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Background and purpose — Concerns exist regarding
the generalizability of results from randomized controlled
trials (RCTs) evaluating arthroscopic partial meniscectomy
(APM) to treat degenerative meniscus tears. It has been sug-
gested that study populations are not representative of sub-
jects selected for surgery in daily clinical practice. There-
fore, we aimed to compare patients included in trials and
prospective cohort studies that received APM for a degen-
erative meniscus tear.

Patients and methods — Individual participant data
from 4 RCTs and 2 cohort studies undergoing APM were col-
lected. 1,970 patients were analyzed: 605 patients included
in RCTs and 1,365 included in the cohorts. We compared
patient and disease characteristics, knee pain, overall knee
function, and health-related quality of life at baseline between
the RCT and cohort groups using standardized differences,
ratios comparing the variance of continuous covariates, and
graphical methods such as quantile—quantile plots, side-by-
side boxplots, and non-parametric density plots.

Results — Differences between RCT and the cohort were
observed primarily in age (younger patients in the cohort;
standardized difference: 0.32) and disease severity, with the
RCT group having more severe symptoms (standardized dif-
ference: 0.38). While knee pain, overall knee function, and
quality of life generally showed minimal differences between
the 2 groups, it is noteworthy that the largest observed dif-
ference was in knee pain, where the cohort group scored 7
points worse (95% confidence interval 5-9, standardized dif-
ference: 0.29).

Conclusion — Patients in RCTs were largely represen-
tative of those in cohort studies regarding baseline scores,
though variations in age and disease severity were observed.
Younger patients with less severe osteoarthritis were more
common in the cohort; however, trial participants still appear
to be broadly representative of the target population.

Arthroscopic partial meniscectomy (APM) is a common sur-
gical procedure aimed to treat symptoms attributed to a degen-
erative meniscus tear, typically observed in middle-aged and
older people [1]. In the last decade, several randomized con-
trolled trials (RCTs) have shown that APM seems to provide
no clinically relevant beneficial effect on pain and overall
knee function when compared with non-surgical (e.g., exer-
cise therapy) or sham treatments [2]. These findings support
the theory that degenerative meniscus tears are not the direct
cause of knee symptoms [3]. Despite this evidence, the number
of surgical APM procedures performed to treat a degenerative
meniscus tear remains high [4,5].

Since the publication of the RCTs, there has been debate
over the representativeness of the patients in the trials as com-
pared with those in daily clinical practice and its potential
consequence with respect to the validity and applicability of
the trial results [6-9]. Although a lack of representativeness
does not necessarily have to influence the applicability/gen-
eralizability of the study results [10], a proper comparison of
patients in RCTs and daily clinical practice is lacking. 2 large

© 2023 The Author(s). Published by Medical Journals Sweden, on behalf of the Nordic Orthopedic Federation. This is an Open Access article distributed
under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/), allowing
third parties to copy and redistribute the material in any medium or format and to remix, transform, and build upon the material for non-commercial purposes,

provided proper attribution to the original work.
DOI 10.2340/17453674.2023.24576



Acta Orthopaedica 2023; 94: 570-576

571

prospective observational cohort studies have been published
that monitored patients with a degenerative meniscus tear after
they received APM: the Knee Arthroscopy Cohort Southern
Denmark (KACS; 641 patients) and the Finnish Degenera-
tive Meniscal Lesion Study (FIDELITY; 932 patients) cohort
study [11,12]. Both cohorts consecutively enrolled patients
assigned for meniscus surgery during a specified period with-
out stringent inclusion and exclusion criteria. Therefore, these
patients were assumed to be comparable to patients seen in
daily clinical practice. If these patients differ compared with
the patients in the RCTs, it could indicate that some patient
groups were indeed not represented in the RCTs [13]. There-
fore, we aimed to compare patients in RCTs with patients in
observational cohort studies who received APM for a degen-
erative meniscus tear.

Patients and methods
Data acquisition and validation

From a previously performed individual participant data
meta-analysis (IPDMA) [14], we had access to the data
from 4 RCTs (SLAMSHAM, n = 44, Denmark, OMEX, n
= 140, Norway, ESCAPE, n = 319, Netherlands, and Yim et
al., n = 102, South-Korea) [15-18], which were used to iden-
tify subgroups of patients with degenerative meniscus tears
who might benefit from APM. The original investigators of
the KACS and FIDELITY cohort studies were requested
to share the data from their studies (n = 641 and n = 932,
respectively) [11,12].

Before sharing the de-identified patient data, a data trans-
fer agreement was signed by all parties, which included the
goal of the study and the intended use of the data. From
the 6 studies, patient characteristics (age, sex, history of
knee symptoms, body mass index [BMI]), clinical variables
(severity of knee osteoarthritis using Kellgren—Lawrence
[KL] grade or the International Cartilage Repair Society
[ICRS] score), knee-specific scores (Knee injury and Osteo-
arthritis Outcome Scale [KOOS], Subjective Knee Form of
the International Knee Documentation Committee [IKDC],
or the Lysholm knee score scale), health-related quality of
life scores (derived from the 36-Item Short Form Survey [SF-
36]), and study information (assigned treatment, sample size,
setting, crossover etc.) were collected at baseline. Because
these knee-specific and health-related quality of life scores
were evaluated using a variety of instruments, we standard-
ized these scales to a uniform scale (0—100) to ensure consis-
tency across the studies.

Baseline characteristics and effect measures

2 patient groups were compared: patients from the 2 cohort
studies who received APM and patients included in the 4
RCTs who ecither received APM or the control treatment. The
patient and disease characteristics (i.e., age, sex, BMI, severity

of osteoarthritis, knee pain, overall knee function, and health-
related quality of life) were compared between these groups.
Knee pain, overall knee function, and health-related quality
of life were evaluated using a variety of instruments. There-
fore, these characteristics were transformed to a uniform scale
(0-100, with 0 being the worst score and 100 the best score).
This was done using a linear transformation that preserves
the order and relative distances between scores. For the knee
pain score, the visual analogue scale (VAS) pain score and
KOOS pain subdomain were used. For the overall knee func-
tion score, the KOOS4 composite score, Lysholm knee score
scale, or IKDC was used. The health-related quality of life
was measured and summarized using the SF-36 physical com-
ponent score (PCS) and mental component score (MCS).

Statistics

All data was validated, checked for missing values, and previ-
ously published results were replicated. Inconsistencies were
discussed and resolved with the original investigators. Miss-
ing data was assumed to be missing at random and multilevel
multiple imputation was used to impute sporadically miss-
ing values [19]. Details concerning the imputation of missing
values are included in Table 1 (see Appendix) .

Patient and disease characteristics were presented for the
2 patient groups. Differences (with 95% confidence inter-
vals [CI]) in patient and disease characteristics between APM
patients in the RCT and cohort group were calculated. Simi-
larly, the average knee pain, overall knee function, and health-
related quality of life scores of the individuals were calculated
and compared between the groups. In addition, standard-
ized differences were calculated; standardized differences of
0.2, 0.5, and 0.8 were considered small, medium, and large,
respectively [20]. Furthermore, we incorporated ratios com-
paring the variance of continuous covariates between RCT
and cohort subjects to better understand the distribution of
these characteristics across the groups.

We employed a comprehensive analysis to assess the balance
between the RCT and cohort groups for both continuous and
categorical covariates [21]. For continuous covariates, we gen-
erated density plots, empirical cumulative distribution function
(eCDF) plots, empirical quantile—quantile (eQQ) plots, and
side-by-side boxplots with violin plots. These plots facilitated
a thorough comparison of the probability distributions, cumu-
lative proportions, quantiles, and central tendencies, along
with dispersion and distribution shapes, respectively.

For categorical covariates, we used bar charts, eQQ plots,
and eCDF plots. Bar charts allowed for a visual assessment of
the balance of each category within the covariate across the 2
groups, while eQQ and eCDF plots provided insight into the
distributional similarities and differences between the groups
for categorical variables with limited unique values or ordered
categories. By comparing these plots, we aimed to determine
the degree of balance between the RCT and cohort groups
concerning the investigated covariates.
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Prospective observational cohort studies (n = 2):

- The Knee Arthroscopy Cohort Southern Denmark
(KACS), n = 641

- Finnish Degenerative Meniscal Lesion Study
(FIDELITY) cohort study, n = 932

Randomised controlled trials (n = 4):

- OMEX (Kise et al. 2016), n = 140

- ESCAPE (van de Graaf et al. 2018), n = 319
— SLAMSHAM (Roos et al. 2018), n = 44

- Ji-Hyeon Yim et al. (2013), n =102

Excluded (n = 208):

- patients not meeting inclusion

l—criteria of FIDELITY cohort, 167

- patients receiving meniscal repair
in KACS cohort, 41

Cohort patients
n=1,365

RCT patients
n = 605

Figure 1. Flowchart of patients included in the study.

Table 2. Patient characteristics of the 2 patient groups at baseline. Values are mean
(SD) unless otherwise stated

Ratio: RCT
Standardized  to cohort

Factor Cohort RCT  differences? variances P
n 1,365 605
Sex, n (%)

Female 619 (45) 317 (52) 0.14

Male 746 (55) 288 (48)
Age 51.4 (12) 54.6 (7.5) 0.32 0.39
BMI 27.5 (4.3) 26.5 (3.7) 0.23 0.74
Severity of OA €, n (%)

0 438 (32) 203 (34) 0.03

1 415 (30) 115 (19) 0.29

2 217 (16) 174 (29) 0.28

3 245 (18) 102 17) 0.03

4 0 (3.7) 1(1.8) 0.14
Knee pain 4 (25) 61 (23) 0.29 0.86
Overall knee function 47 (16) (17) 0.25 1.11
Physical component score 7 (10) 9 (11) 0.17 1.18
Mental component score 46 (15) 1(14) 0.28 0.88

RCT, randomized controlled trial; n, number of patients; SD, standard deviation; BMI,

body mass index.

a Standardized differences of 0.2, 0.5, and 0.8 were considered small, medium, and
large, respectively [20]. Physical and mental component scores not available for
FIDELITY and Yim et al. [17].

b Under the null hypothesis of equality of variances of a continuous variable between 2
independent samples, the distribution of the estimated variances follows an F-dis-
tribution. While the distribution of the ratio of variances in dependent samples is not
known, the percentiles of the F-distribution can be used as a rough guide as to what
variances ratios are consistent with equality of variances in the 2 groups. The 2.5th
and 97.5th percentiles of the F-distribution with 604 and 1,364 degrees of freedom
are 0.87 and 1.14, respectively. 4 of the 6 continuous variables have variances ratios
that exceed these thresholds. The most extreme variance ratio was for age (0.39).

¢ Severity of osteoarthritis (OA) was determined by the Kellgren—Lawrence grade or
ICRS score.
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Results
Patient characteristics

The individual participant data from 605
RCT and 1,573 cohort patients were ana-
lyzed. Within the FIDELITY study, 167 par-
ticipants were excluded for not meeting the
specified inclusion criteria, i.e., age between
35 and 65 years, persistent medial knee pain,
and MRI-confirmed medial meniscus injury.
Meanwhile, from the KACS cohort, 41
patients who had undergone meniscal repair
were identified and subsequently excluded.
After exclusion, 1,970 patients remained, of
whom 1,365 received APM in the cohorts,
300 received APM in the RCTs, and 305 were
controls (non-surgical/sham treatment) in the
RCTs (Figure 1).

The cohort studies included slightly more
males (54.7%) compared with RCTs (47.6%)
(standardized  difference: 0.14). Cohort
patients were younger (—3.2 years (CI -3.8 to
—1.7), standardized difference: 0.32), and had
a slightly higher BMI (1.1 points, CI 0.7-1.6,
standardized difference: 0.23) (Table 2).

The overlapping density plot and empirical
cumulative distribution function (eCDF) plot

All analyses were performed using R (version 4.1.0, The R
Foundation for Statistical Computing, Vienna, Austria), using
packages mice (version 3.13.0), ggplot2 (version 3.3.5), and
Matchlt (version 4.5.3).

This study was reported according to STROBE guidelines.

Ethics, data sharing, funding, and disclosures

All principal investigators provided written confirmation that
all participants included in the original trials and cohorts had

suggest a similar BMI distribution for the cohort and RCT
groups (Figure 2). The empirical quantile—quantile (eQQ)
plot shows most data points within the dotted lines, indicat-
ing uniformity in distributions. In contrast, the density plot
of age shows limited overlap, implying different age distribu-
tions among the groups (Figure 3). The eCDF plot corrobo-
rates this. The eQQ plot depicts a non-linear pattern with data
points outside the dotted lines, indicating deviations in the
distributions.
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Figure 2. Body mass index (BMI) variable for both the cohort and RCT
groups. The balance between the 2 groups is evident in the overlap-
ping density plot (upper left) and the eCDF plot (upper right). Further,
the eQQ plot (lower left) reveals that most points lie between the dotted
lines, suggesting a significant degree of uniformity in the distributions
under observation.

Disease characteristics

The severity of osteoarthritis displayed a distinct difference
between the groups, with the cohort group having a higher
proportion of patients with milder symptoms (grade 1) at
12.1% (CI 7.1-17.1), while the RCT group was characterized
by a greater number of patients with more severe symptoms
(grade 2) at —14.4% (CI -8.9 to —20.0) (Table 2).

Regarding knee pain, cohort patients scored 7 points (CI
5-9) worse (more pain) compared with patients included in
the RCTs (standardized difference: 0.29) whereas there was
no difference in overall knee function (Table 2 and Figures
4-7, see Appendix).

Discussion

This study aimed to compare patients in RCTs with patients in
observational cohort studies who received APM for a degen-
erative meniscus tear. Patients in the RCT and cohort studies
exhibited substantial overlap in their baseline characteristics.
While both groups were largely consistent with small differ-
ences in terms of knee pain, overall knee function, and qual-
ity of life, we noted some distinctions. Specifically, the cohort
studies tended to include younger patients and had a higher pro-
portion of patients with osteoarthritis grade 1, while the RCTs
had more patients with osteoarthritis grade 2. These variations

Figure 3. Age variable for the cohort and RCT groups. Unlike Figure 2,
the lack of overlap in the density plot (upper left) indicates disparities
between the 2 groups. Similarly, the eQQ plot (lower left) presents a
non-linear pattern falling outside the dotted lines, implying substantial
deviations in the distributions under study.

were present mostly at the spectrum’s extremes, but for the
majority of characteristics the 2 groups showed considerable
similarity. These findings suggest that participants in RCTs
generally resemble those in cohort studies, refuting the asser-
tion that RCT patients represent a highly selective subgroup of
patients [22,23]. While it is true that RCT inclusion criteria may
be more stringent, the KACS and FIDELITY cohorts encom-
passed consecutive patients undergoing APM, rendering them
likely to be representative of the broader patient population
encountered in daily clinical practice [11,12].

To our knowledge, this is the first direct comparison of
patients included in RCTs and cohort studies who received
APM to treat a degenerative meniscus tear. Our results may
help with the uptake of the evidence which shows (as recently
confirmed in a large Cochrane review) that APM is not an
effective treatment for a degenerative meniscus tear [2,3].
Because we had access to the individual participant data of
1,970 patients (605 from RCTs and 1,365 from cohort studies)
we were able to make a solid comparison between patients in
RCTs and those in daily clinical practice.

Limitations

First, although the patients in the RCTs were largely rep-
resentative of patients in cohort studies regarding baseline
scores, this does not necessarily mean that the results of the
RCTs are generalizable to the target population, i.e., patients
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with degenerative meniscus tears seen in daily clinical prac-
tice [10]. Results from trials are only generalizable to the
target population if there are no subgroups of patients who
respond better or worse to treatment. Based on the results
of our IPDMA in which we could not identify any relevant
subgroups (including subgroups for age and disease sever-
ity), [14], generalizability of the results of the RCTs to daily
clinical practice is therefore not expected to be an issue.
Second, 2 large RCTs were missing in the IPDMA because
the individual participant data was not available, namely
the METEOR trial (n = 330) and the FIDELITY trial (n =
146) [24,25]. However, based on aggregate data, these 2 trials
seemed comparable with the 4 available RCTs. Third, data
on the health-related quality of life was only available from
1 cohort study and 3 RCTs. Nevertheless, we still had 641
patients from the KACS cohort and 503 patients from the 3
RCTs who were available for comparison of these measures.
Differences in health-related quality of life scores between
the KACS cohort and the 3 RCTs were similar to the differ-
ences in other patient and disease characteristics for which all
data was available Fourth, the severity of osteoarthritis varied
between the groups, which might be caused by the 2 methods
used to determine the severity of osteoarthritis. Consequently,
the severity of osteoarthritis can differ, as the KL grade can
potentially underestimate cartilage damage compared with
the ICRS grade [26]. However, not including the severity
of osteoarthritis could also result in a biased comparison of
the 2 groups and, given that a mismatch of 2 grade points
is uncommon [26], we decided to combine the scores. Last,
these differences in KL grade between the groups could also
be caused by the in- and exclusion criteria of the RCTs. Most
trials excluded KL grade > 2 or included only patients with
radiographic changes equivalent to grade 2.

Fifth is the question of the geographical origin of the study
populations in both RCTs and cohort studies. The RCTs
sourced data from 4 countries: SLAMSHAM from Denmark,
OMEX from Norway, ESCAPE from the Netherlands, and
Yim et al. [17] from South Korea. In contrast, the cohort data
originated from Denmark (KACS) and Finland (FIDELITY).
The diversity in origin may add an extra layer of complexity
when interpreting the results, potentially reflecting different
healthcare systems, patient behaviors, or diagnostic criteria.
These regional differences should be considered when gener-
alizing our findings.

Previous RCTs were criticized for not being applicable to
patients in daily clinical practice, as it was argued that patients
were narrowly selected and therefore the results would not be
generalizable to all patients with a degenerative meniscus tear
[6-9]. However, we did not find any indication to support this
hypothesis. As none of these trials (including sham-surgery
trials) found a clinically relevant effect of APM in patients with
a degenerative meniscus tear, no long-term benefit is expected
that justifies surgical intervention. Therefore, we should stop
focusing on additional evidence collection for APM and rather

focus on studying other treatments that have the potential to
reduce pain and functional limitations in this patient popu-
lation. That said, APM is still indicated for patients with an
acutely locked knee, who are unable to extend due to certain
types of meniscus tears like bucket-handle tears. This small
group was excluded from the RCTs and cohort studies and
therefore our results do not apply to this group.

Conclusion

Our study demonstrates that the patient population included
in RCTs largely corresponds to the cohorts in terms of base-
line scores. Some small differences were observed, particu-
larly in terms of age and disease severity. Younger patients
and those with less severe osteoarthritis were more preva-
lent in the cohort. Despite these discrepancies, the patients in
the RCTs appear to be generally representative of the target
population.
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Hierarchical multiple imputations by chained equations (MICE) was performed using 20 imputation
sets and 5 iterations per set using “2l.bin” and “2l.Imer” methods described by Jolani et al. [27] for
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one randomly selected imputation set for our analyses.
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Figure 4. Knee pain.
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Figure 6. Physical component score.
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Figure 5. Overall knee function.
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Figure 7. Mental component score.



