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Abstract

This retrospective study aimed to identify the characteristics of Korean medical care utilization in patients with traffic injury$
and to explore the clinical effectiveness of Korean medical interventions for Tl through a multicenter chart review. This multicenter,
retrospective registry study gathered electronic health records from 3 hospitals between January 1, 2018 and December 31,
2021. Data included treatment dates, demographic information, the Korean Standard Classification of Diseases codes, collision
data, Korean medicine treatment modalities, and treatment outcomes. In total, 384 patients (182 inpatients and 202 outpatients)
were included in the analysis. Patients were categorized into acute (207 patients, 53.9%), subacute (77 patients, 20.1%), and
chronic (100 patients, 26.0%) phases based on the period until the visit. The most frequent Korean Standard Classification of
Diseases code was “sprain and strain of cervical spine (S13.4).” All patients, except one, received Korean physiotherapy, followed
by acupuncture and cupping. Comparative intragroup analysis revealed significant pain reduction in patients treated with the
combination of Chuna manual therapy, herbal medicine, and pharmacopuncture and those treated with pharmacopuncture and
herbal medicine only. This study highlights the characteristics of patients with Tl visiting medical institutions providing Korean
medicine and describes the effectiveness of Korean medicine interventions. Further comprehensive analysis with more data is
necessary for future research.

Abbreviations: CKUH = Catholic Kwandong University International St. Mary Hospital, CMT = Chuna manual therapy, DUKH =
Dongshin University Korean Medicine Hospital, HER = electronic health record, HM = herbal medicine, KCD = Korean Standard
Classification of Diseases, NRS = numeric rating scale, PNUKH = Pusan National University Korean Medicine Hospital, PP =

pharmacopuncture, SD = standard deviation, TA = traffic accidents, Tl = traffic injury.
Keywords: accidents, electronic health records, Korean traditional, medicine, traffic, whiplash injuries

1. Introduction

In 2022, Korea recorded 196,836 traffic accidents (TAs) with
2725 fatalities, ranking 4th in deaths per 10,000 cars among
OECD countries.!!! Korea dual medical system, encompass-
ing Western and Korean medicine, poses choices for patients
involved in TAs.?! In 2022, 72% of TA patients used Korean
medical institutions, including Korean medicine clinics and
hospitals, a significant rise from 47.6% in 2018.5! The reasons
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for this increased demand are variously attributed to the excel-
lence of Korean medicine, friendlier service, and convergence
of Western and Korean medicine.*! According to survey studies
on satisfaction with Korean medicine among patients with TA,
acupuncture, pharmacopuncture (PP), and Korean physiother-
apy were highly satisfactory.>¢! Although Korean physiother-
apy, PP, and herbal medicine (HM) are not covered by national
health insurance,” these treatments are covered by the Korean
automobile insurance medical fee system, which encourages
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General characteristics of patients with traffic injury.

Patients
Overall Inpatient Outpatient P
Variable (n = 384) (n=182) (n=202) valuet
Age (yrs) 53.6+166 55.0+16.6 523+16.6 .106
Sex
Male 143 (37.2) 64 (35.2) 79(39.1)
Treatment period 32.0+348 38.1+£428 27.4+265 073
(d)
Female 241 (62.8) 118 (64.8) 123 (60.9)
Treatment period  33.2+353  315+266 348+416 .486
(d)
Past history
Cardiovascular 87 (24.0) 50 (28.6) 37 (19.7) 0470*
disease
Endocrine disease 61(16.8) 38(21.7) 23(12.2) .016/*
Surgery 96 (26.4) 62 (35.4) 34 (18.1) .0007*
Collision type
Rear-end collision 110 (28.6) 58 (31.9) 52 (25.7) 185/
Forward collision 42 (10.9) 31(17.0) 11 (5.4) .0007*
Left side collision 318.1) 17 (9.3 14 (6.9) 387/
Right side collision 26 (6.8) 14.(7.7) 12 (5.9 4950
Multiple pileup 15(3.9) 6(3.3) 9(4.5) 558/
Others 81(21.1) 41(22.5) 40(19.8) 5130
Not applicable 63 (16.4) 38 (20.9) 25 (12.4) 025
Unknown 75(19.5) 10 (5.5) 65(32.2) .0001*
Collision situation
In car TA 267 (69.5) 124 (68.1) 143 (70.3) 5720
Out car TA 61 (15.9) 39 (21.4) 22 (10.9) .005/*
Motorcycle TA 9.3 8 (4.4) 1(0.5) 0120*
Bicycle TA 15(3.9) 5(2.7) 10 (5.0 266/
Others 32(8.3) 6(3.3) 26 (12.9) .0010*
Intervention
With CMT 192 (50.0) 96 (52.7) 96 (52.5) .307)
Without CMT 192 (50.0) 86 (47.3) 106 (47.5)
With PP 341 (88.8) 167 (91.8) 174 (86.1)  .081Y
Without PP 43(11.2) 15(8.2) 28 (13.9)
With HM 250 (65.1) 164 (90.1) 86 (42.6) .0007*
Without HM 134 (34.9) 18(9.9) 116 (57.4)
With CMT, PP, HM 140 (36.5) 88 (48.4) 52 (25.7) .000/*
With CMT, PP 37 (9.6) 422 33(16.3)
With CMT, HM 6(1.6) 3(1.6) 3(1.5)
With PP, HM 93 (24.2) 65 (35.7) 28 (13.9)
Only CMT 9.3 1(0.5) 8(4.0)
Only PP 71(18.5) 10 (5.5) 61(30.2)
Only HM 11(2.9) 8 (4.4) 3(1.5)
None 17 (4.4) 3(1.6) 14 (6.9)

All values are presented as mean + standard deviation or number (%).

{Independent ¢ test

|[Pearson chi-squared test.

CMT = Chuna manual therapy, HM = herbal medicine, PP = pharmacopuncture, TA = traffic
accident.

*P < .05.

TP value testing the differences between inpatient and outpatient.

patients with TA to visit Korean medical institutions when a
TA occurs.

While traditional and complementary medicines, including
Korean medicine, demonstrate clinical utility, they often face
criticism for a lack of comprehensive evidence.® Han et al®!
addressed the need for a Korean medicine data registry network
to generate evidence on Korean medicine. Therefore, it is imper-
ative to collect and analyze health data held by Korean medical
institutions. Given the frequent treatment of traffic injury (TI) in
Korean medicine, creating evidence in this area is a top priority.

Accordingly, we recognized the necessity of synthesizing evi-
dence to evaluate the effectiveness, safety, cost-effectiveness, and
clinical utility of Korean medicine for TI. Based on the Korean
Medicine Clinical Practice Guideline for TL!"” we aimed to identify
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the characteristics of Korean medical care utilization of patients
with TT and explore the clinical effectiveness of Korean medical
interventions through a retrospective chart review. A multicenter,
retrospective, exploratory registry study was conducted using elec-
tronic health records (EHRs) from 3 hospitals to analyze the char-
acteristics and treatment practices of patients with TI.

2. Methods

2.1. Study population

We collected EHRs of patients with TI who visited Pusan
National University Korean Medicine Hospital (PNUKH),
Catholic Kwandong University International St. Mary Hospital
(CKUH), and Dongshin University Korean Medicine Hospital
(DUKH) from January 1,2018 to December 31,2021. The EHR
data comprised treatment dates, demographic information, the
Korean Standard Classification of Diseases (KCD) codes, colli-
sion data, Korean medicine treatment modalities, and treatment
outcomes. The study protocol was approved by the institutional
review boards of each hospital (PNUKH, 2015001; CKUH,
1S21RNMI0093; DUKH, DSGOH_E_2021-010).

The inclusion criteria were: patients, either outpatients or
inpatients, who were registered with car insurance from January
1,2018 to December 31,2021, at PNUKH, CKUH, and DUKH;
and patients who continued to receive treatment for >3 months
after the date of the accident. The exclusion criteria were:
patients who had not received Korean medicine treatments at
least once; and patients with insufficient EHR for analysis (e.g.,
lack of data such as date of TA or KCD codes).

2.2. Data collection

Patient-specific data encompassed treatment dates, including
the first date of visit or hospitalization date, date of TA, period
from the TA to the first visit (period until the visit), period from
the first visit to the most recent visit (treatment period), and
date of last treatment or discharge. For hospitalized patients,
the readmission status, number of readmissions, and total hospi-
talization days were also recorded. Patients were classified into
the acute, subacute, or chronic phase based on the period from
TA to the first visit; we divided patients into the acute phase if
it was <21 days, the subacute phase if it was 22 to 90 days, and
the chronic phase if it was >91 days. Demographic information
included patient sex, age, and past medical history (including
surgical history). All principal and additional diagnoses were
collected using KCD-8 codes. Collision data contained infor-
mation regarding the collision type and situation. The collision
type included forward, rear-end, side, and multiple pileups.
Collision situations were defined as the circumstances when the
TA occurred, such as “in-car TA,” “out car TA,” “bicycle TA,”
and “motorcycle TA.” Korean medicine treatment modalities
included acupuncture, moxibustion, cupping, PP, Chuna man-
ual therapy (CMT), Do-in-conduction exercises, Korean phys-
iotherapy, and HM.I"""831 For hospitalized patients, pain was
assessed upon admission and discharge using the numeric rating
scale (NRS) to evaluate the effectiveness of Korean medicine
treatments. The difference between the NRS at admission and
discharge was used to compare the degree of pain reduction
in hospitalized patients. NRS is a commonly used pain assess-
ment tool from a scale of 0 (no pain) to 10 (the worst pain
imaginable)."¥ However, the pain NRS score of outpatients and
discharged inpatients were not collected due to a lack of infor-
mation as some institutions did not record them.

2.3. Statistical analysis

Continuous variables which were normally distributed were
expressed as mean = standard deviations (SDs), otherwise as
median (Q1, Q3). Categorical data, such as sex, past medical
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history, and KCD-8 codes, were expressed as number (N) and
percentage (%). Intragroup comparisons were tested using
the paired t-test or Wilcoxon signed-rank test, while inter-
group comparisons were performed with an independent ¢
test. Comparisons between 3 groups were conducted using
the analysis of variance method. The Pearson chi-squared test
was used to analyze categorical data. Statistical significance
was determined using a 2-sided test with a significance level
of 0.05. For missing data, we used the “pairwise deletion”
method.!”!

3. Results

A total of 384 patients (182 inpatients and 202 outpatients)
were included in the analysis. The average patient age was
53.6 years, with 143 (37.2%) male and 241 (62.8%) female
patients. The average treatment period for men and women
was 32.0 and 33.2 days, respectively. Rear-end collisions
were the most common collision type among patients with
TI, with “in car TA” as the most common collision situation
(Table 1).

Among the 384 patients, 207 were in the acute phase, 77
were in the subacute phase, and 100 were in the chronic phase.
Of the 182 inpatients, 162 did not readmit, with the average
admission period and period until the visit of 28.3 and 43.5
days, respectively. The mean admission period for acute inpa-
tients was 14.6 days, subacute inpatients 54.5 days, and chronic
inpatients 61.2 days, with significant differences between the 3
groups. For the 202 outpatients, the mean treatment period was
31.9 days, and the average period until the visit was 143.0 days.
The period until the visit was significantly different for acute,
subacute, and chronic patients in both inpatient and outpatient
settings (Table 2).

A total of 1276 KCD codes were collected, including prin-
cipal and additional diagnoses. The most frequent KCD code
was “sprain and strain of cervical spine (513.4)” followed by
“sprain and strain of lumbar spine (S33.50),” “sprain and
strain of shoulder joint (S43.4),” and “concussion, without
open intracranial wound (S06.00)” (Table S1, Supplemental
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readmitted patients, the most frequent KCD code chapters
were “Injury, poisoning and certain other consequences of
external causes (S00-T98),” “Diseases of the musculoskeletal
system and connective tissue (M00-M99),” and “Diseases of
the nervous system (G00-G99).” In “Injury, poisoning and cer-
tain other consequences of external causes (S00-T98),” there
were 18 cases of fracture, and 11 cases of brain damage (Table
S2, Supplemental Digital Content, http://links.lww.com/MD/
MS861).

All patients, except one, received Korean physiother-
apy (383 patients), which was the most frequently utilized
Korean medicine intervention. Acupuncture was employed
less frequently than Korean physiotherapy in only 1 case
(382 patients). Cupping (346 patients), PP (341 patients),
and moxibustion (336 patients) were the next most common
interventions. Except for Do-in-conduction exercises (16
patients), all interventions were applied to more than half
of the patients. Treatment details are outlined in Table S3,
Supplemental Digital Content, http://links.lww.com/MD/
MS862.

Following data collection, there were insufficient informa-
tion on pain NRS score for 46 cases. Therefore, we classified
all of them as missing values and analyzed the pain NRS score
for the remaining 136 patients. Further analysis involved
examining the treatment effectiveness of Korean medicine by
classifying inpatients according to collision type, collision sit-
uation, phase, and interventions. All collision types, exclud-
ing “unknown,” exhibited a significant decrease in pain for
inpatients. In the comparison of treatment effectiveness based
on collision situation, “in car TA” and “out car TA” patients
showed notable decreases in pain, while “motorcycle TA”
and “bicycle TA” patients showed no differences. Notably, all
phases showed a significant decrease in the pain NRS score
during hospitalization. Evaluation by intervention classifi-
cations showed a significant reduction in pain regardless of
whether CMT, PP, or HM was performed. When comparing
intragroup differences according to combined treatments,
patients who received a combination of CMT, HM, and PP
and those treated with PP and HM only exhibited significant

Digital Content, http://links.lww.com/MD/M860). For  pain reduction (Table 3).
Analysis of treatment type.
Patients

Variables Overall Acute Subacute Chronic Pvalue
Overall 384 (100) 207 (563.9) 77 (20.1) 100 (26.0)
Treatment period (d) 32.8+35.1 35.1+241 39.4 + 521 228+379 004+
Inpatient

Number 182 (100) 124 (68.1) 32 (17.6) 26 (14.3)

Admission period (d) 28.3+494 146 +14.2 545+51.3 61.2 +102.0 000"~
Number of readmission

0 162 (89.0) 116 (71.6) 28 (17.3) 18 (11.1) .001/*

1 12 (6.6) 6 (50.0) 4(33.3) 2(16.7)

2 3(1.6) 1(33.3) - 2 (66.7)

3 3(1.6) 1(33.3) - 2 (66.7)

4 1(0.5 - - 1 (100)

5 1(0.5 - - 1 (100)
Period until the visit (d) 43.5+90.1 6.0+5.9 459 +19.3 219.7 +137.5 .000'*
Outpatient

Number 202 (100) 83 (41.1) 45 (22.3) 74 (36.6)

Treatment period (d) 31.9+36.6 321+214 39.4 + 481 271415 209

Period until the visit (d) 143.0 + 380.4 93+6.5 50.0+20.3 349.4 + 574.0 .000*

All values are presented as mean + standard deviation or number (%).
JAnalysis of variance.

I

JPearson chi-squared test.

*P < .05.
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Effects of Korean medicine treatment in hospitalized patients.

Outcome

Variables No. Admission day pain Discharge day pain Changes Pvalue
Classification by collision type

Rear-end collision 51 7.0 (6.0,8.0) 5.0 3.0,6.0) -1.0(=3.0,0.0) .000'*

Forward collision 25 7.0(7.0,8.0) 5.03.0,6.0) -1.0(-3.0,-1.0) .000'*

Left side collision 11 6.82 +2.04 4.82 +1.99 —-2.00 +2.05 0091+

Right side collision 10 6.50 + 2.12 3.80 +2.04 -2.70+275 013/~
Others 27 7.0(4.0,7.0) 4.0(2.0,7.0) -1.0(-2.0,0.0 .000'*
Not applicable 25 7.0(7.0,8.0) 5.0 (4.0,7.0) -2.0(-2.0,0.0 .000'*
Classification by collision situation

In car TA 100 7.0(5.0,8.0 5.03.0,6.0) -1.0(=3.0,0.0 .000'*

Out car TA 27 7.0(7.0,8.0 5.0 (4.0,7.0) -2.0(-25,0.0) .000'*
Classification by phase

Overall 136 7.0(6.0,8.0) 5.0 3.0,6.0) -1.0(=3.0,0.0 .000'*

Acute 91 7.0 (5.0,8.0) 5.03.0,6.0) -1.0(-2.0,0.0 .000'*

Subacute 28 6.75+1.62 443228 -2.32 +2.11 .000/*

Chronic 17 8.0(7.0,8.0) 7.0(5.0,7.0) -1.0(=3.0,0.0) .003'*
Classification by CMT

With CMT 85 7.0(5.0,8.0 5.03.0,6.0) -1.0(-3.0,0.0 .000'*

Without CMT 51 7.0 (6.5,8.0) 5.03.0,7.0) -2.0(=3.0,0.0 .000'*
Classification by PP

With PP 128 7.0 (6.0, 8.0) 5.03.0,6.0) -1.0(=3.0,0.0 .000'*

Without PP 8 6.63 + 1.06 513+ 1.64 -150+1.77 048/
Classification by HM

With HM 123 7.0 (6.0,8.0) 5.0 3.0,6.0) -1.0(=3.0,0.0) .000'*

Without HM 13 7.0(7.0,8.0) 6.0 (4.0,7.0) -1.0(-2.0,0.0 .007'*
Classification by combined treatments

With CMT, PP, HM 7 7.0 (6.0,8.0) 5.03.0,6.0) -1.0(=3.0,0.0 .000'*

With PP, HM 41 7.0 (6.0,8.0) 5.03.0,7.0) -2.0(-3.0,0.0 .000/*

All values are presented as mean + standard deviation or median (Q1, Q3). Only subgroups with more than 10 patients collected are specified in the table except for the “without PP” subgroup.

|Wilcoxon singed-rank test.
ﬂPaired t test.

CMT = Chuna manual therapy, HM = herbal medicine, PP = pharmacopuncture, TA = traffic accident.

*P < .05,

4. Discussion

This multicenter, retrospective, exploratory registry study inves-
tigated the characteristics of Korean medical care utilization in
384 patients with TI who continued to receive treatment for >3
months after the date of the accident. As TA is a psychologically
rewarding condition, this study excluded patients who were
treated for <3 months, which could have confounded the data,
such as early settlement agreements. However, as there was no
nontreatment group, the authors tried to be more cautious in
determining the clinical utility of Korean medicine and inter-
preting the results.

The average age of patients was in their 50s, indicating
a preference for Korean medicine among older individuals.
Interestingly, the highest TA rates were among those in their 20s
(18.1%), followed by those in their 30s (17.7%)," but the uti-
lization of Korean medicine was uncommon. This may be due
to the lack of awareness of Korean medicine among young peo-
ple,l' and treatment periods < 3 months. Considering that TI
has long sequelae, strategies to encourage young adults to uti-
lize Korean medicine for TI are crucial.'” Furthermore, sex dis-
parities were noted in 2022, with men and women accounting
for 62.4% and 37.6% of TA injuries, respectively.l'! However,
in this study, women accounted for 62.8%, which is 1.7 times
higher than that of men. This implies that men with TT are not
actively treated for reasons such as early return to work,!!
emphasizing the need for implementing policies for equitable
sex-based Korean medicine utilization.

The number of people injured in rear-end collisions was
55,193, with 98,331 injured in side collisions in 2022.1!
However, rear-end collisions were the predominant collision
type in this study. Under current Korean law, it is difficult to

determine 100% of faults in side collisions, while 100% of
faults are available in rear-end collisions, making rear-end colli-
sion victims more active in treatment.”!

TA causes immediate clinical symptoms, such as pain or
limited range of motion, because it is caused by direct trauma
from vehicle collisions.?” According to the Korean automobile
insurance medical fee system, the coverage of car insurance
decreases with time from the date of the accident. The Korean
Health Insurance Review & Assessment Service limits the
coverage of patients with TI to hospitalization within 3 days
from the date of the accident and only allows 5 days of hospi-
talization. Accordingly, patients tend to visit hospitals during
the acute phase. Notably, 11% of inpatients were readmitted
more than once, indicating persistent symptoms even after dis-
charge; 60% of the readmitted patients were in the subacute or
chronic phase, indicating that the longer symptoms persisted,
the more repeated hospitalizations were required. In addition,
patients with fractures or brain damage tended to be readmitted
frequently, indicating the need for readmission or longer treat-
ment for severe injuries. The proportion of outpatients in the
acute phase was lower, while the proportion of patients in the
subacute and chronic phases was higher than that of inpatients.
Data indicate that patients in the acute phase tend to be hospi-
talized actively, and these patients switch to outpatient treat-
ment after discharge, which results in a higher proportion of
outpatients in the subacute and chronic phases.

Due to the mechanism of TA, sprains and strains were the
most common KCD codes among patients with TI. Besides mus-
culoskeletal codes, other codes related to systemic symptoms,
such as dizziness (R42) and headache (G44.3), were also com-
mon. In severe cases, intervertebral disc displacement (M51.2)
occurred because of TAs. Inpatients had a higher ratio of codes
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related to concussions (S06.00) than outpatients, suggesting
that patients with head trauma were more likely to require hos-
pitalization. Symptoms related to head trauma such as head-
ache, dizziness, and memory impairment make social activities
difficult,?!! resulting in patients with head trauma preferring
hospitalization because of psychological concerns about the
occurrence of traumatic brain injury.??!

In the analysis of Korean medicine interventions, HM, whose
prescription is limited to a maximum of 7 days per accident, was
performed in 90% of inpatients and only 43% of outpatients.
As stated earlier, this was presumed to be due to the transition
from inpatient to outpatient treatment after discharge. In addi-
tion, only half of the patients received CMT, which was lower
than that of the other interventions. Because most patients were
in the acute phase, early application of CMT may worsen the
symptoms; therefore, Korean medicine doctors screen patients
carefully before proceeding with CMT. Treatment effectiveness
was noteworthy among patients receiving combined therapies,
specifically CMT, HM, and PP together, emphasizing their poten-
tial benefits. However, as the treatments were not performed in
a controlled environment, the efficacy of other combined thera-
pies needs to be verified in future studies.

The significance of this study lies in revealing patient char-
acteristics and describing the effectiveness of Korean medicine
treatments using the NRS. Compared to studies that retrospec-
tively analyzed the EHR of patients with TT by the Automobile
Accident Compensation Securities Law, which has been revised
14 times in the past 10 years, this study has strengths in the
following aspects.l>>2¢! First, the effectiveness of the interven-
tions was described. As this study aimed to synthesize evidence
to explore the effectiveness of Korean medicine interventions,
the effectiveness of each combination of CMT, PP, and HM
was documented. Second, a multicenter study was conducted.
Previous studies were conducted at a single Korean medicine
clinic or hospital and only reflected regional demographic char-
acteristics. In this study, we collected data from 3 hospitals,
making it possible to establish a common registry and secure
more objective and extensive data. Third, we compared inpa-
tients and outpatients separately. Previous studies analyzed only
1 group of outpatients or inpatients. The differences between
the groups were analyzed in this study.

However, this study has some limitations. First, as the sample
size was small, the results cannot represent the whole patients
with TT and only show partial trends. In addition, the small
sample size made it difficult to stratify the analysis by centers,
providing a potential confounding factor that might affect the
study results. Second, an accurate analysis could not be per-
formed because of incomplete information. As this study had
a retrospective, single-group non-interventional design, it was
difficult to collect accurate information, which was not suitable
for between-group analysis. Third, the characteristics of traffic
related injuries presented in this study are mostly body parts
injured. A number of important factors related to TI, such as
30-day mortality or use of safety equipment, are not covered.
In the future, it will be necessary to analyze the characteristics
of Korean medical care utilization in patients with TT with suf-
ficient information to demonstrate the effectiveness and safety
of Korean medicine and to establish a Korean medicine data
registry network.

5. Conclusions

As there is a lack of common data registry network in Korean
medicine, it was necessary to analyze the actual utilization
of Korean medicine in patients with TI to generate evidence
on Korean medicine. Accordingly, we analyzed the data of
patients with TI at 3 hospitals through a retrospective chart
review. As a result, patients in their 50s were the most com-
mon age group, and female patients outnumbered male ones.
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Inpatients were more likely to be in the acute phase, while out-
patients were more likely to be in the subacute and chronic
phases. Regardless of the collision type, collision situation,
phase, and Korean medicine interventions, inpatients had sig-
nificant pain reduction while hospitalization. This study has its
meaning in providing valuable insights into the management
of patients with TI through Korean medicine and potentially
aiding healthcare practitioners in their approach to treating
patients with TI.
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