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IMPORTANCE Despite recent studies suggesting arthroscopic partial meniscectomy (APM)
is not more effective than physical therapy (PT), the procedure is still frequently performed
in patients with meniscal tears.

OBJECTIVE To assess whether PT is noninferior to APM for improving patient-reported
knee function in patients with meniscal tears.

DESIGN, SETTING, AND PARTICIPANTS Noninferiority, multicenter, randomized clinical trial
conducted in 9 hospitals in the Netherlands. Participants were aged 45 to 70 years with
nonobstructive meniscal tears (ie, no locking of the knee joint). Patients with knee instability,
severe osteoarthritis, and body mass index greater than 35 were excluded. Recruitment took
place between July 17, 2013, and November 4, 2015. Participants were followed up for 24
months (final participant follow-up, October 11, 2017).

INTERVENTIONS Three hundred twenty-one participants were randomly assigned to APM
(n = 159) or a predefined PT protocol (n = 162). The PT protocol consisted of 16 sessions
of exercise therapy over 8 weeks focused on coordination and closed kinetic chain
strength exercises.

MAIN OUTCOMES AND MEASURES The primary outcome was change in patient-reported
knee function on the International Knee Documentation Committee Subjective Knee Form
(range, 0 to 100; from worse to best) from baseline over a 24-month follow-up period.
The noninferiority margin was defined as a difference between treatment groups of
8 points and was assessed with a 1-sided α of .025. The primary analysis followed the
intention-to-treat principle.

RESULTS Among 321 patients who were randomized (mean [SD] age, 58 [6.6] years; 161
women [50%]), 289 (90%) completed the trial (161 women and 158 men). In the PT group,
47 participants (29%) had APM during the 24-month follow-up period, and 8 participants
randomized to APM (5%) did not have APM. Over a 24-month follow-up period, knee
function improved in the APM group by 26.2 points (from 44.8 to 71.5) and in the PT group by
20.4 points (from 46.5 to 67.7). The overall between-group difference was 3.6 points (97.5%
CI, −� to 6.5; P value for noninferiority = .001). Adverse events occurred in 18 participants in
the APM group and 12 in the PT group. Repeat surgery (3 in the APM group and 1 in the PT
group) and additional outpatient visits for knee pain (6 in the APM group and 2 in the PT
group) were the most frequent adverse events.

CONCLUSIONS AND RELEVANCE Among patients with nonobstructive meniscal tears, PT was
noninferior to APM for improving patient-reported knee function over a 24-month follow-up
period. Based on these results, PT may be considered an alternative to surgery for patients
with nonobstructive meniscal tears.
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A rthroscopic partial meniscectomy (APM) is among the
most frequently performed procedures in orthopedic
surgery. It was estimated that in 2014, 516 800 men-

iscectomies were performed in the United States, and the global
annual cost was estimated at $4 billion in 2006.1,2

Meniscal tears may occur as part of a degenerative pro-
cess of the knee joint and occur in up to 60% of persons older
than 50 years of age without knee pain.3 Because physical
therapy (PT) has positive short-term effects on knee pain and
function in patients with knee osteoarthritis,4 the benefit of
surgical resection of the degenerative meniscal tear com-
pared with PT is unclear.5

To date, 6 randomized clinical trials (RCTs) have assessed
superiority of APM compared with either PT6-10 or sham
surgery2 in patients with a confirmed meniscal tear. These trials
reported no significant differences between treatment groups
for knee function. A meta-analysis that included data from 5
RCTs found a statistically significant benefit of APM for knee
function and pain at up to 6-month follow-up, but this ben-
efit did not persist at 1- or 2-year follow-up.5,11 Evidence pub-
lished to date has not led to a major decline in APM for man-
aging meniscal tears.5,12

Therefore, the objective of this study was to determine
whether PT is noninferior to APM for improving self-
reported knee function over a 24-month follow-up period in
patients with nonobstructive meniscal tears.

Methods
Trial Oversight and Design
This trial was a noninferiority, multicenter RCT performed in
9 hospitals in the Netherlands, comparing APM with PT in pa-
tients with meniscal tears. The study protocol has been
published13 and is available with the statistical plan in
Supplement 1. The study was conducted in accordance with
the Declaration of Helsinki and was approved by the Medical
Research Ethics Committees United (MEC-U; NL44188.100.13)
and by the board of directors of each of the participating hos-
pitals. All participants provided written informed consent prior
to randomization. The number of patients screened for eligi-
bility was not documented.

Patient Population
Participants aged 45 to 70 years who were referred to 1 of 9
participating hospitals with knee pain and a nonobstructive
(ie, no locking of the knee joint) meniscal tear confirmed
by magnetic resonance imaging (MRI) were eligible for
inclusion. Exclusion criteria were locking of the knee, prior
knee surgery, instability caused by an anterior or posterior
cruciate ligament rupture, severe osteoarthritis (Kellgren-
Lawrence score of 4, indicating large osteophytes, marked
joint-space narrowing, severe sclerosis, and definite bone
ends deformity),14 and a body mass index (BMI, calculated
as weight in kilograms divided by height in meters squared)
greater than 35. No distinction was made between traumatic
and degenerative tears because in older patients, even trau-
matic tears may be related to degenerative changes in the

knee. Recruitment was carried out between July 17, 2013,
and November 4, 2015. Follow-up testing was completed on
October 11, 2017.

Intervention, Randomization, and Blinding
Patients with a meniscal tear were informed about the study
by their treating orthopedic surgeon at their first outpatient
visit. After written informed consent was obtained, the re-
search coordinator randomized study participants to APM or
PT. Randomization was concealed and performed using a cen-
tral computer-generated randomization scheme in a 1:1 ratio
with variable block size (minimum block size of 2 and maxi-
mum block size of 6). Randomization was stratified by hospi-
tal and by age (45-57 and 58-70 years). Participants, physi-
cians, and physical therapists were not blinded. Investigators
who performed the statistical analysis were blinded. After the
analysis was completed, data were unblinded for the final in-
terpretation of the results.

Participants randomized to APM were scheduled for sur-
gery within 4 weeks of randomization. Surgery was per-
formed in an outpatient clinic under general or spinal anes-
thesia. During surgery, standard anteromedial and anterolateral
portals were introduced for inspection of the knee joint. The
affected meniscus was partially removed until a stable and solid
meniscus remained. All participants received perioperative in-
structions and a home exercise program. Participants were only
referred to PT after APM if they did not recover as anticipated
(ie, they did not adequately improve or experienced a de-
crease in knee function, ability to participate in daily activi-
ties, and/or had an increase in knee pain), as defined by the
Dutch Orthopedic Association guideline.15

Participants randomized to PT were referred to PT clinics
directly after randomization and their initial PT session was
scheduled within 2 weeks after randomization. Participating
PT clinics were instructed about the exercise protocol by a knee-
specialized physical therapist or the primary investigator, prior
to the first participant’s referral. The PT exercise protocol was
developed by a knee-specialized physical therapist and con-
sisted of 16 sessions of 30 minutes each conducted over 8 weeks
(eFigure 1 in Supplement 2). The PT protocol included cardio-
vascular, coordination/balance, and closed kinetic chain

Key Points
Question Is physical therapy noninferior to early surgery with
arthroscopic partial meniscectomy for improving knee function
among patients with nonobstructive meniscal tears?

Findings In this noninferiority randomized clinical trial that
included 321 patients, knee function that was measured by
a self-administered questionnaire improved by 20.4 points in
the physical therapy group vs 26.2 points in the early surgery
group over a follow-up period of 24 months. The difference
between the 2 treatment groups did not exceed the noninferiority
margin of 8 points.

Meaning These results demonstrate noninferiority of physical
therapy compared with early surgery with arthroscopic partial
meniscectomy for improving self-reported knee function in
patients with nonobstructive meniscal tears.
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strength exercises (in which the distal part of the extremity is
fixed to an object that is stationary). If PT failed (eg, knee pain
or limitations in daily activities persisted or locking oc-
curred), the participant could attend additional PT sessions or
have APM, depending on their preference.

Outcomes
The primary outcome was the change in patient-reported knee
function on the Subjective Knee Form of the International Knee
Documentation Committee (IKDC) from baseline over 24
months. The IKDC is a validated and self-administered ques-
tionnaire designed for patients with a variety of knee disor-
ders that assesses knee function, symptoms, and ability to en-
gage in sports activities.16-18 IKDC scores range from 0 to 100,
in which 100 indicates no knee symptoms or limitations in daily
or sporting activities. Normative values for the IKDC in the
United States are 88 (SD, 14) for men aged 51 to 65 years and
85 (SD, 16) for women aged 51 to 65 years in a population with-
out current knee problems or a history of knee surgery. In a
population of people with and without current knee prob-
lems, the normative scores are 77 (SD, 23) for men aged 51 to
65 years and 71 (SD, 26) for women aged 51 to 65 years.19

Because a minimal clinically important difference (MCID)
for the IKDC has not been defined in a population consisting
only of patients with meniscal tears, the noninferiority mar-
gin was defined as the smallest detectable change of 8.8
points,17 rounded down to a margin of 8 points.

Secondary outcomes included knee pain during weight-
bearing, general health, the progression of osteoarthritis, and
activity level. Knee pain during weight-bearing was measured
on a visual analog scale (VAS20; range, 0-100, with 0 anchored
as “no pain” and 100 as “worst pain imaginable”). General health
was measured with the RAND-36 Physical Component Score,
derived from the RAND-36 questionnaire21 (range, 0-100, with
higher scores indicating better health). The mean (SD) score in
the general population is 50 (10).21 Progression of osteoarthri-
tis was measured using the Kellgren-Lawrence classification
(range, 0-4, in which grade 0 [no osteophytes or joint-space nar-
rowing] indicates no osteoarthritis and grade 4 [>50% joint-
space narrowing] indicates severe osteoarthritis).14 Activity level
was measured with the Tegner Activity Scale, which measures
the level of working activities and sport activities on a scale from
0 to 10, with higher scores indicating a higher level of activity.22

Although these outcomes were originally intended to test for
noninferiority, no noninferiority margins were defined in ad-
vance. Therefore, the secondary outcomes were tested for su-
periority. After data analyses, MCIDs were identified in the lit-
erature to guide interpretation of observed differences between
treatment groups. Adverse events were categorized as serious
and nonserious.

Other prespecified outcomes included resource utiliza-
tion, health-related quality of life, patient-specific com-
plaints, participant expectations, and participant satisfac-
tion. These outcomes will be analyzed and reported separately.

Participants completed study questionnaires at baseline,
and at 3, 6, 12, and 24 months after randomization. If partici-
pants did not respond, up to 3 reminders were sent and, if
needed, the participant was contacted by telephone.

MRIs and x-rays were taken at the time of enrollment and
x-rays were performed 24 months after randomization. One
radiologist reviewed all x-rays to grade osteoarthritis severity
on the Kellgren-Lawrence classification,14 while another ra-
diologist reviewed all MRIs for classification of the meniscal
tears according to the Modified International Cartilage Repair
Society classification.23 Both radiologists were unable to as-
sess whether a participant had surgery and were blinded to
treatment allocation.

Sample Size Calculation and Statistical Analysis
The sample size was based on an SD of 18 points on the IKDC,
a power of 90%, a 2-sided α of .05, and a noninferiority mar-
gin of 8 points on the IKDC. With an anticipated 20% loss to
follow-up and a 25% delayed APM rate after 24 months, 160
participants per treatment group were needed.

Mixed models were used for longitudinal data analyses,
with a 3-level structure, ie, repeated measurements were
clustered within participants and participants were clustered
within the participating centers, to calculate the overall
between-group differences. Unadjusted between-group dif-
ferences were calculated based on a model with the baseline
score and treatment group as independent variables. To
define the between-group differences per follow-up period,
time was added to the model as a categorical variable, as well
as a time-by-treatment interaction. Adjusted between-group
differences were calculated based on similar models includ-
ing potential confounders as independent variables. These
confounders were sex, age, BMI, education level,24 Kellgren-
Lawrence classification,14 location of tear (medial, lateral,
both), mechanical complaints, and baseline knee pain during
weight-bearing.

Progression of osteoarthritis was analyzed using a mixed
model with Kellgren-Lawrence score at 24 months as the de-
pendent variable and intervention group and baseline Kellgren-
Lawrence score as independent variables. Analyses followed
the intention-to-treat principle, in which patients were ana-
lyzed according to their randomized treatment allocation, re-
gardless of any deviations from the protocol.

To test the robustness of the results, analyses that fol-
lowed the as-treated principle were performed for the unad-
justed and adjusted between-group differences for the out-
comes of knee function and pain. In these analyses, participants
were analyzed based on their adherence to randomized
treatment allocation in 3 groups: (1) participants randomized
to the APM group who received APM, (2) participants random-
ized to the PT group who completed the PT protocol without
having APM during the follow-up period, and (3) participants
randomized to the PT group who had APM during follow-up
(delayed APM group). Patients who were randomized to the
APM treatment group but did not have surgery and patients
who were randomized to PT but did not complete the PT pro-
tocol and did not have delayed APM were not included in the
as-treated analysis.

Adverse events were reported descriptively. Post hoc ex-
ploratory analyses were performed to assess effect modifica-
tion on the primary outcome, by evaluating the interaction
term between each of the potential confounders listed above.
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A 97.5% CI (ie, a 1-sided α of .025) was used for the knee
function outcome, whereas a 95% CI (ie, a 2-sided α of .05) was
used for the other outcomes. Because the analyses for the sec-
ondary outcomes were not corrected for type 1 error, they
should be considered exploratory.

Noninferiority was demonstrated when the 97.5% CI did
not include the noninferiority margin. Missing data were
handled using full maximum likelihood estimation. If partici-
pants withdrew from the trial, the data collected prior to with-
drawal were used in the analyses, with the participant’s ap-
proval. All analyses were conducted using IBM SPSS version
22 (IBM).

Deviations From the Original Trial Protocol
Four inconsistencies with the original protocol need to be ad-
dressed (Supplement 1). First, the power calculation was ad-
justed after an interim analysis of the first 100 participants’
IKDC scores at 1-year follow-up, which demonstrated that the
SD was 18 points compared with the anticipated 20 points de-
rived from Crawford and colleagues17 used in the sample size
calculation. This allowed for a reduction of the sample size from
402 to 320.

Second, the description of the primary outcome in the
original protocol was the change from baseline to 24-month
follow-up. However, the trial was designed to include all
follow-up time points in the primary outcome measure and,
therefore, the originally intended primary outcome measure
was the change from baseline over 24-month follow-up. This
was not explicitly specified in the protocol.

Third, the original protocol described generalized estimat-
ing equations for longitudinal analyses. During the study, and
more than a year prior to data analysis, statistical consulta-
tion indicated that a mixed-model approach was more suit-
able for our data set. The advantages of a mixed-model analy-
sis over generalized estimating equations are the ability to
correct for recruitment center without significant loss of power
and the ability to handle missing data using maximum likeli-
hood estimation without the need for imputation.

Fourth,anerrorwasmadeintheprotocolasitmentionsaloss
to follow-up of 10%, while the anticipated percentage was 20%.

Results
Participants
Between July 17, 2013, and November 4, 2015, 321 partici-
pants were enrolled and randomly assigned to APM (n = 159)
or PT (n = 162; Figure 1). Two participants (1 in each group)
withdrew consent immediately after randomization without
providing a reason. After 24 months, 289 participants (90%)
completed follow-up, with the final participant’s follow-up visit
occurring on October 11, 2017. The baseline characteristics in
the 2 treatment groups were comparable (mean [SD] age, 58
[6.6] years; 161 women (50%); Table 1). The distributions of
baseline knee function and knee pain during weight-bearing
are presented in eFigures 2 and 3 in Supplement 2.

Eight participants (5%) of the APM group chose not to
have surgery because they determined their symptoms

were not severe enough for surgical management. Four of
these participants attended a mean of 14.5 PT sessions
(range, 6-23), while the other 4 did not receive PT. Two par-
ticipants in the APM group had a total knee arthroplasty
within 2 years of their APM.

Figure 1. Flow of Patients Through the ESCAPE Trial

321 Patients randomized to
intervention groupsa

159 Randomized to arthroscopic
partial meniscectomy (APM)

162 Randomized to physical therapy

14 Missing data at 12 mo

6 Loss to follow-up (cumulative 12)
3 Due to comorbidity (1 related

to knee symptoms)
2 Unable to reach 
1 Dissatisfied with follow-up

9 Received delayed APM
(cumulative 44)

136 Available for primary analysis

9 Unable to reach
5 Unwilling to respond (2 because

of knee symptoms)

9 Missing data at 12 mo

2 Loss to follow-up (cumulative 7)
1 Dissatisfied with follow-up
1 Unknown

143 Available for primary analysis

6 Unable to reach
1 Unwilling to respond 
2 Due to comorbidity (unrelated

to the knee)

2 Loss to follow-up at 24 mo
(cumulative total 14)
2 Unable to reach

3 Received delayed APM
(cumulative total 47)

148 Available for primary analysis

11 Loss to follow-up at 24 mo
(cumulative total 18)
6 Unable to reach
2 Received a knee arthroplasty
2 Unknown reason
1 Dissatisfied with follow-up

141 Available for primary analysis

2 Missing data at 3 mo
1 Unable to reach
1 Dissatisfied with treatment

1 Unable to participate in
follow-up due to work

1 Loss to follow-up (cumulative 2)

16 Received delayed APM
158 Available for primary analysis

2 Missing data at 3 mo
2 Unable to reach

1 No more symptoms
1 Loss to follow-up (cumulative 2)

8 Did not receive APM but
continued follow-up

155 Available for primary analysis

10 Missing data at 6 mo

4 Loss to follow-up (cumulative 6)
2 Dissatisfied with follow-up
1 Died
1 Unable to reach 

19 Received delayed APM
(cumulative 35d)

146 Available for primary analysis

5 Unable to reach
5 Unwilling to respond (2 because

of knee symptoms)

3 Missing data at 6 mo

3 Loss to follow-up (cumulative 5)
2 Unable to reach
1 Complaints of other knee

151 Available for primary analysis

2 Unable to reach
1 Unknown reason

162 Not missing data at baselineb

1 Loss to follow-upc

1 Withdrawn directly after
randomization

161 Available for primary analysis

159 Not missing data at baselineb

1 Loss to follow-upc

1 Withdrawn directly after
randomization

158 Available for primary analysis

a The number of patients screened for eligibility was not available.
b Missing data refer to data that were missing at a specific time point, while

patients remained available for the remaining follow-up times.
c Loss to follow-up refers to actual dropout from the study; eg, patients who did

not participate at any of the remaining time points (cumulative numbers are
total number of dropouts).

d Cumulative number of delayed APM refers to total number of participants
from the physical therapy group who received delayed APM from baseline
until that follow-up.
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Table 1. Baseline Characteristics of the Intention-to-Treat Population

No. (%)
APM Group
(n = 158)

PT Group
(n = 161)

Demographics

Age, mean (SD), y 57.6 (6.5) 57.3 (6.8)

Women 80 (50.6) 81 (50.3)

Right knee 88 (55.7) 81 (50.3)

Education level, beyond high schoola 67 (42.4) 86 (53.4)

BMI, mean (SD) 26.7 (3.8) 27.2 (4.0)

18.5<BMI<25 56 (35.4) 53 (32.9)

25≤BMI<30 72 (45.6) 67 (41.6)

30≤BMI<35 30 (19.0) 41 (25.5)

Mechanical complaintsb 56 (35.4) 67 (41.6)

Imagingc

Affected meniscus

Medial 126 (79.7) 136 (84.5)

Lateral 30 (19.0) 25 (15.5)

Both 2 (1.3) 0 (0)

Type of tear on MRI (ISAKOS23) n = 151 n = 152

Longitudinal-vertical 5 (3.3) 5 (3.3)

Horizontal 80 (53.0) 69 (45.4)

Complex degenerative 47 (31.1) 58 (38.1)

Radial 13 (8.6) 10 (6.6)

Vertical flap 2 (1.3) 5 (3.3)

Unclassifiable 1 (0.7) 5 (3.3)

Horizontal flap 3 (2.0) 0 (0)

Osteoarthritis score on radiographs (KL classification14)d n = 150 n = 149

0: None 18 (12.0) 15 (10.1)

1: Doubtful 81 (54.0) 74 (49.7)

2: Minimal 45 (30.0) 55 (36.9)

3: Moderate 6 (4.0) 5 (3.3)

Knee Function and Pain

Knee function

IKDC score (0 [most limitations] to 100 [no limitations]), mean (SD)e 44.8 (16.6) 46.5 (14.6)

Knee pain n = 145 n = 151

VAS during weight-bearing (0 [no pain] to 100 [worst pain imaginable]), median (IQR)f 61.1 (44.9-83.4) 59.3 (44.9-77.4)

Abbreviations: APM, arthroscopic partial meniscectomy; BMI, body mass index
(calculated as weight in kilograms divided by height in meters squared);
IKDC, International Knee Documentation Committee; IQR, interquartile range;
ISAKOS, International Society of Arthroscopy, Knee Surgery, and Orthopedic
Sports Medicine; KL, Kellgren-Lawrence; MRI, magnetic resonance imaging;
PT, physical therapy; VAS, visual analog scale.
a Education level was measured according to the International Standard

Classification of Education (ISCED) and dichotomized to low (ISCED level 0-3;
eg, early childhood education, primary education, or high school) or high
(ISCED level 4-8; eg, any education beyond high school, including bachelor’s,
master’s, or doctoral degree).24

b In contrast to locking of the knee joint, which was an exclusion criterion,
mechanical complaints, such as clicking or catching, were allowed
for inclusion.

c All participants underwent MRI prior to inclusion, and information on the
affected meniscus was based on clinical readings by different radiologists and
orthopedic surgeons in participating centers. The type of tear was based on
post-hoc readings of the MRIs by one radiologist, and osteoarthritis scores
were based on study readings of the MRIs by one other radiologist. Some
radiographs and MRIs were unavailable (8 and 7 for APM and 12 and 9 for PT,
respectively) for study readings.

d KL grade 0 (no osteophytes or joint-space narrowing) indicates no

osteoarthritis, grade 1 (questionable osteophytes) indicates early-onset
osteoarthritis, grade 2 (definite osteophytes, possible joint-space narrowing)
indicates mild osteoarthritis, grade 3 (moderate osteophytes, definite
joint-space narrowing, some sclerosis, possible bone-end deformity) indicates
moderate osteoarthritis, and grade 4 (large osteophytes, marked joint-space
narrowing, severe sclerosis, definite bone ends deformity) indicates severe
osteoarthritis.14 KL grade 4 was an exclusion criterion.

e IKDC scores range from 0 to 100, in which 0 indicates the highest level of knee
symptoms and lowest level of function in daily or sporting activities, and 100
indicates the lowest knee symptoms and highest level of function in daily or
sporting activities. Normative mean (SD) values for the IKDC in the United
States are 88 (14) for men aged 51 to 65 years and 85 (16) for women aged 51
to 65 years in a population without current knee problems or a history of knee
surgery. In a mixed population of people with and without current knee
problems, the normative mean (SD) scores are 77 (23) for men aged 51 to 65
years and 71 (26) for women aged 51 to 65 years.19 For example, a patient
scores 50.6 on the IKDC if the highest level of activities and the effect of the
knee on activities are graded as “moderate” for all asked activities, the level of
knee pain is “moderate” (5 of 11), mechanical complaints are absent, and the
current knee function is graded as “moderate” (5 of 11).

f VAS score ranged from 0 to 100, and was anchored as 0 indicating no pain and
100 indicating maximum pain.
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Participants in the PT group attended a mean of 17 PT ses-
sions (range, 0-40). In the PT group, 47 participants (29%) had
APM due to the persistence of symptoms, and 35 (75%) had
APM within 6 months of randomization. Three participants in
the PT group had a total knee arthroplasty within the 24-
month follow-up period. Seventeen participants did not com-
plete the PT protocol (<16 sessions).

Primary Outcome
Figure 2 shows the improvement in knee function from base-
line over the 24-month follow-up period for the APM and PT
groups. In the APM group, knee function improved from 44.8
points at baseline to 71.5 points at 24 months (mean differ-
ence [MD], 26.2 points [95% CI, 23.2 to 29.3]). In the PT group,
knee function improved from 46.5 points at baseline to 67.7
points at 24 months (MD, 20.4 points [95% CI, 17.5 to 23.2]).
The primary mixed model analysis of the overall effects found
a between-group difference of 3.6 points (97.5% CI, −� to 6.5;
P value for noninferiority = .001) in favor of the APM group,
indicating noninferiority of PT compared with APM (Table 2).
The between-group differences at 3 (0.78 points [97.5% CI, –�

to 4.3]) and 6 (3.4 points [97.5% CI, –� to 7.0]) months after
randomization also demonstrated noninferiority of PT; how-
ever, the effects at 12 (5.7 points [97.5% CI, –� to 9.4]) and 24
(4.8 points [97.5% CI, –� to 8.5]) months after randomization
did not demonstrate noninferiority. The adjusted between-
group differences as well as the individual change scores from

Figure 2. Distribution of International Knee Documentation Committee
(IKDC) Score of Knee Function
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The figure represents the results of the primary outcome knee function on the
IKDC (range, 0 to 100; from worse to best) for intention-to-treat analysis. The data
represent actual patient data at each time. In each comparison, the box indicates
the range between the 25th and 75th percentile, with the median indicated as
a horizontal line within the box. The whiskers extend to the upper and lower
adjacent values, the most extreme values that are within 1.5 × interquartile range
(IQR) beyond the 26th and 75th percentiles. Circles indicate points beyond these
values. The median IKDC data are in eTable 5 in Supplement 2.

Table 2. Unadjusted Intervention Effects for the IKDC Score of Knee Function

Outcome

Mean IKDC Score APM vs PT Delayed APM vs PT

APM PT Delayed APM Between-Group
Difference
(97.5% CI)a

P Value for
Noninferiorityb

Between-Group
Difference
(97.5% CI)a

P Value for
NoninferioritybPoints

No. of
Patients (%) Points

No. of
Patients (%) Points

No. of
Patients (%)

Primary Outcome (Intention-to-Treat)

Baseline 44.8 158 (99) 46.5 161 (99)

Overallc 66.5 590 64.2 588 3.6 (−� to 6.5) .001

3 mo 59.9 155 (97) 60.0 158 (98) 0.78 (−� to 4.3) <.001

6 mo 64.7 151 (95) 63.2 146 (90) 3.4 (−� to 7.0) .006

12 mo 70.7 143 (90) 66.4 136 (84) 5.7 (−� to 9.4) .11

24 mo 71.5 141 (89) 67.7 148 (91) 4.8 (−� to 8.5) .04

Secondary Outcome (as Treatedd)

Baseline 43.9 150 (99) 48.6 97 (100) 40.8 47 (100) -

Overallc 66.2 561 66.6 372 57.6 163 1.7 (−� to 5.1) <.001 −5.8 (−� to −1.2) <.001

3 mo 59.3 147 (97) 64.3 97 (100) 49.8 47 (100) −2.9 (−� to 1.3) <.001 −10.8 (−� to −5.2) <.001

6 mo 64.5 144 (95) 65.3 93 (96) 55.7 40 (85) 1.6 (−� to 5.7) .001 −6.9 (−� to −1.0) <.001

12 mo 70.5 137 (91) 67.5 90 (93) 63.8 35 (74) 4.9 (−� to 9.1) .07 −0.78 (−� to 5.3) .002

24 mo 71.1 133 (88) 69.2 92 (95) 63.0 41 (87) 4.1 (−� to 8.3) .04 −2.1 (−� to 3.8) <.001

Abbreviations: APM, arthroscopic partial meniscectomy; IKDC, International
Knee Documentation Committee (range, 0 [most limitations] to
100 [no limitations]); PT, physical therapy.
a The between-group difference for different follow-up points and as overall

effect corrected only for IKDC score at baseline. Positive values signify that
patients did better with (delayed) APM.

b P values for noninferiority based on a 1-sample Z test with respect to the
noninferiority margin. One-sided α of .025.

c Overall estimate over 24 months refers to the overall IKDC score within each
group and between groups including all time points. The overall effect is based

on a model including intervention group and baseline IKDC score. The No.
represents the number of observations entered into the model.

d In the as-treated model, participants were analyzed who adhered to their
randomized treatment in 3 groups: (1) participants allocated to the APM group
who received APM, (2) participants allocated to the PT group who completed
the PT protocol without having APM during the follow-up period (eg, �16 PT
sessions; <16 sessions was considered a protocol violation), and (3) participants
randomized to the PT group who had APM during follow-up (delayed APM
group). Patients who were randomized to APM but did not have surgery and
patients who were randomized to PT but did not complete the PT protocol and
did not have delayed APM were removed from the as-treated analysis.
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baseline to 24 months are presented in eTable 1 and eFigure
4, respectively, in Supplement 2.

Exploratory Outcomes
Knee pain during weight-bearing improved in the APM group
from 61.1 mm at baseline to 19.6 mm at 24 months (MD, 39.2
mm [95% CI, 33.8 to 44.6]) and in the PT group, knee pain dur-
ing weight-bearing improved from 59.3 mm at baseline to 25.5
mm at 24 months (MD, 32.5 mm [95% CI, 26.7 to 38.3]) (Table 3
and eFigure 5 in Supplement 2). The mixed-model analysis of
the overall effects found a between-group difference of 5.9 mm
(95% CI, 1.4 to 10.3; P = .01) in favor of APM (Table 3). The ad-
justed between-group differences are presented in eTable 2 in
Supplement 2.

General health in the APM group improved from 37.6 points
at baseline to 51.1 points at 24 months (MD, 13.1 points [95%
CI, 11.6 to 14.6]) and in the PT group, general health improved
from 37.9 points at baseline to 48.7 points at 24 months (MD,
10.5 points [95% CI, 8.9 to 12.1]) (eFigure 6 in Supplement 2).
The mixed-model analysis of the overall effects found an over-
all between-group difference of 1.3 points (95% CI, −0.2 to 2.7;
P = .08) in favor of APM.

The activity level in the APM group improved from 2.6
points at baseline to 2.9 points at 24 months (MD, 0.34 points
[95% CI, −0.00 to 0.69]) and in the PT group, the activity
level improved from 2.5 points at baseline to 3.0 points at 24
months (MD, 0.38 points [95% CI, 0.08 to 0.68]) (eFigure 7 in

Supplement 2). The mixed-model analysis of the overall
effects found no significant between-group difference (0.04
points [95% CI, −0.3 to 0.2; P = .73]).

Osteoarthritis severity in the APM group progressed from
1.3 points at baseline to 1.6 points at 24 months (MD, 0.37 points
[95% CI, 0.25 to 0.49]) and in the PT group, osteoarthritis se-
verity progressed from 1.3 points at baseline to 1.5 points at 24
months (MD, 0.18 points [95% CI, 0.04 to 0.31]). The mixed-
model analysis found no significant between-group differ-
ence (0.10 points more progression in the APM group [95% CI,
−0.05 to 0.26; P = .18]).

As-Treated Analysis
In the as-treated analysis, 150 participants were analyzed in
the APM group, 97 participants in the PT group, and 47 in the
delayed APM group. All differences in knee function and pain
during weight-bearing between the APM and PT groups were
smaller in the as-treated analysis compared with the intention-
to-treat analysis (Table 2 and Table 3).

Knee function improved in all 3 treatment groups (in the
APM group from 43.9 points at baseline to 71.1 points at 24
months [MD, 26.8 points {95% CI, 23.6 to 29.9}]; in the PT
group, from 48.6 points at baseline to 69.2 points at 24 months
[MD, 20.2 points {95% CI, 16.5 to 23.8}]; and in the delayed APM
group, from 40.8 points at baseline to 63.0 points at 24 months
[MD, 21.5 points {95% CI, 15.8 to 27.3}]) (Table 2). The mixed-
model analysis of the overall effects found a between-group

Table 3. Unadjusted Intervention Effects for the VAS for Weight-Bearing Pain

Secondary
Outcome

Mean VAS Weight-Bearing APM vs PT Delayed APM vs PT

APM PT Delayed APM Between-Group
Difference
(95% CI)a P Valueb

Between-Group
Difference
(95% CI)a P ValuebPoints

No. of
Patients (%) Points

No. of
Patients (%) Points

No. of
Patients (%)

Intention-to-Treat

Baseline 61.1 145 (91) 59.3 150 (93)

Overallc 24.5 559 28.8 555 −5.9 (−10.3 to −1.4) .01

3 mo 30.4 154 (97) 33.4 151 (93) −3.1 (−8.8 to 2.7) .30

6 mo 25.4 151 (95) 31.0 145 (90) −8.2 (−14.1 to −2.3) .007

12 mo 21.0 139 (87) 24.4 134 (83) −5.3 (−11.4 to 0.73) .08

24 mo 19.6 115 (72) 25.5 125 (77) −7.7 (−14.0 to −1.3) .02

As-Treatedd

Baseline 62.5 137 (91) 56.0 91 (94) 66.4 43 (91)

Overallc 24.9 531 24.7 349 39.8 154 −1.7 (−6.8 to 3.3) .50 13.8 (6.8 to 20.8) <.001

3 mo 30.8 146 (97) 27.5 91 (94) 48.0 46 (98) 2.4 (−4.3 to 9.1) .49 18.8 (9.7 to 27.9) <.001

6 mo 26.0 144 (95) 28.0 92 (95) 40.8 40 (85) −4.5 (−11.2 to 2.3) .20 12.7 (3.2 to 22.2) .009

12 mo 21.0 133 (88) 21.0 89 (92) 31.4 34 (72) −2.4 (−9.3 to 4.5) .49 6.8 (−3.2 to 16.8) .18

24 mo 20.5 108 (72) 21.6 77 (79) 36.0 34 (72) −3.6 (−10.9 to 3.7) .33 13.4 (3.2 to 23.5) .01

Abbreviations: APM, arthroscopic partial meniscectomy; PT, physical therapy;
VAS, visual analog scale (range, 0 [no pain] to 100 [worst pain imaginable]).
a The between-group difference for different follow-up points and as overall

effect corrected only for VAS score at baseline. Negative values signify that
patients did better with (delayed) APM.

b P values with respect to zero (superiority testing). Standard P values resulting
from the mixed-model analysis in SPSS. One-sided α of .05.

c Overall estimate over 24 months refers to the overall VAS score within each
group and between groups including all time points. The overall effect is based
on a model including intervention group and baseline VAS score. The No.
represents the number of observations entered into the model.

d In the as-treated model, participants were analyzed who adhered to their
randomized treatment in 3 groups: (1) participants randomized to the APM
group who received APM, (2) participants randomized to the PT group who
completed the PT protocol without having APM during the follow-up period
(eg, �16 PT sessions; <16 sessions was considered a protocol violation), and
(3) participants randomized to the PT group who had APM during follow-up
(delayed APM group). Patients who were randomized for APM but did not
have surgery and patients who were randomized to PT but did not complete
the PT protocol and did not have delayed APM were removed from the
as-treated analysis.
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difference of 1.7 points in favor of APM compared with PT
(97.5% CI, −� to 5.1; P value for noninferiority < .001), indi-
cating noninferiority of PT compared with APM (Table 2). The
between-group differences at 3 (−2.9 points [97.5% CI, –� to
1.3]) and 6 (1.6 points [97.5% CI, –� to 5.7]) months after ran-
domization also demonstrated noninferiority; however, the ef-
fects at 12 (4.9 points [97.5% CI, –� to 9.1]) and 24 (4.1 points
[97.5% CI, –� to 8.3]) months after randomization did not dem-
onstrate noninferiority .

When comparing PT with delayed APM, all between-
group differences in knee function favored PT, demonstrat-
ing noninferiority of PT compared with delayed APM overall
and at all time points (P < .002). The adjusted between-
group differences are presented in eTable 1 in Supplement 2.

Knee pain during weight-bearing improved in all 3 groups
(in the APM group, from 62.5 mm at baseline to 20.5 mm at
24 months [MD, 39.8 mm {95% CI, 34.1 to 45.5}]; in the PT
group, from 56.0 mm at baseline to 21.6 mm at 24 months [MD,
33.6 mm {95% CI, 26.0 to 41.2}]; and in the delayed APM group,
from 66.4 mm at baseline to 36.0 mm at 24 months [MD,
27.5 mm {95% CI, 16.0 to 39.1}]) (Table 3). The mixed-model
analysis of the overall effects found no statistically signifi-
cant between-group differences when comparing APM with PT
(all P ≥ .20), and an overall between-group difference of 13.8
mm (95% CI, 6.8 to 20.8; P < .001) in favor of the PT group
when comparing delayed APM with PT (Table 3). The ad-
justed between-group differences are presented in eTable 2
in Supplement 2.

Adverse Events
Serious adverse events (eg, cardiovascular, neurological or in-
ternal medicine conditions, venous thromboembolism, or re-
peat knee surgery) occurred in 9 participants in the APM group
and 8 in the PT group. Nonserious adverse events (eg, reac-
tive arthritis, joint paint resulting in extra consultation or sur-
gical site infection) occurred in 9 participants in the APM group
and 4 in the PT group. All adverse events are reported in eTable
3 in Supplement 2.

Post Hoc Exploratory Analysis
Post hoc exploratory analyses evaluated effect modification
by the predefined potential confounders on the primary out-
come, the IKDC score for knee function, and identified 2 sta-
tistically significant effect modifiers. First, there was interac-
tion between baseline pain during weight-bearing and the
treatment effect (regression coefficient, 0.14 [95% CI, 0.01 to
0.27; P value for interaction = .03]), indicating that the effect
of APM was 0.14 points larger compared with PT on the IKDC
score for each millimeter increase in baseline pain. Second, the
effect of the intervention differed between BMI categories
(P for interaction = .02 for obesity vs normal; P for interac-
tion = .01 for obesity vs overweight). Specifically, obese par-
ticipants in the APM group scored on average 10.7 IKDC points
(95% CI, 4.7 to 16.8; P = .001) higher than obese participants
in the PT group, while the difference between treatments was
not statistically significant in the other groups (normal: 1.4 [95%
CI, −3.4 to 6.2; P = .57] and overweight: 1.2 [95% CI, −3.1 to 5.4;
P = .60]). There were no statistically significant interaction

effects observed for location of the tear (P = .12), education level
(P = .15), osteoarthritis severity (P = .74), mechanical com-
plaints (P = .81), sex (P = .60), age (P = .53), and baseline IKDC
score (P = .21) (eTable 4 in Supplement 2).

Discussion
This multicenter RCT showed that, in patients older than 45
years old with knee pain and nonobstructive meniscal tears, PT
was noninferior to APM for knee function over a 24-month
follow-up period. The results of this trial support the recom-
mendations from the current guidelines that PT may be con-
sidered an appropriate alternative to APM as first-line therapy
for patients with meniscal tears.25,26

Although noninferiority was demonstrated for the overall
between-group difference in patient-reported knee function,
and for the 3- and 6-month follow-up time points, results did
not demonstrate noninferiority at the 12- and 24-month time
points. Longer follow-up will provide more details on the ef-
fect of time on the between-group differences. To date, only 1
trial has reported 5-year outcomes in a similar population with
meniscal tears, and reported no statistically significant differ-
ences in knee function between APM combined with PT (n = 45)
and PT alone (n = 47).10

The previously reported clinical trials included a com-
bined 838 patients and each trial reported no statistically sig-
nificant differences between groups for knee function. These
trials, however, were designed to assess superiority and had
smaller sample sizes or shorter follow-up. Pooling these trials
resulted in small statistically significant benefits of APM at up
to 6-month follow-up.5,11 The current trial had a larger sample
size and longer follow-up and demonstrated a small benefit of
APM, consistent with the pooled results from earlier trials.5,11

Because this benefit from APM as compared with PT was
smaller than the predefined noninferiority margin, and within
the previously reported MCID in patients with different knee
pathologies,27 the results of this trial demonstrated noninfe-
riority of PT as compared with APM, and are consistent with
current consensus that APM should not be the first treatment
in middle-aged and older patients with meniscal tears.25,26

In this trial, 29% of participants from the PT group re-
ceived delayed APM, demonstrating that not all patients ini-
tially treated with PT were satisfied with their results. The post-
hoc exploratory findings on effect modification could guide
future research on the characteristics of individuals who may
be less likely to respond to PT to improve their treatment op-
tions and functional outcome.

Limitations
This study has several limitations. First, participants were not
blinded to group assignment. Second, a screening log was not
kept of patients who were eligible but not randomized, which
limits the ability to assess the generalizability of the results.
Third, the predefined noninferiority margin was a conserva-
tive estimate of potentially relevant differences, based on the
smallest detectable change of 8.8 points.17 The smallest de-
tectable change quantifies the amount of change that can be
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reliably detected by a measurement instrument, while non-
inferiority margins should be based on the maximum clini-
cally acceptable difference that a patient is willing to give up
in exchange for the secondary benefits of the alternative
therapy. While the exact threshold of clinical relevance is un-
known in a population with meniscal tears, Irrgang and
colleagues27 reported an MCID for the IKDC of 11.5 points in
patients with different types of knee disorders. If an MCID of
11.5 points was applied, PT would have been noninferior to APM
both overall and at all individual time points. Fourth, nonin-
feriority testing was intended for the secondary analyses, but
no noninferiority margins were specified in the protocol. There-
fore, the comparisons between the groups for the secondary
outcomes were treated as standard 2-sided superiority hy-
potheses. Fifth, MCIDs for the secondary outcomes were not
defined until after data analyses (identified in different popu-
lations; 13.7 mm for pain on the VAS28 and 2.0 points for
RAND-36 PCS29). None of the observed between-group differ-

ences in these secondary outcomes exceeded MCID values, in-
dicating that the clinical relevance of these findings is likely
limited. Sixth, x-rays were interpreted by a single radiologist.
Having 2 or more radiologists interpret x-rays may have re-
sulted in more valid interpretations of osteoarthritis progres-
sion. Seventh, the combination of APM and PT may be more
effective than APM alone. However, the authors followed the
national guideline for generalizability of the study results and
therefore APM was not always followed by PT.15

Conclusions
Among patients with nonobstructive meniscal tears, PT was
noninferior to APM for improving patient-reported knee func-
tion over a 24-month follow-up period. Based on these re-
sults, PT may be considered as an alternative to surgery for pa-
tients with nonobstructive meniscal tears.
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