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Incidence of Traumatic Brain Injury by Severity Among
Work-Related Injured Workers From 2010 to 2019

An Analysis of Workers” Compensation Insurance Data in Korea

Suk Won Bae, PhD and Min-Yong Lee, MD

Objective: This study aimed to investigate the status of work-related traumatic
brain injury (wrTBI) in Korea between 2010 and 2019. Methods: This study
used Korea Workers” Compensation Insurance data, and the sample comprised
workers who claimed compensation for wrTBI from 2010 to 2019. The annual
incidence of wrTBI was calculated as the rate per 100,000 workers. Time trends
over the 10-year period were assessed using Poisson regression. Results: The
mean incidence of wrTBI was 28.4/100,000. Regarding the incidence rate of
wrTBI by severity, mild TBI and moderate-to-severe TBI were 12.9/100,000
and 15.5/100,000, respectively. The incidence of mild TBI among workers was
higher in 2010, but moderate-to-severe TBI was higher after 201 1. Conclusions:
Our findings highlight the need for providing information on mild TBI to
workers as part of occupational safety and health education.

Keywords: traumatic brain injury, incidence, worker’s compensation,
epidemiology, occupational injuries
Traumatic brain injury (TBI) is an acute brain injury resulting from

an external physical force to the head leading to short- or
long-term physical and psychological problems.'* Each year, approx-
imately 69 million new cases of TBI are reported worldwide,>* and al-
most 37% of all injury-related deaths in Europe are caused by TBL> In
2017, approximately 248,000 cases of TBI were reported in Korea,
among which the mortality rate among those older than 80 years
was 120.6 per 100,000.% According to the World Health Organization,
TBI has remained a significant public health problem and a leading
cause of mortality and disability worldwide as of 2020.”°

In the United States and Europe, work-related TBI (wrTBI)

accounts for less than 10% of all TBIs, but it still warrants much
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Learning Objectives

o To identify differences in the risk factors of work related TBI.

e To identify the important implications for industrial accident
prevention strategies and appropriate rehabilitation systems
for work related TBI.

e To ascertain the severity and understand the burden and
trend of work related TBI by injury severity during a decade
(2010-2019) using data from the Korea Workers’ Com-
pensation Insurance claims.

concern.'®'* WrTBI is one of the most disabling occupational injuries
and can change the injured workers’ lives due to subsequent job loss and
sustained disability. It may also lead to significant economic burden in
terms of medical expenses and wage losses.®'*'*!> According to the lit-
erature published in 2019, it was reported that the incidence of wrTBI
is on the rise despite the decline in work-related injuries.'® This find-
ing suggests that efforts to prevent wrTBI are insufficient and that
there is a need for increased awareness of wrTBI>

Clinical features of TBIs are classified according to the severity
(ie, mild, moderate, and severe).l7 Moderate-to-severe TBI can be
life-threatening and cause permanent physical or mental disability,
making it difficult to return to work.®'® Meanwhile, mild TBI, which
comprises the majority of TBIs (70%—-90%),'? is often overlooked be-
cause it is not fatal and does not cause severe disability. In most pa-
tients with mild TBI, acute symptoms (eg, headache, dizziness, cogni-
tive difficulty) resolve in days to weeks after the injury; however, a
subgroup of them may develop persistent neuropsychiatric symptoms
up to 3 months after the injury, called post-concussion syndrome.*
Patients with post-concussion syndrome can experience difficulties
in daily living and in returning to work.>®'#2! However, individuals
with mild TBIs are often difficult to identify and are therefore left un-
treated. Thus, the actual burden of wrTBI may be much higher,”%*%%*

Therefore, identifying differences in the risk factors and sever-
ity of wrTBI may have important implications for industrial accident
prevention strategies and appropriate rehabilitation systems.9 How-
ever, although there have been some studies regarding the incidence
and mortality of TBI in Korea, to the best of our knowledge, there
has been no published report on the epidemiology of wrTBL®**

This study aimed to investigate the status of wrTBI with a focus
on its severity in Korea and discuss the burden and trend of wrTBI by
injury severity during a decade (2010-2019) using data from the
Korea Workers” Compensation Insurance (WCI) claims—a large-scale
source of administrative data.

MATERIALS AND METHODS

Data Source

This study used Korea WCI data. In Korea, the Industrial Accident
Insurance Act was introduced in 1964, and WCI coverage was expanded to
all businesses or workplaces that employ workers, with some exceptions.
When an industrial accident occurs, the respective employer is supposed
to report it to the Korea Ministry of Employment and Labor. Compensation
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is then provided to concerned workers with work-related injuries by the
Korea Workers” Compensation and Welfare Service (KCOMWEL). The
KCOMWEL manages the WCI data, which include information on
workplaces at the time of industrial accidents, injuries, medical care,
and compensations. Therefore, we obtained the anonymized data from
2010 to 2019 from the KCOMWEL for this study.

Study Population

The population of this study consisted of workers who claimed
compensation for wrTBI from January 1, 2010, to December 31,
2019. Patients with the following TBI diagnostic codes as main or
sub-diagnoses were extracted by using the eighth Korean Standard
Classification of Diseases based on the International Classification
of Diseases, 10" revision: concussion (S06.0), cranial fracture

(S02.0, S02.1, S02.7, S02.8, S02.9, S07.1, and T90.2), and intracranial
injury (S06.1-S06.9 and T90.5). The subjects of this study were defined
and selected by priority in the order of intracranial injury, cranial frac-
ture, and concussion among the three TBI diagnostic categories. The di-
agnoses and priorities according to the diagnostic codes are shown in
Supplementary Table 1, http:/links.Iww.com/JOM/B190. In this study,
concussion was classified under mild TBI, whereas cranial fracture
and intracranial injury were considered moderate-to-severe TBIs.5*>27
Finally, a total of 48,166 patients were included in this study.

Variables
The variables used in this study included the demographic char-
acteristics, work-related injury characteristics, claim duration, and

TABLE 1. Preinjury Demographic Characteristics of Claimants With Work-Related Traumatic Brain Injury Stratified by Severity in

Korea From 2010 to 2019

Characteristic

Total (n = 48,166)

Mild (» =21,842) Moderate-to-Severe (n = 26,324) P*

Age at injury, yrs

Mean (SD) 50.6
Median (IQR) 52
Age group, n (%)
<30 4063
30-39 5266
4049 10,262
50-59 16,031
260 12,544
Sex, n (%)
Male 41,588
Female 6578
Work-related injury type, n (%)
Injury 46,222
Commuting injury 1944
Occupation, 7 (%)
Managers 3606
Professionals/related workers 2407
Clerks 1298
Service workers 2189
Sales workers 469
Skilled agricultural, forestry/fishery workers 944
Craft/related trades workers 11,865
Equipment/machine operating/assembling workers 4679
Elementary workers 20,709
Industry, n (%)
Agriculture/forestry/fishing 1384
Mining/quarrying 172
Manufacturing 9467
Electricity/gas/steam/air conditioning supply 41
Water supply/sewage/waste management/materials recovery 10
Construction 19,120
Wholesale/retail trade 2
Transportation/storage 3029
Accommodation/food service activities 3584
Information/communication 218
Financial/insurance activities 209
Real estate activities 104
Professional/scientific/technical activities 285
Business facilities management/business support 5003
services/rental and leasing activities
Public administration/defense/compulsory social security 636
Education 374
Human health/social work activities 1155
Arts/sports/recreation related services 520
Membership organizations/repair/other personal services 2661
Activities of households as employers/undifferentiated goods- 172
and services-producing activities of households for own use
Activities of extraterritorial organizations/bodies 20

13.1 49.9 13.2 51.2 13.1 <0.001
43-60 52 42-59 53 44-60
<0.001
8.4 2047 94 2016 7.7
10.9 2489 11.4 2771 10.6
21.3 4690 21.5 5572 21.2
333 7388 33.8 8643 3238
26.0 5228 239 7316 27.8
<0.001
86.3 17,328 79.3 24,260 922
13.7 4514 20.7 2064 7.8
<0.001
96.0 20,840 95.4 25,382 96.4
4.0 1002 4.6 942 3.6
<0.001
7.5 1393 6.4 2213 8.4
5.0 1224 5.6 1183 45
2.7 663 3.0 635 24
4.5 1374 6.3 815 3.1
1.0 266 1.2 203 0.8
2.0 478 22 466 1.8
24.6 4837 222 7028 26.7
9.7 2168 9.9 2511 9.5
43.0 9439 432 11,270 42.8
<0.001
29 729 33 655 25
0.4 68 0.3 104 0.4
19.7 3665 16.8 5802 22.0
0.1 11 0.1 30 0.1
0.0 3 0.0 7 0.0
39.7 7971 36.5 11,143 423
0.0 0 0.0 2 0.0
6.3 1644 7.5 1385 53
7.5 1872 8.6 1712 6.5
0.5 104 0.5 114 0.4
0.4 113 0.5 96 0.4
0.2 49 0.2 55 0.2
0.6 125 0.6 160 0.6
10.4 2361 10.8 2642 10.0
1.3 405 1.9 231 0.9
0.8 255 1.2 119 0.5
2.4 798 3.7 357 1.4
1.1 262 1.2 258 1.0
5.5 1310 6.0 1351 5.1
0.4 78 0.4 94 0.4
0.0 13 0.1 7 0.0

*P value from chi-squared test (categorical variables) or ¢ test (continuous variable).
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claim cost of the injured workers. Ages were classified into <30,
30-39, 4049, 50-59, and 260 years.

Work-related injury types were classified into injury, disease,
and commuting injury. Occupations were classified according to the
seventh Korean Standard Classification of Occupations based on the
International Standard Classification of Occupations. Industries were
classified according to the 10™ Korean Standard Industrial Classifica-
tion based on the International Standard Industrial Classification.

Time lost from work was estimated for workers receiving the
cost of income replacement. The duration of work disability was de-
fined as the number of days treated for a work-related injury. The total
cost per claim refers to the total cost paid to a worker for an industrial
accident. The cost of medical and similar services refers to medical
care benefits and medical service fees, medication costs, medical care
expenses, and nursing expenses. The cost of income replacement re-
fers to the amount paid to workers with a work-related injury while
they are unable to work due to medical treatment.

Statistical Analyses

The mean, standard deviation (SD), median, and interquartile
range (IQR) of continuous variables for the subjects and the severity
classification were calculated using the 7 test. The frequency distribu-
tion of the categorical variables for comparison by severity was deter-
mined using the chi-squared test.

The annual incidence of wrTBI was calculated as the rate per
100,000 workers by dividing the number of workers diagnosed with
TBI by the total number of workers. Time trends over the 10-year pe-
riod were assessed using Poisson regression. In addition, the incidence
rate of wrTBI as stratified by the industry classification was calculated
as the mean incidence rate over the past decade. Risk ratios (RRs) and
95% confidence intervals (CIs) for moderate-to-severe TBI compared
with mild TBI were calculated. The statistical analyses were performed
using SAS statistical package version 9.4 (SAS Institute, Cary, NC).

RESULTS
From 2010 to 2019, a total of 48,166 workers claimed compen-
sation for wrTBI, including 21,842 (45.3%) for mild TBI and 26,324
(54.7%) for moderate-to-severe TBI (Supplementary Table 2, http://
links.lww.com/JOM/B190). This table accounted for approximately
5% of all claims during this study period. The mean incidence of
wrTBI was 28.4/100,000. In terms of the incidence rate of wrTBI by
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severity, mild TBI and moderate-to-severe TBI were 12.9/100,000
and 15.5/100,000, respectively (RR, 1.21; 95% CI, 1.19-1.22).

Table 1 shows the preindustrial accident demographic char-
acteristics of workers with wrTBI. The mean age at the time of
the work-related injury was 50.6 years, and the mean age with
moderate-to-severe TBI was 1.3 years older than those with mild
TBI (P < 0.001). WrTBI most commonly occurred in those aged
50-59 years, with more than half of the cases occurring in those aged
250 years (P <0.001). Males and injury in terms of work-related in-
jury type accounted for the majority of wrTBI cases (P < 0.001 and
P < 0.001, respectively). In terms of occupation, wrTBI was most
common in elementary workers (43.0%) and craft/related trades
workers (24.6%). As for industries, wrTBI most commonly occurred
in construction (39.7%), followed by manufacturing (19.7%) and
business facilities management/business support services/rental and
leasing activities (10.4%).

Figure 1 shows the wrTBI trend over 10 years. The incidence of
workers with mild TBI decreased until 2016 and then increased in
2017 (P = 0.001). The incidence of moderate-to-severe TBI among
workers continued to decrease from 17.6/100,000 (95% CI,
16.9-18.2) in 2010 to 14.5/100,000 (95% CI, 13.9-15.0) in 2019
(P =0.001). The incidence of mild TBI among workers was higher
in 2010, but moderate-to-severe TBI was higher after 2011.

Table 2 shows the incidence of wrTBI among all workers by in-
dustry. The incidence of wrTBI among all workers was the highest in
construction (112.9/100,000), and lowest in wholesale/retail trade
(0.0/100,000). The incidence rates of mild TBI and moderate-to-
severe TBI were highest in construction, followed by manufacturing
and business facilities management/business support services/rental
and leasing activities. The industry with the highest incidence of
moderate-to-severe TBI compared with mild TBI was electricity/gas/
steam/air conditioning supply (RR, 2.73; 95% CI, 1.59-4.67),
whereas the industry with the lowest rate of wrTBI was the human
health/social work activities industry (RR, 0.45; 95% CI, 0.41-0.49).

Table 3 shows the characteristics of compensation claims for
wrTBI. Of all workers with wrTBI, 86.4% experienced time lost
from work, with a higher proportion among those with mild TBI than
those with moderate-to-severe TBI ( P <0.001). The total duration of
compensated medical care was 262.2 days, but it was longer for those
with moderate-to-severe TBI at 358.2 days (P < 0.001). The total
cost per claim, medical and like services, and income replacement
for moderate-to-severe TBI workers were nearly four times higher

2016 2017 2018 2019

Year
TBI (Total)

FIGURE 1. Incidence of work-related traumatic brain injury in all workers in Korea from 2010 to 2019.
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TABLE 2. Incidence Rate of Work-Related Traumatic Brain Injury by Industry Sector and Severity Among All Workers in Korea From

2010 to 2019

All Workers (rate per 100,000)*

Industry Sector Total Mild Moderate-to-Severe RR (95% CI)f
Agriculture/forestry/fishing 43 3.9 0.90 (0.83-0.97)
Mining/quarrying . 0.4 0.6 1.53 (1.23-1.91)
Manufacturing 55.9 21.6 343 1.58 (1.54-1.63)
Electricity/gas/steam/air conditioning supply 0.1 0.2 2.73 (1.59-4.67)
Water supply/sewage/waste management/materials recovery . 0.0 0.0 2.33 (0.83-6.54)
Construction 112.9 47.1 65.8 1.40 (1.37-1.43)
Wholesale/retail trade . 0.0 0.0 NA

Transportation/storage 17.9 9.7 8.2 0.84 (0.80-0.89)
Accommodation/food service activities 21.2 11.1 10.1 0.91 (0.87-0.96)
Information/communication 0.6 0.7 1.10 (0.91-1.32)
Financial/insurance activities 0.7 0.6 0.85 (0.70-1.03)
Real estate activities 0.3 0.3 1.12 (0.85-1.47)
Professional/scientific/technical activities . 0.7 0.9 1.28 (1.08-1.51)
Business facilities management/business support 29.5 13.9 15.6 1.12 (1.08-1.16)

services/rental and leasing activities
Public administration/defense/compulsory social security 24 1.4 0.57 (0.51-0.64)
Education 1.5 0.7 0.47 (0.40-0.55)
Human health/social work activities 4.7 2.1 0.45 (0.41-0.49)
Arts/sports/recreation related services . 1.5 1.5 0.98 (0.87-1.11)
Membership organizations/repair/other personal services 15.7 7.7 8.0 1.03 (0.98-1.09)
Activities of households as employers/undifferentiated goods- and 0.5 0.6 1.21 (0.97-1.49)
services-producing activities of households for own use

Activities of extraterritorial organizations/bodies . 0.1 0.0 0.54 (0.27-1.06)
Total 28.4 12.9 15.5 1.21 (1.19-1.22)

*Rates are presented as an average over the 10-year period.
"Moderate-to-severe TBI to mild TBI risk ratio.
NA, not applicable; RR, risk ratio.

than for workers with mild TBI. In addition, the mean mortality rate of
wrTBI was 2.8/100,000, which was mostly associated with moderate-
to-severe TBI.

DISCUSSION

This is the first epidemiologic study of wrTBI in Korea to con-
sider the severity of the TBI in its analysis. From Korea WCI data
spanning 10 years (2010-2019), we estimated the incidence rate of
wrTBI by severity and industry sector and reported differences by se-
verity in terms of demographic and claims characteristics.

There were some differences in should be hyphenated demo-
graphic characteristics depending on severity, but the overall tendency
was similar in both mild and moderate-to-severe groups. Table 1 shows
that wrTBI occurred mostly in older workers, males, manual workers,
and the construction industry. This result is consistent with the results
of previous studies regarding wrTBL'>%10212829 Dyifforent tasks at
work and employment characteristics according to sex m%y have con-
tributed to the higher incidence of wrTBI in males.* For older
workers, decreased concentration and falls due to lack of balance
and flexibility may have been the main causes of wrTBI.*® In addition,

TABLE 3. Claims Characteristics of Work-Related Traumatic Brain Injury by Severity in Korea From 2010 to 2019

Claims Total Mild Moderate-to-Severe pP*
All claimants, n 48,166 21,842 26,324
Time lost from work, 7 (%) 41,591 86.4 19,502 89.3 22,089 83.9 <0.001
Inpatient hospital stay, 7 (%) 43,936 91.2 19,182 87.8 24,754 94.0 <0.001
Duration of work disability
Mean (SD) number of days 262.2 3974 146.5 190.9 358.2 488.2 <0.001
Median (IQR) number of days 148 53-299 94 43-188 212 81-446
Claim costs paid (million KRW)
Mean (SD) total cost per claim 59.26 110.90 21.87 44.20 90.29 136.97 <0.001
Mean (SD) cost of medical and like services 22.17 69.92 6.97 21.95 34.62 90.43 <0.001
Mean (SD) cost of income replacement 14.45 21.15 8.58 12.38 19.32 25.28 <0.001
Time-loss claims, 7
Claim costs paid (million KRW)
Mean (SD) total cost per claim 60.11 112.63 24.02 45.69 91.97 140.99 <0.001
Mean (SD) cost of medical and like services 25.10 70.28 7.67 23.11 40.48 91.24 <0.001
Mean (SD) cost of income replacement 16.74 21.90 9.61 12.72 23.03 26.00 <0.001
Mortality rate* 28 0.0 27

*P value from chi-squared test (categorical variables) or f test (continuous variable).
TAnalyses restricted to claimants with >0 claim cost paid lost from work.
*Rates are presented as an average over the 10-year period (rate per 100,000).
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manual labor may be associated with more frequent exposure to risky
work environments.

Our study is one of the few to explore the trend of wrTBI. We
identified that the mean incidence of wrTBI was 28.4/100,000
workers per year. It was in Australia where the mean incidence of
wrTBI was 19.8/100,000 workers per year,g and it was lower in
Canada, where it was 33.1/100,000 workers per year.'* Based on the
incidence of Korea TBI reported in Oh et al.’s study,® wrTBI is con-
firmed to comprise approximately 5% of all TBI in Korea. This is con-
sistent with the trends of wrTBI incidence rates in the United States
and Euroge, where wrTBI accounted for less than 10% of all TBI
cases.'®"? Figure 1 shows that the number of workers with a diagnosis
of wrTBI decreased until 2016 but increased in trend in 2017. Simi-
larly, the incidence of mild wrTBI among workers initially decreased,
and then increased again from 2017, whereas the incidence of
moderate-to-severe TBI among workers continued to decrease for
the past 10 years. The trend of industrial accidents announced by the
Korea Ministry of Employment and Labor was similar to the results
of this study. This is presumably due to the result of policies for im-
proving access to workers’ compensation insurance.*® Since 2018,
the employer confirmation system has been abolished, allowing
workers to file an industrial accident claim without confirmation from
the employer. In addition, the number of work accidents may have in-
creased since injuries incurred during commuting were also approved
as work-related injuries.’! Traffic accidents are the most common
cause of work-related mild TBI,'®"**32 and this may be related to
the increase in the incidence of mild TBI due to traffic accidents occur-
ring while commuting to and from work.

The incidence of moderate-to-severe TBI was higher than that
of mild TBI during the observation period except for the first observa-
tion year, which is consistent with the results of Brolin et al.’s study."
Considering that 70% to 90% of TBI cases are classified as mild TBI,
these results are interesting. Mild wrTBI incidence rate is likely
underestimated since patients with mild TBI often do not seek medical
help.”® Even if a patient needs clinical care, most of them recover
within days to weeks after a traumatic incident. However, because
it can take a few weeks to receive approval for an industrial accident,
considerable cases of mild wrTBI are unlikely to lead to an industrial
accident claim. In addition, for mild TBI, the symptoms can be
underreported due to the vagueness or workers’ lack of awareness of
the symptoms.>'** Thus, in some cases, mild wrTBI may not even
be diagnosed. Therefore, it is necessary to emphasize the symptoms
of mild TBI (ie, concussion) during occupational safety and health ed-
ucation sessions conducted for workers in Korea.

This study showed differences by severity in the distribution
and proportion of wrTBI by industry. Moderate-to-severe wrTBIs
commonly occurred in construction, manufacturing, and business fa-
cilities management/business support services/rental and leasing activ-
ities associated with manual labor or hazardous working conditions.
Mild wrTBIs occurred in financial and insurance activities, public
administration/defense/compulsory social security, and service indus-
tries. In particular, the incidence of both mild and moderate-to-severe
TBI was much higher in the construction industry compared with
other industries. Considering that construction workers are at high risk
of serious and fatal injuries,*” and that previous studies have also iden-
tified the construction industry as a major contributor to the
wrTBI-related industry sector,'®* it is necessary to review risk factors
and the mechanisms of injuries in this specific industry.”®

The results of our study showed significant work disability and
economic burdens of wrTBI. Injured workers with moderate-to-severe
TBI had a longer duration of work disability and higher expense
claims than those with mild TBI. However, the proportion of those
who experienced time lost from work was higher in subjects with mild
TBI than moderate-to-severe TBI. Although acute symptoms after
mild TBI improve in days to weeks, approximately 15% of mild TBI
patients suffer from persistent neuropsychiatric symptoms (eg, headache,

dizziness, cognitive dysfunction, depression, anxiety), which impact their
decision regarding whether to return to work beyond 1 year.>=° In Korea,
the return-to-work program (functional capacity evaluation, work condi-
tioning, and work hardening) is only provided by the KCOMWEL,*’
and mainly focuses on physical issues. However, the results of this study
suggest that, aside from physical problems, neuropsychiatric problems
should also be considered when assessing return to work in patients with
mild wrTBIL.

The strengths of this study are as follows: First, because the
WCI data used in this study was nationally representative, our results
can be considered as representative of work-related injuries in Korea.
Second, to the best of our knowledge, this is the first study to investi-
gate the trend of wrTBI by severity among work-related injury
workers in Korea for a duration of 10 years. Third, our study can be
seen as wide scale because we were able to provide information on
the wrTBI incidence of workers across 21 industries.

However, this study also has several limitations. First, the
amount of compensation may not be accurate for injured workers
whose compensation claims have not been completed or if compensa-
tion for an industrial accident has not been closed. For example, if a
worker killed an industrial accident in October 2019 and the resulting
compensation was not yet closed, the included compensation amount
might only be for 3 months. Second, the age- and sex-standardized in-
cidence of wrTBI could not be calculated because the number of in-
jured workers by age group and sex could not be identified due to re-
stricted access to the statistical data. Third, further studies regarding
factors affecting the incidence of wrTBI are needed. Although our
study investigated the industry-stratified incidence of wrTBI, further
studies that consider gender, mechanism of injury, injured workers’
employment status, and workplace size are needed.

Conclusions

This study provides useful information on the epidemiology of
wrTBI concerning its severity during a decade (2010-2019) in Korea.
The incidence of wrTBI in Korea decreased until 2016 and then in-
creased in trend from 2017. The incidence of moderate-to-severe
TBI was higher than that of mild TBI during the observation period
except for the first observation year. Injured workers with moderate-
to-severe TBI had a longer duration of work disability and higher ex-
pense claims than those with mild TBI. However, the proportion of
those who experienced time lost from work was higher in subjects with
mild TBI than moderate-to-severe TBI. Our findings highlight the
need for providing information to workers on mild TBI in occupa-
tional safety and health education and may serve as the basis for fur-
ther wrTBI research.

ACKNOWLEDGMENTS
The authors would like to thank the Korea Workers’ Compensa-
tion and Welfare Service for making this study possible and providing
the data from the Korea workers’ compensation insurance claims.

REFERENCES

1. Brolin K, Lanner D, Halldin P. Work-related traumatic brain injury in the
construction industry in Sweden and Germany. Saf Sci. 2021;136:105147.

2. Carroll LJ, Cassidy JD, Holm L, Kraus J, Coronado VG, WHO Collaborating
Centre Task Force on Mild Traumatic Brain Injury. Methodological issues and
research recommendations for mild traumatic brain injury: the WHO
Collaborating Centre Task Force on Mild Traumatic Brain Injury. J Rehabil
Med. 2004;(43 Suppl):113-125.

3. Toccalino D, Colantonio A, Chan V. Update on the epidemiology of
work-related traumatic brain injury: a systematic review and meta-analysis.
Occup Environ Med. 2021;78:769-776.

4. Dewan MC, Rattani A, Gupta S, et al. Estimating the global incidence of
traumatic brain injury. J Neurosurg. 2018:1-18.

5. Zelinkova V, Brazinova A, Taylor MS, et al. Location of traumatic brain
injury-related deaths: epidemiological analysis of 11 European countries.
Brain Inj. 2019;33:830-835.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine. 735



Bae and Lee

JOEM e Volume 64, Number 9, September 2022

6.

20.

21.

736

Kim HK, Leigh JH, Lee YS, et al. Decreasing incidence and mortality in
traumatic brain injury in Korea, 2008-2017: a population-based longitudinal
study. Int J Environ Res Public Health. 2020;17:6197.

. Hyder AA, Wunderlich CA, Puvanachandra P, Gururaj G, Kobusingye OC. The

impact of traumatic brain injuries: a global perspective. NeuroRehabilitation.
2007;22:341-353.

. Chang VC, Guerriero EN, Colantonio A. Epidemiology of work-related

traumatic brain injury: A systematic review. Am J Ind Med. 2015;58:353-377.

. Chang VC, Ruseckaite R, Collie A, Colantonio A. Examining the epidemiology of

work-related traumatic brain injury through a sex/gender lens: analysis of workers’
compensation claims in Victoria, Australia. Occup Environ Med. 2014;71:695-703.

. Kim H, Colantonio A, Chipman M. Traumatic brain injury occurring at work.

NeuroRehabilitation. 2006;21:269-278.

. Wei C, Roesler J, Kinde M. Nonfatal work-related traumatic brain injury in

Minnesota, 1999-2008. Minn Med. 2012;95:55-59.

. Harrison J, Helps Y, Henley G. Hospital separations due to traumatic brain

injury, Australia 2004-05. Inj Res Stat Ser. 2008;45:ePub.

. Baldo V, Marcolongo A, Floreani A, et al. Epidemiological aspect of traumatic

brain injury in Northeast Italy. Eur J Epidemiol. 2003;18:1059-1063.

. Colantonio A, Mroczek D, Patel J, Lewko J, Fergenbaum J, Brison R.

Examining occupational traumatic brain injury in Ontario. Can J Public
Health. 2010;101:S58-S62.

. Kristman VL, Co6té P, Hogg-Johnson S, et al. The burden of work disability

associated with mild traumatic brain injury in Ontario compensated workers: a
prospective cohort study. Open Occup Health Saf J. 2010;2:1-8.

. Sharma B, Nowrouzi-Kia B, Mollayeva T, et al. Work-related traumatic brain

injury: a brief report on workers perspective on job and health and safety
training, supervision, and injury preventability. Work. 2019;62:319-325.

. Saatman KE, Duhaime AC, Bullock R, Maas Al, Valadka A, Manley GT,

Workshop Scientific Team and Advisory Panel Members. Classification of
traumatic brain injury for targeted therapies. J Neurotrauma. 2008;25:719-738.

. Whiteneck GG, Cuthbert JP, Corrigan JD, Bogner JA. Risk of negative

outcomes after traumatic brain injury: a statewide population-based survey. J
Head Trauma Rehabil. 2016;31:E43-E54.

. Levin HS, Diaz-Arrastia RR. Diagnosis, prognosis, and clinical management of

mild traumatic brain injury. Lancet Neurol 2015;14:506-517.

Carroll L, Cassidy JD, Peloso P, et al. Prognosis for mild traumatic brain injury:
results of the WHO Collaborating Centre Task Force on Mild Traumatic Brain
Injury. J Rehabil Med. 2004;36:84-105.

Chang VH, Lombard LA, Greher MR. Mild traumatic brain injury in the
occupational setting. PM R. 2011;3:S387-S395.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Langlois JA, Rutland-Brown W, Wald MM. The epidemiology and impact of
traumatic brain injury: a brief overview. J Head Trauma Rehabil. 2006;21:375-378.
Roozenbeek B, Maas Al, Menon DK. Changing patterns in the epidemiology of
traumatic brain injury. Nat Rev Neurol. 2013;9:231-236.

Choi DH, Song KJ, Shin SD, Ro YS, Hong KIJ, Park JH. Epidemiology and
outcomes of sports-related traumatic brain injury in children. J Korean Med
Sci. 2019;34:¢290.

Mateu NC. Traumatic brain injury in Denmark 2008-2012. Scand J Public
Health. 2020;48:331-337.

Madsen T, Erlangsen A, Orlovska S, Mofaddy R, Nordentoft M, Benros ME.
Association between traumatic brain injury and risk of suicide. JAMA. 2018,
320:580-588.

Choi Y, Kim EY, Sun J, et al. Incidence of depression after traumatic brain
injury: a nationwide longitudinal study of 2.2 million adults. J Neurotrauma.
2022;39:390-397.

Paci M, Infante-Rivard C, Marcoux J. Traumatic brain injury in the workplace.
Can J Neurol Sci. 2017;44:518-524.

Colantonio A, McVittie D, Lewko J, Yin J. Traumatic brain injuries in the
construction industry. Brain Inj. 2009;23:873-878.

Ministry of Employment and Labor. Analysis of Occupational Accidents; 2019.
Seoul, South Korea: Ministry of Employment and Labor; 2021.

Bae SW, Lee MY, Park SW, Lee G, Leigh JH. Satisfying medical and
rehabilitation needs positively influences returning to work after a work-related
injury: an analysis of national panel data from 2018 to 2019. BMC Public
Health. 2021;21:2017.

Dunne J, Quifiones-Ossa GA, Still EG, et al. The epidemiology of traumatic
brain injury due to traffic accidents in Latin America: a narrative review. J
Neurosci Rural Pract 2020;11:287-290.

Iverson GL, Lange RT, Brooks BL, Rennison VL. “Good old days” bias
following mild traumatic brain injury. Clin Neuropsychol. 2010;24:17-37.
Konda S, Reichard A, Tiesman HM, Hendricks S. Non-fatal work-related
traumatic brain injuries treated in US hospital emergency departments,
1998-2007. Inj Prev. 2015;21:115-120.

Schretlen DJ, Shapiro AM. A quantitative review of the effects of traumatic brain
injury on cognitive functioning. Int Rev Psychiatry. 2003;15:341-349.
Alexander MP. Mild traumatic brain injury: pathophysiology, natural history,
and clinical management. Neurology. 1995;45:1253—1260.

Bae SW. Effect of professional certification on employees’ return-to-work rate
after occupational injuries in Korea: focusing on vulnerable groups. Environ
Health Prev Med 2021;26:6.

© 2022 The Author(s). Published by Wolters Kluwer Health, Inc. on behalf of the American College of Occupational and Environmental Medicine.



