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ABSTRACT

Background: Osteoarthritis (OA) is a joint disease that affects adults to the elderly in which the
incidence and prevalence of OA will increase with age. One of the interventions to reduce pain for
improving the quality of life in patients with knee osteoarthritis is by providing aquatic therapy. This
study aims to determine the effectiveness of aquatic therapy for pain in patients with knee osteo-
arthritis.

Subjects and Method: It was a meta-analysis study using PICO. P: patients with knee osteo-
arthritis. I: aquatic therapy. C: non-aquatic therapy. O: reduced pain. The articles used in this study
were obtained from several databases namely Google Scholar, PubMed, NCBI, Science Direct, and
Springer Link. The keywords used were "osteoarthritis knee" OR "OA knee" AND "aquatic" OR "aqu-
atic physiotherapy" OR "aquatic therapy" OR "aquatic exercise" OR "hydrotherapy" AND "quality of
life" OR "QOL" AND "pain" and "RCT" or "randomized control trial". The article included in this
study was a full-text article with a Randomized Controlled Trial study design. The Review Manager
5.3 application was used to analyze articles. Results from the meta-analysis were reported using the
PRISMA flow diagram.

Results: A total of 9 articles that had been analyzed were from Spain, Thailand, Brazil, Australia,
New Zealand, Korea, and Italy. Studies show that elderly with knee osteoarthritis who obtained
aquatic therapy experienced lower pain by 0.62 units than those who did not obtain aquatic therapy
thus improving the quality of life, and this effect was claimed to be statistically significant (SMD = -
0.62; CI1 95% -1.13 t0 -0.11; p <0.001).

Conclusion: Aquatic therapy reduces pain and has an impact on improving quality of life.
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BACKGROUND

Ailments such as the occurrence of pain in
the joints are often incorrectly perceived by
society. In fact, pain in the joints can occur
as a result of various other diseases, one of
which is osteoarthritis (OA). Osteoarthritis
(OA) is a joint disease that can affect adults

e-ISSN: 2549-0265

to the elderly in which the incidence and
prevalence of OA will increase with age. OA
usually persists and develops into a chronic
disease and causes the sufferer to feel over-
taxed of not getting better.

According to the Clinical Practice Ma-
nagement Guidelines of Osteoarthritis 2013,
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OA is defined as a degenerative joint disease
that is progressive due to failure in the
repair of joint damage. It may arise as a
result of the occurrence of biomechanical,
biochemical, or genetic factors whose pro-
cess may involve one or more joints (Kamar-
uzaman., 2013).

Degenerative processes in OA cause
inflammation characterized by changes in
articular cartilage, the occurrence of fibri-
llation areas, fractures, and the thickening of
the subchondral bone. It is clinically associ-
ated with pain, stiffness, deformity, and loss
of functional capacity. In Indonesia, the pre-
valence of osteoarthritis is 5% in individuals
aged <40 years, 30% in individuals aged 40-
60 years, and 65% in individuals aged >61
years. The prevalence of OA knee is relative-
ly high, namely 15.5% in men and 12.7% in
women (Siddik and Darjanti., 2020). About
10% of the population above 60 years of age
is affected by OA; 80% of this population
has limitations in movement, and another
25% have functional limitations that com-
promise the performance of daily activities.
One of the things that interfere with daily ac-
tivities is very intense pain and they do not
know how to deal with the pain (Alcalde et
al., 2017).

Pain is an unpleasant sensory and
emotional experience resulting as the result
tissue damage, it can be directly, as it is des-
cribed by the term injury, or indirectly (Wiji-
anto et al., 2021). Pain becomes the most
significant symptom that can be observed in
people with OA knee. This is usually due to
changes in the compression strength of the
knee joint and the effect can be seen in func-
tional mobility (walking and ambulation)
and quality of life (physical, social, psycho-
logical, and environmental impacts) (Khrua-
khrom et al., 2021). As a reaction to joint
pain that generally occurs during daily func-
tional activities, it tends to cause a person
with OA to be reluctant to overuse their
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knees and become physically inactive. Avoi-
ding such activities can pose other problems
in the functioning and structure of the body
such as changes in cardiovascular function,
muscle weakness, and reduced knee range of
motion, while also causing more common
health problems such as a higher risk of co-
morbidities and early death. Thus, they will
reduce the quality of life in OA patients (Re-
wald et al., 2016).

According to the World Health Orga-
nization, "Quality of life" is described as an
individual's perception of one's life position
in the context of the culture and value sys-
tem in which they live and in relation to
their goals, expectations, standards, and
concerns. Thus, people with OA knee suffer
a progressive increase that impacts their dai-
ly life activities, which leads to losses in work
relationships, leisure, social life, and sleep
quality, which also generates an important
decrease in their quality of life. Thus, the
need to know in patients with knee Osteoar-
thritis is the quality of life of these people
(Kawano et al., 2015). Currently, there is no
drug to cure OA, however, there are many
treatments and approaches to manage the
long-term symptoms of this disease (Kali,
2018). Since it is an incurable disease, the
focus of OA management is to relieve pain,
improve physical functioning, and reduce its
symptoms (Munukka et al., 2020). A con-
servative method widely used by physiothe-
rapy to reduce pain, slow down muscle
weakness, and joint stiffness, prevent mus-
cle atrophy and reduce knee joint limitations
in chronic knee osteoarthritis patients is
aquatic therapy (Jamaludin and Widodo.,
2021).

Aquatic therapy is a physiotherapeu-
tic intervention that can be given in knee os-
teoarthritis conditions. Aquatic provides na-
tural endurance, which is used to strengthen
muscles. This exercise can reduce pain and
improve physical functioning as well as the
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quality of life in patients with knee OA (Ti-
mes, 2018). Aquatic therapy has a good
reputation among patients with OA knee be-
cause doing exercises in the water feels eas-
ier and reduces the risk of feeling pain. Buo-
yancy force in water is a very important
element because it causes joint decompressi-
on to help the patient to be more freely mov-
ing and not feel heavy while moving. In
addition, water with a warm temperature
can relax the muscles allowing a reduction in
pain and the perception of joint stiffness
(Rewald et al., 2016).

Based on the background described, a
comprehensive study is needed from various
primary studies on the effectiveness of aqu-
atic therapy for pain and quality of life in pe-
ople with knee osteoarthritis.

SUBJECTS AND METHOD

1. Study Design

This study is a systematic review and meta-

analysis. The articles used in the study were

obtained from several databases, including

Google Scholar, PubMed, NCBI, Science Di-

rect, and Springer Link. The keywords for

searching for articles are: "osteoarthritis
knee" OR "OA knee" AND "aquatic" OR "aq-
uatic physiotherapy" OR "aquatic therapy"

OR "aquatic exercise" OR "hydrotherapy"

AND "quality of life" OR "QOL" AND "pain"

and "RCT" or "randomized control trial".

2. Steps of Meta-Analysis

Meta analysis was carried out in 5 steps as

follows:

1) Formulate research questions in PICO
format (Population, Intervention, Com-
parison, Outcome).

2) Look for primary study articles from va-
rious electronic and non-electronic data-
bases such as PubMed, ScienceDirect,
Google Scholar, Scopus.

3) Perform screening to determine inclusion
and exclusion criteria and carry out a cri-
tical assessment
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4) Extract primary study data and synthe-
size effect estimates using the RevMan
5.3 application.

5) Interpret the results and draw conclu-
sions.

3. Inclusion Criteria
The article included in this study was a full-
text article using a Randomized Controlled
Trial (RCT) study design. The subject of the
study was a person with knee osteoarthritis.
Selected articles provide therapeutic inter-
ventions for pain and quality of life in people
with knee osteoarthritis. The age range of
the respondents was 45-70 years.
4. Exclusion Criteria
Exclusion Criteria i.e. articles that were not
included in this study were non-English arti-
cles, non-RCT study designs, and non-full-
text articles, published before 2005.
5. Operational Definition of Variables
The article search was conducted by taking
into account the relevant criteria specified
using the PICO model. The population in the
study was patients with knee osteoarthritis,
intervention in the form of aquatic therapy,
and outcomes in the form of pain reduction.
Aquatic therapy is an activity that invol-
ves all activities carried out in the water to
assist in rehabilitation and recovery. Instru-
ments: aquatic therapy with categorical me-
asurement scales.
Pain is a defense mechanism that can be
triggered by the stimulation of nociceptors
who perceive a threat, which raises aware-
ness when tissue damage occurs. Instru-
ments: aquatic therapy with categorical me-
asurement scales.

Quality of life is an individual's perception

of one's life position in the context of the

culture and value system in which they live
and in relation to their goals, expectations,
standards, and concerns. Instrument: a qu-
estionnaire with a categorical measurement
scale, and staff data collection records re-
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lated to the diagnosis of Diabetes Mellitus.
The measurement scale is categorical.

6. Study Instruments

Each identified study report was assessed
based on eligibility criteria. The quality and
design of the study analyzed in the meta-
analysis is very important because it affects
the results. The quality assessment used in
this study was critical appraisal tools ran-
domized controlled trial (RCT) published by
CEBM University of Oxford 2014.

7. Data Analysis

The data were processed using Review Ma-
nager (RevMan 5.3) to conduct a systematic
review of the quality of life. Subsequently,
the mean difference in the WOMAC pain
score was calculated in determining a com-
bined study model that would form the final
result of the meta-analysis.

RESULTS

The process of searching for articles is
carried out through several journal data-
bases which include including Google Scho-
lar, PubMed, NCBI, Science Direct, and
Springer Link. The review process for rel-
ated articles can be seen in the PRISMA flow
diagram in figure 1. There were 800 articles
identified from the databases, After the
removal process of duplicated data, 505
articles were obtained, 28 of which met the
study requirements, hence 9 articles were
included in the synthesis and meta-analysis.

It can be seen in Figure 2 that research
articles come from 4 continents, America,
Europe, Australia, and Asia. 2 studies were
from America, 2 studies were from Europe,
2 studies were from Australia, and 3 studies
were from Asia.

search (n= 800)

Articles identified through database

Removing duplicate data (n= 295)

Issued articles (n= 953)

Screened articles (n= 505) (n=1,000)

Irrelevant title = 934
—>| Not full-text = 13

v

No English = 6

28)

Full-text articles considered eligible (n=

—>| Full-text articles excluded with reasons
(n=12)

Non-conforming outcome=10

synthesis (n=18)

Articles included in the qualitative

Articles not on Knee Osteoarthritis= 6
Articles did not list mean SD= 15

v

and meta-analysis (n= 9)

Articles included in systematic reviews

Figure 1. Results of Prisma Flow Diagrams
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Table 1. Critical Appraisal Checklist using CEBM

Primary Study Criteria
1. 2 3 4 5 6 7 8 9 10 11 12 Total
(Casilda et al., 2017) 1 1 1 1 1 1 1 1 o 1 o0 1 10
(Yennan et al., 2010) 1 1 1 i 1 0o 1 1 1 1 o0 1 10
(Dias et al., 2017) 1 1 1 i 1 1 1 1 O 1 o0 1 10
(Fransen et al., 2007) 1 1 1 1 1 1 1 1 1 1 0 1 11
(Hale et al., 2012) 1 1 1 i 1 1 1 1 1 i o0 1 11
(Silva et al., 2008) 1 1 1 i 1 o 1 1 1 i o0 1 10
(Khruakhorn et al., 2021) 1 1 1 i 1 1 1 1 O i o0 1 10
(Lim et al., 2010) 1 1 i o 1 0o 1 1 1 1 0 1 9
Taglietti et al., 2018) 1 1 1 i 1 1 1 1 1 i o0 1 11

Description of the question criteria:

1
2

N

ooy OO

10
11
12

Does the study clearly address the focused statements/issues?

Is the Randomized Controlled Trial study method appropriate to answer research
questions?

Are there enough subjects in the study to establish that the findings do not occur
coincidently?

Are subjects randomly allocated to the experiment and control groups? If not, can this
lead to bias?

Are inclusion/exclusion criteria used?

Were the two groups comparable at the beginning of the study?

Are objective and unbiased outcome criteria used?

Is an objective and validated measurement method used in measuring the results? If
not, are the results assessed by someone unaware of the group task (i.e. is the
assessment blinded)?

Is effect size practically relevant?

How precise are the effect estimates? Is there a confidence interval?

Could there be a confounding factor that has not been taken into account?

Can the results be applied to your study?
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Answer score description:

0 = No
1 = Can'ttell
2 = Yes

Tabel 2. Summary of primary RCT study with PICO (N=581)

1(&;;3;:)1' Country Sample | I C o
(Casilda- Spanyol 34 Obese women with dance-based Global aquatic ~ reduced
Loépez et al., knee OA aquatic exercise exercise pain
2017) Intervention
(Yennan et al., Thailand 50 Women elderly with ~ aquatic exercise land-based reduced
2010) knee OA Intervention exercise pain

intervention
(Dias et al., Brazil 73 Women aged 65 and Hydrotherapy Educational reduced
2017) over with knee OA program program pain
(Fransen et Australia 152 Elderly with Hydrotherapy No reduced
al., 2007) symptomatic chronic program intervention pain
OA knee

(Hale et al., New 39 Women with mild to Water-based atime-matched reduced
2012) Zealand moderate knee OA program computer pain

training

program
(Silva et al., Brazil 64 Patients with knee OA  Hydrotherapy Conventional  reduced
2008) program Land-Based pain

Exercise
(Khruakhorn  Thailand 34 Patients with knee OA  Hydrotherapy Land-based reduced
et al.,2021) pain
(Lim et al., Korea 75 Obese patients with ~ Aquatic exercise land-based reduced
2010) knee OA exercise pain
(Taglietti et Ttaly 60 Patients aged 60-85  Aquatic exercise Educational reduced
al., 2018) years with knee OA Program pain
After assessing the quality of the study, a teoarthritis. The source of the article comes
total of 9 articles were obtained with Rando- from 4 continent, namely America, Asia, Au-
mized Control Trial study design that will be stralia, and Europe, the articles were then
used as a source of meta-analysis of the effi- extracted and summarized according to the
cacy of aquatic therapy for pain in knee os- PICO study.

Tabel 3. Effect estimates (Mean SD) of all primary studies performed in the meta-
analysis (N=581)

Aquatic Non Aquatic
Authors (year) Mean SD Mean SD
(Casilda-Lopez et al., 2017) 5.80 4.81 8.02 3.05
(Yennan et al., 2010) 13.48 13.84 14.64 15.28
(Dias et al., 2017) 37.7 16.5 48.6 22.1
(Fransen et al., 2007) 27.3 18.7 40.0 16.2
(Hale et al., 2012) 7.80 9.52 7.10 8.07
(Silva et al., 2008) 15.56 12.55 22.68 18.34
(Khruakhorn et al.,2021) 7.47 6.85 7.94 9.22
(Lim et al., 2010) 20.9 9.90 23.6 12.28
(Taglietti et al., 2018) 4.20 0.70 8.10 1.50
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1. Forest Plot

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Taglietti 2018 42 07 31 81 15 29 99% -3.33[4.12,-253) 4
Fransen 2007 273 187 55 40 162 41 121% -0.71 [1.13,-0.30)
Dias, 2017 377 165 33 486 221 32 117% -0.55 [-1.05,-0.06) e —
Lopez 2017 58 481 17 802 305 17 106% -0.54 [-1.22,0.14) S
Silva 2008 1556 1255 32 2268 1834 32 11.7% -0.45 [-0.94, 0.04) —_—
Lirm 2010 208 949 24 236 128 22 11.2% -0.231-0.81,0.346) —_—T
Yennan 2010 13.48 1384 25 1464 1528 25 11.4% -0.08 [-0.63, 0.48] R
Khruakhorn 2021 747 685 17 794 922 17 10.7% -0.06 [-0.73, 0.62) I E—
Hale 2012 78 852 20 71 807 15 107% 0.08 [-0.59, 0.74) —_—t
Total (95% CI) 254 230 100.0%  -0.62[-1.13,-0.11) i
Heterogeneity: Tau®= 0.52; Chi* = 56.69, di= 8 (P < 0.00001); IF= 86% _:1 -0:5 5 n:s 1:

Testfor overall effect: Z= 2.40 (P = 0.02)

aquatic non aquatic

Figure 3. Forest Plot of the effectiveness of aquatic therapy
for pain in patients with knee osteoarthritis.

Based on the results of the forest plot (figure
3) aquatic therapy could reduce pain in
people with knee OA. Elderly with knee
osteoarthritis who obtained aquatic therapy
experienced lower pain by 0.62 units than
those who obtained non-aquatic therapy
thus improving the quality of life, and this

2. Funnel Plot

effect was statistically significant (SMD= -
0.62; 95% CI= -1.13 to -0.11; p <0.001). The
estimated heterogeneity across studies in
this meta-analysis was high at I2= 86%.
Therefore, the synthesis of the overall effect
estimates of the main study was carried out
using a random effect model approach.
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Figure 4. Funnel plot of the effectiveness of aquatic therapy
for pain in patients with knee osteoarthritis.

The plot funnel (Figure 4) shows that the
distributions of effect estimates were more
on the right than on the left of the estimates
central vertical line. Therefore, the plot
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Funnel shows publication bias. Publication
bias reduced the actual effect because the
direction of the bias is to the right of the
zero vertical line, as opposed to the average

434



Rachmat et al./ The Efficacy of Aquatic Therapy for Pain in Knee Osteoarthritis

diamond in the effect estimate, which is to
the left of the zero vertical line (under-
estimate).

DISCUSSION

The systematic and meta-analysis study
discussed the theme of the effectiveness of
aquatic therapy for pain reduction and
improvement of quality of life in people with
knee osteoarthritis. A study on aquatic
therapeutic interventions for pain reduction
and quality of life improvement in people
with osteoarthritis knee is considered
important because the problem occurs in
almost all countries, both developed and
developing countries.

Aquatic-based interventions for pain
reduction and quality of life improvement in
patients with knee osteoarthritis were
processed using RevMan 5.3 with the Conti-
nous method, this method was used to ana-
lyze the effect size or standardized mean
difference in bivariate data of two groups
with its confounding factors controlled by
randomization.

The forest results showed that the
elderly who obtained aquatic therapy experi-
enced lower pain by 0.62 units than those
who obtained non-aquatic (SMD = -0.62; CI
95% -1.13 to -0.11; p <0.001). The heteroge-
neity of the study data showed 12=86% thus
the distributions were claimed to be hetero-
geneous (random effect model).

According to Casilda-Lopez et al.
(2017) the 8-week aquatic dance-based
program shows significant differences
between the group in WOMAC pain and the
post-intervention aggregate scores (P1/4
0.002 and P 1/4 0.048, respectively). The
results of the ANOVA test on one of the
indexes on the functional activity scale
indicate that it can reduce pain in obese
women with knee osteoarthritis with a post-
intervention WOMAC score (Mean= 28.50;
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SD= 14.03 vs Mean= 29.25; SD= 10.04; P =
0.730).

A study by Yennan et al. (2010), re-
veals a significant reduction of knee pain
with a post-intervention WOMAC score
(Mean= 13.48; SD= 13.84 vs Mean= 14.64;
SD= 15.28; p= 0.607). Both exercises reduce
knee pain, but in an experiment conducted
by Yennan et al. (2010 )knee pain in the
aquatic group is decreased more than in the
land-based group. This may be due to
buoyancy and floating forces that reduce
shocks to the knees during exercise and
whirlpools that help stimulate muscle work
to reduce pain.

According to a study by Dias et al.
(2017) results of the covariance analysis
shows that the participants from the inter-
vention group experience a significant
reduction in knee pain (adjusted mean
difference= 11, 95% CI= 3-18). A structured
six-week hydrotherapy program along with
an educational program provided a greater
improvement in short-term pain reduction
with a post-intervention WOMAC score
(Mean= 37.7; SD= 16.5 vs Mean= 48.6; SD=
22.1; p = 0.003) compared to the provision
of only educational programs to women with
knee osteoarthritis conditions.

According to (Fransen et al., 2007),
there was a significant improvement in pain
for both the hydrotherapy group and Tai Chi
group given to the elderly with knee OA con-
ditions with a WOMAC score (Mean= 27.3;
SD= 18.7 and mean= 30.7; SD= 18.9) com-
pared to the control group. Only the hydro-
therapy class generates a significant
improvement in pain scores, with a small
medication effect (SRM= 0.43; 95% CI=
0.30 to 0.56) compared to the control group,
the post-intervention WOMAC scores are
(Mean= 27.3; SD= 18.7 vs Mean= 40.0;
SD=16.2).

According to a study by Hale et al.
(2012) after administering water-based
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exercise interventions for 12 weeks, no
statistical ~ significance of differences
between groups was found for the main
results or any of the secondary outcomes
measured by WOMAC scores (Mean= 7.8;
SD= 6.09 vs Mean= 7.1; SD= 6.22). There
was a selection bias by recruiting people who
are clearly willing to do exercises in the
water. Older adults with knee osteoarthritis
who did not want to do exercises inside
would not volunteer, potentially generating
bias to the study sample to more active
people with knee osteoarthritis and there-
fore reducing the size of the effects used in
our strength calculations.

According to (Silva et al, 2008),
participants in both groups experience a
significant reduction in pain in the previous
week over time with a WOMAC score
(Mean= 15.56; SD= 12.55 vs Mean=22.68;
SD= 18.34). The water-based exercise group
experiences a significant improvement in
the reduction of pain compared to the land-
based exercise group. This improvement is
seen in the ninth week in both groups. The
reduction of pain discovered in both groups
is a very important benefit for patients with
knee osteoarthritis conditions.

A study by (Khruakhorn and Chiwara-
kranon., 2021) used a 22-items modified
Thai WOMAC version for comparison in
groups after 6 weeks, there is a significant
improvement of WOMAC scores in patients
with knee osteoarthritis in both groups
(Mean= 7.47; SD= 6.85 vs Mean=7.94; SD=
9.22).

According to a study by (Lim et al,
2010) pain and WOMAC significantly differ
across groups. The intensity of pain in the
aquatic exercise group (AQE) decreases
from (Mean= 4. 41; SD= 1. 43) to (Mean= 3.
27; SD= 1. 93) after exercise, and in the
land-based exercise group (LBE), reduces
from (Mean= 4. 02; SD= 1. 45) to (Mean= 3.
46; SD= 1. 30) compared with a slight in-
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crease in the control group, from (Mean= 4.
13; SD= 2. 08) to (Mean= 4. 55; SD= 1. 88).
The pain score decreased from (Mean= 25.
8; SD= 15. 1) to (Mean= 17. 3; SD= 11. 1) and
from (Mean= 20. 5; SD= 12. 2) to (Mean=
16. 6; 10.8) in aquatic exercise and land-
based exercise groups. WOMAC decreases
during the program in both the aquatic exer-
cise and land-based exercise groups and also
decreases in the control group (Mean= 20.9;
SD= 9.9) vs (Mean= 23.6; SD= 12.8). The
results show that a significant reduction in
pain after aquatic exercise has several imply-
cations for improving exercise interventions.
In addition, the pain intensity of the land-
based exercise group is no different from
that of the control group, which showed the
limitations of land-based exercise.

A study by (Taglietti et al., 2018)
reveals the pain domain assessment from
the WOMAC questionnaire shows statistical
changes found within and among the
groups, particularly the aquatic exercise gro-
up. In this group, pain decreases at the end
(SMD= -3.3; 95% CI= —6.56 to —0.1; p=
0.031) and in the follow-up period (SMD= —
3.1; 95% CI= —6.3 to —0.03; p=0.046). At
the end of the intervention, a significant
decrease is recorded in favor of the aquatic
exercise group when compared to the Edu-
cational Program group (SMD= -3. 8; 95%
CI= -8. 7 to —1; p=0. 021). Assessment with
the WOMAC questionnaire (pain domain),
with changes observed over time for the
aquatic exercise group and at the end of the
intervention between groups, also supports
the aquatic exercise group. It is generally
accepted that the WOMAC questionnaire
has greater specificity due to a better
response for people with osteoarthritis when
compared to the Visual Analog Scale. Only
with WOMAC questionnaire (Mean= 4.2;
SD= 0.7 vs Mean= 8.1; SD= 1.5) is sufficien-
tly explaining the improvement.
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