteria included age
more than 65, dangerous mechanisms of injury such as fall from
>1 m/5 stairs, axial load to the head, motor vehicle collision
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>100 km/h, rollover, or ejection during collision, collision in rec-
reation vehicles or bicycles and paraesthesia in extremities. Pres-
ence of any of these high risk criteria warrant a thorough
radiological evaluation. Low risk criteria include simple rear-end
motor vehicle collision, found to be in the sitting position in the
ED, ambulatory status at any time after the injury, delayed onset of
neck pain, and absence of midline C-spine tenderness. Presence of
any of these low risk criteria allow safe assessment of range of
motion examination, which includes a left to right 45-degree
rotation examination. A successful exam clears the cervical spine,
whereas the absence of low risk criteria or inability to rotate the
neck is an indication for radiological evaluation. Although this
clinical decision-making rule is more comprehensive and repro-
ducible than NEXUS, the limitations include applicability only to
patients above 16 years of age, lack of inclusion of obtunded or
unconscious patients and longer time and accurate history needed
for clearance.

Steill et al. compared CCR and NEXUS in a prospective cohort
study comprising 8283 patients in nine Canadian emergency hos-
pitals.” An important finding in the present study was the reluc-
tance of a number of researchers to evaluate the neck ROM as
described in the CCR algorithm in approximately 10% of the pa-
tients. The researchers concluded a higher overall sensitivity and
specificity for CCR compared to NEXUS. No other study till date
provides a direct comparison of NEXUS and CCR in the same study
cohort. Michaleff et al. conducted a systematic review and reported
a high sensitivity and low specificity for both the algorithms.'® For
the Canadian C-spine rule, sensitivity ranged from 0.90 to 1.00 and
specificity ranged from 0.01 to 0.77 whereas for NEXUS, sensitivity
ranged from 0.83 to 1.00 and specificity ranged from 0.02 to 0.46.
Nevertheless, good quality evidence is needed to compare the two
and establish the superiority of one diagnostic accuracy test over
the other.

5. The ideal radiological modality for C-spine screening
5.1. Plain radiography

Plain radiography has for long been considered the modality of
choice for cervical spine screening in trauma patients. Radiographs
provide a comprehensive overview of the extent and magnitude of
injury and can play an important role in decision making for
definitive management.'! Being inexpensive and readily available,
radiographs are still considered the screening modality of choice in
several developing nations where accessibility to a CT scan is a
problem. Nevertheless, given the low sensitivity (40%—60%), plain
radiography as an imaging modality for C-spine screening is far
from ideal.”> 4

5.2. Computed tomography scan

With the technological advancements and easy accessibility of
CT scan imaging, it has become the choice of screening investiga-
tion according to several guidelines and society recommendations.
Several studies including a few meta-analysis have been published
comparing the efficacy of radiographs and CT scans in diagnosing
cervical spine injuries (Table 1). All observational studies have re-
ported a higher sensitivity of a helical or MDCT over plain radiog-
raphy (90%—100%).>~7 Holmes et al. in a meta-analysis concluded
CT outweighs plain radiographs in blunt trauma victims with a high
risk of cervical spine injury, whereas plain radiographs are
preferred in less injured patients with less significant trauma with
lower risk of cervical spine injury."> Another study found CT scan to
be cost-effective compared with radiographs in high risk patients.'®
The National Institute for Health and Care Excellence (NICE)
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Any high risk factor mandating
radiography?

Age >65 years,

Dangerous mechanism®*,

Paraesthesia in extremities Yes

«  Fall from >1mtr/5stairs

* Axial load eg. diving

+  MVA >100km/h, rollover or
ejection

* MVA in recreational vehicle

* Bicycle collision

[ o

Any low risk factor allowing

safe range of motion

assessment? No
Simple rear end MVA

Sitting position in emergency
department A
Ambulatory at any time after injury
Delayed onset of neck pain
Absence of midline tenderness

1 Yes

Able to actively rotate the No
neck?
45 degrees to left and right

1 Yes

No imaging required

Imaging required

v

Fig. 1. A flow chart depicting the Canadian C-spine rule for cervical spine clearance.

Table 1
— Clinical evidence evaluating the efficacy of NEXUS and CCR and guidelines available in literature.
Author  Study Level of Sample Sensitivity Specificity Missed ~Comment/Remarks
methodology evidence size on X-
Rays
Mathen MCT vs X-  Prospective 667 100%vs 99.5%vs 15 of 27 MCT outperformed plain radiography as a screening modality for the identification of
2007 Rays case 45% 97.4% (55.5%) acute c-spine injury in trauma patients
series—level 4
Diaz JJ HCT vs X- Prospective 1577  32%vs 299 of  Helical CT is not only sensitive and specific but also cost-effective tool for screening
2005'° Rays case 16%° 416 cervical spine bony injuries. For ligamentous injuries, MRI is superior to CT
series—level 4 (72%)
Diaz JJ CT scan vs X- Prospective 1006 97.4%vs 100%vs 90 of CTS outperformed five-view CSX in a group of patients with altered mental status or
2003'# Rays case 44% 100% 172 distracting injuries.
series—level 4 (52.3%)
Holmes CT scan vs X- Meta- 98% vs CT significantly outperforms plain radiography as a screening test
2005'? Rays analysis—level 52%
3
Beckman ACR Level 5 CT is the preferred screening modality in blunt trauma patients when indicated with
2019 guidelines NEXUS or CCR
Kortbeek ATLS Level 5 CT is the preferred screening modality in blunt trauma patients at high and moderate
JB guidelines risk of cervical spine fractur
2008%°
Ackland RACP Level 5 CT is the preferred imaging. Five-view plain X-ray to be done if CT is unavailable. MRI
2012'° guidelines should be considered in patients with neurologic symptoms or advanced cervical

degenerative disease.

2 Values only for ligamentous injury.
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guidelines recommend CT and MRI scans as the investigation of
choice in adults and children, respectively, who are suspected to
have a C-spine injury according to the Canadian C-spine rule.'
Similar to recommendations by Como et al. as a part of the
Eastern association of surgery for trauma practice guidelines, the
authors also recommend an axial CT from the occiput to T1 with
sagittal and coronal reconstruction instead of conventional imaging
by means of plain radiographs.?’

5.3. Magnetic resonance imaging

MRI is a highly sensitive investigation, especially to identify
disco-ligamentous injuries, occult spinal or cord injuries with
normal spinal column.?! MRI being an expensive and time intensive
investigation with significant false positive results, is not accepted
as the investigation of choice for C-spine clearance in routine
emergency trauma scenarios. Malhotra et al. in a meta-analysis
including 23 studies and 5286 patients reported a negligible
number of unstable injuries (16,0.30%) in patients with negative CT
scans.”> Another prospective study with over 5200 patients re-
ported 0% missed ligamentous injuries after a negative CT scan.”®
Nevertheless, it plays an important role in diagnosing cord in-
juries in degenerative conditions such as central cord syndrome or
SCIWORA injuries in a paediatric age group. Moreover, it is accepted
as a screening investigation of choice in paediatric blunt trauma
patients with a high index of suspicion for cervical spine injury.

5.4. Dynamic radiographs

Dynamic cervical radiographs were introduced to diagnose
instability and ligamentous injury as these dynamic components
are inadequately diagnosed in lateral radiographs. However, the
sensitivity of these dynamic X-rays is highly dependent on the
adequacy of flexion-extension movement. A flexion and extension
of 30° from the neutral is considered adequate for diagnosing
instability in the cervical spine. Various researchers have docu-
mented the adequacy of dynamic X-rays in acute trauma conditions
to range from 31% to 70% of the patients.”*2® The limited mobility
of cervical spine, therefore, limits the utility of this modality in an
acute trauma scenario. Moreover, several researchers have
concluded that dynamic radiographs fail to provide any additional
information over static lateral radiographs in acute
trauma.’®?42728 Therefore, any utility of dynamic radiographs in
cervical-spine clearance is questionable.

6. C-spine clearance in obtunded patients

Blunt trauma in an obtunded or intoxicated patient presents a
challenging scenario due to the inability to perform a neurological
exam, neck range of motion according to CCR or elicit a proper
history in many cases. Nevertheless, early diagnosis and prevention
of prolonged immobilization is indispensable in these patients for
optimum outcome. In the absence of a readily available clinical
algorithm for obtunded or intoxicated trauma patients till date, C-
spine clearance is usually achieved by cervical spine imaging.
However, the imaging modality of choice for the clearance is
controversial. Similar to alert patients, radiographs, both static and
dynamic have a limited sensitivity in diagnosing cervical spine
injuries in obtunded patients. Griffen et al. and Brohi et al. have
evaluated the use of plain radiographs in these patients and re-
ported 35% and 45% of missed cervical injuries respectively.>®>°

The guidelines with respect to the use of CT scans for cervical
spine clearance have also evolved with time. Eastern association of
surgery for trauma guidelines of 2009 did not rely on a negative CT
scan report alone for C-spine clearance in obtunded patients.
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However, in light of the recent literature, EAST modified there
guidelines in 2015.232 On the basis of a systematic review, they
recommend cervical collar removal after a negative high-quality C-
spine CT scan result alone. A systematic review comprising 3443
patients emphasized the use of 64-slice MPR (multiplanar recon-
struction) CT or higher quality scan alone to clear a C-spine injury if
the images are interpreted by an experienced radiologist and the
patient has no obvious neurological symptoms.>*> The authors also
pointed out a higher prevalence of missed cervical spine injuries
(up to 5%) associated with the use of an earlier generation of CT
scans without multiplanar reconstruction technology. Badhiwala
et al. in a systematic review concluded employing a well-
interpreted, high-quality CT scans as safe and effective for C-spine
clearance in obtunded patients.>*

Use of MRI for C-spine clearance has been evaluated by a few
researchers. MRI has been found to be highly sensitive in identi-
fying disco-ligamentous injuries in the cervical spine. Nevertheless,
the literature is divided with respect to the indications for MRI for
C-spine clearance, especially after a negative CT scan. According to
various studies, the prevalence of missed injuries in obtunded pa-
tients after a negative CT scan eventually diagnosed with an MR
range from 5% to 30%, however the number of injuries requiring
stabilization in these patients is less than 1%.3°~>® Moreover, the
time and cost-invasiveness of MR imaging may prove to be an
important limitation in using this investigation a screening tool in
trauma imaging. Longer waiting duration in immobilized spine
may also result in several complications and prevent proper med-
ical and nursing care in these patients. Advancements in CT imag-
ing have led to a negative predictive value for all and unstable
cervical spine injuries to as high as 98.9% and 100% respectively,
which implies that none of the patients rendered negative by CT
cervical spine screening would eventually require any interven-
tion.>> The authors recommend the usage of an MDCT interpreted
by a trained radiologist for C-spine clearance in obtunded patients.

7. Clearance in patients with pain persisting with negative CT
scan

Cases with persistence of pain in trauma patients despite a
negative CT present a challenge for the treating physician. Although
the scenario is common, but lacks adequate literature to support
any recommendations or a validated method of risk-stratification in
such patients. A thorough assessment of pain at rest and in motion
is warranted in such patients. The authors follow a stratified
approach to deal with such scenarios. For mild pain with visual
analogue scale of less than three out of 10, the pain can be attrib-
uted to positioning or the discomfort of immobilization and c-spine
could be cleared without any further intervention. For moderate
amount of pain with a VAS of 4—5 out of 10, the pain may be
attributed to a minor soft tissue trauma and c-spine may be cleared
with a soft collar in place if the patient demonstrates a normal
range of motion. In cases with painful or restricted cervical move-
ment or severe pain, MRI is advisable.

8. C-spine clearance in paediatric population

Management of a blunt trauma to a child has its own unique and
distinct aspects when compared with adult injuries. The c-spine
algorithms used in adults are of questionable importance in pae-
diatric trauma. Subtle signs in this age group such as an unex-
plained persistent low blood pressure may indicate a significant
injury to the cervical cord. Apart from the commonly used c-spine
clearance algorithms, Pediatric Emergency Care Applied Research
Network (PECARN) retrospectively identified 8 factors highly
associated with CSI in children 0—16 years.>® These included altered



B. Garg and K. Ahuja

mental status, focal neurologic deficits, complaints of neck pain,
torticollis, substantial injury to the torso, predisposing condition for
c-spine injury, high risk MVC and diving.

A few class II multicentric prospective studies have evaluated
the use of NEXUS in paediatric population.*>*! Viciello in his study
included 3075 patients, all less than 18 years of age reported a 20%
reduction in radiography and no missed injuries on evaluating
these patients using the NEXUS protocol.** However, the study
included only 88 patients with age less than 2 years and hence,
cautious endorsement of application of NEXUS for paediatric age
group was done by the authors. Anderson et al. in his study eval-
uated trauma patients using three view radiographs for screening
along with NEXUS criteria. They reported a 60% increase in c-spine
clearance in children by non-neurosurgical personnel.*"#> CT scan
or MRI were indicated only if radiological abnormality was iden-
tified in the screening radiographs. Garton et al. reported no missed
injuries in patients above 8 years in contrast to 6% missed injuries in
patients less than 8 years of age when evaluated using the NEXUS
criteria.*> Ehrlich et al. reported a sensitivity of 43% and 86% for
NEXUS and CCR respectively and concluded none of the protocols
can be applied to paediatric age group.**

Pieretti-Vanmarcke in a multi-centre review of 12,537 patients
with age less than three years concluded four predictors of cervical
spine injury in these patients - GCS < 14; GCSeye = 1; motor vehicle
crash; age 2—3 years. They reported a 99.93% negative predictive
value for c-spine injury if all these criteria were used in combina-
tion for screening.*

In summary, based on class II and III evidence, screening im-
aging is indicated in paediatric patients if any of the five NEXUS
criteria is positive or cannot be answered or assessed due to age or
head injury. Additionally, children who have experienced trauma
that are non-communicative due to age (, 3 years old) and have
motor vehicle collision, fall from a height more than 10 feet, or
suspected non-accidental trauma as mechanisms, or GCS less than
14 should have screening cervical spine imaging performed.*®

9. Conclusion

Proper patient selection for imaging using CCR or NEXUS criteria
is a cost effective strategy during C-spine clearance. In a majority of
trauma scenarios, good quality axial CT scan, such as a helical or
multidetector scan with a sagittal and coronal reconstruction reli-
ably rules out a cervical spine injury in patients. In several trauma
centres in developing nations with limited resources or a high
patient load, a modified strategy may be adopted using an initial
screening with three view radiographs and a comprehensive clin-
ical examination, albeit with limited sensitivity. MRI as a screening
investigation may prove to be both a time and cost invasive mo-
dality with a high incidence of false positive results. In patients
with GCS less than 14, most studies recommend a CT scan for
screening with a reasonable sensitivity. However, clearly defined
guidelines are lacking. There is a lack of good quality evidence to
deal with a patient with persistence of neck pain despite a negative
CT scan. Further studies are warranted to formulate guidelines to
deal with such a scenario.
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