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Background  
Seatbelts and age-appropriate restraints reduce crash-related injuries, but associations 
with specific pediatric traumatic brain injury (TBI) outcomes require further 
characterization. 

Objective  
To examine associations between documented seatbelt use, TBI severity, head computed 
tomography (CT) findings, and hospital admission after pediatric motor vehicle 
collisions. 

Methods  
This retrospective study reviewed trauma registry and medical record data from a Level I 
pediatric trauma center. Of 179 collision-related cases identified among 1,095 pediatric 
trauma records, 138 had documented seatbelt status. Categorical outcomes were 
compared using chi-square and exact tests. A multivariable logistic regression examined 
hospital admission in 96 complete cases. 

Results  
ED TBI severity was available for 97 patients: 74 mild, 6 moderate, and 17 severe. 
Seatbelt use was not significantly associated with severity (P = .098). Among 107 patients 
with available CT results, abnormal findings occurred in 17/56 (30.4%) with seatbelt use 
and 25/51 (49.0%) without seatbelt use (Pearson P = .048; Fisher exact P = .074). The 
prehospital Glasgow Coma Scale comparison was not significant (P = .075). Loss of 
consciousness and transfer status were associated with higher adjusted odds of hospital 
admission, whereas higher ED Glasgow Coma Scale scores were associated with lower 
odds. 

Conclusion  
Abnormal CT findings were less frequent with seatbelt use, ED TBI severity did not differ 
significantly. Missing data, limited sample size, and unmeasured crash characteristics 
constrain causal interpretation. 

INTRODUCTION 

Traumatic brain injury (TBI) in childhood can affect cog
nition, behavior, and educational functioning beyond the 
initial injury, making prevention and follow-up important 
components of pediatric trauma care.1 Motor vehicle col
lisions expose children to direct impacts and acceleration-
deceleration forces that can produce head injury alongside 
spinal, thoracoabdominal, and extremity injuries.2 Evalu
ating neurologic outcomes within pediatric trauma cohorts 
can therefore complement broader assessments of injury 
burden. 

Seatbelts reduce injury among pediatric crash occu
pants, although protection depends on appropriate re
straint selection and use.3,4 Contemporary child passenger 
safety literature emphasizes the continued problems of re
straint misuse and premature transitions between restraint 
types.5 Studies of restraint selection and crash testing 
demonstrate why a binary record of seatbelt use cannot es
tablish correct installation, appropriate fit, or suitability for 
a child’s size.6,7 Registry research also distinguishes appro
priate restraint from restraint use alone, an important dif
ference when interpreting retrospective clinical data.8 

Prior studies have examined TBI-specific outcomes. 
Jandhyala and colleagues studied 169 children aged 5–17 
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years and reported associations between lack of seatbelt 
use and greater TBI severity, admission, and CT abnormali
ties.9 An adult collision cohort likewise reported less favor
able neurologic and hospital outcomes among unbelted oc
cupants.10 Nichols and colleagues identified lack of seatbelt 
use, loss of consciousness, and alcohol consumption as pre
dictors of greater TBI severity in adults after collisions.11 

These studies support examining multiple outcomes while 
recognizing differences in age, case selection, and available 
covariates. 

Clinical severity and structural imaging findings describe 
different aspects of TBI. In children aged 0–4 years, An
balagan and colleagues associated lower pediatric Glasgow 
Coma Scale (GCS) scores and traffic-related mechanisms 
with abnormal CT findings.12 Adult studies demonstrate 
that patients classified as having mild TBI, including those 
with GCS scores of 15, can nevertheless have CT abnormali
ties.13,14 The present study evaluated associations between 
documented seatbelt use and ED TBI severity, head CT find
ings, neurologic presentation, and hospital admission in a 
pediatric collision cohort. 

MATERIALS AND METHODS 

ETHICAL CONSIDERATIONS 

This study was approved by the Institutional Review Board 
(IRB) through expedited review with a Health Insurance 
Portability and Accountability Act (HIPAA) waiver (study 
#1882011). 

STUDY DESIGN AND POPULATION 

This retrospective study used trauma registry and elec
tronic medical record data from a Level I pediatric trauma 
center. Among 1,095 pediatric trauma records, 179 involved 
motor vehicle collisions. Patients with noncollision mech
anisms were excluded. Of the 179 collision-related cases, 
41 had unknown or missing seatbelt status, leaving 138 pa
tients in the analytic cohort. Analysis-specific denomina
tors depended on availability of each outcome (Figure 1). 

VARIABLES AND OUTCOMES 

The exposure was documented seatbelt use, categorized as 
used or not used. This variable did not distinguish restraint 
type, correct fit, installation, or age appropriateness. Ab
stracted variables included age, sex, prehospital and ED 
GCS scores, loss of consciousness, transfer status, CT find
ings, hospital admission, ICU admission, and disposition. 
ED TBI severity categories were derived from the recorded 
ED GCS: mild (13–15), moderate (9–12), and severe (3–8). 
Two stored severity labels conflicted with the numeric GCS 
and were reconciled using the recorded score; the compo
nent scores agreed with the numeric totals in both cases. 

The primary comparison was the distribution of ED TBI 
severity by seatbelt status. Secondary comparisons included 
abnormal head CT findings and prehospital neurologic sta
tus. Hospital and ICU admission were summarized by sever
ity category. An abnormal CT was defined by its classifi

cation in the recorded imaging results; this outcome was 
analyzed separately from GCS-based severity. 

STATISTICAL ANALYSIS 

Original analyses were performed in JMP and indepen
dently recomputed from the patient-level dataset using 
Python and SciPy 1.17. Head CT findings were compared us
ing Pearson’s chi-square test without continuity correction, 
with Fisher’s exact test as a sensitivity analysis. Prehospi
tal GCS was compared using Welch’s two-sample t test. All 
tests were two-sided with a nominal P < .05 threshold; no 
multiplicity adjustment was applied. Analyses used avail
able observations without imputation. 

Multivariable binary logistic regression evaluated hospi
tal admission using the original covariates: age, sex, seat
belt use, loss-of-consciousness category, transfer status, 
and ED GCS. Age and GCS entered as linear continuous 
terms; loss of consciousness entered as a three-level cat
egorical variable. The model included 96 complete cases, 
of whom 52 were admitted. Adjusted odds ratios (aORs) 
and profile-likelihood 95% confidence intervals (CIs) are re
ported. The model was exploratory and was not validated as 
a prediction tool. 

RESULTS 

COHORT AND AVAILABLE OUTCOMES 

Of 179 collision-related cases, 138 (77.1%) had documented 
seatbelt status. The 138 patients were aged 0–17 years (me
dian, 14; interquartile range, 8–16); 68 (49.3%) were 
recorded as male. Seatbelts were documented as used in 
76 patients and not used in 62. ED TBI severity was avail
able for 97 patients: 74 had mild, 6 moderate, and 17 severe 
TBI. Severity data were unavailable for 41 patients. Head 
CT was recorded as performed in 108 patients; results were 
available for 107, including 65 normal and 42 abnormal re
sults. Thirty patients had no recorded CT performed and 
one scanned patient lacked a recorded result. Overall, 63/
138 patients (45.7%) were admitted to the hospital and 75/
138 (54.3%) were discharged from the ED. Figure 1 summa
rizes cohort selection and outcome availability. 

SEATBELT STATUS AND NEUROLOGIC FINDINGS 

Seatbelt use was not significantly associated with ED TBI 
severity (P = .098). Among patients with available ED GCS, 
the mild/moderate/severe counts were 43/3/5 with seatbelt 
use (n = 51) and 31/3/12 without seatbelt use (n = 46). 
Among patients with available CT results, abnormal find
ings occurred in 17/56 (30.4%) with seatbelt use and 25/
51 (49.0%) without seatbelt use (Pearson P = .048; Fisher 
exact sensitivity analysis P = .074). Corresponding propor
tions with normal CT results were 39/56 (69.6%) and 26/51 
(51.0%) (Figure 2). 

Prehospital GCS was available for 80 patients. Mean (SD) 
scores were 13.68 (3.20) with seatbelt use (n = 41) and 12.15 
(4.26) without seatbelt use (n = 39); the Welch t-test com
parison was not statistically significant (P = .075). 
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Figure 1. Cohort selection and analysis-specific     
availability. The CT, severity, disposition, and       
regression groups are overlapping subsets of the        
138-patient analytic cohort. Of 31 patients without CT         
results, 30 had no recorded CT performed and one          
lacked a result after imaging.      

Figure 2. Head CT findings by documented seatbelt use        
among 107 patients with available results. Percentages        
use the group-specific denominators shown. Pearson       
chi-square P = .048.     

FACTORS ASSOCIATED WITH HOSPITAL ADMISSION 

In the complete-case multivariable model (n = 96), the loss-
of-consciousness category 1 versus 0 contrast was associ
ated with higher odds of admission (aOR, 6.14; 95% CI, 
1.70–27.12), as was transfer status (aOR, 8.40; 95% CI, 
1.69–55.69). Each one-point increase in ED GCS was asso
ciated with lower odds of admission (aOR, 0.46; 95% CI, 
0.16–0.74). Seatbelt use was not independently associated 
with admission in this model (aOR, 1.42; 95% CI, 
0.47–4.44). Figure 3 presents all model estimates. 

ADMISSION BY ED TBI SEVERITY 

All patients with moderate TBI (6/6, 100%) and severe TBI 
(17/17, 100%) were admitted, compared with 30/74 (40.5%) 

Figure 3. Multivariable associations with hospital     
admission in 96 complete cases. Points show adjusted         
odds ratios and horizontal lines show profile-      
likelihood 95% confidence intervals. Numeric category       
contrasts retain the source data coding. The dashed         
line represents an odds ratio of 1.        

Figure 4. Hospital and ICU admission by ED TBI        
severity. Each label displays the percentage and        
numerator/denominator. ICU denominators exclude     
patients with missing ICU status; hospital admission        
denominators include all 138 patients.      

with mild TBI. ICU admission occurred in 5/6 (83.3%) with 
moderate TBI, 16/17 (94.1%) with severe TBI, and 3/67 
(4.5%) with mild TBI and known ICU status. Among pa
tients with unavailable severity data, 10/41 (24.4%) were 
admitted to the hospital and 2/38 (5.3%) with known ICU 
status were admitted to the ICU (Figure 4). ICU status was 
missing for 7 patients with mild TBI and 3 with unavailable 
severity data. 

DISCUSSION 

INTERPRETATION OF THE SEATBELT ASSOCIATIONS 

Documented seatbelt use was associated with a lower pro
portion of abnormal head CT findings, while comparisons 
of ED TBI severity and prehospital GCS did not reach statis
tical significance. The distinction matters: the data support 
an association with the recorded imaging outcome, not a 
uniform improvement across all measures of neurologic in
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jury. The CT result crossed the significance threshold with 
Pearson’s test but not Fisher’s exact test and should be in
terpreted cautiously in the context of several comparisons, 
incomplete data, and an observational design. 

The imaging association is directionally consistent with 
adult and pediatric collision studies.9‑11 However, the pre
sent severity comparison was nonsignificant. Differences in 
age distribution, cohort selection, missing values, and an
alytic methods may contribute to differences between re
ports. Prior studies should not be treated as directly inter
changeable populations. The small numbers of moderate 
and severe injuries also limit precision; a nonsignificant re
sult does not establish that seatbelt use has no association 
with severity. 

Crash characteristics remain potential confounders. 
Hillary and colleagues found that collision configuration 
was related to TBI severity, while the pediatric injury lit
erature emphasizes passenger position and restraint char
acteristics.2,15 The present binary seatbelt variable cannot 
distinguish a correctly fitted restraint from inappropriate 
or incorrect use. Restraint selection, installation, and oc
cupant positioning therefore remain relevant even when a 
child is documented as belted.6,7 

CLINICAL SEVERITY AND IMAGING 

GCS-based severity and CT findings should be interpreted 
together. Ganti and colleagues described structural abnor
malities and adverse acute outcomes in an adult cohort pre
senting with GCS 15, while Vasista and colleagues iden
tified clinical features associated with CT abnormalities 
among adults with mild TBI.13,14 Anbalagan and colleagues 
demonstrated age-specific clinical and imaging relation
ships in very young children.12 These studies provide con
text for the different associations observed here, but do 
not validate a pediatric imaging rule derived from seatbelt 
status. Imaging decisions should follow validated pediatric 
risk assessment and clinical evaluation, rather than re
straint status alone.16 

ADMISSION AND RECOVERY 

Loss of consciousness, transfer status, and lower ED GCS 
were associated with hospital admission in the exploratory 
model. The relationship between loss of consciousness and 
admission is compatible with prior studies.12,13 Transfer 
status may also reflect referral practices, available re
sources, and selection of patients perceived to require 
higher-level care, as discussed in research on regional pe
diatric trauma transfers.17 It should not be interpreted as 
a causal determinant of admission independent of those 
processes. 

The adjusted seatbelt estimate for hospital admission 
was imprecise and did not demonstrate an independent as
sociation. Moreover, ED GCS and loss of consciousness may 
lie on pathways between collision forces and admission. A 
model that conditions on these injury manifestations does 
not necessarily estimate the total effect of seatbelt use. 
Hospital admission is also influenced by extracranial in

juries and clinical practice, so it is not a pure measure of 
brain injury severity. 

Acute imaging and disposition do not capture the full re
covery experience. Lumba-Brown and colleagues reported 
different symptom-recovery trajectories after pediatric col
lision-related concussion compared with other mecha
nisms.18 Ganti and colleagues’ prospective adult studies 
examined post-concussion symptoms and the prognostic 
value of early neurocognitive assessment, while their study 
of early ED returns demonstrated additional care needs af
ter initial discharge.19‑21 These adult findings cannot be 
assumed to apply quantitatively to children, but they re
inforce the value of incorporating validated pediatric symp
tom measures, school functioning, and follow-up into fu
ture studies. 

INJURY PREVENTION IMPLICATIONS 

The results are consistent with continued counseling about 
appropriate restraints, but this study did not test an edu
cational intervention. Stead and colleagues identified gaps 
in concussion knowledge among middle school students, il
lustrating the need for age-appropriate injury education.22 

Pediatric trauma research by Elkbuli and colleagues also 
emphasizes parent and driver education about restraint 
use.23 Clinical encounters can support counseling and re
ferral for child passenger safety assessment; current CDC 
guidance emphasizes restraints appropriate to age and size 
and access to trained child passenger safety technicians.24 

Education should accompany practical attention to correct 
use and access, rather than relying on knowledge alone.5,8 

LIMITATIONS 

This retrospective, single-center study depends on the 
completeness and accuracy of clinical documentation. Se
lection from a trauma-center cohort limits generalizability 
to all children involved in crashes, including those with no 
injury, those treated elsewhere, and those who do not reach 
hospital. Exclusion of 41 patients with unknown or miss
ing seatbelt status may introduce selection bias. Additional 
missing severity, imaging, and ICU data produced different 
analytic samples, and the regression was limited to 96 com
plete cases. Reasons for missing clinical variables were not 
established, and CT availability also reflected imaging se
lection. Because imaging was not obtained in every patient, 
the CT analysis may be affected by selection bias. 

The moderate and severe TBI groups were small, and 
several regression confidence intervals were wide. Multiple 
outcomes were examined without multiplicity adjustment, 
making the borderline CT association particularly uncer
tain. No adjusted model for abnormal CT findings was pre
sented, and the study cannot distinguish the effects of seat
belt use from unmeasured collision speed, direction of 
impact, seating position, ejection, airbags, correct restraint 
use, or associated injuries. Normal CT findings do not ex
clude concussion, and the recorded abnormal-CT category 
does not establish clinically important TBI. Finally, no lon
gitudinal cognitive, functional, or quality-of-life outcomes 
were evaluated. 
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CONCLUSION 

Among pediatric collision patients with documented seat
belt status, abnormal head CT findings were less frequent 
with seatbelt use. Differences in ED TBI severity and pre
hospital GCS were not statistically significant. Loss of con
sciousness, transfer status, and lower ED GCS were asso
ciated with hospital admission in the exploratory model; 
seatbelt use was not independently associated with admis

sion. These findings support further study of specific neu
rologic outcomes while reinforcing established recommen
dations for correctly used, age-appropriate restraints. 
Larger studies with complete crash information and longi
tudinal follow-up are needed to clarify the observed associ
ations. 
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