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a b s t r a c t
Objectives: This study evaluated the effectiveness of exercise therapy in patients with meniscal lesions.
Design: Systematic review and meta-analysis.
Methods: Nine databases were searched up to July 2015, including EMBASE and Medline OvidSP. Randomized and controlled clinical trials in adults with traumatic or degenerative meniscal lesions were
considered for inclusion. Interventions had to consist of exercise therapy in non-surgical patients or after
meniscectomy, and had to be compared with meniscectomy, no exercise therapy, or to a different type
of exercise therapy. Primary outcomes were pain and function on short term (≤3 months) and long term
(>3 months). Two researchers independently selected the studies, assessed the risk of bias, and extracted
data.
Results: Of the 1415 identiﬁed articles 14 articles describing 12 studies were included; all had some
concerns about the risk of bias. There was no signiﬁcant difference between exercise therapy and meniscectomy for pain (MD 0.27 [−4.30,4.83]) and function (SMD −0.32 [−0.68,0.03]). After meniscectomy,
there was conﬂicting evidence for the effectiveness of exercise therapy when compared to no exercise
therapy for pain and function. There was no signiﬁcant difference between various types of exercise
therapy for pain (MD 19.30 [−6.60,45.20]) and function (SMD 0.01 [−0.27,0.28]).
Conclusions: Exercise therapy and meniscectomy yielded comparable results on pain and function. Exercise therapy compared to no exercise therapy after meniscectomy showed conﬂicting evidence at short
term, but was more effective on function at long term. The preferable type/frequency/intensity of exercise
therapy remains unclear. The strength of the evidence was low to very low.
© 2016 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.

1. Introduction
Knee injuries are very common in general practice: in the
Netherlands, the incidence of traumatic and non-traumatic knee
injuries is 5.3 and 17 per 1000 persons per year, respectively.1
The annual incidence estimate of a meniscus tear for primary and
secondary care in Sweden was 79 [95% CI: 63,94] per 100,000
patients with an observed peak age of 15–19 years old.2 The
cause of a meniscal lesion can be either traumatic or degenerative.
Most patients with a traumatic meniscal lesion are younger and
have a longitudinal meniscal lesion, whereas most patients with a
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degenerative meniscal lesion are older and have concomitant joint
cartilage damage.3
In the Netherlands, patients with a meniscal lesion who have
knee pain or difﬁculty with activities of daily living and sports
can consult their general practitioner (GP) or contact a physiotherapist. In primary care, it is difﬁcult to diagnosis a meniscal
tear based on history taking plus physical examination.4 With the
exception of patients presenting with a locked knee, GPs generally
treat meniscal lesions by applying a wait-and-see policy, consisting of advice to rest for a few days and using pain medication on
demand. Patients who consult their GP with persistent or recurrent knee complaints are referred to an orthopedic surgeon.5 After
radiographic imaging or magnetic resonance imaging of the knee,
the surgeon may decide to continue the wait-and-see policy. Alternatively, depending on the state and/or duration of symptoms,
arthroscopic surgery may be performed: either treating the lesion
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by meniscectomy or by suturing a torn meniscal lesion in younger
patients.6
As part of the wait-and-see policy, or after meniscectomy, GPs or
orthopedic surgeons can refer patients to a physiotherapist, whose
treatment consists of exercise therapy to reduce limitations in knee
function, reduce knee pain, and restore normal muscle strength.7
However, because the effectiveness of exercise therapy for the
treatment of patients with meniscal lesions remains unclear, this
review assesses the effectiveness of exercise therapy in patients
with a meniscal lesion compared with: (1) no exercise therapy in
non-surgical patients, (2) meniscectomy, and (3) no exercise therapy or a different type of exercise therapy after meniscectomy.
2. Methods
2.1. Search strategy
The following databases were searched up to July 2014:
EMBASE, Medline OvidSP, Web of Science, Scopus, SportDiscus, the
Cochrane Central Register of Controlled Trials (CENTRAL), Cinahl,
PubMed and Google Scholar. Existing highly sensitive search strategies (ﬁlters) to identify randomized trials were used. See Appendix
1 for the search strategy. The protocol of the review is registered in the International Prospective register of systematic reviews
[CRD42014014892].
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domains to be scored. For the item ‘blinding of the outcome assessment’, the primary outcomes were assessed (pain and function).
Each domain was scored as ‘low risk of bias’, ‘high risk of bias’ or
‘unclear risk of bias’. A consensus method was used to discuss and
solve any disagreements between the review authors. If disagreement persisted, a third person (SMAB-Z) was consulted. The initial
interobserver reliability (i.e. Kappa) of the risk of bias assessment
was evaluated and reported.
2.4. Assessment of heterogeneity
Heterogeneity was assessed by looking at the forest plot and the
results of the Chi-square test for heterogeneity and the I2 statistic.
The heterogeneity was considered statistical signiﬁcant if the Pvalue for the Chi-square test was less than 0.1 and the I2 statistic
was 50% or more.8
2.5. Strength of the evidence
The strength of the evidence was independently determined
with the GRADE approach by two researchers (NMS and PAJL).8 A
judgment of high quality, moderate quality, low quality or very low
quality was made for the different outcomes. The strength of the
evidence was downgraded based on the risk of bias, inconsistencies,
indirectness, imprecision and publication bias with one (serious
concerns) or two points (very serious concerns).

2.2. Selection of studies
2.6. Data extraction and analysis
Assessment of the eligibility of the studies was performed
independently by two researches (NMS and KvO). First, studies
were considered for inclusion based on the title and abstract and,
secondly, full-text reports were examined for compliance of the
studies with the eligibility criteria. Any disagreements about inclusion were resolved by discussion; if necessary, a third person (PAJL)
was consulted to reach consensus. The initial interobserver reliability (i.e. Kappa) of the selection of the studies was calculated.
Studies were included if they met the following eligibility criteria; (1) it was a randomized controlled trial (RCT) or a controlled
clinical trial (CCT); (2) patients had to be aged ≥18 years; (3) the
study had to investigate males or females with a degenerative or
traumatic, medial, lateral or combined meniscal lesion: studies
on patients with additional anterior cruciate ligament or medial
or lateral collateral ligament lesions or patients with additional
knee osteoarthritis (Kellgren–Lawrence grade >2) were not eligible for inclusion, neither were patients treated with open instead
of arthroscopic meniscectomy or meniscal repair; (4) the intervention had to consist of exercise therapy (either in non-surgical
patients or starting within one year after meniscectomy) and had
to describe the provision of, the timing of, or the delivery of (e.g.
supervised versus home exercises) the exercise therapy; (5) the
exercise therapy had to be compared to another treatment, e.g.
meniscectomy, or to no treatment, or to a different type of exercise
therapy: exercise therapy consisting of neuromuscular stimulation
or electromyographic biofeedback was not eligible for inclusion
neither were interventions consisting of only local physiotherapy,
e.g. ultrasound; (6) the study had to contain at least one primary or
secondary outcome measure. The primary outcome measures were
knee pain and function, and the secondary outcome measures were
muscle strength and physical performance.
2.3. Risk of bias assessment
A risk of bias assessment was independently performed by two
researchers (NMS and PAJL) using the Cochrane Collaboration’s
tool.8 For the present review, the domains of baseline similarity,
compliance and co-interventions are added separately, leading to 9

Extraction of data from the studies was independently performed by two researchers (NMS and MR). In case of any
disagreement, consensus was achieved by discussion among the
review authors. If disagreement persisted, a third person (SMABZ) was consulted. The following data were extracted: sex and
age of the participants, the type of meniscal lesion, details on
the type of interventions of the exercise and the control groups,
time to follow-up, study outcomes, and results. If the article did
not contain sufﬁcient information, the original authors were contacted. Preferable outcome measures were a visual analogue scale
(VAS), a numeric pain rating scale (NPRS) or the Knee injury and
Osteoarthritis Outcome Score (KOOS) subscale of pain for pain;
the Lysholm knee scoring scale, the subjective knee form of the
International Knee Documentation Committee (IKDC), the KOOS
subscale of physical function, the KOOS total score or the Hughston clinical questionnaire for function; isokinetic muscle strength
at 60◦ /s and 180◦ /s, 5 maximum repetitions on a leg extension
bench or isometric strength for knee muscle strength of ﬂexion
and extension; and the one-leg hop test for performance. For the
above mentioned preferable outcome measures a hierarchy was
used for the extraction of the data; for example if the study presented results from both the VAS and the NPRS, the ﬁrst mentioned
outcome is extracted. Extracted data were stratiﬁed for short-term
(0–3 months) and long-term outcome (>3 months). For studies
measuring on different time points at short term (for example
four, eight and 12 weeks), the time point nearest by three months
was considered. For long term 6, 12 and 24 months follow-up
were considered. Review Manager version 5 from the Cochrane
Collaboration was used for data analysis. The mean and standard
deviation (SD) of the change scores from baseline to follow-up were
extracted from the studies for the exercise and control groups.
When the SD was not available, it was calculated out of the 95%
conﬁdence interval (95% CI). When change scores were not available, and it was not possible to calculate them because of lacking
of baseline scores, follow-up scores were extracted. The mean
differences (MD) between the exercise and control groups were calculated with a 95% CI. A meta-analysis was conducted in trials with

992

N.M. Swart et al. / Journal of Science and Medicine in Sport 19 (2016) 990–998

comparable interventions that measured a speciﬁc outcome at
comparable follow-up. The ﬁxed-effect model was used, unless
there was statistically signiﬁcant heterogeneity, in that case a
random-effects model was used. The standardized mean difference
(SMD) was used when the studies assessed the same outcome, but
measured it with a variety of outcome measures. The SMD was
calculated by dividing the MD between the exercise and control
groups by the pooled SD of the baseline scores, when available.
When necessary, measurement scales were transformed so that a
higher score indicates less pain, better function, more strength and
better performance. The analyses were done in subgroups reported
on exercise therapy versus no exercise therapy in non-surgical
patients, exercise therapy versus meniscectomy, and exercise therapy after meniscectomy. The subgroup of exercise therapy after
meniscectomy was divided into exercise therapy versus no exercise therapy, and exercise therapy versus a different type of exercise
therapy.
3. Results
Appendix 2 is a ﬂow chart of the included and excluded articles.
The interobserver reliability of the eligibility assessment of the articles was good ( 0.71). Of the 14 articles originally included,9–22 the
results of one study were described in three separate articles15,16,18
leading to 12 unique studies.
3.1. Characteristics of the included studies
Table 1 presents the characteristics of the included studies. The
12 studies had a total of 594 patients, with a mean age of 41.5
(range 17–63) years, and 28.9% (range 0–79%) was female. In four
studies the type of meniscal lesion was degenerative, one study
included both traumatic and degenerative meniscal lesions, and
seven studies did not describe the type of meniscal lesion. Five studies included medial meniscal lesions, two studies included medial
and lateral meniscal lesions, three studies included medial, lateral
and combined meniscal lesions, and in two studies no information
on the location was available.
3.2. Risk of bias
Appendix 3 presents the risk of bias of the included studies. The interobserver reliability of the risk of bias assessment
was good ( 0.70). Nine studies used an adequate method of
randomization.9,10,12,13,15,16,18–22 Five studies reported that the
allocation was concealed.9,10,12,20,22 In none of the studies were
the participants and personnel blinded to the intervention. In
eight studies not all randomized participants were analyzed in
the group to which they were allocated, or there was a lack of
information.9,11,12,14–16,18,20–22 In four studies the dropout rate was
described and acceptable (≤15%), and all randomized participants
were analyzed in the group to which they were allocated.10,13,17,19
For two studies a protocol was available.10,19 In one study, there was
no baseline similarity between the groups,12 and for another study
this remained unclear.21 For four studies it was unclear whether
compliance was acceptable in all groups9,20–22 and in seven studies
it was unclear whether co-interventions were used.9,11,13–18,20
3.3. Effectiveness of exercise therapy versus no exercise therapy
in non-surgical patients
No studies described the effectiveness of exercise therapy compared to no exercise therapy in non-surgical patients with a
meniscal lesion.

3.4. Effectiveness of exercise therapy versus meniscectomy
The effectiveness of exercise therapy compared to meniscectomy was reported in three studies, in patients with a degenerative
meniscal lesion.17,19,22 The quality of the evidence for this comparison is showed in Appendix 4.
3.4.1. Knee pain (Fig. 1a)
Pooled data from two studies showed very low evidence for
no signiﬁcant difference in knee pain between exercise therapy
and meniscectomy for patients with a degenerative meniscal lesion
at short term (MD 0.27 [−4.30,4.83], ﬁxed-effects model used; Pvalue of the Chi-square test = 0.13 and I2 = 56%).17,22 The study of
Yim et al. showed no signiﬁcant difference on knee pain at long
term (6 months: MD −6.00 [−12.25,0.25], 12 months: MD −1.00
[−7.25,5.25] and 24 months: MD 1.00 [−5.25,7.25]).22
3.4.2. Function (Fig. 1b)
Pooled data from two studies showed very low evidence for
no signiﬁcant difference in function between the groups at short
term (SMD −0.32 [−0.68,0.03], ﬁxed-effects model used; P-value of
the Chi-square test = 0.13 and I2 = 56%).17,22 The study of Yim et al.
showed no signiﬁcant difference on knee function at long term (6
months: MD −1.80 [−5.95,2.35], 12 months: MD 0.60 [−3.55,4.75]
and 24 months: MD 1.10 [−3.05,5.25]).22
3.4.3. Muscle strength (Fig. 1c)
Pooled data from two studies showed very low evidence for a
signiﬁcant difference in muscle strength of extension at short term
(SMD 1.27 [0.83,1.70], ﬁxed-effects model used; P-value of the Chisquare test = 0.24 and I2 = 27%).17,19 Data from the study of Stensrud
et al. showed a signiﬁcant difference in muscle strength of ﬂexion
(MD 6.80 [2.66,10.94]) favoring the exercise group at short term.19
No data were available for muscle strength at long term.
3.4.4. Performance
Data from the study of Stensrud et al. showed very low evidence
for no signiﬁcant difference in performance between the groups
at short term (MD 4.50 [−0.16,9.16]).19 No data were available on
performance at long term.
3.5. Effectiveness of exercise therapy versus no exercise therapy
after meniscectomy
The effectiveness of exercise therapy compared to no exercise
therapy after meniscectomy was described in two studies.10,16 The
data from the two studies were not pooled because the patients in
the study of Osteras et al. were included immediately after meniscectomy, whilst the patients in the study of Hall et al. were included
3–12 months post meniscectomy. The quality of the evidence for
this comparison is showed in Appendix 5.
3.5.1. Knee pain
The study of Osteras et al. showed very low evidence for a signiﬁcant difference in knee pain between exercise therapy and no
exercise therapy after meniscectomy at short term, favoring the
exercise group (SMD 1.07 [0.59,1.55]).16 In contrast, the study of
Hall et al. showed very low evidence for no signiﬁcant differences
in knee pain between exercise therapy and no exercise therapy
after meniscectomy at short term (SMD −0.32 [−0.83,0.18]).10 The
study of Osteras et al. showed very low evidence for no signiﬁcant
difference in knee pain between the groups at long term (MD 4.00
[−0.40,8.40]).16
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Table 1
Characteristics of the included studies.
Diagnostic criteria

Intervention group (I)

Exercise therapy versus meniscectomy
Exercise (n = 54)
Yim et al.22
3 times a wk for 60 min
Age: 53.8 (43–62)
during 3 wk
Female: 79.4%
Degenerative horizontal lesion
posterior horn of medial
meniscal

Control group (C)

Follow-up

Outcome
measures

Mean (SD)

Meniscectomy
(n = 54)

3 mth (short term)

Pain
(VAS)
Function
(Lysholm)
Pain
(VAS)
Function
(Lysholm)
Pain
(VAS)
Function
(Lysholm)
Pain
(VAS)
Function
(Lysholm)
Pain
(VAS)
Function
(KOOS)
Strength
(5-RM)
Strength
(IMSF60)
Strength
(IMSE60)
Performance
(OLHT)

I: 73 (15)a,b,c
C: 76 (18)a,b,c
I: 80.4 (10.8)a,b
C: 85.2 (11.2)a,b
I: 79 (15)a,b,c
C: 85 (18)a,b,c
I: 82.3 (10.8)a,b
C: 84.1 (11.2)a,b
I: 82 (15)a,b,c
C: 83 (18)a,b,c
I: 84.1 (10.8)a,b
C: 83.5 (11.2)a,b
I: 83 (15)a,b,c
C: 82 (18)a,b,c
I: 84.3 (10.8)a,b
C: 83.2 (11.2)a,b
I: 15 (8)d
C: 11 (6)d
I: 11.8 (13.3)d
C: 7.5 (8.2)d
I: 4.3 (2.6)d
C: 2.4 (2.3)d
I: 12.7 (11.7)d,e
C: 5.9 (6.6)d,e
I: 25.2 (17.0)d,e
C: 0.5 (18.1)d,e
I: 7.9 (10.8)d
C: 3.4 (10.7)d

−3.00 [−9.25,3.25]

Pain
(VAS)
Function
(KOOS)
Strength
(IMSF60)
Strength
(IMSE60)
Performance
(OLHT)
Pain
(VAS)
Function
(KOOS)
Strength
(IMSF60)
Strength
(IMSE60)
Performance
(OLHT)
Pain
(KOOSp)
Function
(KOOSf)
Strength
(IMSF60)
Strength
(IMSE60)
Performance
(OLHT)

I: 19 (16)d
C: 6 (6)d
I: 18.0 (10.9)d
C: 6.5 (6.4)d
I: 26.0 (7.7)d,f
C: 5.3 (4.6)d,f
I: 38.1 (14.6)d,f
C: 10.4 (6.9)d,f
I: 7.5 (5.6)d,g
C: 4.9 (3.6)d,g
I: 8 (12)d
C: 4 (7)d
I: 10.3 (11.2)d
C: 4.5 (7.8)d
I: 18.1 (72.8)d,f
C: 8.0 (20.4)d,f
I: 10.5 (28.7)d,f
C: 4.1 (7.1)d,f
I: 3.7 (3.5)d,g
C: 3.7 (4.5)d,g
I: 1.6 (3.2)d
C: 3.2 (6.1)d
I: −0.8 (5.2)d
C: 1.6 (4.0)d
I: 0.06 (0.2)d
C: −0.02 (0.2)d
I: 0.05 (0.2)d
C: −0.13 (0.4)d
I: 11 (12.8)d
C: 3 (6.9)d

13.00 [7.58,18.42]*

Pain
(VAS)
Function
(Lysholm)
Performance
(OLHT)
Function
(HCQ)
Performance
(OLHT)

I: 19.4 (23.6)d
C: 0.1 (34.5)d
I: 22.3 (18.2)d
C: 14.3 (32.6)d
I: 56.5 (39.4)d
C: 7.4 (41.3)d
I: 72.3 (18.4)c
C: 75.2 (16.7)c
I: 0.88 (0.19)g
C: 0.82 (0.18)g

6 mth (long term)

1 y (long term)

2 y (long term)

Osteras et al.17
Age: 49.7 (–)
Female: 24%
Degenerative meniscal lesion

Stensrud et al.19
Age: 48.9 (–)
Female: 35.4%
Degenerative meniscal lesion
medial meniscus

Exercise therapy (n = 9)
3 times a wk for 60 min
during 3 mth

Exercise therapy
(n = 40)
2–3 times a wk during
3 mth

Meniscectomy
(n = 8)

Meniscectomy
(n = 42)

Exercise therapy versus no exercise therapy after meniscectomy
No exercise (n = 39)
Exercise therapy
Osteras et al.15,16,18
(n = 38)
Age: 46.3 (–)
3 times a wk during 3
Female: 33%
mth
Degenerative meniscal lesion

3 mth (short term)

3 mth (short term)

3 mth (short term)

1 y (long term)

Hall et al.10
Age: 43 (–)
Female: 27.4%
Type of meniscal lesion unclear
Medial lesions

Exercise therapy and
home exercises (n = 31)
8 supervised sessions of
30–45 min during 3
mth

No exercise (n = 31)

Exercise therapy versus a different type of exercise therapy after meniscectomy
Verbal and written
Exercise
Vervest et al.21
advice and
therapy (n = 10)
Age: 33.4 (–)
3 times a wk for 30 min
exercises (n = 10)
Female: 30%
during 3 wk
Type of meniscal lesion unclear
Medial and lateral lesions
Goodwin et al.9
Age: 39 (21–58)
Female: 10.6%
Type of meniscal lesion unclear
Medial, lateral and combined
lesions

Exercise therapy and
home exercises (n = 50)
3 times a wk for 6 wk

Home exercises
(n = 50)

13 wk (short term)

4 wk (short term)

6 wk (short term)

MD (95% CI)

−4.80 [−8.95,−0.65]*
−6.00 [−12.25,0.25]
−1.80 [−5.95,2.35]
−1.00 [−7.25,5.25]
0.60 [−3.55,4.75]
1.00 [−5.25,7.25]
1.10 [−3.05,5.25]
4.00 [−2.68,10.68]
4.30 [−6.08,14.68]
1.90 [−0.43,4.23]
6.8 [2.66,10.94]*
24.7 [17.10,32.30]*
4.50 [−0.16,9.16]

11.50 [7.49,15.51]*
20.70 [16.71,24.59]*
27.70 [22.58,32.82]*
2.60 [0.49,4.71]*
4.00 [−0.40,8.40]
5.80 [1.48,10.12]*
10.10 [−23.17,43.37]
6.40 [−6.60,19.40]
0.00 [−1.80,1.80]
−1.60 [−4.02,0.82]
−2.40 [−4.71,−0.09]*
0.08 [−0.02,0.18]
0.18 [0.02,0.34]*
8 [2.88,13.12]*

19.30 [−6.60,45.20]
8.00 [−15.17,31.17]
49.20 [13.82,84.58]*
−0.16 [−0.56,0.23]
0.06 [−75.04,63.04]
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Table 1 (Continued)
Diagnostic criteria

Intervention group (I)

Control group (C)

Follow-up

Exercise therapy versus a different type of exercise therapy after meniscectomy (continued)
2 mth (short term)
Home exercises
Exercise therapy
Jokl et al.11
(n = 15)
(n = 15)
Age: 32.1 (17–63)
3 times a wk for 45 min
Female: 23%
during 4–5 wk
Type of meniscal lesion unclear
Medial and lateral lesions

Kelln et al.12
Age: 47.1 (–)
Female: 65%
Type of meniscal lesion unclear
Medial, lateral and combined
lesions

Stationary biking and
home exercises (n = 16)
3 times a wk for 6 wk

Home exercises
(n = 15)

3 mth (short term)

Moffet et al.14
Age: 39.9 (–)
Female: 0%
Traumatic and degenerative
meniscal lesion
Medial meniscal lesions

Exercise therapy and
home exercises (n = 15)
3 times a wk for 3 wk

Home exercises
and instructions
(n = 16)

3 wk (short term)
3 mth (short term)
6 mth (long term)

St. Pierre et al.20
Age: 35.8 (–)
Female: 19%
Type of meniscal lesion unclear
Medial meniscal lesions

Koutras et al.13
Age: 28 (–)
Female: 0%
Type of meniscal lesion unclear
Medial, lateral and combined
lesions

Early training (two wk)
(n = 7)
3 times a wk for 4–8 wk

Isotonic exercises
(n = 10)
Frequency and duration
not reported

Delayed training
(six wk) (n = 9)
3 times a wk for
1–2 mth

Isokinetic exercises
(n = 10)
Frequency and
duration not
reported

10 wk (short term)

2 mth (short term)

Outcome
measures

Mean (SD)

MD (95% CI)

Strength
(IMSF60)
Strength
(IMSE60)
Strength
(IMSF180)
Strength
(IMSE180)
Function

I: 4.1 (–)g
C: 2.6 (–)g
I: 11.9 (–)g
C: 6.5 (–)g
I: −0.1 (–)g
C: 2.3 (–)g
I: 6.5 (–)g
C: 6.0 (–)g
I: 75 (16)a,h

1.5 [–]

(IKDC)
Strength
(IMSF180)
Strength
(IMSE180)
Function
(Lysholm)
Function
(Lysholm)
Strength
(IMSF60)
Strength
(IMSE60)
Strength
(IMSF180)
Strength
(IMSE180)
Function
(Lysholm)
Strength
(IMSF60)
Strength
(IMSE60)
Strength
(IMSF180)
Strength
(IMSE180)
Performance
(OLHT)

C: 68 (15.5)a,h
I: 1 (32)a,g
C: 15 (30)a,g
I: 31 (27)a,g
C: 40 (25)a,g
I: 91 (10)
C: 88 (14)
I: 91(14)
C: 89 (16)
I: 90 (18)a,e
C: 120 (30)a,e
I: 152 (28)a,e
C: 175 (45)a,e
I: 68 (14)a,e
C: 88 (14)a,e
I: 108 (22)a,e
C: 122 (30)a,e
I: 91 (8)
C: 94 (5)
I: 1.46 (0.4)i
C: 1.40 (0.4)i
I: 2.27 (0.4)i
C: 2.22 (0.6)i
I: 1.17 (0.3)i
C: 1.15 (0.3)i
I: 1.64 (0.3)i
C: 1.58 (0.4)i
I: 481 (72)
C: 487 (85)

5.4 [–]
2.4 [–]
0.5 [–]
7.00 [−4.09,18.09]

14.00 [−7.87,35.87]
9.00 [−9.35,27.35]
3.00 [−5.52,11.52]
2.00 [−8.57,12.57]
−30.00 [−53.71,−6.29]*
−23.00 [−58.98,12.98]
−20.00 [−33.83,−6.17]*
−14.00 [−39.49,11.49]
−3.00 [−8.85,2.85]
0.06 [−0.29,0.41]
0.05 [−0.40,0.50]
0.02 [−0.24,0.28]
0.06 [−0.25,0.37]
−6.00 [−75.04,63.04]

A higher score indicates less pain, better function, more strength and better performance. A positive mean difference indicates an advantage for the exercise group. –: not
reported.
5-RM: 5 maximum repetitions on a leg extension bench. CI: conﬁdence interval. HCQ: Hughston clinical questionnaire (0–100). IKDC: subjective form of the International
knee documentation committee (0–100). IMSE60: isokinetic muscle strength of extension at 60◦ /s. IMSE180: isokinetic muscle strength of extension at 180◦ /s. IMSF60:
isokinetic muscle strength of ﬂexion at 60◦ /s. IMSF180: isokinetic muscle strength of ﬂexion at 180◦ /s. KOOS: total score of the knee injury and osteoarthritis outcome score
(0–100). KOOSp: pain subscale of the KOOS (0–100). KOOSf: function subscale of the KOOS (0–100). Lysholm: Lysholm Score (0–100). min: minutes. mth: month. MD: mean
difference. OLTH: one-leg hop test, distance in cm. SD: standard deviation. VAS: Visual Analogue Scale (0–100). wk: week. y: year.
a
Data extracted from ﬁgures.
b
Follow-up SD not reported, baseline SD is used.
c
Score extracted from 100, so that a higher score indicates less pain.
d
Change scores from baseline to follow-up.
e
Newton meter.
f
Data from subgroup of study population.
g
Ratio: % of the sound leg.
h
SD not reported, calculated from SEM.
i
Newton meter per kilogram.
*
Signiﬁcant difference.

3.5.2. Function
The study of Osteras et al. showed very low evidence for a signiﬁcant difference in function between the groups at short term
(SMD 1.28 [0.79,1.77]), favoring the exercise group.16 In contrast,
the study of Hall et al. showed low evidence for a signiﬁcant difference in function between the groups at short term, favoring the
no exercise therapy group (SMD −0.51 [−1.02,−0.00]).10 The study
of Osteras et al. showed very low evidence for a signiﬁcant difference in function at long term (MD 5.80 [1.48,10.12]), favoring the
exercise group.16

3.5.3. Muscle strength
The studies of Osteras et al. and Hall et al. showed very low
and low evidence for signiﬁcant differences between the groups
on muscle strength of extension at 60◦ /s at short term, favoring the exercise therapy (SMD 0.56 [0.05,1.07] and SMD 2.34
[1.52,3.16]).10,16 The study of Osteras et al. showed very low evidence for a signiﬁcant difference in muscle strength of ﬂexion
at 60◦ /s between the groups at short term, favoring the exercise
group (SMD 3.16 [2.20,4.12]).16 The study of Hall et al. showed
very low evidence for no signiﬁcant difference in muscle strength
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Fig. 1. (a) Effectiveness of exercise therapy versus meniscectomy on knee pain at short term. (b) Effectiveness of exercise therapy versus meniscectomy on function at short
term. (c) Effectiveness of exercise therapy versus meniscectomy on muscle strength extension at short term.

of ﬂexion at 60◦ /s between the groups at short term (SMD 0.39
[−0.11,0.90]).10 The study of Osteras et al. showed very low and low
evidence for no signiﬁcant difference in muscle strength of ﬂexion
and extension at 60◦ /s between the groups at long term (MD 10.10
[−23.17,43.37] and MD 6.40 [−6.60,19.40]).16
3.5.4. Performance
Data from the study of Osteras et al. and Hall et al. showed very
low and low evidence for signiﬁcant differences in the performance
between the groups at short term, favoring the exercise group
(SMD 0.77 [0.25,1.29] and SMD 0.55 [0.09,1.00]).10,16 The study of
Osteras et al. showed very low evidence for no signiﬁcant difference
between the groups at long term (MD 0.00 [−1.80,1.80]).16
3.6. Effectiveness of exercise therapy versus a different type of
exercise therapy after meniscectomy
The effectiveness of exercise therapy compared to a different
type of exercise therapy after meniscectomy was described in seven
studies.9,11–13,20,21 The quality of the evidence for this comparison
is showed in Appendix 6.
3.6.1. Knee pain
The study of Vervest et al. showed very low evidence for no
signiﬁcant difference in knee pain between supervised dynamic
exercise therapy compared to a standard treatment of verbal and
written advice combined with exercises at short term (MD 19.30
[−6.60,45.20]).21 No data were available for knee pain at long term.
3.6.2. Function (Fig. 2a)
Pooled data from ﬁve studies showed very low evidence for
no signiﬁcant difference in function between supervised dynamic
exercise therapy compared to a standard treatment of verbal and
written advice and exercises,21 home exercises,9 home exercises
and instructions14 or isotonic compared to isokinetic exercises13
or stationary biking compared to home exercises12 at short term
(SMD 0.01 [−0.27,0.28], ﬁxed-effects model used; P-value of the

Chi-square test = 0.43 and I2 = 0%). The study of Moffet et al. showed
very low evidence for no signiﬁcant difference in function between
exercise therapy and home exercises and instructions at long term
(MD 2.00 [−8.75,12.57]).14
3.6.3. Muscle strength (Fig. 2b–e)
Pooled data from two studies showed very low evidence for no
signiﬁcant differences in muscle strength of ﬂexion and extension
at 60◦ /s between isotonic and isokinetic exercises13 or early and
delayed training20 at short term (SMD −0.44 [−1.67,0.78], randomeffects model used; P-value of the Chi-square test = 0.08 and −0.19
[−0.85,0.48], ﬁxed-effects model used; P-value of the Chi-square
test = 0.34 and I2 = 0%). Pooled data from three studies showed very
low evidence for no signiﬁcant differences in muscle strength of
ﬂexion at 180◦ /s between isotonic and isokinetic exercises13 or
early and delayed training20 or exercise therapy compared to home
exercises and instructions14 at short term (SMD −0.20 [−1.17,0.76],
random-effect model used due to statistical heterogeneity; P-value
of the Chi-square test = 0.68 and I2 = 71%). Pooled data from three
studies showed very low evidence for no signiﬁcant differences
in muscle strength of extension at 180◦ /s between isotonic and
isokinetic exercises13 or early and delayed training20 or exercise
therapy compared to home exercises and instructions14 at short
term (SMD 0.09 [−0.39,0.58], ﬁxed-effects model used; P-value of
the Chi-square test = 0.41 and I2 = 0%). No data were available for
muscle strength at long term.
3.6.4. Performance (Fig. 2f)
Pooled data from three studies showed very low evidence for
a signiﬁcant difference in the performance between supervised
dynamic exercise therapy compared to a standard treatment of
verbal and written advice combined with exercises,21 or to home
exercises9 or isotonic compared to isokinetic exercises,13 at short
term (SMD 0.37 [0.03,0.70], ﬁxed-effects model used; P-value of
the Chi-square test = 0.16 and I2 = 45%). No data were available for
performance at long term.
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Fig. 2. (a) Effectiveness of exercise therapy versus different type on function at short term. (b) Effectiveness of exercise therapy versus different type on isokinetic strength
ﬂexion 60◦ /s at short term. (c) Effectiveness of exercise therapy versus different type on isokinetic strength extension 60◦ /s at short term. (d) Effectiveness of exercise therapy
versus different type on isokinetic strength ﬂexion 180◦ /s at short term. (e) Effectiveness of exercise therapy versus different type on isokinetic strength extension 180◦ /s at
short term. (f) Effectiveness of exercise therapy versus different type on performance at short term.

4. Discussion
No studies evaluated the effectiveness of exercise therapy compared to no exercise therapy in non-surgical patients with a
meniscal lesion. Although the effectiveness of exercise therapy

in patients with osteoarthritis has been established in systematic reviews and meta-analyses,23,24 the effectiveness of exercise
therapy in non-surgical patients with a meniscal lesion and no
osteoarthritis remains unclear. The Dutch guidelines for GPs and
physiotherapists state that exercise therapy might contribute to
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the recovery of patients with a meniscal lesion, but no evidence is
available for the effectiveness of exercise therapy in non-surgical
patients.5–7
There was no signiﬁcant difference in exercise therapy compared to meniscectomy for patients with a degenerative meniscal
lesion on pain, function and performance at short or long term.
However, there was a signiﬁcant difference between the groups
on muscle strength at short term, favoring the exercise group.
The results of our review are comparable to those reported in a
recent review and meta-analysis, concluding that there is moderate evidence that there is no additional beneﬁt to arthroscopic
meniscal debridement on top of a nonoperative or sham treatment for degenerative meniscal tears in middle aged patients with
mild or no concomitant osteoarthritis. Furthermore, the systematic review and meta-analysis of Thorlund et al. concluded that the
small inconsequential beneﬁt seen from interventions that include
arthroscopy for the degenerative knee is limited in time and absent
at one to two years after surgery and that knee arthroscopy is
associated with harms.25 International guidelines for the management of meniscal lesions recommend that, in the presence of knee
osteoarthritis, the patient should receive conservative treatment
and not meniscectomy.26,27
After meniscectomy, exercise therapy was more effective than
no exercise therapy on muscle strength of extension and performance at short term. There is conﬂicting evidence between the
studies for the effectiveness of exercise therapy compared to no
exercise therapy after meniscectomy on pain, function and muscle strength of ﬂexion at short term. At long term exercise therapy
was more effective than no exercise therapy for function; there is
no signiﬁcant difference between the groups on knee pain, muscle
strength and performance. There were conﬂicting results for knee
pain, function and muscle strength at short term between the two
included studies,10,16 which could possibly be explained by the clinical heterogeneity due to the moment of enrolment of the patients.
The effectiveness of exercise therapy versus no exercise therapy on
muscle strength and performance was in both studies favoring the
exercise group at short term.
There were no signiﬁcant differences in effectiveness of different types of exercise therapy for pain, function and muscle strength
at short term. Several reviews with comparable results on the effectiveness of exercise therapy after meniscectomy for patients with
meniscal injuries have been published.28–30 There was a variety of
applied exercise regimes and of the timing of the exercise therapy
after meniscectomy in the included studies. The exercise regimes
mainly focused on decreasing knee pain and restoring range of
motion and muscle strength of knee extension and ﬂexion, three
times a week for three to eight weeks starting immediately to 12
months after meniscectomy. Not only reduced range of motion and
muscle weakness, but also reduced proprioceptive acuity, muscle
activation deﬁciency and functional knee instability may play a role
in patients with degenerative knee diseases.31,32 From this perspective, it can be argued that training programs should address
several aspects of sensorimotor function and functional stabilization to improve function.33 The preferable timing of the exercise
therapy after meniscectomy remains unclear.
For this systematic review, the authors considered as primary
outcomes pain and function, and not structural progression. The
inﬂuence of exercise therapy on knee osteoarthritis in patients with
meniscal lesions is unclear and needs to be evaluated in further
research.
This review has some limitations. First, we excluded one Chinese study because we were unable to read it,34 relevant results
may have been missed. Second, the evidence of this review is of
very low to low quality, mainly because there were only 12 studies found and the evidence was in most cases downgraded based
on an unclear risk of selection bias, no blinding, small sample
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sizes and large 95% CI, leading to imprecisions of the estimates.
There was some variability between the studies regarding patients,
interventions, outcomes, and timing of the outcome measures.
Five studies described the type of meniscal lesion,14–19,22 whereas
the remaining seven studies did not provide this information.
Because of lack of information about the onset of knee complaints
and degenerative changes, we used the deﬁnitions of the authors
reported in the included articles regarding the type of meniscal
lesion was traumatic or degenerative. Since the studies included
patients with a wide age range (17–63 years), duration of symptoms (1 week to 25.7 years) and the compartment (medial, lateral or
combined) of meniscal lesions, it seems feasible that patients with
both a traumatic or degenerative meniscal lesion were included,
which complicates the generalizability of the results. Finally, there
was a range in the effects and the direction of the effects of exercise
therapy (SMD 1.05 to −0.44). Nevertheless, despite heterogeneity between the studies, we could perform meta-analyses for the
subgroups of exercise therapy versus meniscectomy and exercise
therapy versus a different kind of exercise therapy. Statistical heterogeneity was explored by the 2 . Because this test has low power
when studies have small sample sizes or are few in number the
conventional P-value of 0.05 was changed to 0.1 to determine statistical signiﬁcance.8 Selection of the studies, assessment of the risk
of bias, extraction of the data and assessment of the strength of
the evidence were performed by two independent reviewers using
the methods in the Cochrane Handbook for Systematic Reviews of
Interventions.8
Research on the effectiveness of exercise therapy in nonsurgical patients with a meniscal lesion in primary care is needed
to determine whether these patients could beneﬁt from exercise therapy. High quality RCTs with are needed to assess the
effectiveness of exercise therapy compared to meniscectomy in
patients with a meniscal lesion, including an economic evaluation.
Hereafter, when effective, more studies are required to examine which type of exercises and which exercise regime would
be preferable. Future research also needs to examine the onset
of the meniscal lesion, the compartment (medial/lateral), the
location (anterior horn/body/posterior horn) and the type (longitudinal/horizontal/radial/bucket handle) of meniscal lesion, as
well as determining concomitant degenerative changes of the
knee.

5. Conclusion
No studies were found that assessed the effectiveness of exercise
therapy compared to no exercise therapy in non-surgical patients
with a meniscal lesion. Exercise therapy and meniscectomy yielded
comparable results for patients with degenerative meniscal lesions
on knee pain, function and performance, but exercise therapy was
more effective on muscle strength at short term. The evidence for
exercise therapy compared to no exercise therapy after meniscectomy on knee pain and function was conﬂicting, but exercise
therapy was more effective than no exercise therapy on muscle
strength of extension and performance at short term. At long term,
exercise therapy was more effective than no exercise therapy after
meniscectomy on function. The preferable type, frequency and
intensity of exercise therapy remains unclear. The strength of the
evidence was low to very low.

Practical implications
• Health professionals should take into consideration that no studies have investigated the effectiveness of exercise therapy in
non-surgical patients with a meniscal lesion.
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• Included studies showed methodological limitations (for example: no blinding of either participant or investigator), and most
results are based on 2 or 3 studies only.
• In patients with a degenerative meniscal lesion, exercise therapy is preferable when compared to meniscectomy to improve
muscle strength of the knee, but only on short term. There are
no differences between exercise therapy and meniscectomy on
knee pain, function and performance at short or long term.
• If the patient is treated with meniscectomy, he or she will beneﬁt more from exercise therapy to improve muscle strength of
the quadriceps and performance of the knee when compared to
no exercise therapy within the ﬁrst three months. It is unclear if
this improvement also exists for knee pain, function and muscle
strength of the hamstrings within the ﬁrst three months. At long
term, exercise therapy is beneﬁcial when compared to no exercise therapy on knee function, but there is no difference in the
effectiveness on knee pain, muscle strength and performance of
the knee.
• The preferable type, frequency and intensity of exercise therapy
remains unclear.
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