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Abstract Clearance of the spine is an essential component of
the evaluation of the blunt trauma patient. There is a wide
body of evidence that serves as the basis for current clinical
management guidelines. Despite this evidence, controversies
persist regarding best practices for certain patient populations
with suspected spine injury. This article reviews the current
recommended guidelines for effective spinal evaluation and
clearance after blunt trauma. The article also reviews the evi-
dence base for these guidelines, highlights key findings, and
outlines a selection of recent studies that aim to determine best
practices for those subjects where best practice has yet to be
fully defined.
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spine injury - Traumatic spine injury - CT - MRI - Clinical
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Introduction

In the USA, the majority of spinal trauma come from motor
vehicle accidents, followed by falls, and then sports-related
injuries [1, 2]. Because spinal trauma may not be immediately
obvious during the initial evaluation of a trauma patient, pre-
suming a spinal injury and employing proper immobilization
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(“spinal precautions”) of the entire spine at the primary survey
should be the rule after blunt trauma. This approach to blunt
spinal trauma—to empirically immobilize the entire spine un-
til a clearance protocol can be performed—is in contrast to
penetrating trauma where a more selective approach based on
injury patterns is often more appropriate.

Delaying proper immobilization until a neurological injury
is identified defeats the purpose of spinal clearance and can
lead to potentially preventable extension of a SCI. Particular
attention, and a high-index of suspicion, should be paid to
those cases when the mechanism of injury is unknown or
sensorium is altered, such as for the patient who presents after
being “found down.”

There are two main goals in spinal clearance after blunt
trauma: avoid missed injuries and identify patients without
significant injuries. The process of spinal clearance aims to
accomplish these goals as efficiently as possible. A delay in
diagnosis of spinal injury is associated with worse outcomes
[3-5]. Quickly identifying patients with significant injuries
leads to timely interventions and focused management. For
those without significant injuries, the clearance process leads
to early mobilization (e.g., cervical collars, spine precautions,
etc.) which has a substantial positive effect on patient care.

Basic Exam Components and Importance
of Protocols

As for all trauma patients, evaluation begins with the Ad-
vanced Trauma Life Support (ATLS) primary and secondary
surveys. For those patients where spinal injury cannot be ruled
out, immobilization of the spine should occur concurrently
with the initiation of the primary survey. A rigid cervical collar
and a backboard are a bare minimum, but careless patient
handling will put any patient—regardless of immobilization
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devices—at risk for injury. Patient handling should reflect the
presumption of a spinal injury.

Completion of the primary and secondary survey is the first
step in the complete evaluation of the spine and an attentive
examiner can sometimes identify patterns of injury that can be
associated with blunt spinal injury: facial trauma, (cervical
spine), face or neck abrasions from seat belts (cervical), lap
belt contusion (thoracolumbar), and calcaneal fractures
(thoracolumbar/lumbar). Established protocols that clearly de-
lineate an established routine for how spinal clearance should
be carried out are particularly important. Theologis et al. [2]
have shown that lack of institutional protocol is common-
place, noting 57 % of level I trauma centers included in their
study did not have a written protocol for cervical spine clear-
ance. The authors of the study also highlighted how absent or
unclear spinal clearance protocols can lead to inappropriate
and unsafe patient care.

The Eastern Association for the Surgery of Trauma (EAST)
provides readily accessible, evidence-based guidelines for
both cervical and thoracolumbar spinal clearance [6, 7].
Employing evidence-based guidelines leads to protocols that
effectively avoid missed injuries and also limit the unneces-
sary radiographic workup, and decrease the incidence of com-
plications of prolonged immobilization [§8]. In the pediatric
trauma population, these protocols have the added benefit of
limiting radiation exposure [9].

Cervical Spine Clearance

The aim in cervical spine clearance is to remove the cervical
collar as quickly as possible from patients who do not benefit
from them. This can be accomplished by clinical (i.e., by
examination alone) means (“clinical clearance”) for some pa-
tients, but depending on the clinical circumstances, additional
radiographic studies (“radiographic clearance”) may be
necessary.

Clinical Clearance of the Cervical Spine

Patients who are alert and stable are potential candidates for
clinical clearance. The Canadian C-spine Rule (CCR) [10] and
the National Emergency X-Radiography Utilization Study
(NEXUS) [11] criteria have both been used to identify patients
at low risk for cervical spine injury and therefore do not ben-
efit from radiographic studies to effectively rule out unstable
spine injury. Both the CCR and NEXUS studies were devel-
oped after the observation of significant practice pattern vari-
ability and indiscriminate use of radiography in these low-risk
patients. Obtunded patients and patients whose mental status
precludes evaluation require further workup and radiographic
clearance.

National Emergency X-Radiography Utilization Study
(NEXUS)

The NEXUS criteria for cervical clearance are based on a
prospective study of ED patients who sustained blunt trauma.
From this study, the NEXUS group recommended a set of
criteria patients must meet. Patients who do not meet all five
criterion required radiographic evaluation: no posterior mid-
line cervical spine tenderness; no evidence of intoxication; a
normal level of alertness; no focal neurologic deficit; no pain-
ful distracting injuries. The sensitivity of the NEXUS criteria
as originally published was greater than 99.5 % [11].

Canadian C-Spine Rule (CCR)

The CCR, also developed from a large prospective study, adds
additional risk assessment including mechanism of injury and
physical examination information that NEXUS lacks [10].

All of these patients require radiography: =65 years old;
dangerous mechanism; paresthesias. If none of the following
are met, these patients also require radiography: simple rear-
end motor-vehicle collision; sitting position in the emergency
department; ambulatory at any time after the accident; delayed
onset of neck pain; no midline cervical tenderness.

NEXUS vs. CCR

In 2003, the authors of the original CCR study in 2001 con-
ducted a direct comparison in that remains the only major
study comparing the two protocols. The major finding was
missed injuries in the NEXUS group [10]. Of 169 patients
with cervical spine injuries, NEXUS protocols missed 16 in-
juries and CCR protocol missed 1. Overall, the CCR was
found to be both more sensitive (99.1 vs. 90.7 %) and more
specific (45.1 vs. 36.8 %).

Anderson et al. [12] performed a meta-analysis of the major
studies comparing cervical spine clearance protocols and con-
cluded that sensitivity and specificity were indeed better in the
CCR protocols, but suggested that the functional evaluation
(range of motion) had significant contribution to its diagnostic
accuracy and could potentially be added to the NEXUS pro-
tocol to improve its accuracy in cervical spine clearance.

An additional systematic review published in 2012 evalu-
ated 15 articles that studied either protocol published and had
a similar conclusion as the Anderson study, supporting the
superior diagnostic value of the CCR [13].

Morrison et al. [14] recently published a study retrospec-
tively evaluating emergency department patients who had cer-
vical spine imaging despite meeting NEXUS criteria for clin-
ical clearance. Of 53 patients, 2 patients had significant cervi-
cal spine injuries on imaging.
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Radiographic Clearance of the Cervical Spine

Radiographic clearance is necessary for any patient whose
cervical spine cannot be cleared clinically. Utilization of ra-
diographic clearance and deviation from NEXUS and CCR
criteria (e.g., obtaining radiographic clearance even when
medical clearance criteria are met) are reasonable in certain
cases, especially the elderly: clinical judgment is tantamount,
and if clinical suspicion is high, further workup should be
pursued [14]. CT of the cervical spine is the mainstay of cur-
rent radiographic clearance. MRI can be useful when an injury
has already been diagnosed, but its role in clearance has yet to
be defined in the literature. The utility of flexion and extension
(“flexion-extension”) films to evaluate ligamentous injury is
debatable, but is still employed by a significant number of
trauma centers, especially for patients with negative CTs but
persistent neck pain [2]. Plain films are not helpful for cervical
spine clearance and should not be used for cervical spine eval-
uation after blunt trauma; their relevance is historical
[15].Compared to CT, plain films are significantly less sensi-
tive, less efficient, and less cost effective and should not be
used for clearance of the spine after blunt trauma [2].

CT C-Spine

Over the past 15 years, CT has become the standard evalua-
tion for all patients whose cervical spine cannot be cleared
clinically. This practice shift has been supported by a number
of clinical trials and systematic reviews. In the modern era, CT
is the radiographic test of choice when a patient cannot be
cleared clinically.

The superiority of CT over plain radiographs has been
established since at least 2006 when Antevil et al. [16] con-
ducted a retrospective review of blunt trauma patients during a
period of transition from plain radiographs to CT at their in-
stitution. The authors found that CT was significantly more
sensitive (100 vs. 70 %), but that patients had significant less
time spent actually getting the radiographs completed. In
2009, Bailitz et al. [17] published results of a prospective
analysis of 1,505 blunt trauma patients and found that plain
radiographs had only 36 % sensitivity while maintaining the
100 % sensitivity in CTs, thus firmly establishing CTs supe-
riority over plain radiographs for the cervical spine.

MRI C-Spine

MRI is useful for certain patients with abnormal CTs or diag-
nosed cervical spine injury and can aid in management and
operative planning. It is the gold standard for injuries to the
soft tissues, including ligaments, and the spinal cord.

The role for MRI cervical spine clearance, however, is not
well established and there is significant debate about if it
should be used and which patients stand to benefit the most.

@ Springer

A summary of the most recent studies on the subject of
MRI is summarized in Table 1. In general, MRI is a reasonable
consideration in screening for injuries for those patients with
negative CT and who are obtunded or otherwise unevaluable,
have midline cervical tenderness, have concomitant cerebral
injury, or have a neurologic deficit. All of these clinical sce-
narios, however, are controversial, and more research needs to
be done to determine MRI’s role. The strongest evidence in
support of MRI as a screening modality is in the obtunded
patient.

Common Clinical Issues in Cervical Spine Clearance
The Obtunded Patient With a Negative CT

MRI is the most commonly used modality to evaluate these
patients [2]. And while some evidence supports the routine
use of MRI for screening in these patients, there is still signif-
icant controversy. Several retrospective studies and systemic
reviews have been conducted to determine the clinical utility
of MRI in these cases (see Table 1). Several studies support
the practice of clearing these patients on negative CT alone,
based on the observation that most soft tissue injuries missed
by CT are not clinically significant. On the other hand, two
recent studies—including a systematic review by Russin et al.
[18<]—support the continued use of MRI in the screening of
these patients because of a small incidence of clinically sig-
nificant injuries that would have been missed by CT alone.
Given the potentially catastrophic nature of missed injuries, a
small incidence is still important.

A large meta-analysis published by Panczynkowski in the
Journal of Neurosurgery in 2011 [19] aimed to determine the
utility of CT to rule out significant c-spine injuries in obtunded
or injured patients. The meta-analysis contained 17 studies
and a total of 14,327 patients. The authors found that CT
had a negative predictive value of 100 % and concluded that
CT was sufficient in these patients.

In 2013, Russin et al. [18¢] published a study to evaluate
the role of negative CT c-spine in radiographic clearance of
unevaluable patients. In their systematic review, they included
13 studies (which included 1,322 patients) that included pa-
tients with clinically unevaluable cervical spine and negative
CT c-spine who also underwent MRI. The authors concluded
that CT was not sufficient for radiographic clearance due to
the observation that/7 % of patients with negative CT c-spine
had significant findings on MRI that changed management,
including three patients who required surgical stabilization.

In 2014, Vanguri et al. [20] published results from their
single center retrospective review of blunt trauma patients
regarding the accuracy of CT in ruling out clinically signifi-
cant c-spine injury. In the study, they limited the definition of
“clinically significant” to those injuries that would require
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intervention. Although CT missed 32 of 52 ligamentous inju-
ries, all 32 had clinically significant fractures that required
intervention and were therefore considered appropriately de-
tected by CT. The authors concluded from this that a negative
CT was sufficient to remove cervical collar and no further
workup for ligamentous injury (either flexion-extension or
MRI) was needed. A similar study (retrospective database
review of 1,004 patients), published by Chew et al. [4] came
to a similar conclusion regarding CT’s utility in radiographic
clearance. In this study, which focused on unevaluable pa-
tients and patients with persistent pain despite negative CT,
the authors concluded that CT was sufficient to radiographi-
cally clear patients based on the observation that no clinically
significant injuries were missed. Improved resolution has had
some effect on the utility of CT in the setting of obtunded
patients as well. After the observation of a 7 % missed injury
rate in four-slice CT scanners, Kanji et al. [21¢] set out to
determine the effect of improved CT resolution (64-slice) on
c-spine clearance in obtunded patients. The results of their
meta-analysis results, although limited by small sample size,

suggested that 64-slice scanners were equivalent to MRI in
this setting (0 % missed injury rate).

Patients With Distracting Pain

The original NEXUS criteria study in 1998 defined distracting
pain as long bone fracture, significant visceral injury, large
laceration, a degloving or crush injury, large burn, or any other
injury causing functional impairment [11]. This remains the
most commonly used definition. Controversy exists, however,
as to what truly constitutes a distracting injury, but these pa-
tients are at risk for prolonged immobilization and cervical
collar placements that can result in pressure ulcers and skin
infections as well as other squeal of immobilization like deep
venous thromboses. Practice patterns vary with regard to how
these patients are evaluated, but repeat clinical evaluations as
well as MRI are common modalities. The concept of
distracting pain was recently questioned by Kamenetsky
et al. [22] in a prospective review of 160 patients with
distracting injuries which were classified by clinical judgment
and by objective pain scales in patients whose cervical spines
were cleared if clinical exam (palpation) was negative. In this
study, the authors found that clinical judgment was 98 % ac-
curate in determining the significance of the distracting pain
and that patients with asymptomatic cervical examination
should be considered for clinical clearance even in the pres-
ence of distracting pain.

Persistent Pain, Negative CT
Delayed, repeat evaluation is an appropriate practice in select

patients, but MRI is a common modality as well. But at least
two recent studies support the practice of removing the
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cervical precautions with the negative CT result alone, al-
though both studies are small and observational [23, 24]. Fur-
ther studies need to be done to delineate the optimal manage-
ment of spine clearance for these patients, but clinical judg-
ment should determine the need for further workup in these
patients.

Flexion-Extension Radiographs

Flexion-extension are the most commonly employed method
for workup of patients with persistent pain with negative CT in
trauma centers in the USA, despite lackluster evidence to sup-
port clinical utility [2]. In our own center, we have eliminated
the use of flexion-extension films in low-risk patients and
replaced it with CT for patients with higher risk.

The practice of using flexion-extension films was largely
used in the patients with persistent neck pain, despite negative
CT c-spine with the ostensible purpose of evaluating for liga-
mentous injury that may be missed on CT.

Although flexion-extension films are still a suggested op-
tion in the latest EAST guidelines, its role in current practice is
waning. This is both because it is difficult to perform correctly
and because of the theoretical risk of removing cervical im-
mobilization in a patient with potential cervical injury. That
said, the flexion-extension is still used at certain institutions,
although it is not infrequently misused [2].

Tran et al. [25] recently published results from their retro-
spective analysis of data from their level I trauma center and
found that positive flexion-extension films were either clini-
cally insignificant (did not result in change in management) or
non-specific when compared to the gold standard (MRI).
From these results, the authors suggest that flex ex should be
removed entirely from c-spine clearance protocols.

McCracken et al. [26] recently published a retrospective
review of patients who underwent flexion-extension films
and found that a large portion of the film are inadequate for
clinical decision making (did not visualize C7/T1 and/or had
less than 30° of flexion and extension), and that even in when
they were adequately performed, the results were not clinical-
ly relevant to future management decisions. Sim et al. [27]
came to a similar conclusion observing the same high inci-
dence of inadequately performed flexion-extension films, as
did Khan et al. [28] in their 2011 retrospective database study.

Thoracolumbar Spine Clearance

Thoracolumbar fractures are more common than cervical frac-
tures after blunt trauma. The most common site of
thoracolumbar injury is where the natural transition from ky-
photic to lordotic curvature occurs, between T11 and L4 [29].
The approach to anyone with suspected thoracolumbar injury
is immediate immobilization and careful patient handling that
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aims to minimize movement of the spinal column. At a bare
minimum, patients should be placed on a backboard and
placed on “log roll” precautions until an adequate clinical
evaluation can be completed.

Like cervical spine fractures, there are patterns and types of
fractures that are typical to this part of the spine and relate to
the mechanism of injury. Spine instability correlates with the
type of fracture which can sometimes be determined by plain
radiographs, but instability is best evaluated by CT imaging.
CT is superior when compared to plain radiographs in patients
with suspected thoracolumbar spine injury. Compared to plain
films of the thoracolumbar spine that miss up to 13 % of
injuries, CT is significantly more sensitive, with one study
reporting 99 % sensitivity [30]. This finding has been validat-
ed by several other studies.

In the presence of neurologic injury or suspected injury,
MRI is the gold standard because of its unique ability to eval-
uate the spinal cord, intervertebral discs, and the ligaments.
For the initial stages of evaluation after blunt injury, the MRI
has no role, and CT is still first line. Selective use of MRI to
evaluate high-risk injuries, such as burst fractures, even in the
absence of neurologic deficits is reasonable but not well
studied.

Clinical Clearance of the Thoracolumbar Spine

Unlike cervical spine clearance, algorithms that guide
thoracolumbar spine clearance have not been rigorously tested
or validated. Compared to the cervical spine, the
thoracolumbar spine is difficult to examine. The
thoracolumbar spine is relatively immobile, usually deeper
to the overlying soft tissue, and initial evaluation by visual
inspection and palpation requires adequate log roll and expo-
sure which is an often an unreliable, if not completely ignored,
part of the initial ATLS examination in the ED.

Clinical clearance of the thoracolumbar spine is not well
described and the studies that support the utility of clinical
clearance are based on a small number of retrospective stud-
ies. The essential components of the exam involve confirming
the absence of gross neurologic deficits by history and
confirming the ability to move all four extremities, followed
by visual inspection of the spine and palpating for abnormal-
ities while evaluating for midline tenderness.

EAST has also published guidelines for evaluation of the
thoracolumbar spine, but lacks evidence-based support espe-
cially compared to cervical clearance guidelines. Because of
the lack of rigorous data, there is no NEXUS or CCR coun-
terpart that is applicable to evaluating the thoracolumbar
spine, but it is generally accepted practice that for the patient
who is alert, stable, undistracted, and without neurological
injury or deficit on exam may be considered for clinically
clearance. Patients who were ambulating after the injury are
also considered lower risk for significant thoracolumbar

injury. But because of lack of clear protocols and validated
data, application of clinical clearance should be highly selec-
tive. The true incidence of thoracolumbar injuries is still un-
known, but there is substantial evidence that current clinical
clearance practices result in significant missed injuries. In
2011, Inaba et al. [31] published a prospective observational
study evaluating clinical clearance of thoracolumbar spine af-
ter blunt trauma and found that of 666 patients with known
thoracolumbar fracture, more than half (52 %) had a negative
clinical exam. The TL-Spine Multicenter Study Group at Los
Angeles County and University of Southern California has
made significant contributions to help establish an evidence-
based clinical decision tool. In 2014, Inaba et al. and the TL-
Spine Multicenter Study Group presented research from a
prospective multicenter trial of 3,068 blunt trauma patients.
These results validated the finding that physical exam is of
dubious clinical value for evaluation of the thoracolumbar
spine, reporting a sensitivity and specificity of 78.4 and
72.9 %, respectively. This study added the finding that if age
(=60 years old) or high-risk mechanism (such as high-speed,
falls from height, or pedestrians hit by automobiles), the sen-
sitivity of clinical examination increased to 98.5 % [32].

Radiographic Clearance of the Thoracolumbar Spine

In 2012, Sixta et al. [7] published the most updated EAST
guidelines for screening for thoracolumbar spine injuries after
blunt trauma. In these guidelines, the authors point out that all
but the most clear-headed, neurologically intact, and asymp-
tomatic patients should be considered for clinical clearance.
And even in these patients, a high-risk mechanism of injury
alone should lead to serious consideration for radiographic
clearance before spinal precautions are lifted. Cervical spine
fracture is a risk factor for injury elsewhere in the spine and
should result in thoracolumbar screening with CT. Significant
concomitant non-spinal injuries should also prompt a radio-
graphic evaluation of the thoracolumbar spine.

CT is the standard of care for immediate evaluation of the
blunt trauma with suspected thoracolumbar spine injury. Mod-
ern CT scanners are highly sensitive and efficient.

Modern CT scanners that have the capability of computer-
aided reconstructions have replaced plain films of the
thoracolumbar spine. At least eight separate studies have de-
scribed the inferiority of plain films as compared to CT in
screening the thoracolumbar spine after blunt trauma [16,
30, 33-38]. There is no role for plain films of the
thoracolumbar spine in any modern trauma center in the USA.

MRT’s role in thoracolumbar spine is only pertinent after a
spine injury has been found, usually by CT. MRI is excellent
for soft tissue, ligamentous, and spinal cord evaluation, but is
inferior for bony structure injury when compared to CT. Be-
cause CT is more accurate and more efficient at detecting bony
fractures and unstable spinal injuries, MRI has no role in
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screening or radiographic clearance of the thoracolumbar
spine.

In 2013, Mitra et al. [39+] published an editorial delineating
the current practices and evidence behind current practices in
thoracolumbar spine evaluation after blunt trauma. In the ed-
itorial, the authors highlight the lack of a reliable clinical de-
cision rule to help guide practice. Joaquim et al. [40] came to a
similar conclusion as Mitra, in their recently published infor-
mal literature review summarizing recent studies on the sub-
ject of thoracolumbar.

In 2009, O’Connor et al. [41] proposed a set of criteria for
thoracolumbar screening on a literature review of 16 observa-
tional studies. The authors suggested algorithm was largely
similar to the NEXUS guidelines used in cervical clearance,
with the added considerations of high-risk mechanism (e.g.,
high-speed MVC or fall from significant height) and any ev-
idence of new cervical fracture because of the known associ-
ation with simultaneous thoracolumbar fractures. The authors
suggest that using this algorithm would lead to a high negative
predictive value based on retrospective analysis of known and
missed thoracolumbar injuries in the studies included in their
analysis.

The Brigham and Women’s Experience

Our institution utilizes a protocol that builds on the NEXUS
criteria and considers the mechanism of injury. For those pa-
tients who are deemed low risk and meet initial NEXUS
criteria, the patient is clinically cleared and the collar removed.
All other patients are evaluated by CT of the cervical spine. If
CT is abnormal, we maintain spinal precautions and consult
spine specialists.

If the CT is negative, we reassess the patient for clinical
clearance. At this point, patients can be cleared if they have a
reassuring exam, but persistent pain or focal neurologic defi-
cits may lead to spine specialist consult, MRI, or both.

Specifically for the obtunded patient, we currently clear the
cervical spine if the CT is negative for significant injury. Al-
though there are some small, recent studies that suggest that
CT misses a very small minority of injuries that MRI would
detect, the majority of evidence supports clearance after neg-
ative CT. There are ongoing studies to address this controver-
sial issue.

Conclusion

The aim of spinal clearance is to remove unnecessary immo-
bilization as efficiently as possible.

For cervical spine clearance, adherence to the NEXUS
criteria or CCR is necessary to guide which patients require
further imaging. CT has become the standard of care to image
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the cervical spine. The role of MRI is for patients with an
identified injury, worrisome exam, or for some centers, for
clearance of obtunded patients.

For thoracolumbar spine clearance, except for the lowest
risk blunt trauma patients (e.g., young, low-energy mecha-
nism), clinical evaluation is unreliable. In addition, plain films
are not sensitive or specific. Therefore, radiographic clearance
with CT should be the rule rather than the exception. There is
ongoing research to help establish better quality evidence to
guide thoracolumbar evaluation.
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