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Abstract

Background: Motor vehicle collision (MVC) is a leading cause of accidental death in children. Despite effective forms of
child safety restraint (eg, car seat and booster seat), studies demonstrate poor compliance with guidelines. The goal of
this study was to delineate injury patterns, imaging usage, and potential demographic disparities associated with child
restraint use following MVC.

Methods: A retrospective review of the North Carolina Trauma Registry was performed to determine demographic
factors and outcomes associated with improper restraint of children (0-8 years) involved in MVC from 2013 to 2018.
Bivariate analysis was performed by the appropriateness of restraint. Multivariable Poisson regression identified de-
mographic factors for the relative risk of inappropriate restraint.

Results: Inappropriately restrained patients were older (5.1 years v. 3.6 yrs, P <.001) and weighed more (44.1 Ibs v. 35.3 Ibs,
P <.001). A higher proportion of African American (56.9% v. 39.3%, P <.001) and Medicaid (52.2% v. 39.0%, P < .001) patients
were inappropriately restrained. Multivariable Poisson regression showed that African American patients (RR 1.43), Asian
patients (RR 1.51), and Medicaid payor status (RR 1.25) were associated with a higher risk of inappropriate restraint. In-
appropriately restrained patients had a longer length of stay, but injury severity score and mortality were no different.

Discussion: African American children, Asian children, and Medicaid insurance payor status patients had an increased risk of
inappropriate restraint use in MVC. This study describes unequal restraint patterns in children, which suggests opportunity for
targeted patient education and necessitates research to further delineate the underlying etiology of these differences.
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Key Takeaways children in the United States.' ™ Specifically, MVC is the
second most common cause of accidental death among
children 0 to 4 years of age and the leading cause of
accidental death among children 5 to 9 years of age.”® To
reduce morbidity and mortality of children involved in
MVCs, children under 8 years of age should be positioned

¢ Inappropriate restraint of children involved in
motor vehicle collisions remains a significant
public health issue.

¢ This study describes unequal restraint patterns in
children by age, race, and insurance payor status.
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in the rear seat and secured using a supplemental restraint
such as a car seat or a booster seat.” There is evidence that
supplemental restraint use decreases mortality of children
involved in MVC.51° Furthermore, car and booster seat
use reduces injury severity following MVC.'"!?

Unfortunately, studies have demonstrated relatively
poor compliance with established restraint guidelines
for children.'® In addition, studies have identified de-
mographic disparities in appropriate restraint use in
children.'*™!” There are limited data evaluating the re-
lationship between socioeconomic factors and impact on
the likelihood of appropriate restraint in children. To date,
studies have shown that African American children,
Hispanic children, and patients with Medicaid payor
status may be at the highest risk for inappropriate re-
straint.'®'” However, there are significant gaps in the
literature regarding socioeconomic risk factors for in-
appropriate restraint use in children. For example, there is
only one study that controls for insurance payor status
when determining race as a risk factor for inappropriate
restraint.'” There are potential confounding socioeco-
nomic variables that have not been considered by prior
studies. A more nuanced review of available data is
needed.

The primary objective of this study was to delineate
potential demographic disparities in restraint use by
children following MVC. The secondary objectives of this
study were to assess the impact of restraint status on injury
severity, patterns of imaging and procedures, and patient
outcomes including mortality.

Methods

A retrospective review of the North Carolina Trauma
Registry was performed to determine demographic factors
and outcomes of children involved in MVC. The registry
includes data from 17 trauma centers across the state,
comprising 6 level I, 3 level II, and 8 level III trauma
centers.

Database records of all children 0 to 8 years of age
involved in MVC between 2013 and 2018 were re-
viewed. Patients were excluded if restraint status was
missing in the trauma registry. Appropriateness of
restraint was determined according to state law. In
North Carolina, children younger than § years must be
secured with a supplemental safety restraint (eg, car
seat and booster seat) unless they are greater than
80 1bs. When a child’s age and weight permit 2 po-
tential types of supplemental restraint, best practice
often dictates restraint with the most conservative
device. However, a child may legally be restrained with
a given restraint type when they meet either the age or
weight minimum for said restraint. Therefore, patients
were considered appropriately restrained if they met
either the minimum age or weight requirement for

a given restraint. The coding schema for determining
appropriate and inappropriate restraint is included in
Table 1.

The database was queried for demographic charac-
teristics including patient age, weight, sex, race, ethnicity,
and payor status. Race was categorized as White, African
American, Asian, and other. Ethnicity was categorized as
Hispanic/Latinx or non-Hispanic/Latinx. Payor status was
categorized as private, Medicaid, self-pay, CHAMPUS
(Civilian Health and Medical Program of the Uniformed
Services), or auto.

The database was also queried for outcomes including
injury severity score (ISS), Glasgow Coma Scale (GCS)
on arrival, the necessity of cardiopulmonary support,
transfusion requirement during hospitalization, length of
stay (LOS), and mortality. Imaging patterns, including the
use of X-ray, ultrasound, computed tomography (CT), and
magnetic resonance imaging (MRI), were also assessed.
Finally, patients’ procedural requirements were assessed
by procedure location, including those performed on the
head, face, neck, chest, abdomen, extremity, spine, and
skin.

Statistical Analysis

Univariate analysis was performed to evaluate data dis-
tribution and missing values in the database. The registry
had less than 7% data missing in all included variables.
Bivariate analysis was performed by the appropriateness
of restraint, utilizing > for categorical variables and
Kruskal-Wallis for non-normally distributed continuous
variables.

Multivariate Poisson regression was performed to
determine the patient characteristics affecting the relative
risk of being inappropriately restrained. 4 priori, race,
ethnicity, and insurance status were included in the model.
All patient demographics and characteristics were in-
cluded a priori or not significant on bivariate analysis. No
other covariates were included in the model after bivariate
analysis. A backward elimination approach was utilized to
reduce error and improve precision (narrowing of con-
fidence intervals) in the model. No independent variables
were removed.

This study was approved by the institutional review
board at the University of North Carolina School of
Medicine, Chapel Hill, North Carolina.

Results

The database query returned 1582 patients under 8 years
of age involved in MVCs from 2013 to 2018. Of these
patients, 1476 (93%) had a documented restraint status.
There were 748 (50.7%) and 728 (49.3%) male and fe-
male patients, respectively. The median age and weight of
patients were 4.2 years (IQR 2.3-6.2) and 39.2 pounds
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Table |I. Appropriate Restraint Type by Age and Weight.

Age and Weight categories

Appropriate Restraint Type

Age 0-.99 years
OR
Weight <20 Ibs

Child car seat
Infant car seat

Age 1.0-3.99 years
OR
Weight 20.0-39.9 Ibs

Child car seat
Infant car seat

Age 4.0-7.99 years
OR
Weight 40-79.9 Ibs

Child booster seat
Child car seat
Infant car seat

Age <8 years
AND
Weight 80+ Ibs

Seatbelt (lap and shoulder, lap only)

*lnappropriate restraint type regardless of age and weight—no restraint, shoulder-only seatbelt, non-secure child seat, truck bed.

Table 2. Patient Demographics and Characteristics by Appropriateness of Restraint.

Overall Appropriate Restraint  Inappropriate Restraint
(n = 1476) (n =774, 52.4%) (n =702, 47.6%) P-Value

Age: Median (IQR) 4.2 (2.3-6.2) 3.6 (1.5-5.3) 5.1 (3.2-6.8) <.001

Weight: Median (IQR) 39.7 (28.7-51.6) 35.3 (25.5-45.9) 44.1 (33.1-55.1) <.001

Sex: n (%) 0.7
Male 748 (50.7) 396 (52.9) 352 (47.1)

Female 728 (49.3) 378 (51.9) 350 (48.1)

Race: n (%) <.001
White 672 (46.3) 408 (60.7) 264 (39.3)

African American 492 (33.9) 212 (43.1) 280 (56.9)
Asian 19 (1.3) 8 (42.1) 11 (57.9)
Other 269 (18.5) 133 (49.4) 136 (50.6)

Ethnicity: n (%) .09
Hispanic/Latinx 199 (13.7) 93 (46.7) 106 (53.5)
Non-Hispanic/Latinx 1252 (86.3) 666 (53.2) 586 (46.8)

Insurance payer: n (%) <.001
Private 343 (23.3) 205 (61.0) 131 (39.0)

Medicaid 802 (54.5) 376 (47.8) 410 (52.2)
Self-pay 147 (10.0) 74 (51.4) 70 (48.6)
CHAMPUS (US Military) 15 (1.1) 12 (80.0) 3 (20.0)
Auto insurance 190 (11.1) 103 (54.2) 87 (45.8)

Agelweight category: n (%) <.001
Age 0-.99 years OR weight <20 Ibs 144 (9.8) 107 (74.3) 37 (25.7)

Age 1.0-3.99 years OR weight 20.0-39.9 Ibs 509 (34.5) 302 (59.3) 207 (40.7)
Age 4.0-7.99 years OR weight 40-79.9 |bs 776 (52.6) 336 (43.3) 440 (56.7)
Age <8 years AND weight 80+ Ibs 47 3.2) 29 (61.7) 18 (38.3)

(IQR 28.7-51.6), respectively. Most patients were White
(n =672, 46.3%) or African American (n = 492, 33.9%),
and 13.7% (n = 199) of patients were Hispanic/Latinx.
Most patients had Medicaid insurance (n = 802, 54.5%),
followed by those with private insurance (n =343, 23.3%)
(Table 2).

There was no difference in proportion of males and
females who were appropriately restrained (n = 396,
52.9% v. n = 378, 51.9%, P = .7). However, there was
a difference based on age and weight. Inappropriately
restrained patients were older (5.1 yrs, IQR 3.2-6.8 v.
3.6 yrs, IQR 1.5-53, P < .001) and weighed more
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Table 3. Poisson Regression for Showing Relative Risk of Being Inappropriately Restrained.
Relative Risk 95% Confidence Interval P-Value
Race
White Ref — —
African American 1.43 1.26-1.61 <.001
Asian 1.51 1.02-2.22 .04
Other I.16 .9-1.44 0.2
Hispanic/Latinx 1.16 .93-1.45 0.2
Insurance payer
Private insurance Ref — —
Medicaid 1.25 1.08-1.45 .004
Self-pay .14 92-1.41 0.2
CHAMPUS 47 A7-1.33 0.2
Auto .12 92-1.37 0.2

(44.1 1bs, IQR 33.1-55.1 v. 35.3 Ibs, IQR 25.5-45.9, P <
.001). A higher proportion of African American children
were inappropriately restrained than White children (n =
280, 56.9% v. n = 264, 39.3%, P < .001). In addition,
a higher proportion of patients with Medicaid insurance
were inappropriately restrained than patients with private
insurance (n =410, 52.2% v.n= 131, 39.0%, P <.001). A
similar proportion of Hispanic/Latinx and non-Hispanic/
Latinx patients were appropriately restrained (n = 93,
46.7% v. n = 666, 53.2%, P = .09) (Table 2).

On multivariate Poisson regression, African American
patients (RR 1.43, 95% CI 1.26-1.61, P < .001), Asian
patients (RR 1.51, 95% CI 1.02-2.22, P = .04), and
Medicaid payor status (RR 1.25, 95% CI 1.08-1.45, P =
.004) were associated with a higher risk of inappropriate
restraint. Hispanic/Latinx patients did not have a higher
risk of inappropriate restraint than the reference pop-
ulation (RR 1.16, 95% CI 0.93-1.45, P = .2) (Table 3).

When outcomes of appropriately restrained patients
were compared to those who were inappropriately re-
strained, there was no difference in ISS (4, IQR 1-10, v. 5
IQR 1-10, P .08). In addition, when ISS was stratified by
severity, there was no difference between appropriately
and inappropriately restrained patients (P = .29). There
was no difference in use of cardiopulmonary support (n =
57, 7.4% v. 59, 8.4%, P = .5) or transfusion requirement
(n =35, 4.5% v. n =29, 5.6%, P = .4) between appro-
priately restrained and inappropriately restrained patients.
Notably, inappropriately restrained patients had a longer
LOS (1 day, IQR 1-2 v. 1 day, IQR 1-3, P <.001). There
was no difference in mortality between the groups (n =23,
3.0% v. n = 23, 3.3%, P =.7) (Table 4).

Finally, imaging patterns and procedure requirements
were compared between patient groups. Overall, 353
(23.9%) children underwent at least one X-ray, 558
(37.8%) underwent an ultrasound, 885 (60.0%) un-
derwent a CT scan, and 108 (7.3%) underwent MRIL
Imaging patterns were not different between appropriately

restrained and inappropriately restrained children. A
similar proportion of appropriately and inappropriately
restrained children underwent X-ray (n =176, 22.7% v.n=
177,25.2%, n=.3), ultrasound (n =287, 37.1% v.n=271,
38.6%, n=.5), CT scan (n =461, 59.6% v. n =424, 60.4%,
P =.7), and MRI (n = 51, 6.6% v. n =57, 8.1%, P = .3).
Procedure requirements by location were also similar
between groups. Overall, 58 (3.9%) children underwent at
least one procedure for a head injury, 36 (2.4%) for chest
injury, 82 (5.6%) for abdominal injury, 187 (12.7%) for
extremity injury, and 31 (2.1%) for spinal injury. There
was no statistically significant difference between the
groups in procedures required by location (Table 4).

Discussion

This study demonstrates that only 52% of pediatric
patients aged 0-8 years who presented to the emergency
room following MVC were appropriately restrained.
This is consistent with recently reported frequencies of
restraint use among pediatric patients presenting to care
following MVC.""'® It is alarming that only 52% of
patients under 8 years of age who presented to care were
appropriately restrained. Inappropriate restraint of
children in motor vehicles remains a significant public
health issue.

In terms of patient characteristics, a lower proportion
of older children and heavier children were appropri-
ately restrained. Of the considered age cohorts, children
between the ages of 4 and 8 were most likely to be
inappropriately restrained. This group of children
should typically be secured using a booster seat. It has
been demonstrated that children of this age cohort are at
particularly high risk for inappropriate restraint, and our
study supports these data.'® This finding is likely due to
the underutilization of child booster seats and pre-
mature transition from booster seat to three-point re-
straint among this age group. The findings support that
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Table 4. Patient Outcomes, Imaging Patterns, and Procedure Requirements by Appropriate and Inappropriate Restraint.

Overall Appropriate Restraint Inappropriate Restraint
(n = 1476) (n =774, 52.4%) (n =702, 47.6%) P-Value

Injury severity score: Median (IQR) 4 (1-10) 4 (1-10) 5 (1-10) .08
Injury severity score categories: n (%) 29

-8 894 (65.9) 452 (67.1) 442 (64.7)

9-15 271 (20.0) 139 (20.6) 132 (19.3)

16-24 121 (8.9) 52 (7.7) 69 (10.1)

>24 71 (5.2) 31 (4.6) 40 (5.9)
Glasgow Coma Scale: Median (IQR) 15 (1-15) I5 (15-15) I5 (15-15) .005
Imaging: n (%)

X-ray 353 (23.9) 176 (22.7) 177 (25.2) 0.3

Ultrasound 558 (37.8) 287 (37.1) 271 (38.6) 0.5

Computed tomography 885 (60.0) 461 (59.6) 424 (60.4) 0.7

MRI 108 (7.3) 51 (6.6) 57 (8.1) 0.3
Procedure location: n (%)

Head 58 (3.9) 25 (3.2) 33 (4.7) 0.1

Face 63 (4.3) 29 (3.8) 34 (4.8) 0.3

Neck 102 (6.9) 52 (6.7) 50 (7.1) 0.8

Chest 36 (2.4) 20 (2.6) 16 (2.3) 0.7

Abdomen 82 (5.6) 42 (54) 40 (4.7) 0.8

Extremity 187 (12.7) 103 (13.3) 84 (12.0) 0.4

Spine 31 (2.0) 14 (1.8) 17 (2.4) 0.4

Skin 257 (17.4) 128 (16.5) 129 (18.4) 0.4
Cardiopulmonary support: n (%) 116 (7.9) 57 (7.4) 59 (8.4) 0.5
Transfusion: n (%) 74 (5.0) 35 (4.5) 29 (5.6) 04
Length of hospital stay (days): Median (IQR) I (1-1) 1 (1-2) 1 (1-3) <.001
Died: n (%) 46 (3.1) 23 (3.0) 23 (3.3) 0.7

this age group continues to be an important subset of
children for which targeted caretaker education is
needed.

Socioeconomic factors including race, ethnicity, and
insurance payor status were considered to delineate po-
tential differences in restraint use. Regression analysis
demonstrates that African American children, Asian
children, and Medicaid insurance payor status patients
had an increased risk of inappropriate restraint use. This
study does not demonstrate increased risk of inappropriate
restraint in Hispanic/Latinx children, which may dispute
prior research identifying Hispanic children at increased
risk for inappropriate restraint.'*

These findings are notable for a variety of reasons.
Firstly, prior studies have evaluated restraint use by
demographic characteristics and found African Amer-
ican and Hispanic children to be inappropriately re-
strained at higher frequencies than White children.'*'*
However, only one study (Rangel et al) has controlled
for payor status when determining race or ethnicity as
a risk factor for inappropriate restraint.'” This repre-
sents a significant knowledge gap regarding restraint
use in children as insurance payor status may confound
the effect of race on restraint use. The results of this

study more thoroughly characterize these differences
than prior studies. Secondly, the authors do not propose
that race, ethnicity, and payor status alone explain
observed differences in restraint use in children. The
authors strongly suspect that there are other variables
that also impact restraint use that are not included in
publicly available databases. These may include
household income, education level, primary language
of caretaker, urban or rural residence, and access to
regular pediatric well-care. Interestingly, a recently
published study that interviewed women with children
aged 4 to 7 used mediation analysis to determine that
self-reported (caregiver) seat belt use, marital status,
and education level may partially explain the effect of
race on child restraint use.'® However, these factors are
yet to be systematically evaluated in large-scale ob-
servational studies. Thirdly, the findings of this study
emphasize the need for further research and more robust
data collection on the topic of child restraint use. The
authors suggest that variables such as household in-
come and education level of caretaker be added to
trauma databases as these are unstudied variables that
may impact current understanding of the impact of race
and ethnicity on restraint use.
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To the authors’ knowledge, this study is the first to
compare imaging patterns between appropriately and
inappropriately restrained children. There was no differ-
ence in proportion of children who received at least one
X-ray, ultrasound, CT scan, or MRI between groups.
Notably, only 24% of children received an X-ray while
60% of children received CT scan. The infrequent use of
X-ray was surprising given the emphasis of X-ray as
a first-line diagnostic modality in pediatric trauma algo-
rithms, particularly for chest trauma.'®*° These findings
suggest that restraint status does not impact imaging
utilization in children following MVC. The authors
suspect that factors such as loss of consciousness, physical
exam findings, vital sign abnormalities, and overall acuity
of patient (as reflected by ISS) are more likely to dictate
a provider’s use of imaging in the trauma setting.

We hypothesized that appropriately retrained pa-
tients would have decreased mortality and ISS, as
previous studies have demonstrated decreased mor-
tality, ISS, and LOS with appropriate restraint
use.® 1416 However, ISS and mortality were not
different between appropriately and inappropriately
restrained children. Length of stay was shorter for
appropriately restrained patients. In terms of ISS, most
patients included in this study suffered only mild injury
with a median ISS of 4. Only 6 of the 17 hospitals
included were level I pediatric trauma centers, so the
acuity of patients in the cohort will likely be lower than
studies performed at level I trauma centers alone. It is
possible that our study is underpowered to detect dif-
ferences in ISS based on the appropriateness of restraint
given the relatively small proportion of severely injured
patients. Our study also detected no difference in
mortality. A study utilizing the National Trauma Da-
tabase detected no difference in mortality between
appropriately and inappropriately restrained children.
Their findings suggest that restraint use is most pro-
tective at the scene.' The data utilized for our study do
not include patients who died at the scene of the ac-
cident, and thus the findings may not detect the full
protective benefit of restraint use.

There are several limitations to the study. The NCTR
does not report rear-facing vs forward-facing car seats but
instead reports infant car seat and child car seat. Thus,
patients who require a car seat (age 0 to 3.99 years or
weight <40 1bs) were considered appropriately restrained
if any car seat (whether infant or child car seat) was noted.
It was not possible to determine if a patient was rear or
forward facing, which is an important component of
appropriate restraint status for young children. Although
this work does expand on what is currently known re-
garding demographic risk factors for inappropriate re-
straint in children, the database did not collect certain
variables which could confound findings. For example,
this study does not control for household income,

education level, primary language of the caretaker, urban
or rural residence, and access to regular pediatric well-
care. It is possible that these unmeasured variables also
impact risk for inappropriate restraint in children. In
addition, the study population is generated from patients
presenting to the emergency department for evaluation.
Thus, the findings may underestimate overall restraint use
and overestimate the degree of injury severity to children
involved in motor vehicle collisions. Further, it is possible
that unrestrained passengers are more frequently trans-
ported to the emergency room simply because they were
unrestrained and not due to their observed injuries. Fi-
nally, the study does not include patients who died at the
scene of the accident and may underestimate the pro-
tective benefit of restraint use.

This study demonstrates poor compliance to estab-
lished restraint guidelines for children presenting to care
following MVC. African American children, Asian
children, and children with Medicaid insurance are at an
increased risk for inappropriate restraint. Length of
hospital stay was longer for inappropriately restrained
patients, but mortality was not different. There is a need
for additional large-scale observational studies and bol-
stering of current pediatric databases to include socio-
economic variables such as household income, education
level and primary language of caretaker, and access to
regular pediatric well-care.
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