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Are “Normal” Multidetector Computed Tomographic Scans
Sufficient to Allow Collar Removal in the Trauma Patient?

Josef B. Simon, MD, Andrew J. Schoenfeld, MD, Jeffrey N. Katz, MD, MS, Atul Kamuth, MD,
Kirkham Wood, MD, Christopher M. Bono, MD, and Mitchel B. Harris, MD, FACS

Background: Controversy continues as to the most safe and reliable method
for clearing the cervical spine (C-spine) in a trauma patient who is rendered
unable to participate in a clinical examination. Although magnetic resonance
imaging (MRI) is the most sensitive test to detect soft-tissue injuries, it is
impractical for routine use in every patient largely because of its cost and
time of acquiescence. Recent studies have advocated the sole use of multi-
detector computed tomographic (MDCT) scans of the C-spine to decide if
cervical collar immobilization can be discontinued. The current investigation
retrospectively reviewed a series of MDCT scans obtained after an acute
traumatic event that were used to direct treatment in the emergency depart-
ment (ED) or intensive care unit.
Methods: Seven-hundred and eight trauma patients consecutively admitted
to the ED between June 2001 and July 2006 underwent a computed
tomographic scan of their C-spine as part of an institutional protocol. We
identified 91 patients with MDCT scans that were officially recorded as
adequate and negative by an attending ED radiologist who had also under-
gone an MRI during the same trauma admission period. Retrospectively, two
fellowship-trained spine surgeons independently reviewed these MDCT
studies to address the following questions: (1) Is the study adequate? (2) Is
it suggestive of an acute injury? (3) Is there sufficient information to safely
recommend collar removal? Institutional Review Board approval was ob-
tained before the images were reviewed. Neither clinical examination find-
ings nor MRI readings were made available to the surgeon evaluators.
Results: Both spine surgeons agreed that 76 of the 91 studies (84%) were
adequate to evaluate for possible C-spine injuries. Seven of 91 MDCT scans
(8%) were deemed inadequate by both surgeons (95% confidence interval,
2.3–13.1). Reasons for inadequacy included motion artifact, insufficient
visualization of the cervical-thoracic or occipital-cervical junctions, incom-
plete reconstructive views, or poor quality. Three of the adequate MDCT
scans had fractures that were identified by both of the spine surgeons; 4
additional fractures and 15 findings suspicious for instability were identified

by at least one of the surgeons. Ultimately, 22 of 91 MDCT scans read as
adequate and normal by attending radiologists were deemed suspicious for
abnormality by the spine surgeons. Of these 22 cases, the official MRI
reading was positive for a trauma-related abnormality in 17 cases.
Conclusions: C-spine clearance of patients without the ability participate in
a clinical examination remains difficult. A multidisciplinary, algorithmic
approach generally yields the most consistent results. However, our data
highlight that reliance on a single imaging modality may lead to missed
diagnosis of C-spine injuries. These data suggest that early involvement of
the spine service for radiographic clearance may help identify occult injuries
or suspicious findings necessitating further evaluation.
Key Words: Cervical spine, Trauma, Clearance, Multidetector computed
tomographic scan, Cervical collar.

(J Trauma. 2010;68: 103–108)

Universally accepted guidelines for clearance of the cer-
vical spine (C-spine) in the trauma patient do not exist.

Numerous algorithms have been proposed and evaluated
using combinations of clinical examination, plain radiogra-
phy, fluoroscopy, computer-aided tomography, and magnetic
resonance imaging (MRI).1–4 The goal of C-spine clearance
is to definitively rule out any injury that could put the spinal
cord at risk once the collar is removed and the patient is
mobilized. When a patient is unable to participate in the
clinical examination due to injury, intoxication, or intubation,
C-spine evaluation is even more difficult.5,6 In this particular
setting, the practitioner must depend solely on imaging stud-
ies to detect bony and/or soft-tissue injuries before discon-
tinuing C-spine immobilization.7,8 When abnormalities are
found, it must be determined if the findings are suggestive of
or suspicious for instability, which would therefore impose a
risk to the neural elements once the patient is mobilized. This
determination is further complicated by the degenerative
changes that become increasingly more common with ad-
vancing age, thus changing the definition of “normal.”

In the traumatized patient, a multidetector computed
tomographic (MDCT) scan is a rapid means of C-spine
evaluation. Unlike MRI, it allows for closer cardiovascular
monitoring of the traumatized patient during study acquisi-
tion.9 Many emergency departments have direct access to
these machines. Furthermore, CT image resolution has im-
proved to the point that readers can infer the presence of
soft-tissue injuries by subtle intervertebral malalignment or
loss of congruity of the facet joints.10 Previous literature has
reported sensitivities as high as 98% to 100% for the detec-
tion of unstable C-spine injuries with MDCT scan.11,12 This
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would suggest that MDCT scan alone may be sufficient, in
and of itself, to clear the C-spine.12,13

In contrast, others have contended that use of MRI is an
important adjunct to computed tomography for the clearance of
the C-spine in the traumatized patient. Muchow et al. in a
meta-analysis of the use of MRI to clear the C-pine determined
that a normal MRI had a negative predictive value of 100% for
detecting C-spine injury. Furthermore, 20.7% of patients in their
cohort had injuries identified on MRI that were not detected by
plain radiograph or computed tomography.14

In our investigation, two fellowship-trained attending
orthopedic spine surgeons retrospectively evaluated C-spine
MDCT scans of patients admitted for a trauma work up that
were officially interpreted as negative by fellowship-trained
radiology attendings. Our objective was to determine whether,
and how often, the initial MDCT scans that were interpreted
as negative by the radiologists (i.e., having no acute osseous
abnormalities or evidence of instability) would be deemed
sufficient to clear the C-spine by spine surgeons (i.e., recom-
mending immediate removal of the collar). By “clearing the
cervical spine,” it is generally accepted that there are no
boney or ligamentous injuries that could compromise the
spinal nerves or spinal cord with unprotected cervical motion
and physiologic loading.

PATIENTS AND METHODS
The study protocol was approved by the Institutional

Review Board at Brigham and Women’s Hospital, an ACS
verified Level I Trauma Center. Seven hundred and eight
patients consecutively admitted to the emergency department
between June 2001 and July 2006 with a presenting diagnosis
of trauma who underwent both a CT scan and MRI of their
C-spine as part of an institutional protocol were included.
From the onset of data acquisition until June 2006, all scans
were performed on a 4-detector computed tomography (Sie-
mens Sensation 4). All subsequent scans were performed
using a 64-detector scanner (Siemens Sensation 64). Each
scan was read by a fellowship trained attending radiologist,
and the reports were made part of the official medical record.

The official CT scan reports were reviewed by mem-
bers of the study group who were not involved in evaluating
the study images. Two hundred twenty-five of the 708 studies
were interpreted by the attending radiologist as demonstrating
evidence of a boney injury. Thirty-seven studies were read as
having a high energy combined boney and ligamentous in-
jury, whereas an additional 30 scans were thought to demon-
strate an isolated ligamentous injury. An additional 325
studies were read as either inadequate for analysis or the
patients did not have an adequate MRI scan obtained. The
major reasons for the studies to be judged inadequate included:
motion artifact, insufficient visualization of the cervical-thoracic
or occipital-cervical junctions, incomplete or inadequate sagittal
or coronal reconstructive views, or poor quality. These patients
were also omitted from the database. The remaining 91
patients made up this study cohort which consisted of those
patients whose MDCT scans were reported by the attending
radiologist as being adequate and containing no evidence of
boney or ligamentous injury (Fig. 1).

A database of these patients was created for directed
CT review by two fellowship trained orthopaedic spine sur-
geons involved in the study (C.M.B. and M.B.H.). The spine
surgeons were aware that the studies were read as negative
but were not made aware of each patient’s presentation,
mechanism of injury, clinical examination findings or MRI
results. All CT images were available electronically. Axial
images were available on all studies reviewed by the spine
surgeons and sagittal and coronal reconstructions were
present on more than 95% of the studies.

After evaluating the CT scans, the surgeons were in-
structed to address the following questions:

Y Is the study adequate?
Y Is the MDCT scan suggestive or suspicious of an acute

injury?
Y Is the C-spine stable?
Y Is there sufficient information to safely remove the

collar?

Analysis was performed by examining the extent to which
each spine surgeon agreed or disagreed with the radiologist
reading with respect to the following four variables:

Y whether the study was adequate;
Y whether the study had abnormal findings;
Y whether there was evidence or suspicion of C-spine

instability; and
Y whether the study alone would allow for discontinued

use of the cervical collar.

In the event of disagreement between the spine
surgeons, CTs were reexamined on a case-by-case basis,
and discrepancies were reconciled at a meeting of both
spine surgeons and two independent arbiters (J.B.S. and
A.J.S.). MRIs of all cases identified as abnormal by at least
one spine attending were then reviewed (J.B.S. and A.J.S.)
and their official readings were compared with the per-
ceived abnormality identified on the MDCTs. The two
spine surgeons were blinded to the official reading of the

CT with evidence of fracture
or instability by radiology report  

708 patients admitted with a diagnosis of Trauma 
requiring CT for C-spine clearance 

Radiology report indicating CT imaging adequate  
and confirmatory MRI images available 

YesNo

416 patients
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N = 91 Group

292 patients
• 225 osseous 
• 30 ligamentous 
• 37 combined 

325 Patients 
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Figure 1. Study outline.
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MRIs throughout the evaluation process. Interobserver
agreement was calculated for the initial reads performed
by the spine surgeons, and 95% confidence intervals (CIs)
were calculated using the binomial distribution.

RESULTS

Initial Independent Review
Both spine surgeons agreed that 76 of the 91 studies

(84%) were adequate to evaluate for possible C-spine
injuries (Table 1). Seven of 91 MDCTs (8%) were deemed
inadequate by both surgeons (95% CI, 2.3–13.1). The total
observer agreement between the spine surgeons was 91%

(kappa, 0.59) following initial reads. Three of the adequate
MDCT scans had fractures that were identified by both
spine surgeons (Fig. 2). The fractures identified were facet
fractures of C6 (1) and C7 (2). Another four studies were
thought to show a fracture by at least one of the readers,
including fractures of the occipital condyle (1) and C7
facet (3). Of the 76 studies read as adequate, the surgeons
agreed that 54 (76% agreement; kappa, 0.15) contained no
evidence of fracture or instability.

Fifteen of 91 scans (16%) had findings that were
deemed “suspicious for instability” by at least one of the
spine surgeons. Examples of these findings included loss of

91 CT scans of the C-spine that contained no
evidence of boney or ligamentous injury

Spine surgeon interpretations  
of MDCTs in agreement 

NoYes

76 patients

5 patients with a fracture or
evidence of instability  

• 1 fracture of C6  
• 2 fractures of C7 
• 2 Abnormal alignment 

15 patients

 oN seY

Both spine surgeons deemed study adequate to 
evaluate for possible cervical spine injuries

54 patients with MDCTs 
containing no evidence of 
fracture or instability 

17 Patients 

6 Patients with 
extensive DJD 
preventing 
“negative” read

7 Patients with 
findings 
concerning for 
instability 

4 Patients felt to 
have a fracture  

• 14 studies reconciled as negative 
• 1 facet fracture 
• 1 with loss of lordosis 
• 1 with segmental kyphosis 

Reconciliation of Discordant Reviews 

Figure 2. Results of spine surgeon MDCT review.

TABLE 1. Percent Disagreement With Official Radiology MDCT Reports (N � 91)

Adequate Study CT Positive Stable Spine

n % 95% CI n % 95% CI n % 95 CI

Reader A and B 7 7.7 2.3–13.1 3 3.3 0–7.0 3 3.3 0–7.0

Reader A 8 8.8 3.2–14.8 8 8.8 3.2–14.8 11 12.1 5.4–18.8

Reader B 14 15.4 8.0–22.8 19 20.8 12.5–29.1 15 16.5 8.9–24.1

Both readers agree
with Radiology*

76 83.5 71.9–91.1 67 73.6 64.5–82.7 68 74.7 65.8–83.6

* Both reader A and reader B agree with official Radiology report.
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cervical lordosis, hyperextension through a disc space, mid-
cervical kyphosis, or facet subluxation. Of the 76 adequate
MDCTs, 3 (4%, 95% CI, �0.5, �8.3) were felt to contain
findings consistent with C-spine instability by both surgeons
(82% observed agreement; kappa, 0.19). Five additional stud-
ies were thought to contain abnormal findings that would not
lead to instability. These findings were predominantly degen-
erative in nature; continued use of a cervical collar was
thought to be unnecessary in these situations. Fifteen MDCTs
(16%) were felt to indicate continued use of the collar by at
least one of the spine attendings due to fracture or other
abnormality.

Reconciliation of Discordant Reviews
Seventeen of the 76 scans (22%) interpreted as ade-

quate by the spine surgeons had initial discordant interpreta-
tions. In 6 of these 17 instances, one of the surgeons identified
significant degenerative changes that prevented absolute cer-
tainty of a negative read and further imaging was felt to be
necessary to safely remove the collar. In four cases, a fracture
was felt to be present by one of the surgeons, whereas other
factors suspicious for instability (i.e., loss of normal lordosis
or segmental kyphosis) were interpreted by one surgeon in an
additional seven cases.

Following a meeting between the surgeons and arbiters,
100% agreement was reached on all cases. This included 14
of 17 cases where the CT scan was reconciled as negative and
one case each where a facet fracture, loss of lordosis, or
segmental kyphosis were identified (Fig. 2). During the rec-
onciliation meeting, it became apparent that all abnormalities
were appreciated by both surgeons during their initial, inde-
pendent review. The initial disagreement in interpretation
resulted from the reviewers’ judgments regarding the clinical
significance of these findings.

MRI Review
The official MRI reading (by the attending radiolo-

gist at the time of initial trauma admission) was reviewed
for all patients with a MDCT deemed adequate for evalu-
ation and identified as having an abnormality (n � 22) by
at least one of the spine surgeons. Seventeen were recorded
as having an acute abnormality on MRI consistent with
trauma. These included two cases of anterior longitudinal
ligament disruption (hyperextension through a disc space),
four cases of posterior ligamentous disruption (segmental
kyphosis), two cases of C7 facet fracture, and one case
each of occipital-cervical ligamentous injury, C6 facet
fracture, disc protrusion and occipital condyle fracture.
Overall, 17 of the 22 patients (77%) identified as having an
abnormal MDCT scan had an MRI that demonstrated a
trauma-related abnormality.

DISCUSSION
Our institution’s current algorithm for clearance of the

C-spine in the traumatized patient who cannot participate in
a clinical examination includes the combination of MDCT
and MRI or the combination of MDCT and continued collar
use until a clinical examination or definitive radiographic
evaluation is obtainable. If the patient proves to be unexam-

inable then cervical collar immobilization is continued until
both MDCT and MRI demonstrate no evidence of instability
or fracture that requires definitive treatment. Given the diffi-
culty of obtaining an MRI of many of these patients due to
mechanical ventilation, risk of leaving the controlled envi-
ronment of the ICU,15 and the need for nursing staff to
accompany the patient during the study, we sought to eval-
uate whether a MDCT scan read as normal by attending
radiologists was sufficient to rule out cervical injury and thus
clear the C-spine.

Several recent publications have addressed the sen-
sitivity and reliability of the MDCT to identify C-spine
injuries that may cause instability.11,15–18 This imaging
modality is indeed very sensitive and accurate; however,
readings have subjectivity and the element of human error
or discrepant readings between radiologists cannot be
completely eliminated.

Furthermore, there is discrepancy in the literature re-
garding the so-called gold standard for clearing the C-spine in
obtunded trauma patients. Study groups that have advocated
MDCT alone in the past have recently amended their recom-
mendations to include adding MRI evaluation. Following a
meta-analysis of five Level I studies involving 464 patients,
Muchow et al.14 reported a 100% negative predictive value
for MRI and advocated for this modality as the “gold stan-
dard” for cervical clearance in the obtunded patient. More
recently, however, Harris et al.18 maintained that computed
tomography alone was adequate for C-spine clearance. These
authors also maintained that low specificity and sensitivity in
certain regions of the C-spine limited the ability of an isolated
MRI to identify clinically relevant pathology or provide
clearance in the obtunded trauma patient. The results of the
present investigation seem to indicate that rather than relying
on a single study representing an infallible gold standard, it is
more important to have several qualified reviewers evaluate
available imaging studies.

Our analysis suggests that a “normal” MDCT (absent of
boney injury) of the C-spine may not fully eliminate the
possibility of subtle injuries such as a facet fracture, facet
subluxation, or ligamentous injury. Three percent of patients
with MDCTs read as normal in our cohort were thought to
have findings that could represent instability by both spine
surgeons. Furthermore, subsequent MRI evaluation revealed
the presence of cervical injury in more than 18% (17 of 91)
of CT-negative cases. In these instances, the MRI study
directly confirmed suspicions of a spine injury related to
trauma. Additionally, the relatively high percentage (8%) of
CT scans in this study judged to be inadequate for accurate
evaluation of the C-spine was a surprising finding. In this
subset of trauma patients, additional studies, such as a repeat
MDCT or MRI, would be necessary before safe cervical
collar removal.

Although our spine surgeons were able to consistently
identify occult fractures, evidence of instability, and inade-
quate studies, there was a substantial degree of initial inter-
observer disagreement. For example, three fractures were
identified by both of the attending spine surgeons, but these
same surgeons did not agree on an additional 17 abnormali-
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ties. Examples of abnormalities identified by one, but not
both, of the readers were a C7 superior facet fracture and an
occipital condyle fracture. There was a greater degree of
agreement on study adequacy, and whether the collar could
be safely removed, than whether a study was positive, neg-
ative, or whether instability was present. The associated
kappa values are low because the majority of studies did not
have abnormal findings. Thus, considerable agreement would
be anticipated by chance alone. Furthermore, the differences
in the readers’ observations highlight the subjective nature of
CT interpretation as well as the ambiguity of the term
“instability.”

There are several limitations of this investigation.
Relative to the entire group of patients with negative CTs
during the study period, a small patient cohort that also had
MRIs was evaluated. Perhaps most importantly, both spine
surgeon reviewers were aware that all CT scans had
initially been read as negative, which could have been a
potential source of bias. This condition, however, repre-
sents a real-life setting whereby traumatologists, or spine
surgeons review scans that have already been interpreted
by an attending radiologist. Two different CT scanners
were used to obtain images. Despite this, study quality was
not thought to be affected by the change from a 4-detector
to a 64-detector machine. In fact, the amount of data
obtained per centimeter of patient movement through the
scanner is comparable for both scanners, although the
64-detector scanner is able to acquire the data more rapidly
(Sodickson A, Brigham and Women’s Hospital, June 2007,
personal communication).

Although it is recognized that continued cervical collar
immobilization has been associated with complications in-
cluding difficulties in airway management19 and skin break-
down,20 reliance purely on the initial MDCT scan alone to
clear the C-spine may not always be feasible. The consistency
between the two spine surgeons in identifying occult injuries,
as well as the significant number of suboptimal studies,
suggests that MDCT scans obtained on trauma patients may
need to be evaluated by both the primary team and a spine
consultant if there is any suggestion of abnormality or a good
clinical examination is precluded.

Despite numerous studies published in the literature,
there is still no clear “gold standard” with respect to the
question of C-spine clearance in the obtunded trauma patient.
The results of this investigation highlight the importance of
multispecialty collaboration and communication, illustrating
the fact that an isolated reading by a radiologist may not be
the optimal method for C-spine clearance. Spine surgeons are
skillful at evaluating CT scans and MRIs, and the likelihood
of missed injury can be anticipated to decrease if more than
one physician independently reads an imaging study as neg-
ative. Furthermore, spine surgeons may be more accustomed
to identifying subtle injuries that might warrant retention of
the cervical collar and further evaluation. Even without the
participation of a spine surgeon, direct communication be-
tween the primary trauma team and the attending radiologist
might also result in more consistent interpretations between

services and ultimately lead to a safer, more efficient ap-
proach to C-spine evaluation and collar management.

CONCLUSION
The safest and most expeditious mode of C-spine

clearance has not yet been defined. Reliance on a single
imaging modality may lead to missed injuries. If the
decision to remove the cervical collar is going to be heavily
weighted on the interpretation of the MDCT alone, it is recom-
mended that both the primary service and the radiologist inde-
pendently read the study. In the event of lack of agreement, or
concerns about the quality of the study, it seems prudent to
involve a spine surgeon early in the course of evaluation.
Ultimately, improved communication and cooperation among
the many caregivers of the trauma patient will lead to a safer,
more efficient and cost-effective way of clearing the C-spine.

REFERENCES
1. Harris MB, Kronlage SC, Carboni PA, et al. Evaluation of the cervical

spine in the polytrauma patient. Spine. 2000;25:2884–2891; discussion
2892.

2. Tins BJ, Cassar-Pullicino VN. Imaging of acute cervical spine injuries:
review and outlook. Clin Radiol. 2004;59:865–880.

3. Morris CG, McCoy E. Clearing the cervical spine in unconscious
polytrauma victims, balancing risks and effective screening. Anaesthe-
sia. 2004;59:464–482.

4. Grossman MD, Reilly PM, Gillett T, Gillett D. National survey of the
incidence of cervical spine injury and approach to cervical spine clear-
ance in U.S. trauma centers. J Trauma. 1999;47:684–690.

5. Demetriades D, Charalambides K, Chahwan S, et al. Nonskeletal cer-
vical spine injuries: epidemiology and diagnostic pitfalls. J Trauma.
2000;48:724–727.

6. Ajani AE, Cooper DJ, Scheinkestel CD, Laidlaw J, Tuxen DV. Optimal
assessment of cervical spine trauma in critically ill patients: a prospec-
tive evaluation. Anaesth Intensive Care. 1998;26:487–491.

7. Marion DW, Domeier R, Dunham CM, Luchette FA, Haid R, Erwood
SC; EAST Practice Parameter Workgroup for Cervical Spine Clearance.
Practice Management Guidelines for Identifying Cervical Spine Injuries
Following Trauma (update of the 1997 EAST cervical spine clearance
document). Chicago, IL: Eastern Association for the Surgery of Trauma;
2000.

8. Clancy MJ. Clearing the cervical spine of adult victims of trauma.
J Accid Emerg Med. 1999;16:208–214.

9. Harrison JL, Ostlere SJ. Diagnosing purely ligamentous injuries of the
cervical spine in the unconscious trauma patient. Br J Radiol. 2004;77:
276–278.

10. Crim JR, Tripp D. Multidetector CT of the spine. Semin Ultrasound CT
MR. 2004;25:55–66.

11. Berne JD, Velmahos GC, El-Tawil Q, et al. Value of complete
cervical helical computed tomographic scanning in identifying cer-
vical spine injury in the unevaluable blunt trauma patient with
multiple injuries: a prospective study. J Trauma. 1999;47:896 –902;
discussion 902–903.

12. McCulloch PT, France J, Jones DL, et al. Helical computed tomography
alone compared with plain radiographs with adjunct computed tomog-
raphy to evaluate the cervical spine after high-energy trauma. J Bone
Joint Surg Am. 2005;87:2388–2394.

13. Ghanta MK, Smith LM, Polin RS, Marr AB, Spires WV. An analysis of
Eastern Association for the Surgery of Trauma practice guidelines for
cervical spine evaluation in a series of patients with multiple imaging
techniques. Am Surg. 2002;68:563–567; discussion 567–568.

14. Muchow RD, Resnick DK, Abdel MP, Munoz A, Anderson PA. Mag-
netic resonance imaging (MRI) in the clearance of the cervical spine in
blunt trauma: a meta-analysis. J Trauma. 2008;64:179–189.

15. Stelfox HT, Velmahos GC, Gettings E, Bigatello LM, Schmidt U.
Computed tomography for early and safe discontinuation of cervical

The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 68, Number 1, January 2010 Use of MDCT Scans in Cervical Spine Evaluation

© 2010 Lippincott Williams & Wilkins 107



spine immobilization in obtunded multiply injured patients. J Trauma.
2007;63:630–636.

16. Menaker J, Philp A, Boswell S, Scalea TM. Computed tomography
alone for cervical spine clearance in the unreliable patient—are we there
yet? J Trauma. 2008;64:898–903; discussion 903–904.

17. Hogan GJ, Mirvis SE, Shanmuganathan K, Scalea TM. Exclusion of
unstable cervical spine injury in obtunded patients with blunt trauma: is
MR imaging needed when multi-detector row CT findings are normal?
Radiology. 2005;237:106–113.

18. Harris TJ, Blackmore CC, Mirza SK, Jurkovich GJ. Clearing
the cervical spine in obtunded patients. Spine. 2008;33:1547-
1553.

19. Kreisler NS, Durieux ME, Spiekermann BF. Airway obstruction due
to a rigid cervical collar. J Neurosurg Anesthesiol. 2000;12:118-
119.

20. Chendrasekhar A, Moorman DW, Timberlake GA. An evaluation of the
effects of semirigid cervical collars in patients with severe closed head
injury. Am Surg. 1998;64:604–606.

Harris et al. The Journal of TRAUMA® Injury, Infection, and Critical Care • Volume 68, Number 1, January 2010

© 2010 Lippincott Williams & Wilkins108


