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Abstract 

Background  There is a lack of evidence of the diagnosis and treatment-related epidemiological studies of sympto-
matic discoid meniscus. This study analyzed the national epidemiological data for discoid meniscus in South Korea.

Methods  From 2011 to 2019, data related to the diagnosis and procedure codes of discoid meniscus were obtained 
from the Korean Health Insurance Review and Assessment Service database. All patients encoded as discoid meniscus 
were included. Data were extracted and further analyzed as follows: (1) the total number and the incidence (cases 
per 100,000) of discoid meniscus diagnosis per year, (2) sex distribution, (3) age distribution, (4) discoid meniscus ratio 
(total discoid meniscus coding per total meniscus injury coding), and (5) surgical procedures after discoid meniscus 
injury.

Results  The total number of discoid meniscus diagnosed was 4576 in 2011 and increased to 6639 in 2019, represent-
ing a 45.1% increase. The incidence was 9.5 in 2011 and increased to 13.0 in 2019. Concerning sex, discoid meniscus 
was more common in females (55%) than in males (45%) over the study period. Regarding age, the peak age of dis-
coid meniscus in 2011 was “under 19,” whereas in 2019, the peak age was observed in the 50s. The discoid meniscus 
ratio range was 2.12–2.60% from 2011 to 2019. The total number of meniscectomy increased by 20% from 2000 
in 2011 to 2475 in 2014. However, the total number of meniscus repairs was 318 in 2011 and increased to 502 in 2019, 
indicating an increase of 58%.

Conclusions  The total number and incidence of symptomatic discoid as well as the discoid meniscus ratio 
and the incidence of total discoid meniscus repair steadily increased from 2011 to 2019. The number of meniscus 
repair procedures increased more rapidly than that of meniscectomy. The current study helps understand the epide-
miology of symptomatic discoid meniscus, its prevention, and cost-saving measures in South Korea.
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Introduction
The normal meniscus is crescent shaped, but the discoid 
meniscus is a congenital persistence of a disc-shaped 
meniscus [1]. A discoid meniscus has decreased collagen 
fibers and loss of normal collagen orientation [2], and 
individuals with a discoid meniscus can be asymptomatic 
[1]. The prevalence of discoid meniscus was reported 
to be 0.4–17%, 0.06–0.3%, and 20% in lateral meniscus, 
medial meniscus, and bilaterally, respectively [1, 2]. The 
incidence is higher in Asia than in Western countries 
[2–4].

The discoid meniscus is an intraarticular knee disorder 
presented in the young population and during adoles-
cence; if not treated properly after injury, it progresses to 
arthritis at an early age [3]. Nonsymptomatic discoid is 
not considered a target for treatment, but symptomatic 
discoid meniscus, which is diagnosed after visiting a 
hospital, should be treated appropriately with suturing, 
if possible, to improve hoop tension, if repairable, and 
meniscectomy, if not repairable, to reduce mechanical 
symptoms such as locking and foreign body sensation [2, 
5, 6].

South Korea, along with Japan, is known as one of the 
countries with the highest incidence of discoid menis-
cus worldwide [7], but there is little evidence of the exact 
prevalence and treatment-related epidemiological studies 
of symptomatic discoid meniscus. Recently, a thorough 
comprehension of the epidemiological patterns through 
big data analysis has become essential for devising effec-
tive prevention and treatment strategies [8–11]. A com-
prehensive epidemiological study helps prevent injuries 
and diseases by identifying high-risk individuals based on 
known risk factors and facilitates the development of tar-
geted prevention programs for those individuals. How-
ever, to date, there is a lack of evidence of the diagnosis 
and treatment-related epidemiological studies of sympto-
matic discoid meniscus from national big data.

The aim of the present study was to analyze the national 
epidemiological data for discoid meniscus in South Korea 
from 2011 to 2019 and stratify the findings based on age, 
sex, and surgical procedure by analyzing the nationwide 
data acquired from the Korean Health Insurance Review 
and Assessment Service (HIRA) database. It was hypoth-
esized that the incidence of symptomatic discoid menis-
cus and repair ratio increased during the study period.

Materials and methods
This study protocol was reviewed and approved by the 
appropriate institutional review board (IRB) of the Inje 
University Seoul Paik Hospital (approval no. PAIK 2021-
04-001). The IRB waived the requirements of informed 
consent as all data were anonymous. Thus, the study was 

performed without prior informed consent. The HIRA 
data are health insurance claims data, which is also called 
Korean National Health Insurance data. Thus, it is gener-
ated in the process of reimbursing claims for healthcare 
services under the National Health Insurance system in 
Korea. The HIRA data contain the medical billing data of 
the entire Korean population (97% health insurance and 
3% medical care) [9, 12]. In South Korea, it is a legal obli-
gation to include patient medical records in the HIRA 
database. Thus, surgery procedures and diagnostic codes 
in Korea are prospectively recorded in the HIRA data. 
The authors obtained and analyzed data related to pro-
cedure codes for discoid meniscus (Table 1) and surgical 
procedure codes (Table  2) in Korea from 2011 to 2019. 
All patients encoded as discoid meniscus in the HIRA 
database were included in this study.

In the HIRA database, the diagnostic code for discoid 
meniscus is classified into four categories. All patients 
encoded as discoid meniscus were included in this 
study. The discoid meniscus data were extracted and fur-
ther analyzed as follows: (1) the total number of discoid 
meniscus diagnosed per year, (2) sex distribution of dis-
coid meniscus in patients, (3) age distribution of discoid 
meniscus in patients, (4) discoid meniscus ratio (total 
discoid meniscus coding per total meniscus injury cod-
ing), and (5) the number of surgical procedures including 

Table 1  Diagnostic codes for discoid meniscus of the HIRA

HIRA Health insurance review and assessment service

Code Diagnostic codes

M231 Discoid meniscus (congenital)

M2311 Discoid meniscus (congenital), medial meniscus

M2312 Discoid meniscus (congenital), lateral meniscus

M2319 Discoid meniscus (congenital), unspecified 
meniscus or ligament

Table 2  Diagnostic codes for surgical procedures in the HIRA

HIRA Health Insurance Review and Assessment Service

Surgical procedure Code Diagnostic codes

Menisectomy N0821 Simple menisectomy in medial or lateral

N0822 Simple menisectomy in medial and lateral

N0826 Complex menisectomy in medial or lateral

N0827 Complex menisectomy in medial and lat-
eral

Meniscus repair N0823 Simple meniscus repair in medial or lateral

N0824 Simple meniscus repair in medial and lat-
eral

N0828 Complex meniscus repair in medial 
or lateral

N0829 Complex meniscus repair in medial 
and lateral



Page 3 of 8Kim et al. Knee Surgery & Related Research           (2024) 36:32 	

meniscectomy and meniscus repair after discoid menis-
cus diagnosis, and repair ratio ([total number of repair/
total number of meniscectomy + repair] × 100). The total 
number of patients per year was investigated and was 
standardized as the incidence of discoid meniscus per 
100,000 persons per year. “Per 100,000 person-years” is 
simply referred to as “per 100,000 person-year” and was 
the only descriptive statistic used in this study. Subse-
quently, a more detailed analysis was performed based 
on sex and age. Age data were presented in decades due 
to the unavailability of exact ages in years. The incidence 
per 100,000 person-year was calculated using additional 
information from surveys, including basic epidemiologi-
cal data from the Korean National Statistics. The inci-
dence for each age decade was based on the total number 
of age decades, not the entire national population.

Results
The total number of discoid meniscus diagnoses was 
4576 in 2011 and increased to 6639 in 2019 (Fig. 1), indi-
cating that it increased by 45.1% over 9 years. The inci-
dence per 100,000 person-year was 9.5 in 2011, which 
increased to 13.0 in 2019 (Fig. 2).

Regarding sex, the number of discoid menisci was 
greater in females (approximately 55%) than in males 

(approximately 45%) over the study period. Among 
males, the total number of patients and incidence per 
100,000 person-year were 2065 and 8.7, respectively, 
in 2011, which increased to 2915 and 11.4, respec-
tively, in 2019 (Figs.  1, 2). Among females, the total 
number of patients and the incidence per 100,000 
person-year were 2511 and 10.4, respectively, in 2011, 
which increased to 3724, and 14.6, respectively, in 2019 
(Figs. 1, 2).

Regarding age, the peak for the total number of 
patients in 2011 was noted in patients who were “under 
19,” whereas in 2019, the peak age was observed in 
their 50s, followed by 40s, 20s, and “under 19” (Fig. 3). 
Regarding discoid meniscus ratio, the ratio ranged from 
2.12–2.60% from 2011 to 2019 (Fig.  4), increasing by 
23%.

Regarding the surgical procedure, the total num-
ber of meniscectomy was 2000 in 2011 and 2475 in 
2014, increasing by 20%. However, the total number 
of meniscus repairs was 318 in 2011 and increased to 
502 in 2019, an increase of 58% (Fig. 5). The repair ratio 
increased from 13.7% in 2011 to 19.3% in 2019. Among 
repair ratio data, in terms of age, teens were highest at 
32.2%, followed by those in their 20s at 20.0% and those 
in their 30s at 15.1%.

Fig. 1  Total number of discoid meniscus patients per year stratified by sex
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Fig. 2  Total number of discoid meniscus patients per year stratified by age

Fig. 3  Total number of discoid meniscus patients per year stratified by age
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Fig. 4  Diagnosis ratio in discoid meniscus per total number of meniscus tear

Fig. 5  Total number of menisectomy and meniscus repair cases
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Discussion
The main findings of this study are as follows: (1) the total 
number of discoid meniscus diagnoses was 4576 in 2011, 
and this number increased to 6639 in 2019, indicating 
that it increased by 45.1% over 9 years; (2) the incidence 
per 100,000 person-year was 9.5 in 2011 and increased to 
13.0 in 2019; (3) symptomatic discoid meniscus was diag-
nosed more frequently in females than in males; (4) the 
peaks and second peaks for the total number of patients 
and the incidence were observed among patients in their 
50s and 40s, respectively, in 2019; (5) the number of 
meniscus repairs rapidly increased compared with that of 
meniscectomy, and the repair ratio increased from 13.7% 
in 2011 to 19.3% in 2019, with repairs commonly per-
formed at relatively younger age including 10s and 20s.

Symptomatic discoid meniscus is observed commonly 
in patients with meniscus tears; thus, the national trends 
and epidemiology of symptomatic discoid meniscus are 
critical for future planning and national policy develop-
ment. Few reports are available on the national trends 
and epidemiology of symptomatic discoid meniscus 
around the world [13–16]. Previous Korean studies have 
looked at discoid meniscus incidence or epidemiology 
[17, 18], but none of them used big data. To the best of 
our knowledge, this is an uncommon study to report 
the national trends of symptomatic discoid meniscus in 
Korea.

In the current study, the total number of discoid 
meniscus diagnoses was 4576 in 2011, and this number 
increased to 6639 in 2019. In the USA, the overall prev-
alence rate was 4.88 per 100,000 patients [13], and the 
overall annual incidence of symptomatic discoid lateral 
meniscus was 3.2 per 100,000 person-years [16]. In the 
Greek population, the incidence rate of discoid menis-
cus was 1.8% of all knee arthroscopies [15]. In this study, 
the total number of discoid meniscus diagnosis increased 
45.1% over this 9-year period. Several reasons could be 
considered for this. Korea has a national insurance sys-
tem that covers all Korean patients with a relatively low 
cost and provides easy access to orthopedic hospitals. In 
addition, recently, the number of diagnoses has increased 
because most of the Korean population has private 
insurance that can cover uncovered items at a high-cost 
national insurance, such as magnetic resonance imaging.

Concerning sex difference, the number of discoid 
menisci was greater in females (55%) than in males (45%) 
during the study period. Similar to the current study, in 
the USA, 56.6% of patients with discoid meniscus were 
females, a statistically larger proportion of the discoid 
meniscus population compared with the proportion of 
female controls in the study population [14]. In addition, 
the odds of discoid meniscus were 43% lower for males 
than females [14]. However, several studies reported 

a higher incidence in males [13, 16] and no statistically 
significant correlation between sex and lesion incidence 
[15]. Speculatively, the sex ratio might vary depending 
on the data collection period or the relationship between 
age and sex. However, recently in Korea, females’ partici-
pation in physical activities has been increasing [14, 19]; 
therefore, it could be considered that meniscus discoid 
injury occurs more commonly in females.

Concerning age, the peak for the total number of 
patients in 2019 was noted in patients who were in their 
50s, followed by 40s, 20s, and “under 19.” Usually, the 
highest incidence of discoid meniscus was noted in ado-
lescent male patients aged 15–18  years [16], but in this 
study, the peak age was patients in their 50s. Randhawa 
et  al. reported that age is a significant predictor, with 
the odds of discoid meniscus decreasing by 6% for every 
increase of 1  year in age and with the odds of discoid 
meniscus decreasing by 34% for every increase of 1 year 
in age [14]. Grimm et al. also reported that the surgical 
rate decreased by approximately 6% for every 10-year 
increase in age [13]. In Korea, based on the fact that social 
activity participation is associated with physical and cog-
nitive functions in middle-aged adults [20], their physical 
activity participation is increasing, and the government 
is also making efforts to create an environment for exer-
cise. However, physical or sports activities are always 
accompanied by injuries. The reason for the increase in 
the number of discoid meniscus diagnoses among mid-
dle-aged people in Korea is considered because of their 
increasing social activities and participation.

Symptomatic discoid meniscus ratio ranged from 
2.12% to 2.60% from 2011 to 2019. To the best of our 
knowledge, only one study confirmed the discoid menis-
cus ratio. Similar to our finding, In the Greek population, 
discoid variation was reported in 2.75% of the arthrosco-
pies and were attributed to meniscus lesions [15]. In the 
USA, patients who underwent lateral meniscus repair 
in addition to cauterization represented 18.3% [16]. In 
the current study, the total number of meniscectomies 
steadily increased by approximately 20% over the study 
period, but the total number of meniscus repairs rap-
idly increased by about 58%. Additionally, the repair 
ratio increased from 13.7% in 2011 to 19.3% in 2019. 
According to the repair ratio data, in terms of age, teens 
were highest at 32.2%, followed by those in their 20s at 
20.0%, and those in their 30s at 15.1%. This is an effort 
by surgeons to maintain meniscus hoop tension to pre-
vent arthritic progression and preserve meniscal func-
tion. Traditionally, partial meniscectomy is generally 
recommended if the discoid meniscus is associated with 
mechanical symptoms, such as pain, locking, swell-
ing, giving way, or causing an inability to participate in 
sports [5]. Owing to the success rate of arthroscopic 
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meniscal repair techniques for partial central meniscec-
tomy in the vascular zone [21], the operation frequency 
of Korean surgeons is increasing in middle-aged patients 
with meniscus root tears, and interest in root repair has 
been increasing [22]. Thus, the total number of menis-
cus repairs seems to have increased. Especially, the high 
rate of repair at younger ages suggests that more effort is 
being made to restore meniscal hoop tension at younger 
ages. The current study did not include statistical analy-
sis and statistical significance from a small sample size, 
because it was based on patients with total discoid menis-
cus. In any experiment or observation involving draw-
ing a sample from a population, observed results from a 
small sample may be generalized to the entire population 
through statistical analysis. However, there was no need 
to conduct such a statistical analysis in this study.

The importance of this study is that it is a valuable 
report to investigate the national trends of discoid menis-
cus based on a national database in Korea. This national 
database is one of the most accurate national databases 
in the world as it covers the entire Korean population, 
includes all medical records, and is controlled by the 
Korean government.

However, several limitations exist in this study. First, 
there is the possibility of coding errors in a large data-
base. Second, since our data are an analysis of discoid 
meniscus presenting to the hospital with knee pain, it 
may include asymptomatic discoid meniscus as well as 
symptomatic discoid meniscus. The results may be dif-
ferent than if only symptomatic discoid meniscus or 
asymptomatic discoid meniscus were examined. Third, 
discoid meniscus in our analysis did not include subjects 
injured in traffic accidents, industrial accidents, or those 
who made claims for automobile liability insurance or 
industrial injury insurance; however, there are potentially 
only a few of these patients in comparison with the data 
recorded in the HIRA database. Fourth, the meniscus 
surgery numbers we analyzed included only meniscus 
surgery coding; thus, other concomitant knee surgeries 
could not be investigated. Fifth, patient diagnosed with 
bilateral discoid meniscus and those who underwent 
bilateral meniscus procedures could not be identified, 
because this study was based on a large-scale database. 
Thus, this study presented the number of patients and 
not the number of cases. Sixth, there is a possibility that 
many cases of discoid meniscus were coded as meniscus 
tears as some insurance programs only reimbursed trau-
matic tears. Therefore, the numbers of discoid meniscus 
cases (especially those with tears) are likely to have been 
underreported in the data. Additionally, the coding of the 
diagnosis did not always signify the symptomatic state of 
the discoid meniscus. Seventh, most discoid meniscus 
cases are congenital in nature; thus, the incidence rates 

should be similar regardless of age and frequency. How-
ever, in this study, the incidence rates of discoid meniscus 
differed based on age and frequency. This is assumed to 
be because of differences in hospital accessibility, hospi-
tal presence, and diagnostic performance. This phenom-
enon is a common limitation in big data analysis studies. 
Eighth, in this study, as coded patients were judged to 
have symptoms, they were defined as patients with symp-
tomatic discoid meniscus. This may be a limitation of 
this study because some of the coded patients may have 
had no symptoms and were diagnosed coincidentally. 
However, the numbers of these patients are limited and 
unlikely to significantly affect the results. Discoid lateral 
meniscus is more commonly noted and clinically impor-
tant. However, this study did not differentiate discoid 
lateral meniscus from discoid medial meniscus. Further 
research should focus on the discoid lateral meniscus.

Conclusions
The total number and incidence of symptomatic discoid 
and the discoid meniscus ratio steadily increased from 
2011 to 2019. The number of meniscus repair proce-
dures increased more rapidly than that of meniscectomy. 
The current study helps understand the epidemiology of 
symptomatic discoid meniscus, its prevention, and cost-
saving measures in South Korea.

Acknowledgements
This work was supported by the National Research Foundation of Korea (NRF) 
grant funded by the Korea government (MSIT) (no. 2021R1G1A1014579).

Author contributions
J.S. Kim, J.H. Kim, and K.S. Chung equally contributed to the conception and 
design of the research. J.H. Kim and M.Y. Choi contributed to the acquisi-
tion of data, and J.H. Kim and J.K. Ha performed the statistical analysis and 
contributed to the interpretation of the data. J.S. Kim and J.H. Kim drafted the 
manuscript with input from all authors. K.S. Chung contributed to the review 
and rewriting of the manuscript. All authors read and approved the final 
manuscript.

Funding
This work was supported by the National Research Foundation of Korea (NRF) 
grant funded by the Korea government (MSIT) (no. 2021R1G1A1014579).

Declarations

Ethics approval and consent to participate
This study protocol was approved by Inje University Seoul Paik Hospital institu-
tional review board (PAIK 2021-04-001).

Consent for publication
All authors have approved the manuscript for submission.

Competing interests
The authors declare that they have no potential conflicts of interest with 
respect to the research, authorship, and publication of this article.

Author details
1 Department of Physical Therapy, Ilsan Paik Hospital, College of Medicine, 
Inje University, Goyang‑si, Gyeonggi‑do, Republic of Korea. 2 Department 
of Physical Education, College of Humanities, Daegu University, Gyeongsan‑si, 



Page 8 of 8Kim et al. Knee Surgery & Related Research           (2024) 36:32 

Gyeongsangbuk‑do, Republic of Korea. 3 Department of Orthopedic Surgery, 
Jump Orthopedic Clinic, Seoul, Republic of Korea. 4 Department of Orthope-
dic Surgery, College of Medicine, Hanyang University Hospital at Guri, 153, 
Gyeongchun‑ro, Guri‑si, Gyeonggi‑do, Republic of Korea. 5 Sports and Exercise 
Medicine Lab, Korea Maritime  and Ocean University, Busan, Republic of Korea. 

Received: 20 June 2024   Accepted: 19 September 2024

References
	1.	 Kelly BT, Green DW (2002) Discoid lateral meniscus in children. Curr Opin 

Pediatr 14:54–61
	2.	 Kim JG, Han SW, Lee DH (2016) Diagnosis and treatment of discoid 

meniscus. Knee Surg Relat Res 28:255–262
	3.	 Yaniv M, Blumberg N (2007) The discoid meniscus. J Child Orthop 1:89–96
	4.	 Jordan MR (1996) Lateral meniscal variants: evaluation and treatment. J 

Am Acad Orthop Surg 4:191–200
	5.	 Kushare I, Klingele K, Samora W (2015) Discoid meniscus: diagnosis and 

management. Orthop Clin North Am 46:533–540
	6.	 Kramer DE, Micheli LJ (2009) Meniscal tears and discoid meniscus in 

children: diagnosis and treatment. J Am Acad Orthop Surg 17:698–707
	7.	 Fukuta S, Masaki K, Korai F (2002) Prevalence of abnormal findings 

in magnetic resonance images of asymptomatic knees. J Orthop Sci 
7:287–291

	8.	 Chung KS (2021) An increasing trend of posterior cruciate ligament 
reconstruction in South Korea: epidemiologic analysis using Korean 
national health insurance system database. Knee Surg Relat Res 33:1–8

	9.	 Chung KS, Ha JK, Kim YS, Kim JH, Ra HJ, Kong DH et al (2019) National 
trends of meniscectomy and meniscus repair in Korea. J Korean Med Sci 
34:e206

	10.	 Chung KS, Lee MK, Kim JH, Kim JG, Ha JK (2021) An increasing trend of 
the number of meniscus allograft transplantation in Korea. Knee Surg 
Sports Traumatol Arthrosc 29:4131–4137

	11.	 Chung KS, Kim JH, Kong DH, Park I, Kim JG, Ha JK (2022) An increasing 
trend in the number of anterior cruciate ligament reconstruction in 
Korea: a nationwide epidemiologic study. Clin Orthop Surg 14:220–226

	12.	 Song S, Lee SE, Oh SK, Jeon SA, Sung JM, Park JH et al (2018) Demograph-
ics, treatment trends, and survival rate in incident pulmonary artery 
hypertension in Korea: a nationwide study based on the health insurance 
review and assessment service database. PLoS ONE 13:e0209148

	13.	 Grimm NL, Pace JL, Levy BJ, Arthur DA, Portman M, Solomito MJ et al 
(2020) Demographics and epidemiology of discoid menisci of the knee: 
analysis of a large regional insurance database. Orthop J Sports Med 
8:2325967120950669

	14.	 Randhawa S, Tran E, Segovia NA, Ganley T, Tompkins M, Ellis H et al 
(2021) Epidemiological study of the discoid meniscus: investigating 
demographic-based predictors in large-scale claims database. Cureus 
13:e20050

	15.	 Papadopoulos A, Karathanasis A, Kirkos JM, Kapetanos GA (2009) Epide-
miologic, clinical and arthroscopic study of the discoid meniscus variant 
in Greek population. Knee Surg Sports Traumatol Arthrosc 17:600–606

	16.	 Sabbag OD, Hevesi M, Sanders TL, Camp CL, Dahm DL, Levy BA et al 
(2018) Incidence and treatment trends of symptomatic discoid lateral 
menisci: an 18-year population-based study. Orthop J Sports Med 
6:2325967118797886

	17.	 Ahn JH, Choi SH, Lee YS, Yoo JC, Chang MJ, Bae S et al (2011) Sympto-
matic torn discoid lateral meniscus in adults. Knee Surg Sports Traumatol 
Arthrosc 19:158–164

	18.	 Kim SJ, Lee YT, Kim DW (1998) Intraarticular anatomic variants associated 
with discoid meniscus in Koreans. Clin Orthop Relat Res 356:202–207

	19.	 Cho M, Kwon WD, Jeon YB (2010) Are Korean secondary school girls 
physically active during leisure time? Health Care Women Int 31:244–257

	20.	 Choi Y, Park S, Cho KH, Chun SY, Park EC (2016) A change in social activity 
affect cognitive function in middle-aged and older Koreans: analysis of a 
Korean longitudinal study on aging (2006–2012). Int J Geriatr Psychiatry 
31:912–919

	21.	 Adachi N, Ochi M, Uchio Y, Kuriwaka M, Shinomiya R (2004) Torn discoid 
lateral meniscus treated using partial central meniscectomy and suture 
of the peripheral tear. Arthroscopy 20:536–542

	22.	 Bin SI, Kim JM, Shin SJ (2004) Radial tears of the posterior horn of the 
medial meniscus. Arthroscopy 20:373–378

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Incidence of symptomatic discoid meniscus in Korea: epidemiologic big data analysis from HIRA database
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


