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The Initial Evaluation and 
Clearance of Spinal Injuries  

in Emergency Medical Practice
The initial evaluation and management of patients with potential spinal injuries 

in emergency medicine practice is in evolution. The authors thoughtfully explore the 
evidence available and its limitations.

—The Editor

Introduction and Epidemiology
Spinal injuries present a multitude of challenges to the treating emergency 

physician or trauma professional. Suspected cervical spine injuries place a sig-
nificant burden of injury upon emergency medical services (EMS) as well as 
emergency departments (EDs). In North America, it is estimated that EMS 
annually transports more than 1 million patients suspected of having a cervical 
spine injury, according to a 2005 survey.1 An estimated 14,000 spinal cord inju-
ries are encountered annually, and the majority occur in the cervical spine with 
concomitant cervical spine fractures or dislocations. Indeed, thousands more 
cervical spine injuries happen without concomitant spinal cord injury.2 Cervical 
spine injury is relatively rare, given that only 2% of patients transported with a 
suspected injury are ultimately found to have a spine fracture, and less than 1% 
of those patients ultimately develop a neurologic deficit. A recent study fea-
tured in the European Spine Journal confirms widely understood epidemiologi-
cal data. Of 250,584 multiple trauma patients aged 16 years and older, 8,871 
(3.5%) sustained some type injury to the cervical spine. Less than 1% of the 
total population experienced an injury to the actual spinal cord.3 Nevertheless, 
spine trauma is accompanied by significant morbidity and mortality.4,5 

Clinicians grapple with the challenges of time and diagnostic accuracy in 
their quest to identify life-threatening injuries. Patients may not always pres-
ent with consistent physical examination findings, and the altered level of 
consciousness that frequently accompanies major trauma further confounds 
the initial assessment. Because of the potential for paralysis or other major 
injury, recognition of cervical spine injury is of prime importance. Prehospital 
spinal immobilization has long been considered as the standard of care for 
patients with suspected cervical spine injury.6,7 Recent literature has called into 
question some of these long-standing immobilization strategies. Fortunately, 
decision rules and commonly available radiologic modalities reliably identify 
the presence of clinically significant spine injury, so the emergency physician 
must understand the limitations and indications for each tool. Fortunately, 
certain factors are reliably associated with the presence of some type of cervi-
cal trauma: advanced age, Le Fort facial fractures, and an impaired level of 
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EXECUTIVE SUMMARY
 z Current research shows that cervical immobilization collars 

cause increased intracranial pressure, which has the potential 
to worsen traumatic brain injury.

 z Chest straps used in immobilization have a marked pulmo-
nary restrictive effect, even in healthy nonsmokers with pre-
sumed normal baseline lung function.

 z A statement from the American College of Surgeons advises 
against immobilization for victims of penetrating trauma.

 z Spinal immobilization is advocated in cases of spinal ten-
derness, multisystem trauma, severe head or facial trauma, 
numbness or weakness in an extremity after trauma, loss of 
consciousness, altered mental status, and distracting injury.

consciousness.3 Lower systolic blood 
pressures also were linked to spine 
trauma, and that finding echoes the 
need for vigilance in the presence of 
systemic hypotension.3

Spinal immobilization must be imple-
mented and discontinued, as with all 
interventions, with an analysis of risks 
vs. benefits. The collar is designed to 
protect patients from secondary spinal 
cord trauma by restricting movement 
in an unstable spine. Some studies 
have quoted ranges from 3-25% of 
spinal cord injuries being caused by a 
secondary injury during transport or 
early hospital care. However, it is very 
difficult to credit spinal immobiliza-
tion with protection against secondary 
injury.4 Current research shows that 
cervical immobilization collars cause 
increased intracranial pressure, which 
has the potential to worsen traumatic 
brain injury.8–10 Chest straps used in 
immobilization have a marked pulmo-
nary restrictive effect, even in healthy 
nonsmokers with presumed normal 
baseline lung function.11,12 Furthermore 
the process of immobilization on a long 
spine board leads to progressively wors-
ening pain in the head, neck, and back 
area, often resulting in the necessity to 
radiograph the spine in the ED.11 

Further complicating the evaluation 
of spinal injuries is the recent research 
that has shed light on the deleteri-
ous effects of spinal immobilization. 
Historically, nonselective spinal immo-
bilization represented the standard of 
care in many EMS systems. It was not 
uncommon for EMS providers to secure 
ambulatory patients to rigid backboards 
and apply a cervical collar to anyone 
who endured a significant mechanism 
of injury.13 A thorough discussion of 

the evidentiary basis for routine spinal 
immobilization is beyond this article’s 
scope. However, it is clear that spinal 
immobilization is not without untoward 
side effects. Recent position statements 
from the National Association of EMS 
Physicians (NAEMSP) have endorsed 
the use of more selective spinal immo-
bilization protocols, and EMS systems 
across the United States are moving 
away from routine use of the spine 
board.14,15 Another statement from the 
American College of Surgeons advises 
against immobilization for victims of 
penetrating trauma. 

The paradigm shift toward a more 
thoughtful use of cervical immobi-
lization devices does not relieve the 
emergency provider from the burden 
of ruling out significant injury. Indeed, 
prehospital and emergency clinicians 
must remain vigilant and understand 
the limitations associated with current 
clinical decision rules and the current 
standard of more “selective spinal care.” 
It has been shown that clinical exami-
nation can reliably exclude clinically 
significant cervical spine injuries. A 
prospective evaluation of 2,176 con-
secutive patients with trauma revealed 
33 (1.6%) with a cervical spine injury. 
Of the 33 cervical spine injuries, only 
three had negative clinical examina-
tions. These three patients were found to 
have a C2 spinous process fracture (no 
specific treatment needed) and C6-C7 
body fractures (considered “stable” 
fractures but treated with a halo), and a 
C1 lamina fracture along with C6-C7 
body fractures (considered “stable,” but 
treated with a cervical-thoracic ortho-
sis).16 These three cases demonstrate 
limitations of clinical examination for 
100% sensitivity; however, the missed 

cases were of questionable clinical sig-
nificance. When clinical exam is used in 
conjunction with radiographic evalua-
tion, fewer injuries are missed.

This article will review the evidence 
behind current prehospital spinal 
immobilization strategies. Furthermore, 
the authors will discuss clinically 
available decision rules for clearance 
of the cervical spine and highlight 
recent advances in imaging modalities 
designed to “clear” the spine of injury. 
It is hoped that a more nuanced under-
standing of the literature will contribute 
to a comprehensive approach to the 
identification and “clearance” of cervical 
spine trauma. 

Prehospital Clearance of the 
Cervical Spine and Evidence-
based Prehospital Protocols

In an effort to avoid unnecessary 
immobilization and facilitate timely 
transport of trauma victims, some 
prehospital systems have adopted 
algorithms for spinal clearance. These 
strategies have the benefit of increasing 
patient comfort and are predicated upon 
existing tools that are more commonly 
employed in the ED. Data exist to sup-
port the use of “clearance” protocols. In 
early 2001, Stroh and Braude advocated 
for a more “selective strategy” for spinal 
immobilization.17 The authors described 
the use of a detailed protocol to guide 
paramedics in the application of restric-
tive devices. Their proposed protocol 
advocated spinal immobilization in 
cases of spinal tenderness, multisystem 
trauma, severe head or facial trauma, 
numbness or weakness in an extrem-
ity after trauma, loss of consciousness, 
and altered mental status. The protocol 
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was later modified to include distract-
ing injury.17 The authors recognized the 
potential ill effects of indiscriminate 
backboard use, and reported that their 
multi-jurisdictional protocol did not 
miss any significant injuries. The study 
used a retrospective review to examine 
spine-injured patients transported to 
five receiving hospitals. Of the 504 
patients who arrived via EMS, 495 were 
transported with spinal precautions. 
Five out of 504 patients were found to 
have cervical spine injuries, and two of 
the injuries were deemed “unstable.” 
Not surprisingly, all patients with 
missed injuries were at the extremes of 
age: older than 65 years or younger than 
1 year. The authors reported that their 
protocol excluded spinal injuries with 
a 99% sensitivity and advocated for a 
more judicious use of collars and rigid 
boards. 

In 2009, Vailaincourt et al attempted 
to validate the Canadian C-Spine 
rule in the out-of-hospital environ-
ment.12 The study was carried out in 
multiple EMS regions and enrolled 
1,949 patients. The Canadian systems 
participating in this study included 
“basic” and “advanced care paramedics.” 
Paramedics completed online training 
on the Canadian C-Spine rule and doc-
umented findings in their patient care 
report. Important outcome measures 
included any fracture, dislocation, or 

unstable cervical spine injury discovered 
during the patient’s hospital course. The 
study reported that the rule was applied 
with 100% sensitivity, despite the fact 
that paramedics “misinterpreted” the 
rule in 320 patients. The authors esti-
mated that application of the rule would 
have averted more than 700 instances of 
spinal immobilization. Obvious limita-
tions of this study included a relatively 
small number of clinically important 
spine injuries (n = 12) and the utiliza-
tion of an all-paramedic level EMS 
system.

Reduction of unnecessary immobi-
lization is important. Patients will be 
more comfortable and avoid potentially 
adverse physiologic effects, includ-
ing pain and impaired chest excur-
sion.18,19 Current EMS protocols, such 
as the one recently approved by the 
Maryland Institute for Emergency 
Medical Services Systems (see Table 1), 
incorporate these considerations into 
treatment algorithms.15 As opposed to 
tasking EMS providers with “clearance,” 
clear-cut protocols theoretically offer 
less ambiguous treatment choices while 
minimizing missed injuries. A recent 
article published in the Western Journal 
of Emergency Medicine compared three 
contemporary spinal motion restric-
tion protocols.20 In this cross-sectional 
study, patients were evaluated by trained 
assistants following arrival via EMS. 

Four hundred ninety-eight patients had 
spinal immobilization in place, and 82 
patients had a cervical collar applied 
in the ED. Two “missed” injuries were 
found in the group that was not immo-
bilized. Upon further investigation, the 
authors contend that all spinal injuries 
would have been immobilized appro-
priately in the prehospital setting if the 
protocol was followed with “100% com-
pliance.” Interestingly enough, causality 
between protocol noncompliance and 
worsening of spinal injury has not been 
borne out in the literature. Achieving 
a balance between identification of all 
potential cervical spine injuries and 
the avoidance of important untoward 
effects is an exceedingly difficult propo-
sition. The evidence base supporting 
spinal immobilization has come under 
increased scrutiny, and the consequences 
of transporting an injured patient 
without a cervical collar in place have 
yet to be elucidated in the literature. 
Fortunately, EMS protocols are mov-
ing away from reliance on mechanistic 
criteria for immobilization and are 
embracing a more scientific approach to 
assessment. Indeed, the two protocols 
cited in the study, with the highest level 
of paramedic compliance, are similar to 
existing, validated clinical decision rules. 
The ideal prehospital protocol has yet to 
be crafted, although its goals are shared: 
1) the identification of patients at high 
risk for injury, and 2) minimization of 
unnecessary immobilization.

The current position statement from 
the American Academy of Neurological 
Surgeons (AANS) recognizes that 
there is a lack of data for cervical spine 
immobilization in both hospital and 
prehospital settings.21 For this rea-
son, immobilization strategies vary 
from one institution to another. The 
AANS policy statement advocates for 
the following conservative approach: 
“All trauma patients with a cervical 
spinal column injury or with a mecha-
nism of injury having the potential 
to cause cervical spinal injury should 
be immobilized at the scene and dur-
ing transport using a combination of 
a rigid cervical collar and supportive 
blocks on a backboard with straps.” 
This recommendation should be inter-
preted in the context of all available 
data and applied on a patient-to-patient 

Table 1. Spinal Protection

Indication for initiating spinal protection:
“Spinal protection” refers to the act of protecting the spinal cord from further injury.
“Spinal immobilization” is the act of placing a patient on a backboard with a cervical 
collar for the purpose of trying to prevent excessive movement of the spinal column.

 Patients who have a blunt trauma with a high-energy mechanism of injury that has 
potential to cause spinal cord injury or vertebral instability and one or more of the 
following should receive spinal protection:

 1. Midline spinal pain, tenderness, or deformity
 2. Signs and symptoms of new paraplegia or quadriplegia
 3. Focal neurological deficit
 4. Altered mental status or disorientation
 5. Distracting injury: Any injury (e.g., fracture, chest, or abdominal trauma) associated 
with significant discomfort that could potentially distract from a patient’s ability to 
accurately discern or define spinal column pain or tenderness.

Adapted from the 2015 edition of the Maryland Medical Protocols for Emergency 
Medical Services Providers https://www.miemss.org/home/Portals/0/Docs/Guidelines_
Protocols/Protocols_2015_FULL_Web.pdf?ver=2015-04-09-133642-297.
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basis with consideration of benefits 
and risks of full spine immobilization. 
It is also worth mentioning that rec-
ommendations contained within the 
AANS document conflict with more 
recent statements from the National 
Association of EMS Physicians and 
many state-endorsed prehospital treat-
ment algorithms. Indeed, the cur-
rent state of prehospital practice has 
embraced an approach that favors spinal 
“protection” over more conservative 
methods of immobilization. 

Clinical Decision Rules  
for Spinal Clearance

ED providers primarily use one of 
two algorithms for clinical clearance 
of the cervical spine. The National 
Emergency X-Radiography Utilization 
(NEXUS) rule (see Table 2) and the 
Canadian C-spine rule form the basis 
for medical decision-making about 
when imaging is required. Both rules 
have been studied extensively in the 
literature, and a recent meta-analysis 
published in the Canadian Medical 
Association Journal more critically exam-
ined their diagnostic accuracy.22 These 
rules have excellent sensitivity and reli-
ably predict which patients will not ben-
efit from routine imaging. Importantly, 
both rules must be applied to patients 
with a normal level of alertness follow-
ing a traumatic injury. Clinicians must 
be familiar with pearls and pitfalls of 
each tool so that diagnostic yield and 
patient safety are not compromised. 

NEXUS remains a “go-to” tool 
because of its simplicity. It consists of 
five basic criteria and does not include 
a provision for the patient’s mechanism 
of injury. The rule highlights five “low-
risk” criteria. If all criteria are met, then 
the patient is unlikely to have sustained 

a clinically significant injury. NEXUS 
has been prospectively validated and 
boasts a sensitivity of 99% when applied 
correctly. Furthermore, NEXUS cri-
teria have been extrapolated — and 
examined — for use in the pediatric 
population.22,23 

It is important to recognize the 
nuances of the NEXUS rule when 
applying to a practice managing patients 
with suspected C-spine injury. The 
impressive negative predictive value of 
the NEXUS low-risk rule was applied 
in its original study with specific defini-
tions for each of the five criteria. The 
presence of a distracting injury remains 
a difficult criterion to objectify, and phy-
sician interpretation is required. When 
assessing for evidence of intoxication, 
it is important to recognize that the 
original authors defined this broadly to 
include a recent history of intoxicating 
ingestion, physical findings of clinical 
intoxication, or positive testing of bodily 
secretions for alcohol or other drugs 
affecting levels of alertness. In the origi-
nal article, an altered level of conscious-
ness was defined as any of the following: 
“GCS [Glasgow Coma Scale] of 14 
or less; disorientation to person, place, 
time, or events; an inability to remember 
three objects at five minutes; a delayed 
or inappropriate response to external 
stimuli; or other findings.”24 

The Canadian C-Spine rule applies 
three high-risk criteria, five low-risk cri-
teria, and the ability of patients to rotate 
their necks. (See Figure 1.) The high-risk 
criteria include age older than 64 years, 
numbness or tingling in the extremities, 
or a dangerous mechanism. The danger-
ous mechanism is further described as 
including a fall from greater than three 
feet or down five stairs, an axial load 
to the head, a motor vehicle collision 

(MVC) at a high speed or with ejec-
tion, or a motorized recreational vehicle 
or bicycle collision. Low-risk criteria 
are defined as a simple rear-end MVC, 
ambulatory status at any time on scene, 
no neck pain immediately at scene, and 
absence of midline C-spine tender-
ness.5,12,22 This rule offers a more objec-
tive decision tree and can be applied to 
patients with tenderness in their cervical 
spine. Multiple studies have found the 
Canadian C-Spine rule to be superior to 
the NEXUS rule. In a systematic review, 
Michaleff et al found the Canadian 
C-Spine rule to have better diagnostic 
accuracy than the NEXUS rule. This 
study included 15 studies and found the 
Canadian C-Spine rule to have a sensi-
tivity ranging from 0.90 to 1.00, while 
NEXUS had a sensitivity ranging from 
0.83 to 1.00. Specificity was poor, as 
expected, ranging from 0.01 to 0.77 and 
0.02 to 0.46 in the Canadian C-Spine 
rule and NEXUS, respectively.22 In a 
prospective cohort study of more than 
8,000 patients, Stiell et al found supe-
rior sensitivity and specificity when 
comparing the Canadian C-Spine rule 
to NEXUS as well as reduced rates of 
radiography when using the Canadian 
C-Spine rule.5

Radiographic Strategies 
for Spinal Clearance

Radiographic evaluation is often 
useful in the assessment of a patient 
with suspected spinal cord injury when 
clinical decision rules for clearing the 
spine are not applicable. Physicians 
in the ED can evaluate the cervical 
spine with plain films, CT scanning, or 
magnetic resonance imaging (MRI). 
Plain film evaluation has been shown 
to miss more than 50% of clinically 
significant cervical spine injuries and 
has a sensitivity of as low as 45%.25 The 
Eastern Association for the Surgery of 
Trauma (EAST) guidelines offer a level 
2 recommendation that “Plain radio-
graphs contribute no additional infor-
mation and should not be obtained.”26 
Although CT scanning represents a 
superior imaging modality, it may not 
be widely available across all urgent care 
settings. Furthermore, it is more chal-
lenging to justify the attendant risks 
of increased radiation exposure in the 
setting of a low-risk injury mechanism. 

Table 2. NEXUS Criteria for Clearance of the Cervical 
Spine

Consider clinical clearance of the cervical spine if NONE of the following are present:
• Focal neurologic deficit
• Midline spinal tenderness
• Altered level of consciousness
• Intoxication
• Distracting injury

* Caution is advised in patients at the extremes of age 
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This same paper states that MRI is indi-
cated only in patients who have neu-
rologic deficit attributable to a cervical 
spine injury, a population not included 
in eligibility for cervical spine clearance. 
There is new evidence available offer-
ing support for clearance of the cervical 
spine after CT alone, even in obtunded 
patients. A paper supported by EAST 
reports that “In obtunded adult blunt 
trauma patients, we conditionally rec-
ommend cervical collar removal after 
a negative high-quality C-spine CT 
scan result alone.”27 Although this 
method may prove more beneficial in 
the inpatient setting, it supports the 
ED physician tasked with the challenge 
of diagnosing injury in an unconscious 
patient. Indeed, the presence of a cervi-
cal collar has the potential to interfere 
with airway management and hinder 
vascular access techniques. However, it 
is important to recognize the limita-
tions of the CT-only recommendation. 
The article requires a pristine CT with 

an axial thickness less than 3 mm and 
assumes over-reading by a trauma-
trained radiologist.27

Management:  
Prehospital Cervical Spine 
Immobilization and Future 
Directions

“To date, the emergency care of 
trauma patients with suspected spinal 
injuries has been highly ritualized.”28 
The biomechanical underpinnings of 
cervical spine immobilization have been 
called into question from data featured 
in two recent studies.28,29 Furthermore, 
a review article featured in the 2014 
Journal of Neurotrauma acknowledges 
the relative paucity of data in support of 
the cervical collar.4 A summary of recent 
literature is essential to understanding 
evidence-based recommendations for 
prehospital immobilization. 

The Engsberg study attempted to 
quantify the amount of head motion 

relative to torso motion during a simu-
lated extrication. The authors used vet-
eran prehospital providers and a realistic 
model of a crashed vehicle. Motion 
capture technology was applied to a 
human volunteer who acted as a patient. 
The mock-up vehicle was based on a 
2001 Toyota Corolla that was totaled 
in a high-speed, head-on collision. The 
reconstructed “vehicle” attempted to 
replicate the actual barriers encoun-
tered during an extrication; restrictions 
imposed by a damaged dashboard and 
steering wheel had to be negotiated 
by the treatment team while minimiz-
ing spinal motion. Several different 
extrication scenarios were replicated. 
The “unassisted unprotected” scenario 
simply encouraged the patient to exit 
the vehicle without any assistance from 
treating providers. Yet another scenario 
instructed the patient to exit the vehicle 
following application of a cervical col-
lar, and the final case used a Kendrick 
Extrication Device (KED) prior to 
securing the patient onto a standard, 
long spine board. Spinal motion was 
examined in three planes: flexion exten-
sion, lateral flexion, and rotation. A sig-
nificantly higher degree of motion was 
observed in all planes of motion when 
the simulated driver exited the vehicle 
with the traditional, full-spinal immo-
bilization strategy that incorporated 
the KED and a long spine board. The 
least amount of motion was observed 
when providers applied a cervical collar 
and permitted an unassisted exit from 
the car. At the very least, this article 
lends additional support for the need 
to review currently existing extrication 
strategies. The practice of permissive 
self-extrication is not routinely incor-
porated into EMS protocols and may 
deserve further consideration. 

A similar study featured in a 2015 
issue of the Emergency Medicine Journal 
shed additional light on cervical spine 
motion during the extrication process.28 
Dixon’s study used a prehospital extri-
cation crew of six to remove a human 
volunteer from a test vehicle. Unlike 
the reconstructed model featured in the 
Engsberg study, this simulation used 
a modified Ford Taurus automobile. 
A variety of extrication scenarios were 
tested, including the “unprotected” 
strategy of self-extrication. Although 

Figure 1. Canadian C-Spine Rule

Age ≥ 65 years, extremity paresthesia, dangerous mechanism?
Fall from ≥ 5 feet/3 steps, axial load, high-speed motor vehicle collision/

rollover/ejection, motorized recreational vehicle

No

Any low-risk factor present?
Sitting in ED, ambulatory at scene, delayed onset of pain, no midline 

tenderness, simple rear-end motor vehicle collision

Yes

Able to actively rotate neck 45 degrees in either direction?

Yes

Clear clinically
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no immobilization devices or assistance 
was provided to the patient during the 
self-extrication scenario, the patient 
received specific instructions on how 
to minimize unnecessary movement. 
Not surprisingly, the authors found that 
the degree of spinal motion increased 
with the use of EMS extrication equip-
ment. The control group, consisting of 
volunteers without a collar who were 
instructed to exit the vehicle, expe-
rienced the least amount of cervical 
motion. Also, the degree of motion 
varied in accordance with the volunteer 
patient’s height and mass. The Dixon 
article is consistent with the recent 
paradigm shift in prehospital spinal 
injury care. Routine backboard use is 
not likely to result in patient benefit, 
and EMS providers should implement 
protocols that restrict unnecessary 
movement. These treatment strategies 
might involve minimal assistance for 
cooperative patients and permit self-
extrication except in circumstances 
of demonstrated neurologic deficit or 
altered consciousness.

In 2014, Sundstrom et al offered 
some controversial management rec-
ommendations in a comprehensive 
review article.4 This is an important 
piece of literature, as it is featured in a 
prominent neurosurgical journal and 
contradicts existing policy recommen-
dations of surgical trauma societies. The 
authors compiled more than 50 jour-
nal entries relevant to the practice of 

prehospital spinal immobilization and 
the utilization of cervical collars. Similar 
to the re-evaluation of the backboard’s 
utility, Sundtrom’s article begins with 
a recitation of adverse effects linked 
to the application of the cervical col-
lar. Pressure sores, patient discomfort, 
and airway management difficulty are 
magnified following collar application. 
Furthermore, collars can obviate identi-
fication of underlying injury such as an 
expanding vascular hematoma. 

The paper also questions the conse-
quences associated with injuries that 
are “missed,” or not immobilized, in 
the prehospital setting. Missed cervi-
cal spine injuries that present with 
neurologic disability are rare, even in 
the setting of trauma, and it is unclear 
whether the lack of cervical spine 
precautions worsens existing injury. 
Conscious patients have a tendency to 
maintain their neck in a position that 
will prevent worsening of muscle spasm, 
and “low-energy movements are … 
unlikely to cause secondary spinal cord 
injury.”4 Like other interventions in the 
emergency setting, a careful risk-benefit 
analysis is recommended to prop-
erly evaluate the effects of treatment. 
Sundstrom and colleagues cited data 
from non-immobilized trauma patients 
and proposed alternative mechanisms 
for the emergency treatment of second-
ary spinal cord injury. Indeed, neuro-
logic sequelae are more likely to result 
from edema, inflammation, and injury 

biomechanics as opposed to the absence 
of a rigid collar. Although the authors 
acknowledge that “temporary use of a 
rigid collar is an option” during extrica-
tion, the article proposed that uncon-
scious trauma patients might benefit 
from transport in a modified recovery 
position. Indeed, the reasons for routine 
use of the collar are rooted mostly in 
tradition and practice as opposed to 
data.

The high morbidity associated with 
injuries to the cervical spine often is 
used to justify the relatively low thresh-
old for immobilization. As previously 
discussed, spinal protection interven-
tions are not without harm and must 
be balanced against the potential for 
further injury. Medical directors and 
prehospital providers must acknowledge 
that the evidentiary basis for immobi-
lization is relatively low. That said, it is 
entirely possible to articulate prehospital 
protocols that account for these pitfalls. 
Select EMS systems have demonstrated 
a relatively high compliance rate with 
protocols for cervical spine clearance. 
However, EMS systems vary widely 
according to region, and it is not always 
possible to guarantee a consistent level 
of education and training. Urban EMS 
systems are faced with the challenges 
of high call volume and comparatively 
less rigorous physician oversight. Rural 
EMS systems are forced to contend 
with lower volumes of traumatic injury 
and, thus, are tasked with maintaining 
skills. Selective spinal protection proto-
cols represent one strategy for bridging 
any gaps that exist with respect to pro-
vider training. These protocols do not 
rely on specific neurologic findings and 
instead encourage application of immo-
bilization to patients actually at risk for 
injury. 

Despite decades of tradition and 
practice in emergency medical techni-
cian classrooms, the long spine board 
has not been shown to reduce morbid-
ity or protect the cervical spine from 
further injury. The long spine board 
must be understood to be an extrication 
device and reserved for patients who 
require active assistance with movement 
or transportation. Patients should then 
be log-rolled or otherwise transitioned 
onto a soft mattress as soon as pos-
sible. The use of slide boards or other 

Figure 2. Suggested Algorithm for Cervical Spine Imaging

NEXUS
Canadian C-Spine rule

Plain films for LOW RISK

CLEAR IF NEGATIVE

Obtunded or 
unreliable exam?

MDCT or MRI CT Scanning

History and Physical

CLEAR IF NEGATIVE

LOW RISK HIGH RISK

FAIL?
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friction-reducing devices can facilitate 
transport from an EMS gurney to a 
hospital stretcher without the need for 
additional movement. 

The recent collaborative posi-
tion statement promulgated by the 
NAEMSP represents a synthesis of the 
best available evidence and offers some 
advice for management.30 It briefly 
reviews current literature and affirms 
that backboards should be used primar-
ily as a device for patient extrication as 
opposed to transport. The more focused 
used of backboards represents a major 
change in both the culture and prac-
tice of prehospital medicine. For many 
years, spinal immobilization directly 
implied utilization of the long spine 
board. In the absence of an altered level 
of awareness, neurologic complaint, 
cardiac arrest, or demonstrated deficit, 
there is little imperative for their use. 
The NAEMSP position statement 
describes the stretcher as a “padded 
backboard” and therefore provides some 
of the theoretical protection without 
any of the attendant risks of pressure 
sores, pain, and restriction of respiratory 
motion. Ambulatory patients at risk for 
injury can be secured to the ambulance 
stretcher in a position of comfort and 
fitted with a cervical collar.13 

Patients who present to EMS person-
nel and who exhibit an intact level of 
awareness and do not report neck pain 
may not benefit from inclusion into spi-
nal protection protocols. As opposed to 
offering specific protocols that may vary 
by provider region, a “selective” approach 
to spinal immobilization identifies 
patients at risk for poor outcomes and 
encourages appropriate intervention. 
Further investigation is needed to deter-
mine if the practice of self-extrication 
can be applied to a broader population 
of injured patients.

Management: Cervical Spine 
Clearance in the ED

The abundance of recent evidence 
against immobilization equipment 
implies that fewer patients may be 
arriving via EMS secured to long spine 
boards and cervical immobilization 
devices. The absence of spinal protec-
tion devices does not imply freedom 
from injury, and emergency providers 

must exercise vigilance in the evalua-
tion of the traumatically injured patient. 
For patients entering the ED who 
are secured to a long spine board, it is 
imperative to encourage removal from 
the board as soon as possible. Injuries 
linked to the rigid spine board are time-
sensitive, and adverse effects have been 
documented in less than 30 minutes 
post application.31 Although the study 
by Berg et al was conducted on healthy 
patients, it confirmed the presence of 
compromised tissue oxygenation fol-
lowing spinal immobilization. When 
transport time is included in the calcu-
lation of a patient’s total immobilization 
time, it is possible for patients to remain 
strapped to a backboard in excess of 
60 minutes.32 The 2000 study, featured 
in the American Journal of Emergency 
Medicine, noted that patients who 
required radiographic clearance of the 
spine remained on the backboard for an 
average of 181 minutes.33 

Devices such as slide boards serve 
to minimize friction and to facilitate 
patient movement. It seems reason-
able to encourage the process of “log 
rolling” for patients who are obtunded, 
who present with an impaired level 
of consciousness, or who have an 
abnormal neurologic examination. The 
accurate application of clinical deci-
sion rules represents a necessary first 
step in the assessment of such patients. 
Patients who do not fit into NEXUS 
or Canadian C-spine rule algo-
rithms should undergo radiographic 
evaluation. 

Emergency physicians have multiple 
tools at their disposal in the evalua-
tion of suspected cervical spine injury, 
and the specific imaging strategy 
depends on the immediate availability 
of resources. Given the limitations 
inherent in plain film radiography, 
that modality should be reserved for 
patients who are deemed at low risk 
for injury. CT scan has emerged as the 
standard of care for the initial evalua-
tion of the acutely traumatized patient. 
Furthermore, high-level trauma facili-
ties that use multi-detector CT tech-
nology and incorporate trauma-trained 
radiologists have the potential to “clear” 
the spine of significant injury even 
in the absence of magnetic resonance 
technology. (See Figure 2.) However, 

this strategy remains controversial, and 
more robust data and unambiguous 
support from national organizations 
are lacking. 

Pearls/Pitfalls
Providers should have comprehensive 

understanding of the potential benefits 
and risks in cervical spine immobiliza-
tion when evaluating a patient with sus-
pected cervical spine injury for potential 
clearance of the collar. The above clinical 
decision rules and radiographic imaging 
are all adjuncts to clinical exam, history, 
and physical and will aid in the ultimate 
clinical decision. A pitfall in the appli-
cation of these clinical decision rules is 
to use two-tailed reasoning from a one-
tailed test. Rules such as NEXUS and 
the Canadian C-spine rule can support 
a decision to remove a collar but do not 
provide useful information in ruling in 
a cervical spine injury. In cases in which 
the risk of maintaining cervical spine 
immobilization outweighs the potential 
benefit, a clinical decision is indicated. 
This is to say that if a lifesaving inter-
vention is being delayed by a cervical 
collar’s placement and NEXUS and 
Canadian C-spine rule have not ruled 
out an injury, it is important to recog-
nize that it has not confirmed an injury 
either. However, if the patient’s condi-
tion tolerates the placement of a cervical 
collar, a methodical and evidence-based 
approach should be taken in the clear-
ance of the cervical collar. Clinical exam 
and gestalt alone cannot adequately 
evaluate for cervical spine injury, as up 
to 80% of confirmed cervical spine inju-
ries can have a normal neurologic exam 
at the time of diagnosis.4

With the application of modern radio-
graphic modalities and clinical decision 
rules, the rate of missed cervical spine 
injuries in the United States is extremely 
low (0.01%). Of the approximately 2% 
of injured persons found to have a cervi-
cal spine injury, only 1.3% are missed on 
initial screening and found in a delayed 
manner.34 This supports the notion that 
our current practices are effective in 
preventing secondary neurologic injury 
that is feared in blunt trauma patients. 
Emergency medicine physicians and 
other providers of trauma care should 
feel comfortable with the tools at their 
disposal to adequately address potential 
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cervical spine injuries in the traumati-
cally injured patient.

Pediatrics
There are several innate difficul-

ties when evaluating a traumatically 
injured pediatric patient, including 
scarce data to support your decisions, 
difficulty in performing comprehensive 
physical exams with patient coopera-
tion, difficulty and risks in obtaining 
radiographic studies, and the natural 
high stress involved with pediatric 
injuries. The pediatric patient requires 
a unique approach to the evaluation 
of a potentially injured cervical spine. 
First, the pathology of pediatric cervi-
cal spine injuries differs. In children 
younger than 12 years of age, the major-
ity of cervical spine injuries occur at the 
C1-C2 level; however, complete cord 
injuries are more common in the lower 
cervical spine.35 There is also subset of 
cervical spine injury that occurs in both 
adults and children, but is more com-
mon in pediatric patients: spinal cord 
injury without radiographic abnormal-
ity (SCIWORA).23,35 SCIWORA is 
more common in younger patients, as 
subluxation joints are more lax and with 
more horizontal facet joints allowing 
for subluxation of the spine, causing 
injury to the spinal cord with return to 
normal anatomy of the vertebrae by the 
time of radiographic evaluation.23 In 
radiographic evaluation of the pediatric 
patient, there is concern for increased 
radiation burden, as well as the pos-
sible need for sedation to obtain desired 
studies. With both anatomic differences 
in pediatrics and the varying pathology 
of the injury, a tailored approach should 
be implemented in the clearance of the 
pediatric cervical spine. 

Viccellio performed a prospective 
study to evaluate the effectiveness of 
applying NEXUS criteria to trauma 
patients younger than 18 years of age. 
This study found that NEXUS can be 
effective in the pediatric population and 
its use could reduce pediatric cervical 
spine imaging by nearly 20%;23 however, 
the data were primarily in patients older 
than 8 years of age, who are arguably 
similar to adults both anatomically and 
in terms of ability to obtain an adequate 
physical exam. Of the few patients 
younger than 8 years of age in the study, 

even fewer had cervical spine injuries, 
and none of the patients younger than 2 
years of age had a cervical spine injury. 
This lack of pathology in the pediatric 
patients limits the usefulness of the 
conclusions in clinical practice when 
applied to patients younger than 8 years 
old. 

There are promising data from a 2009 
study in the Journal of Trauma that 
focuses on pediatric patients younger 
than 3 years of age.36 This study ret-
rospectively evaluated 12,537 blunt 
trauma patients younger than 3 years 
of age and found cervical spine injuries 
in 83 patients (0.66%). Their goal was 
to apply a clinical rule to identify these 
injuries using four independent predic-
tors: GCS < 14, GCS eye score of 1, 
motor vehicle collision, and patient 2 
years of age or older. Each item was 
given 1 point if present and a score of 
less than 2 had a negative predictor 
value of 99.93% in ruling out cervi-
cal spine injury.36 These are promising 
results in a cohort of patients in which 
all patients were imaged; however, this 
was a retrospective review and has not 
been prospectively validated.

Most recently, Hale et al looked at 
this younger cohort in a study to assess 
the reliability of clinical findings in 
children younger than 5 years of age in 
excluding unstable cervical spine inju-
ries.37 This study retrospectively looked 
at almost 3,000 patients admitted to a 
Level I trauma center with blunt injury, 
of which 22 (0.74%) had confirmed 
cervical spine injuries. The authors con-
cluded that cervical spine CT can be 
reserved for symptomatic patients to 
reduce radiation exposure to the thyroid. 
This conclusion was supported by the 
fact that all patients with cervical spine 
injury had clinical findings suggestive of 
or diagnostic for cervical spine injury: 
abnormal neurologic examination, torti-
collis, and neck pain.37

Conclusion
Cervical spine clearance and man-

agement remain contentious topics, 
especially in the realm of prehospital 
medical care. The significant morbidity 
of secondary neurologic injuries must 
be considered against the real risks of 
full spine immobilization. Although 
there is no clear evidence supporting 

effectiveness of full spine immobiliza-
tion, it remains a mainstay in current 
EMS systems. The risks and benefits of 
spinal immobilization should be applied 
on an individual basis, as there is no 
support for a “one size fits all approach” 
to spinal protection. EMS systems 
must work toward re-imagination of 
the long spine board as a device that 
can facilitate extrication. Although 
the backboard may have utility as a 
patient movement device, the associated 
risks and lack of benefit encourage its 
removal from routine spinal protection 
protocols. Accordingly, the cervical col-
lar is viewed as a low-risk intervention, 
but that, too, is not without inherent 
problems. Increased difficulty with 
intubation and delayed identification of 
traumatic neck injuries warrant careful 
consideration of the cervical collar’s use. 

ED management of cervical spine 
injuries must incorporate principles of 
early liberation from spinal immobiliza-
tion devices and a nuanced understand-
ing of clinical decision rules. Patients 
arriving to the ED secured to a spine 
board are more likely to undergo unnec-
essary radiologic testing and are at 
risk for harm from pressure sores and 
respiratory motion restriction. Rules for 
spine clearance have demonstrated ben-
efit and identify patients who will need 
further investigation. Finally, techno-
logical advances in the area of radiologic 
evaluation have the potential to reduce 
delays in injury identification. High-
definition multi-detector CT scanning, 
coupled with specialty radiologic exper-
tise, can identify subtle injuries and 
obviate the need for potentially more 
expensive and time-consuming tools 
such as magnetic resonance imaging.
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CME/CE Questions
1. Adverse effects associated with 

application of the long spine board 
include:
a. increased patient discomfort.
b. decreased respiratory motion.
c. increased risk of pressure sores.
d. all of the above.

2.  NEXUS criteria for clinical 
clearance of the cervical spine 

incorporates which of the following 
factors?
a. Intact neurologic exam
b. Low-risk mechanism of injury
c. Age < 65 years
d. Age > 12 years

3. A restrained, front-end driver in 
a motor vehicle collision pres-
ents to EMS with a normal level 
of alertness. Rescue crews had to 
remove the door to gain access to 
the patient. The patient moves all 
extremities and reports neck pain. 
The recent study suggests that 
which of the following extrication 
strategies is associated with the 
LEAST amount of spinal motion?
a. Use of a short spine board only
b. Utilization of a collar, short 

board, and spine board
c. Self-extrication 
d. Use of a short spine board and 

cervical collar

4.  Impaired sacral tissue oxygenation 
has been documented following how 
many minutes of immobilization on 
a long spine board? 
a. 30 minutes
b. 60 minutes
c. 90 minutes
d. 45 minutes

5.  A patient presents to the emergency 
department via EMS with full spinal 
immobilization in place. The patient 
will likely require radiographic 
evaluation. The patient has lower 
extremity weakness that may be due 
to a spinal cord injury. There is no 
evidence of pelvic fracture. When 
should the patient be removed from 
the spine board?
a. After necessary CT scans
b. Following neurosurgical  

evaluation
c. Following transfer of care from 

EMS to ED
d. Following transfer to receiving 

trauma center
6. The Canadian C-Spine rule consid-

ers which of the following as a high-
risk mechanism?
a. Simple rear-end motor vehicle 

collision
b.  Bicycle collision
c.  Motor vehicle collision with 

delayed neck pain
d. Fall down three stairs

7. If selective cervical spine CT is used 
in pediatric patients, which portion 
of the cervical spine is at highest 
risk for injury in a pediatric patient?
a. C1-C2
b.  C3-C5
c.  C5-C7
d.  C3-C7

8. SCIWORA is most common in 
what age group and for what reason?
a. Adults, degenerative disc disease
b.  Pediatrics, body habitus
c.  Pediatrics, joint laxity
d.  Adults, body habitus

9. Patients who have received spinal 
immobilization in the prehospital 
setting are more likely to:
a.  complain of less pain in the 

emergency department.
b.  have more radiological examina-

tions.
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c. have fewer radiological examina-
tions.

d. be discharged earlier from the 
emergency department.

10. Of confirmed cervical spine injuries, 
how many injuries have delayed 
diagnosis or are missed?
a.  33%
b. 1.3%
c. 5%
d. 0.01%
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