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admission. The accuracy of CT scan was evaluated using 
MRI as a reference. Adjusted multivariable analysis was 
also performed to identify predictors for findings detected 
on MRI but not on CT.
Results  The mean age of patients was 42.3 years and 
90.5% were males. CT scans had a high specificity of 100% 
and sensitivity of 87.2%. Predictors of MRI abnormalities 
include females, patients with relatively milder mechanisms 
of injury, patients with suspected thoracic spine injury, and 
CT scan findings of facet dislocation and intracranial haem-
orrhage. There was no predictor for spinal cord oedema.
Conclusions  MRI should be performed in the presence of 
the aforementioned predictive factors and in the presence 
of neurological deficits. Otherwise, patients can be treated 
medically without the fear of missing a substantial cervical 
injury.

Keywords  Cervical spine · Computed tomography · 
Magnetic resonance imaging · Obtunded patients · 
Predictors

Introduction

The assessment for substantial injuries in the cervical spine 
following trauma is of high importance. Missed spinal inju-
ries can have fatal consequences [1] or result in permanent 
paralysis and lifelong disability [1]. Moreover, early clear-
ance of the cervical spine facilitates assessment of head 
and neck injuries [2]. If a definitive airway is subsequently 
required, this can also be performed efficiently without the 
need for neck immobilization [3].

The clearance of cervical spine from injuries is well 
established in patients who are conscious and alert [4]. 
In obtunded patients who lack reliable clinical features, 
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assessment of the cervical spine is heavily reliant on imag-
ing. Coupled with the high likelihood of multiple con-
comitant injuries [5] and the higher risk of desaturation 
requiring a definitive airway [3], the employment of com-
puted tomography (CT) and magnetic resonance imaging 
(MRI) scans are common. However, there is insufficient 
evidence and no consensus to guide the use of these imag-
ing modalities [4, 6].

Considering the benefits of early cervical spine clear-
ance and risks of prolonged immobilization, it is, there-
fore, prudent to define the effectiveness and hence the role 
for the usage of CT and MRI scan, or both, in the assess-
ment of cervical spine injuries for obtunded patients. In 
this study, we reviewed a large cohort of obtunded patients 
presented to a level one trauma center after blunt trauma 
over a period of 5 years and determined the effectiveness 
of CT scan alone and when supplemented with a subse-
quent MRI.

Methodology

Study design

This is a large retrospective cohort study conducted in 
a level 1 trauma center. The hospital provides tertiary 
healthcare services for all clinical subspecialties and has 
dedicated intensive care units supporting complex trauma 
cases. The division of spine surgery comprises seven fel-
lowship-trained spine surgeons rostered to attend trauma 
activation daily on a 24 h basis. This study is approved 
by the ethics committee of the national domain-specific 
review board (DSRB—2013-00288).

Patient population

All patients seen at the Emergency Medicine Department 
(EMD) due to blunt trauma, defined as obtunded by the 
Glasgow Coma Scale (GCS) of ≤ 8 and subsequently 
admitted to the intensive care unit (ICU) between 1st Janu-
ary 2008 and 31st December 2012 were included in the 
study.

We excluded patients who (1) have incomplete data due to 
electronic downtime during admission, (2) have been trans-
ferred from another hospital with CT or MRI scans already 
performed, and (3) patients who require emergency surgery 
following CT scan as a form of resuscitation and would not 
be able to perform an MRI scan due to medical reasons.

Out of 638 patients admitted to the intensive care units 
over this period, 66 patients met the inclusion. Three patients 
(4.5%) were excluded based on the aforementioned reasons.

Materials and methods

All patient data were retrieved from the hospital electronic 
records by a single clinician. The information collected 
includes patient demographics (age, gender), premorbid 
mobility, mechanism of injury, suspected injury level and 
available neurological findings.

Based on the clinical workflow in our institution, all 
patients who suffered blunt traumatic injuries and are 
mentally obtunded are evaluated using the CT scan on an 
emergency basis once the initial resuscitation has been 
adequately performed. The CT scan is performed as a 
non-contrast study for the head, cervical spine, thorax, 
abdomen, and pelvis with 10 mm axial cuts. This is in 
accordance with the ATLS guidelines, ninth edition [7]. 
The purpose of this CT scan is to evaluate patients for 
cervical spine injuries and at the same time assess brain 
and visceral injuries.

All patients except those that require emergency surgery 
will be scheduled for an interval MRI scan of the cervi-
cal spine for clearance of injuries as part of the standard 
clinical workflow. The MRI scans are performed without 
contrast and within 48 h of admission after the patient 
condition has been stabilized. Cervical immobilization is 
removed only after all the CT and MRI images have been 
reviewed by the attending spine or trauma consultant and 
following confirmation of the final report issued by a sen-
ior radiologist to ensure that no substantial injuries are 
missed.

Statistical analysis

All information was entered into Microsoft Excel data 
spreadsheet (Excel 2013, Microsoft Corp., Redmond, WA, 
USA). Statistical analysis was performed using Statistical 
Package for Social Science (SPSS Inc., Chicago, IL version 
16). Baseline patient characteristics and CT/MRI findings 
were shown. Categorical variables were presented as num-
bers with proportions and continuous variables as means 
with standard deviations.

Using MRI as the gold standard imaging [8], the results 
of CT scans in terms of sensitivities and specificities were 
computed. This also includes the sensitivities and specifici-
ties of the CT scan identifying MRI-specific diagnosis (disc 
rupture/herniation, posterior ligamentous complex injury, 
epidural haematoma, spinal cord oedema, bone oedema 
without fracture) via associated findings which can also be 
detected on CT scan. Multivariate analyses were performed 
using stepwise logistic regression to identify predictors for 
each of the findings unique to MRI. Only significant uni-
variate covariates are included in the statistical modeling. 
Significance was set at p < 0.05.
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Results

The mean age of the patients was 42.3 (SD 18.2) years. Road 
traffic accidents accounted for 58.7% of all polytrauma, fol-
lowed by falls (36.5%) and direct blunt force (4.8%). Patients 
who could not be assessed due to fractured limb immobiliza-
tion constitute 12.7% of the patients (Table 1).

Table 2 shows the findings on CT/MRI scan imaging that 
was performed.

CT scan found a variety of bone injuries. A total of 11 
patients (17.5%) had concomitant ossification of the poste-
rior longitudinal ligament.

MRI which was made the gold standard modality for 
assessing injury to the cervical spine, was able to detect 
additional pathologies that would not be detected via 
CT alone. However, most patients with these conditions 

have concomitant positive CT findings that would have 
prompted an MRI scan with the exception of seven 
patients (11.1%) with bone oedema but without fracture. 
These patients can be assumed to have a missed injury if 
only a CT scan was performed without a routine MRI to 
follow-up. This resulted in the sensitivity of CT scan to be 
87.2%. Since there were no patients who had findings on 
CT but not on MRI, the specificity of CT scan was 100%.

Multivariate analysis to identify predictors for MRI-
specific findings that would not have been prompted by 
the CT scan are shown in Table 3. Except for spinal cord 
oedema which was found to have no significant clinical or 
CT predictors, common clinical predictors include females 
(p = 0.007, OR 6.14) and direct blunt force (p = 0.006) 
which was predictive of posterior ligamentous complex 
injury, fall from standing height which was predictive of 
epidural haematoma (p = 0.034) and suspected thoracic 
spine injury which was predictive of bone oedema without 
fracture (p = 0.011, OR 14.64). CT scan findings of uni-
lateral facet dislocation were predictive for bone oedema 
without fracture (p = 0.019, OR 5.25), bilateral facet dis-
location was predictive of disc rupture/herniation and epi-
dural haematoma (p = 0.020, OR 16.13 and p = 0.017 and 
OR 10.62, respectively), and intracranial haemorrhage was 
predictive of epidural haematoma (p = 0.004, OR 10.75).

Table 1   Baseline patient demographic and clinical features obtained 
at emergency medicine department

Demographics/clinical features N = 63 Percentage (%)

Gender
 Male 57 90.5
 Female 6 9.5

Ethnicity
 Chinese 40 63.5
 Malay 7 11.1
 Indian 12 19.0
 Others 4 6.4

Premorbid mobility
 No walking aid 61 96.8
 Uses walking aid 2 3.2

Mechanism of injury
 Fall from height 11 17.5
 Fall from standing height 12 19.0
 RTA
  Motorcyclist 20 31.7
  Car 10 15.9
  Lorry/van 5 7.9
  Cyclist/pedestrian 2 3.2

 Direct blunt force 3 4.8
Suspected injury level
 Cervical spine injury 51 81.0
 Thoracic spine injury 14 22.2
 Lumbar spine injury 3 4.8

Neurology
 Normoreflexia 20 36.4
 Upper limb areflexia 28 50.9
 Lower limb areflexia 34 61.8
 Lax anal tone 23 41.8
 Unable to assess 8 12.7

Total patients 63 100.0

Table 2   Significant findings on MRI and CT scans

Significant findings of scans Number Percentage (%)

CT scan findings
 Vertebral body fracture 37 58.7
 Bony fragment retropulsion 14 22.2
 Transverse process fracture 17 27.0
 Pedicle/lamina fracture 19 30.2
 Spinous process fracture 17 27.0
 Articular facet fracture 10 15.9
 Vertebral subluxation 20 31.7
 Unilateral facet dislocation 9 14.3
 Bilateral facet dislocation 4 6.3
 Ossification of the posterior longitudi-

nal ligament (OPLL)
11 17.5

MRI (specific) scan findings
 Disc rupture/herniation 12 19.1
 Posterior ligamentous complex injury 18 28.6
 Epidural haematoma 16 25.4
 Spinal cord oedema 36 57.1
 Bone oedema without fracture 7 11.1
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Discussion

Trauma is a worldwide pandemic with the number of hos-
pital admissions increasing over the past 10 years [6]. It 
is a significant economic burden to almost every society 
[9]. Patients who are obtunded as a result of blunt trauma 
poses a diagnostic challenge to the attending doctor in terms 
of the existence of cervical injury [5, 10]. In fact, Milby 
et al. found that cervical spine injury is more common in 
obtunded patients [11]. In these patients, the clinical fea-
tures are often inadequate to provide conclusive evidence 
for cervical clearance. As such, established criteria such as 
the National Emergency X-Radiography Utilization Study 
(NEXUS) Low-Risk Criteria (NLC) [12] or the Canadian 
cervical spine rule (CCR) cannot be used [13].

Since there are numerous advantages for early detection 
and clearance of the cervical spine from substantial inju-
ries such as facilitation of resuscitation [2], allowing better 
assessment of head/neck injuries [14], prevention of long-
term immobilization complications such as pressure sores 
[14] and ventilator-related complications such as pneumonia 
[3], it is necessary to understand the capabilities of mod-
ern advanced imaging such as the CT and MRI in the acute 
setting for determining cervical spine injuries. This would 
enable timely clearance or surgical stabilization of the cer-
vical spine [15]. No consensus today guide the use of these 
modalities in obtunded patients admitted to ICU with a GCS 
< 8.

CT scan is now widely available in most emergency 
departments [16] and has been shown to be a useful modal-
ity for assessing the cervical spine in obtunded patients [17]. 
Large series have shown that CT scan can detect all clini-
cally significant injuries [10, 17]. A recent meta-analysis of 
ten studies involving 1850 obtunded blunt trauma patients 
found that a normal cervical spine CT scan is conclusive to 
safely rule out a significant cervical spine injury [18]. Panc-
zykowski et al. also came to the same conclusion in their 

meta-analysis of 14,327 patients [19]. These studies focus 
more on clearing the cervical spine rather than identifying 
specific diagnoses that may be missed. Moreover, the great-
est concern for relying on CT scan alone lies in its inability 
to diagnose ligamentous [20], discal [21] and neural injuries 
[21]. Milder forms of bone injury not surmountable to a 
fracture or dislocation cannot be appreciated as well [22]. 
While it may be debatable that these injuries are less severe 
and may not impact on clinical decisions, their associations 
with other injuries may in the authors’ opinion affect man-
agement strategies. Nevertheless, the usefulness of CT scan 
in assessing other viscera injuries makes it a convenient and 
acceptable screening tool for these patients [23].

MRI which is ideal for soft tissue assessment has been 
regarded as the gold standard choice of investigation [22]. 
However, it has several limitations—(1) It cannot be done as 
an emergent setting in many situations requiring resuscita-
tion [2], (2) It cannot be performed in unstable patients that 
require close monitoring and treatment [2], (3) It may not 
be available in some trauma centers [23]. Nevertheless, the 
presence of ligamentous, discal and neural injuries detect-
able only by MRI may affect clinical decisions. As such, it 
is still widely favored and often utilized.

Combined use of MRI and CT scan which would other-
wise be considered as the ideal may at times be regarded 
as over-investigation [18, 19, 22]. The other disadvantages 
include—(1) the risks of prolonged immobilization while 
waiting for MRI scan in circumstances where CT may suf-
fice, (2) the risks of aspiration incurred during MRI transfers 
and raised intracranial pressure during lengthy MRI scan-
ning suggested by Dunham et al. [2], and (3) the adverse 
effects of prolonged cervical collar use such as raised intrac-
ranial pressure, pressure sores and pneumonia [14]. Despite 
the reported incidence of ligamentous injuries in a patient 
with normal CT scan varies from 1 to 30% [22, 24], Chiu 
et al. identified 14 out of 143 patients with isolated cervi-
cal ligamentous injuries admitted to their trauma unit over 

Table 3   Significant multivariate predictors for significant findings on MRI scans not identified on CT scans

a Unable to provide odds ratio as there were no patients with direct blunt force in the cohort without significant findings on MRI scans
b Odds ratio = 0.00, as there were no patients who fell from standing height in the cohort with significant findings on MRI scans

Significant MRI findings Predictive covariates p value Odds ratio Lower limit Upper limit

Disc rupture/herniation Bilateral facet dislocation 0.020 16.13 1.48 175.23
Posterior ligamentous complex injury Female gender 0.007 6.14 0.03 0.99

Direct blunt forcea 0.006 – – –
Epidural haematoma Fall from standing heightb 0.034 0.00 0.00 0.00

Bilateral facet dislocation 0.017 10.62 1.02 110.80
Intracranial haemorrhageb 0.004 10.75 0.00 0.00

Spinal cord oedema No significant multivariate predictor
Bone oedema without fracture Suspected thoracic spine injury 0.011 14.64 2.36 90.85

Unilateral facet dislocation 0.019 5.25 0.94 29.44
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a period of 3 years [20] and concluded that ligamentous 
injuries without fracture of the c-spine are rare and recom-
mended application of the practice management guidelines 
[6].

In our study, clinical features such as gender and seem-
ingly milder mechanisms of injury are predisposed to hav-
ing MRI findings not found on the CT scan. These findings 
could reflect the effectiveness of CT scan picking up most 
of the severe cervical spine injuries. In particular, females 
(p = 0.007, OR 6.14) and direct blunt force (p = 0.006) was 
found to be predictive of posterior ligamentous complex 
injury, fall from standing height was predictive of epidural 
haematoma (p = 0.034) and suspected thoracic spine injury 
was predictive of bone oedema without fracture (p = 0.011, 
OR 14.64). The presence of these features should, therefore, 
prompt at least an MRI scan for further workup in the future.

In terms of CT findings, unilateral facet dislocation was 
predictive for bone oedema without fracture (p = 0.019, OR 
5.25) and bilateral facet dislocation was predictive of disc 
rupture/herniation and epidural haematoma (p = 0.020, OR 
16.13 and p = 0.017 and OR 10.62, respectively). These 
findings would have prompted a follow-up MRI scan regard-
less and would not be as important in influencing surgical 
decisions ultimately. Intracranial haemorrhage, however, 
deserves specific mention (p = 0.004, OR 10.75) and should 
prompt further MRI evaluation of the cervical spine. No 
predictor was found for spinal cord oedema. This could be 
a result of patients having pre-existing myelomalacia from 
cervical myelopathy thus confounding out results. We recog-
nize that patients who fell from standing height could also be 
a result, rather than a cause of cervical myelopathy [25] pre-
venting us from drawing further conclusions. Nevertheless, 
it is safe to suggest that patients with neurological deficits 
should always be investigated with an MRI [26].

CT scan did not add any diagnosis to what was obvious 
on the MRI scan rendering the specificity of CT to be 100%. 
However, eight patients with bone oedema on MRI scan 
would not have been detected by CT. This gave CT a sensi-
tivity of 87.2%. However, this additional information did not 

lead to a change in surgical plan in our cohort. Therefore, 
it would be reasonable to conclude that CT scan suffices 
in the evaluation of obtunded patients suffering from blunt 
trauma in terms of surgical management. This is supported 
by other studies [27]. From the aforementioned findings, a 
possible algorithm to decide on the need for MRI scan is 
shown in Fig. 1.

The limitations of this study include the possibility of 
interval changes between the time when CT and MRI were 
performed, and its retrospective nature. Although all MRI 
scans were performed within 48 h of admission after the 
patient condition has been stabilized, the exact time interval 
between the injury and MRI was unfortunately not available. 
This may have an impact on the MRI findings [28]. The 
retrospective nature of this study may also have resulted in 
potential biases associated with data completeness, extrac-
tion and recording. All these have to be taken into account 
when interpreting the results. To further strengthen the 
recommendations from our findings, a prospective study 
evaluating the combined use of CT scan and MRI should 
be performed.

In conclusion, CT scan has a high sensitivity and specific-
ity in detecting cervical spine injuries in obtunded patients 
(GCS < 8) following blunt trauma. The presence of pre-
dictors for MRI-specific findings identified in this study 
should prompt an interval MRI scan regardless of presence 
or absence of neurology. In the absence of neurological defi-
cits and the above features, patients can be treated medically 
without the fear of missing a substantial cervical injury.
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