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Background: Awareness of the value of aquatic exercise (AE) in the postoperative rehabilitation has
increased, and several inherent advantages of AE, such as adjustment of both resistance and muscle
strengthening parameters makes good rationale for its inclusion in postoperative rehabilitation. This
study aimed to determine and compare the benefits of AE and land-based exercise (LBE) on pain,
functionality, and quality of life after arthroscopic partial meniscectomy (APM).
Methods: This randomized controlled study included 30 middle-aged (35—50), physically active patients
who were randomized into LBE (n = 15) and AE (n = 15) groups after APM for a degenerative meniscal
tear. Visual analogue scale (VAS), Short Form-36 (SF-36), single-leg hop test and Lysholm questionnaire
scores in addition to isokinetic muscle strength values were evaluated at baseline, at fourth week
immediately after cessation of exercise program and at eighth week follow-up visits. The exercise ses-
sions were conducted in 1-h sessions per day, three days a week for a total of four weeks.
Results: Significant improvement was observed in the VAS, single-leg hop test, Lysholm questionnaire,
and most of SF-36 subscale scores in both groups at both fourth and eighth follow-ups. Isokinetic
dynamometer revealed significant improvement in the peak torque values for extension at angular ve-
locities of 60° and 180° at both follow-ups in the AE group. LBE group showed significant improvement in
the peak torque value for extension only at an angular velocity of 60° only at fourth week follow-up.
There was no significant difference between groups for any of these parameters at any of the follow-ups.
Conclusion: Both AE and LBE programs had significantly improved pain, function, isokinetic muscle
strength, and quality of life in patients after APM. Either type of exercise is essential as part of the
rehabilitation protocol for good clinical outcomes after APM and should not be neglected (level II).
ClinicalTrials registration number: NCT04925726.

© 2021 The Japanese Orthopaedic Association. Published by Elsevier B.V. All rights reserved.

1. Introduction

The term degenerative meniscal tear refers to a meniscal lesion
that occurs without a significant history of acute trauma. This type
of lesion typically occurs after the age of 35, and its prevalence
increases in the elderly [1,2]. A degenerative meniscal tear can
cause symptoms refractory to conservative treatment and have the
potential to affect activities of daily living [1]. Arthroscopic partial
meniscectomy (APM) has become the standard method in the
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management of complex degenerative meniscal tears that are not
suitable for primary repair. It has been reported that APM has
several advantages over other existing methods such as shorter
hospital stay, lower complication rates, easier rehabilitation and
better cost-effectiveness [3,4]. Nevertheless, previous studies
report that patients frequently experience knee swelling, pain, and
loss of range of motion (ROM) in the early postoperative period of
APM [5]; hence, the vast majority of surgeons agree that proper
postoperative rehabilitation of the knee is essential to return to an
active lifestyle [6]. The goals of rehabilitation after APM are to
reduce pain and swelling as much as possible and to achieve full
weight bearing with maximum knee ROM [7].
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Today, awareness of the value of aquatic exercise (AE) in the
rehabilitation of spine and extremity disorders has increased [8].
Sudden or damaging movements are prevented during AE by the
resistance of water against movement, and at the same time, pa-
tients gain increased cardiovascular fitness, muscle strength,
endurance and flexibility. Moreover, non-weight bearing AE is
credited with stimulating quadriceps and hamstring strength, as
well as improving aerobic endurance after meniscal injuries and
arthroscopic meniscectomy. Indeed, these features make it appro-
priate and rational to include AE in post-APM rehabilitation. Re-
searchers of this study hypothesized that AE could improve clinical
outcomes after APM with regard to certain parameters such as pain,
functionality, and quality of life.

To the best of our knowledge, there are no reported studies
comparing the effectiveness of performing AE and land-based ex-
ercise (LBE) during postoperative rehabilitation in patients who
have undergone APM for degenerative meniscal tear. This study
aims to determine and compare the benefits of AE and LBE with
objective outcome measures such as Visual Analogue Scale (VAS),
single leg jump test, Lysholm questionnaire and Short Form-36 (SF-
36) scores in addition to isokinetic dynamometer measurements
after APM.

2. Materials and methods
2.1. Participants and study design

This randomized controlled trial was designed to evaluate and
compare the clinical outcomes of AE and LBE programs in post-
surgical rehabilitation of APM. The study included middle-aged
and physically active patients undergoing APM for degenerative
meniscal tear in the department of Orthopaedics and Traumatol-
ogy. Both exercise programs were initiated on the 15th post-
operative day, and standard post-surgical rehabilitation protocols
were applied to all patients in this study, apart from these exercise
programs.

The ethics committee of the university hospital approved the
study protocol, and all of the participants provided written
informed consent and written permission from their physician
allowing their participation in the research. The inclusion criteria
were as follows: a non-locked but painful knee of more than 1
month, clinical history and examination consistent with degener-
ative meniscus lesion, positive evidence of a degenerative meniscal
tear visible with magnetic resonance imaging (MRI), no response to
nonoperative treatment for at least 3 months after the onset of
symptoms, no evidence of advanced osteoarthritis (OA) on X-rays
or MRI and patients aged 35—50 years. Exclusion criteria included
advanced knee OA, systemic inflammatory diseases, concurrent
tear of anterior, posterior cruciate or collateral ligament, history of
previous anterior, posterior cruciate or collateral ligament repair,
problems that can cause radiating pain to the knee (e.g., hip and
ankle pathologies), history of cardiopulmonary disease that could
limit isokinetic and functional testing, unstable medical condition,
serious cognitive deficit, psychiatric disorder, no capacity for in-
dependent walking and standing, an open wound on the skin, and
pregnancy (Table 1).

2.2. Randomization

Patients who met the study criteria were randomly divided into
two groups using numbered envelopes. The randomization pro-
cess was carried out by a physician who did not contribute to the
study.
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2.3. Interventions

The first patient group performed LBE, and the second group
performed AE. The exercise program was commenced on the 15th
postoperative day in order to avoid problems in postoperative
wound healing. On the other hand, patients were still advised to
perform ROM exercises before commencing the exercise program.

2.4. LBE group (n = 15)

As part of a home-based program, patients were prescribed
ROM exercises for the hips and knees, stretching and strength-
ening, lateral and forward lunges, squats, stair climbing, knee
bends, heel raises, and leg stability. This home-based program was
started on the 15th postoperative day and patients were instructed
to perform these exercises in 1-h sessions per day, three days a
week for a total of four weeks. A physiotherapist demonstrated the
exercises to the patients once, and all the patients were given
written guidelines describing the exercises.

2.5. AE group (n = 15)

This group of patients performed exercises under the supervi-
sion of a physiotherapist in a swimming pool with a water tem-
perature of 33 °C in 1-h sessions per day, three days a week for a
total of four weeks. The program comprised initial warm-up exer-
cises by the pool for 15 min and subsequent joint ROM exercises for
the hips and knees in the pool for 40 min, stretching and
strengthening, walking in different directions, jumping and bicycle
exercises, stair climbing, lunges, squats, and leg stability exercises.
The program concluded with 5 min of cool down (slow walking,
squatting, and standing).

2.6. Outcomes

The clinical outcome measures of the exercise programs were
evaluated at baseline, at the fourth week follow-up immediately
after the exercise program, and at the eighth week follow-up. De-
mographic characteristics of the patients were recorded before
starting the exercise programs. Pain intensity, isokinetic muscle
strength, quality of life, and function level measures were used in
the evaluation.

2.7. Visual analogue scale (VAS)

VAS was used to assess pain intensity [9]. VAS scoring was
performed at the time of patient's initial, fourth and eighth week
follow-up visits. (0—10 cm, higher scores indicate more pain).

2.8. Assessment of isokinetic muscle strength

Isokinetic knee extensor muscle strength values of the patients
were measured with an isokinetic dynamometer (IsoMed 2000;
D&R Ferstl GmbH, Hemau, Germany). A standard warm up was
performed for 15 min before the test. The patients were then seated
in the dynamometer chair with 90° hip flexion in the vertical po-
sition. The trunk, pelvis, and thighs were securely strapped to the
device allowing free movement of the knee. The patients were
given the opportunity to try the test so that they could get used to
the device and make the necessary movements. The test was
repeated ten times at the velocity of 60°/second and 180°/second
and peak torque (Nm) measurements were recorded [10].
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Table 1
Inclusion and Exclusion criteria for the study.

Inclusion criteria Exclusion criteria

—_

Advanced knee OA
Systemic inflammatory disease
Concurrent tear of anterior, posterior cruciate or collateral ligament

1 A non-locked but painful knee of more than 1 month

2 Between 35 and 50 years old

Clinical history and examination consistent with

degenerative meniscus lesion

4 Positive evidence of a degenerative meniscal tear 4 History of previous anterior, posterior cruciate or collateral ligament repair,
visible with magnetic resonance imaging (MRI)

[\S)

w
w

5 No response to nonoperative treatment for at least 3 5 Problems that can cause radiating pain to the knee (e.g., hip and ankle pathologies)
months after the onset of symptoms
6 No evidence of advanced osteoarthritis (OA) on X- 6 History of cardiopulmonary disease that could limit isokinetic and functional testing
rays or MRI
7 Unstable medical condition
8 Serious cognitive deficit
9 Psychiatric disorder
10 No capacity for independent walking and standing
11 An open wound on the skin
12 Pregnancy
2.9. Health-related quality of life assessment (SF-36) of the distribution of the data. The intergroup differences of cate-
gorical variables were assessed using a chi-squared test. A sample t-
The physical and mental health summary scores were the pri- test was used to compare means. Repeated measures analysis of
mary components used. Scoring is on a scale of 0—100 and a higher variance was used to evaluate when the clinical assessment pa-
score reflects better health-related quality of life [11]. rameters were observed. The Bonferroni test was used as a post hoc
test to determine the difference between groups. The significance
2.10. Assessment of functionality level was set at p < 0.05 for all of the statistical analyses.
A single-leg hop test and the Lysholm questionnaire were used 3. Results

to evaluate functionality.
3.1. Patient characteristics

2.11. Single-leg hop test ) ) )
A total of 30 patients were recruited for the study. Fig. 1 sum-

The patient stands on one foot with the big toe touching a line marizes the patient recruitment, participation, and attrition during
marked on the floor. The participant asked to hop forward as far as the research period. There was no significant difference in the de-
possible using the same leg with their arms swing freely on both mographic characteristics and evaluation parameters of the pa-
sides of the body. Distance is measured from the starting point to  tients (Table 2). The mean age of the participants was 45.1 + 5.4
the heel of the landing leg [12]. years, and 66.7% were women.

2.12. Lysholm questionnaire

Assessedfor digibility
Eight subtitles are scored separately (limping or use of support: (@=6%)

5 points, locking sensation: 15 points, joint instability and pain: 25

points, swelling: 10 points, stair climbing: 10 points, and squatting:

5 points). The highest and optimal total score is 100 points [13].

Excluded (n:22)
2.13. Power of the study Refused to participate (n=16)

Since there is no study in the literature exactly matching with Randomized (2=30)
our design and hypothesis, a preliminary study was conducted with
6 patients with groups. The power analysis, based on descriptive
statistics of the pain score levels with mean and standard deviation

values obtained from the preliminary study, demonstrated that a L;’;:;'Z?::d Water-based

total number of 20 patients must be examined with each group (0=15) i’;:f;;

containing at least 10 patients to identify the statistical significance

of the time-related difference (Paired Sample T-test model effect fouifv‘e";‘e " follgv::e "

size 1.3655) in pain scores (VAS).\{vithin each group undgr 95% 4week“f 4weekuf

power and 5% type 1 error conditions. The power analysis was [ |

conducted with G Power- 3.1.9.2 open source software. 15 ese {5
followed up at followed up at

2.14. Statistical analysis e o

IBM SPSS Statistics for Windows, Version 22.0 software (IBM I Analysed
Corp., Armonk, NY, USA) was used to perform the statistical ana- ]
lyses. The Kolmogorov—Smirnov test was used to test the normality Fig. 1. Flow chart of the study.
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Table 2
Baseline demographic and clinical characteristics of the patients.
Variables LBE n:15 AE n:15 p value
Age, years (mean =+ SD) 435 + 5.6 46.8 + 49 0.094
Sex, M/F (n) 6/9 4/11 0.700
Body Mass Index, kg/cm? 255+40 239 +38 0.439
Operated leg (right) (n) 6 8 0.464
Visual Analogue Scale (VAS), cm 53+14 6.1 + 0.9 0.148
Short Form-36
Physical functioning 51.2+ 164 46.4 + 18.6 0.454
Physical role 31.9 + 28.7 25.1+213 0.870
Pain 342 + 139 378 £ 115 0.305
General health 449 + 7.2 444 +9.2 0.744
Vitality 475+ 116 486 +79 0.412
Social functioning 503 +17.3 46.8 + 13.8 0.624
Emotional role 425 +27.1 332 +17.7 0.305
Mental health 522 +13.0 50.9 + 16.6 0.569
Lysholm knee score 553 £ 215 558 +11.3 0.941
Single leg hop test (cm) 140+ 71 113 + 4.8 0.243

Isokinetic quadriceps muscle strength (Nm/kg)
60/sn 321219
180/sn 15.1 +11.8

21.6 +20.7 0.116
9.8 +9.8 0.081

Data were presented as mean + SD or n (%). *p < 0.05.

3.2. Change in VAS

Table 3 provides details of the changes in pain intensity as seen
before treatment and at the fourth and eighth week follow-up visits
of patients who were randomly assigned to AE and LBE groups after
APM. During follow-up, a significant improvement was observed in
both groups (p < 0.05). There was no significant difference between
groups during follow-up (p > 0.05).

3.3. Change in Lysholm score

Intra-group evaluations revealed that a significant improvement
was observed in both groups without a significant difference be-
tween the exercise groups during follow-up (p > 0.05) (Table 3).

3.4. Change in single-leg hop test

A significant improvement was observed in both the AE and LBE
groups at the fourth- and eighth-week follow-ups. No significant
difference was recorded between groups (p > 0.05) (Table 3).

3.5. Change in isokinetic measurement results

In the AE group, a significant improvement was observed in the
peak torque value for extension at an angular velocity of 60° and
180° at both the 4- and 8-week follow-ups. In the LBE group, a
significant improvement was determined in the peak torque value
for extension at an angular velocity of 60° only at the fourth week
follow-up. However, no significant difference was recorded be-
tween groups at fourth or eighth week follow-up (p > 0.05)
(Table 3).

3.6. Change in SF-36 score

Significant improvement was observed in the SF-36 subscales of
each group at the fourth and eighth week follow-ups; however, no
significant difference was noted between groups (p > 0.05)
(Table 4).

No adverse events or discomfort were reported by patients
during either exercise program or at follow-ups; in addition, pa-
tients stated that they had no difficulty in following the routine and
were satisfied with the results.
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Table 3

Comparison of mean VAS, Lysholm knee score, Single leg hop test, isokinetic
quadriceps peak torque values of groups at baseline, at 4th week (immediately after
exercise program) and at 8th Week.

Land-based exercise Aquatic exercise p value
Visual Analogue Scale
Baseline 53+14 6.1 +0.9
At 4th week 25+ 1.7° 27 +1.3° 0.653
Mean differences 2.9 34
95% CI 19to03.8 2.7 to 4.1
At 8th week 1.1+£15° 13+11° 0.233
Mean differences 43 4.7
95% CI 32to54 39t05.6
Lysholm knee score
Baseline 553 + 215 558 +11.3
At 4th week 79.7 + 11.9° 81.3 £13.3° 0.354
Mean differences —243 —25.5
95% CI —344t0 -143 -31.8to0 -19.3
At 8th week 94.3 + 7.5" 94.6 + 7.26 0.300
Mean differences -38.9 —38.8
95% CI -51.8 to —26.1 —45.1 to —32.5
Single leg hop test
Baseline 140 + 7.1 113 + 48
At 4th week 193 +9.1° 16.3 + 6.8% 0.800
Mean differences -5.3 —-4.9
95% CI -85to —2.2 -7.9to -2.0
At 8th week 237 +11.6° 19.8 +9.8° 0.969
Mean differences -9.7 -85
95% CI —14.2to -5.3 -132to -3.8
Isokinetic quadriceps peak torque 60 °/sec
Baseline 321219 21.6 +20.7
At 4th week 52.0 + 31.5° 37.2 +29.0° 0.935
Mean differences -19.9 -15.6
95% CI —39.6 to —0.2 -29.7to -1.5
At 8th week 529 + 32.0 37.8 +21.0° 0.567
Mean differences -209 -16.2
95% CI —443 to0 2.6 -293 to —-3.1
Isokinetic quadriceps peak torque 180 °/sec
Baseline 15.1 +11.8 9.8 +9.8
At 4th week 32.0 + 28.9 24.7 + 22.6° 0.624
Mean differences -16.9 -14.9
95% CI —383to 4.4 —289to 0.8
At 8th week 323 +292 24.1 £ 20.2° 0.595
Mean differences -17.2 -14.3
95% CI -379to0 3.5 —26.1to -2.6

* and ** for between group comparisons (*p < 0.01, **p < 0.05).
2 Within group comparisons (Baseline- 4th week).
b Within group comparisons (Baseline-8th week).

4. Discussion

This present study compared the results of the four-week AE
and LBE programs in patients who underwent APM surgery for
degenerative meniscal tear. Results revealed that both AE and LBE
programs significantly improved pain, function, isokinetic muscle
strength, and quality of life in patients after APM; however, neither
exercise program ultimately showed significant superiority over
the other with regard to the parameters outlined above.

AE have been reported to relieve pain, reduce musculoskeletal
stiffness, and promote muscle relaxation in individuals with
arthritis, particularly in warm water [14]. Diindar et al. [15] re-
ported that AE effectively relieved lumbar pain in patients with
lumbar spine disorders. Wang et al. [16] also reported that AE can
alleviate knee pain in patients with knee OA. These studies, which
included different patient populations, also reported no significant
difference in pain relief between AE and LBE.

Persistent pain after APM is a major problem since it can cause
both quadriceps inhibition and limitation of ROM in the knee joint
[2], and pain must be addressed promptly and effectively. Jokl et al.
compared the efficacy of self-training at home vs supervised
physical therapy in a study of 30 patients with APM, and reported
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Table 4
SF-36 scoring among groups at baseline, at 4th week (immediately after exercise
program) and at 8th week.

Land-based exercise Aquatic exercise p value
SF-36, physical functioning
Baseline 512+ 164 464 + 18.6
At 4th week 63.8 + 15.9% 55.9 + 21.1° 0.910
Mean differences -12.5 -9.5
95% 1 —18.4+ —6.6 -17.5+ -14
At 8th week 68.8 + 16.5" 55.5 + 20.8" 0.201
Mean differences -17.5 -9.1
95% Cl —224+ -12.6 —-14.5+ -3.7
SF-36, physical role
Baseline 319 +28.7 251 +213
At 4th week 59.8 + 31.2° 39.6 + 22.5° 0.151
Mean differences -27.8 -14.5
95% Cl —47.5+ —8.2 —26.8+ —2.2
At 8th week 713 +36.2° 56.2 +30.7° 0.240
Mean differences -39.3 -31.1
95% Cl —68.2+ —10.5 —58.7+ -34
SF-36, pain
Baseline 342 + 139 378 £ 115
At 4th week 49.7 + 14.8° 57.0 + 23.17 0.789
Mean differences -15.5 -19.2
95% I —30.9+ —43.9 —-36.9+ —-14
At 8th week 643 +14.3° 76.6 + 15.3" 0.875
Mean differences -30.1 —38.8
95% Cl —439+ —16.2 —53.1+ 245
SF-36, general health
Baseline 449 + 7.2 444 +9.2
At 4th week 499 + 9.5 50.9 + 9.5% 0.676
Mean differences -49 -6.5
95% CI —13.1+£32 —12.6+ -0.4
At 8th week 50.5 + 6.1 47.8 +9.8 0.302
Mean differences -5.6 -34
95% I -11.6 £ 0.5 -6.9 + 0.1
SF-36, vitality
Baseline 475 +11.6 486 +79
At 4th week 48.8 + 6.9 509 + 4.3 0.932
Mean differences -1.3 -23
95% Cl —-89+63 —-83+3.7
At 8th week 519 + 104 50.1 £ 7.5 0.507
Mean differences —-44 -14
95% Cl —-149 +6.3 —-9.1+6.2
SF-36, social functioning
Baseline 503 +17.3 46.8 + 13.8
At 4th week 624 +19.3 68.9 + 23.7° 0.266
Mean differences —-12.2 -22.1
95% I -263+1.9 —37.6x —6.5
At 8th week 68.2 + 19.5" 599 + 253 0.422
Mean differences -17.9 -13.1
95% 1 —334+ -25 —-287+25
SF-36, emotional role
Baseline 42,5 +27.1 332+ 177
At 4th week 62.2 + 29.3° 59.4 + 33.6" 0.755
Mean differences -19.8 -26.2
95% CI —36.9+ -2.6 -50.6+ —-1.9
At 8th week 71.8 +31.4° 60.5 + 32.4° 0.646
Mean differences -29.4 -27.2
95% Cl —504+ -84 -51.7+ 2.7
SF-36, mental health
Baseline 522 +13.0 50.9 + 16.6
At 4th week 624 +11.7° 619 + 129 0.442
Mean differences -10.2 -11.0
95% Cl —15.9+ —4.6 —26.0 +4.0
At 8th week 63.5+13.1° 66.7 + 16.1° 0.302
Mean differences -11.3 -15.8
95% Cl —18.5+ —4.2 -30.2+ —-14

SF-36: Short form- 36.

* and ** for between group comparisons (*p < 0.01, **p < 0.05).
2 Within group comparisons (Baseline- 4th week).
> Within group comparisons (Baseline-8th week).

that both rehabilitation schemes were equally effective in terms of
pain or functionality [17]. Furthermore, a study of 45 patients on
post-APM rehabilitation programs randomized patients into three
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groups: home exercise only, home exercise with electromyographic
biofeedback, and home exercise with electrical stimulation therapy
to the quadriceps muscle. The authors reported a significant
reduction in pain felt by the patients during walking in the second
and sixth weeks postoperatively compared to the preoperative
period in all groups. The same study reported that there was no
significant difference in active knee extension measurements and
pain intensity in the electrical stimulation group compared to the
home exercise group [18]. Although these studies in the literature
have examined patients with APM, none of them compared the
clinical outcomes of AE with LBE.The results of this study suggest
significant relief of pain in both exercise groups after APM
(p < 0.05). On the other hand, there was no significant difference
between the pain scores of the groups at both follow-up visits
(p > 0.05).

Unlike other exercises, resistance and muscle strengthening
parameters can be adjusted in AE. The reasons for these distinctive
features in aquatic exercise can be explained as follows: (1) When
the human body is in water, it has to apply force to eliminate sur-
face tension, and the strength of the force is directly proportional to
the body surface area in contact with the water, (2) water viscosity
provides the resistance needed to improve muscle strength. In fact,
these features make AE very suitable for a controlled muscle
strength development program in postoperative patients. Several
randomized, controlled studies have analyzed the effect of exercise
after APM on muscle strength [19,20]. Jokl et al. [17] evaluated 30
APM patients with traumatic lesions who were allocated to a home
exercise group (n = 15) or a supervised physiotherapy group
(n = 15), and they have reported that unsupervised home exercise
knee rehabilitation program can produce equally good post-
operative recovery as compared to a supervised outpatient physical
therapy regimen in properly selected patients following APM. The
results of this present study indicated a significant improvement in
isokinetic peak torque assessments at the angular velocity of both
60° and 180° at the fourth and eighth week follow-ups in AE group
and at the fourth week follow-up in the LBE group. These results
suggest that both types of exercise are effective in developing
muscle strength without being superior to each other.

Although the type of exercise supervised in this study (AE) was
different from that of Jokl et al. [17], they have reported similar
conclusions about the effect of supervised vs. unsupervised exer-
cise on muscle strength. Regarding the effect of supervised exercise
on results, this study reports that properly performed unsupervised
exercise can also effectively improve muscle strength in appropri-
ately selected and compliant patients after APM.

Contrary to the results of this study, Lund et al. [21], Lim et al.
[22], and Fisken et al. [23] did not report significant improvement
in muscle strength after AE. Lund et al. [21] have reported a sig-
nificant overall improvement in muscle strength for the LBE pro-
gram compared with the control group, while a detrimental effect
on muscle strength for AE compared with the control group at
follow-up. Others found no difference between groups (AE, LBE,
and control groups) in an isokinetic evaluation [22] or in handgrip
strength in the group that performed AE [23]. These results may be
associated with the selection of exercises, program progression,
exercise intensity, or the tests used.

As noted by Ericsson et al. [24], isokinetic tests measure muscle
strength; they do not assess other aspects of muscle function, such
as coordination and timing. The authors added that functional
performance tests, such as the single-leg hop test, replicate natural
movements of sports or everyday life. Exercise programs used after
APM are designed to improve functionality. This study used a
single-leg hop test to assess the functional condition of the patients
as well as Lysholm scoring to assess the knee function. The results
suggest significant improvement in the groups in both parameters,
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however, there was no significant difference between the groups
after the follow-up period. Similarly, a recent review evaluating the
efficacy of hydrotherapy for patients with knee OA revealed no
significant difference between AE and land exercise in terms of
quality of life or physical function either immediately after the
rehabilitation program or after the follow-up period [25].

Knee-related quality of life has been reported to decrease after
APM [26,27]. There are very few studies investigating the effect of
rehabilitation after APM on quality of life [28]. Goodwin et al. [28]
compared the efficacy of a single home exercise program with a
home exercise plus supervised physiotherapy program after APM in
the short term and reported no significant difference between the
groups in terms of any of the outcomes measured in a total of 84
patients. All recent studies investigating the effect of AE on quality
of life included patients with OA [29,30]. A recently published
Cochrane review found that an AE program had a limited, short-
term, clinically relevant effect on patient reported quality of life
in people with knee and hip OA [14]. On the other hand, the results
of this study show a significant improvement in the quality of life of
both patient groups according to the SF-36 scale. However, there
was no significant difference between exercise groups.

A comprehensive review of the literature revealed that this is
the first randomized controlled study to compare the clinical out-
comes of postoperative AE versus LBE program in patients under-
going APM for degenerative meniscal tears. However, this study
also has some limitations, such as the lack of supervision of the LBE
group and the relatively short follow-up period. Therefore, this
study was only able to evaluate the intermediate results of the
patients. Moreover, changes in the duration and intensity of the
exercise programs or the length of follow-up period could also
affect the results. The fact that patients were not blinded in this
study should be considered a limitation, although it is methodo-
logically challenging in this type of study design since participants
are instructed or supervised to perform certain types of exercise.

5. Conclusion

The present study revealed that both LBE and AE can improve
pain, muscle strength, functionality, and quality of life in patients
after APM, and the results suggest no significant difference be-
tween the outcomes of two exercise groups. Consistent with the
authors’ experience as well, LBE is known to be superior in terms of
cost, time and space while AE is more recreational, socially moti-
vating and a more suited choice in patients with limited weight
bearing. In conclusion, the authors of this study would like to
emphasize that it is critical to properly maintain an exercise pro-
gram during rehabilitation after APM to achieve superior clinical
outcomes.

Funding

None.

Ethical approval

Ege University Ethics Committee had approved the study pro-
tocol ((DN:18-7/59).

Informed consent

Informed consent was obtained from all individual participants
included in the study.

Journal of Orthopaedic Science Xxx (XXxX) XxX

Authors’ contribution

All authors have made substantial contributions to conception
and design, or acquisition of data, or analysis and interpretation of
data.

Declaration of competing interest

The authors declare that they have no conflict of interest.

Acknowledgements

No conflicts of interest have been reported by the authors or by
any individuals in control of the content of this article. There is no
financial benefit to the authors.

References

[1] Beaufils P, Becker R, Kopf S, Englund M, Verdonk R, Ollivier M, Seil R. Surgical
management of degenerative meniscus lesions: the 2016 ESSKA meniscus
consensus. Knee Surg Sports Traumatol Arthrosc 2017 Feb;25(2):335—46.

[2] Lee SH, Lee O-S, Kim ST, Lee YS. Revisiting arthroscopic partial meniscectomy

for degenerative tears in knees with mild or No osteoarthritis: a systematic

review and meta-analysis of randomized controlled trials. Clin ] Sport Med
2020;30(3):195—202.

Papalia R, Del Buono A, Osti L, Denaro V, Maffulli N. Meniscectomy as a risk

factor for knee osteoarthritis: a systematic review. Br Med Bull 2011;99:

89—-106.

Katano H, Koga H, Ozeki N, Otabe K, Mizuno M, Tomita M, Muneta T, Sekiya I.

Trends in isolated meniscus repair and meniscectomy in Japan, 2011—2016.

J Orthop Sci 2018;23(4):676—81.

Hoser C, Fink C, Brown C, Reichkendler M, Hackl W, Bartlett J. Long-term

results of arthroscopic partial lateral meniscectomy in knees without associ-

ated damage. ] Bone Joint Surg Br 2001 May;83(4):513—6.

Bakowski P, Bakowska-Zywicka K, Piontek T. Clinical practice and post-

operative rehabilitation after knee arthroscopy vary according to surgeons'

expertise: a survey among polish arthroscopy society members. BMC Mus-
coskel Disord 2020 Sep 23;21(1):626.

D'Amato M, Brotzman SB, Kidd MT. Meniscal injuries. In: Giangarra CE,

Manske RC, Brotzman SB, editors. Clinical orthopaedic rehabilitation. 4th ed.

Canada: Elsevier; 2018. p. 372—5.

Bayraktar D, Guclu-Gunduz A, Lambeck ], Yazici G, Aykol S, Demirci H.

A comparison of water-based and land-based core stability exercises in pa-

tients with lumbar disc herniation: a pilot study. Disabil Rehabil 2016;38(12):

1163-71.

Collins SL, Moore RA, McQuay HJ. The visual analogue pain intensity scale:

what is moderate pain in millimetres? Pain 1997 Aug;72(1—-2):95—7.

[10] Dvir Z. Physiological and biomechanical aspects of isokinetics. In: Dvir Z,
editor. Isokinetics. 2nd ed. Edinburgh: Churchill Livingston; 2004. p. 1-24.

[11] Strand CV, Russell AS. WHO/ILAR Taskforce on quality of life. ] Rheumatol
1997 Aug;24(8):1630—-3.

[12] Roberts D, Ageberg E, Andersson G, Fridén T. Clinical measurements of pro-
prioception, muscle strength and laxity in relation to function in the ACL-
injured knee. Knee Surg Sports Traumatol Arthrosc 2007 Jan;15(1):9—16.

[13] Maletius W, Messner K. Eighteen- to twenty-four-year follow-up after com-
plete rupture of the anterior cruciate ligament. Am ] Sports Med 1999 Nov-
Dec;27(6):711-7.

[14] Bartels EM, Juhl CB, Christensen R, Hagen KB, Danneskiold-Samsge B,
Dagfinrud H, Lund H. Aquatic exercise for the treatment of knee and hip
osteoarthritis. Cochrane Database Syst Rev 2016 Mar 23;3:Cd005523.

[15] Dundar U, Solak O, Yigit I, Evcik D, Kavuncu V. Clinical effectiveness of aquatic
exercise to treat chronic low back pain: a randomized controlled trial. Spine
2009 Jun 15;34(14):1436—40.

[16] Wang TJ, Lee SC, Liang SY, Tung HH, Wu SF, Lin YP. Comparing the efficacy of
aquatic exercises and land-based exercises for patients with knee osteoar-
thritis. ] Clin Nurs 2011 Sep;20(17—18):2609—22.

[17] Jokl P, Stull PA, Lynch JK, Vaughan V. Independent home versus supervised
rehabilitation following arthroscopic knee surgery-a prospective randomized
trial. Arthroscopy 1989;5(4):298—305.

[18] Akkaya N, Ardic F, Ozgen M, Akkaya S, Sahin F, Kilic A. Efficacy of electro-
myographic biofeedback and electrical stimulation following arthroscopic
partial meniscectomy: a randomized controlled trial. Clin Rehabil 2012
Mar;26(3):224—-36.

[19] Kise NJ, Risberg MA, Stensrud S, Ranstam ], Engebretsen L, Roos EM. Exercise
therapy versus arthroscopic partial meniscectomy for degenerative meniscal
tear in middle aged patients: randomised controlled trial with two year
follow-up. Br ] Sports Med 2016 Dec;50(23):1473—80.

[3

[4

(5

[6

(7

(8

[9

Downloaded for Anonymous User (n/a) at Afyonkarahisar Health Sciences University from ClinicalKey.com by Elsevier on May
11, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0949-2658(21)00376-6/sref1
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref1
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref1
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref1
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref2
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref2
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref2
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref2
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref2
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref3
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref3
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref3
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref3
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref4
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref4
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref4
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref4
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref4
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref5
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref5
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref5
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref5
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref6
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref7
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref7
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref7
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref7
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref8
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref8
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref8
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref8
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref8
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref9
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref9
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref9
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref9
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref10
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref10
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref10
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref11
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref11
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref11
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref12
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref12
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref12
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref12
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref12
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref13
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref13
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref13
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref13
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref14
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref14
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref14
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref14
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref15
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref15
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref15
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref15
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref16
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref16
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref16
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref16
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref16
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref17
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref17
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref17
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref17
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref18
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref18
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref18
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref18
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref18
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref19
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref19
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref19
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref19
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref19

M. Yesil, 0. Ozcan, U. Dundar et al.

[20]

[21]

[22]

[23]

[24]

Stensrud S, Risberg MA, Roos EM. Effect of exercise therapy compared with
arthroscopic surgery on knee muscle strength and functional performance in
middle-aged patients with degenerative meniscus tears: a 3-mo follow-up of
a randomized controlled trial. Am J Phys Med Rehabil 2015 Jun;94(6):460—73.
Lund H, Weile U, Christensen R, Rostock B, Downey A, Bartels EM, Danne-
skiold-Samsge B, Bliddal H. A randomized controlled trial of aquatic and land-
based exercise in patients with knee osteoarthritis. ] Rehabil Med 2008
Feb;40(2):137—-44.

Lim JY, Tchai E, Jang SN. Effectiveness of aquatic exercise for obese patients
with knee osteoarthritis: a randomized controlled trial. Pharm Manag PM R
2010 Aug;2(8):723—31. quiz 93.

Fisken AL, Waters DL, Hing WA, Steele M, Keogh JW. Comparative effects of 2
aqua exercise programs on physical function, balance, and perceived quality
of life in older adults with osteoarthritis. ] Geriatr Phys Ther 2015 Jan-
Mar;38(1):17—-27.

Ericsson YB, Roos EM, Owman H, Dahlberg LE. Association between thigh muscle
strength four years after partial meniscectomy and radiographic features of
osteoarthritis 11yearslater. BMC Muscoskel Disord 2019 Nov 3;20(1):512.

[25]

[26]

[27]

[28]

[29]

(30]

Journal of Orthopaedic Science Xxx (XXxX) XxX

Lu M, SuY, Zhang Y, Zhang Z, Wang W, He Z, Liu F, Li Y, Liu C, Wang Y, Sheng L,
Zhan Z, Wang X, Zheng N. Effectiveness of aquatic exercise for treatment of
knee osteoarthritis: systematic review and meta-analysis. Z Rheumatol 2015
Aug;74(6):543—52.

Durand A, Richards CL, Malouin F, Bravo G. Motor recovery after arthroscopic
partial meniscectomy. Analyses of gait and the ascent and descent of stairs.
] Bone Joint Surg Am 1993 Feb;75(2):202—14.

St-Pierre DM. Rehabilitation following arthroscopic meniscectomy. Sports
Med 1995 Nov;20(5):338—47.

Goodwin PC, Morrissey MC, Omar RZ, Brown M, Southall K, McAuliffe TB.
Effectiveness of supervised physical therapy in the early period after arthro-
scopic partial meniscectomy. Phys Ther 2003 Jun;83(6):520—35.

Chen SC, Ding SB, Xie BC, Tian H, Lu CY. Are aquatic exercises efficacious in
postmenopausal women with knee osteoarthritis? A meta-analysis of ran-
domized controlled trials. ] Sports Med Phys Fit 2019 Oct;59(10):1763—70.
Dong R, Wu Y, Xu S, Zhang L, Ying ], Jin H, Wang P, Xiao L, Tong P. Is aquatic
exercise more effective than land-based exercise for knee osteoarthritis?
Medicine 2018 Dec;97(52):e13823.

Downloaded for Anonymous User (n/a) at Afyonkarahisar Health Sciences University from ClinicalKey.com by Elsevier on May
11, 2022. For personal use only. No other uses without permission. Copyright ©2022. Elsevier Inc. All rights reserved.


http://refhub.elsevier.com/S0949-2658(21)00376-6/sref20
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref20
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref20
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref20
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref20
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref21
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref22
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref22
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref22
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref22
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref23
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref23
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref23
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref23
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref23
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref24
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref24
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref24
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref25
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref25
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref25
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref25
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref25
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref26
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref26
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref26
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref26
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref27
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref27
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref27
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref28
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref28
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref28
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref28
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref29
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref29
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref29
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref29
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref30
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref30
http://refhub.elsevier.com/S0949-2658(21)00376-6/sref30

	Aquatic vs. land-based exercise after arthroscopic partial meniscectomy in middle-aged active patients with a degenerative  ...
	1. Introduction
	2. Materials and methods
	2.1. Participants and study design
	2.2. Randomization
	2.3. Interventions
	2.4. LBE group (n = 15)
	2.5. AE group (n = 15)
	2.6. Outcomes
	2.7. Visual analogue scale (VAS)
	2.8. Assessment of isokinetic muscle strength
	2.9. Health-related quality of life assessment (SF-36)
	2.10. Assessment of functionality
	2.11. Single-leg hop test
	2.12. Lysholm questionnaire
	2.13. Power of the study
	2.14. Statistical analysis

	3. Results
	3.1. Patient characteristics
	3.2. Change in VAS
	3.3. Change in Lysholm score
	3.4. Change in single-leg hop test
	3.5. Change in isokinetic measurement results
	3.6. Change in SF-36 score

	4. Discussion
	5. Conclusion
	Funding
	Ethical approval
	Informed consent
	Authors’ contribution
	Declaration of competing interest
	Acknowledgements
	References


