JT1

JOURNAL OF
TRAUMA AND INJURY

Received: October 19, 2020
Revised: December 3, 2020

Accepted: December 10, 2020

Correspondence to

Tae Hoon Kim, M.D.
Department of Emergency Medicine,
Trauma Center, Wonkwang University

Hospital, 895 Muwang-ro, Iksan 54538,

Korea

Tel: +82-63-859-1188

Fax: +82-63-859-1197

E-mail: doctor78em@gmail.com
ORCID: https://orcid.org/0000-0002-
7683-7259

http://www.jtraumainj.org

elSSN 2287-1683
pISSN 2799-4317

ORIGINAL ARTICLE

J Trauma Inj 2021;34(4):263-269
https://doi.org/10.20408/jti.2020.0063

Characteristics of Traffic Accidents on
Highways: An Analysis Based on
Patients Treated at a Regional Trauma
Center

Sung Yong Lee, M.D., Kyung Hoon Sun, M.D., Ph.D.,
Chan Yong Park, M.D., Ph.D.%, Tae Hoon Kim, M.D.?

'Department of Emergency Medicine, Chosun University Hospital, Gwangju, Korea
’Department of Trauma Surgery, Seoul National University Hospital, Seoul, Korea
Department of Emergency Medicine, Trauma Center, Wonkwang University Hospital,
Iksan, Korea

Purpose: There have been increasing concerns about serious traffic accidents on high-
ways. The purpose of this study was to analyze factors affecting traffic accidents on
highways and the severity of the resulting injuries.

Methods: This retrospective study was conducted at a regional trauma center. We re-
viewed 594 patients who had been in 114 traffic accidents on highways from January
2018 to June 2020. We collected demographic data, clinical data, accident-related fac-
tors, and meteorological data (weather and temperature).

Results: Environmental risk factors were found to be significantly associated with the
incidence of traffic accidents on highways. Injury severity and the death rate were high-
er in sedans than in any other type of vehicle. Tunnels were the most common location
of accidents, accounting for 47 accidents (41.2%) and 269 injured patients (45.3%). The
injury severity of individuals riding in the driver’s seat (front seat) was high, regardless
of vehicle type. Three meteorological risk factors were found to be significantly associ-
ated with traffic accidents: rainy roads (odds ratio [OR] 2.08; 95% confidence interval
[CI] 1.84-3.29; p=0.01), icy or snowy roads (OR 5.12; 95% CI 2.88-7.33; p<0.01), and
foggy conditions (OR 2.94; 95% CI 2.15—4.03; p<0.05).

Conclusions: The injury severity of patients was affected by seat position and type of
vehicle, and the frequency of accident was affected by the location. The incidence of
traffic accidents was strongly influenced by meteorological conditions (rain, snow/ice,
and fog).
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INTRODUCTION

Automobiles are considered to be an essential element
of modern society, as they make human life more con-
venient and expand living space. As income levels have
increased in South Korea, the number of registered au-
tomobiles has continued to grow, exceeding 23.5 million
units in 2019 [1]. This increase in vehicles eventually led
to an increase in traffic accidents, and an economic re-
search report was submitted, indicating that traffic acci-
dents impose an enormous burden in terms of economic
damage and rehabilitation costs [2]. Both domestically
and internationally, researchers have conducted studies
on risk factors for the incidence and severity of traffic
accidents, and found that the speed of the vehicle, meteo-
rological conditions, and time of day were related factors
[3-6]. According to Lee et al. [7], accidents on highways
have higher severity and mortality rates than those on lo-
cal roads, and accidents in the evening and early morning
have higher mortality rates than those at other times of
day. This is because accidents on highways involve high-
er vehicle speeds than those on local roads, and injured
victims may face delays in reaching emergency medical
treatment. As the total length of highways increases, with
a concomitant growth in the number of accidents, it is
necessary to analyze risk factors for the incidence and
severity of traffic accidents on highways to plan an ap-
propriate emergency medical system to improve patients’
prognosis. For this reason, the authors conducted a study
to analyze the frequency and severity of accidents accord-
ing to vehicle type, the specific location of the accident,
the time of occurrence, and meteorological and road
conditions, using data from patients who presented to a
regional trauma center due to highway traffic accidents.

METHODS

This research porject was approved by Institutional Re-
view Board (IRB) of Chosun Univiersity Hosipital (IRB
No. 2020-10-006).

Research subjects
From January 2018 to June 2020, 722 patients (in 137
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traffic accidents) who presented to the regional trauma
center due to a traffic accident that occurred on a highway
with four or more lanes were analyzed. Patients were ex-
cluded if they were under the age of 18, were transferred
more than 24 hours after the accident from another hos-
pital, or lacked accurate data on accident mechanisms or
patient-related characteristics.

Research method

The study was conducted in a retrospective manner by
collecting electronic medical records and trauma-related
records for patients who presented to the trauma cen-
ter due to traffic accidents. The study collected clinical
data, including the Revised Trauma Score (RTS), Injury
Severity Score (ISS), and Trauma Injury Severity Score
(TRISS), which were used as indicators of the severity of
trauma; demographic data, such as age and sex; and vital
indicators, vital signs, and seat position at the time of the
accident. Clinical data, such as length of hospitalization
and mortality, were also collected. In addition, traffic ac-
cident-related variables included the type of vehicle, the
location of the accident on the highway, the time of the
accident (dawn: 2 AM to 8 AM, daytime: 8 AM to 2 PM,
evening: 2 PM to 8 PM, and night: 8 PM to 2 PM), high-
way conditions, and meteorological conditions at the time
of the accident were also collected and recorded.

Statistical analysis

SPSS for Windows version 26.0 (IBM Corp, Armonk, NY,
USA) was used for statistical analyses. In the descriptive
statistical analysis, quantitative variables were expressed
as meantstandard deviation, and the categorical variables
measured for each item were expressed as frequency and
percentage (%). In multiple comparisons involving mul-
tiple variables, post-hoc analysis was performed using the
independent-sample #-test and the Bonferroni method
using one-way analysis of variance (ANOVA). For con-
tinuous variables, the analysis was performed using the
independent sample #-test and logistic regression analysis
with the environmental factors related to traffic accidents
as independent variables and the frequency of accidents as
dependent variables. Statistical findings were considered
to be statistically significant when the p-value was less
than 0.05.



RESULTS

General characteristics of research subjects

In the 29-month period from January 2018 to June 2020,
a total of 137 traffic accidents occurred on highways in the
region covered by the regional trauma center where this
study was conducted, and 722 patients were confirmed to
have been in these accidents. Among them, 594 patients
were studied, after the exclusion of 69 patients who were
under the age of 18, 43 patients who were transferred to
the hospital more than 24 hours after the accident from

Total patients
(n=722)
(137 cases)

Exclusion (n=128)

<18 years 69
>24 hours transferred 43
Missing data 16

Enrolled patients
(n=594)
(114 cases)

Fig. 1. Enroliment of patients who were in traffic accidents on highways.
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other hospitals, and 16 patients with insufficient available
data. Twenty-three accidents were also excluded because
they were related to the excluded patients (Fig. 1). Of the
594 patients who were analyzed, there were more men
(335; 56.3%) than women (259; 43.7%), and the mean age
of the patients was 42.1£10.8 years. Accidents involving
trucks and sedans were associated with significantly higher
trauma severity (ISS: 15.4+6.3 and 11.5+6.3 points, respec-
tively) than accidents involving other types of vehicles.
The mortality rate after 24 hours was also significantly
higher for accidents involving trucks and sedans, at 16.7%
and 13.5%, respectively. The hospitalization period of pa-
tients who were in sedan accidents was significantly longer
(17.2£10.3 days) than that of patients who were in acci-
dents involving other types of vehicles (Table 1). However,
no significant differences in GCS and RTS were observed.

Highway location and accident characteristics

The location of accidents on the highway was divided into
five categories: straight roads, curved roads, roads around
tunnels, bridges, and roads with unconfirmed informa-
tion. The highest number of accidents was found around
tunnels was (n=47; 41.2%), and the number of patients
was also highest for accidents near tunnels (n=269;
45.3%). The frequency of accidents on straight roads

Table 1. Patients’ baseline characteristics according to the type of vehicle involved in the highway accident

Sedan SUV VAN Truck Bus p-value

Patients 96 136 94 36 232 068

Male 54 94 47 32 98
Age (years) 43.8+104 38.6£95 394411.2 472485 4214144 078
GCS 127424 131414 13.541.8 13.8+1.2 137419 035
RTS 71412 76%0.7 74405 6.8+0.8 76+06 096
1SS 11.5+6.3 95+3.8 10.2£54 154463 6.5+2.8 0.04
TRISS 94.2+86 96.7+6.2 95.8+4.6 94.6+12.2 972454 0.06
Length of HD (days) 1724103 11.5+6.7 14.248.5 6.5+4.8 8.5+52 003
Outcomes

Discharge 76 (79.2) 128 (94.2) 84 (894) 28 (77.8) 218 (939) 002

Hopeless discharge 2(20) 322 0(0.0) 0(0.0) 0(0.0) 0.89

Death in 24 hours 5(5.2) 1(07) 220 2(0.5) 4(1.7) 0.72

Death 13 (13.5) 429 8(85) 6(16.7) 1043 0.04

Values are presented as meantstandard deviation or number (%).

GCS: Glasgow Coma Scale, RTS: Revised Trauma Score, ISS: Injury Severity Score, TRISS: Trauma and Injury Severity Score, HD: hospital day.
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(33.3%) and curved roads (12.3%) was also high (Table 2).

Environmental factors affecting the frequency of traffic
accidents
Logistic regression analysis was used to analyze the rela-
tionship of the frequency of traffic accidents on highways

with time and meteorological variables such as weather
conditions, the ground conditions of the highway, and
temperature at the time of the accident. The frequency of
accidents was significantly higher at dawn (odds ratio [OR]
2.35; 95% confidence interval [CI] 1.92-3.57; p=0.01) and
night (OR 1.95; 95% CI 1.16-2.65; p=0.02) than during

Table 2. The locations and injuries of patients who were in traffic accidents on highways
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Straight arearoad Curvedarearoad Tunnelarearoad Bridgearearoad Unconfirmed road p-value
Accident cases 38(333) 14(12.3) 47 (41.2) 12 (10.5) 3(26) 003
Sedan 13 (114) 2(18) 18 (15.8) 2(18) 1(09) 0.05
SV 12 (10.6) 544) 12 (106) 2(18) 1(09) 007
VAN 4(35) 326 3(26) 544 0(0.0) 0.55
Truck 7)) 2018 9(79 1(09 1009 0.79
Bus 2(1.8) 2(1.8) 5(44) 2(18) 0(0.0) 096
Injured patients 150 (25.3) 87 (14.6) 269 (45.3) 79 (13.3) 9(15) 002
Sedan 32(54) 8(13) 45 (76) 7(12) 4(0.7) 0.23
SUV 44 (74) 193.2) 58 (9.8) 1019 4(0.7) 0.16
VAN 26 (44) 1(19) 26 (44) 31 (5.2 0(0.0) 0.89
Truck 12 20) 4(07) 16 (2.7) 3(05) 1(0.2) 063
Bus 36 (6.1) 45 (76) 124 (209) 27 (4.5) 0(0.0) 002
Values are presented as number (%).
Variable factor OR OR (95% Cl) p-value
Time of accidents (refer: daytime)
Dawn —— 235 (192-357) 001
Evening —— 1.89 (1.65-2.24) 0.05
Night —— 195 (116-2.65) 002
Road surface state (refer: clear)
Rain (wet) —— 208 (1.84-3.29) 001
Snow (ice) —e 512 (2.88-733) 001
Fog —- 294 (215-403) 002
Cloud -’— 1.05 (0.55-115) 0.65
Temperature (refer: 0°C)
Above zero (0°C) __+ 118 (0.68-1.54) 0.54
Below zero (0°C) —_— 415 (1.80-5.85) 001
01 05 08 1 2 4 8 10

Fig. 2. Multivariate logistic regression analysis of environmental variables related to traffic accidents. OR: odds ratio, Cl: confidence interval.



daytime, and more accidents occurred on rainy roads (OR
2.08; 95% CI 1.84-3.29; p=0.01), icy roads (OR 5.12; 95%
CI 2.88-7.33; p=0.01), and foggy days (OR 2.94; 95% CI
2.15-4.03; p=0.02) than on sunny days. The frequency
of accidents was higher at sub-zero temperatures than at
above-zero temperatures (OR 4.15; 95% CI 1.80-5.85;
p=0.01) (Fig. 2).

Severity prediction according to seat position

A receiver operating characteristic curve analysis was con-
ducted to determine whether the seat position predicted
accident severity, regardless of the car type. The highest
severity was found for the driver’s seat (area under the
curve [AUC] 0.925; p<0.01), followed in order by the pas-
senger seat (AUC 0.783; p<0.01) and rear seat (AUC 0.598;
p<0.01) (Fig. 3).

DISCUSSION

This study analyzed the characteristics of highway traf-
fic accidents to identify factors related to the frequency
of accidents and the severity of patients’ injuries. Earlier
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X Model: ISS ~ driver's seat (front)
e AUC: 0.925 (0.895-0.956), p<0.01

i Model: 1SS ~ passenger seat (front)
5 AUC: 0.783 (0.712-0.845), p<0.01

Model: ISS ~ rear seat
AUC: 0.598 (0.525-0.652), p<0.01
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Fig. 3. ROC curves for seat position and an 1SS of more than 15 points.
ROC: receiver operating characteristic, ISS: Injury Severity Score, AUC:
area under the curve.
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research has demonstrated that the severity of traffic ac-
cidents is affected by several factors. Because traffic acci-
dents on highways are highly likely to lead to serious trau-
ma and mass disasters, Anastasopoulos et al. [8] studied
the level of accident risk in a specific road section through
variable responses using a tobit analysis of severity. Ro-
shandel et al. [9] conducted a systematic review and me-
ta-analysis to develop a method for real-time accident pre-
diction according to traffic volume and road conditions.
According to Yannis et al. [10], the mortality and severity
of accidents involving trucks and sedans were higher than
those involving other types of vehicles. According to Liu
et al. [11], the severity of patients’ injuries was high in ac-
cidents involving large vehicles such as trucks, and highly
fatigued patients had severe injuries. In particular, it was
reported that the severity of injuries was high among
commercial truck drivers. In our study, the severity and
mortality of sedan and truck accidents were significantly
higher than those of accidents involving other types of
cars, aligning with the results of previous research.

According to previous studies of the risk of accidents
on highways according to the type of road, the risk of
accidents around tunnels was higher, and accidents were
more frequent on straight roads than on curved roads
[12-14]. According to Han et al. [12], through a simula-
tion experiment of the occurrence of visual impairment in
tunnels, the driver’s pupil constricts while in a tunnel and
the reaction to light is slow; therefore, the risk of traffic
accidents increases. In this study, the frequency of traffic
accidents in the vicinity of tunnels was also significantly
higher than in other locations, and as mentioned above,
this is thought to be due to the visual impairment caused
by sudden exposure to light when entering or exiting a
tunnel.

Garder [13] studied the characteristics of fatal head-on
crashes and concluded that about 67% of them occurred
on straight roads. The reason for this was that high speed
limits were associated with the occurrence of serious ac-
cidents. The findings of Jones et al. [14] indicate that the
frequency and mortality of traffic accidents increased as
the degree of road curvature decreased. In recent years, it
seems that the increase in the speed of vehicles has been
the largest factor contributing to the occurrence of ac-
cidents, as projects are under way in Korea to straighten
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highways. In addition, in this study, a significantly higher
number of traffic accidents occurred on straight highways
than on curved roads. This can be explained in light of the
causes pointed out in existing research.

In addition to the shape of roads, other studies have
analyzed accident time, weather-related road conditions,
and climate-related factors. We analyzed the frequency of
traffic accidents by time, and found a significantly higher
frequency of traffic accidents at times other than day-
time. Previous studies have reported that fatigued driving
causes a high frequency of accidents at dawn and at night,
disproportionately affecting the major occupational
groups of drivers and passengers who are active at these
times. Therefore, future studies should conduct occupa-
tion-specific analyses [15]. In the analysis of risk factors of
traffic accidents conducted by Chen et al. [16], accident
occurrence and severity were likewise found to be signifi-
cantly higher in the early morning hours than at other
times. According to Wu et al. [17], who studied the risk of
accidents on sunny and foggy days, the risk of accidents
on foggy days was significantly higher, especially near
highway ramps. In addition, in a report that studied the
correlation between meteorological factors and the risk of
accidents, the risk of accidents was high in snowy, icy, and
slippery road conditions [18-19]. In this study, time and
meteorological variables such as weather, road conditions,
and temperature at the time of the accident were collected
based on trauma data and the weather log information at
the time of the accident. Relative to sunny conditions, the
incidence of traffic accidents was about twice as high on
wet roads, and the incidence of accidents on icy roads and
in sub-zero temperatures was 4-5 times higher. In addi-
tion, the frequency of traffic accidents in the presence of
fog was 3 times higher.

Regardless of vehicle type, the highest severity was
found for patients in the driver’s seat, followed in or-
der by the passenger seat and rear seat. According to
Atkinson et al. [20], the severity of the injuries of front
row passengers in front crash accidents was higher than
those of second-row passengers. In a study by Miltner
et al., it was reported that the driver’s head injuries were
more severe than those of other front seat occupants in
car-to-car head-on collisions. There have been reports
that drivers had more severe head injuries. In addition,
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Mayrose et al. [21] showed that patients in the rear row
seat had less severe injuries and a high survival rate. The
abovementioned findings are consistent with the results
of this study, but Mitchell et al. [22] showed higher injury
severity among rear-seat passengers than among front-
seat passengers. The differences in existing research re-
sults seem to be due to differences in the direction of the
vehicle collision, the accident mechanism, and the study
design. In this study, since the research was conducted by
examining 119 records retrospectively, detailed accident
records could not be analyzed, and it was not possible to
analyze accident-related variables such as rescue time and
arrival time from the scene of the accident to the hospital.
In the future, further studies should control for relevant
variables, unify the descriptions of accident mechanisms,
and assess severity according to the presence or absence of
safety devices.

A limitation of this study is that patients with relatively
low-severity injuries presented to the regional trauma
center. Moreover, since the study only analyzed traffic ac-
cidents on highways near the hospital, it is not necessarily
representative of highway traffic accidents in Korea as a
whole. A future analysis of national data will lead to more
generalizable results. In addition, the analysis of traffic
accidents around tunnels was hindered by a lack of suffi-
cient data on whether the accidents took place on access
roads to the tunnel, the inside of the tunnel, or the exit
from the tunnel, so it was not possible to study the chain
of events involved in collisions due to road conditions
and visual impairment. Further research on this topic is
necessary. Moreover, when analyzing the severity of pa-
tients’ conditions, data on whether seat belts were worn
and whether airbags were operated were insufficient, so
these factors could not be analyzed.

CONCLUSION

In highway traffic accidents, the severity of trauma to the
driver and passengers was significantly different depend-
ing on the type of vehicle, and the frequency and severity
of accidents increased depending on the curve of the road,
inclement (rainy, snowy, or foggy) weather, and the con-
dition of the ground. Based on this study, consideration



should be given to expanding the scope of trauma treat-
ment activation to include environmental factors.
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