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2018 ANNUAL MEETING ABSTRACT/POSTER

Cervical Spine Injury in Burned Trauma Patients: 
Incidence, Predictors, and Outcomes

Laura A. Galganski, MD,*,† Jessica A. Cox,  MD,*,† David G. Greenhalgh,  MD, FACS,*,†  
Soman Sen,  MD, FACS,*,† Kathleen S. Romanowski,  MD, FACS*,† and Tina L. Palmieri,  MD, FACS, FCCM*,†

Cervical spine injuries (CIs) carry significant morbidity and mortality; hence, cervical spine immobilization 
is used liberally in trauma patients, including burns. The incidence, predictors, and outcomes of CI in 
burn patients are unknown. A retrospective cohort from the National Trauma Data Bank between 2007 
and 2012 included all burned patients with and without CI. Predictors of CI were identified by logistic 
regression. Outcomes with and without CI were compared with Wilcoxon rank sum test. A total of 94,964 
patients were identified with burn injuries. The incidence of CI was 0.79% (n = 745). Mechanism of injury, 
age, and injury severity score (ISS) were significant predictors of CI. Odds of CI were 109.4 (95% CI: 
61.2–195.3, P < .0001) for motor vehicle injury, 87.8 (95% CI: 47.0–164.0, P < .0001) for falls, 1.2 (95% 
CI: 0.6–2.3, P = .66) for fire/flame, and 2.4 (95% CI: 1.0–5.5, P < .0001) for explosion compared with 
reference of hot object/substance. For every year increase in age, there were 1.02 higher odds of CI (95% 
CI: 1.01–1.02, P < .0001). For each point increase in ISS, there were 1.05 higher odds of CI (95% CI: 
1.04–1.05, P < .0001). Patients with CI had higher mortality (10.3% vs 2.9%, P < .0001), longer total 
length of stay (12.0 vs 2.0 days, P < .0001), intensive care unit length of stay (4.0 vs 0.0 days, P < .001), 
and ventilator days (1.0 vs 0.0 days, P < .0001). The incidence of CI in burn patients is low, especially 
when due to fire, flame, or scalds; however, CI is associated with higher mortality and worse outcomes.

Cervical spine injuries (CIs) result in significant morbidity and 
mortality including quadriplegia and death.1–4 The incidence 
of CI in the trauma population is 3.7 to 6.2%.3,5 Therefore, 
cervical spine immobilization is used liberally in trauma 
patients to prevent further neurological damage until CI can 
be ruled out.6–9 However, cervical collars have associated mor-
bidities including pressure ulcers, pain, and increased intracra-
nial pressure.10–17 Additionally, cervical spine immobilization 
limits early mobility and increases patient care demands.

Cervical spine collar clearance algorithms for blunt trauma 
include physical examination for the awake and alert patient 
as defined by the NEXUS study. Computed tomography 

(CT) imaging is recommended for patients who are not alert, 
have midline cervical tenderness or neurological deficits, or 
who were injured with a dangerous mechanism.18–20 For the 
obtunded patient with a normal CT of the spine, evidence var-
ies on the necessity of magnetic resonance imaging (MRI).21–23

Burn patients represent a subset of the trauma population 
that require 40,000 hospitalizations per year in the United 
States.24 Although CIs have been extensively studied in the 
trauma population as a whole, minimal literature exists on CIs 
specifically in burn patients, including the appropriate criteria 
for placement and removal of collars. We hypothesized that 
the incidence of CI in burn patients is lower than published 
rates in trauma patients and that the mechanism of injury is a 
significant predictor for the presence of CI.

METHODS

Study Design and Population
A retrospective cohort was created using the National Trauma 
Data Bank (NTDB) research datasets from 2007 to 2012, 
which was the most recent data available at the time of IRB 
approval. The NTDB is the world’s largest trauma data 
repository compiled by voluntary data submission.25 This 
data set allowed for an appropriate sample size to study the 
uncommon event of CI in burn patients, a specific subset 
of the trauma population. The cohort was comprised of all 
patients with burns based on ICD-9 diagnosis codes 940–
949, which included all patients who were admitted, trans-
ferred to a trauma center, or who died due to traumatic injury. 
CI was designated based on diagnosis codes 805, 806, 839, 
and 952. Demographic and predictor variables included age, 
gender, injury severity score (ISS), and mechanism of injury, 

From the *Department of Surgery, Division of Burn Surgery, University of 
California, Davis, California; †Shriners Hospital for Children – Northern 
California, Sacramento, California

Meeting Presentation: Presented at the meeting of the American Burn 
Association, Chicago, Illinois, April 2018. 

Conflict of interest statement. No authors report conflicts of interest.

This work and all authors were supported by the US Army Medical Research 
Acquisition Activity (USAMRAA) Award # W81XWH-10-1-0527, Grant 
number 09180005. J.A.C. was supported by the National Center for Research 
Resources (NIH) Award #UL1RR024146, grant number T32HS022236 
from the Agency for Healthcare Research and Quality (AHRQ) through 
the Quality, Safety, and Comparative Effectiveness Training (QSCERT) 
Program, UC Davis. J.A.C. and L.A.G. were supported by the National 
Center for Advancing Translational Sciences; NIH, Grant #TR000002 and 
award number UL1 TR001860. The content is solely the responsibility of the 
authors and does not necessarily represent the official views of the NIH.

Address correspondence to Laura A. Galganski, MD, Shriners Hospital for 
Children Northern California, Sacramento, 2425 Stockton Blvd, Suite 718, 
Sacramento, CA 95817. Email: lgalganski@ucdavis.edu

© American Burn Association 2019. All rights reserved. For permissions, please 
e-mail: journals.permissions@oup.com.

doi:10.1093/jbcr/irz022

mailto:lgalganski@ucdavis.edu?subject=


	 Journal of Burn Care & Research
264    Galganski et al	 May/June 2019

which were categorized into subsets by ecodes. “Motor vehi-
cle injury” included injuries sustained by transport as a vehicle 
occupant, pedestrian, cyclist, or other unspecified relationship 
to a vehicle. “Explosion” included injuries due to an explosion 
or explosives. “Hot object/substance,” “Fire/flame,” and 
“Fall” were each already defined by ecodes in the data set. The 
mechanism of “Other” was comprised of the ecode for “other, 
specified” and all remaining mechanisms comprising less than 
1% of the patients. Outcome variables included mortality dur-
ing hospitalization, ventilator days, intensive care unit (ICU) 
days, and length of stay (days) as reported in the data set. 
Patients with ventilator days and ICU days listed as “not 
applicable” were assigned a value of zero. Following identifi-
cation of 119,692 patients with a burn injury, those with miss-
ing ISS (n = 3,042; 2.5%), ventilator days (n = 10,810; 9.0%), 
ICU days (n  =  10,195; 8.5%), or length of stay (n  =  243, 
0.2%) were excluded from the analysis (Figure 1). This cohort 
study was reported according to the STROBE guidelines.26 
IRB approval was granted for this project by the University of 
California, Davis (IRB #678228-2).

Statistical Analysis
Analysis was performed using SAS version 9.4 (SAS Institute 
Inc., Cary, NC). Continuous variables were reported as medi-
ans with interquartile ranges, and categorical variables were 
reported as percentages. For predictor and outcome variables, 
the Wilcoxon rank sum test was used to compare continuous 
variables, and the chi-squared test was used for categorical 
variables. A P value less than .05 was considered statistically 
significant.

A logistic regression was performed for the outcome of CI 
using variables defined by entry into the model as a P value 
less than .1 and to stay in the model as a P value less than 
.05. Odds ratios for mechanism of injury used “Hot object/
substance” as the reference category. ISS was included in the 
model as it met the above criteria, though up to 36 points 
of the ISS may be attributed to a neck injury. However, the 
results were minimally changed with removal of ISS from the 
model, so the variable was left in place. A receiver–operator 
curve was created for the final predictive model of CI, which 
included three predictor variables: mechanism of injury, age, 
and ISS.

Unadjusted mortality rates were compared using the chi-
squared test. Logistic regression was performed to determine 
the adjusted odds of mortality with CI using age, ISS, and 
mechanism of injury as the variables for risk stratification.

RESULTS

Incidence
A total of 94,964 patients with burns were identified, 745 of 
whom had a CI. The incidence of CI was 0.79%.

Demographics
The median age of patients with CI was higher than those 
without injury (39 with CI vs 31  years, P < .0001). Males 
comprised the majority of all patients (70.2%) and had sig-
nificantly higher rates of CI compared with females (0.86% 
males with CI vs 0.62% females with CI, P < .002). Median 

ISS was higher in patients with CI (22.0 with CI vs 1.0, P 
< .0001; Table 1). Of the 745 patients with CI, the major-
ity were caused by motor vehicle accidents (72.1%) and falls 
(9.8%; Figure 2). The incidence of CI in each subset was 
8.47% with “motor vehicle injury,” 6.34% with “fall,” 0.08% 
with “fire/flame,” 0.03% with “hot object/substance,” 0.15% 
with “explosion,” and 0.88% with “other.”

Logistic Regression
Mechanism of injury, age, and ISS were all significant pre-
dictors of CI. Gender was not a significant predictor of CI. 
Compared with injury due to “hot object/substance,” the 
subsets of “explosion,” “falls,” “motor vehicle injury,” and 
“other” had significantly higher odds of CI (Table 2). Notably, 
injury due to motor vehicle injury had 109 times higher odds 
of CI compared with “hot object/substance” (95% CI: 61.2–
195.3). The odds of CI were not significantly different from 
those with “fire/flame” injury compared with those with 
“hot object/substance” injury (OR 1.2, 95% CI: 0.6–2.3). 
For every year increase in age, there were 1.02 higher odds of 
CI (95% CI: 1.01–1.02). For each point increase in ISS, there 
were 1.05 higher odds of CI (95% CI: 1.05–1.06).

The overall regression model including mechanism of in-
jury, age, and ISS was highly predictive of CI. The AUC for 
this model was 0.96 (Figure 3).

Outcomes
The unadjusted mortality rate with CI was significantly higher 
than without CI (10.3% vs 2.9%, P < .001). Patients with 
CI had a higher number of ventilator days (1 vs 0) and ICU 
days (4 vs 0) and a longer length of stay (12 vs 2 days) com-
pared with those without injury (Table 3). When adjusted 
for age, ISS, and mechanism of injury, CI was no longer an 

119,692 Records of pa�ents with burn injury 
retrieved from the NTDB
15,576 2007
18,107 2008
19,488 2009
21,480 2010
22,344 2011
22,697 2012

95,402 Records with burn injury
745 with cervical spine injury
94,219 without cervical spine injury

24,290 Excluded for missing data
3,042 Missing ISS
10,195 Missing ICU
243 Missing LOS
10,810 Missing Ven�lator Days

438 Excluded for AGE < 0

Figure 1. Study flow diagram. The retrospective cohort of all patients 
with burn injury from 2007 to 2012 National Trauma Data Bank 
(NTDB). Records were excluded for missing data and inaccurate age.
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independent predictor of mortality with odds ratio of 1.07 
(95% CI: 0.80–1.43, P =  .67). Age, ISS, and mechanism of 
injury were each independently associated with higher risk of 
mortality (Table 4). Fire/flame burns and explosions had the 
highest odds of mortality: 2.67 (95% CI: 2.26–3.14) and 2.23 
(95% CI: 1.79–2.77), respectively.

DISCUSSION

The incidence of CI in burn patients is 0.79%, which is lower 
than in the general trauma population. This lower incidence 
is largely a result of the different mechanism of injury in the 

burn patient. Blunt trauma comprises the majority of inju-
ries in the general trauma population compared with only 
15% in this study’s burn population. Injury by motor vehi-
cle has the highest odds of CI, consistent with the general 

Table 1. Patient characteristics by cervical spinal injury

Without Cervical  
Spine Injury

Cervical  
Spine Injury

Patients (n) 94,219 745
Gender (% male) 70.2 76.6
Age* 32 (13–49) 39 (25–53)
Injury Severity Score* 1 (1–5) 22 (14–33)

Seven hundred forty-five patients with cervical spine injury were significantly 
older and had higher injury severity scores (P < .002).
*Median (interquartile range), P < .002.

1.34

9.8
4.03 1.61

72.08

11.1

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

Explosion Fall Fire/flame Hot object/
substance

Motor Vehicle Other

seirujnI
enipSlacivreCfotnecreP

Mechanism of Cervical Spine Injury

Figure 2. Mechanism of injury. Motor vehicle injury was the most 
common mechanism associated with cervical spine injury, followed by 
other, fall, fire/flame, hot object/substance, and explosion.

Table 2. Odds ratios for cervical spinal injury

Predictor Odds Ratio 95% Confidence Interval

Mechanism of Injury
  Hot object/substance ref
  Fire/Flame 1.2 0.6–2.3
  Explosion 2.4* 1.0–5.5
  Fall 87.8* 47.0–164.0
  Motor Vehicle 109.4* 61.2–195.3
  Other Mechanism 17.9* 9.4–33.9
Age 1.02* 1.01–1.02
Injury Severity Score 1.05* 1.05–1.06

Age, injury severity score, and mechanism of injury were significant predictors 
of cervical spine injury. Explosion, falls, motor vehicle injury, and other had 
significantly higher odds of CI compared with injury due to hot object/sub-
stance (P < .05).
ref = reference variable, *P ≤ .05.

Figure 3. Predictive model of cervical spine injury. Receiver–operator 
curve has area under the curve = 0.96.

Table 3. Unadjusted outcomes in patients with and without 
cervical spine injury

Without Cervical  
Spine Injury

Cervical Spine  
Injury

Ventilator Days 0 (0–0) 1 (1–1)*
Intensive Care Unit Days 0 (0–0) 4 (0–13)*
Length of Stay 2 (1–7) 12 (4–23)*
  median (interquartile range), *P < .001
Mortality Rate 2.9 10.3*

Patients with cervical spine injury had significantly worse outcomes than those 
without injury.
percent, *P < .001.

Table 4. Adjusted mortality outcomes

Predictor Odds Ratio 95% Confidence Interval

Cervical Spine Injury 1.07 0.80–1.43
Mechanism of Injury   
  Hot object/substance ref  
  Fire/Flame 2.67* 2.26–3.15
  Explosion 2.23* 1.79–2.77
  Fall 1.55* 1.10–2.16
  Motor Vehicle 1.30* 1.04–1.62
  Other Mechanism 1.90* 1.44–2.50
Age 1.05* 1.04–1.05
Injury Severity Score 1.10* 1.10–1.11

Following adjustment for mechanism of injury, injury severity score, and age, 
cervical spine injury is no longer an independent predictor of mortality.
ref = reference variable, *P ≤ .05.
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trauma literature.3 Despite a complex mechanism including 
blast injury, penetrating fragments, and blunt trauma, explo-
sions had a lower incidence of CI at 0.15% than the overall 
incidence in burn patients. This was lower than previously 
published civilian explosion CI rate of 0.83%, where CI were 
largely due to penetrating injuries.27

Despite the low incidence, CI in burn patients had a signifi-
cant impact on outcomes, including higher ventilator days and 
longer length of stay. The mortality rate in burn patients with 
CI was 10.3%, which was higher than previously reported rate in 
general trauma patients at 6.6%.3 However, when the outcome of 
mortality was adjusted for additional variables including ISS and 
mechanism of injury, this increase in mortality for those with CI 
is no longer apparent. In burn patients, higher rates of mortality 
in those with CI result from the mechanism and severity of injury.

Increasing age was a significant independent risk factor 
for CI. Previous studies have shown that patients with CI are 
significantly older than those without CI; however, this was 
not an independent risk factor in multivariable analysis.3 This 
difference in our study is likely a result of including the pedi-
atric population, which has a lower incidence of CI ranging 
from 0.98 to 1.2%.28,29 Given worse outcomes with CI in the 
elderly population, age remains an important risk factor to 
consider in a burn patient.1,30

Clinical examination following trauma allows for rapid 
assessment of CI in the alert patient who is able to par-
ticipate in the examination. Although traditionally per-
formed once the patient is evaluated in the trauma bay, 
new research suggests that prehospital clinical clearance of 
the cervical spine by trained emergency medical responders 
is safe.31,32 Implementation of prehospital clinical cervical 
spine clearance may lead to decreased transit time to the 
ED and may improve patient comfort. Prehospital evalua-
tion has not been studied specifically in the burned trauma 
population, but given the low incidence, especially when 
unrelated to motor vehicle injury, prehospital clearance 
may benefit these patients.

However, the rate of CI is higher in obtunded patients, and 
these patients are at risk for prolonged spine immobilization 
if their clinical stability or respiratory status is poor.5 Severely 
burned patients are at risk for prolonged spine immobiliza-
tion if standard trauma cervical spine clearance protocols are 
used since they require clinical evaluation or MRI.21 CT scans 
are accurate and reliable to identify clinically significant CI 
in intoxicated or obtunded trauma patients.23,33–38 Combined 
with the low incidence of CI in patients with burns, the nega-
tive predictive value of CT scans in this population would be 
even higher.

Based on the results of this study and previous literature, we 
propose a cervical collar clearance algorithm for burn patients 
(≥20% total body surface area burn) presenting with immo-
bilization (Figure 4). Patients able to be examined should be 
cleared according to NEXUS criteria. Patients that cannot 
be examined due to mental status or intubation and patients 
with neurological symptoms should undergo CT of the cer-
vical spine. Although the rates of CI for mechanisms other 
than motor vehicle injury are extremely low, we recommend 
CT of the spine for patients who cannot be examined because 
these patients have an increased risk of CI.5 If the CT scan is 
negative for injury in patients injured by typical burn mecha-
nisms of fire, flame, or scald, the immobilization collar may 
be removed. No further examination nor MRI is needed with 
a negative CT in these patients based on its negative predic-
tive value in burn patients.23,33–38 However, the rate of CI was 
8.47% in patients with a motor vehicle injury, including pedes-
trians, and 6.34% for patients who fell. Because of higher rates 
of CI in these subgroups, physicians should consider MRI to 
evaluate for bony or ligamentous injury in patients who are 
unable to participate in a physical examination. Although we 
plan to implement this protocol at our institution, we want to 
emphasize that this algorithm has not yet been validated with 
a prospective study.

Cervical spine protocols were initiated to protect trauma 
patients at risk for unidentified cervical spine fractures. Burn 
injury is indeed a form of trauma, and CI should always be 

Pa�ent with significant burn injury 
(≥ 20% Total Body Surface Area)
arrives to ED with cervical collar

A�empt to clear collar 
per NEXUS criteria

Perform computed tomography (CT) 
scan of cervical spine

Pa�ent can be 
examined

Pa�ent cannot be examined   
(obtunded, intubated) 

or has neurologic 
symptoms 

Remove cervical immobiliza�on collar

Pa�ent is cleared 
based on NEXUS criteria

Nega�ve 
CT scan

Consult/referral to spine specialist

Posi�ve
CT scan

Unable to clear 

based on NEXUS criteria

Assess mechanism 
of injury

Consider MRI

Nega�ve MRI Posi�ve MRI

MVC, Fall, 
pedestrian

Fire, flame, 
scald, explosion

Figure 4. Algorithm for cervical spine clearance in burn patients. Patients able to be examined should be cleared according to NEXUS criteria. 
Patients that cannot be examined due to mental status or intubation and patients with neurological symptoms should undergo computed tomog-
raphy of the cervical spine. MRI should be performed based on the mechanism of injury.
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considered during initial management. The results of a ret-
rospective study should never be used as the sole mechanism 
for changing a protocol. However, burn injury is unlike other 
traumatic injuries in that the mechanism of the burn may not 
be consistent with a CI. For example, a patient with a grease 
scald burn on the hand and face has virtually no chance of a 
cervical spine fracture. Application of the collar would create 
more risk (ie, pressure ulcer or burn wound compression). 
However, if the patient with the grease burn falls and strikes 
the head, cervical spine immobilization is indeed appropri-
ate. We advocate for application of cervical spine precautions 
in burn patients involved with higher risk injuries, including 
motor vehicle accidents and falls. For other forms of burn 
injury, a careful assessment of CI risk should be performed, 
and if any suggestion of risk remains, the cervical spine should 
be immobilized and evaluated. However, if no risk is present, 
cervical spine immobilization may not be in the patient’s best 
interest.

Limitations of this study are related to inherent shortcom-
ings in the databank and its retrospective nature. The NTDB 
is comprised primarily from patients at Level I and II trauma 
centers and is therefore not fully representative of all trauma 
patients. These trauma centers are likely to have higher acuity 
patients than an emergency department evaluating all levels 
of severity of injury. Like all data sets, missing data may affect 
analysis. In this cohort, missing data were less than 10% in all 
variables used, but totaled 20.2%. The NTDB does not pro-
vide details on CT or MRI imaging to determine the rates at 
which they were obtained in this population. Furthermore, 
this retrospective cohort did not include patient information 
on percent total body surface area (TBSA) involved, so we 
were unable to determine its relation to CI. Additionally, 
without TBSA our interpretation is limited for patients in-
jured by motor vehicles or falls as the burn injury may be a 
small percentage of the injury. Finally, the incidence of CI may 
be higher than we describe in this study since coding for CI 
is historically underreported.39 The results of this study have 
intrinsic limitations because of its retrospective design. We 
acknowledge that incorporation of the findings into practice 
may be problematic since this is a single, retrospective study.

CONCLUSION

In this single, retrospective study, the incidence of CI in burn 
patients is low at 0.79%, especially when due to fire, flame, 
or scalds. Mechanism of injury, age, and ISS are independent 
predictors of CI.
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