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ABSTRACT

Background: Neurologically intact blunt trauma patients with persistent neck pain and negative computed
tomography (CT) imaging frequently undergo magnetic resonance imaging (MRI) for evaluation of occult cervical spine
injury. There is a paucity of data to support or refute this practice. This study was therefore performed to evaluate the
utility of cervical spine MRI in neurologically intact blunt trauma patients with negative CT imaging.

Methods:

A retrospective review was performed of all neurologically intact blunt trauma patients presenting to a

level 1 trauma center from 2005 to 2015 with persistent neck pain and negative CT imaging. The proportion of patients
with positive MRI findings, subsequent treatment, and time required to obtain MRI results was evaluated.

Results:

Of 223 patients meeting inclusion criteria, 11 had positive MRI findings; however, no patients were found

to have unstable injuries requiring surgical treatment. The process for a complete evaluation of unstable cervical spine
injury from the time of obtaining a CT scan was 19 hours and 43 minutes.

Conclusions:

Eleven patients had positive MRI findings, yet these findings did not alter treatment. In contrast,

the time required to obtain MRI results may substantially delay patient care.

Level of Evidence:
Clinical Relevance:
patients with negative CT imaging.

IV (retrospective case series)

Cervical Spine

Our results demonstrate that MRI has limited utility in neurologically intact blunt trauma

Keywords: blunt trauma, cervical spine, magnetic resonance imaging, computed tomography, occult injury, posterior

elements, unstable, ligamentous

BACKGROUND

Detection of cervical spine injury among neuro-
logically intact blunt trauma patients with persistent
neck pain and negative computed tomography (CT)
imaging presents an important clinical challenge.
The overall rate of cervical spine injury in blunt
trauma patients is 7%-15%,' and the NEXUS
criteria are widely used to guide clinical evaluation
of cervical spine injury.? CT scan is the recom-
mended imaging modality,® as it is highly sensitive
for bony injury.” However, CT’s ability to ade-
quately detect isolated, unstable ligamentous cervi-
cal spine injury in blunt trauma patients is
controversial. This is especially true given the
potentially devastating consequences of a missed
unstable injury.*® Clinicians are often concerned

that persistent neck pain in the setting of negative
CT may represent occult, unstable ligamentous
injury. Therefore, many centers utilize magnetic
resonance imaging (MRI) to evaluate for injury to
the cervical spine discoligamentous complex. How-
ever, this too is controversial, as MRI has a high
false-positive rate, potentially leading to unneces-
sary cervical collar treatment as well as delay of care
while MRI is obtained.">*® To date, studies
assessing the efficacy of MRI in blunt trauma
patients with negative CT and persistent neck pain
have yielded mixed results;”'> a recent meta-
analysis concluded that insufficient data exist for
determining whether MRI should be used in this
population.* Given the paucity of useful data, we
performed a retrospective review of neurologically
intact blunt trauma patients presenting to our level
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1 trauma center with persistent neck pain and
negative CT to assess whether MRI affected
treatment course. As secondary outcomes, we aimed
to assess whether MRI delayed care and whether
injury mechanism affected MRI utility. We hypoth-
esized that MRI would not affect treatment,
regardless of mechanism, and that time required to
obtain MRI may substantially delay patient care.

METHODS
Patient Population and Inclusion/Exclusion Criteria

Institutional review board approval was obtained
for this study. All patients age >18 presenting to
our level 1 trauma center with axial cervical spine
pain or tenderness following blunt trauma over the
10-year period from January 1, 2005, to January 1,
2015, who underwent both CT and MRI were
eligible for inclusion. Current Procedural Terminol-
ogy (CPT) codes for cervical spine CT (72125,
72126, 72127) and MRI (72141, 72142, 72156) were
used to identify patients who underwent both
imaging types. Patients with unreliable exams or
who were uncooperative due to intoxication or
altered mental status were included if documented
to be grossly moving all extremities, and there was
no documentation of objective focal neurological
deficit. Patients were excluded for penetrating
trauma or if CT demonstrated cervical spine
fracture, subluxation, or dislocation. Patients were
also excluded for prior cervical spine surgery,
presence of instrumentation, or neurologic deficits
on exam. Figure 1 demonstrates patient enrollment.

Imaging Acquisition and Interpretation

CT examinations were performed using 1 of 2 GE
Light Speed VCT 64-slice scanners with 70-cm bore
size and 500-Ib weight limit. MRI examinations
were performed using 1 of 3 GE Signa-HDX 1.5
Tesla or 3.0 Tesla scanners with 50-cm bore size and
300-1b weight limit. MR imaging series included T1-
and T2-weighted sagittal, axial, and coronal plane
imaging as well as sagittal Short-T1 Inversion
Recovery series. All imaging was formally reviewed
by attending faculty musculoskeletal and neurora-
diologists within our institution; results of their
interpretations were used in the analysis. MRI
findings were considered to be positive if injuries
were identified to any of the 3 columns as described
by Denis.'®

screened for inclusion criteria: age 218, presenc

354 patients with cervical spine CT and MRI
e
of blunt trauma, moving all extremities

[ 241 meeting inclusion criteria ]

—){ 7 excluded for neurologic deficit ]
441 excluded for penetrating neck injury ]
—’[ 3 excluded for positive CTfindings]

7 excluded for prior cervical spine
surgery/instrumentation

[ 223 in final study population ]

Figure 1. Patient enroliment with inclusion and exclusion criteria.

Data Collection and Covariates

For all included patients, age, gender, mecha-
nism of injury, treatment/intervention, disposi-
tion, and indication for MRI were abstracted
from the electronic medical record. Injury mech-
anisms were classified as high or low energy based
on the American College of Surgeons National
Surgical Quality Improvement Program trauma
criteria.'”!'® Timing of CT and MRI were
determined by evaluating electronic time stamps
on emergency department (ED) admission docu-
mentation, CT and MRI time stamps, and
radiology reports.

Statistical Methods

Descriptive statistics, including mean and stan-
dard deviation, median and interquartile range,
and percent, were calculated for patient covariates
(Table 1). The difference in prevalence of positive
MRI findings between patients with high- and low-
energy mechanisms was assessed using the Fisher
exact test. Times from CT study to MRI study,
MRI study to attending radiologist MRI read, and
CT study to attending radiologist MRI read and
total time of hospitalization were calculated for
cach patient. Time from CT study to attending
radiologist MRI read was calculated as a surrogate
for the entire time elapsed in a complete evaluation
of patients for cervical spine injury. Median values
and interquartile ranges were calculated for each
time category to reduce the effect of outlier values.
A P value <.05 was considered statistically
significant.
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Table 1. Patient demographics, magnetic resonance imaging (MRI) results,
and treatment for all patients meeting the inclusion criteria (n =223). “Other low
energy” includes history of patient found down without recollection of incident
and without evidence of high-energy trauma. “Other high energy” includes
snowboarding or contact sporting activities and so on. Fall from height is defined
as a height taller than a bed per the American College of Surgeons National
Surgical Quality Improvement Program trauma criteria.”'8

Standard
Variable Number Deviation (%)
Total patients 223 Not applicable
Age (y) 43.9 19.3
Male gender 115 51.6
Female gender 108 48.4
Mechanism of injury
High-energy mechanism 172 717.1
Motor vehicle collision 102 45.7
Fall from height 22 9.9
Assault 26 11.7
Auto versus pedestrian 9 4.0
Other high energy 9 4.0
Low-energy mechanism 40 17.9
Ground-level fall 33 14.8
Other low energy 7 3.1
Unknown 15 6.7
Positive MRI findings
Interspinous ligament signal change 10 4.5
Prevertebral edema 1 0.4
Treatment of patients with positive
MRI findings
Cervical collar 9 81.8
No immobilization 2 18.2
Surgery 0 0
RESULTS

A total of 354 patients were evaluated for study
inclusion; 223 were included in the final study
population. Table 1 shows demographic data,
mechanism of injury, and MRI findings with
subsequent treatment for patients with positive
MRI findings. A total of 115 (51.6%) of patients
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were male, with a mean age of 44 years. Seventy-
seven percent of patients had a high-energy mech-
anism, with 102 (45.7%) being involved in a motor
vehicle collision. Of all patients, 11 (4.9%) had
positive MRI findings defined as abnormalities or
signal changes within 1 or more of the 3 structural
columns, including 10 with posterior interspinous
ligament edema and 1 with anterior cervical spine
soft tissue (prevertebral) edema (Figures 2 and 3).
No additional fractures or evidence of instability
were identified on MRI. Nine of the 11 patients with
positive MRI findings were treated with either soft
or rigid cervical orthoses. No patients were treated
surgically. Table 2 shows demographics, injury
mechanism and characteristics, and outcomes for
the patients with positive MRI findings. No
significant difference in rate of MRI-identified
injury was found between patients with a high-
versus low-energy mechanism of injury (P < .05).

For all patients, the median time elapsed between
obtaining an MRI study and attending radiologist
MRI read was 10 hours and 27 minutes, with the
median time between initial CT study and attending
radiologist MRI read being 19 hours and 43
minutes. Table 3 summarizes the time required to
obtain MRI studies, time to attending radiologist
MRI read, and total hospitalization time.

DISCUSSION

Blunt trauma patients who have negative cervical
spine CT imaging but persistent neck pain present a
challenging clinical scenario. In an effort to rule out

Figure 2. Twenty-five-year-old female involved in a motor vehicle collision complaining of midline cervical tenderness and painful range of motion on exam following
an unremarkable cervical spine computed tomography scan (left). Magnetic resonance imaging was obtained to rule out unstable injury and noted to have interspinous
ligament sprain from C3 to C6 demonstrated on Short-T1 Inversion Recovery imaging (right).
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Figure 3. Thirty-seven-year-old male involved in auto-versus-pedestrian accident complaining of midline cervical tenderness and painful range of motion (ROM) on
exam. Cervical spine computed tomography is unremarkable for fracture or column disruption (left); however, magnetic resonance imaging was obtained and
demonstrates prevertebral edema localized anterior to the C3/4, C4/5, and C5/6 vertebral bodies (right).

missed, unstable cervical spine injuries in these
patients, MRI is frequently used to evaluate for
discoligamentous injury. Of the 223 such patients
presenting to our level 1 trauma center over a 10-
year period, only 11 had acute soft tissue injuries
identified on MRI that were not initially identified
on CT examination. None of these injuries met
criteria for classification of an unstable cervical
spine injury, as defined by Denis’s 3-column
theory.'®" Furthermore, mechanism of injury was
not correlated with MRI-identified instability. Of
the patients with positive MRI findings, 9 were
treated with either soft or rigid cervical collar, none
were treated surgically, and no patients with follow-
up data went on to develop radiographic or clinical
instability of their cervical spine or require delayed
surgical treatment. Assessment of time-to-MRI data
showed that nearly 10.5 hours elapsed between the

time MRI was obtained and an attending radiolo-
gist read was documented. Nearly 20 hours elapsed
between the time an initial CT scan was obtained to
the point a final MRI read from an attending
radiologist was available, which correlates closely
with these patients’ median duration of hospitaliza-
tion.

As few patients (5%) had positive MRI findings
and no patients had unstable injuries requiring
surgical treatment, our results suggest that MRI
does not change treatment for neurologically intact
blunt trauma patients with persistent neck pain and
negative cervical spine CT imaging. Rather, MRI
appears to delay patient disposition, increase
hospitalization time, and create an overall disrup-
tion in patient care. In our study, time elapsed
between initial CT scan and attending radiologist
MRI read was used as a surrogate to represent the

Table 2. Outcomes in patients with positive magnetic resonance imaging (MRI) findings.

Age (y)  Gender Mechanism MRI Diagnosis Treatment QOutcome/Follow-Up

62 Male Motor vehicle collision  Interspinous ligament sprain  Aspen collar Patient self-discontinued collar

27 Female Yoga Interspinous ligament sprain  Soft cervical collar ~ Unrelated emergency department visit 6 mo
later; no collar or neck pain

25 Female  Motor vehicle collision  Interspinous ligament sprain  Soft cervical collar ~ No follow-up

36 Male Fell down intoxicated Interspinous ligament sprain  Aspen collar No follow-up

18 Female  Assault Interspinous ligament sprain  Aspen collar Unrelated emergency department visit 5 mo
later; no collar or neck pain

91 Female  Ground-level fall Interspinous ligament sprain  Soft cervical collar 2 wk clinic follow-up; no neck pain

37 Female  Fell from height Interspinous ligament sprain  Aspen collar No follow-up

65 Male Auto versus pedestrian  Interspinous ligament sprain  Aspen collar No follow-up

37 Female = Motor vehicle collision  Interspinous ligament sprain  Collar cleared No follow-up

33 Female = Motor vehicle collision  Interspinous ligament sprain ~ Collar cleared No follow-up

37 Male Auto versus pedestrian  Prevertebral edema Soft cervical collar ~ Patient self-discontinued collar
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Table 3. Timing of computed tomography (CT), magnetic resonance imaging
(MRI), and hospitalization.?

First Third
Time Period Median Quartile Quartile
CT study to MRI study 7:45 3:58 20:31
MRI study to radiologist read 10:27 2:56 17:25
CT study to MRI radiologist read 19:43 11:27 41:08
Total hospitalization 18:43 12:52 109:05

#All times reported as hours:minutes. Radiologist read is the final attending
radiologist interpretation of imaging studies.

total time required for a complete evaluation of a
blunt trauma cervical spine injury within our patient
population. The attending radiologist’s interpreta-
tion of MRI results often impacts ED disposition
decisions. In this case, an average of 10.5 hours was
required for final disposition after an MRI was
obtained. This is in addition to the almost 8 hours of
time required to obtain an MRI after the initial CT
is completed. As such, the time required to obtain
MRI results in this patient population leads to a
delay of care that can contribute to ED crowding
without providing any treatment benefit, measured
to be greater than 19 hours in the average patient
work-up.

It should be emphasized that this delay in care is
not benign. First, our results show that these
patients may be undergoing unnecessary immobili-
zation of the cervical spine with a rigid orthosis until
an unstable injury is ruled out with MRI. In a study
published in the Journal of Emergency Medicine,
Schnabel et al*® performed a randomized controlled
trial studying the effects of immediate cervical collar
use and immobilization in patients with persistent
neck pain due to stable whiplash injuries compared
with early collar clearance and mobilization exer-
cises. They found that the patients whose cervical
spines were immobilized had significantly greater
neck pain, headaches, and shoulder pain 6 weeks
out from their injuries as well as higher disability
scores and worse visual analog pain scores.

Second, our study demonstrates that nearly 20
hours of ED time or inpatient hospitalization is
required when an MRI is utilized for cervical spine
clearance in this patient population. In a study out
of Temple University Hospital in 2017, Schreyer
and Martin®' calculated the cost of boarding
patients in the ED to be $58.20 per patient bed-
hour due to staffing and a higher level of care
requirements. For our patient population, this
translates to nearly $1100 in direct cost to the
hospital, per patient, for cervical collar clearance
using MRI for the neurologically intact patients

with negative CT imaging. The cost to the patient is
similarly burdensome and unnecessary. The raw
CPT billing charge in 2015 at our institution was
$456 per cervical spine MRI examination. This does
not encompass the physician and radiology fees
incurred by the patient, which further increases
costs. In 2018, Wu et al'* performed a Markov
model-based economic analysis for cost efficacy
measured in quality-adjusted life years and deter-
mined that an MRI had no utility as a cost-effective
imaging modality in neurologically intact patients
with negative cervical spine CT imaging.

Prior studies evaluating the utility of MRI among
neurologically intact blunt trauma patients with
negative CT imaging have yielded mixed results.
Ackland et al® studied 178 patients with persistent
midline tenderness and negative CT and found that
46% had injuries identified only on MRI. However,
the presence of an MRI-detected injury was not
associated with clinical outcomes at 12 months.
Ackland et al’ separately reported that 5 patients in
their population of 178 patients with positive MRI
findings underwent surgical stabilization; however,
their definition of unstable injury requiring surgery
has been called into question.* Difficulty in defining
instability reflects the important finding that MRI
has a high false-positive rate. In fact, many patients
with MRI findings suggestive of ligamentous injury
are found to have no injury at the time of surgery.?
Conversely, Raza et al'? found that CT had a 99.7%
negative predictive value for ruling out cervical
spine injury in obtunded blunt trauma patients,
negating the need for further work-up with MRI.
The most comprehensive analysis to date of MRI in
neurologically intact blunt trauma patients with
negative cervical spine imaging includes a meta-
analysis by Malhotra et al* with a total population
of 5286 patients from 23 studies. Our results are
consistent with those data, which demonstrated a
very low overall rate of MRI-identified unstable
injury. However, these authors note that there was
significant heterogeneity among the included studies
and that further studies, such as the present study,
are necessary to further evaluate the utility of MRI
in evaluating blunt cervical spine injury. To our
knowledge, ours is also the first study to evaluate
delay of care from time required to obtain MRI
results.

Our results have important clinical implications.
First, MRI did not identify additional injuries
requiring surgical stabilization, suggesting that CT
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alone is appropriate for cervical spine clearance in
blunt trauma patients without objective neurologi-
cal injury. Second, our results further demonstrate
that eliminating MRI from the work-up of persis-
tent cervical spine pain in this patient population
will help to reduce significant delay in patient care.
Reducing the implementation of MRI to assess for
cervical spine injury may decrease ED stay by up to
20 hours. In turn, this may shorten cervical spine
immobilization times, thus directly improving short-
term patient outcomes® as well as reduce ED
overcrowding to drive down cost to the hospital and
the patient.

Our study is not without its limitations. This is a
retrospective study performed at a single center,
reducing the study’s overall generalizability. Addi-
tional limitations include inadequate availability of
follow-up data for patients with MRI-identified
injuries, which limits our ability to assess whether
patients went on to develop instability over the long
term. Strengths of the study include a large cohort
of sequential patients, robust data available from
our institution’s electronic medical record, and
being the first study to report on time required to
obtain MRI.

In summary, we report on a large cohort of blunt
trauma patients with negative CT scans who
underwent MRI for assessment of missed, unstable
injury in the setting of persistent cervical spine pain.
We found that MRI has limited utility in detecting
additional injuries among this population regardless
of injury mechanism. Ours is also the first study to
report on time required to obtain MRI and resultant
delays in care for blunt trauma patients with
persistent neck pain and negative CT.
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