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INTRODUCTION

Osteoarthritis (OA) is a common joint condition worldwide, especially among the geriatric 
population, and it is a major health concern in several societies. Furthermore, the financial cost 
of treating this disorder has been projected to be in the hundreds of billions of dollars, with 
governments having to deal with its serious side effects.[1] Approximately 250 million people 
globally are affected by OA. Knee OA (KOA) is the most prevalent type of degenerative joint 
condition, impacts both males and females and becomes more widespread with their ages.[2] 

ABSTRACT
Objectives: Knee osteoarthritis (KOA) leads to persistent pain, joint stiffness, and muscle weakness, significantly 
limiting physical activity. Treatment options include surgical interventions, non-invasive alternatives, and 
exercise-based therapies. Land-based training (LBE) strengthens muscles, reduces pain, and improves function. 
In contrast, aquatic exercise (AQE) offers comfort. The study aimed to investigate the impact of aquatic resistance, 
balance, and proprioception training on lower limb muscle performance in bilateral KOA patients.

Methods: This randomized clinical trial included 290 participants assigned to Groups A (Control group) and B 
(Interventional group), with 145 participants in each group. Over eight weeks, participants engaged in both LBE 
and AQE. Visual analog scale (VAS), 1 repetition maximum (RM) leg press test, proprioception, timed up-and-go 
(TUG) test, 40-m fast-paced walk test (40 mFPWT), and Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) were utilized to evaluate the results.

Results: The results revealed highly significant improvements in both groups’ VAS and WOMAC scores 
(P = 0.0001). However, when compared to Group A, Group B demonstrated significantly better outcomes in the 
1RM leg press test, proprioception, TUG test, and the 40 mFPWT (P = 0.0001).

Conclusion: The study found that an eight-week aquatic training program helped alleviate pain and improved 
lower limb muscle performance in bilateral KOA patients.
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KOA is a degenerative and progressive chronic disorder that 
accounts for 83% of all OA cases worldwide, with an 
incidence of 22–39% in India. The condition is distinguished 
by gradual cartilage deterioration and bone remodeling.[3]

Interestingly, recent studies suggest that proprioceptive 
deficits – problems with sensing joint position and 
movement may play a significant role in the onset and 
progression of KOA.[4] As KOA advances, proprioceptive 
function may decline further.[5] Diminished proprioception 
may contribute to an increased risk of falling in the KOA 
population. Pain in KOA affects proprioception and 
muscle strength.[6] Furthermore, given the importance of 
proprioception, targeted exercises are recommended for 
KOA patients. Proprioceptive training aims to improve 
joint awareness, balance, and dynamic stability. Engaging in 
proprioceptive exercises can enhance proprioceptive acuity, 
reduce discomfort, and improve mobility in individuals with 
OA.[5]

It appears that the quality and speed of walking will be 
negatively impacted in OA patients, who will have difficulty 
rising from their seats and climbing stairs. Several treatments 
are recommended for the therapy of individuals with KOA in 
an attempt to lessen the consequences. Surgical techniques, 
including arthroscopy, osteotomy, and joint replacements, 
are among them. In addition, there are non-surgical options, 
including using orthotic devices and lifestyle modifications, 
such as exercise-based interventions. Land-based training 
(LBE) is a highly recommended non-pharmacologic strategy 
for KOA.[7] Furthermore, a review published by Cochran 
noticed that LBE can provide temporary pain relief and 
enhance the quality of life for individuals with KOA for 
several months after treatment. While exercise is beneficial, 
excessive strain can worsen arthritis symptoms. According to 
statistical analysis, individuals with OA were over 50% less 
likely to be willing to engage in further exercise due to pain, 
and they also showed a decreased degree of exercise than the 
rest of the population. Regardless of whether they enroll in 
a regular exercise course, sustained commitment to exercise 
can be challenging. As a result, it is essential to investigate 
different treatment approaches for individuals with KOA.[7]

An effective substitute for the rehabilitation of KOA appears 
to be aquatic exercise (AQE). Physical characteristics like 
hydrostatic pressure of water help reduce muscle fatigue 
and spasms. It also enhances blood circulation, promoting 
overall relaxation. Water resistance provides a unique form 
of resistance training. Muscles must work against the water’s 
resistance, leading to improved strength and endurance. The 
buoyant nature of water supports body weight, reducing 
strain on bones, muscles, and joints. Patients can engage 
in weight-bearing activities without significant pain.[7] In 
addition, AQE offers a more pleasant and appropriate setting 
for participants with KOA who are hesitant to be physically 

active. As a result, AQE may help reduce pain associated with 
KOA. Engaging in AQE can positively impact overall well-
being.[8] While AQE has advantages over LBE, determining 
which is better remains uncertain. Research studies have 
compared the efficacy of AQE and LBE, but the combined 
effects of strength, balance, and proprioception training 
are limited. Hence, this research intended to determine the 
“Effect of aquatic resistance, balance, and proprioception 
training on lower limb muscle performance in bilateral KOA 
patients.”

MATERIALS AND METHODS

Study design

The present study was a randomized clinical trial with a 
pre/post-test experimental design.

Sample size

The associated study involved a sample size of 304 participants 
{n = ([Zα+ Zβ]2 × [s12+s22]/[m2–m1]2)} [Figure 1].

Study participants and sampling

Participants with KOA, aged between 45 and 65, were 
included with a body mass index (BMI) not exceeding 
35  kg/m². These participants had no valgus or varus 
deformities, limb length discrepancies, or underlying health 
issues hindering full participation in daily activities. In 
addition, they scored <7 on the visual analog scale (VAS) 
for activity. Exclusion criteria comprised individuals with 
open wounds, skin problems, recent fractures within the past 
six months, serious neurological conditions, uncontrolled 
severe hypertension, active cancer, severe asthma, visual 
impairments, recent intra-articular steroid injections, or fear 
of water.

A total of 290 participants were randomly assigned to 
two groups using a computer-generated random number 
generator. Each participant received a sealed envelope 
containing a group identification number (1 = land-
based, 2 = hydrotherapy). The patient opened the sealed 
envelope when they were included in the study. The 
group assignment was concealed from the assessors who 
measured the patient’s variables. The duration of the study 
was one year in the physiotherapy outpatient department. 
The study design and reporting adhered to the CONSORT 
guidelines.

Procedure

Demographic data for the participants was collected, and 
the study’s objective was explained to them. In the pretest 
evaluation, primary measures like VAS, one-repetition 
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maximum (1RM) leg press test, timed up-and-go (TUG) test, 
and Western Ontario and McMaster Universities Arthritis 
Index (WOMAC) scale whereas secondary measures such as 
40-m fast-paced walk test (40 mFPWT) and proprioception 
assessment were utilized. Before treatment, all groups 
received interferential therapy, hot moist pack therapy, and 
ultrasonic therapy. Group A underwent LBE, while Group B 
received AQE.

Intervention programs

LBE program

Resistance, balance, and proprioception exercises were 
given in a gymnasium near the aquatic area where the AQE 
program was administered [Table 1].

AQE program

The AQE sessions took place in the hydrotherapy pool 
at the Hospital’s Outpatient Physiotherapy Department. 
This program consisted of three weekly sessions over eight 
weeks, totaling 24 sessions, each lasting 40–50  min. The 
pool temperature was maintained at 36°C, and the water 
level typically reached the median sternum line. A  licensed 
physiotherapist monitored the water workout regimen in the 
pool, prioritizing participant safety over accuracy during the 
training sessions. The same exercise protocol was given in 
water as given for Group A [Table 1].[9-12]

Outcome measurements

The VAS was used to assess pain levels in subjects, both 
at rest and during activity.[3] The TUG test was employed 
to measure dynamic balance, in which individuals were 
instructed to sit on a chair with a seat level of 46 cm. They 
are, then, asked to stand up, proceed to a designated spot 
where a 3  m cone is placed, walk back, turn around, and 
return to their chair.[10] Lower body strength was evaluated 
using the 1RM leg press test.[13] WOMAC is a specific self-
assessment tool comprising 24 items categorized into three 
domains: Pain, function, and stiffness. On a scale based 
on Likert, the WOMAC value runs between zero and four. 
A  greater value suggests severe pain, joint stiffness, and 
impaired functioning.[3]

Walking speed was assessed using the 40 mFPWT, in which 
participants were asked to walk along a 10-m pathway with a 
cone marking its end. This exercise is repeated until a 40-m 
walkway is covered in one continuous walk without any 
running.[14] In addition, the difference in joint position sense 
errors between pre-  and post-intervention was measured 
by positioning the patient with their knees and hips bent 
at 90° on the edge of a couch. A Goniometer was used and 
45° of flexion at the knee served as the reference. The patient 
was asked to maintain that position for 10–15 s while the 
therapist gently moved their leg to the reference locations. 
The patient was instructed to actively return their leg to the 
same angle.[15]

Assessed for eligibility
(n=304)

Excluded (n=14)
• Declined to participate (n=8)
• Refused due to lack of desire to
 visit the clinic (n=6)

Randomized (n=290)

LBE (n=145) AQE (n=145)Allocation

Lost to 8 weeks follow-up.
(n=3 own personal reasons)

Attended (n=142)

Lost to 8 weeks follow-up.
(n=2 due to time constraints)

Attended (n=143)

Analyzed (n=142) Analyzed (n=143)

Week 8

Data Analysis

Figure 1: Participants flow diagram. AQE: Aquatic exercise.
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Statistical analysis

The data were entered into an Excel spreadsheet and 
analyzed using the Statistical Package for the Social Sciences 
Version 26.0. The following techniques were employed: 
unpaired t-tests to assess differences between groups and 
paired t-tests to identify variations within each group. The 
intent-to-treat (ITT) analysis included participants who 
dropped out during treatment sessions. To handle missing 
data, the final measurement carried forward approach 
was used to assess outcome measurements for the ITT 

population. For each variable, a significance threshold of 
P < 0.05 was applied.

RESULTS

In the study, 304 individuals were initially evaluated for 
eligibility. Of these, 290 met the requirements [Figure  1]. 
It is shown in Table  2 that out of 290 participants, only 
12.41% and 11.03% were men, whereas 89.43% and 90.20% 
were female in Groups  A and B, respectively. The average 

Table 1: Exercise protocol.

Type of exercises Land exercises Distance/repetitions/
hold×Sets (week: 1→8)* 

Aquatic exercises Repetitions/
Hold×Sets 
(week: 1→8)*

A.  Warm-up  
(10 min)

Cycling on a stationary bike 5 min Aquatic running with a belt 8 m×2 → 16×3 m
Walking forward, backwards, 
and sidewalk

15–75 steps×3 sets Walking forward, backwards, 
and sidewalk with kickboard

16 m×2 → 16×5 
m

B.  Strength training 
(10 min)

1. Hip flexion-extension 10×3 → 10×7 m (Use of 
theraband- low, medium 
resistance)

Hip flexion-extension 8 rpm×2 → 10×3 
(Use of aquatic 
cuffs from week 4)

2. Hip hyperextension 10×3 → 10×7 m Hip hyperextension 8 rpm×2 → 10×3
3. Hip abduction-adduction 10×3 → 10×7 m Hip abduction-adduction 8 rpm×2 → 10×3
4.  Knee flexion-extension in 

sitting and standing
10×3 → 10×7 m Knee flexion- extension in 

sitting and standing
8 rpm×2 → 10×3

5. Kickback 10×3 → 10×7 m Kickback 8 rpm×2 → 10×3
C.  Balance and 

Proprioception 
training

1. Marching on the spot 15–75 steps×3 sets Marching on the spot 1→2 min
2. Knee to chest 8 rpm×2 → 10×3 Knee to chest 8rpm×2 → 10×3
3. Cross-country skiing 8 rpm×2 → 10×3 Cross-country skiing 8rpm×2 → 10×3
4. Walking on the tip toes 15–75 steps×3 sets Walking on the tip toes 1 min→2 min
5. Semi- Squats, lunges 6 rpm×3 → 10×3 Semi- Squats, lunges 6 rpm×3 → 10×3
6.  Step up, down, forward and 

backward
15–75 steps×3 sets Step up, down, forward and 

backward
8 rpm×2 → 25×2

7.  Multiple changes in direction 
drill (forward, backwards, 
sideways

15–75 steps×3 sets 
(Progress to eyes closed at 
week 4)

Walking forward & backward 
holding aqua dumbbells

16 m×2 → 16×5 
m (Progress to 
eyes closed from 
week 4)

8.  Walking in a figure of  
8 holding wand and then 
without wand

15–75 steps×3 sets Walking in a figure of 8 holding 
noodle and then without noodle

16 m×2 → 16×5 
m

9.  Single leg stance by holding 
wand and then without wand 

10–20 s×3 Single leg stance holding noodle 
and then without noodle

10–20 s×3

10.  Double leg stance on hard 
surface

10–20 s×3 Double leg stance on kickboard 10–20 s×3

11.  Single leg stance on hard 
surface

10–20 s×3 Single leg stance on kickboard 10–20 s×3

12.  Single leg stance with leg 
swing on hard surface

10–20 s×3 Single leg stance with leg swing 
on noodle

10–20 s×3

13.  Single leg stance on hard 
surface and throwing the ball.

10–20 s×3 Single leg stance on noodle and 
throwing the ball.

10–20 s×3

4.  Cool down  
(10 min)

1. Lying on the floor 4–5 min Supported cycling against wall 4–5 min
2.  Stretches- Quadriceps, 

hamstrings, gastroc-soleus, 
pectoralis major, triceps, 
trunk lateral flexion

30 s per leg×3 Stretches- Quadricep, 
hamstrings, gastroc-soleus, 
pectoralis major, triceps, trunk 
lateral flexion

30 s per leg×3

*progression of the exercise
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age for Group A was 51.63 ± 9.47, and for Group B, it was 
50.86 ± 8.20. The average BMI for Group A was 27.02 ± 3.506, 
whereas 26.13 ± 3.799 for Group B. In accordance with the 
Kellgren-Lawrence grade, 52.41% of individuals in Group A 
had grade  I, compared to 53.10% in Group  B, and 48.59% 
had grade II, compared to 46.89% in Group B.

The difference in the mean VAS values observed at rest and 
during exercise in individuals with bilateral KOA is described 
in Table  3. Group  B experienced lower pain levels in both. 
Specifically, the mean difference in the right knee changed from 
3.78 ± 1.022 to 1.55 ± 0.53 and from 6.34 ± 1.36 to 2.58 ± 1.002. 
Similarly, in the left knee, the mean difference shifted from 3.67 
± 1.29 to 1.76 ± 0.58 and from 7 ± 1.50 to 2.46 ± 1.080, which 
indicated statistical significance with a P-value <0.0001.

The mean values of the 1RM leg press test for patients with 
bilateral KOA within the groups that were conducted are 
compared in Table 4. p-value indicated statistical significance, 

Table 2: Demographic characteristics.

Variables Group A 
(n=145)

Group B 
(n=145)

P‑value

Age (years) 55.41±10.272 54.32±11.35 0.3977
Sex, n (%)

Male 18 (12.41) 16 (11.03)
Female 127 (89.43) 129 (90.20)

BMI (kg/m2) 27.02±3.506 26.13±3.799 0.0428
Kellgren-Lawrence Scale, n (%)

Grade I 76 (52.41) 77 (53.10) 0.9068
Grade II 69 (48.59) 68 (46.89)

BMI: Body mass index

Table 3: Visual analogue scale (VAS).

VAS Pre‑test Post‑test P‑value t‑value

Right knee
At rest

Group A 3.51±1.17 2.14±0.967 <0.0001 11.034
Group B 3.78±1.022 1.55±0.53 <0.0001 28.137

Inference 0.0396 <0.0001
On activity

Group A 6.07±0.51 2.51±0.97 <0.0001 39.409
Group B 6.16±0.55 2.19±0.92 <0.0001 40.273
Inference 0.1538 0.0049

Left knee
At rest

Group A 3.90±1.12 2.36±1.04 <0.0001 12.351
Group B 3.67±1.29 1.76±0.58 <0.0001 18.856
Inference 0.1112 <0.0001

On activity
Group A 6.31±0.59 2.71±1.19 <0.0001 32.403
Group B 6.22±0.48 2.27±1.001 <0.0001 40.991
Inference 0.1492 0.0009

VAS: Visual analog scale

Table 5: TUG test, 40 mFPWT, and WOMAC.

Pre‑test Post‑test P‑value t‑value

TUG test in 
seconds

Group A 12.48±2.54 11.76±2.50 0.0163 2.431
Group B 12.65±2.72 10.01±2.57 <0.0001 10.789
Inference 0.5834 <0.0001

40 mFPWT
Group A 30.97±4.18 29.90±2.67 0.0178 2.397
Group B 31.19±4.21 27.06±2.573 <0.0001 8.088
Inference 0.6528 <0.0001

WOMAC
Group A 58.50±8.40 53.79±7.45 <0.0001 5.056
Group B 60.37±7.22 49.42±6.52 <0.0001 13.399
Inference 0.0456 <0.0001

TUG: Timed up-and-go, 40mFPWT: 40-m fast paced walk test, 
WOMAC: Western Ontario and Mcmaster universities arthritis index

Table 4: 1 RM leg press test and proprioception.

Pre‑test Post‑test P‑value t‑value

1 RM leg 
press test

Group A 58.34±10.614 59.04±9.301 0.0230 2.298
Group B 57.79±9.031 66.39±11.23 <0.0001 35.626
Inference 0.6391 <0.0001

Proprioception
Right Knee

Group A 13.11±2.61 12.48±1.54 0.0257 2.255
Group B 12.73±2.18 10.09±1.37 <0.0001 19.152
Inference 0.1856 <0.0001

Left Knee
Group A 12.92±2.50 12.61±1.44 0.0231 2.219
Group B 13.14±2.22 10.48±1.12 <0.0001 17.224
Inference 0.4390 <0.0001

1 RM: 1 Repetition maximum

showing <0.0001 for Group  B. In addition, the comparison 
between the groups also demonstrated a significant 
difference, with P < 0.0001. The average proprioception 
values among patients with bilateral KOA are analyzed in 
Table 4. The results indicated that in Group B, both the right 
and left knees showed P < 0.0001. However, in Group  A, 
P-values were 0.0257 and 0.0281 for the right and left knees. 
Furthermore, the post-test average values across the groups 
for proprioception demonstrated significant differences, with 
P < 0.0001 both for the right and left knees.

The mean results of the TUG, 40 mFPWT, and WOMAC 
scale for participants having bilateral KOA within the 
groups conducted are compared in Table  5. P-value of 
TUG indicated statistical significance, showing <0.0001 
for Group  B. In addition, the comparison between the 
groups also demonstrated a significant difference, with P < 
0.0001. Furthermore, for 40 mFPWT, Group B, the duration 
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decreased significantly, with a mean difference shifting from 
31.19 ± 4.21 to 27.06 ± 2.573, which indicated statistical 
significance with a P-value <0.0001. The analysis of the 
average WOMAC scale results for subjects with bilateral 
KOA, among and across both groups, was obtained to be 
statistically significant (P < 0.0001).

DISCUSSION

The current research demonstrated that AQE indeed plays 
a crucial role in enhancing lower limb performance and 
managing pain in individuals with KOA. Fisken et al. 
compared AQE to patient education in KOA patients. After 
12  weeks of aquarobic therapy, participants experienced 
a significantly greater decrease in pain than those who 
received patient education. This highlights the effectiveness 
of AQE in managing pain and improving overall well-
being. In addition, the systematic review explored 
various interventions for OA patients, including water-
based exercises, aerobics, and strength training. These 
interventions collectively demonstrated effective pain 
reduction, emphasizing the importance of tailored exercise 
programs for OA management.[16] In the present study, the 
experimental group experienced reductions in VAS scores 
at rest: 1.55 for the right knee and 1.76 for the left knee. In 
comparison, the control group had greater reductions: 2.14 
for the right knee and 2.36 for the left knee. The statistical 
significance (P < 0.0001) indicates that these differences are 
unlikely due to chance. Both the control and experimental 
groups showed significant reductions in VAS scores during 
activity. P  < 0.0001 emphasizes the extreme significance of 
these changes. Water immersion induces circulatory changes 
and hydrostatic force. These factors compress tissues, reduce 
edema, and enhance joint mobility. Consequently, pain is 
alleviated by lowering joint and soft-tissue stiffness.[17]

Hinman et al. highlighted that gradual training during 
hydrotherapy can enhance leg muscle strength.[17] Zamanian 
et al. investigated how water-based training affected fall risk 
and quadriceps strength in women with chronic KOA.[18]

Both intervention groups significantly improved in outcomes. 
However, the experimental group demonstrated remarkable 
gains in quadriceps strength.[18] In the present study, the control 
group exhibited a statistically significant improvement in the 
mean 1 RM leg press test (0.64 kg, P = 0.0230). Remarkably, 
the experimental group achieved even greater gains, with 
a mean improvement of 8.6  kg (P < 0.0001). Notably, both 
groups experienced improved lower body strength.

Kirthika et al. demonstrated that combining proprioceptive 
exercises with traditional physiotherapy is more effective than 
physiotherapy alone for individuals with KOA.[19] Hajouj et al. 
investigated the impact of innovative aquatic proprioceptive 
training in male athletes after anterior cruciate ligament 

reconstruction and showed significant improvements in 
joint position sense errors.[11] In the present investigation, the 
control group exhibited minor reductions in proprioception 
deficits (mean values of 0.0257 and 0.0231) for both right and 
left knees. Remarkably, the interventional group demonstrated 
substantial improvements in proprioception efficiency, as 
evidenced by reduced deficits in average proprioception (2.64 
and 2.66) of the right and left knee with P < 0.0001.

Taglietti et al. compared AQE alone with patient education 
during an eight-week intervention. They showed statistically 
significant differences in TUG scores between the orientation 
and the aquatic training groups.[12] In the current research, 
the interventional group demonstrated a significant 
improvement in mean TUG values (reduction of 2.64 s, 
P < 0.0001). Interestingly, even the conventional group 
showed improvement, with an average TUG value increase of 
0.72 s (P = 0.0163).

Hinman et al. investigated the effects of water workouts in 
individuals with hip and KOA. After treatment, the exercise 
group showed lower WOMAC discomfort, stiffness, and 
improved physical performance.[17] Another study evaluated 
AQE in older adults with lower extremity OA. WOMAC 
discomfort levels decreased, and physical function improved 
significantly with AQE.[20] In the current research, the 
experimental group demonstrated substantial improvements 
in WOMAC scores (10.95 points). The control group also 
improved (4.73 points), but the experimental group showed 
more significant gains (P < 0.0001).

People with KOA often adjust their walking pace to minimize 
the impact on their knee joint during heel strikes. Shoepe 
et al. highlighted the positive effects of AQE, especially 
for older adults. The AQE enhances muscle strength and 
water’s buoyancy, challenges balance and proprioception, 
promoting stability and reducing fall risk. Water allows for 
larger movements without excessive joint stress, facilitating 
functional gains. The water’s viscosity encourages slower, 
controlled movements, giving older adults more time to 
respond during training sessions.[21] In the current research, 
the interventional group significantly increased their walking 
speed by 4.13 (P < 0.0001). The conventional group also 
improved, although to a lesser extent (1.07, P = 0.0178).

In the present study, aquatic training was found to be more 
effective than land exercise in improving lower-limb muscle 
performance in bilateral KOA patients. These results can 
help physiotherapists create patient-centered, more efficient 
rehabilitation programs that address the functional and 
physical deficits linked to bilateral KOA.

Strengths

The eight-week follow-up period and AQE program 
demonstrate a commitment to consistency and gradual 
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progression. In addition, the motivation and tolerance of 
participants with grade I and II KOA are positive indicators.

Limitations

The small sample size and focus on a single geographical 
area can impact the generalizability of the findings. Longer 
training periods and more intense interventions could 
enhance the evaluation of peri-articular muscle improvement 
in patients with bilateral KOA.

CONCLUSION

The study found that an eight-week aquatic training program 
helped alleviate pain and improved lower limb muscle 
performance in bilateral KOA patients.

Recommendations

Future research endeavors could focus on maintaining long-
term fitness regimens post-intervention. It would be valuable 
to investigate the effects of intense aquatic resistance exercise 
on individuals with chronic hip OA issues, and those with 
OA who have additional comorbidities.
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