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Abstract

Background: The posterior cruciate ligament is crucial for posterior stability of the knee joint, and, as well as anterior
cruciate ligament reconstruction, posterior cruciate ligament reconstruction (PCLR) has attracted interest in orthope-
dic literature. A few studies have investigated epidemiologic data of PCLR in Western countries. However, there has
been no report on the epidemiological pattern of PCLR in the Asian population, including South Korea. Therefore, this
study investigated the incidence and trends of PCLR in South Korea using the Korean National Health Insurance (NHI)
System Database.

Methods: The data was collected by the Korean Health Insurance Review and Assessment Service (HIRA) from 2008
to 2016 in South Korea. Patients with a record of cruciate ligament reconstruction and PCLR were allocated from the
database. An analysis of the total number and incidence per 100,000 people/year of PCLR procedures and other epi-
demiologic parameters was conducted according to sex and age.

Results: The incidence of PCLR procedures rose from 2.3 to 2.6 per 100,000 people (from 1101 to 1299 total cases;
13% increase) between 2008 and 2016: from 3.8 to 4.0 (from 901 to 1000) in males, and from 0.8 to 1.2 (from 200 to
299) in females. PCLR was performed more frequently in males than in females, however, the rate of increase was
higher in females than males. The incidence of PCLR over 9 years was highest in patients in their 20s, followed by
patients in their 40s and 30s.

Conclusion: The incidence of PCLR procedures increased by 13% over 9 years in South Korea. PCLR was performed
approximately three times more in men than in women. The incidence of PCLR was highest in patients in their 20s,
followed by those in their 40s. The current study will enhance our understanding of the epidemiology of PCLR.

Study design: Descriptive Epidemiology Study.
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Background

Since the posterior cruciate ligament (PCL) has a high
- . e healing potential [1, 2], acute injuries or low-grade insta-
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instability or combined posterolateral instability that
affects subjective instability or physical performance
[3]. Long-term evidence shows that conservative treat-
ment leads to progression of osteoarthritis and meniscal
tears [4—6]. On the contrary, PCL reconstruction (PCLR)
showed favorable outcomes, with a significant reduction
of the risks for osteoarthritis, meniscal tears, and carti-
lage lesions [7, 8]. Thus, interest in PCLR has increased.
The average age of the treated patients from PCL inju-
ries in Scandinavia was 32.7 years and the sex distribu-
tion ratio of males to females was about 858: 429 [9].
The overall incidence of PCLR in the Italian population
was 0.46 surgeries per 100,000 inhabitants per year, the
median patient’s age was 30 years, and the male: female
ratio was 5: 3 [10].

A better understanding of the epidemiological patterns
of PCL injury and PCLR is vital in devising effective pre-
vention and treatment strategies. A thorough epidemio-
logical study will help not only to prevent injuries and
diseases by enabling the identification of high-risk indi-
viduals based on known risk factors, but also to rebuild
prevention programs targeting those high-risk indi-
viduals. A few studies have investigated epidemiological
patterns of PCL injury and PCLR in Western countries
[9-11]. However, to our knowledge, there has been no
report on the epidemiological patterns of PCL injury and
PCLR in the Asian population, including South Korea.
As there are significant differences in social, cultural, and
economic aspects between Asian and Western countries,
the epidemiological patterns of PCL injury and PCLR in
Asian countries would be distinct from those in Western
countries. Therefore, understanding these patterns will
be highly beneficial to understanding the unique charac-
teristics of PCL injury and PCLR epidemiology in Asian
populations and establishing proper public health care
systems in Asian countries.

The aims of this study were as follows: (1) to determine
the total number of cases per year and incidence per
100,000 people of PCLR through an analysis of nation-
wide insurance claim data in South Korea [the Health
Insurance Review and Assessment Service (HIRA) data-
base], (2) to determine the demographics of PCLR with
respect to sex and age of patients between 2008 and 2016.
With an increasing number of people engaging in higher
levels of physical activities and older individuals staying
physically active until later in their lives, it was hypoth-
esized that there would be an increase in the incidence of
PCLR during the study period.

Methods

HIRA data are health insurance claims data, also called
Korean National Health Insurance (NHI) data as it
is generated in the process of reimbursing claims for
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healthcare services under the NHI system in South
Korea. The HIRA data contains the medical billing data
of the entire Korean population (97% health insurance
and 3% medical care) [12, 13]. HIRA research data con-
sists of six files: (1) the general information file; (2) the
healthcare services file, including inpatient prescriptions;
(3) the diagnoses file; (4) the outpatient prescriptions file;
(5) the master drug file; and (6) the provider information
file. The healthcare services file has specific and detailed
information on healthcare services such as procedures,
diagnostic tests, treatments, and inpatient prescriptions.
In the diagnoses file, diagnoses are coded in compliance
with Korean Standard Classification of Diseases Version
7 (KCD 7), which is based on the International Classifica-
tion of Diseases, 10th Revision (ICD-10) [14].

The code of cruciate ligament reconstruction (N0880,
NO0881; Table 1) were not divided into anterior cruci-
ate ligament reconstruction (ACLR) and PCLR; thus,
patients who received PCLR was collected using the
two following criteria; (1) patients with a cruciate liga-
ment reconstruction (N0880, N0881), (2) patients with a
diagnosis defined by KCD 7 codes for PCL injury (58351,
S8353, M2364; Table 1). The patients with a cruciate
ligament repair procedure code (N0882) were excluded.
After extracting PCLR data, the data was further ana-
lyzed as follows: (1) the total number of cases per year
and incidence of PCLR per 100,000 (people/year), (2)
epidemiological trend of PCLR between 2008 and 2016,
(3) sex distribution of PCLR patients, and (4) age distri-
bution of PCLR patients. Incidence per 100,000 people
per year was based on additional information from the
surveys, including basic epidemiologic data, as per the

Table 1 Surgical procedure codes and diagnostic codes of the
HIRA

Surgical procedure codes for cruciate ligament reconstruction of the
HIRA

N0880

NO881 Complex cruciate ligament reconstruction
Diagnostic codes in the diagnoses file of the HIRA (KCD7 code)

S8351

Simple cruciate ligament reconstruction

Sprain and strain of posterior cruciate liga-

ment

S8353 Traumatic rupture of posterior cruciate
ligament

M2364 Other spontaneous disruption of ligament(s)

of knee, posterior cruciate ligament

Complex surgery including
a) remnant preserved reconstruction

b) reconstruction using additional accessory portals (including anteromedial or
anterolateral)

¢) double bundle reconstruction
d) revision reconstruction

KCD 7 Korean Standard Classification of Diseases Version 7, HIRA The Health
Insurance Review and Assessment Service
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Korean National Statistics (KOSTAT). The study pro-
tocol was reviewed and approved by the Institutional
Review Board (IRB) of our institute, and the IRB waived
the requirements of informed consent as all data were
anonymous. Therefore, this study was performed without
prior informed consent.

Results

The epidemiologic data and trends of PCLR between
2008 and 2016 in South Korea are presented in Table 2.
The total number of PCLRs was 1101 in 2008 and
increased to 1299 in 2016, and the incidence per 100,000
people/year was 2.3 in 2008 and increased to 2.6 in 2016
(Fig. 1). There was a 13% increase in the incidence of
PCLR procedures over these 9 years.

Among males, the incidence was 3.8 (901 cases in
total) in 2008 and significantly increased to 4.0 (1000
cases in total) in 2016 (Figs. 2 and 3). The incidence
among females was 0.8 (200 cases in total) in 2016 and
increased to 1.2 (299 cases in total) in 2016 (Figs. 2 and
3). Over this 9-year period, the incidence of PCLR in
males and females increased by 5.2% and 50.0%, respec-
tively. Although PCLR was performed more frequently
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in males, there was a higher increase in the incidence in
females than males. The total number and incidence of
PCLR between 2008 and 2016 in each age group is shown
in Figs. 4 and 5, respectively. The highest incidence was
seen in patients in their 20s, followed by those in their
40s and 30s.

Discussion

The main aims of this study were to investigate the over-
all incidence and recent epidemiological trend of PCLR
in South Korea. The important findings of this study are
as follows: (1) the total incidence per 100,000 people and
number of cases of PCLR procedures increased by 13%
between 2008 and 2016, from 2.3 (1101 cases in total) to
2.6 (1299 cases in total); (2) a higher increase in the inci-
dence of PCLR was seen in females compared with males,
although PCLR was performed more frequently in males;
(3) PCLR was performed most frequently in patients
in their 20s, followed by patients in their 40s and 30s.
The results of this study are consistent with the initial
hypothesis that there will be an increase in the incidence
of PCLR between 2008 and 2016, reflecting increased

Table 2 Epidemiologic data and trends in posterior cruciate ligament reconstruction in Korean population

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016
Total cases Case (N) Case (N) Case (N) Case (N) Case (N) Case (N) Case (N) Case (N) Case (N)
1101 1218 1312 1324 1411 1406 1432 1282 1299
Sex
Male 901 987 1049 1075 1108 1091 1125 1007 1000
Female 200 231 263 249 303 315 307 275 299
Age (years)
<20 131 146 156 140 146 174 177 147 137
20-29 304 327 352 307 289 308 325 312 275
30-39 291 312 330 261 235 211 232 185 194
40-49 252 278 295 297 302 280 302 278 288
>50 123 155 179 319 439 432 396 360 405
Year 2008 2009 2010 2011 2012 2013 2014 2015 2016
Incidence  Per 100,000 Per 100,000 Per 100,000 Per 100,000 Per 100,000 Per 100,000 Per 100,000 Per 100,000 Per 100,000
people/year people/year people/year people/year people/year people/year people/year people/year people/year
23 2.6 2.7 2.8 29 29 3.0 2.6 2.6
Sex
Male 3.8 4.2 44 45 46 46 4.7 4.1 4.0
Female 0.8 1.0 1.1 1.0 1.3 13 13 1.1 12
Age (years)
<20 1.1 1.2 14 13 13 16 16 15 14
20-29 4.2 45 53 4.7 44 4.7 49 49 43
30-39 35 3.8 4.2 33 3.0 27 3.0 25 2.7
40-49 3.1 35 36 36 37 34 37 33 34
>50 1.1 14 13 22 3.1 3.0 2.8 2.1 2.3
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Fig. 1 Total number and incidence per 100,000 people/year of posterior cruciate ligament reconstruction patients
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Fig. 2 Total number of posterior cruciate ligament reconstruction patients per year stratified by sex
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Fig. 5 Incidence per 100,000 people/year of posterior cruciate ligament reconstruction patients stratified by age

physical activity in children and the older population in
recent years.

In South Korea, there is a legal obligation to include
patient medical records in the HIRA database. Hence,
insurance claim codes for surgical procedures in South
Korea are prospectively recorded in the HIRA data. The
authors obtained and analyzed data associated with the
claim codes for cruciate ligament reconstruction from
this nationwide database. Furthermore, the number of
PCLR procedures was standardized as incidence per
100,000 people/year, for comparison with other coun-
tries. This study on the nationwide population is the
first epidemiologic report of PCLR in Asian populations
based on a nationwide database.

Prior to our study, there have been studies on the epide-
miology of PCL injuries, using different data sources and
collection methods, to investigate the overall effects of
PCL injury and its consequences after reconstruction [9—
11]. The overall incidence of PCLR in the Italian popula-
tion was 0.46 surgeries per 100,000 inhabitants per year,
the median patient age was 30 years, and the male:female
ratio was 5: 3 [10]. Owesen et al. reported the epidemi-
ology of 1287 patients who underwent PCLR from 2004
to 2013 in Scandinavian countries from the national liga-
ment registries. They found that the average age of the
treated patients was 32.7 years and the sex distribution

ratio of male to female was 858:429 (66.7%: 33.3%) show-
ing male patients are twice as likely to sustain PCL injury
than female patients [9]. Schulz et al. also reported the
epidemiology of 494 patients who underwent PCLR
between 1993 and 1999 in their institution. The mean age
at the time of injury was 27.5 years old, and 79.4% were
male patients [11]. However, these studies did not inves-
tigate the total number of PCLR using nationwide stand-
ardized data such as the incidence per 100,000 (people/
year).

The current study showed that the incidence of PCLR
procedures increased by 13% over 9 years in South
Korea. There are several possible reasons for an increase
in PCLR during the study period. Higher engagement in
physical and sports activities will lead to a greater chance
of PCL injury [15]: the number of people engaging in
high-level athletics can lead to an increase in PCLR.
Due to improvements in surgical techniques, the opera-
tive approach has become increasingly popular [16],
especially among people engaging in high-level athletics
because of the possibility of a return to activity.

Patients in their 20s had the highest incidence of PCLR
in South Korea, 4.3 per 100,000 people/year in 2016,
followed by patients in their 40s and 30s. Interestingly,
patients aged between 10 and 20 years had a lower inci-
dence than patients in their 20s, 30s, and 40s in South
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Korea. Students in Western countries are encouraged to
participate in sports activities during classes and after
school sports activities, and their engagement in those
activities during high school is considered as an impor-
tant attribute in the college admission process [17]. How-
ever, sports activities in middle and high schools in South
Korea have dropped dramatically as grades in physical
education are not considered an important attribute in
the notoriously competitive college admission process
[18]. This difference in the age distribution of people
engaged in a high level of physical activities between the
Korean and Western populations would explain the high-
est incidence of PCLR in patients in their 20s in South
Korea. The present study found that PCLR was per-
formed frequently in patients in their 40s. A potential
explanation for this would be clinically missed or delayed
diagnosis of PCL ruptures, which has been missed in the
acute phase and was first diagnosed later in the chronic
phase [19, 20].

With respect to sex differences, PCLR procedures were
performed approximately three times more frequently
among males than females. It can be presumed that
males are more likely to engage in high-level athletics or
high-risk activities than females. However, the increase
rate was higher in females (50.0%) than males (5.2%) over
these 9 years. This could be due to an increase in women’s
engagement in sporting activities in South Korea during
this period. In Scandinavian countries, female and male
patients accounted for 33.3% and 66.7%, respectively,
of the PCL injuries performed between 1993 and 1999
[9]. The present study demonstrated a relatively lower
incidence of PCLR in females in South Korea compared
with Scandinavian countries, although the rate of PCLR
steadily increased in South Korea. Traditionally, interest
and participation in sports and other physical activities
among females in South Korea has been lower than those
in Western countries. However, women’s engagement in
sports in South Korea has recently increased, and this
may explain the recent increase of PCLR among Korean
women [17, 18, 21, 22].

The importance of our study lies in the fact that this is
an uncommon study investigating the nationwide trends
of PCLR based on a national database in Asian coun-
tries, whose social and cultural backgrounds and health
care systems are different from those of Western coun-
tries. This national database is one of the most compre-
hensive and accurate national databases in the world as it
covers the entire Korean population, including all PCLR
records, and is managed by the Korean government.

The present study is clinically relevant as a higher rate
of engagement in physical and sports activities will lead
to a higher chance of PCL injury in the population, espe-
cially people in their 20s and females. This will contribute
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to understanding the epidemiology of PCLR in South
Korea, and will aid in the development of national health-
care policies and cost-effective preventive programs with
regard to demographics including sex and age.

However, several limitations exist in the current study.
First, in this study, only PCLR data was reported, and
PCL injury data was not investigated since the initial
research focus was PCLR, and extracting specific PCL
injury data was limited. It is not possible to know whether
the increase in the number of PCL surgeries was due to
an increase in PCL injury incidence or surgical treatment
rate. It is important to further investigate epidemiologi-
cal data of PCL injuries in future studies. In addition, the
current study did not include PCL repair data. How-
ever, the total number of PCL repair cases may be much
smaller than that of PCLR in the HIRA database. Second,
HIRA data was collected for administrative purposes, not
for research; therefore, many important data attributes
related to this PCL investigation (such as limb lateral-
ity, acute or chronic, mechanism of injuries, combined
injuries, and specific reasons for injuries) were not avail-
able. However, this issue was not only found in HIRA
data, but also in other claims databases. Third, the PCLR
cases in our analysis did not include occupational injury
cases; however, the total number of occupational injury
cases is much smaller than those recorded in the HIRA
database. Fourth, Korean national insurance can cover
traffic accident injuries, thus HIRA data includes traffic
accident data. However, since traffic accident data can-
not be classified by code, the percentage of traffic acci-
dent injuries could not be investigated in this study. Fifth,
primary, revision, and bilateral reconstruction cases were
included in our analysis as these were recorded under the
same claim code in the HIRA database. Sixth, this dataset
contained only sex and age. The data was insufficient for
establishing a prevention strategy and healthcare system.
More data, such as social status, occupation, cause of
injury, insurance, etc., are required to identify the factors
that cause PCL and establish risk prevention.

Conclusion

The incidence of PCLR increased by 13% over 9 years in
South Korea. PCLR was performed approximately three
times more in men than women. The incidence of PCLR
was highest in people in their 20s, followed by those in
their 40s. The current study will enhance our under-
standing of the epidemiology of PCLR.
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