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Randomized controlled trial of aquatic
exercise for treatment of knee
osteoarthritis in elderly people
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Abstract: Aim: The aim of this study is to assess the efficacy of aquatic exercise on pain, gait, and balance among elderly patients with knee osteoarthritis.
Methods: We performed a randomized controlled trial at a university hospital. Overall, 32 men with knee osteoarthritis, aged > 60 years, were included.
Pain, balance, and gait were evaluated before and 2 months after interventions. The group control used acetaminophen and followed lifestyle
recommendations. The intervention group performed the aquatic exercise three sessions per week for 8 weeks. Results: At the end of the study, mean
pain scores were significantly different between the groups (p=0.010). Within-group analyses showed that group intervention experienced significant
pain relief (p=0.019), whereas group control did not show the significant change (p=0.493). There was significant improvement in favor of aquatic
exercise with regard to static (p=0.001) and dynamic (p= 0.001) balance, step length (p=0.038), stride length (p < 0.001), and cadence (p < 0.001).
However, we did not find a significant difference in step time and width between the two groups. Conclusions: Aquatic exercise would be beneficial in
decreasing subjective pain of osteoarthritis. There are some recognizable improvements in patients’ gait and balance as well.
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Introduction

Knee osteoarthritis is a common form of arthritis identi-
fied by the physician in daily practice [1]. The prevalence
of the disease is about 28% among the population over
the age of 45 years, and people over 63 years are more
prone to develop an accelerated form of the disease [2—4 ].
Patients typically have pain and stiffness in their knees and
have a lower quality of life because of reduced physical
activity [5, 6]. Moreover, for patients in the end stage of
the disease, surgery is a potential intervention [7]. In
addition, psychological distress and socioeconomic bur-
den are still major concerns [2, 8].

Symptomatic relief and preventing deterioration of the
disease are the main goals of treatment [6]. Various

therapeutic and lifestyle interventions might reduce the
risk of structural damage and hence the risk of disease
activity. Weight reduction plays an important role in
reducing the load of the knee joint in overweight patients.
Educating patients to use their joints properly would be
beneficial to decrease disability and relapse [1]. Analgesic
medications such as non-steroidal anti-inflammatory
drugs and glucocorticoids are also prescribed frequently
to palliate the symptoms and reduce inflaimmation
[9, 10]. However, central to the recommended treat-
ments is the use of exercise to maintain general health, to
recover function, and to decrease the likelihood of the
disease progression [2, 11-13].

For exercise programs to be successful, patients’ adher-
ence is a requirement. Weakness and movement-related
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pain decrease patients’ motivation to complete thera-
peutic exercise schedule. As an alternative to land exer-
cise, an aquatic exercise in a swimming pool provides a
more enjoyable experience for people. Water buoyancy
causes the patients to move more comfortably and less
painfully than on the land. In addition, warm water
provides more muscle relaxation and symptom palliation
[11, 14, 15].

The role of aquatic exercise in the management of
knee osteoarthritis has been investigated previously in
some studies [16-22]. However, despite growing use,
there is a relative paucity of information with regard to
the effects of aquatic exercise on balance and gait
parameters among elderly people. Some researchers
have focused only on changes subjectively perceived
within participants with narrow selection criteria
[6, 16, 23, 24]. Commonly, pain and other joint symp-
toms, mobility, quality of life, and psychological health
have received much attention, whereas the exact pattern
and magnitude of the effects on gait and balance over
time are still uncertain and controversial [1, 25-29].
Furthermore, evaluation of the results is complicated
by the lack of uniformity, limited generalizability to
primary care, variation in diagnostic criteria, and poor
descriptions of interventions in these studies [6, 16, 22,
23, 27, 30]. Therefore, to assess the impact of aquatic
exercise on knee osteoarthritis, further studies are
required [20, 21].

In a recent review study on the effects of aquatic
exercise for the treatment of hip and knee osteoarthritis,
asmall but clinical relevant improvement was reported for
pain and disability and quality of life [29]. However, the
review showed that lack of highly significant results might
be attributable to a low number of studies on aquatic
exercise. The study suggested that further research is
warranted to optimize aquatic exercise for patients with
well-established knee osteoarthritis. In addition, it was
recommended that participants should be characterized
by age, sex, body mass index, and severity of the disease.
Moreover, proposing a control treatment was among the
list of suggestions.

The aim of conducting this study was to assess the
efficacy of aquatic exercise for the management of knee
osteoarthritis among elderly patients. In addition to pain,
we particularly paid attention to gait and balance para-
meters. Our hypothesis was that aquatic exercise would
be associated with changes in symptoms, gait, and balance
parameters.

Materials and Methods

Design and setting

The study was a single-blind randomized controlled trial.
The trial was conducted from September 2016 through
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May 2017 in an outpatient clinic of the Department of
Physical Medicine and Rehabilitation of a University of
Medical Sciences.

Recruitment

We recruited patients from the university hospital. Con-
secutive male patients aged <60 years with an established
diagnosis of knee osteoarthritis were enrolled.

The recruitment process of this study started with the
invitation of patients to the screening visit of the study.
Patients were recruited from the waiting list of the
hospital or were referred by other physicians. The major-
ity of the referrals to the clinic was from a rehabilitation
center. The study was explained to all potential partici-
pants during the interview in the first visit. If a patient
declined to participate, another was selected and invited
in the same way until the needed sample had been
recruited. The diagnoses were documented and con-
firmed by radiography. A total of 47 patients accepted
and attended the screening visit. At the screening visit, all
patients filled in a standardized questionnaire for their
medical history. A general practitioner carried out a
physical examination, and a resident of physical medicine
and rehabilitation performed musculoskeletal evaluations.
Of these, six patients declined to participate before ran-
domization. At the second visit, potential participants
underwent detailed assessments by two of the authors
for eligibility as well as compliance. A radiologist, blinded
to the patient’s histories, read the radiographs. The
cligible patients who consented were randomized into
two groups.

Eligibility criterin

We eliminated the confounding effect of sex by avoiding
mixed sample of men and women [31]. Male patients
with knee osteoarthritis were eligible for the study if their
age was <60 vyears, if they had knee pain for at least
3 months, and if they were at the second or third
functional level based on clinical and radiological data.
In addition, patients entered into the study if they desired
to participate in exercise programs.

Exclusion criteria were a history of intra-articular in-
jection within the last 3 months; oral anti-inflammatory
drugs within the past 1 week; history of surgery on knee
joint or major trauma to the lower limb causing fracture;
body mass index more than 34 kg/m?; and pathologies
and diseases affecting knee joint, such as osteonecrosis,
severe osteoporosis, rheumatoid arthritis, collagen vascu-
lar diseases, and goat. Patients were also excluded if they
were in the acute phase of the disease, were addicted to
narcotics, and had diabetes. We also confined our sample
to male patients.
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Outcome measures

The primary outcome measure was knee pain. We used a
100-mm visual analog scale to measure subjective pain
rated on a scale from 0 (no pain) to 100 (most severe
pain). Range of motion in abduction, flexion, and exter-
nal rotation was assessed using goniometry. We per-
formed the measurements before and 2 months after
interventions.

In addition, we measured a variety of secondary out-
comes. For the assessment of static balance, we used
Romberg’s test. The patient stands barefoot with open
eyes with arms folded across the chest and feet placed heel
to toe with a dominant foot in front. At most for 60 s, the
patient should maintain the position, and this time (in
seconds) is recorded as the result of the test. Then, the
test is repeated with closed eyes [32].

For dynamic balance, we used the Balance Error
Scoring System. The system includes three stances:
double-leg with hands on the hip and feet together;
single-leg with standing on the non-dominant leg and
hands on hips; and a tandem stance in which dominant
foot is placed in front, heel to toe. The patient closes the
eyes and carries out stances on a firm, and an on a foam
surface. Then, errors are counted during 20-s trials.
Errors include opening eyes; lifting hands off hips; step-
ping, stumbling, or falling out of position; lifting forefoot
or heel; abducting the hip by more than 30°; or failing to
return to the test position in more than 5 s [33].

For assessing gait parameters, we used high-speed
camera Casio FH20 with the free, open-source software
Kinovea 0.8.15 (http://www.kinovea.org) for the image
analysis [ 34]. Step length (cm), width (cm), time (), stride
length (cm), and cadence (step/min) were recorded.

Diagnosis of osteoarthritis was performed based on
clinical and radiological findings. Knee deformity, ten-
derness, crepitus, effusion, and decreased range of motion
were recorded. Joint space narrowing, subchondral scle-
rosis, osteophytosis, and Kellgren-Lawrence grade were
also noticed on radiographs [35]. Anthropometric fea-
tures including age, weight, height, and body mass index
were recorded for all participants as well.

Study intervention

The group intervention was instructed to use acetamino-
phen if needed and to follow lifestyle recommendations.
The exercise program was designed according to practice
recommendations of the American Geriatric Society
Panel [36]. Participants in the intervention group fol-
lowed an aquatic exercise program, three sessions per
week for 8 weeks, totaling 24 sessions. The sessions were
held in a community pool and provided by physiothera-
pists certified in aquatic physiotherapy. The water depth
was 1.2 m and the temperature was maintained at about
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32 °C (89 °F). Each session lasted approximately 60 min
including 10-15 min warm-up, 35-min strength training,
and 10-min cool-down exercises.

The group control was also instructed to use only
acetaminophen if needed and to follow lifestyle recom-
mendations at least for 8 weeks. At the time of random-
ization, the patients were informed that they were free to
withdraw and to start physical therapy or aquatic exer-
cise if they desired. Only one patient in the group
control withdrew from the study and started aquatic
exercise in the middle of the program. However, the
final analysis was performed according to the intention-
to-treat principle.

Ethics

The trial was conducted in full compliance with the
Helsinki Declaration. Ethics approval was obtained from
the review boards of the University of Medical Sciences.
Patients gave signed written informed consent at the
screening visit. The trial investigator explains the aims,
advantages, and possible side effects of the trial to the
cligible patients.

Sample size, randomization, and blinding

We tried to find if there were large discrepancies in
outcomes between the two groups. Sample size calcula-
tion was performed with G*Power 3.1.5. We estimated a
sample size of 16 participants in each group based on the
ability to detect a large Cohen’s standardized eftect size of
0.9, a power of 80%, and two-tailed p value of 0.05 as
statistically significant.

To minimize potential recruitment bias, we collected
baseline data before randomization of patients to aquatic
exercise and control groups. Patients were randomized by
block randomization of two or four to the treatment or
control group. An independent statistician generated a
random sequence with a computer.

Both participants and treatment providers were aware
of an individual’s allocation status after randomization.
However, an independent assessor, who was blinded to
the intervention received by the patients, measured the
outcomes at the end of the study. All radiographic images
were analyzed by the same reader, who was blinded to the
identities of the participants.

Statistical analyses
Descriptive statistics are presented as mean (standard
deviation) for continuous variables. The data were

tested on normality using Kolmogorov-Smirnov test.
We did not find a significant departure from normality
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Fig. 1. Patients’ flow diagram

in our data. Between-group comparisons were per-
formed using -tests for unpaired data, and within-
group analyses were performed with a paired sample
t-test. A two-sided p value of 0.05 was used to denote
significance. All statistical analyses were carried out
using IBM SPSS for Windows, version 21.0 (IBM
Corp., Armonk, NY, USA).

Results

Figure 1 shows the progress of patients through the trial.
Overall, 77 patients were invited to participate in and 54
individuals completed both initial study visits. A total of
32 patients were included and randomly allocated to
either study arms. Some participants had more than one
criterion for exclusion. One patient randomized to group
intervention dropped out during the first week after the
start of the intervention. Among the 32 patients who
were randomly allocated to the groups, 31 (15 in the
group intervention and 16 in the group control) com-
pleted the study and attended the last assessment visit.
Both groups were similar with regard to mean age,
weight, and height (Table I). At the beginning of the
study, there was no significant difference in mean visual
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analog scale for pain between the groups aquatic and
control [74.1 (11.5) and 74.2 (24.1), respectively;
p=10.564]; however, the difference was significant at the
end of the study [64.3 (19.0) and 74.1 (38.3), respec-
tively; p=0.010]. Within-group analyses for mean pain
score showed that group intervention experienced signif-
icant improvement (p=0.019), whereas group control
did not show the significant change (p = 0.493). None of
the participants reported any serious adverse effect of
aquatic exercise.

Table 11 shows the results of between-group analyses
for gait and walking parameters. The results indicated that
there was a significant improvement in favor of aquatic
exercise with regard to static and dynamic balance, step
length, stride length, and cadence. However, we did not

Table I || Mean (SD) of anthropometric measurements

Group
Aquatic exercise Control p value
Age (years) 63.5 (4.7) 65.5 (3.3) 0.189
Weight (kg) 752 (4.2) 78.1 (6.4) 0.155
Height (cm) 178.3 (5.4) 176.2 (5.8) 0.314
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Table II || Between-group comparisons of mean for balance and gait parameters

Group

Assessment Aquatic exercise Control p value

Static balance (Romberg’s test) Baseline 40.5 (9.4) 42.29 (9.3) 0.678
8 weeks 54.33 (13.4) 40.16 (9.3) 0.001

Dynamic balance (Balance Error Scoring System) Baseline 38.3 (12.2) 40.44 (12.2) 0.456
8 weeks 30.1 (8.2) 41.1 (12.2) 0.001

Step length (cm) Baseline 54.9 (6.3) 55.6 (6. ) 0.584
8 weeks 60.1 (5.2) 56.2 (5.9 0.038

Step time (s) Baseline 0.66 (0.04) 0.67 (0. 03) 0.740
8 weeks 0.56 (0.13) 0.65 (0.11) 0.073

Step width (cm) Baseline 11.2 (3.8) 11.7 (44) 0.321
8 weeks 13.7 (4.1) 11.9 (34) 0.174

Stride length (cm) Baseline 115.1 (5.1) 114.1 (4.2) 0.661
8 weeks 133.1 (9.4) 115.1 (5.1) <0.001

Cadence (step/min) Baseline 69.3 (6.1) 70.1 (6.2) 0.463
8 weeks 95.7 (6.9) 714 (5.7) <0.001

find a significant difference in step time and width be-
tween the two groups.

Discussion

We tried to assess the efficacy of aquatic exercise for the
management of knee osteoarthritis among male elderly
people. We compared pain, gait, and balance between
two groups of patients; one underwent aquatic exercise
and the other was as the control. Our results suggested
that group intervention experienced significant pain de-
crease compared with group control. In addition, we
found that patients in group intervention experienced
improvement in their balance and walking. They benefit-
ed from aquatic exercise regarding static and dynamic
balance, stride and step lengths, and cadence. However,
our data failed to show improvement in step time and
width because of exercise.

Opverall, our results are consistent with the results of
some previous studies. In a study, the efficacy of aquatic
exercise was compared with patient education in people
with knee osteoarthritis [1]. Participants underwent
aquatic exercise (2= 31) or educational program (z =29)
for 8 weeks. Pain, function, quality of life, functional
mobility, and depression were assessed before, after
8 weeks and 3 months. The outcomes were in favor of
the exercise with regard to pain and function.

In another study, aquatic and land treadmill exercise
were compared regarding gait kinematics as well as pain
among patients with osteoarthritis. Fourteen patients
with knee osteoarthritis aged 43—-64 years were included.
One of the participants had ankle and another had hip
osteoarthritis, too. For 1 week, they performed three
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exercise sessions at least 24 h apart for aquatic and land
treadmill. Outcomes were assessed before and after each
intervention. The study showed that acute training on an
aquatic treadmill may be beneficial as a conservative
treatment and could favorably influence joint angular
velocity and pain in patients with lower limb osteoarthri-
tis. In this study, we also recognized favorable effects on
pain and gait for aquatic exercise; however, our research
was basically different from that study with regard to
design and exercise program. We believe that it will take
more than a week to make the differences discernable.

There are few and relatively recent review studies
regarding the effects of aquatic exercise. However, they
are not similar in their aims, inclusion criteria, results, and
interpretation. In a systematic review with meta-analysis,
the effects of aquatic exercise on symptoms and lower
limb function were investigated [22]. Eleven randomized
controlled trials were included. The trials had aquatic
exercise group and no-treatment control group. The
review indicated that aquatic exercise has favorable effects
on pain, self-reported function, and physical functioning.
Furthermore, significant effects were observed on stiftness
and quality of life. Different outcome measures and small
sample sizes of included trials were reported as the
limitations of the study. However, it was concluded that
aquatic exercise is effective in managing symptoms of
lower limb osteoarthritis.

In a systematic review on the effectiveness of aquatic
exercise in improving lower limb strength, researchers
analyzed data from five large databases (including
MEDLINE) [27]. They included 15 randomized con-
trolled trials comparing aquatic exercise containing resis-
tance component with no intervention or land-based
exercise, for patients with musculoskeletal conditions.
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The study suggested that the inadequate application of
resistance is associated with the limited effectiveness of
aquatic exercise in increasing muscle strength. They
concluded that future research is needed to recognize
the effect of aquatic exercise in improving muscle
strength.

In a Cochrane review report, researchers suggested
that aquatic exercise may have advantages for the treat-
ment of people with osteoarthritis [29]. They searched
for relevant trials up to April 28, 2015 and selected the
randomized controlled clinical trials in which aquatic
exercise has been compared with a control group for
patients with knee or hip osteoarthritis. Usual care and
education were among the examples of measures in group
control. The number of included trials was 13 and there
was a great variation of the included participants. In
addition, the exercise lasted for 12 weeks, on average.
In general, the study suggested that aquatic exercise has a
small favorable effect on the quality of life, pain, and
disability. None of the trials reported significant side
effect for the treatment. The study listed issues to make
further resecarch more consistent. However, regarding
gait and balance, there is still a paucity of information.
Overall, it seems that the results are still inconclusive and
uncertain.

To our knowledge, there was no recent randomized
controlled trial comparable to ours with regard to
changes in gait and balance variables after a course of
aquatic exercise. Our research team was expert, the
analyses were straightforward, and the sample was ho-
mogenous with regard to sex. The groups were similar at
the baseline, and we enjoyed a high participation rate.
Meanwhile, we did not investigate clinical outcomes in
female patients and did not investigate the effects of
aquatic exercise in the long term. Further long-term
longitudinal research is warranted to establish the place
of aquatic exercise in treating patients with osteoarthritis.
Certainly, long-term studies require higher compliance
and patience.

Conclusions

In conclusion, the aquatic exercise would be beneficial for
treating knee osteoarthritis at least in the short term.
Similar to previous studies, our results indicated that the
exercise decreases subjective pain of osteoarthritis. There
are some recognizable improvements in patients’ gait and
balance as well. In general, we prefer to use aquatic
exercise alone or combined with other treatment modali-
ties. Our experience showed that patients are more
satisfied with the exercise. Minimum adverse eftects in
addition to increasing the quality of life, reflected in the
literature, make aquatic exercise as a suitable option for
treatment of osteoarthritis in elderly people.
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Highlights

— Aquatic exercise would be beneficial for treating knee
osteoarthritis

— Aquatic exercise is a safe treating for knee osteoarthritis

— Aquatic exercise decreases subjective pain of
osteoarthritis

— Aquatic exercise improves patients’ gait and balance

— Aquatic exercise would be beneficial for the patient’s
stride, step lengths, and cadence
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