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Abstract 
Peripheral nerve injuries (PNIs) in the upper extremities is an important medical problem, causing significant morbidity at a relatively 
young age. The epidemiology of PNI in South Korea has not been comprehensively evaluated. The purpose of our study was 
to examine the incidence of upper extremity PNI in South Korea based on an analysis of nationwide data and to investigate the 
association between PNI and patients’ demographic characteristics. Patient claims data from the Health Insurance Review and 
Assessment Service from 2008 to 2018 were collected. Demographic characteristics, such as the age, sex, region, admission 
route, length of hospital stay, healthcare facility level, and cost were evaluated. Annual incidence, body sites affected, damaged 
nerves, accompanying injuries, and surgical procedures were analyzed. Annual incidence trends, injured anatomical area, seasonal 
injury trends, and injury trend according to sex were also evaluated. A total of 57,209 cases were identified during the study 
period. Mean age was 39.7 ± 16.3 years. Of these cases, 51,651 (90.28%) were surgically treated. About 79% of accompanying 
injuries occurred in the hand area (hand lacerations, 69.5%; fractures or joint dislocations of the hands, 6.86%; crushing injuries 
of the hands, 2.67%). Overall, injuries to the digital nerve showed the greatest frequency (62.7%). In the upper arm and forearm, 
the ulnar nerve was most frequently injured; however, in the hand, radial nerve injuries were most common. The annual incidence 
rate per 100,000 persons decreased from 10.67 in 2008 to 7.88 in 2018. The annual incidence decreased by 0.98 times per 
year. PNI occurred 33.91 times more frequently in the finger than in the upper arm, and there were 1.16 times more PNIs in the 
summer and 2.14 times more in men. We investigated the incidence trend and epidemiologic characteristics of upper extremity 
peripheral nerve injury in South Korea from 2008 to 2018. A decreasing tendency of annual incidence was observed from 2013 
onwards. Finger and digital nerve were most commonly injured, and the incidence of PNI was higher in the summer and in men.

Abbreviations: CI = confidence interval, HIRA = health insurance review and assessment service, NHIS = national health 
insurance service, PNI = peripheral nerve injury.
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1. Introduction

Peripheral nerve injury (PNI) in the upper extremities is a seri-
ous health problem, causing significant morbidity to patients 
at a relatively young age.[1,2] Given the high rate of neuro-
pathic pain, functional deficits, and overall reduced quality 
of life following traumatic neuropathy, a detailed assessment 
of extremity PNI is essential to provide health practitioners 
and officials with accurate information for patient care and 
resource allocation.[3,4]

Epidemiologic trends of upper extremity PNI, including char-
acteristics such as incidence, age, sex, and associated diagnoses 
have been reported in trauma patients in other countries. The 

mean incidence of upper extremity PNI in the United States in 
2014 was 16.9 per 100,000 persons[5]; in Sweden, the incidence 
was 13. 9 per 100,000 person-years between 1998 and 2006.[6] 
PNI represented 3.3% of cases of severe trauma with upper 
extremity involvement in a German trauma multicenter data-
base between 2002 and 2015.[7] Some retrospective studies also 
attempted to describe the epidemiology of PNI. McAllister et 
al[8] reported the frequency distributions of the levels and causes 
of PNI of 813 patients in the United Kingdom between 1982 and 
1991. Ciaramitaro et al[9] reported the epidemiologic findings 
and quality of life of 158 PNI patients in Italy. Kouyoumdjian et 
al[10] reported the injury pattern and cause of 1124 PNI patients 
in Brazil between 1989 and 2014. However, there is no recent 
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study that evaluated the epidemiology of PNI based on an entire 
population database over a long period of time.

The incidence of trauma, epidemiological features, and injury 
mechanisms and patterns may vary among countries due to 
different socioeconomic factors and laws.[7] Therefore, data 
from overseas need to be interpreted in a societal context. The 
incidence of PNI in South Korea has not been comprehensively 
evaluated, requiring independent observational research to 
investigate the trend of PNI. The purpose of our study was to 
examine the incidence of PNI in South Korea based on an anal-
ysis of nationwide data between 2008 and 2018and to inves-
tigate the association between PNI and patients’ demographic 
characteristics.

2. Methods

2.1. Data source

Patient claims data of the Health Insurance Review and 
Assessment Service (HIRA) was collected. The HIRA data-
base contains data from the National Health Insurance Service 
(NHIS), which covers the entire South Korean population. It was 
not necessary to achieve informed consent because the database 
was anonymized. The study was approved by the Institutional 
Review Board (IRB) of our institute (IRB. no 2020-10-022).

2.2. Subject definition

Patient claims data was searched using the main disease code 
according to the International Classification of Diseases-10 ver-
sion. The patient’s diagnostic codes and the relevant surgical pro-
cedure codes we used are listed in Tables S1 and S2 (Supplemental 
Digital Content, http://links.lww.com/MD/H876, which summa-
rizes the diagnostic codes and surgical procedure codes).

The demographic characteristics of all patients, such as age, 
sex, region, admission route, length of hospital stay, healthcare 
facility level, and cost were investigated. Region was defined 
using a dichotomous scale of rural versus urban. Admission 
route was also defined using a dichotomous scale of emergency 
visit versus outpatient visit. Healthcare facility level was classi-
fied as: a “clinic,” an institution with less than 30 beds; a “hos-
pital,” between 30 and 99 beds; a “general hospital,” more than 
100 beds; and a “tertiary hospital,” more than 500 beds and 20 
specialized departments.

2.3. Data processing

Incidence per 100,000 person-years was calculated based upon 
the epidemiologic data from the “Statistics Korea” website 
(http://www.kosis.kr). Injured anatomical areas were divided 
into upper arm, forearm, hands, and fingers. The damaged 
nerves were classified into the axillary nerves, musculoskele-
tal nerves, ulnar nerves, medial nerves, radial nerves, and the 
digital nerves according to the diagnostic code. Accompanying 
injuries were investigated using the additional diagnostic code 
assigned in admission claims data (Table S3, Supplemental 
Digital Content, http://links.lww.com/MD/H877, which shows 
the accompanying injuries). Surgical procedures performed in 
each case were also investigated with procedure code assigned 
in admission claims data. The seasonal incidence trend was also 
addressed. The seasons were defined as spring (March–May), 
summer (June–August), autumn (September–November), and 
winter (December–February).

2.4. Statistical analysis

Descriptive statistics were used to analyze the demographic 
data of all included patients. Trends in healthcare facility level, 

of injured anatomical area, and of damaged nerve were ana-
lyzed. The surgical trends according to damaged nerve and to 
injured anatomical area were analyzed. Incidence according to 
age was also analyzed. Age was scaled into 10-year intervals 
for analysis.

Statistical analysis was carried out using quasi-Poisson model 
instead of Poisson model because of overdispersion. A test for 
overdispersion was conducted with qcc package from R pack-
ages. We investigated the incidence rate ratios and 95% confi-
dence intervals (95% CI) using the multivariate quasi-Poisson 
regression model for injured parts (upper arm/forearm/hand 
and wrist/finger). Subjects with injured upper arm were con-
sider as reference group. 95% CI and P-values were presented to 
provide measurement of the likelihood that the differences were 
found due to just chance. The model was adjusted for injured 
anatomical area, seasonal injury trends, injury trend accord-
ing to the sex and for annual incidence trends (as continuous 
variable).

Data analysis was conducted by using SAS Enterprise Guide 
V.7.1 (SAS Institute) and Statistical analysis, especially qua-
si-Poisson regression, was performed using R packages version 
R-4.0.0.

3. Results
Demographic data of all patients are summarized in Table 1. A 
total of 57,209 cases were identified during the study period. 
Among the total cases, 51,651 cases (90.28%) were surgically 
treated. Mean age was 39.7 ± 16.3 years. Patients aged between 
40 to 49 years showed the highest incidence (12,697 cases, 
22.26%, Fig. 1). Figure 2 illustrates the annual incidence trends 
excluding the cases with work-related PNI. The incidence rate 
per 100,000 persons decreased from 10.67 in 2008 to 7.88 in 
2018. The annual incidence decreased 0.98-fold (95% CI, 0.97–
0.99; P = .036) per year.

Table 1

Demographic characteristics of the patients with peripheral 
nerve injury between 2008 and 2018.

Number of peripheral nerve injuries 57,209 
Age (yr) 39.7 ± 16.3 (1–97)
Sex (male: female) 39,578: 17,631 (69.2%: 30.8%)
Admission route* 14,572: 41,287 (26.1%: 73.9%)
Hospital stay (d) 13.4 ± 8.15 (0–297)
Place of occurrence (urban/rural) 55,991/1218 (97.9%/2.1%)

Results are given with mean, standard deviation, range.
*Admission route (emergency visit: outpatient visit).

Figure 1. Injury incidence according to age.

http://links.lww.com/MD/H876
http://www.kosis.kr
http://links.lww.com/MD/H877
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Analysis of the anatomical area of injury showed that more 
than half of injuries occurred in the fingers (53.6%). And the 
hand and wrist (26.6%), forearm (16.7%), and upper arm 
(3.1%) appeared in order. Overall, digital nerve injuries were 
the most common (62.7%, Table 2). In the upper arm, the ulnar 
nerve was most frequently involved (46.7%), followed by the 
radial nerve (30.4%). The forearm area exhibited a similar 
trend to the upper arm area (ulnar nerve, 37.9%; radial nerve, 
35.7%). In the hand and wrist except finger, injuries to the 
radial nerve showed the greatest frequency (37.9%). Among the 
identified accompanying injuries (Table 3), 79% of all accom-
panying injuries occurred in the hand area (hand lacerations, 
69.5%; fractures or joint dislocations of the hands, 6.86%; 
crushing injuries of the hands, 2.67%). Lacerations of the fore-
arm also occurred at a high frequency (14.81%). About two-
thirds of patients (60.1%) were treated in a “hospital”-level 
healthcare facility (Fig. 3). Trends in overall surgical procedures 
are listed in Table  4. Nerve graft procedures were only per-
formed in 0.6% (362 cases) during the study period. Surgical 
trends according to the specific damaged nerve and the injured 
anatomical area are depicted in Figure S1 (Supplemental Digital 
Content, http://links.lww.com/MD/H878, which illustrates the 
surgical trends). The average cost for the treatment of a PNI 
was about $1150, and there were only minor variations in the 

management cost according to the healthcare facility level or 
region (Fig. 4).

The results of quasi-Poisson regression analyses are summa-
rized in Table 5. The incidence rate was 33.91 times higher in the 
fingers than the upper arm (95% CI = 31.47–36.57, P < .001), 
and 4.33 times higher in the forearm than the upper arm (95% 
CI = 4.02–4.66, P < .001). In terms of seasonal incidence trends, 
the incidence rate was highest in summer and lowest in winter. 
In terms of sex differences in injury incidence, a 2.14-fold higher 
incidence was observed among men compared to women (95% 
CI = 2.13–2.15, P < .001).

4. Discussion
The overall annual incidence of upper extremity PNI in South 
Korea decreased from 10.67 to 7.88 per 100,000 persons 

Figure 2. Annual incidence trend of peripheral nerve injury.

Table 2

Nerve injury trends according to the anatomical area.

 Number Percent 

Total
  Digital nerve 30,678 62.7
  Radial nerve 6639 13.6
  Ulnar nerve 6463 13.2
  Median nerve 4971 10.2
  Axillary nerve 116 0.2
  Musculocutaneous nerve 55 0.1
Upper arm
  Ulnar nerve 633 46.7
  Radial nerve 412 30.4
  Median nerve 139 10.3
  Axillary nerve 116 8.6
  Musculocutaneous nerve 55 4.1
Forearm
  Ulnar nerve 2907 37.9
  Radial nerve 2739 35.7
  Median nerve 2028 26.4
Hand and Wrist except finger
  Radial nerve 3488 37.9
  Ulnar nerve 2923 31.7
  Median nerve 2804 30.4

Patients with unclear injury area were excluded.

Table 3

List of accompanying injuries.

Accompanying injury Frequency Percent 

Injury of cranial nerves 4 0.01
Laceration of neck 85 0.14
Fracture or dislocation of neck 395 0.66
Laceration of shoulder 1202 2.02
Fracture or dislocation of shoulder 919 1.54
Crushing injury or amputation of shoulder 8 0.01
Laceration of forearm 8827 14.81
Fracture or dislocation of forearm 667 1.12
Crushing injury or amputation of forearm 103 0.17
Laceration of hands 41412 69.50
Fracture or dislocation of hands 4087 6.86
Crushing injury or amputation of hands 1590 2.67
Injuries involving multiple body regions 171 0.29
Burns 44 0.07
Frostbite 1 0.00
Sequelae of injuries of upper limb 73 0.12

Figure 3. Healthcare facility level and management of peripheral nerve injury.

Table 4

Frequency of surgical procedures.

Procedure name Frequency 

Neuroplasty 3878 (6.8%)
Neurorrhaphy 47,411 (82.9%)
Nerve graft (<4 cm) 240 (0.4%)
Nerve graft (>4 cm) 122 (0.2%)
Non-surgery 5558 (9.7%)

http://links.lww.com/MD/H878
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between 2008 and 2018. Our results reflect well-known char-
acteristics of the patient population with upper extremity PNI: 
that the condition is more common in young men and is usu-
ally associated with trauma. The incidence of PNI in urban 
areas was higher than that in rural areas. Interestingly, many 
patients with PNI visited outpatient clinics rather than emer-
gency rooms for treatment. A gradual decline in the number of 
upper extremity injury cases and related surgical procedures 
was observed.

PNI was observed more commonly in the finger and hand 
rather than in the forearm and upper arm. The digital nerve 
was the most involved nerve. The data from the HIRA data-
base indicate that the most common PNI was to the digital 
nerve followed by the radial, ulnar, and median nerves. In the 
upper arm and forearm, injuries to the ulnar nerve showed 
the greatest injury frequency; however, in the hand and wrist, 
the radial nerve was most frequently affected. The frequency 
of injured nerve was not consistent with previous studies. 
Asplund et al from Sweden and McAllister et al[6,8] from the 
United Kingdom reported that proper and common distal 
nerve injury was the most common type of PNI, followed by 
median, ulnar, radial, and musculocutaneous nerve injury. 
Ciaramitaro et al[9] from Italy, Noble et al[11] from Canada, and 
Selecki et al[12] from Australia documented the most common 
nerves associated with upper-limb trauma to be radial, ulnar, 
and median nerves in order of frequency. Lad et al[13] from 
the United States reported that ulnar nerve injury was most 
common.

Men were 2.14-fold more likely to sustain an upper extrem-
ity PNI, and the predominance was observed throughout all 

injury parts. Previous studies have also supported this male pre-
dominance in upper extremity injuries.[5–14] The average age of 
injury in our study was 39.7 years, which is in line with previ-
ous research that found the peak age of incidence to be around 
the fourth decade of life.[5,7,9,10,14] A study by Giustini et al,[15] 
however, reported 2 peaks, the first occurring around age 12 
years and the second around age 38 years. The incidence of PNI 
was higher in the summer. Hot and humid conditions dominate 
during summer in South Korea, with an average temperature 
of 23 to 36ºC and an average humidity of 80 percent. Hot and 
humid environments cause lack of concentration and decreased 
safety consciousness, which may account for the increase in the 
incidence of PNI.

The average treatment cost of an upper extremity nerve injury 
was approximately $1200, which is significantly lower than the 
cost in other countries. The NHIS nearly covers the entire popula-
tion of South Korea and manages the cost of treatment materials 
and surgery. Although it is a potential cause of conflicts between 
the government and the clinicians, it has the effect of reducing 
the average cost for medical treatment. In the United States, the 
average cost of an upper extremity nerve injury was $47,004.[14] 
In Germany, hospital reimbursement of around €3000 were 
reported to treat PNI in the upper extremity.[16] Tapp et al[5] advo-
cated that the high cost of treatment intensifies the significant 
monetary burden already placed on patients with nerve injuries 
due to physical dysfunction. Although medical costs incurred 
immediately after the injury were found to be lower in South 
Korea than in other countries, we were not able to evaluate the 
long-term costs. Bergmeister et al[16] outlined the significant bur-
den of indirect costs, such as the value of lost productivity related 
to work absences and decreased capacity to work.

Another insight provided in this research is the stability of 
operative interventions. In total, 82.8% of PNIs was managed 
with neurorrhaphy. Neurorrhaphy is the gold standard treat-
ment for acute PNI,[17] and this finding indicated good access 
to the healthcare system in times of urgency or emergency. The 
average length of stay in the hospital and low mortality rate also 
suggest that patient management was uncomplicated. However, 
despite the development of new surgical procedures and tech-
niques during the study period, especially nerve allograft, no 
increase in the utilization of such procedures was identified. 
The NHIS has the advantage of providing a certain level of 
affordable treatment to many patients with good accessibility, 
but it is an obstacle to the introduction of new technologies. 
In South Korea, the introduction of new surgical products for 
nerve repair, including off-the-shelf conduits and acellular nerve 
allografts, has been delayed; the frequency of nerve grafting for 
PNI was low (0.6%) during the study period. The use of nerve 
grafts is expected to increase in the future.

Table 5

IRR and 95% CI for quasi-Poisson regression.

 N IRR 95% CI P value 

By injured location
  Upper arm 1783 1.00 –  
  Forearm 9528 4.33 4.02–4.66 <.001
  Hand and Wrist 15,197 6.78 6.31–7.29 <.001
  Finger 30,678 33.91 31.47–36.54 <.001
By season
  Autumn 14,527 1.00 –  
  Spring 13,722 0.95 0.92–0.98 <.001
  Summer 17,005 1.16 1.13–1.20 <.001
  Winter 11,932 0.83 0.80–0.86 <.001
By gender
  Female 17,623 1.00 –  
  Male 39,563 2.14 2.12–2.16 <.001

Patients whose specific injury area could not be identified were excluded in the analysis.
CI = confidence interval, IRR = incidence rate ratio, N = number of patients with peripheral nerve injury, the number of patients.

Figure 4. Management cost of peripheral nerve injury. The won-dollar 
exchange rate is assumed to be 1130 won per dollar.
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Overall, despite increases in diagnostic codes and the Korean 
population, there was a minor, but statistically significant decrease 
in the incidence of upper extremity PNI from 2013 to 2018. In 
particular, the decline is more pronounced from 2016 to 2018. 
There are several possible explanations for this finding. One 
possibility is a decrease in overall traumatic injuries due to gov-
ernment management. The National Injury Fact Book in Korea 
documented a gradual decrease in standardized incidence rate of 
traumatic injuries from 2015. The incidence of the traumatic inju-
ries from violence, work-related injury, and traffic accident has 
gradually decreased. Another possibility is the increase of indi-
vidual awareness to a potential safety accident. In 2013, South 
Korea’s GDP per capita exceeded $30,000 for the first time. The 
increase in individual income has heightened public awareness 
of personal life and welfare, including safety. The occurrence of 
PNI may decrease as individual lifestyles and working conditions 
that avoid excessive work become more widespread throughout 
society. We hope to continue to observe a decline in the number 
of patients diagnosed with upper extremity PNIs.

There are a few limitations to this research. First, we could 
not analyze the cause of PNI. Information other than demo-
graphic data, diagnosis code, procedure code, and cost are not 
included in the NHIS database. The investigation on the cause 
of injury might reveal more meaningful epidemiological findings 
for PNI and provide more insight on measures to lower the inci-
dence of PNI. Second, there is a possibility of misclassification 
bias. This is because the healthcare provider has determined the 
disease code, and HIRA only cares about the adequacy analysis 
of treatment and cost. However, detection bias is not considered 
because healthcare providers must provide medical history and 
image studies to HIRA to receive treatment costs for nerve dam-
age from NHIS. Third, we did not find a significant factor that 
can account for the consecutive decrease in the annual incidence 
from 2013 to 2018. The discovery of a cause-effect relationship 
could help PNI prevention efforts worldwide. Also, an entire 
population-based epidemiological study of PNI might support 
the results of previous studies with smaller sample sizes and 
show the differences between countries.

We investigated the incidence trend and epidemiologic char-
acteristics of upper extremity PNI for the entire South Korean 
population from 2008 to 2018. A decreasing tendency of annual 
incidence was observed from 2013 onwards. The fingers and 
digital nerve were the most common area and nerve injured, 
and the incidence of PNI was higher in the summer and in 
men. It is expected that the incidence of PNI can be efficiently 
reduced if preventive activities are carried out considering the 
epidemiological properties of PNI. A follow-up study is needed 
to observe epidemiologic trends in the incidence of PNI and to 
evaluate the cause of these trends.
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