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Abstract 

 
Trends in Incidence of Work-Related 

Traumatic Limb Amputation in Korea, 

2001 to 2013 

 

Inpyo Jeon 

Department of Rehabilitation Medicine 

The Graduate School 

Seoul National University 

 
Background: Work-related traumatic limb amputation is one of the most 

devastating, but preventable injury. Knowing the incidence of injury and its 

trends is an important premise of prevention. However, no epidemiological 

study has been published recently in Korea. 

Objectives: To describe the trends in incidence of work-related traumatic 

limb amputation in Korea. 

Methods: Workers compensation claim data provided by Korea Workers 

Compensation and Welfare Service (KCOMWEL) from 2001 to 2013 were 

analyzed. Data included demographic information such as age, sex, 

nationality and occupation, workplace information such as industry sector 
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and establishment size, and medical information about the amputation site. 

After data cleaning process, the incidence was directly calculated and 

subgroup analysis was done by affected site, industry sector and 

establishment size. 

Results: This research discovered parabolic trends of incidence for work-

related traumatic limb amputation in Korea with peak incidence (47.83 

claims per 100,000 workers) in 2006. Incidence of finger amputation 

increased until 44.90 claims per 100,000 workers in 2006 and then 

decreased to 27.71 claims per 100,000 workers. Incidence of severe limb 

amputation increased from 0.71 claims per 100,000 workers to 0.78 claims 

per 100,000 workers. 75.58% of all amputation claims came from 

manufacturing industry sector and the trend in incidence of this sector was 

parabolic. Smaller establishment size was, higher incidence was shown. 

Establishment with less than 5 employees in manufacturing sector showed 

the highest average incidence, 336.93 claims per 100,000 workers with peak 

of 424.70 claims per 100,000 workers in 2005. 

Conclusion: The incidence of work-related traumatic limb amputation in 

Korea increased until 2006 and then was decreasing. These parabolic trends 

was prominent among finger amputation and small establishment in 

manufacturing sector. Although finger amputations decreased, the incidence 

of severe limb amputation was stationary. Additional preventive strategies 

and specialized medical system are needed. 
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Introduction 

 

Loss of body part by trauma is one of the most physically and 

functionally devastating injury as well as emotionally.[1] Demet et al (2003) 

reported that health related quality of life is impaired, especially in the 

domain of physical disability, pain, and energy level.[2] Amputation at work 

is costly in terms of health care and lost production.[3] Rosberg et al (2013) 

reported that amputation induced health care cost was 25,213 euros and cost 

of lost production was 26,654 euros and injury at work induced 22,795 

euros loss due to health care and 49,427 euros loss due to loss of production. 

About one third of work-related amputations failed to resume employment 

at economic and personal cost.[4,5] Burger et al reported that less than half 

or partial hand amputee were able to keep the same job after injury in 2007 

and 22-67% of lower limb amputee retained the same occupation after 

amputation in 2009. Obviously, work-related amputations are preventable 

injuries,[6] however, workers still continue to lose their limbs. 

 

In U.S., 10,388 severe work-related injuries were reported in 2015. 25.5% 

of them included amputation.[7] Incidence of limb amputation is from 5 to 

49.1 cases per 100,000 workers.[8–12] Anderson et al (2010) reported that 

49.1 amputations per 100,000 full time employees occurred in Washington 
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from 1997 to 2005. Largo et al (2013) reported that the incidence rate of 

work-related amputation in Michigan was 13.6 cases per 100,000 workers in 

2008. They noted that it is similar to the incidence during 1997 

(14.4/100,000). Samant et al (2012) reported that the incidence of lost body 

parts was 9 cases per 100,000 workers. The injury incidence for the loss of 

upper extremities among males and females was 10.1 cases and 1.6 cases 

per 100,000 workers, respectively. Boyle et al (2000) reported that the 

amputation injury rate for Minnesota workers was 39 cases per 100,000 

workers. Although it varies with states and industry structure, it is obvious 

that amputation is one of the serious work-related injury and ongoing public 

health problem. 

 

Occupational safety is one of the most important social and public health 

issue in Korea. The incidence of fatal work-related injury is 10.1 cases per 

100,000 workers in 2015. Korea ranked first among OECD countries.[13] 

Moreover, the environment of occupational safety such as legislation, 

economic status, and industry structure has been dynamically changed. 

Industrialization began in the 1960s and occupational safety and health 

regulation made in the 1980s. After two oil crisis in 1973 and 1979, the 

economic crisis of 1997 and 1998 changed labor market and legislation 

dramatically. Overall, manufacturing industry growing since 1960s is 

decreasing with an increasing service sector. Another change is gender and 
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age composition in labor market. Participation of female increased and 

society aged rapidly.[14,15] Min et al (2010) investigated the changes in 

occupational safety and health that followed reforms in labor regulations 

made during the 1997-1998 economic crisis in South Korea and observed 

the association between time trends in health and labor law deregulation – 

decline of rate of injuries and incline of occupational diseases. Rhee et al 

(2013) remarked that occupational safety and health performance is 

influenced by the various factors of different levels such as micro, mezzo, 

macro level. Macro factors include economic pressure, and government 

regulation. Mezzo factors include organizational structure and financial 

performance. Micro factors include workers’ awareness and perception of 

risk and behavior. These factors in Korea changed from 2001 to 2010 

because of the ageing of society, social participation of female, emerging 

service economic sector and government deregulation and regulation. 

 

Knowing how many injuries occurs and whether they are increasing or 

decreasing is an important premise of preventing work-related amputation. 

However, no epidemiological study for work-related traumatic limb 

amputations in Korea is published recently. Single institute epidemiological 

study was published in 1996[16] and one study analyzed the statistical 

yearbook regularly published by the Ministry of Labor, but it did not 

provide information for amputated limb and other related factors.[15] Kim 
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et al (1996) conducted study including amputees at one hospital in Seoul, 

Korea from 1970 and 1994. They showed rapid increase of occupational 

traumatic amputation until 1990. Rhee et al (2013) showed increasing trend 

of amputation as a type of injury from 2001 to 2010, however, they did not 

provide incidence and other associated factors with amputation. 

 

Epidemiological study is in urgent need in Korea and the trend with 

changes of occupational safety environment would provide useful 

information to other countries concerning about work-related amputation. 

Therefore, this study examines the characteristics and trends of incidence of 

work-related traumatic limb amputation in Korea. 
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Materials and Methods 

 

Data Source 

Traumatic limb amputation is an injury result in complete or incomplete 

loss of the part of one or more limbs. It is different from primary 

amputations for unsalvageable or life-threatening injuries and late 

amputations as a result of the sequelae of complex injuries.[1] The term 

“work-related accident” defined by Industrial Accident Compensation 

Insurance Act means any injuries, diseases, disabilities or death of a worker, 

which is caused by his or her duties.  

 

Two indicators measure the number of traumatic limb amputations that 

occur due to work-related activities: amputations recorded by employers and 

amputations that involve workers’ compensation claims. These two 

indicators produce similar outcomes.[17] In this study, compensation claim 

data provided by Korea Workers Compensation and Welfare Service 

(KCOMWEL) from 2001 to 2013 was used. This compensation system 

bases on the Korean Occupational Safety and Health Act. It is applied to all 

establishment with more than 1 employee since June 2000. Businesses in 

the public sector and self-employed individuals are exempts. 98.1% of all 

employees working at the establishment with more than 1 employee[18] and 

approximately 50% of self-employed individuals was included in this 
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system in 2016.[19] All injuries in which 3 or more days off are taken as the 

result of workplace accident should be reported and injuries in which 4 or 

more days off are taken can claim compensation. 

 

The data set included claimant's information on demographics such as 

age, sex, date of birth, and nationality, occupation and workplace 

information such as address, industry and establishment size and medical 

information such as affected body part, and date of injury. Claims were 

tracked through 2015, then 2014 and 2015 data were excluded to maximized 

case closure rate. Of claim cases until the end of 2013, over 99.9% 

(7/67785) of cases was closed. 

 

Data cleaning 

To improve reliability and completeness of data, cleaning process was 

conducted. To minimize the risk of miscoding of disease code, we analyzed 

the injury description with KCD-6 code, and excluded claims without 

definite amputation or disarticulation description. Among 67,785 claims, 

3,676 claims (5.4%) with only tendon rupture or crushing injury without 

definite amputation and miscoded data were excluded. Moreover, the 

affected body part and laterality were clarified. 

 

From KCOMWEL database(DB), 76,369 claims with amputation related 
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KCD-6 coded based on ICD-10 codes which occurred between January 1st, 

2001 and December, 31st , 2015 were extracted. 

 

Amputation related KCD-6 codes were S383 , S480, S481 , S489 , S580 , 

S581 , S589 , S680 , S6800 , S6801 , S681 , S6810 , S68100 , S68101 , 

S68102 , S68103 , S68104 , S68105 , S68106 , S68108 , S68109 , S6811 , 

S68110 , S68111 , S68112 , S68113 , S68114 , S68115 , S68116 , S68117 , 

S68118 , S68119 , S682 , S683 , S684 , S6840 , S6841 , S688 , S689 , S780 , 

S781 , S789 , S880 , S881 , S889 , S980 , S981 , S982 , S983 , S984 , T019 , 

T050 , T051 , T052 , T053 , T054 , T055 , T056 , T058 , T059 , T096 , 

T116 , T136 , T145 , T146 , T147 , T873 , T874 , T875 , T876 , T926 , and 

T936. 

 

Every KCD-6 codes and descriptive injury information in text format for 

76,369 claims were collected from KCOMWEL DB. As results, 172,009 

KCD codes and descriptive injury information were analyzed. 

 

Study target was limited to the claims by 2013.12.31, because it usually 

took 1 or 2 years to close claims. Among 76,369 claims, 67,785 claims 

defined as target population. 

 

Other information of 67,785 claims such as claim number, sex, date of 
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birth, nationality, address, date of injury, opening and closing date of claim, 

occupation, and industry was collected from KCOMWEL DB. 

To identify amputation site and laterality, aforementioned 172,009 KCD 

codes and descriptive injury information were analyzed. Among 172,009 

codes, 87,700 codes information which were included in broad range of 

limb amputation codes including omission of codes numbers — mentioned 

below — was selected. Selected KCD codes were blank, S48*, S58*, S68*, 

S78*, S88*, S98*, T05*, T116, T136, T147. We selected disease codes with 

description phrase with "amputation" or "disarticulation" only. Therefore, 

81,323 codes information was selected. 

 

We classified affected body part as follows: From shoulder joint to elbow 

joint, From forearm to wrist joint, hand, fingers, fingers involving thumb, 

unspecified ipsilateral upper extremity, from hip joint to knee joint, from 

lower leg to ankle joint, foot, toes, unspecified ipsilateral lower extremity, 

bilateral or both of upper and lower extremities, unknown site amputation. 

 

To retrieve information of affected body part, we used anatomical ste 

information provided by KCD codes such as S480, S481, S489, S580, S581, 

S589, S680, S6800, S6801, S681, S6810, S68100, S68101, S68102, S68103, 

S68104, S68105, S68106, S68107, S68108, S68109, S6811, S68110, 

S68111, S68112, S68113, S68114, S68115, S68116, S68117, S68118, 
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S68119, S682, S683, S6840, S6841, S780, S781, S789, S880, S881, S889, 

S980, S981, S982, S983, S984. To differentiate hand and finger amputation, 

descriptive injury information of S684, S688 and S689 codes reviewed. 

Also, some codes with unspecific information or typing error such as T05.*, 

T11.6, T13.6, T14.7, S58, S68, S88, S98 was reviewed by text analysis with 

Excel. Descriptive injury information without KCD codes were also 

reviewed. 

 

Finally, 7 codes with non-limb amputation, for example scalp laceration 

and ear amputation were removed and 78,791 codes were classified 

according to aforementioned body parts. 

 

Laterality was determined by text analysis of descriptive injury 

information. 

 

By integrating anatomical information and laterality of each codes, the 

final body part classification of every 67,785 cases. Excluding 3,676 cases 

without definite amputation information, characteristics of remaining 64,109 

cases was analyzed in this article. 

 

Excluded cases were tendon rupture, nerve injury, crushing injury without 

definite amputation, scalp laceration, amputation of other part except limb 
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and miscoding. 

 

Analysis 

Incidence refers to the occurrence of new cases of disease or injury in a 

population over a specified period. Two types of incidence, incidence 

proportion and incidence rate are commonly used. Incidence proportion or 

risk is the proportion of an initially disease-free population that develops 

disease, becomes injured, or dies during a specified (usually limited) period. 

Numerator is the number of new cases of disease during specified time 

interval. Denominator is population at start of time interval. Incidence rate 

or person-time rate is a measure of incidence that incorporates time directly 

into the denominator.[20] 

 

Data from “Annual reports on occupational injuries and diseases in South 

Korea” published by Korean Occupational Safety and Health Agency were 

used to calculate annual incidence proportion. The number of total workers 

covered by insurance are denominator of incidence proportion and this 

number is collected at the end of the year. Annual reports also provide the 

number of workers covered by insurance by industry and establishment size. 

However, they do not provide subgroup by age and sex, because they collect 

data from employers not employees. Demographic information of each 

employee is limited. 
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Incidence proportion of work-related traumatic limb amputation was 

derived from the number of cases from claim data divided by the number of 

total insured workers at the end of each year. Subgroup analysis was done 

by involved body parts, industry and establishment size. However, 

Subgroup analysis by age and sex was done with the frequency of cases. 

 

National trends are presented from 2001 to 2013. Trends of incidence was 

observed by overall, occupation, industry, involved body part. 

 

 



 

 

 

 

１２ 

Results 

  

A total 64,109 amputation claims were identified from 2001 to 2013. Of 

all claims, 52,850 claims (82.44%) were by males, and 11,259 claims 

(17.56%) were by females. Proportion of female was 17.61% in 2001 and 

15.97% in 2013.  

 
Most commonly affected age group was 45-49 years with average number 

of amputation claims of 794 cases (16.11%). However, between 25 and 60 

years old, the number of amputation cases were evenly distributed. The 

average age of amputated workers were increasing from 39 years old in 

2001 to 45 years old in 2013. Aging is in progress by 0.5 year annually.  

 
49.37% (31,648) of amputation cases occurred on the right side and 

48.95% (31,378) on the left side. Only 0.41% (262) was bilateral injury. 

 
Koreans were the majority of amputation claims (87.66%), but claims of 

non-Chinese foreign workers were continuously increasing from 145 cases 

(3.77%) in 2001 to 641 cases (13.79%) in 2013. 

 
Handlers, helpers and laborers are most frequently amputated 

occupations. Technicians and related support, machine operators and 

assemblers, and they are constituted more approximately 70% of all 

amputation claims.  
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Table 1. Demographics of Work-Related Traumatic Limb Amputation in Korea, From 2001 to 2013 

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average (%) 

Gender 

Male 3,171 3,546 3,551 3,644 4,153 4,533 4,785 4,675 4,385 4,324 4,315 3,863 3,905 4,065.38 82.44 

Female 678 854 858 830 996 1058 981 960 810 893 844 755 742 866.08 17.56 

Age 

Average age 39 40 41 41 41 42 42 43 43 44 44 45 45 - - 

<18 11 10 14 5 3 3 10 5 4 8 10 5 3 7.00 0.14 

18~24 443 429 390 318 390 369 358 314 253 255 267 242 263 330.08 6.69 

25~29 438 471 398 459 569 542 592 550 536 457 462 339 316 471.46 9.56 

30~34 532 520 590 534 639 679 632 601 504 469 475 427 453 542.69 11.00 

35~39 567 638 636 659 707 794 797 784 637 620 530 418 422 631.46 12.8 

40~44 650 784 777 776 806 876 851 803 775 754 686 651 579 751.38 15.24 

45~49 494 605 644 750 859 982 974 961 905 896 842 707 708 794.38 16.11 

50~54 328 448 419 423 565 686 773 783 739 866 895 806 794 655.77 13.30 

55~59 216 284 282 324 333 383 455 435 471 471 540 600 615 416.08 8.44 

60~ 170 211 259 226 278 277 324 399 371 421 452 423 494 331.15 6.72 

Nationality 

Korean 3,620 4,101 4,036 4,075 4,651 4,912 5,050 4,795 4,469 4,441 4,219 3,927 3,905 4,323.15 87.66  

Chinese 84 108 138 140 144 195 163 112 52 73 119 78 101 115.92 2.35  

Others 145 191 235 259 354 484 553 728 674 703 821 613 641 492.38 9.98  
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Table 1. Demographics of Work-Related Traumatic Limb Amputation in Korea, From 2001 to 2013 (Continued) 

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average (%) 

Occupation 
Handlers, 

helpers, 
laborers 

2,273 1,299 1,488 1,565 1,779 2,034 2,087 2,088 1,962 1,950 1,752 1,514 1,717 1,808.31 36.67 

Technicians 
and related 

support 
382 1,000 983 1039 941 998 959 926 747 736 851 902 828 868.62 17.61 

Machine 
operators and 

assemblers 
305 767 666 818 943 1,034 1,034 913 727 770 656 536 994 781.77 15.85 

Administrative 
support 

280 735 651 531 656 591 725 714 682 687 712 636 412 616.31 12.50 

Professional 
specialty 

66 170 172 110 272 418 378 323 323 305 351 342 310 272.31 5.52 

Executive, 
administrative, 

managerial 
372 187 172 135 193 167 164 164 183 346 533 435 179 248.46 5.04 

Service 35 132 165 145 170 154 206 180 156 131 116 120 106 139.69 2.83 

Precision 
production and 

craft 
74 72 67 81 103 95 99 93 90 96 97 81 44 84.00 1.70 

Sales 54 20 19 24 52 42 39 48 44 44 32 37 24 36.85 0.75 

Farming, 
fishing, 
forestry 

4 7 13 6 12 19 20 19 15 11 13 13 29 13.92 0.28 

Unknown 4 11 13 20 28 39 55 167 266 141 43 2 4 1.23 1.24 
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For 13 years, the average incidence for work-related traumatic 

amputations per 100,000 workers was 38.99. The highest rate was 47.83 

claims per 100,000 workers in 2006 and the lowest rate was 29.70 claims 

per 100,000 workers in 2012. The incidence was increasing from 36.38 

claims per 100,000 workers in 2001 to 47.83 claims per 100,000 workers in 

2006, and then it was decreasing until 29.70 claims per 100,000 workers in 

2012. (Figure 1) The rate of increase was 2.29 a year until 2006 and that of 

decreased was 2.54 a year until 2013. From 2001 to 2013, incidence 

decreased by 6.3 amputation claims per 100,000 workers. The annual 

number of claims of amputation injury ranged from a highest of 5,766 cases 

in 2007 to a lowest of 3,849 cases. Figure 1 provides a graph of claim rate 

by year for the entire study period. 
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Figure 1. Incidence Trends of Work-Related Traumatic Limb Amputation in 
Korea, From 2001 to 2013 
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Finger was the most commonly amputated part. 60,201 cases (93.9%) of 

total work-related traumatic amputation claims was finger amputation. 

Especially, amputations involving thumb ware 10,437 cases (16.3%). Finger 

amputation claims showed the highest incidence with 36.61 per 100,000 

workers and incidence of thumb involving cases was 6.35 claims per 

100,000 workers. Incidence of toe amputation is second highest (0.72 claims 

per 100,000 workers) and then forearm amputation (0.50 claims per 100,000 

workers).  

 

Incidence trends by affected part of the limb were shown in Figure 2. 

Upper extremities involving wrist or proximal amputation and lower 

extremities involving knee or above knee amputation were defined as severe 

amputation. While incidence of finger amputation decreased from 34.26 

claims per 100,000 workers to 27.71 claims per 100,000 workers, incidence 

of severe amputation increased from 0.71 claims per 100,000 workers to 

0.78 claims per 100,000 workers.  
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Figure 2. Incidence Trends of Amputation by Affected Part of the Limb, 
From 2001 to 2013 
 

 

 

 

  



 

 

 

 

１９

Table 2. Annual Incidence of Amputation by Affected Part of the Limb, From 2001 to 2013 
 

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average Annual Frequency (%)

Elbow ~ Shoulder 0.17 0.30 0.23 0.29 0.27 0.31 0.26 0.18 0.24 0.17 0.23 0.20 0.15 0.23 28.54 (0.58%) 

Forearm ~ Wrist 0.43 0.37 0.41 0.56 0.44 0.52 0.69 0.53 0.48 0.43 0.49 0.52 0.54 0.50 62.92 (1.28%) 

Hand 0.26 0.15 0.17 0.15 0.22 0.28 0.14 0.21 0.22 0.26 0.33 0.25 0.35 0.24 29.85 (0.61%) 

Fingers 34.26 39.36 39.57 40.21 43.85 44.90 43.32 39.32 35.06 34.57 33.66 27.58 27.71 36.61 4,630.85 (93.9%) 

With thumb 6.04 6.41 6.88 7.22 7.47 7.27 7.14 6.69 6.14 6.09 6.06 4.86 5.30 6.35 802.85 (16.28%) 

Without thumb 28.22 32.95 32.69 32.99 36.39 37.63 36.19 32.62 28.92 28.48 27.60 22.72 22.41 30.26 3,828 (77.62%) 

Unspecified U/Ex 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.02 0.00 0.38 (0.01%) 

Hip ~ Knee 0.11 0.06 0.08 0.06 0.06 0.09 0.11 0.13 0.09 0.08 0.03 0.08 0.10 0.08 10.46 (0.21%) 

Lower leg ~ Ankle 0.14 0.21 0.08 0.13 0.16 0.23 0.14 0.11 0.15 0.20 0.14 0.16 0.14 0.15 19.54 (0.4%) 

Foot 0.05 0.03 0.07 0.07 0.14 0.11 0.09 0.10 0.15 0.06 0.10 0.06 0.11 0.09 11.23 (0.23%) 

Toes 0.57 0.73 0.63 0.76 0.90 0.89 0.83 0.84 0.75 0.73 0.64 0.52 0.60 0.72 90.54 (1.84%) 

Unspecified L/Ex 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.00 0.00 0.00 0.01 0.01 0.01 0.00 0.38 (0.01%) 

Multiple 0.38 0.42 0.35 0.48 0.52 0.50 0.42 0.35 0.27 0.25 0.28 0.32 0.36 0.37 46.54 (0.94%) 

Unknown 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.23 (0.00%) 

Total 36.38 41.62 41.60 42.72 46.56 47.83 46.02 41.77 37.41 36.74 35.92 29.70 30.08 38.99 4,931.46 (100%) 



 

 

 

 

２０ 

Amputation frequencies and rates were examined by claimant industry. 

(Table 3) Manufacturing section showed the highest frequency of 

amputation, average annual number of injury was 3,727.15 cases (75.58%). 

Construction section is the second most common industry of amputation. 

Average annual number of amputation was 528.62 cases (10.72%). 

Incidence for amputation was 11.79 claims per 100,000 workers and this 

was about 6 times higher than construction sector, the second highest. 

Incidence itself was higher at mining and fishery sector, but it was only 

0.52% of total cases. 

 

Parabolic trend was observed only at the manufacturing industry sector. 

Until 2016, incidence increased from 10.29 claims per 100,000 workers to 

14.30 claims per 100,000 workers, and then decreased to 9.05 claims per 

100,000 workers.  

 

However, Construction sector and transport, storage, communication 

sector showed increasing trend from 1.58 claims per 100,000 workers to 

2.36 claims per 100,000 workers and from 0.98 claims per 100,000 workers 

to 1.11 claims per 100,000 workers each.  
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Figure 3. Incidence Trends of Amputation by Industry, From 2001 to 2013 
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Table 3. Annual Incidence of Amputation by Industry, From 2001 to 2013 

 
'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average

Annual 
Frequency (%)

Manufacturing 102.86  117.13  116.46  117.91 130.70 143.04 139.66 135.31 120.67 123.12  117.64  89.31 90.45 117.89 48,453 (75.58%) 

Construction 15.83  17.77  18.91  22.54 18.80 19.94 19.60 18.25 18.46 18.84  18.50  21.64 23.65 19.35 6872 (10.72%) 

Transport, storage, 
communication 

9.84  10.14  10.83  7.79 11.06 12.41 13.04 12.37 12.14 12.38  10.98  8.27 11.11 10.94 996 (1.55%) 

Agriculture 41.13  25.73  56.50  38.54 48.84 81.81 69.51 119.25 63.61 49.29  59.97  40.87 61.22 58.80 281 (0.44%) 

Mining 57.56  219.26  131.94  154.94 156.11 178.85 149.02 104.75 94.67 135.48  82.73  121.93 85.86 130.48 255 (0.40%) 

Forest 4.62  5.29  3.49  12.32 8.54 16.35 12.44 15.09 40.48 18.13  15.99  23.05 36.30 15.77 162 (0.25%) 

Finance/insurance 2.33  1.49  1.15  3.01 2.64 1.50 2.48 2.10 1.04 1.33  1.28  1.97 0.46 1.67 105 (0.16%) 

Fishery 204.29  643.78  535.91  0.00 657.89 0.00 72.25 129.75 34.01 62.27  207.22  72.87 46.06 158.29 52 (0.08%) 

Utility and 
sanitation services 

2.02  2.03  4.05  3.95 3.78 3.72 7.41 5.51 5.67 9.25  3.65  7.09 11.45 5.48 38 (0.06%) 

Other 8.84  11.32  12.08  10.50 13.39 12.09 13.54 11.64 9.91 8.29  8.16  6.84 6.13 9.85 6,894 (10.75%) 
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Considering establishment size, smaller the size of workplace was, higher 

rate of amputation was shown. In establishment with less than 30 

employees, 71.55% of total amputation cases occurred. Incidence is very 

high (78.40 claims per 100,000 workers) among workers of small business 

with less than 5 employees.  

 

Parabolic trend observed among establishment with less than 100 

employees. Incidence increased until 2005 or 2006 and then it turned to 

decrease. The rate of decreased was steeper among smaller business. The 

incidence of establishment with less than 5 employees was decreased from 

87.81 claims per 100,000 workers to 50.37 claims per 100,000 workers.  
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Figure 4. Incidence Trends of Amputation by Establishment Size, From 
2001 to 2013 
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Table 4. Annual Incidence of Amputation by Establishment Size, From 2001 to 2013 

Number of 
employees 

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average
Annual 

Frequency (%)

<5 87.81 93.48 100.53 92.93 107.20 96.03 90.46 79.58 75.61 65.94 64.79 53.92 50.37 78.40 17,373 (28.39%)

5~9 59.73 62.16 62.02 72.35 80.00 84.25 75.27 69.55 57.22 59.69 57.47 46.78 47.98 62.68 10,786 (17.62%)

10~29 47.58 53.20 49.01 57.62 70.10 64.00 59.38 51.93 48.08 45.56 45.29 37.10 35.61 49.62 15,627 (25.54%)

30-49 38.58 45.59 45.54 47.81 57.91 50.80 51.59 42.54 36.94 36.46 36.65 30.81 30.48 40.98 5,816 (9.50%) 

50-99 30.65 32.31 33.62 29.06 31.43 34.86 33.86 30.13 26.64 28.45 24.19 21.15 21.47 28.42 4,830 (7.89%) 

100-299 16.49 19.30 17.04 16.58 16.39 18.80 17.57 16.99 13.17 15.19 13.87 11.95 13.08 15.70 3,903 (6.38%) 

300-499 8.95 8.99 11.18 8.32 6.55 9.83 10.59 8.48 7.74 9.17 8.64 7.48 10.48 8.92 794 (1.30%) 

500-999 8.87 10.00 9.52 7.58 5.65 8.40 7.04 6.54 5.61 5.53 5.52 5.17 5.08 6.83 634 (1.04%) 

≥1000 6.28 5.84 6.48 9.15 7.50 8.09 7.72 9.40 7.18 6.63 7.09 7.61 8.25 7.42 1,435 (2.34%) 
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The most vulnerable group to work-related traumatic amputation was the 

employees in small manufacturing workplace. Incidence of establishment 

with less than 5 employees in manufacturing industry sector was 336.93 

claims per 100,000 workers. It was 8.64 times higher number than overall 

incidence. The highest rate was 424.70 claims per 100,000 workers in 2005 

and the lowest rate was 213.25 claims per 100,000 workers in 2013.  

 

Parabolic trend was found in manufacturing company with less than 30 

employees. Bigger company did not show any change of trend. 
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Figure 5. Incidence Trends of Amputation by Establishment Size in 
Manufacturing Industry Sector, From 2001 to 2013 
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Table 5. Annual Incidence of Amputation by Establishment Size in Manufacturing Industry Sector, From 2001 to 2013 

Number of 
employees 

'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average
Annual 

Frequency (%)

<5 355.17  384.76  398.06  361.24  424.70 415.52 393.95 368.34 328.77 294.31  292.55  224.92 213.25 336.93 12,477 (26.97%) 

5~9 208.84  235.12  228.83  243.60  253.65 295.19 270.84 267.48 220.44 231.12  220.43  163.66 179.77 228.76 8,269 (17.87%) 

10~29 136.98  157.22  142.42  164.02  190.32 191.09 181.77 160.86 157.79 152.03  151.60  119.06 114.87 153.55 12,456 (26.92%) 

30-49 87.68  110.87  117.10  105.66  134.30 128.58 130.95 122.66 108.97 113.78  109.57  94.97 95.26 111.92 4,791 (10.36%) 

50-99 69.19  71.21  74.89  66.36  69.73 81.75 82.52 80.94 73.24 79.13  69.39  53.82 55.69 70.86 3,777 (8.16%) 

100-299 42.79  49.18  45.68  45.20  46.89 53.38 49.35 50.86 40.49 47.73  42.73  32.94 35.65 44.51 2,948 (6.37%) 

300-499 23.71  27.96  31.41  27.25  20.75 28.17 38.63 32.64 25.48 36.44  34.12  23.03 31.19 28.90 524 (1.13%) 

500-999 16.95  25.28  24.68  17.21  16.64 23.30 18.36 13.15 19.04 19.60  17.17  19.25 10.82 18.69 333 (0.72%) 

≥1000 14.09  11.85  9.39  17.01  12.24 14.14 11.04 13.82 10.90 9.70  11.26  9.84 8.59 11.78 688 (1.49%) 
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The incidence trend of severe amputation was also parabolic but 

increased. This trend was determined by manufacturing industry sector. 

74.26% of severe amputation occurred in manufacturing sector. The 

incidence increased from 1.73 claims per 100,000 workers to 3.33 claims 

per 100,000 workers between 2003 and 2007, then decreased to 2.32 claims 

per 100,000 workers in 2008. And then it shows plateau. Other industry 

sectors showed stationary state. 
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Figure 6. Incidence Trends of Severe Amputation by Industry, From 2001 to 
2013 
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Table 6. Annual Incidence of Severe Amputation by Industry, From 2001 to 2013 
 

 
'01 '02 '03 '04 '05 '06 '07 '08 '09 '10 '11 '12 '13 Average

Annual 
Frequency (%)

Manufacturing 1.95 1.82 1.73 2.46 2.23 2.70 3.33 2.32 2.77 2.53 2.61 2.28 2.30 2.77 984(74.26%) 

Construction 0.33 0.29 0.27 0.35 0.19 0.35 0.28 0.46 0.28 0.16 0.19 0.57 0.47 0.32 114 (8.60%) 

Transport, storage, 
communication 

0.00 0.15 0.76 0.31 0.15 0.00 0.29 0.43 0.14 0.14 0.14 0.49 0.26 0.25 23 (1.73%) 

Other 0.22 0.37 0.34 0.29 0.25 0.29 0.36 0.36 0.21 0.13 0.21 0.22 0.24 0.26 204 (15.40%) 

Total 0.71 0.73 0.72 0.91 0.78 0.92 1.07 0.84 0.81 0.68 0.76 0.80 0.78 0.81 1,325 (100%) 
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Discussion 

  

This research discovered unique parabolic trend of incidence for work-

related amputation in Korea. The incidence increased to 47.83 claims per 

100,000 workers in 2006 and then reduced to 30.08 claims per 100,000 

workers in 2013. It determined by finger amputation. Parabolic incidence 

trend of finger amputation increased to 44.90 claims per 100,000 workers 

and then reduced to 27.71 claims per 100,000 workers. Comparing to 2001, 

29% reduction of incidence was observed. However, incidence of severe 

amputation was increased from 0.71 claims per 100,000 workers to 0.78 

claims per 100,000 workers. Most of work-related traumatic amputation 

occurred in manufacturing industry sector and parabolic incidence trend in 

this sector increased to 143.04 claims per 100,000 workers and then reduced 

to 90.45 claims per 100,000 workers. This pattern found only in this sector. 

Incidence of construction and transportation sector increased. Construction 

sector showed 50% increase and transportation sector showed 13% increase 

each. Smaller the establishment was, higher the incidence was shown. 

Parabolic incidence trend of amputation was observed in establishment with 

less than 100 employees. While incidence decreased in small establishment, 

no reduction was observed in large establishment with more than 100 

employees. The incidence of severe amputation is slightly increasing from 
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0.71 claims per 100,000 workers to 0.78 claims per 100,000 workers during 

study period with the peak in 2004 (0.91 claims per 100,000 workers) and 

2007(1.07 claims per 100,000 workers). This trend was also determined by 

manufacturing sector, which consisted of 74.26%.  

 

This parabolic trend of incidence for work-related traumatic amputation is 

not observed other developed countries. In U.S. and Norway, only 

decreasing trend was observed.[9,21,22] Anderson et al (2010) reported 

decreasing incidence of amputation from 1997 to 2005 in Washington state, 

U.S. McCall et al (2006) also reported decreasing trends from 1994 to 2003 

in Kentucky, U.S. Samant et al (2012) reported the annual incidence of 

amputation decreased from1998 to 2007. There was no available incidence 

trends data of other countries. 

 

Unlike occupational diseases developing over a long period such as 

noise-induced hearing loss, amputation injury is very susceptible to work 

environmental change. This parabolic trend implies that the presence of 

environmental factors that make trend change around 2006.  

 

Recovery from financial crisis began in 1998. From 2001 to 2007 GDP of 

Korea was rapidly increased.[23] As economy was growing, manufacturing 

industry also became active. Manufacturing operation ratio also increased in 
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this period.[24] This indicator means manufacturing production divided by 

production capacity, measured by Korea Statistics Information Service. In 

2007, another financial crisis occurred and operation ratio also dropped to 

2009. This pattern is very similar to that of amputation. Previous study 

revealed that labor productivity is one of associating factor for injury 

frequency in manufacturing industry.[25] Therefore, the manufacturing 

operation ratio is the most important factor that explains this trend. (Figure 

7)  
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Figure 7. Manufacturing Operation Ratio From 2001 to 2013 
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Increasing trends in incidence before 2006 may be due to Act on Special 

Measures for the Deregulation of Corporate Activities enacted in August 

1997. Financial crisis in 1997 and 1998 makes the movement of 

deregulation. These reforms eased requirements concerning human 

resources management, regular inspections and workplace education. This 

deregulation law included exemptions from regular inspections of press or 

lift machinery and from the obligatory submission of a hazardous risk 

prevention plan. Thus, the rates of occupational injuries in mining, 

manufacturing, and construction increased more than the rates in other 

industries.[14] With increasing manufacturing operation ratio from 2001 to 

2006, this reform was likely to cause increase of work-related injuries. 

Finally, the exemptions from regular inspections of press or lift machinery 

and from the obligatory submission of hazardous risk prevention plan was 

withdrawn in August 2007.  

 

In addition to this environmental change by Act on Special Measures for 

the Deregulation of Corporate Activities, there was another major reform 

under pressure of IMF. It was securing flexibility of labor market. Stability 

of workplace weakened and contingent workers dramatically increased.[26] 

This unskillful workers was vulnerable to work-related injuries including 

amputations. Therefore, this labor market reform may be the factor induced 

increasing trend of work-related traumatic amputation. As contingent 
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workers becoming social problem, in 2006, the laws protecting contingent 

workers enacted. The effect on solving contingent worker problem was 

controversial, but it may reduce the incidence of work-related amputation. 

 

To explain decreasing incidence after 2006, foreign labor should be 

considered. The proportion of foreign workers was increased from 5.13% in 

2005 to 20% in 2011. In manufacturing sector, 377,000 foreigners worked in 

2013 and it is about 10% of workers. Table 1 shows the increasing 

frequency and proportion of foreign workers’ amputation. When we 

consider the facts that only 12.7% of foreign workers compensated by 

worker’s compensation insurance,[27] underreporting of amputation is 

likely to contribute this decreasing trend after 2006.[22] 

  

Finally, the entrance to high income country and rapid economic growth 

in 21st century may be the major factor of decreasing incidence of 

amputation. With this factor, development of safer machine and 

manufacturing automation might help to decrease the incidence of traumatic 

amputation. [22] 

 

Dominance of finger amputation is observed in other previous 

studies.[10,22,28] [7,8,19,28] Largo et al (2013) reported that 96.7% of 

amputation cases in Michigan Hospital involved finger and thumb in 2008. 
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Samant et al (2012) reported that finger amputation comprised 90% and 

93% of cases found in two kinds of national registry. Friedman et al (2013) 

reported that fingertip amputation was 80% of amputations identified in 

Illinois from 2000 to 2007. In this study, 93.9% of amputation cases were 

finger amputation. Annually 4,631 cases occurred. Second highest affected 

part is toes with 91 cases a year (1.84%). With rapidly increasing digit 

amputation cases in Korea, the number of digit replantation special hospital 

increased in private sector. However, the number and incidence of digit 

amputation is falling. Otherwise, severe amputations involving proximal 

than wrist and knee are stationary and rather increasing. Amputation of 

forearm occurs 63 cases annually, and then 29 cases of upper arm, 20 cases 

of lower leg, 10 cases thigh amputation occurs a year. 74% of severe 

amputation occurred in manufacturing sector and there was a peak in 2007. 

This trend can be explained by manufacturing operation ratio. However, the 

cause may be different from finger amputation. While finger amputation 

may be due to clumsiness, severe amputation may be result of carelessness 

such as put hand to conveyor belt or roller for cleaning foreign body. This 

behavioral problem may be not changed by the current preventive strategies 

or economic growth. 

 

Because of relatively low incidence and high level of difficulty of 

treatment, these severe amputations needs the care of tertiary hospital or 
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specialized trauma hospital with support of public resource. Currently most 

finger amputation managed by finger replantation special hospitals, which is 

private practice, however, there is few private hospital managing severe 

amputation cases. Therefore, public special hospitals for managing severe 

amputation are needed. 

 

Manufacturing industry sector and small establishment size are well-

known risk factor of work-related amputation.[22,29] This research also 

reported 6 times higher incidence in manufacturing than construction and 

more than 10 times higher incidence in small establishment with less than 5 

employees than big one with equal to or more than 100 employees. Every 

1000 workers working at small manufacturing factory with less than 5 

employees, 3 workers would be amputated in Korea. Small establishment in 

manufacturing sector showed high incidence of amputation traditionally. 

Incidence in this sector still very high but it is decreasing with previous 

prevention strategies. However, amputation in another sector did not 

decrease. Therefore, new strategies and additional efforts are needed. 

 

Limitations as a compensation claim data are coverage bias and reporting 

bias. Self-employed workers and workers in special employment types such 

as insurance salesman, dispatch rider, and door-to-door salesman do not 

have obligation to join workers’ compensation insurance. However, most 
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workers in workplace with high incidence of amputation such as 

manufacturing and construction sector are covered after 2001. The 

magnitude of coverage bias to incidence may be minimal.  

 

There is a risk of underreporting bias. The under reporting of foreign 

workers may produce bias. While the number of foreign workers have been 

increasing, their proportion is about only 10-20%, so this effect may be 

limited. However, this issue is important so further research to discover 

under reported rate of them is needed.  

 

This study is an analysis of whole national data for 13 years. Only 5.4% 

of data excluded and through data cleaning process, the completeness of 

included data is high. Therefore, it provides reliable epidemiological 

information.  

 

In this discussion, author suggested some cause of parabolic trend of 

work-related traumatic amputation, however, further research for this issue 

is needed. Moreover, the trend of the impact of work-related traumatic 

amputation such as length of treatment, medical cost, and permanent 

disability should be discovered by further research. 
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Conclusions 

  

The incidence of work-related traumatic limb amputation in Korea 

increased until 2006 and then decreased. This parabolic trend was prominent 

among finger amputation and small establishment in manufacturing industry 

sector. Although the incidence of finger amputation decreased, the incidence 

of severe limb amputation was stationary. Therefore, additional preventive 

strategies and specialized medical system are needed. 
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요약(국문초록) 

 

 

배경: 산업재해에 의한 외상성 사지 절단은 신체적 기능적 정신적

으로 피해가 심각하나 예방이 가능한 손상이다. 예방을 위해 절단

의 발생률과 추세에 대한 정보가 필수적이나, 이에 대한 최신 역

학 연구는 전무한 실정이다. 

목적: 본 연구는 국내 산업재해에 의한 외상성 사지 절단의 발생 

경향성에 대해 알아보고자 하였다. 

방법: 산업재해보상보험의 전자 데이터베이스에서 2001년부터 

2013년 사이의 기간 동안 절단으로 청구된 사례들을 추출하여 분

석하였다. 인구학적 특성인 성별, 나이, 국적, 직업과 함께 업무상 

특성인 종사 산업, 직장 규모와 함께 절단된 신체부위에 관한 정

보를 수집하였다. 데이터클리닝 과정을 거친 후 발생률을 계산하

였으며 하위그룹 분석을 절단부위 및 산업, 직장 규모로 나누어 

진행하였다. 

결과: 2006년도 절단 발생률 십만 명당 47.83건으로 최고치를 보이

는 포물선 형태를 보이는 2001년부터 2013년도의 추이를 확인하였

다. 손가락 절단이 십만 명당 36.61건으로 2006년도의 십만 명당 
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44.90건을 최고치로 하여 같은 형태의 추이를 보였다. 손가락 절단

은 13년간 십만 명당 34.26건에서 27.71건으로 감소하였으나, 중증 

사지 절단의 경우에는 오히려 십만 명당 0.71건에서 0.78건으로 동

일 기간 동안 증가하였다. 전체 절단의 75.58%가 제조업에서 발생

하였으며 제조업에서만 포물선 형태의 추이를 보였다. 종사자수가 

적은 업체일수록 더 높은 발생률을 보였으며, 5인 미만의 제조업

체에서는 십만 명당 336.93건으로 2005년도 십만 명당 424.70건을 

최고치로 하는 포물선 추이를 보였다. 

결론: 한국의 산업재해에 의한 외상성 사지 절단 환자의 발생률은 

2006년까지 증가하다가 이후 감소하고 있다. 이런 경향은 절단의 

대부분을 차지하는 손가락 절단에 의한 것으로 소규모 제조업에서 

두드러지게 관찰된다. 비록 수지절단은 감소하고 있으나 중증 절

단은 전체 기간동안 정체되어 있거나 증가하는 양상을 보이고 있

다. 따라서 의료자원의 소모가 많고 환자의 삶의 질에 치명적인 

중증 절단에 있어 예방을 위한 정책적 접근이 필요하며 치료를 위

한 전문적인 의료 서비스 시스템이 필요하다. 


	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	Reference
	Abstract in Korean


<startpage>10
Introduction 1
Materials and Methods 5
Results 12
Discussion 32
Conclusions 41
Reference 42
Abstract in Korean 46
</body>

