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Computed Tomography Alone Versus Computed Tomography
and Magnetic Resonance Imaging in the Identification of Occult

Injuries to the Cervical Spine: A Meta-Analysis

Andrew J. Schoenfeld, MD, Christopher M. Bono, MD, Kevin J. McGuire, MD, Natalie Warholic, MA,
and Mitchel B. Harris, MD, FACS

Background: Ruling out injuries of the cervical spine in obtunded blunt
trauma patients is controversial. Although computed tomography (CT)
readily demonstrates fractures and malalignment, it provides limited direct
evaluation of ligamentous integrity, leading some to advocate a magnetic
resonance imaging (MRI) in obtunded patients. Thus, the question remains:
does adding an MRI provide useful information that alters treatment when a
CT scan reveals no evidence of injury?
Methods: Published studies from 2000 to 2008 involving patients undergo-
ing MRI for the purposes of further cervical spine evaluation after a
“negative” CT scan were identified via a literature search of online databases.
Data from eligible studies were pooled and original scale meta-analyses were
performed to calculate overall sensitivity, specificity, positive and negative
predictive values, likelihood ratios, and relative risk. The Q-statistic p value
was used to evaluate heterogeneity.
Results: Eleven studies met the inclusion criteria, yielding data on 1,550
patients with a negative CT scan after blunt trauma subsequently evaluated
with a MRI. The MRI detected abnormalities in 182 patients (12%). Ninety
traumatic injuries were identified, including ligamentous injuries (86/182),
fractures, and dislocations (4/182). In 96 cases (6% of the cohort), the MRI
identified an injury that altered management. Eighty-four patients (5%)
required continued collar immobilization and 12 (1%) required surgical
stabilization. The Q-statistic p value for heterogeneity was 0.99, indicating
the absence of heterogeneity among the individual study populations.
Conclusions: Reliance on CT imaging alone to “clear the cervical spine”
after blunt trauma can lead to missed injuries. This study supports a role for
the addition of MRI in evaluating patients who are obtunded, or unexamin-
able, despite a negative CT scan.
Key Words: Cervical trauma, Cervical clearance, Computed tomography,
Magnetic resonance imaging, Meta-analysis.

(J Trauma. 2010;68: 109–114)

The optimal method for clearance of the cervical spine in
an obtunded patient after blunt trauma remains a contro-

versial and challenging issue.1–17 The decision to discontinue
the collar and cervical spine precautions is made by balancing
the risks of prolonged immobilization against the chance of
missing an occult injury.1–5,8,18–20 Although the complica-
tions of prolonged cervical immobilization such as skin
breakdown have been well documented,1,2,8,12,13 mobilizing a
patient with an unstable cervical spine can have catastrophic
neurologic consequences. The incidence of missed cervical
spine injuries following screening radiographic evaluation
has been estimated to be as high as 20% (range, 5–20%).18–20

The risk of neurologic sequelae is 10 times higher in patients
with an occult cervical injury than in those who have an
injury identified on initial screening.17,20

Within the last decade, computed tomography (CT) and
magnetic resonance imaging (MRI) have largely supplanted
plain radiographs for cervical spine evaluation in most major
trauma centers.1–8,10,15–17 Both modalities are useful, with CT
demonstrating bony pathology more clearly and MRI more
sensitive at demonstrating soft-tissue pathology.1–4,8,10,21–24

Currently, CT imaging alone has been advocated by some for
the purposes of cervical clearance in the obtunded blunt
trauma patient.4,11,21–23 However, missed ligamentous injuries
continue to be reported.3,5,7,9,10,11 Although MRI has the
potential to detect occult ligamentous injuries, an oversensi-
tivity for presumably clinically insignificant injuries has lim-
ited its widespread use as a screening modality.3,8–17,24

In the trauma patient in whom a sufficient clinical
examination cannot be obtained, debate continues whether a
negative CT alone is sufficient to clear the spine or if an
additional MRI is needed. However, the evidence supporting
this practice has not been previously evaluated. Thus, the
practical clinical question remains: does adding MRI provide
useful information that alters treatment when a CT is inter-
preted as negative? The purpose of this study was to quantify
the utility of MRI to detect cervical injuries that alter clinical
management in the setting of a negative CT by performing a
systematic review and meta-analysis of the current literature.

MATERIALS AND METHODS

Literature Search
A computerized search of the MEDLINE database,

Cumulative Index to Nursing and Allied Health Literature,
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and the Cochrane Central Register was performed for studies
published in print, or electronically, in English from January
2000 (week 1) to December 2008 (week 1). Dates within the
current decade were selected in an attempt to capture studies
using modern imaging protocols and technology (e.g., mul-
tidetector helical CT scan). Literature searches used combi-
nations of the following search terms: “cervical clearance,”
“computed tomography,” “spinal injuries,” and “magnetic
resonance imaging.” Further manual searches of review arti-
cles and reference lists of publications were performed. The
search was independently performed by two individuals
(A.J.S. and N.W.).

Three investigators (A.J.S., N.W., and M.B.H.) re-
viewed all identified abstracts to determine candidacy for this
study. Investigations included in this meta-analysis were any
prospective or retrospective studies in which patients had an
MRI for the purposes of cervical spine clearance after a
negative CT scan. Additional inclusion criteria were report of
the clinical decision/outcome based on positive MRI findings
(e.g., collar removal, surgical intervention, and prolonged use
of collar), report of data that enabled calculation of true
positives, true negatives, false positives, and false negatives,
and enrollment of at least 30 patients. In studies in which all
patients were not evaluated with both CT and MRI,8 only
those who were evaluated with both modalities were included
in the analysis. Disagreements between reviewers were re-
solved by means of mutual resolution.

For each study that satisfied inclusion criteria, meth-
odological quality was rated according to a previously
described system for diagnostic/therapeutic studies.25 Rel-
evant data were extracted and recorded in a Microsoft
Excel spreadsheet.

Statistical Analysis
The published raw data from appropriate studies were

pooled and original scale meta-analyses were performed to
calculate sensitivity, specificity, positive and negative predic-
tive values (Table 1). Likelihood ratios, and false positives
and negatives were also calculated (Table 1). The definition
of a true positive MRI was one where findings led to a change
in management, such as prolonged collar use or surgery. A
false positive was defined as an MRI whose findings were
deemed clinically insignificant and thus did not prevent
cervical spine clearance. A true negative was considered to be
an MRI result that showed no injury and allowed removal of
cervical precautions. A false negative was defined as a study
that showed no abnormality in the cervical spine, yet an
injury was subsequently identified by physical examination or
flexion–extension films. A logistic regression model was
used to generate estimates of the relative risk with 95%
confidence intervals (CI) for positive MRI influencing a
change in management for each study. A pooled relative risk
was determined as well for all studies combined. For this
purpose, studies were weighted inverse to their variance
and heterogeneity between studies was evaluated using the
Q statistic. Heterogeneity between studies was considered
present if the p value was �0.05. Statistical analyses were
performed using STATA 10 (StataCorp LLC, College
Station, TX).

RESULTS
In total, 58 investigations were identified from the

computerized literature search. Eleven studies6–9,11–17 met all
inclusion criteria, which comprised 1,550 blunt trauma pa-
tients with negative cervical spine CT scans. Table 2 abstracts
the details of these 11 studies. All were classified as Level III
studies. Each study enrolled �50 patients, had minimal bias,
and used no independent gold standard test.25,26 None of the
11 were prospective, randomized, controlled trials comparing
MRI and CT to CT alone.

Meta-Analysis Results
All of the 1,550 trauma patients with negative cervical

spine CTs were subsequently evaluated with MRI. One hun-
dred ninety-four MRI abnormalities were detected in 182
patients (12% of the entire cohort). The majority of these
abnormalities were determined to be ligamentous injuries
(n � 86; 44%). Degenerative changes were identified in
nearly 25% of cases (n � 47), while fractures and disloca-
tions were detected in nearly 2% of cases (n � 4; Table 3). In
96 cases (6% of the entire cohort), MRI was able to identify
a clinically significant injury necessitating a change in man-
agement. Eighty-four patients (5% of the entire cohort) re-
quired prolonged use of a cervical collar and 12 patients (1%
of the entire cohort) required surgical stabilization. In 86
cases (5.5%), abnormal findings on MRI were deemed clin-
ically insignificant and cervical spine precautions were dis-
continued despite a positive study.

The pooled sensitivity for MRI detecting a clinically
significant cervical injury was 100% (95% CI, 95–100),
whereas the pooled specificity was 94% (95% CI, 93–95).
The pooled positive and negative predictive values for MRI
were 53% (95% CI, 45–60) and 100% (95% CI, 99–100),
respectively. The pooled false-positive rate was 6% (95% CI,
1–11). The likelihood ratio of clinically significant injury in

TABLE 1. Statistical Definitions

Sensitivity The probability that an MRI was positive in a
patient with a clinically significant cervical
spine injury

Specificity The probability that an MRI was negative in a
patient without a clinically significant
cervical spine injury

Positive predictive
value

The probability of a patient with a clinically
significant cervical spine injury having a
positive MRI

Negative predictive
value

The probability of a patient without a clinically
significant cervical spine injury having a
negative MRI

Likelihood ratio The likelihood that patients with a positive
MRI had a clinically significant cervical
spine injury

False-positive rate The proportion of patients without a clinically
significant cervical spine injury having a
positive MRI

False-negative rate The proportion of patients with a clinically
significant cervical spine injury having a
negative MRI

Relative risk The risk of a positive MRI altering
management
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the setting of a positive MRI was 17 (95% CI, 13.8–20.8). No
false negatives were identified in any of the 11 studies
included in the meta-analysis.

Estimates of relative risk for each study in the meta-
analysis are depicted in Figure 1. The pooled relative risk of
a positive MRI altering management in the setting of a
negative CT scan was 149 (95% CI, 46.5–477.2). Four of the
11 studies8,12,14,15 could not be included in this particular
calculation because they did not report any clinically signif-
icant injury detected by MRI within their cohorts. The Q-
statistic p value for heterogeneity was 0.99. This indicated
that there was not statistically significant heterogeneity
among the studies included in the meta-analysis and pooling
was, therefore, appropriate.

DISCUSSION
Although there is a general consensus regarding the

need for a comprehensive evaluation and, in most cases, an
algorithmic radiographic evaluation of the cervical spine in

the blunt trauma patient, wide variation continues to prevail
regarding the optimal imaging modality for obtunded indi-
viduals.1–17 Pertinent to this study, controversy exists about
the degree to which an isolated negative CT scan obviates the
need for continued immobilization in a cervical collar.

Modern CT technology is efficient and effective in
detecting fractures and dislocations in the cervical spine.
Indeed, a number of investigations have documented sensi-
tivities and specificities that approach 100%.4,8,21–23 Relying
on these data, some have proposed that an isolated negative
CT study of the cervical spine is sufficient to “clear the
cervical spine.”4,8,11,15 Several investigations support the no-
tion that CT imaging is capable of identifying all clinically
meaningful injuries in the cervical spine.4,11,21–23 Some au-
thors maintain that the addition of MRI after a negative CT
scan is of no clinical benefit in detecting significant cervical
injuries.8,12,14,15 Still, others claim that “clearance” cannot
occur at all in the patient with altered mentation.27

Of note, MRI has been found to have sensitivities and
specificities for cervical injury comparable with CT imag-
ing.3,10,24 In light of its ability to detect ligamentous, soft
tissue, and osseous edema, many clinicians contend that the
sensitivity of MRI for detecting injuries exceeds that of
CT.3,10,24 Muchow et al.3 proposed that MRI represents the
true “gold standard” imaging modality for definitive clear-
ance given a negative predictive value of 100%. Others
maintain that relying on CT alone may lead to delayed
diagnosis of occult ligamentous injuries and thus advocate for
protocols that use both modalities for clearance in the ob-
tunded patient.6,7,17

There are limitations in interpreting the data from these
individual studies. Most are retrospective in nature and are
comprised of moderate- to small-sized patient cohorts.6–9,11–17

These features introduce bias and limit the generalizability of
conclusions to the general population. These shortcomings
have perpetuated the lack of clarity about the role of MRI in
cervical spine clearance. Furthermore, some advocate that, to
be effective, MRI must be obtained within 48 hours of injury.
This misconception is based on a number of reports which

TABLE 2. Characteristics of the 11 Studies Included in the Meta-Analysis

Reference Gold Standard Test
Total

Population
MRI

Positive
Prolonged

Collar
Operative

Intervention
Cleared Despite

Positive MRI

Menaker et al.6 Radiologist interpretation 203 18 14 2 2

Stelfox et al.8 Radiologist interpretation 140* 0 0 0 0

Hogan et al.11 Radiologist interpretation 366 16 4 0 12

Tomycz et al.13 Radiologist interpretation 180 38 16 0 22

Stassen et al.7 Radiologist interpretation 52 13 13 0 0

Schuster et al.15 Radiologist interpretation 93 23 0 0 23

Como et al.12 Radiologist interpretation 115 6 0 0 6

Diaz et al.17 Radiologist interpretation 85 14 14 0 0

Adams et al.16 Radiologist interpretation 97 2 1 1 0

Sarani et al.9 Radiologist interpretation 164 42 22 9 11

Schoenwaelder et al.14† Radiologist interpretation 55 10 0 0 10

Total 1,550 182 84 12 86

* Only those patients (140/215) who received both CT and MRI were included in the meta-analysis.
† Electronic version published online July 30, 2008.

TABLE 3. Cervical Injuries Identified by MRI in Patients
With Previously Negative CT Scans

Injury
Number of
Patients*

Percentage
of Total

Ligamentous injury 86 44.2

Degenerative changes 47 24.2

Disc disruption 17 8.8

Cord contusion 16 8.2

Cervical muscle or soft tissue injury 12 6.2

Spinal stenosis 6 3.1

Fracture 3 1.5

Spinal hematoma 3 1.5

Other 3 1.5

Dislocation 1 0.5

Total 194 100†

* More than one injury was present in some patients.
† Values do not add to 100% because of rounding.
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arbitrarily chose 48 hours as their institutional guideline,
without intent to establish it as a strict protocol for MRI usage
in the acute setting.10,28–30 Nonetheless, this precept has been
widely applied and often limits the role MRI has played in the
evaluation of cervical trauma.

By combining like studies to evaluate a larger patient
cohort, the authors think that a meta-analysis of the available
literature would help clarify the ability of MRI to detect
clinically significant injuries in the setting of a negative CT
study. The current data challenges previous reports that
advocate for the use of CT imaging alone for cervical spine
clearance. Many authors have opined that MRI has no advan-
tage over modern CT scans in detecting clinically significant
injuries in the cervical spine.4,8,11,12,13 For example, Harris et al.4
reported a 0.3% false-negative rate for CT in obtunded blunt
trauma patients. Similar false-negative values were put forth in
the works of McCulloch et al.23 and Sanchez et al.22 In several
comparisons of CT and MRI-based protocols, researchers have
reported that MRI was unable to identify any clinically signifi-
cant injuries after a negative CT.8,12,14,15

The current results strongly suggest that isolated CT of
the cervical spine is not capable of detecting all injuries.
Reliance on CT alone may result in missed clinically signif-
icant injuries. In this cumulative study, we documented the
incidence of occult, and clinically significant, injuries to be
6% (96/1,550), with 1% (12/1,550) of those injuries requiring
surgical stabilization. Similar to previous reports presented in
the literature,3,6,7,9,10,24 MRI demonstrated very high sensitiv-

ity and specificity in this meta-analysis, along with a 100%
negative predictive value.

Limitations of the Study
There are several limitations to this meta-analysis. One

of the main limitations is that 6 of the 11 studies included
were retrospective.6,7,9,11,13,14 In addition, there is currently no
consensus as to a “gold standard” test to ensure accurate
interpretation of imaging studies. Instead, all studies included
in this meta-analysis relied on radiologists’ or surgeons’
interpretations of CT and magnetic resonance images. Simi-
larly, decisions in all studies regarding which cervical injuries
required prolonged immobilization or surgery were made by
the treating spine surgeons. An objective protocol that directed
treatment based on specific criteria could not be identified in any
of the studies. This variation in practice is the principle issue
driving this investigation. Currently, there is little objective data
correlating many of the identifiable MRI soft tissue abnormali-
ties with the clinical assessment of instability. Building on this
dilemma is the frustrating reality that the term spinal stability is
still strenuously debated in academic circles.

One further distinction among the included investiga-
tions was that none directly compared prospective algorithms
using CT imaging alone with a predetermined protocol in-
corporating both CT and MRI. The likelihood of conducting
such a trial is hindered by its extreme costliness. Addition-
ally, without an identifiable “gold standard” test, a consensus
driven definition of spinal instability, and an agreed upon

Figure 1. Plot of the relative risk for studies included in the meta-analysis.
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correlation between positive MRI findings and clinical insta-
bility, no “standard of care” can truly be identified. Yet, it is
possible that even a prospective, scientifically rigorous, study
may not yield the practical guidelines necessary. In the
absence of such rigorously performed studies, however, re-
sults presented here represent a synthesis of the best available
data on this topic.

Further substantiating the value of this study is its high
Q-statistic p value of 0.99. Such a finding indicates that there
was no statistically significant heterogeneity for the popula-
tion under investigation and therefore pooling was appropri-
ate. The possibility remains, however, that heterogeneity was
not found based on the small number of studies available for
review. Nonetheless, the findings of this meta-analysis may
be more applicable to a general patient population and,
therefore, embody the best available evidence given the
current state of the literature.

CONCLUSIONS
The optimal imaging protocol for cervical clearance in

the obtunded blunt trauma patient remains controversial.
Although CT is highly sensitive in identifying osseous ab-
normalities, the data presented here demonstrate that this
modality is not capable of detecting all clinically significant
injuries. Despite the advocacy of some for CT alone, the
current meta-analysis supports a continued role for the addi-
tion of MRI in evaluating patients who are obtunded, despite
a negative CT scan.
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EDITORIAL COMMENT
The most appropriate method to “clear” the cervical spine
in the obtunded multiple-injured patient remains elusive. Al-
though it is certain that the radiographic series is inadequate
to exclude many osseous and unstable cervical spine injuries,
the accuracy of multidetector computed tomography (MDCT)
with regard to ligament injury is controversial.1–5 Some
articles report no examples of false-negative MDCT studies
for patients who subsequently had “unstable injuries” re-
ported on magnetic resonance (MR),1–4 whereas others report
up to 6% false-negative MDCT results.5 The issue is far from
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trivial, given the substantial number of MR studies that would
be necessary, their associated costs and management delays
versus the potential to miss an unstable cervical spine injury
with possible devastating consequences. The article by
Schoenfield et al.,6 using a meta-analysis of the literature,
supports the performance of cervical spine MR, despite a
negative MDCT, but indicates that this approach is not
established as standard of care and also requires an assess-
ment of each patient’s particular clinical circumstances. The
authors’ research method allows for increase in study popu-
lation size that potentially strengthens the conclusions; but as
the authors mention, the results are only as good as the
quality of the constituent articles, their similarity in design
and data analysis, and the need to overcome inherent biases in
how articles were selected for inclusion.7

There are several issues that must be considered in this
conundrum that are not strictly related to accuracy of imaging
techniques alone. How many cervical spine MRs must be
performed to detect one patient among a large screened
population with an unstable injury? Should 500 MR studies
be performed to detect a single patient with such an injury
that would not be diagnosed on a good quality MDCT, 1,000
patients or more? One could argue that given the potential
dire consequences of a single missed injury that a great many
screening MR studies are justified. One could argue that a
single malpractice case could produce a settlement that costs
the “system” far more than the large number of MRs performed.
Given the available literature, it seems that the number of missed
unstable cervical spine injuries using MDCT should be quite
low.1–6 As with many aspects of medicine, the issue has philo-
sophical, economic, social, and legal ramifications well beyond
a clean-cut scientific analysis.

The recognition that all limbs move is a valuable obser-
vation to further decrease the risk of missing an unstable cervical
spine when the MDCT is normal.7,8 Delay in performing the MR
is worthy of consideration given the potential requirement for
prolonged collar stabilization and associated complications.7
There is variability in the quality of MDCT equipment, and
training and experience of interpreters that could contribute to
missed ligament injuries. The appropriate CT technique and
postprocessing are important to optimize the study. Unstable
spine injuries can be subtle as alignment tends to improve
with placement of cervical collars. Appreciation of subtle

findings requires expertise. Determining why a patient is
unreliable is another key issue; a patient who is only inebri-
ated and thus likely to become more reliable for physical
examination in 24 hours might be best served by maintaining
cervical stabilization until that point is clearly reached.

To help settle this controversy, a large prospective
study is needed that takes into account the patient’s gross
motor neurologic examination, the accuracy and interob-
server agreement in image interpretation, delay in obtaining
magnetic resonance imaging, injuries found by magnetic
resonance imaging and their significance, and the cost of any
complications associated with routine cervical spine MR
screening of the obtunded blunt trauma patient. For now, the
authors’ advice for proceeding to MR based on the clinical
circumstances of the individual patient certainly has merit.

Stuart E. Mirvis, MD, FACR
Department of Radiology and Nuclear Medicine

University of Maryland Medical Center
Baltimore, Maryland
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