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ORIGINAL ARTICLE
Variation in pediatric cervical spine imaging across trauma
centers—A cause for concern?
Roxanne Massoumi, MD, Joseph Wertz, AB, Tuyen Duong, BS,
Chi-Hon Tseng, MS, PhD, and Howard Chung-Hao Jen, MD, MS, Los Angeles, California
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raumatic pediatric cervical spine injury can be challenging to diagnose, and the clinical algorithms meant to aid physicians differ
from adult trauma protocols. Despite the existence of standardized guidelines, imaging decisions may vary according to physician
education, subjective assessment, and experience with pediatric trauma patients. Our study investigates the rates of pediatric post-
traumatic cervical spine imaging across trauma centers, hypothesizing that more specialized centers will have lower rates of ad-
vanced cervical spine imaging.
METHODS: T
he 2015 to 2016 Trauma Quality Improvement Program databasewas reviewed for patients younger than 18 years- to assess rates
of cervical spine imaging on presentation across different trauma centers. Propensity stratification logistic regression was per-
formed controlling for patient- and center-specific variables. p Values less than 0.05 were considered significant.
RESULTS: O
f 110,769 pediatric trauma patients, 35.2% were female, and the average age was 9.6 years. Overall, 3.6% had cervical spine
computed tomography (CT) and less than 1% had cervical spine MRI or X-ray. Compared with all others, Level I trauma centers
were significantly less likely to use cervical spine CT for the initial evaluation of younger (≤14 years) but not older trauma patients
(adjusted odds ratio [AOR], 0.89; 95% confidence interval [CI], 0.80–0.99; AOR, 0.97; 95% CI, 0.87–1.09); Level I centers had
higher odds of cervical spine MRI use, but only for patients 14 years or younger (AOR, 1.63; 95% CI, 1.09–2.44).
Pediatric-designated trauma centers had significantly lower odds of cervical spine CT (≤14 years: AOR, 0.70; 95% CI,
0.63–0.78; >14 years: AOR, 0.67; 95% CI, 0.67–0.75) and higher odds of cervical spine X-ray (≤14 years: AOR, 4.75; 95%
CI, 3.55–6.36; >14 years: AOR, 4.50; 95% CI, 2.72–7.45) for all ages, but higher odds of cervical spine MRI for younger patients
only (≤14 years: AOR, 2.10; 95% CI, 1.38–3.21).
CONCLUSION: L
evel I and pediatric designations were associated with lower rates of cervical spine CT. Pediatric centers were also more likely to
use cervical spine X-ray. This variability of imaging use further supports the need to disseminate and educate providers on
pediatric-specific cervical spine evaluation guidelines. (J Trauma Acute Care Surg. 2021;91: 641–648. Copyright © 2021 The Author
(s). Published by Wolters Kluwer Health, Inc. on behalf of the American Association for the Surgery of Trauma.)
LEVEL OF EVIDENCE: P
rognostic and epidemiological, level III.

KEYWORDS: T
raumatic cervical spine injury; pediatric trauma; cervical spine imaging; variations of care.
T raumatic cervical spine injury (CSI) is a devastating condi-
tion associated with substantial morbidity and mortality.

Prompt, accurate evaluation of patients with possible or
suspected CSI is crucial. For pediatric trauma patients this obli-
gation holds even more true. As a result, there is a greater sense
of urgency to diagnose these injuries in children. This may lead
to increased advanced cervical spine imaging, which is
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associated with heightened risks for the pediatric population,
as well as substantial healthcare costs, that trauma providers
must consider when caring for seriously injured children.

Effectively diagnosing CSI in pediatric trauma patients is
complicated by a variety of factors and can be challenging for
providers. For one, pediatric CSI is relatively rare and estimated
to occur in less than 2% of all pediatric trauma patients, com-
pared with 2% to 4% of adult trauma patients.1–4 Hence, even
the busiest trauma providers are unlikely to have frequent expo-
sure to pediatric CSI. Moreover, as the cervical spine anatomy is
not “mature” until 8 years to 10 years of age, CSI presentations
not only vary between pediatric and adult patients but also
within the pediatric population.5,6 Differing head-to-body ratios,
ligamentous laxity, incomplete ossification, muscle strength,
and vertebral morphology (e.g., facet orientation), among other
biomechanical and anatomic factors, partially explain why CSIs
move caudally with increasing age (i.e., patients <8 tend to have
upper CSI while patients >8 have lower CSI).1,5–8 Further, pro-
pensity for different mechanisms of injury also contributes to
varying CSI presentations. Motor vehicle accidents (MVAs)
are responsible for most pediatric CSI in general, but infants
and toddlers are uniquely susceptible to nonaccidental trauma,
and sport injuries are responsible for a roughly equal share of
641
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CSI in older adolescents. In contrast, adult CSI is most often as-
sociated with MVAs or falls.8,9 Lastly, young age also often
lends to barriers in communication, resulting in an unreliable
history and a further complicated physical examination.10 Even
for older children with more advanced language skills, examina-
tion findings may be confounded by high levels of anxiety and
fear of their surroundings and the situation.10

As a result of the aforementioned complexities and differ-
ences between pediatric and adult CSI, the validated
imaging-decision algorithms created for adults are not reliably
applicable to children.11–13 Thus, pediatric-specific algorithms
have been developed to guide imaging for this unique patient
population.6,10,13–18 However, there remain variations in prac-
tice. This discrepancy is exacerbated by the fact that children
present to trauma centers staffed by both adult and/or dedicated
pediatric providers; some providers at adult centers might use
adult algorithms in the context of pediatric trauma cases, espe-
cially if the child is older. Missing or misdiagnosing a pediatric
CSI can have grave neurological consequences and there has
thus been a trend toward overimaging even at specialized,
pediatric-capable centers, which can lead to unnecessary radia-
tion exposure, increased hospital costs and, in some instances,
a need for sedation.4–6,10,15,19,20 Accordingly, the goal of our
study is to accurately quantify the difference in imaging rates af-
ter controlling for several patient, presentation, and trauma cen-
ter factors. Our study assesses variations in cervical spine
imaging at trauma centers across the United States for pediatric
trauma victims. We hypothesized that more specialized centers
would have lower rates of advanced cervical spine imaging, such
as cervical spine computed tomography scan or cervical spine
magnetic resonance imaging.

PATIENTS AND METHODS

Data Source and Study Population
The UCLA Institutional Review Board (IRB 19-000831)

exempted this study. A retrospective review was performed of
the 2015 and 2016American College of Surgeons TraumaQual-
ity Improvement Program (ACS TQIP) participant use file for
all included patients younger than 18 years who presented to a
trauma center after injury. The ACS TQIP database consists of
an annual collection of quality data from over 850 participating
US trauma centers of all levels.21 The accompanying participant
use file contains deidentified data for research and quality im-
provement purposes.

Study Variables
Our primary outcomeswere the performance of any cervi-

cal spine imaging within 24 hours of presentation, including cer-
vical spine computed tomography (cervical spine CT), cervical
spine magnetic resonance imaging (cervical spine MRI), and/
or cervical spine radiography (cervical spine X-ray). Imaging
performance data were extracted from the database using DRG
International Classification of Diseases—10th Rev.—Clinical
Modification codes: BR20ZZZ, BR201ZZ, BR200ZZ, and
BR20YZZ for cervical spine CT; BR30ZZZ, BR30Y0Z, and
BR30YZZ for cervical spine MRI, and BR00ZZZ and BR00ZZ1
for cervical spine X-Ray. Independent variables included hospital
trauma level (labeled as I, II, or III/IV/other/not reported,
642 © 2021 The Author(s). Published by Wolters Kluwer Health,
according to either state or ACS designation) and pediatric spe-
cialty center status. Additional variables were also extracted, in-
cluding patient age and sex, region of the country, injury
severity (including Injury Severity Score [ISS] and Abbreviated
Injury Severity Scale), Glascow Coma Scale (GCS), vital signs,
method of injury, presence of a confounding comorbidity, and
whether the presentation immediately followed an injury (initial
presentation) or corresponded to an interfacility transfer. Vital
signs were dichotomized as either normal or abnormal based on
the patient’s age group. The method of injury was categorized ac-
cording to DRG International Classification of Diseases—10th
Rev.—Clinical Modification codes as either a fall, gunshot
wound, other penetrating injury, MVA, pedestrian versus motor
vehicle (peds vs. MVA), cycling injury, motorcycle accident,
sport related injury, other blunt injury, crush accident, child abuse,
explosion, animal bite, burn, environmental accident, boating ac-
cident, drowning/suffocation, poison or “other.” Comorbidities
controlled for included those that may confound a physician’s de-
cision to obtain imaging, namely the presence of an attention
deficit/hyperactivity disorder, any major psychiatric illness,
congenital anomalies, functionally dependent health status,
bleeding disorder, history of cerebrovascular accident, demen-
tia, drug, alcohol or steroid use.

Statistical Analysis
Univariate analyses to compare patient demographics,

presentation characteristics, and cervical spine imaging utiliza-
tion by trauma level and pediatric specialty designation were
performed using Pearson χ2 tests and analysis of variance. Pro-
pensity stratification logistic regression was used for adjusted
comparisons of cervical spine imaging used by trauma center
characteristics. For these multivariate analyses, we first dichoto-
mized our data according to the age of the patient (14 years and
younger; older than 14 years). We further restricted both subsets
to include only those patients who were presenting to a trauma
center immediately following injury; that is, observations corre-
sponding to presentation following interfacility transfer were ex-
cluded. A flow diagram is provided to show final participant
inclusion. Next, we calculated for both age subsets, using multi-
variable logistic regression, four probabilities of presentation:
(1) to any Level I trauma center (vs. any other center), (2) to
any pediatric-only designated center (vs. any adult center), and
(3) to a pediatric-only Level I trauma center (vs. adult Level I).
Each model (six in total) incorporated GCS score, method of in-
jury, ISS, region of country, sex and race of patient, presence of
comorbid conditions, and vital signs. Cases missing any of these
covariates were excluded. Note that whereas the use of five strata
has previously been considered standard of practice, current re-
search suggests that meaningful reductions in bias can be
achieved using upwards of 12.22,23 Accordingly, we iteratively
compared the balance of models (with up to 12 strata) using
the reported standardized mean differences; we selected the
smallest model to have all standardized mean differences of
0.2 or less. Lastly, we used logistic regression weighted with
the appropriate stratification weights to estimate the marginal
treatment effect with regular robust standard errors.

All analyses were performed using R Statistical Comput-
ing (R Foundation for Statistical Computing, Vienna, Austria)
version 3.6.3.24 Odds ratios are reported along with 95%
Inc. on behalf of the American Association for the Surgery of Trauma.
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confidence intervals (95%CI). pValues less than 0.05 were con-
sidered statistically significant. Results are reported following
the STROBE (Strengthening the Reporting of Observational
Studies in Epidemiology) guidelines.25

RESULTS

Demographics and Basic Information
We identified 110,769 patients younger than 18 years who

presented to a trauma center after injury in the 2015 to 2016
ACS TQIP database. Table 1 shows that the average age was
9.6 years and 35.2% of patients were female. Compared with
TABLE 1. Demographics and Characteristics of Study Patients by Tra

Variables
All Trauma Centers

(N = 110,769)
Pe

Demographics

Age

Mean (SD) 9.64 (5.21%)

14 y and younger, n (col. %) 28,208 (25.47%) 9

Older than 14 y 82,561 (74.53%) 44

Sex

Male 71,743 (64.78%) 33

Race

White 71,411 (66.56%) 33

Black or African American 19,564 (18.23%) 10

Asian 2,016 (1.88%) 1

American Indian 1,245 (1.16%)

Native Hawaiian or Other Pacific Islander 318 (0.30%)

Other race 12,742 (11.88%) 6

Presence of comorbidity 10,466 (9.45%) 4

Region

Midwest 29,112 (26.36%) 14

Northeast 16,314 (14.77%) 8

South 47,706 (43.20%) 22

West 17,290 (15.66%) 6

Presentation

Initial 70,430 (63.60%) 27

Transfer 40,314 (36.40%) 26

Presence of abnormal vital signs 67,932 (61.33%) 31

GCS

15 90,096 (88.11%) 43

12–14 5,263 (5.15%) 2

8–11 1,809 (1.77%)

Below 8 5,086 (4.97%) 2

ISS

1–25 105,129 (96.51%) 50

26–50 3,549 (3.26%) 1

51–75 258 (0.24%)

Method of injury

Cycling 4,815 (4.35%) 2

Falls 30,959 (27.95%) 16

MVA 18,534 (16.73%) 7

Other 42,560 (38.42%) 20

Ped vs. MVA 4,272 (3.86%) 2

Sports 9,629 (8.69%) 4

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
those who presented to Adult-only Level I centers, children
who presented to Pediatric Level I centers after injury were
younger (mean age, 8.71 years vs. 10.89 years; p < 0.001) and
less likely to beWhite (64.23% vs. 66.46%; p < 0.001). A signif-
icantly higher proportion of children presenting to adult-only
Level I centers had confounding comorbidities compared with
those who presented to pediatric Level I or other level center
(12.75% (adult-only Level I) versus 8.84% (pediatric Level I)
and 8.41% (all others), p < 0.001). Similarly, a greater propor-
tion of patients presenting to adult-only Level I centers had ab-
normal vital signs upon presentation (63.03% [adult-only
Level I] vs. 59.98% [pediatric Level I] and 62.27% [all others],
uma Center Designation (N = 110,769)

diatric Level I
(n = 53,272)

Adult-Only Level I
(n = 21,716)

All Others
(n = 34,603) p

8.71 (4.98%) 10.89 (5.38%) 10.24 (5.19%) <0.001

,094 (17.07%) 8,362 (38.51%) 10,352 (29.92%) <0.001

,178 (82.93%) 13,354 (61.49%) 24,251 (70.08%)

,807 (63.47%) 14,412 (66.37%) 22,727 (65.69%) <0.001

,053 (64.23%) 13,968 (66.46%) 23,576 (70.02%) <0.001

,676 (20.75%) 4,101 (19.51%) 4,548 (13.51%)

,063 (2.07%) 379 (1.80%) 567 (1.68%)

370 (0.72%) 232 (1.10%) 631 (1.87%)

94 (0.18%) 37 (0.18%) 182 (0.54%)

,205 (12.06%) 2,299 (10.94%) 4,164 (12.37%)

,707 (8.84%) 2,769 (12.75%) 2,909 (8.41%) <0.001

,985 (28.16%) 4,533 (21.13%) 8,976 (25.94%) <0.001

,611 (16.18%) 4,178 (19.47%) 3,448 (9.96%)

,705 (42.67%) 9,439 (44.00%) 15,146 (43.77%)

,904 (12.98%) 3,304 (15.40%) 7,033 (20.32%)

,226 (51.11%) 14,509 (66.82%) 27,668 (80.01%) <0.001

,046 (48.89%) 7,206 (33.18%) 6,912 (19.99%)

,955 (59.98%) 13,687 (63.03%) 21,548 (62.27%) <0.001

,290 (89.13%) 17,460 (84.83%) 28,429 (88.71%) <0.001

,163 (4.45%) 1,291 (6.27%) 1,742 (5.44%)

811 (1.67%) 443 (2.15%) 529 (1.65%)

,305 (4.75%) 1,388 (6.74%) 1,347 (4.20%)

,678 (96.50%) 20,194 (94.97%) 33,116 (97.44%) <0.001

,714 (3.26%) 1,002 (4.71%) 804 (2.37%)

125 (0.24%) 68 (0.32%) 65 (0.19%)

,329 (4.37%) 853 (3.93%) 1,598 (4.62%) <0.001

,413 (30.81%) 4,590 (21.14%) 9,666 (27.93%)

,541 (14.16%) 4,756 (21.90%) 6,031 (17.43%)

,766 (38.98%) 8,848 (40.74%) 12,443 (35.96%)

,045 (3.84%) 1,002 (4.61%) 1,190 (3.44%)

,178 (7.84%) 1,667 (7.68%) 3,675 (10.62%)

of the American Association for the Surgery of Trauma. 643



TABLE 2. Cervical Spine Imaging Utilization by Trauma Center Designation

Variables Overall (N = 109,591) Pediatric Level I (n = 52,139) Adult-Only Level I (n = 21,716) All Others (n = 34,603) p

CS CT 3886 (3.55%) 1133 (2.13%) 1250 (5.76%) 1503 (4.34%) <0.001

CS MRI 414 (0.38%) 183 (0.34%) 111 (0.51%) 120 (0.35%) 0.002

CS X-Ray 843 (0.77%) 614 (1.15%) 53 (0.24%) 176 (0.51%) <0.001

Massoumi et al.
J Trauma Acute Care Surg

Volume 91, Number 4
p < 0.001). Lastly, pediatric Level I centers were more likely to
receive a patient as a transfer from another facility than any other
center (48.89% [pediatric Level I] vs. 33.18% [adult-only Level I]
vs. 19.99% [all others], p < 0.001) (Table 1).

Cervical Spine Imaging Utilization
Across all included trauma centers, cervical spine CT

scans were performed on 3.55% of children, while fewer than
1% of patients received either cervical spine MRI (0.38%) or
X-ray (0.77%) (Table 2). Although pediatric Level I trauma cen-
ters evaluated 2.4 times the number of patients as adult Level I
centers, and 1.5 times the number as all other trauma centers, pe-
diatric Level I trauma centers used cervical spine CT the least
(1133 [2.13%] vs. 1250 [5.76%] vs. 1503 [4.34%], respectively;
Table 2). Conversely, pediatric Level I centers had higher rates of
cervical spine X-ray at 1.15% of patients who presented, while
adult Level I centers X-rayed 0.24% and all other centers
Figure 1. Flowchart for inclusion in propensity stratification logistic r

644 © 2021 The Author(s). Published by Wolters Kluwer Health,
X-rayed 0.51% (Table 2). Adult Level I centers used cervical
spine MRI on the greatest proportion of patients (0.51%
vs. 0.34% (pediatric Level I) vs. 0.35% (all others), p < 0.001;
Table 2).

Adjusted Analyses Sample
Of the patients 14 years or younger, 49,402 were initial

presentations (59.8%; Fig. 1). Among these patients, 42,518
(86.1%) had complete information about the trauma center’s
level, and 43,117 (87.2%) had complete information regarding
the trauma center’s pediatric designation. Combined, 26,056
were eligible for analyses restricted to Level I trauma centers.
Of the patients older than 14 years, 21,028 were initial presenta-
tions (74.5%, Fig. 1). Of these, 18,806 (89.4%) had both a com-
plete set of covariates along with the level of the trauma center
they presented to, and 19,115 (90.9%) had a complete set of co-
variates and the trauma center’s pediatric designation. Ultimately,
egression analyses.

Inc. on behalf of the American Association for the Surgery of Trauma.
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10,794 patients older than 14 years were included in analyses re-
stricted to Level I centers.

Any Level I vs. All Others
In our multivariate analyses controlling for patient demo-

graphics, injury severity, and hospital level covariates, we found
that patients 14 years or younger, presenting to any Level I
trauma center had significantly decreased odds of cervical spine
CT (odds ratio [OR], 0.89; 95% confidence interval [95% CI],
0.80–0.99), and significantly increased odds of cervical spine
MRI (OR, 1.63; 95% CI, 1.09–2.44) and X-ray (OR, 2.10;
95% CI, 1.67–2.63) (Table 3). However, children older than
14 years only had significantly increased odds of cervical spine
X-ray (OR, 1.59; 95% CI, 1.05–2.42), while cervical spine CT
and X-ray utilization were equivocal (Table 3).

Pediatric Specialty Designation
Again adjusting for patient demographics, injury severity,

and hospital level covariates, our analyses showed that pediatric
specialty trauma centers were significantly less likely to perform
cervical spine CT scans on children 14 years or younger than
trauma centers without a pediatric specialty designation (OR,
0.70; 95% CI, 0.63–0.78) (Table 3). Pediatric specialty centers
were also significantly more likely to use cervical spine MRI
(OR, 2.10; 95% CI, 1.38–3.21) and cervical spine X-ray (OR,
4.75; 95% CI, 3.55–6.36) in this age group. For patients older
than 14 years, pediatric specialty centers were still significantly
less likely to use cervical spine CT (OR, 1.67; 95% CI,
0.60–0.75) and significantly more likely to use cervical spine
X-ray (OR, 4.50; 95% CI, 2.72–7.45]); however, pediatric and
nonpediatric specialty centers used MRI equally (Table 3).

In subanalyses comparing the effect of pediatric specialty
designation among Level I centers exclusively (i.e., pediatric
Level I vs. adult-only Level I), significant differences in cervical
spine imaging emerged. Pediatric Level I centers were signifi-
cantly less likely to use cervical spine CTand significantly more
likely to use cervical spine X-ray: a finding true for both the
younger (CT: OR, 0.53; 95% CI, 0.46–0.60; X-ray: OR, 4.27;
95% CI, 2.95–6.17) and older (CT: OR, 0.53; 95% CI,
0.45–0.61; X-ray: OR, 6.55; 95% CI, 3.05–14.07) pediatric pa-
tients (Table 3). However, cervical spineMRI usewas not signif-
icantly different for either age group.
TABLE 3. Adjusted ORs, Adjusted Using Propensity-Stratification, for

CT

OR (95% CI) p

Any Level I trauma center vs. all others

14 y and younger (n = 42,518) 0.89 (0.80–0.99) 0.034

Older than 14 y (n = 18,806) 0.97 (0.87–1.09) 0.647

Any pediatric designated trauma center vs. all others

14 y and Younger (n = 43,117) 0.70 (0.63–0.78) <0.001

Older than 14 years (n = 19,115) 0.67 (0.60–0.75) <0.001

Pediatric level i vs. adult level I

14 y and younger (n = 26,056) 0.53 (0.46–0.60) <0.001

Older than 14 y (n = 10,794) 0.53 (0.45–0.61) <0.001

*Immediately following injury; therefore, children who were presenting as a transfer from an

© 2021 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf
DISCUSSION

Our analyses showed that CSI practices at the time of ini-
tial pediatric trauma evaluation varied significantly according to
the patient’s age group and the trauma center’s ACS/state level
and pediatric capabilities. Our propensity adjusted analyses
showed that Level I trauma centers were significantly less likely
to use cervical spine CT imaging in the evaluation of younger
(≤14 years) but not older (>14 years) trauma patients when com-
pared with all other trauma centers. Conversely, Level I centers
were significantly more likely than all others to use cervical
spine X-ray in the evaluation of both younger and older pediatric
patients and cervical spine MRI in the evaluation of younger pa-
tients. In the evaluation of younger patients, centers with a pedi-
atric designation were significantly less likely to use cervical
spine CT and more likely to use both cervical spine MRI and
X-ray compared with nonpediatric centers. Similarly, these cen-
ters were significantly less likely to use cervical spine CT in the
evaluation of older pediatric trauma patients, but only used cer-
vical spine X-ray (and notMRI) significantly more often. To iso-
late the effect of level versus pediatric designation, we compared
pediatric Level I centers with nonpediatric Level I centers, find-
ing significantly less cervical spine CTutilization for both youn-
ger and older pediatric trauma patients by pediatric Level I
centers, as well as significantly more alternative imaging for
both age groups by these pediatric Level I centers (X-ray for
both younger and older, MRI for only younger patients).

Cervical spine injury is rare in the pediatric trauma patient
but also particularly difficult to diagnose and devastating when
missed. We found that less than 4% of pediatric trauma patients
included in the TQIP database received any cervical spine imag-
ing but that when it was performed, the most common modality
was a cervical spine CT. Despite validated protocols intended to
guide cervical spine imaging decisions in the care of pediatric
trauma patients, our findings substantiated the hypothesis that
there is persistent variation in the use of cervical spine imaging
in the initial evaluation of these children.4,6,10,13–18

Our findings should be contextualized with respect to the
established algorithms intended to guide clinicians toward the
best practice for initial cervical spine imaging of pediatric (and
adult) trauma patients. While a single gold standard does not ex-
ist, the American College of Radiology does release their
Cervical Spine Imaging by Age Group Upon Initial Presentation*

MRI X-ray

OR (95% CI) p OR (95% CI) p

1.63 (1.09–2.44) 0.017 2.10 (1.67–2.63) <0.001

0.99 (0.66–1.47) 0.949 1.59 (1.05–2.42) 0.030

2.10 (1.38–3.21) <0.001 4.75 (3.55–6.36) <0.001

1.27 (0.85–1.89) 0.240 4.50 (2.72–7.45) <0.001

0.94 (0.60–1.47) 0.777 4.27 (2.95–6.17) <0.001

0.69 (0.41–1.17) 0.165 6.55 (3.05–14.07) <0.001

other trauma center were excluded.

of the American Association for the Surgery of Trauma. 645
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annually updated Appropriateness Criteria for Suspected Spinal
Trauma in the Child.14 This comprehensive report, which re-
views the latest literature and draws upon the validated NEXUS,
PECARN, and Pierretti-Vanmarcke clinical decision rules, as
well as the expert opinion of a multidisciplinary panel when evi-
dence is lacking or conflicted, promulgates the appropriateness of
each imaging modality for various presenting characteristics of
trauma patients.12,14,15,17 Notably, plain radiography is the only
modality with a favorable risk-to-benefit ratio established for
nearly all clinical scenarios warranting cervical spine imaging.14

While cervical spine CT is the most sensitive and, hence,
preferred imaging modality for suspected adult CSI, its utility
for the pediatric population is debated.14,26 Pediatric trauma pa-
tients who are obtunded, experienced polytrauma, or were in-
jured by a high-risk mechanism are likely to benefit from
cervical spine CT.5 As older pediatric patients have cervical
spine anatomy, physiology, and biomechanics more similar to
adults, clinicians may opt more often for cervical spine CT in
these patients as well.5,27 It is important to note, however, that
negative cervical spine CT scans, like negative cervical spine
plain radiography, cannot exclude all cervical spine injuries. In
particular, spinal cord injury without radiographic abnormality
(SCIWORA) presents without fracture nor dislocation on both
radiography and CT, and is more common in pediatric patients,
particularly those younger than 8 years.28 Because of this, clini-
cians are urged to have a low threshold for cervical spine MRI
use—MRI’s superior soft tissue and bone visualization capabil-
ities are better suited for the cervical spine anatomy (e.g., liga-
mentous laxity) and injury patterns of the pediatric population;
indeed, MRI has the highest sensitivity and specificity for acute
pediatric CSI.5,6,14,15

Our study showed the cervical spine imaging practices of
specialized trauma centers (ACS and state designated Level I
and pediatric Level I) align more closely with the published al-
gorithms for pediatric cervical spine imaging (e.g., ACR Appro-
priateness Criteria) than do the practices of less specialized
trauma centers.5,11,14,15 These findings could imply that pro-
viders at specialized centers have greater familiarity with the
standardized imaging protocols. However, our findings still sug-
gest excess utilization of cervical spine CT regardless of trauma
level designation. For example, although pediatric Level I
trauma centers were four and a half times as likely to use cervical
spine radiography compared with all other trauma centers, per-
haps indicating a better appreciation for the utility of plain cervi-
cal spine x-ray, they were still about half as likely to utilize CT.
And, finally, despite MRI’s superior capabilities for detecting
and ruling out CSI in pediatric trauma patients, especially in
cases of SCIWORA, it was consistently the least frequently used
modality across all trauma centers.

Nonetheless, variability in imaging performance is to be
expected to a certain extent, and our findings should not be
interpreted as an indictment on inadequate guideline adherence.
Each of the published algorithms allow for subjective clinical as-
sessment, physician suspicion, and physician experience to fac-
tor into individual imaging decisions. Given the gravity of
missing CSI in children, physicians, especially those at less spe-
cialized centers who are also less accustomed to caring for pedi-
atric trauma patients, may be taking a “better safe than sorry”
diagnostic approach.4 Another important possibility to consider,
646 © 2021 The Author(s). Published by Wolters Kluwer Health,
especially in the context of older pediatric trauma patients, is that
providers might have been using adult cervical spine clearance
algorithms; and, unfortunately, it is likely that this issue persists
today. In 2016, Duane et al.29 published the findings from a de-
cade long study to determine the best practice for clearance of
the cervical spine in the setting of adult trauma patients meeting
the Center of Disease Control trauma team alert criteria. The au-
thors declared that any adult trauma patient meeting the Center
of Disease Control trauma team alert should undergo a CT scan
which captures the cervical spine. Hence, providers at adult
trauma centers today who immediately request cervical spine
CT scans for the initial evaluation of a pediatric trauma patients
might actually be following guidelines (in)appropriately because
they either lack familiarity with the pediatric specific protocols
or believe the pediatric patient is old enough to meet adult
criteria. Nonetheless, there are significant harms to such an ap-
proach, as children need to be treated differently than adults
for several reasons. Not only is cervical spine anatomy different
in children and adults (as previously discussed), the longer ex-
pected life span of children allows for a longer latency period
for the adverse effects of ionizing radiation to manifest.19,28

It is important to note, too, that actually performing cervi-
cal spine plain radiography in pediatric trauma care is challeng-
ing for several reasons, namely that it requires cooperation on
the part of the patient. Similarly, performing MRI is a compli-
cated, expensive procedure, and younger patients often require
sedation; furthermore, many centers might not have ready access
to MRI machines. Accordingly, some physicians may elect to
avoid these arduous processes and use cervical spine CT first
line. Again, however, taking such an approach has been shown
to be associated with increased harm, as cervical spine CT is not
only associated with greater radiation exposure and higher costs,
it may also yield false reassurance in cases of SCIWORA.19,28

Given the risks associated with advanced imaging in com-
bination with the fact that CSI is, in general, less common in
younger patients, our study supports that education on, and
greater dissemination of these standardized guidelines are des-
perately needed.1,2,5 Previous studies have shown that following
a protocol leads to a more judicious use of imaging with similar
outcomes.1,2,5,10 Our findings illustrate the extent to which var-
iation in cervical spine imaging practices exists across trauma
level designations and resource availability. Universally distrib-
uted algorithms and continuing education on their use are likely
to standardize care and reduce the variation observed in our
study.While CSI is a grave and serious condition, trauma centers
must work to minimize the cost and harms associated with ad-
vanced imaging modalities, especially CT.

Our study is subject to certain limitations similar to those
of prior studies using National Trauma Data Bank (NTDB)
TQIP data. For example, given that observations in retrospective
trauma studies are influenced by many factors including subjec-
tive clinical judgments, it possible that undocumented con-
founding factors persist beyond adjustment and bias results. To
address this, however, we controlled for several observed covar-
iates and used propensity stratification for multivariate regres-
sion adjustment. Propensity score models have become
increasingly popular in observational medical treatment studies
as they effectively and robustly reduce bias attributable to differ-
ential covariate distribution between the treatment groups.22,30
Inc. on behalf of the American Association for the Surgery of Trauma.
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Further, like other studies using NTDB TQIP data, our data are
subject to coding inaccuracies and nonrandom missingness.31–33

More, the NTDB TQIP is not a census of trauma centers in the
United States and likely disproportionately represents high vol-
ume and academic centers. While these three limitations are com-
mon to any project using the NTDB TQIP, previous authors have
taken varied approaches to limiting potential bias; our approach
excluding observations missing datawas not dissimilar to the ma-
jority of NTDB research published.33 Although imperfect, the
NTDB is the largest and most comprehensive trauma registry,
and as such it is best suited to compare trauma centers between
each other, particularly those designated Level I (95% of which
participate).33 Finally, our study lacked many clinical variables
and observations, such as subjective patient complaints. As such,
we could not apply published guidelines, such as the NEXUS,
PECARN, and Pierretti-Vanmarcke clinical decision rules, to in-
dividual observations to compare performance across trauma cen-
ters.12,15,17 However, the focus of our study was not to comment
on the quality of individual patient care at various trauma centers,
specifically in the context of CSI, but rather to explore how imag-
ing use varies by trauma center designation and pediatric capabil-
ities. As guidelines are revised, more widely distributed, and
familiarized by trauma providers at all centers, future studies
might reevaluate and compare cervical spine imaging utilization
to the baseline we have described herein.

In conclusion, despite validated clinical decision algo-
rithms promoting cervical spine X-ray as the preferred cervical
spine imaging modality for pediatric trauma patients with
suspected CSI, our study found that cervical spine CT remains
the most common cervical spine imaging modality in the care
of pediatric trauma patients. Level I trauma centers were signif-
icantly less likely to use CT and more likely to use X-ray for the
initial evaluation of younger but not older pediatric trauma pa-
tients. Pediatric specialty trauma centers were significantly less
likely to use cervical spine CT and more likely to use cervical
spine X-ray for pediatric patients of any age (also significantly
more likely to use MRI for younger patients.) Compared with
nonpediatric Level I centers, pediatric Level I centers were sig-
nificantly less likely to use CT and more likely to use X-ray
for the initial evaluation of both pediatric age groups, but no sig-
nificant differences were found for cervical spine MRI use. Bet-
ter dissemination of and education on appropriateness criteria
for evaluation of pediatric CSI may lead to improved outcomes
of pediatric spinal injury with decreased cost and radiation expo-
sure at a population level.
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