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ABSTRACT – Current recommendations for restraining child occupants are based on biomechanical testing and data from national 
and international field studies primarily conducted prior to 2011. We hypothesized that analysis to identify factors associated with 
pediatric injury in motor-vehicle crashes using a national database of more recent police-reported crashes in the United States 
involving children under age 13 where type of child restraint system (CRS) is recorded would support previous recommendations. 
Weighted data were extracted from the National Automotive Sampling System General Estimates System (NASS-GES) for crash 
years 2010 to 2015. Injury outcomes were grouped as CO (possible and no injury) or KAB (killed, incapacitating injury, non-
incapacitating injury). Restraint was characterized as optimal, suboptimal, or unrestrained based on current best practice 
recommendations. Analysis used survey methods to identify factors associated with injury. Factors with significant effect on 
pediatric injury risk include restraint type, child age, driver injury, driver alcohol use, seating position, and crash direction. 
Compared to children using optimal restraint, unrestrained children have 4.9 (13-year-old) to 5.6 (< 1-year-old) times higher odds 
of injury, while suboptimally restrained children have 1.1 (13-year-old) to 1.9 (< 1-year-old) times higher odds of injury. As 
indicated by the differences in odds ratios, effects of restraint type attenuate with age. Results support current best practice 
recommendations to use each stage of child restraint (rear-facing CRS, forward-facing harnessed CRS, belt-positioning booster 
seat, lap and shoulder belt) as long as possible before switching to the next step.  
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INTRODUCTION 

The number of pediatric fatalities from motor-vehicle 
crashes (MVC) has dropped substantially since 2000, 
with a total of 1021 child passengers under age 10 
killed in 2000 and 542 killed in 2015 (FARS 2017). A 
primary reason for this nearly 50% reduction in 
fatality count has been through the increased rate of 
age-appropriate child restraint use (Jones et al. 2017, 
Sauber-Schatz et al. 2014, Wolf et al. 2017), motivated 
largely by changes in child passenger safety laws and 
the accompanying consumer education and 
enforcement programs. Over this time period, all states 
have strengthened requirements of their child 
passenger protection laws (Bae et al. 2014, Klinich et 
al. 2016). Several studies have documented increases 
in child restraint use and decreases in pediatric injury 
or fatality rate after state laws were upgraded (Jones et 
al. 2017, Wolf et al. 2017, Eichelberger et al. 2012, 
Farmer et al. 2009, Mannix et al. 2012, Pressley et al. 
2009, Sun et al. 2010, Benedetti et al. 2017). Benedetti 
et al. (2017) demonstrated that rates of age-appropriate 

child restraint use were higher in states where the 
wording of legislation followed current best practice 
recommendations for child restraint system (CRS) use. 

These current best-practice recommendations for child 
restraint use (AAP 2011, NHTSA 2011) are based on 
multiple studies demonstrating their effectiveness. 
Many studies have analyzed national crash datasets 
collected by the National Highway Traffic Safety 
Administration. Elliott et al. (2006) examined 1998-
2003 FARS crashes and found that children aged 2 to 
6 years using child restraints (without gross misuse) 
had a 28% lower risk of death than children restrained 
only by seatbelts. McMurry et al. (2018) analyzed the 
1988-2008 NASS-CDS dataset to compare the risk of 
injury to children under age 2 who used forward-
facing (FF) or rear-facing (RF) child restraint systems 
(CRS). Because of the small number of injured cases 
using either type of child restraint, they were unable to 
differentiate statistically significant differences in 
injury risk. This paper was published to replace a paper 
retracted for analysis errors (Henary et al. 2007), 
which had claimed RFCRS use was more effective 
than FFCRS use for children under age 2. Zaloshnja et Address correspondence to Kathleen D. Klinich, University of 
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al. (2007) compared injury outcomes for children aged 
2 and 3 years from the 1998-2004 NASS-CDS dataset 
and found that children using child restraints had 82% 
lower risk of injury than those using lap-shoulder 
belts. 

Several key studies that demonstrate effectiveness of 
child restraint systems analyzed the Partners for Child 
Passenger Safety (PCPS) datasets. From 1998-2007, 
crashes involving children in 15 states and the District 
of Columbia were identified through State Farm 
Insurance claims, and data on the crashes were 
collected using a validated telephone survey and 
selected in-depth crash investigations. The survey 
identified clinically significant injuries, which 
generally correspond to those AIS2+ and higher such 
as broken bones and organ injuries. In 2004, Arbogast 
et al. found that 1 to 4-year-olds in FFCRS had a 78% 
lower risk of serious injury than children restrained by 
seatbelts only. In frontal impacts, booster seats reduce 
risk of injury by 45% for 4-8-year-olds compared to 
those using seatbelts (Arbogast et al. 2009). In side 
impacts, highback boosters provide a 58% reduction 
in risk compared to seatbelt only, while backless 
boosters have a similar risk in side impact to seatbelt 
only (Arbogast et al. 2005). Durbin et al. (2005) found 
that overall, suboptimally restrained children had 
twice the injury risk of optimally restrained children.  

In addition to US datasets, Swedish data show benefits 
of restraining children rear-facing through age 4, with 
rear-facing restraints reducing AIS2+ injury by 90% 
compared with unrestrained children (Jacobsson et al. 
2007, Isaksson-Hellman et al. 1997).  

While restraint type is usually the strongest predictor 
of child injury risk in motor-vehicle crashes, other 
factors contribute as well. Daly et al. (2006) showed 
that the risk of injury was similar for child passengers 
in passenger vehicles and SUVs using the PCPS 
dataset, while Winston et al. (2002) showed that risk 
of child passengers in pickup trucks was about three 
times the risk seen in passenger vehicles. Kallan et al. 
(2009) used data from the 2000-2006 PCPS, FARS, 
and NASS-CDS datasets to show that child injury risk 
in minivans is about 0.55 that of the risk in SUVs. In 
2005, Durbin reported that children from the PCPS 
study sitting in the front seat had a 40% higher risk of 
injury than those seated in the rear seat. However, in 
2015, an analysis of 2002-2007 NASS-CDS and 
FARS, Durbin et al. found that risk to restrained 
children aged 0-8 was lower in the rear seat than in the 
front seat, but that it was higher for restrained children 
aged 9-12 in the rear seat compared to the front seat. 
They also found reduced risk of injury in newer 
vehicles (model year 2007 and later.) Over half of 

child fatalities involve alcohol-impaired drivers 
(Quinlan et al. 2014, Kelley-Baker et al. 2014, 
Margolis et al. 2000).  

While a strong body of past research demonstrates the 
benefits of using recommended child restraints and 
documents other factors that contribute to pediatric 
injury, almost all of them focus on crash data collected 
before 2011 when best practice recommendations 
were updated. To continue progress in reducing 
pediatric injuries and fatalities from motor-vehicle 
crashes, it is useful to reexamine factors that contribute 
to pediatric injury using field data analysis of crashes 
that include relatively recent vehicle models and CRS. 
In addition, focusing on more recent crash data can 
evaluate whether the updated 2011 recommendations 
have resulted in any unintended consequences. This 
will allow safety experts and public health officials to 
target available resources towards the most effective 
child injury prevention efforts. 

METHODS 

The data analyzed come from the National 
Automotive Sampling System General Estimates 
System (NASS-GES), a three-stage national 
probability sample of police crash reports. The MVCs 
were sampled from Primary Sampling Units (PSUs) 
within 12 regional and urbanization-level strata. Cases 
within PSUs were sorted into strata based on injury, 
tow status and vehicle type (light vehicle vs. heavy 
truck), and a systematic sample was taken from these 
strata. Each case in the dataset included a weight that 
allowed estimations of national crash trends. Analyses 
involved crash years 2010-2015, because cases prior 
to 2010 lacked detailed coding regarding the type of 
child restraint, and the NASS-GES dataset was 
replaced after 2015. We included any crash involving 
a child aged 0-13 who was either unrestrained, belted, 
or in a CRS. Those with unknown restraint type and 
unknown CRS were excluded from analysis. While 
this resulted in a non-trivial number of exclusions, 
exploratory analysis indicated that restraint type was 
missing completely at random, allowing for valid 
inference using only complete cases (Little and Rubin 
2002). Vehicle model years prior to 2000 were 
excluded, and vehicles were limited to passenger cars, 
minivans, vans, pickup trucks, and sport utility 
vehicles (SUVs). 

We categorized restraint type into three groups – 
optimal, suboptimal, and unrestrained – for each age 
of child using best practice recommendations from the 
American Academy of Pediatrics (AAP 2011) and the 
National Highway Traffic Safety Administration 
(NHTSA 2011). Optimal restraint was RFCRS for 
children under 2 years, FFCRS or RFCRS for children 

http://www-nrd.nhtsa.dot.gov/pdf/esv/esv20/07-0322-O.pdf
http://www-nrd.nhtsa.dot.gov/pdf/esv/esv20/07-0322-O.pdf
http://papers.sae.org/973299/


197 

aged 2 to 4 years, belt-positioning booster seats or 
FFCRS for children aged 5 to 10 years, and lap-
shoulder belts for children aged 11 to 13 (Klinich et al. 
2016). Suboptimal restraint was defined as any type of 
restraint that was not optimal, which included lap belt 
only for all children, lap and shoulder belt use for 
children under age 11, booster use for children under 
age 5, and FFCRS use for children under age 2. (Many 
child restraint manufacturers permit child restraint use 
by children smaller or younger than the best practice 
recommendations; suboptimal does not imply misuse.) 

We classified injury outcome using the KABCO injury 
scale used by law enforcement officers to code injury 
on police reports (NSC 1996). For the first outcome 
measure, fatal, incapacitating injury, and non-
incapacitating injury (KAB) were grouped together, 
and possible and no injury (CO) were grouped 
together. For the second outcome, we evaluated KA 
vs. BCO. Our main interest was the association 
between CRS use and injury severity, with optimal vs. 
suboptimal CRS use of particular interest. We 
considered a number of additional factors in our final 
model, including child age, driver alcohol use, impact 
location, driver injury severity, vehicle type, seating 
position, and vehicle age. Impact location relative to 
occupant position was used to characterize the crash 
type as frontal, near-side, far-side, rear, or rollover; 
children seated in side impacts in a center seating 
position were classified as far-side occupants. Driver 
injury severity was used as a proxy for crash severity 
(Kononen et al. 2011, Flannagan 2013). Seating 
position was characterized using two factors: front vs. 
rear seating and middle vs. outboard seating, and 
children coded as being seated in the driver position 
were excluded. We also considered interactions 
between child age and seating position, and child age 
and restraint use. Other potential predictors that were 
evaluated but not significant in the final models were 
driver age and restraint. All variables were categorical 
with the exception of the continuous variables of child 
age, driver age, and vehicle age. When available, we 
used the hotdeck imputed values in the GES data set; 
hotdeck imputation is a method for handling missing 
data in which each missing value is replaced with an 
observed response from a “similar” unit. Further 
discussion on the imputation method is available in the 
GES user manual (NHTSA 2015). 

All analyses were performed using SAS 9.4. Models 
incorporated the sampling weights provided in the 
GES data set. Variables were selected using 
backwards stepwise selection, eliminating the least 
significant predictor until remaining variables were 
statistically significant with p <= 0.05. We used the 
SURVEYLOGISTIC procedure to accommodate a 

binary response (KAB vs. CO or KA vs. BCO) and the 
dataset’s sampling strategy. An additional concern 
was the 36% of raw, unweighted cases that were in a 
vehicle with multiple children. This proportion was 
high enough that within-vehicle correlation could 
affect inference, so we took a number of steps to 
investigate this issue. First, in an unweighted 
generalized linear mixed model with a random 
vehicle-level intercept, we found that the variance of 
the random intercept was small relative to the 
estimated observation-level variance for binary data. 
Second, we performed additional analyses on data sets 
consisting of the youngest child in each vehicle and a 
random child in each vehicle. Both of these analyses 
were comparable to the full data set. Thus, we 
concluded that any within-vehicle correlation was not 
strong enough to warrant the use of random effects.  

Risk of injury was also calculated empirically for each 
age group and restraint classification. Injury risk is 
defined as the weighted number of children with an 
injury divided by the total number of children in that 
age group and restraint category. 

In addition to estimating associations, we were 
interested in the benefits of increased optimal restraint 
use. For this, we employed a Markov Chain Monte 
Carlo (MCMC) algorithm for 10,000 iterations in 
which draws from the distribution of the fixed effects 
were transformed to odds ratios and applied to the 
observed number of KAB injuries for suboptimally 
restrained children. Because the risk of KAB injury 
was small for the optimally and suboptimally 
restrained population, the odds ratio (OR) is a good 
estimate of the relative risk (Greenland and Thomas, 
1982). The resulting data can provide summary 
statistics from the estimated distribution of reductions 
in KAB injury relative to the current population of 
children in crashes (with respect to restraint use). 
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RESULTS 

There are 33,302 unweighted cases (3,765,483 after 
weighting). After weighting 4.2% are grouped into the 
KAB injury category (0.04% K, 0.56% A, 3.59% B) 
with the remaining 95.8% grouped into the CO 
category (9.2% C, 86.6% O). 2.1% of observations are 
unrestrained, 57.2% are suboptimally restrained, and 
40.7% are optimally restrained. 

The empirical risk of KAB injury by restraint and age 
group is shown in Figure 1. The risk of injury differs 
substantially with restraint type, with the largest 
relative differences between optimal and suboptimal 
restraint present in younger children. Figure 2 
highlights the reduction in injury risk provided by 
optimal restraint compared to suboptimal restraint 
calculated using (suboptimal risk-optimal risk) 
/suboptimal risk. 

Figure 1. Risk of KAB injury by restraint and age.

Figure 2. Reduction in risk of KAB injury between 
suboptimal and optimal restraint by age group. 

Full model results for the model with KAB vs. CO as 
the outcome are presented in Table 1, including OR 
with a 95% confidence interval (CI). Table 2 includes 
the results for the KA vs. BCO model. The two models 
are quite similar; vehicle age and outboard vs. middle 
seating position were the only significant predictors 
for KAB that were not significant for KA, while 
seating row (front vs. rear) was the only significant 
predictor for KA that was not significant for KAB. 
Alcohol use by the driver is associated with higher 
odds of injury. Compared to frontal crashes, near-side 
and rollovers have higher odds of injury, and rear 
impacts have lower odds of injury. Middle seating is 
associated with lower odds of KAB injury. Driver 
injury severity, which was considered a surrogate for 
crash severity, is associated with higher odds of injury. 
Each additional year of age is associated with higher 
odds of injury. Older vehicles are associated with 
higher odds of KAB injury, while front row seating is 
associated with higher odds of KA injury. When 
considering vehicle type, passenger cars have the 
highest odds of KAB injury. For KA injury, the odds 
of injuries between vehicle types was not significantly 
different with the exception of vans, which have lower 
odds of injury than other vehicle types. 
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Table 1: Results for model regressing the log odds of KAB injury on various factors. 

Covariate Category KAB 

Coefficients 

KAB Odds ratios (95% CI) p-value 

KAB 

Intercept -1.463 -- <0.001 

Driver Alcohol Use  

(No alcohol=reference) 

Alcohol 0.686 1.986 (1.247, 3.162) <0.001 

Impact Location  

(Front=Reference) 

Far Side 0.074 1.077 (0.847, 1.369) 0.536 

Near Side 0.439 1.552 (1.277, 1.885) <0.001 

Rear -0.508 0.602 (0.507, 0.715) <0.001 

Rollover 1.129 3.092 (2.178, 4.390) <0.001 

Outboard or Middle Seat 
(Outboard = reference) 

Middle -0.168 0.846 (0.730, 0.980) 0.026 

Driver Injury Severity 

(KAB=reference) 

CO -3.132 0.044 (0.037, 0.052) <0.001 

Vehicle Age 0.025 1.025 (1.011, 1.040) <0.001 

Age 0.078 1.081 (1.045, 0.117)* <0.001 

Vehicle Type (reference 

=passenger car) 

Minivan -0.392 0.676 (0.503, 0.908) 0.010 

SUV -0.303 0.739 (0.628, 0.869) <0.001 

Other van -0.844 0.430 (0.217, 0.853) 0.017 

Pickup -0.347 0.707 (0.544, 0.919) 0.011 

Restraint Use  

(optimal=reference) 

Sub-optimal 0.602 1.826 (1.348, 2.473)** <0.001 

Unrestrained 1.713 5.548 (2.946, 10.449)** <0.001 

Age/Restraint Interaction Sub-optimal -0.037 0.050 

Unrestrained -0.005 0.879 

*Odds ratio for optimally restrained children.
** Odds ratio for children aged 0 
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Table 2. Model results: KA vs. BCO Outcome 

Covariate Category Coefficients Odds ratios (95% CI) p-value 

Intercept -3.790 -- <0.001 

Driver Alcohol Use  

(No alcohol=reference) 

Alcohol 0.905 2.472 (1.310, 4.664) 0.0076 

Impact Location  

(Front=Reference) 

Far Side 0.048 1.049 (0.666, 1.653) 0.8368 

Near Side 0.853 2.347 (1.605, 3.432) <0.001 

Rear -0.520 0.595 (0.446, 0.794) 0.001 

Rollover 0.878 2.407 (1.405, 4.126) 0.0025 

Driver Injury Severity 

(KAB=reference) 

CO -3.010 0.049 (0.036,0.068) <0.001 

Age 0.055 1.056 (1.015, 1.099)* 0.004 

Seating row  

(rear=reference) 

Front 0.517 1.677 (1.311, 2.144) 0.0002 

Restraint Use  

(optimal=reference) 

Sub-optimal 0.935 2.548 (1.498, 4.333)** 0.0012 

Unrestrained 1.924 6.846 (3.272, 14.325)** <0.001 

Age/Restraint Interaction Sub-optimal 0.029 0.0191 

Unrestrained 0.014 0.6892 

Vehicle Type (reference 

=passenger car) 

Minivan -0.714 0.931 (0.635, 1.365) 0.7163 

SUV -0.224 0.799 (0.58, 1.101) 0.1764 

Other van -1.707 0.181 (0.054, 0.613) 0.0085 

Pickup -0.215 0.807 (0.493, 1.319) 0.3965 

*Odds ratio for optimally restrained children.
** Odds ratio for children aged 0. 
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Details regarding restraint effect in Tables 1 and 2 are 
illustrated in Figure 3 to compare the odds ratio of 
suboptimal vs. optimal restraint by age for KA and 
KAB outcomes, and for unrestrained vs. optimal in 
Figure 4. Unrestrained children have significantly 
worse injury outcomes than optimally restrained 
children, as do children using suboptimal restraint. As 
illustrated in Figure 3 and by the significant interaction 
term in the model, the effect of suboptimal vs. optimal 
restraint use attenuates in older children. For 
unrestrained children, the interaction between age and 
restraint use is not significant. 

Figure 3. Odds ratio of suboptimal vs. optimal restraint by 
age for KA and KAB outcomes.

Figure 4. Odds ratio of unrestrained vs. optimal restraint by 
age for KA and KAB outcomes. 

Table 3 presents the expected number of children who 
would not sustain KAB injuries if they were optimally 
restrained rather than suboptimally restrained. The 
current number of children sustaining KAB injuries is 
included for comparison.
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Table 3: Estimated reduction in number of children with KAB injury over study period if sub-optimally restrained children were 
optimally restrained. 

Age Current number of children 
in crashes sustaining KAB 

injury  

Current number of sub-
optimally restrained 

children sustaining KAB 
injuries 

Reduction in KAB Injury 
(95% confidence interval) 

0 7,671 2,479 1,101 (635, 1,471) 
1 10,225 5,220 2,219 (1,323, 2,947) 
2 11,446 2,822 1,143 (703, 1,506) 
3 12,495 3,708 1,424 (905, 1,859) 
4 13,723 5,619 2,036 (1,344, 2,631) 
5 14,507 7,069 2,400 (1,641, 3,069) 
6 14,918 9,046 3,071 (2,100, 3,927) 
7 15,216 10,486 3,047 (2,124, 3,889) 
8 15,238 12,136 3,209 (2,133, 4,204) 
9 15,755 13,795 3,270 (1,915, 4,519) 
10 13,119 12,090 2,519 (1,111, 3,808) 
11 16,205 1,489 265 (52, 454) 
12 13,419 1,529 224 (-47, 456) 
13 15,373 1,506 171 (-157, 443) 

DISCUSSION 

This study uses a national database of police-reported 
crashes to identify factors contributing to child injury 
risk. A benefit of analysis using this dataset is that it 
represents a wide range of crash severities, in which 
the majority of occupants are uninjured. Several recent 
studies have examined children involved in fatal 
crashes using the Fatal Analysis Reporting System 
(FARS) database, a national census of crashes in 
which at least one person died (Jones et al. 2017, 
Sauber-Schatz et al. 2014, Wolf et al. 2017). While the 
FARS dataset includes children who did not die in the 
crash, the crashes are severe enough where someone 
else did. Although our results are consistent with these 
FARS studies demonstrating the importance of 
restraint and non-alcohol use by drivers in preventing 
pediatric fatalities, the demonstrated benefits of 
appropriate child restraint use in reducing injury 
frequency are also important to consider.  

An advantage of this study is that it is based on recent 
crash years and limited to vehicles model years 2000 
or later. Since most child restraint manufacturers 
recommend using CRS for six to eight years, most of 
the CRS used in these crashes should have been 
manufactured between 2004 and 2015. Today’s best 
practice recommendations for child restraint use are 
generally based on analyses of crashes involving child 
restraints manufactured before 2009 (Lee et al. 2015, 
Arbogast et al. 2004, 2009, Durbin et al. 2005, Elliot 
et al. 2006, Henary et al. 2007, Isaksson-Hellman et al. 

1997, Jakobsson et al. 2007, Zaloshnja et al. 2007); it 
is reassuring that recommendations based on earlier 
studies are consistent with the performance of more 
recent products. Also, most of the crashes in the 
dataset occurred took place after the NHTSA and AAP 
issued updated best practice recommendations for 
child restraint use in 2011. Our findings do not 
indicate any unintended negative consequences from 
these guidelines. In addition to demonstrating the 
benefits of choosing age-appropriate restraint, the 
model also shows increased injury risk with the age of 
the vehicle for KAB injury, indicating that 
improvements in vehicle designs are having a positive 
effect for child passengers.  

Our analysis of children in 2010-2015 crashes 
indicated that suboptimally restrained children have 
1.9 higher odds of injury than optimally restrained 
children. This finding is quite consistent with the 1.8 
odds ratio from Durbin et al. (2005), who analyzed the 
crashes from 1998 to 2002 collected as part of the 
PCPS study. In the 2000 National Occupant Protection 
Use Survey (Bondy and Glassbrenner 2001), only 
24% of infants and 8% of toddlers were in a RFCRS, 
68% of infants and 39% of toddlers were in a FFCRS, 
3% of infants and 45% of toddlers were belted, and 
child restraint use among children 5 and older was so 
low it was not even documented. In the 2015 National 
Survey on the Use of Booster Seats (Li et al. 2016), 
87% of children under 1 were in RFCRS and 9% were 
in FFCRS; 9% of children 1-3 were in RFCRS, 68% 
in FFCRS, and 14% were in boosters; 48% of 4-5 year-
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olds were in FFCRS and 48% were in boosters; and 
6% of 6-7-year-old children were in FFCRS and 40% 
in boosters. In the roughly 15 years between these 
studies, child restraint use increased dramatically and 
effectiveness remained consistent. In addition, the 
similar results between studies indicates that potential 
data limitations of using the NASS-GES may not be of 
consequence for the current analysis. 

When looking at specific types of restraint and age 
groups, McMurry et al. (2018) found that RFCRS had 
lower rates of injury risk than FFCRS for children 
under age 2, but results were not statistically 
significant because of the small number of injured 
children in the NASS-CDS dataset. Our analysis 
showed a 55% reduction in injury risk for children in 
RFCRS compared to those coded as using FFCRS, 
boosters, or seatbelts. Arbogast et al. (2004) showed 
that risk of injury to 1-4-year-olds restrained in 
FFCRS is 78% of the risk of those restrained only by 
seat belts. Our data indicate that optimally restrained 
2-4-year olds in RF or FFCRS have 41% reduction in 
risk compared to those in boosters or seatbelts. The 
differences in risk reduction are consistent given the 
differences in restraint types for each comparison. For 
5-10-year-old children, those optimally restrained in 
FFCRS or boosters had 29.3% lower risk than those 
restrained only by seatbelts, while Arbogast et al. 
(2009) showed that booster seats reduce risk of injury 
by 45% for 4-8-year-olds compared to those using 
seatbelts. Given that the difference in risk between 
optimal and suboptimal restraint decreases with age, 
these results are also consistent when considering the 
difference in age groups being assessed in each study. 

Our study shows that odds of pediatric injury 
approximately double when the driver transporting the 
child  is impaired by alcohol. This finding is consistent 
with several studies showing that over half of pediatric 
fatalities occur in alcohol-related crashes. (Kelley-
Baker 2014, Margolis et al 2000, Quinlan et al. 2000). 
Most of the other studies examining effectiveness of 
child restraints in preventing injury (rather than 
fatalties) did not include alcohol as a covariate. 

For our analysis of KAB injury, passenger cars had a 
higher risk of injury than all other higher-weight 
vehicle categories. For KA injury, only vans had a 
lower risk of injury than passenger cars. This differs 
from past studies showing pickup trucks to be at higher 
risk in terms of pediatric injury (Winston et al. 2002), 
followed by SUVs and passenger cars (Daly et al. 
2006), and lastly minivans (Kallan et al. 2009). We 
hypothesize that limiting our analysis to post 2000 
vehicle model years, and using crashes from 2010-
2015, may be the reason for the difference from past 

results. Safety differences between vehicle types are 
smaller, with the expansion of key federal safety 
standards to pickup trucks in 1999, as well as greater 
availability of easily accessible consumer information 
on vehicle safety performance provided through 
online ratings from the Insurance Institute for 
Highway Safety and NHTSA’s New Car Assessment 
Program. 

When considering seating position, front vs. rear was 
not a statistically significant predictor for KAB injury, 
while odds of KA injury increased by 1.4 when a child 
is seated in the front rather than the rear seat.  The 
converse was true when reviewing middle vs. 
outboard seating positions, with significance for KAB 
but not for KA. Seating/age interaction terms were not 
significant. Durbin et al. (2005) found a 40% increase 
in risk with front-row seating, which is consistent with 
our results for KA injury outcomes, while Durbin et al. 
(2015) found higher risk in the front seat for children 
0-8 but higher risk in the rear-seat for children aged 9-
12. We did not see an age effect with seating position
risk. Kallan et al. (2009) showed a reduction in risk for 
center seating positions compared to outboard 
positions for children under age 4 using CRS that was 
approximately double the reduction of risk for all 
children seated in center compared to outboard 
positions. The wider age range and improvements in 
vehicle design may be responsible for the differences. 

The primary limitations of this analysis stem from the 
method of collecting data. The NASS-GES dataset is 
a collection of police-reported crashes from across the 
United States. Coding of injury severity and child 
restraint type may vary with the law enforcement 
officials recording the information. Of note, in a large 
number of cases, the child was coded as using a child 
restraint, but it was not coded as being a RFCRS, 
FFCRS, or a booster. However, when we ran a 
variation of the model using unknown CRS as a fourth 
category of restraint type, the same predictors were 
significant and model coefficients and confidence 
intervals were similar. The dataset frequently used for 
studies of crash-related injury factors among adults is 
the National Automotive Sampling System 
Crashworthiness Data System (NASS-CDS), which 
includes detailed information about the crash and 
injuries based on in-depth investigation of a 
statistically-selected sample of crashes. While this 
dataset includes children in crashes, the small number 
of available cases with pediatric injury is generally not 
sufficient to provide statistically meaningful analysis 
for certain age groups (McMurry et al. 2018). The 
NASS-GES dataset has the advantage of a greater 
number of crashes involving children, but only codes 
injury using the KABCO injury scale. Comparison of 
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KABCO scores to the injury severity recorded in 
medical records using the Abbreviated Injury Scale 
shows mixed results, and no studies have specifically 
looked at child occupants (Farmer 2003, Compton 
2005, McDonald et al. 2009, Watson et al. 2015). 
However, given the consistencies between our 
findings and previous results reported by the Partners 
for Child Passenger Safety studies, limitations of using 
KABCO do not appear to be substantial.  

The NASS-GES database also does not include a 
measure of crash severity that is available in the 
detailed investigations of the NASS-CDS dataset. 
Furthermore, it is possible that there is an association 
between restraint use and severity of crash, in that 
worse drivers may be less likely to use child restraints; 
this could lead to crash severity confounding the 
benefits of optimal restraint use. Our modeling 
framework attempts to control for these possible 
differences by including proxies for crash severity in 
the model, namely impact location and driver injury 
severity; we include adult injury severity in our model 
as a surrogate for crash severity (Flannagan 2013). 
Therefore, all odds ratios presented here with the aim 
of demonstrating that restraint type is associated with 
lower injury severity have already controlled or 
adjusted for crash severity. To reiterate our findings, 
when adjusting for crash severity proxies and all other 
variables in the model, children age <1 year who are 
sub-optimally restrained have 84% higher odds of 
KAB injury, and 254% higher odds of KA injury, than 
optimally restrained children age <1 year. This 
association attenuates with age. In addition, we 
reviewed the child restraint types for all crashes and 
compared them to the restraint patterns of children 
who were in struck vehicles to check that at-fault 
drivers did not have lower rates of restraint use for 
their child passengers than drivers in vehicles that 
were struck; rates of non-restraint, suboptimal, 
unknown CRS type, and optimal restraint varied by 
less than 1%.  

Another challenge with using the NASS-GES 
database is that caregivers may lie about how the 
children in their vehicle are restrained, or that restraint 
type is not reported correctly. In a companion study of 
factors associated with pediatric restraint type 
(Benedetti et al. 2017), we found that compared to 
observational studies of restraint use, NASS-GES has 
lower rates of optimal restraint use but higher rates of 
any restraint use (99% vs. 91%). While a caregiver 
cannot claim a child restraint is used if it is not present 
at the crash scene, they may report use of a seatbelt 
since there are penalties for not restraining children in 
vehicles. In addition, child restraint use may be 
recorded if a child restraint was present at the scene 

even if it was not in use. Thus some of the children 
coded as suboptimally restrained are likely 
unrestrained. An exploratory analysis indicated that 
injury risk for the small number of belted occupants 
under age five was close to injury risk of children 
using suboptimal CRS, so they were grouped together 
for the full analysis. Appendix B includes additional 
analysis to compare the risk of injury in optimal vs. 
suboptimal child restraint type for children under age 
5, which separates children coded as belted who may 
actually be unrestrained in the analysis. For children 
under 5, use of suboptimal CRS compared to optimal 
CRS is associated with 51% higher odds of KAB 
injury (p=0.0078). In addition, suboptimal restraint 
use is associated with 73% higher odds of KA injury 
(p=0.0778). The number of cases for the analysis of 
KA injury was rather small, which may have 
contributed to the relatively large p-value. This, 
combined with the magnitude of the odds ratio, 
suggest that these results are consistent with our other 
findings that support best practice recommendations, 
despite the p-value being greater than the common 
threshold of 0.05. 

Another limitation of using GES is that while child age 
is included in a police accident report, height and 
weight may not be. Best practice recommendations are 
based on size and weight as well as age. Thus if a child 
is particularly large or small for their age, their use of 
the optimal restraint defined by age group may not be 
appropriate. However, many child restraints sold in the 
past 10 years accommodate a wide range of child sizes. 
Optimal restraint for children under 2 years is rear-
facing, and there are products that accommodate 
children rear-facing up to 45 lb, which is above 99th 
percentile weight for 2-year-old children (Klinich et 
al. 2017). Thus our definition of optimal restraint for 
children under age 2 should be feasible. Most forward-
facing harnessed child restraints have an upper weight 
limit of at least 50 lb, which is above 99th percentile 
weight for 3- and 4-year-old children and 92% of 5-
year-old children, indicating that optimal restraint may 
be incorrectly defined for less than 3% of children in 
this age group. For boosters, many laws require use to 
a certain age unless the child is taller than 145 cm. 
Given that this is above 99th percentile stature for 
children age 8 and younger, 97th percentile for 9-year-
olds and 82nd percentile for 10-year-olds, our 
definition of booster use as optimal for children aged 
5 through 10 years may be misclassifying 3.5% of 
children in this age range. 

An additional limitation of this study is that we are 
trying to model relatively rare events, such as severe 
pediatric injuries and unrestrained infants. This, 
combined with the weighting system of NASS-GES, 
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may have led some cases to have a strong influence in 
our models. Because of this, future research should 
consider a case control design, possibly utilizing the 
FARS dataset or adding more crashes involving 
children to other national studies of crashes such as 
NASS-CDS.  

CONCLUSIONS 

The model of factors contributing to child injury 
shows that risk of injury increases with child age, 
while the difference in injury risk between optimal and 
suboptimal restraint decreases with age. As illustrated 
in Figure 1 and Figure 2, the risk of injury to optimally 
restrained children is lower than the risk of injury to 
suboptimally restrained children for every age group. 
These findings confirm previous studies 
demonstrating that moving from one phase of child 
restraint to the next reduces the level of protection 
available. The results thus support restraining children 
according to current best practice recommendations to 
reduce pediatric injury in motor-vehicle crashes.  
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Appendix B: Analysis of Children under 5, 
suboptimal vs. optimal CRS. 

Acknowledging that our categorization of suboptimal 
restraint use may obscure the benefit of optimal CRS 
use compared to suboptimal CRS use in young 
children, we partition suboptimal restraint into two 
further categories: “suboptimal CRS,” meaning 
children who were in a CRS that did not meet best 
practice recommendations for their age, and “belted or 
other,” meaning children who were restrained but not 
in a CRS. We limit these analyses to children under 5 
as these are children for whom a suboptimal CRS 
exists. For KAB analysis, the weighted dataset 
includes 1,038,398 CO (8422 raw count) and 33,521 
KAB (916 raw count); for KA, counts are 1,066,877 
BCO (9076 raw) and 5032 KA (262 raw). Figure B1 
shows the percentage of children under 5 sustaining 
KAB and KA injury based on this new definition of 
restraint usage. Optimal restraint usage has the lowest 
injury rate, with suboptimal CRS having the next 
lowest, and so on. 

In addition to the descriptive analysis below, we re-ran 
the models from the main text using these data, again 
using backward selection to avoid an over-saturated 
model while selecting the most significant factors 
associated with injury. These results are tabulated in 
Tables B1 and B2. Notable results are as follows: 

• Adjusting for driver alcohol use, impact location,
driver injury, vehicle type, and vehicle age,
children under 5 in sub-optimal CRS have 51.1%
higher odds of KAB injury (95% CI 21.1% -
203.5%) than children in a CRS that meets best
practice recommendations for their age.

• Adjusting for driver alcohol use, impact location,
driver injury, vehicle type, and vehicle age,
children under 5 in sub-optimal CRS have 72.8%
higher odds of KA injury (95% CI -8.3%,
326%)than children in a CRS that meets best
practice recommendations for the age. Although
this difference is not significant at the common
significance threshold of 0.05 (p = 0.0891), the
number of cases for this analysis is relatively
small compared to previous analyses (262 raw
cases), and the magnitude of the effect size
suggests that these results are consistent with our
previous findings supporting best practice
recommendations.

Figure B1: KAB and KA injury for children under 5 based 
on restraint usage 
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Table B1. Model results: KAB vs. CO for children under 5. 

Covariate Category Coefficients Odds ratios (95% CI) p-value 

Intercept -1.3982 <0.001 

Driver Alcohol Use  

(No alcohol=reference) 

Alcohol 0.6987 2.011 (1.314, 3.077) 0.0018 

Impact Location  

(Front=Reference) 

Far Side 0.00763 1.008 (0.63,1.612) 0.9741 

Near Side 0.4266 1.532 (0.857, 2.740) 0.1464 

Rear -0.7132 0.49 (0.36, 0.666) <0.001 

Rollover 0.7503 2.118 (1.248, 3.593) 0.0064 

Driver Injury Severity 

(KAB=reference) 

CO -3.0004 0.05 (0.038, 0.066) <0.001 

Vehicle Age 0.0285 1.029 (0.996, 1.063) 0.0836 

Restraint Use  

(optimal=reference) 

Belted or other 0.5349 1.707 (1.300, 2.242) 0.0003 

Suboptimal CRS 0.4125 1.511 (1.121, 2.035) 0.0078 

Unrestrained 1.7562 5.79 ( 3.301, 10.158) <0.001 

Vehicle type (reference= 

Passenger car) 

Minivan -.3854 0.68 (0.422, 1.096) 0.111 

SUV -0.3897 0.677 (0.472, 0.972) 0.0353 

Other van -2.0696 0.126 (0.025, 0.634) 0.0131 

Pickup -0.5459 .579 (0.397, 0.845) 0.0056 
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Table B2. Model results: KA vs. BCO for children under 5. 

Covariate Category Coefficients Odds ratios (95% CI) p-value 

Intercept -3.9839 <0.001 

Driver Alcohol Use  

(No alcohol=reference) 

Alcohol 1.0325 2.808 (1.214, 6.493) 0.0169 

Impact Location  

(Front=Reference) 

Far Side 0.0325 1.033 (0.221, 4.819) 0.9633 

Near Side 0.666 1.946 (0.975, 3.887) 0.0587 

Rear -0.384 0.681 (0.40, 1.159) 0.153 

Rollover 0.4692 1.599 (0.716, 3.571) 0.246 

Driver Injury Severity 

(KAB=reference) 

CO -3.0719 0.046 (0.028, 0.075) <0.001 

Vehicle Age 0.0634 1.065 (1.01, 1.124) 0.022 

Restraint Use  

(optimal=reference) 

Belted or other 0.6901 1.994 (1.097, 3.625) 0.0246 

Suboptimal CRS 0.5472 1.728 (0.917, 3.259) 0.0891 

Unrestrained 1.8266 6.212 (2.785, 13.856) <0.001 

Vehicle type  

(reference=passenger car) 

Minivan -0.5617 0.57 (0.238, 1.364) 0.2013 

SUV -0.6447 0.525 (0.3, 0.917) 0.0246 

Other van -2.2787 0.102 (0.011, 0.938) 0.044 

Pickup -0.3727 0.689 (0.31, 1.529) 0.3517 
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