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ABSTRACT

Background: Recent studies raise concerns that arthroscopic meniscectomy (AM) for
degenerative tear may be detrimental to the maintenance of the joint structure. This study
was performed to examine the rate of total knee replacement (TKR) among patients with
knee osteoarthritis (OA) who underwent AM for meniscal tears and compare this rate with
those who did not.

Methods: A retrospective cohort study was conducted using the National Health Insurance
Database of South Korea. Among knee OA patients aged 5079, those who were treated with
AM due to meniscal damage from 2007 to 2009 were selected as the AM group while those not
treated with AM despite the presence of meniscal damage were selected as control group. Both
were matched based on a propensity score and followed-up until the earliest occurrence of:
TKR, death, or 10 years. Cox proportional hazards models were used to compare the outcome.
Results: A total 0f36,974 patients were included in AM groups and non-AM group after 1:1
matching. TKR occurred in 9.62% and 7.64% in AM and non-AM groups with the average
duration after meniscectomy of 5.88 + 2.77 and 5.50 + 2.94 years, respectively. After adjustment
for baseline confounders, the TKR rate in the AM group was calculated to be 25% higher

than that in the non-AM group (subdistribution hazard ratio, 1.25; 95% confidence interval,
1.16-1.34). The mortality rate was 5.20%, which did not significantly differ between groups.
Conclusion: OA patients who underwent AM for the meniscal injury had higher incidence of TKR
up to 10 years of follow-up than the non-operated group. The greater TKR utilization observed in
patients undergoing AM merits caution when treating OA patients with meniscal injury.

Keywords: Knee Osteoarthritis; Arthroscopic Meniscectomy; Knee Replacement;
Comparative Effectiveness; Population-Based Cohort
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INTRODUCTION

Knee osteoarthritis (OA) is the most common form of arthritis affecting the elderly, and

its implications in terms of health expenditure and quality of life are growing rapidly. OA

is accompanied by diverse pathological changes in the whole joint including peri-articular
muscle and menisci. Especially, meniscal degeneration is very common and is found on
MRI scans of more than 60% of middle-aged and elderly individuals with radiographic
evidence of OA.1 However, whether meniscal degeneration causes knee symptoms is
debatable. Studies have shown that the majority of meniscal damage is found in individuals
without knee symptoms, and meniscal damage is not significantly associated with the
presence of knee pain or its severity among individuals with radiographic knee OA.13
These findings suggest that meniscal damage in elderly or OA patients should be dealt with
differently from traumatic meniscal tears, where the arthroscopic repair has been reported
to improve functional outcomes significantly. In line with these findings, rigorous outcome
studies employing a randomized controlled trial design for arthroscopic management of
degenerative meniscal tear showed that surgery was no better than physical therapy (PT)

or even sham surgery in improving pain or functional status.47 Despite these findings,
arthroscopic knee surgery remains the most common type of knee surgery, the number of
arthroscopic meniscectomies increased by 12.67% in 8 years in Korea.8 The incidence of
the meniscus surgeries per 100,000 population-year in Korea was almost 10 fold higher
compared to the United States.?

In addition to the lack of clinical efficacy, some recent studies raise additional concerns
that arthroscopic meniscectomy (AM) itself may be detrimental to the maintenance of

the joint structure. A 14-year follow-up study of 205 patients who had undergone isolated
unilateral meniscectomy showed that patients who underwent subtotal meniscectomy scored
significantly worse on the knee-specific outcome than individuals who had had a partial
meniscectomy for the same type of tear.10 In a 5-year follow-up study from the Meniscal
Tear in Osteoarthritis Research (MeTeOR) trial comparing PT vs. AM, 7.1% of individuals
randomized to AM underwent total knee replacement (TKR) over five years with a hazard
ratio (HR) for TKR of 2.0 (95% confidence intervals [CIs], 0.8—4.9) compared to those
randomized to PT in the intention-to-treat (ITT) analysis.1! The as-treated HR for TKR was
even higher at 4.9 (95% CI, 1.1-20.9) for individuals treated with AM. Higher TKR rates in
those undergoing AM remain a cause for concern and merit further investigation in a long-
term study.

The objective of this study was to examine the rate of TKR among patients with OA who
underwent AM for meniscal tears and compare this rate with those who did not by using the
National Health Information Database (NHID) of South Korea.

METHODS

Dataset

Korean healthcare system covers the country’s entire population as a single national insurer
in two tiers: the National Health Insurance (NHI) program, a wage-based, contributory
insurance program covering around 96% of the population, and the Medical Aid program,

a government-subsidized public assistance program for medically indigent individuals with
alow income. In this study, we used data from NHID, which is a public database containing

https://doi.org/10.3346/jkms.2023.38.e6 2/M



Total Knee Replacement After Arthroscopic Meniscectomy in Knee Osteoarthritis

JKMS

https://jkms.org

details such as health care utilization, health screening, sociodemographic variables, and
mortality for the entire population of South Korea covered by NHI and Medical Aid since
2002.12 1t contains information on inpatient and outpatient medical care (diagnosis, length
of hospital stay, and treatment received) and prescription records (drug code, duration of
prescription, and daily dosage).

Study population

We retrospectively identified a cohort of knee OA patients with meniscal tears aged > 50 years
who received medical treatment using NHID for 2006 and 2019. Patients who underwent
knee surgery, including joint replacement, AM, osteotomy, or other arthroscopic surgery,

less than 2 years prior to study inclusion, who were diagnosed with inflammatory arthritis,
and who died less than 1 year after study inclusion were excluded. Operational definitions
were first examined to improve the precision of identifying patients with OA in the claims
database. Patients with knee OA were identified using a combination of diagnostic,
medication prescription, and procedure codes (Supplementary Table 1). We constructed
seven operational definitions by combining three conditions that were employed in a previous
report using Korean claims data with a few modifications as follows!3: 1) M15, M17, or M19
and knee X-ray; 2) M17 and a prescription medication approved for only OA (Supplementary
Table 1); and 3) M17 and knee surgery (Supplementary Table 2). The sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative predictive value (NPV) of each definition
were determined by reviewing the medical records and knee radiographs of patients from two
academy-affiliated tertiary hospitals. Kellgren and Lawrence (KL) > 2 was considered definite
radiographic knee OA. Patients with knee OA were defined as those with one or more claims
with M15, M17, M19, and knee X-rays, or those with one or more claims with M17 and drug
prescriptions approved only for OA. This definition has accuracy, sensitivity, specificity, PPV,
and NPV of 75%, 81%, 48%, 87%, and 36%, respectively.

Meniscal damage in OA patients was defined as one or more claims with a meniscectomy

or a repair of meniscus, or one or more claims with M23.2, M23.3, or $83.2 (derangement
of meniscus due to old tear or injury; other meniscus derangements; tear of the meniscus,
current injury, respectively) after study inclusion. Procedure codes for defining AM and TKR
are shown in Supplementary Table 1.

Propensity score matching (PSM)

Among patients with OA and meniscal damage, those who were treated with AM from
January 1, 2007, to December 31, 2009, were selected as the AM group, while those not
treated with AM were selected as the control group. PSM was performed to minimize the
probability of confounding by indication by pairing the AM and non-AM groups based on
propensity scores. Clinical and sociodemographic variables included in the PSM model are
shown in Supplementary Table 3. Comorbidities were assessed using read codes for medical
conditions and by self-reported details of disease history obtained from questionnaires in the
national health screening database. We used greedy nearest-neighbor matching without the
replacement method to achieve adequate 1:1 matches. Mean + standard deviation, number
(%), and standardized differences were used to examine the covariate balance between
groups. If the standardized difference was less than 0.10, the variable was included in the
model as a covariate.

https://doi.org/10.3346/jkms.2023.38.e6 3/M
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Exposure and outcome

The index date was defined as the date of AM in the exposed participants. Unexposed
participants were assigned the index date of their matched exposed participants. The outcome
was the time to TKR from the index date. TKR occurrence was defined as the appearance of
the TKR procedure code between the index date and the last observation date. Because the
administrative data did not specify the side of the knee on which the operation was performed,
we conservatively defined the outcome as the second TKR. When AM was performed on both
knees simultaneously, the time to the first TKR was defined as the outcome. Exposed and
unexposed participants were followed up starting from the index date until the occurrence of
TKR, death, or study end date (December 31, 2019), whichever is earlier. The follow-up period
of the participants who did not experience an outcome was censored.

Statistical analysis

Missing values for continuous variables were imputed as the mean of the complete cases

in the study sample of the same age and sex. For categorical variables, missing data were
grouped into additional categories. The Kaplan—Meier method was used to analyze the

time to TKR, and the log-rank test was used to test differences between the AM and non-
AM groups. A model that regarded TKR as the major event and death as the competing risk
was fitted to evaluate the differences between the two groups after adjusting for potential
confounding factors using the Cox model. Covariates that were likely to influence outcomes
(age, sex, income level, disability, comorbidities, medication, PT used, body mass index)

or which reflect general health-seeking behavior and may influence consultation for
musculoskeletal pain (place of residence, number of hospital admissions, or emergency room
visits in the 12-month period preceding study inclusion) were included in the model. The
subdistribution hazard ratios (sHRs) with 95% CI were calculated.

Sensitivity analysis

The robustness of the results was additionally assessed using an as- treated analysis, the first
TKR as an outcome, or using different operational definitions for OA. All statistical analyses
were conducted using SAS version 9.4 (SAS Institute, Inc., Cary, NC, USA). Statistical
significance was set at P < 0.050.

Ethics statement

This study used de-identified data and was conducted without patient and public
involvement. The Institutional Review Board of NECA approved the use of NHID data as well
as the study protocol (NECA IRB20-019, NHIS-20211-054).

RESULTS

Study subject

During the 3 years of the study period chosen, we identified 2,867,753 knee OA patients aged
> 50 years who used health care services. In the same population, 61,294 patients received
AM. Notably, the rate of AM among knee OA patients increased from 1.12% in the year 2007
to 1.55% in the year 2009 (Supplementary Table 4). The AM rate was the highest in the
50-59 years age bracket and decreased sequentially for each increasing 10-year age bracket.
However, the increase in the AM rate among OA patients was consistent across age groups
and sex during the study period.

https://doi.org/10.3346/jkms.2023.38.e6 4/1
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Knee OA patients aged > 50 and < 79 years were selected for propensity matching, among
whom, 130,919 patients with meniscal tears were identified during the study period. Patients
were divided into AM and non-AM groups after excluding 5,325 subjects who underwent
meniscal repair. Finally, 43,337 and 58,215 patients were included in the AM and non-AM
groups, respectively, after further exclusion of patients who did not meet the inclusion
criteria (Fig. 1). Ninety parameters were used for PSM using data obtained from the NHIS
database one year before the time defined as having suffered a meniscal tear. After 1:1
matching, 18,487 patients were included in both groups (Table 1). Body mass index (BMI) and
weight was significantly lower and hospital admission days 1 year prior to study entry were
significantly longer in the non-AM group, and income level tended to be higher in the AM
group. Otherwise, notable differences in baseline characteristics were not observed.

Total knee replacement surgery during follow-up

The occurrence of a second TKR was considered as the primary outcome variable since the
NHIS database does not include which side of the knee the surgery was performed, and thus,
the first TKR would not have occurred in the AM knee. TKR surgery on the AM knee would

KOA aged 50 to 79 with meniscal tear in 2007-2009
(N =130,919)

- Repair of meniscus (n = 5,325)

I

v

| AM (n = 53,838) |

| Non-AM (n = 71,756) |

In past 2 years,

- Repair of meniscus (n = 54)
- Knee replacement or revision (n =1,156)
- Arthroscopic surgery except AM or
osteotomy for knee (n = 4,278)
- Inflammatory knee disease (n = 4,775)
- Over 79 at meniscus tear (n = 91)
- Beneficiary disqualification within a year (n = 147)

In past 2 years,
- Repair of meniscus (n = 92)
- Knee replacement or revision (n =1,650)
- Arthroscopic surgery except AM or
osteotomy for knee (n = 5,744)
- Inflammatory knee disease (n = 5,656)
- Over 79 at meniscus tear (n = 185)
- Beneficiary disqualification within a year (n = 210)

!

| AM (n = 43,337) | | Non-AM (n = 58,215) |

Matched AM (n = 30,478) Matched non-AM (n = 30,478) |

! '

283 pairs were excluded after matching because the primary outcome appeared
(282 pairs) or an insurance eligibility was suspended (1 pair) before the F/U began

! |

Candidates for F/U in AM (n = 30,195) | | Candidates for F/U in non-AM (n = 30,195) |

v '

Remove 11,708 matching pairs whose status changed between matching and starting F/U

! |

Final matched AM (n =18,487) | | Final matched non-AM (n =18,487) |

Fig. 1. Flow of study participants with propensity score matching.
KOA = knee osteoarthritis, AM = arthroscopic meniscectomy, F/U = follow-up.
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Table 1. Baseline characteristics of study subjects after propensity score matching

Characteristics AM (n = 18,487) Non-AM (n = 18,487) Pvalue

Age, yr 0.832
Mean + SD 59.97 + 6.86 59.99 + 6.86
Median (range) 59 (50-79) 59 (50-79)

Sex 1.000
Female 14,411 (77.95%) 14,411 (77.95%)
Male 4,076 (22.05%) 4,076 (22.05%)

Disability 0.963
No 17,533 (94.84%) 17,535 (94.85%)
Yes 954 (5.16%) 959 (5.15%)

Income level 0.060
1st 3,093 (16.73%) 3,120 (16.88%)
ond 3,392 (18.35%) 3,399 (18.39%)
3rd 4,978 (26.93%) 4,742 (25.65%)
4th 6,470 (28.85%) 6,675 (27.91%)
No info. 554 (3.00%) 551 (2.98%)

Height, cm 0.504
Mean + SD 157.19+7.11 157.14 £ 7.09
Median (range) 155.64 (108-189) 155.64 (126-187)

Weight, kg 0.001
Mean = SD 62.43 +7.68 62.16 + 7.69
Median (range) 61.27 (34.00-114.00) 61.20 (34.00-104.00)

BMI, kg/m? <0.001
Mean = SD 25.24 + 2.35 25.14 + 2.33
Median (range) 25.24 (15.70, 59.20) 25.23(13.30, 40.20)

Physical exercise 0.713
None 4,602 (24.89%) 4,487 (24.27%)
1-2/wk 1,737 (9.40%) 1,746 (9.44%)
3-4/wk 1,002 (5.42%) 983 (5.32%)
5-6/wk 299 (1.58%) 289 (1.56%)
Everyday 681 (3.68%) 664 (3.59%)
No info. 10,173 (55.03%) 10,318 (55.81%)

Charlson Comorbidity Index 0.104
0 15,616 (84.47%) 15,444 (83.54%)
1 2,309 (12.49%) 2,460 (13.31%)
2 487 (2.63%) 503 (2.72%)
3 or more 75 (0.41%) 80 (0.43%)

Hospital admission days <0.001
Mean = SD 2.18 +9.88 2.75 + 10.69
Median (range) 0 (0-335) 0 (0-287)

ER visits 0.714
Mean + SD 0.08 £0.32 0.08 £0.31
Median (range) 0 (0-8) 0 (0-5)

Outpatient days 0.069
Mean = SD 35.78 + 27.01 35.25 +28.29
Median (range) 30 (0-459) 28 (0-322)

Physical therapy 1.000
HET 11,127 (60.19%) 11,127 (60.19%)
HET & EXT 401 (2.17%) 401 (2.17%)
None 6,959 (37.64%) 6,959 (37.64%)

Analgesic medication 0.846
0-29 days 16,318 (88.27%) 16,330 (88.33%)
30 days 92,169 (11.73%) 92,157 (11.67%)

NSAIDs 1.000
0-29 days 10,545 (57.04%) 10,545 (57.04%)
30 days 7,942 (42.96%) 7,949 (42.96%)

Duloxetine or SALM 0.078
0-29 days 17,497 (94.64%) 17,572 (95.05%)
30 days 990 (5.36%) 915 (4.95%)

https://doi.org/10.3346/jkms.2023.38.e6
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Table 1. (Continued) Baseline characteristics of study subjects after propensity score matching

Total Knee Replacement After Arthroscopic Meniscectomy in Knee Osteoarthritis

Characteristics AM (n = 18,487) Non-AM (n = 18,487) Pvalue
Hyaluronate injection 1.000
0-29 days 12,387 (67.00%) 12,387 (67.00%)
30 days 6,100 (33.00%) 6,100 (33.00%)

AM = arthroscopic meniscectomy, SD = standard deviation, ER = emergency room, HET = heat/cold therapy or
electrotherapy, EXT = exercise therapy, NSAIDs = non-steroidal anti-inflammatory drugs, SALM = S-adenosyl-I-
methionine sulfate.

all be included by selecting the date of the second TKR. During a mean follow-up period
0f9.39 +1.80 and 9.43 + 1.78 years of follow-up for AM and non-AM groups, respectively,
second TKR occurred in 9.62% and 7.64% in AM and non-AM groups. The average duration
after meniscectomy until the second TKR was 5.88 + 2.77 and 5.50 # 2.94 years, respectively.
Kaplan—Meier analysis showed that TKR occurred significantly more commonly in the AM
group (P < 0.001) (Fig. 2).

The sHR of TKR in the AM group was 1.27 (95% CI, 1.18-1.36) with no significant change
after adjustment using the Cox proportional hazards model (Table 2). When patient age was
divided into 50-69 years and 7079 years age groups, an increase in HR was observed only in
the former group (sHR, 1.25; 95% CI, 1.16-1.34).

All-cause mortality during the follow-up period was 5.20% and 5.47%, and the mean time to
death was 6.13 + 2.59 and 6.08 + 2.56 years, in AM and non-AM groups, respectively, with no
statistically significant difference between the two groups. The sensitivity analysis did not
change the direction of increased TKR in patients with AM, as shown in the primary analysis
with a largely similar HR.

1.0 o
09 \

0.8 1

0.7

Probability without TKR

0.6 1

0.5

0 365 730 1,095 1,460 1,825 2,190 2,555 2,920 3,285 3,650
Day to follow-up

No. at risk

—_— 18,487 18,404 18,180 17,931 17,712 17,482 17,208 16,885 16,515 16,153 15,742
------ 18,487 18,353 18,159 17,974 17,746 17,524 17,269 17,011 16,709 16,390 16,040

Fig. 2. Kaplan-Meier plot of time to second total knee replacement AM and non-AM groups.
AM = arthroscopic meniscectomy, TKR = total knee replacement.
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Table 2. Hazard ratio (95% CI) for second total knee replacement

Variables No. Crude Adjusted®
Pvalue sHR 95% ClI Pvalue sHR 95% ClI

Total (50-79 yrs)

ref: non-AM 18,487 - -

AM 18,487 <0.001 1.270 1.184-1.362 <0.001 1.249 1.164-1.341
Seventies (70-79 yrs)

ref: non-AM 1,974 - -

AM 1,974 0.145 1.155 0.952-1.402 0.156 1.153 0.947-1.404
As treated

ref: non-AM 16,873 - -

AM 20,101 <0.001 1.246 1.161-1.338 <0.001 1.251 1.165-1.344
KOA def2?

ref: non-AM 8,916 - -

AM 8,916 <0.001 1.194 1.094-1.304 <0.001 1.182 1.082-1.292
KOA def3®

ref: non-AM 17,425 - -

AM 17,425 <0.001 1.247 1.161-1.339 <0.001 1.235 1.149-1.327
1st TKR as an outcome

ref: non-AM 18,487 - -

AM 18,487 <0.001 1.287 1.229-1.347 <0.001 1.263 1.205-1.324

ref = reference, sHR = subdistribution hazard ratio, CI = confidence interval, AM = arthroscopic meniscectomy, KOA = knee osteoarthritis, TKR = total knee
replacement.

2KOA def2: M17 code and medication approved for only OA; ’KOA def3: M15, M17, or M19 codes and one of knee X-ray or knee surgery; °Adjusted with age, sex,
income level reflected on insurance fee 20 sections, place of residence, disability, Charlson Comorbidity Index, physical therapy, analgesics use, NSAIDs, SNRI or
SALM, hyaluronate injection, body mass index, inpatient or ER days.

DISCUSSION

In this study, using the administrative database of the NHIS in South Korea, the rate of TKR
among patients with OA who underwent AM due to meniscal tear was compared with those
who did not, with the help of PSM. The results showed that the AM group had a 25% increase
in TKR after 10 years.

Recent randomized controlled trials comparing arthroscopic surgery with sham surgery or
PT in patients with degenerative meniscal tears showed that surgery was no better than PT
or even sham surgery in improving outcomes, raising concerns about the value of surgical
treatment.57 Meniscal damage of the knee is commonly observed among elderly individuals
without knee symptoms, corroborating the lack of effectiveness of AM in degenerative
meniscal tears.1,3 A recent study revealed no significant association between the presence
and pattern of meniscal tears observed on arthroscopy and symptom scores, including
grinding/clicking/popping, pain when pivoting, or catching/locking, defying the common
belief that “mechanical” symptoms arise from meniscal tears.} Furthermore, the influence
of meniscus resection or arthroscopy itself on cartilage damage is an unsettled topic, with
some indicative evidence. A study reporting a statistically significant increase of radiographic
signs of OA at 8-16 years of follow-up after knee AM compared with control non-operated
knees reported a protective effect of the meniscus on cartilage, raising further concern that
AM may have negative consequences in the maintenance of joint integrity.15 A case-control
study that enrolled patients from the OA Initiative reported that in the group with incident
radiographic osteoarthritis (ROA), 4.4% underwent partial meniscectomy during the year
prior to the case-defining visit compared with none of the knees that did not develop ROA.16
Particularly, when looking only at knees that developed ROA, partial meniscectomy was
associated with a greater risk of worsening cartilage damage, as assessed using MRI, with an
odds ratio (OR) of 4.51. In a systematic review of published reports, the annual incidence of

https://jkms.org https://doi.org/10.3346/jkms.2023.38.e6 8/1
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TKR after arthroscopic surgery for OA was found to be 2.62%, with a median duration of 2.0
years between arthroscopy and TKR.17 Patients who were older or had more advanced ROA at
the time of arthroscopy had higher risk of TKR. However, it is not clear whether the increase
in OA or TKR results from meniscal damage leading to arthroscopic surgery or arthroscopic
surgery per se. This issue was examined by posthoc analysis of the MeTeOR trial, which
compared AM and PT. Despite the problem of crossover during follow-up with as many as
30.2% of patients in the PT group receiving AM treatment, the result showing that the AM
group had a greater, albeit not significant, frequency of TKR over 5 years, indicates the need
for exercising additional caution when using arthroscopic surgery in OA. Compared to the
MeTeOR subjects, our study population in the AM group had a lower HR for TKR despite a
longer follow-up time. Both study subjects had similar mean ages; thus, this discrepancy in
the TKR rate may stem from ethnic disparity in the study population or from differences in
healthcare utilization. An Italian study reported a 15.7% conversion rate from AM to TKR

at 20 years with a mean time between surgeries of 7 years; this finding was consistent with
our results.18 Subsequent TKR after AM for degenerative meniscal tears was significantly
associated with the severity of preoperative OA and chondral lesions (Kellgren Lawrence 2;
Outerbridge > 2), lateral meniscectomy, age at surgery, female sex, and malalignment.18 A
Swedish study involving patients aged 16—45 years who underwent surgery due to traumatic
meniscal tears reported that the absolute risk of requiring consultation for knee OA after a
median follow-up 0f10.3 years was about 25-50% lower after meniscus repair than AM. This
suggests that preservation of the meniscus may be a better option than AM for maintaining
joint structure.1® However, the consultation rate for knee OA standardized to the general
population was twice as high after meniscus repair as that of the general population,
suggesting that meniscal damage itself is also responsible for the development of OA.

This study has several limitations. Although this study applied various algorithms to identify
OA cases from the administrative database, it was impossible to confirm the diagnosis
individually. The choice of the operational definition for the study subject as ‘those with one or
more claims with OA diagnostic codes and knee X-rays, or approved drug prescriptions only for
OA’ was arbitrary, although it had high accuracy, sensitivity, and PPV. Sensitivity analysis using
different operational definitions as cases led to the same result; however, misclassification of
healthy individuals as having OA would have biased the study results toward the null. Second,
rigorous PSM would not resolve the issue of confounding by indication, which might have acted
in either way. If patients with more severe OA and symptoms had a higher tendency to undergo
AM, this would have resulted in a higher TKR rate in the AM group. Although the rate of PT

or analgesic medication prescriptions before AM did not differ between the two groups, this
possibility cannot be completely ruled out without considering information on radiographic
findings or symptom severity. In contrast, the AM group might have had better physical
function than the non-AM group and thus would have been more willing to undergo surgery,
such as AM or TKR. This remains a lingering concern despite the similar Charlson Comorbidity
Index and disability rate. Third, because the administrative database does not contain which
side of the knee was operated on, it was unknown whether TKR was performed on the same
side as the AM knee. We defined second TKR as the outcome to address this limitation, which
probably led to a conservative outcome. Sensitivity analysis using the first TKR did not result in
a notably higher OR, however, and this finding supports our conservative approach. Inability
to distinguish the extent of meniscectomy (partial or total) is also a limitation because it may
affect the speed of joint degeneration. Lastly, because of the lack of information on the severity
of OA or the extent of meniscal injury, direct harm of arthroscopic partial meniscectomy in OA
joint damage cannot be ascertained.
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A key strength of this study was the use of a large database representing the entire Korean
population and reflecting real-world situations. The extensive adjustment for confounders
minimized confounding by indication in our study, which is otherwise a major issue in these
types of studies. Lastly, the sensitivity analyses agreed with the primary findings of increased
risk with AM with largely similar HRs, suggesting that these results are robust given the

Total Knee Replacement After Arthroscopic Meniscectomy in Knee Osteoarthritis

assumptions in our analytical approach.

In conclusion, our study showed that OA patients who underwent AM for the meniscal injury
had a 9.62% cumulative incidence of TKR after up to 10 years of follow-up, which was 25%
higher than the non-operated group.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Diagnostic, procedural, and medication codes used for the definition of knee OA, meniscal
tear, APM, and TKR

Click here to view

Supplementary Table 2
Validation of operational definitions for knee OA

Click here to view

Supplementary Table 3
Definitions of covariates used to estimate propensity scores

Click here to view

Supplementary Table 4
The incidence of APM among knee OA patients in 2007-2009

Click here to view

REFERENCES

1. Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P, Clancy M, et al. Incidental meniscal findings on
knee MRI in middle-aged and elderly persons. N Engl | Med 2008;359(11):1108-15.
PUBMED | CROSSREF

2. Bhattacharyya T, Gale D, Dewire P, Totterman S, Gale ME, McLaughlin S, et al. The clinical importance of
meniscal tears demonstrated by magnetic resonance imaging in osteoarthritis of the knee. | Bone Joint Surg
Am2003;85(1):4-9.

PUBMED | CROSSREF

3. Kim HA, Kim I, Song YW, Kim DH, Niu J, Guermazi A, et al. The association between meniscal and
cruciate ligament damage and knee pain in community residents. Osteoarthritis Cartilage 2011;19(12):1422-8.
PUBMED | CROSSREF

4. ChoiM, Lee SJ, Park CM, Ryoo S, Kim S, JangJY, et al. Arthroscopic partial meniscectomy versus physical
therapy for degenerative meniscal tear: a systematic review. | Korean Med Sci 2021;36(45):€292.

PUBMED | CROSSREF

https://jkms.org https://doi.org/10.3346/jkms.2023.38.e6 10/M


https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e6&fn=jkms-38-e6-s001.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e6&fn=jkms-38-e6-s002.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e6&fn=jkms-38-e6-s003.doc
https://jkms.org/DownloadSupplMaterial.php?id=10.3346/jkms.2023.38.e6&fn=jkms-38-e6-s004.doc
http://www.ncbi.nlm.nih.gov/pubmed/18784100
https://doi.org/10.1056/NEJMoa0800777
http://www.ncbi.nlm.nih.gov/pubmed/12533565
https://doi.org/10.2106/00004623-200301000-00002
http://www.ncbi.nlm.nih.gov/pubmed/21959098
https://doi.org/10.1016/j.joca.2011.09.002
http://www.ncbi.nlm.nih.gov/pubmed/34811974
https://doi.org/10.3346/jkms.2021.36.e292

Total Knee Replacement After Arthroscopic Meniscectomy in Knee Osteoarthritis

JKMS

https://jkms.org

5. Thorlund JB, Juhl CB, Roos EM, Lohmander LS. Arthroscopic surgery for degenerative knee: systematic
review and meta-analysis of benefits and harms. BMJ 2015;350:h2747.
PUBMED | CROSSREF
6. KatzJN, Brophy RH, Chaisson CE, de Chaves L, Cole BJ, Dahm DL, et al. Surgery versus physical therapy
for a meniscal tear and osteoarthritis. N Engl ] Med 2013;368(18):1675-84.
PUBMED | CROSSREF
7. Sihvonen R, Paavola M, Malmivaara A, Itdld A, Joukainen A, Nurmi H, et al. Arthroscopic partial
meniscectomy versus sham surgery for a degenerative meniscal tear. N Engl ] Med 2013;369(26):2515-24.
PUBMED | CROSSREF
8. ChungKS, HaJK, Kim YS, Kim JH, Ra HJ, Kong DH, et al. National trends of meniscectomy and
meniscus repair in Korea. ] Korean Med Sci2019;34(32):€206.
PUBMED | CROSSREF
9. ParkJW. Higher meniscus surgery incidence in Korea compared to Japan or the USA. J Korean Med Sci
2019;34(32):€233.
PUBMED | CROSSREF
10. Englund M, Roos EM, Roos HP, Lohmander LS. Patient-relevant outcomes fourteen years after
meniscectomy: influence of type of meniscal tear and size of resection. Rheumatology (Oxford)
2001;40(6):631-9.
PUBMED | CROSSREF
11. KatzJN, Shrestha S, Losina E, Jones MH, Marx RG, Mandl LA, et al. Five-year outcome of operative and
nonoperative management of meniscal tear in persons older than forty-five years. Arthritis Rheumatol
2020;72(2):273-81.
PUBMED | CROSSREF
12. Seong SC, Kim YY, Khang YH, Heon Park J, Kang HJ, Lee H, et al. Data Resource Profile: the National
Health Information Database of the National Health Insurance Service in South Korea. Int ] Epidemiol
2017;46(3):799-800.
PUBMED | CROSSREF
13. Park HR, Im S, Kim H, Jung SY, Kim D, Jang EJ, et al. Validation of algorithms to identify knee
osteoarthritis patients in the claims database. Int | Rheum Dis 2019;22(5):890-6.
PUBMED | CROSSREF
14. Farina EM, Lowenstein NA, Chang Y, Arant KR, Katz JN, Matzkin EG. Meniscal and mechanical
symptoms are associated with cartilage damage, not meniscal pathology. J Bone Joint Surg Am
2021;103(5):381-8.
PUBMED | CROSSREF
15. Petty CA, Lubowitz JH. Does arthroscopic partial meniscectomy result in knee osteoarthritis? A
systematic review with a minimum of 8 years’ follow-up. Arthroscopy 2011;27(3):419-24.
PUBMED | CROSSREF
16. Roemer FW, Kwoh CK, Hannon MJ, Hunter DJ, Eckstein F, Grago J, et al. Partial meniscectomy is
associated with increased risk of incident radiographic osteoarthritis and worsening cartilage damage in
the following year. Eur Radiol 2017;27(1):404-13.
PUBMED | CROSSREF
17. Winter AR, Collins JE, Katz JN. The likelihood of total knee arthroplasty following arthroscopic surgery
for osteoarthritis: a systematic review. BMC Musculoskelet Disord 2017;18(1):408.
PUBMED | CROSSREF
18. Aprato A, Sordo L, Costantino A, Sabatini L, Barberis L, Testa D, et al. Outcomes at 20 years after
meniscectomy in patients aged 50 to 70 years. Arthroscopy 2021;37(5):1547-53.
PUBMED | CROSSREF
19. Persson F, Turkiewicz A, Bergkvist D, Neuman P, Englund M. The risk of symptomatic knee osteoarthritis
after arthroscopic meniscus repair vs partial meniscectomy vs the general population. Osteoarthritis
Cartilage 2018;26(2):195-201.
PUBMED | CROSSREF
https://doi.org/10.3346/jkms.2023.38.e6 11/m


http://www.ncbi.nlm.nih.gov/pubmed/26080045
https://doi.org/10.1136/bmj.h2747
http://www.ncbi.nlm.nih.gov/pubmed/23506518
https://doi.org/10.1056/NEJMoa1301408
http://www.ncbi.nlm.nih.gov/pubmed/24369076
https://doi.org/10.1056/NEJMoa1305189
http://www.ncbi.nlm.nih.gov/pubmed/31432650
https://doi.org/10.3346/jkms.2019.34.e206
http://www.ncbi.nlm.nih.gov/pubmed/31432655
https://doi.org/10.3346/jkms.2019.34.e233
http://www.ncbi.nlm.nih.gov/pubmed/11426019
https://doi.org/10.1093/rheumatology/40.6.631
http://www.ncbi.nlm.nih.gov/pubmed/31429198
https://doi.org/10.1002/art.41082
http://www.ncbi.nlm.nih.gov/pubmed/27794523
https://doi.org/10.1093/ije/dyw253
http://www.ncbi.nlm.nih.gov/pubmed/30729731
https://doi.org/10.1111/1756-185X.13470
http://www.ncbi.nlm.nih.gov/pubmed/33448713
https://doi.org/10.2106/JBJS.20.01193
http://www.ncbi.nlm.nih.gov/pubmed/21126847
https://doi.org/10.1016/j.arthro.2010.08.016
http://www.ncbi.nlm.nih.gov/pubmed/27121931
https://doi.org/10.1007/s00330-016-4361-z
http://www.ncbi.nlm.nih.gov/pubmed/28978308
https://doi.org/10.1186/s12891-017-1765-0
http://www.ncbi.nlm.nih.gov/pubmed/33307147
https://doi.org/10.1016/j.arthro.2020.11.053
http://www.ncbi.nlm.nih.gov/pubmed/29146386
https://doi.org/10.1016/j.joca.2017.08.020

	Total Knee Replacement After Arthroscopic Meniscectomy in Knee Osteoarthritis: A Nationwide Population-Based Cohort Study
	INTRODUCTION
	METHODS
	Study population
	Propensity score matching (PSM)
	Exposure and outcome
	Statistical analysis
	Sensitivity analysis
	Ethics statement

	RESULTS
	Total knee replacement surgery during follow-up

	DISCUSSION
	SUPPLEMENTARY MATERIALS
	Supplementary Table 1
	Supplementary Table 2
	Supplementary Table 3
	Supplementary Table 4

	REFERENCES


