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Injury Patterns and Risk Factors for Severe Injury in
All-Terrain Vehicle Crashes
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ABSTRACT

All-terrain vehicles (ATVs) have the highest traffic accident fatality rate among all vehicle types in Korea,
approximately 10 times higher than passenger cars, with a high proportion of elderly patients. This study aimed to
compare injury characteristics between adult and elderly ATV riders and analyze risk factors for severe injury.
This retrospective observational study utilized data from the Emergency Department-based Injury In-depth
Surveillance (EDIIS) from January 2019 to December 2024. ATV crash patients aged 19 and older were classified
into adult (19-64) and elderly (>65) groups. Severe trauma was defined as ISS >15 and severe head injury as
Head AIS >3. Multivariable logistic regression was used to identify risk factors.

A total of 431 patients (128 adults, 303 elderly) were analyzed, with elderly comprising 70.3%. Elderly patients
had significantly higher rates of afternoon crashes (51.5%), work-related crashes (23.4%), farm road crashes
(38.3%), vehicle collisions (23.1%), and helmet non-use (84.0%) (all p<0.05). ISS (9.7+8.3 vs. 6.8+£7.6), mortality
(9.6% vs. 3.1%), and severe trauma rate (22.8% vs. 14.1%) were significantly higher in the elderly (all p<0.05).
Severe head injury (AIS >3) in the elderly was 28.4%, twice that of adults (13.3%) (p<0.05), and helmet non-use
was associated with a three-fold higher risk of severe head injury (p<0.05). In multivariable analysis, male sex was
associated with a 2.63-fold risk of severe trauma (95% CI=1.272-5.454), alcohol with a 4.17-fold risk of mortality
(95% CI=1.005-17.282), and work-related activity with a 2.66-fold risk of severe head injury (95%
CI=1.305-5.427).

Independent risk factors for severe injury were male sex (severe trauma), alcohol use (mortality), and work-related
activity (severe head injury). The elderly were particularly vulnerable to severe head injury and mortality, with
high helmet non-use. These findings may serve as evidence for traffic safety policies including safety education,

helmet enforcement, and alcohol-impaired driving prevention for ATV riders.
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Comparison of Injury Outcomes in Motor Vehicle Occupants
Between Collision and Loss-of-Control Accidents
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ABSTRACT
Loss of Control Accidents (LOCA) and Collision Accidents (CA) differ in crash mechanisms. LOCA are more

likely to be associated with severe injury and mortality due to rollovers and run off road events. However, their
specific mechanisms remain unclear. This study aimed to compare injury outcomes between LOCA and CA. We
used the Korean In-Depth Accident Study (KIDAS) database from January 2011 to December 2024. Among 5,179
occupants, adults aged >18 years with identified accident types were included. Accidents were classified using
IGLAD as LOCA (codes 101-199) and CA (codes 201-799). Moderate to fatal injuries were defined as AIS2+.
Analyses focused on crash, human, vehicle, and environmental factors. Group differences were assessed using
Chi-square tests and logistic regression (p < 0.05). CA incidence (n=3,046, 74.6%) was 2.9 times higher than
LOCA (n=1,039, 25.4%). LOCA occupants sustained more MAIS2+ injuries (p < 0.05). LOCA showed the
highest injury proportions in the head (34.5%), thorax (28.4%), extremities and pelvis (23.8%), abdomen (20.3%),
and face (9.0%) (p < 0.05). Occupants aged <40 years were more common in LOCA (40.2% vs. 34.6%), with
lower seatbelt use (61.7% vs. 69.5%) and higher occurrence on wet roads (18.9% vs. 8.3%). LOCA predominantly
occurred on highways (83.2%) and frequently involved barrier impacts (35.5%). Delta-V was higher in LOCA
(32.4 km/h vs. 24.6 km/h), and rollover was more frequent (31.7% vs. 11.3%) (p < 0.01). Logistic regression
showed higher odds of MAIS2+ head injury in LOCA than CA (aOR=1.358; 95% CI, 1.019-1.809). LOCA was
associated with more severe injuries. This study is the first to identify AIS2+ injury mechanisms in LOCA and
provides clinical evidence linking crash mechanisms with injury outcomes. Environmental factors such as road
surface and weather may contribute to LOCA occurrence. Prevention strategies should extend beyond collision

avoidance.
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ABSTRACT

Underride crashes between heavy trucks and passenger vehicles are critically dangerous as they often bypass a
car’s energy absorbing structures, leading to direct passenger compartment intrusion. This study analyzed
occupant injury mechanisms in these crashes using the Korean In-Depth Accident Study (KIDAS) database,
focusing on vehicle deformation matrices across different vehicle types. Frontal crash cases involving occupants
aged 18+ from 2011 to 2024 were extracted from KIDAS. Using 1:2 propensity score matching (PSM) with
vehicle type, seatbelt use, and crash severity (CDC extent) as covariates, 231 occupants were analyzed (80
underride vs. 151 non-underride). Generalized Estimating Equations (GEE) estimated adjusted odds ratios (aORs)
for injuries, while vehicle deformation was categorized by vertical levels using the SAE Collision Deformation
Classification (CDC) matrix. Underride crashes typically involved heavy vehicle structures impacting the
windshield and A-pillar, causing significant cabin intrusion. Occupants in underride crashes faced a 2.06 times
higher risk of head injury (AIS 2+) compared to non-underride cases (aOR=2.060, p=0.045). Conversely, the risk
of lower extremity injury (AIS 3+) was significantly lower (aOR=0.103, p=0.002) due to the impact shifting
upward. Deformation matrix analysis showed that “middle-level” deformation was most prevalent across all types
(Sedan: 63.8%, SUV: 62.1%, Van: 70.1%). Upper-level deformation occurred in 14.1% of sedans and 11.8% of
SUVs, highlighting structural vulnerability. Underride crashes exhibit a distinct injury pattern characterized by
elevated head trauma and reduced lower limb injuries, driven by structural incompatibility and upper-compartment
intrusion. These findings emphasize the urgent need for improved truck Rear Impact Guard (RIG) designs and

safety regulations that prioritize structural compatibility to mitigate direct cabin intrusion during collisions.
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Comparison of Injury Mechanisms and Clinical Outcomes between
Pelvic Ring and Acetabular Fractures in Front-Seat Occupants
Involved in Motor Vehicle Crashes
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ABSTRACT

This study aimed to compare injury mechanisms, risk factors, and clinical outcomes between pelvic ring fractures and
acetabular fractures in front-seat occupants involved in motor vehicle crashes.

This retrospective observational study utilized KIDAS data collected between January 2011 and December 2025. Front-seat
occupants aged 15 years or older were included, excluding cases with unknown seating position or unclear crash direction,
yielding 4,673 participants (119 pelvic ring fractures, 104 acetabular fractures, 4,450 without pelvic ring fracture). Statistical
analyses included chi-square test, Fisher’s exact test, and multivariable multinomial logistic regression to identify independent
risk factors.

The pelvic ring fracture group showed higher rates of near-side impact, rollover, hypotension, major trauma, and in-hospital
mortality, whereas the acetabular fracture group demonstrated higher rates of frontal impact and frontal airbag deployment
(p<.05). On multivariable analysis, independent risk factors for pelvic ring fractures were female (AOR=1.78, 95% CI 1.16-
2.96), near-side impact (AOR=6.50, 95% CI 3.45-12.30), rollover (AOR=1.61, 95% CI 0.85-3.06), vehicle intrusion of 6 or
more (AOR=3.42, 95% CI 1.64-7.11), and major trauma (AOR=16.96, 95% CI 10.43-27.56). Independent risk factors for
acetabular fractures were seatbelt use (AOR=2.08, 95% CI 1.37-3.15), frontal airbag deployment (AOR=1.56, 95% CI 1.01-
2.41), vehicle intrusion of 6 or more (AOR=5.06, 95% CI 2.60-9.88), and major trauma (AOR=4.04, 95% CI 2.66-6.13). Pelvic
ring fracture showed the highest odds ratio among all variables in the major trauma prediction model (AOR=13.44, 95% CI
8.23-21.97), followed by acetabular fracture (AOR=3.01, 95% CI 1.96-4.63). Seating position was not an independent risk
factor for either fracture type.

Pelvic ring fractures were more frequently associated with near-side impacts and rollovers, whereas acetabular fractures were
more prevalent in frontal impacts involving occupant restraint system deployment. These findings suggest that
crash-direction-specific pelvic protection mechanisms should be differentially considered in vehicle safety design and

occupant protection strategies.
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Comparison of Injury Severity by Body Region According to Safety
Restraint Combinations in Frontal Crashes

Bum Young Lee*, Joon Seok Kong**, Chan Young Kang*, Jin Ho Yu*, So Bin Baek*,
Kang Hyun Lee***, Oh Hyun Kim****
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ABSTRACT

This study analyzed severe injury patterns and risk factors across body regions among vehicle occupants in frontal
crashes based on safety restraint combinations.This retrospective observational study utilized data from the
Korean In-Depth Accident Study (KIDAS) from 2011 to 2025. A total of 377 adult (>18 years) front-seat
passenger vehicle occupants involved in frontal crashes were analyzed. Subjects were grouped by safety restraint
combinations: G1 (seatbelt + airbag, n=167), G2 (seatbelt only, n=94), G3 (airbag only, n=70), and G4
(unrestrained, n=46). The primary outcome was severe injury (AIS > 3) by body region (Head & Neck, Thorax,
Abdomen, Extremities & Pelvis). Data were analyzed using the Chi-square test, Kruskal-Wallis test, and binary
logistic regression. Compared to G1, G2 showed significantly lower risks of severe abdominal (AOR 0.268, 95%
CI 0.082-0.870) and extremities and pelvis injuries (AOR 0.099, 95% CI 0.011-0.901). Older adults (>65 years)
had an 8.7-fold higher thoracic injury risk (AOR 8.763, 95% CI 2.779-27.628). Front-seat passengers exhibited
higher abdominal injury risks than drivers (AOR 2.849, 95% CI 1.185-6.854). SUV occupants had lower
abdominal injury risks than sedan occupants (AOR 0.193, p=0.014), while heavier curb weights increased thoracic
injury risks. Vehicles manufactured post-2012 correlated with lower extremities and pelvis injury risks (AOR
0.134, 95% CI 0.028-0.653). Higher Delta-V (per 1 km/h) increased extremities and pelvis injury risks (AOR
1.031, 95% CI 1.008-1.054). Seatbelt use alone (G2) significantly protected against severe abdominal and
extremities and pelvis injuries in frontal crashes, whereas relative injury risks were higher in high-energy,
airbag-deployed scenarios (G1). Notably, since independent risk factors like older adults’ thoracic vulnerability,
front-seat passengers’ abdominal risks, and vehicle characteristics (curb weight and type) affect injury severity,

customized safety systems accounting for these factors are necessary.
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of a THOR-05F FE Model
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ABSTRACT

Female THOR models have been continuously developed and validated; however, comparisons with thoracic
injury characteristics in real-world female occupants remain limited. This study evaluated the injury biofidelity of
the THOR-05F model by comparing rib fracture patterns in real-world female occupants with thoracic injury
responses of THOR-05F.

A total of 34 belted adult female front-seat occupants involved in frontal crashes were selected from the Korean
In-Depth Accident Study (KIDAS). Real-world rib fractures were analyzed using a 120-region heatmap. Crash
simulations with the THOR-05F FE model were conducted under low-, mean-, and high-speed conditions based on
Delta-V. Thoracic deflection from four IR-TRACC sensors was converted into AIS 3+ injury probability, and
maximum principal strain (MPS) of the seven THOR ribs was analyzed using a 70-region classification.

A total of 161 rib fractures were identified, mainly in the antero-lateral and lateral regions of ribs 4-8. THOR-05F
showed the greatest deflection in the lower right thoracic region under all speed conditions, with deflection and
AIS 3+ injury probability increasing with speed. High MPS was observed mainly in the antero-lateral and lateral
regions of the right ribs 5-6 and left ribs 2-3.

Both real-world female occupants and THOR-05F showed a common vulnerability in the lower right thoracic
region. However, real-world rib fractures were distributed more broadly, whereas THOR-05F showed a more

localized injury response and limited biofidelity in the posterior rib region.
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