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Abstract

Introduction: Exercise program after knee replacement surgery improves
postoperative pain, length of hospital stays, and health-related quality of life.
However, the effectiveness of postoperative interventions has been different with the
type of intervention protocols. The main purpose of this study was to investigate the
effect of 8 weeks hydrotherapy and land based exercise on strength, balance, range
of motion and pain reduction in elderly women with history of both knees
replacement.

Methods: In this semi-experimental study, 30 elderly women with history of both
knees replacement from Tehran were selected and randomly divided into three
groups: land exercise, hydrotherapy exercise and control. The training program
consisted of three sessions per week, each session lasting 60 minutes, including
flexibility exercise, movement coordination and agility, balance exercise (perception
of space, time and reaction speed) and strength exercise for eight weeks on land and
water. The subjects were tested for strength, balance, range of motion and pain level
before and after the training. To compare the results of the groups, were used one-
way analysis of variance and Tukey's post hoc test at the P<0.05.

Results: The results showed that eight weeks of hydrotherapy and land based
exercise have significant effect on strength, balance, range of motion and the amount
of pain reduction in elderly women with history of both knees replacement
(p=0.001), but there was no significant difference between changes in strength,
balance, range of motion and pain reduction between the two experimental groups
(P<0.05).

Conclusion: According to the results, it is possible to recommend hydrotherapy and
land based exercise interventions to improve strength, balance, range of motion and
reduce pain in patients with history of both knees replacement.
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Introduction

Osteoarthritis, due to a significant reduction in
muscle strength and flexibility, along with knee
joint pain, is the most common cause of
disability among the elderly (1). When
conservative treatments fail, knee replacement
surgery is prescribed as a surgical alternative
for patients with osteoarthritis to replace the
degenerated or deformed joint (2, 3). Knee
replacement involves the artificial replacement
of the damaged or ankylosed joint. The knee
joint functions as a complex hinge, allowing
flexion, extension, rotation, and gliding. The
knee joint itself consists of three parts: lateral,
medial, and patellofemoral. Disease processes
that damage the cartilage in one or all three
compartments may lead to the need for total
knee replacement. Examples of such diseases
include osteoarthritis (idiopathic or traumatic),
inflammatory arthritis (e.g, rheumatoid,
psoriatic), avascular necrosis, tumors, and
congenital primary
diagnoses typically associated with knee
replacement procedures are osteoarthritis and
(90.9%), followed by
rheumatoid arthritis and other inflammatory
polyarthropathies (3.4%) (4).

abnormalities. The

related disorders

Knee replacement is a widely performed
procedure for advanced knee arthropathies. It
consistently reduces pain, improves function,
and enhances quality of life (5). With the aging
population and the increasing prevalence of
this procedure, it is predicted that a growing
number of patients will undergo knee
replacement. The most common age group for
total knee replacement is 65 to 84 years.
Women in this age range are more likely to
undergo knee replacement than their male
counterparts. Despite the documented success
of this procedure, patients continue to exhibit
functional, strength, and mobility deficits after
knee replacement (7).

Although knee replacement improves self-
reported functional ability and reduces pain, it
does not eliminate all impairments compared to
age-matched individuals  without knee
pathology (7).

Rehabilitation, with an emphasis on exercise, is
widely recommended after knee replacement.
Exercise plays a crucial role in optimal
rehabilitation following knee replacement.
Exercise may include strength, endurance,
flexibility, and balance training aimed at
correcting deficiencies, restoring muscle
strength and joint range of motion (ROM), and
ultimately improving physical health and
restoring normal function (8). Exercise targets
achieving functional goals and is associated with
patient satisfaction and improved function.
However, rehabilitation programs vary in terms
of the type and duration of exercises (9, 10).
Some studies have examined the effects of
postoperative exercise on body function in
patients with knee replacement. In this context,
patients who participated in exercise following
knee replacement had better postoperative
knee scores, balance, range of motion, quality of
life, and lower body mass index compared to
inactive patients (11-13). Pietschmann et al.
(2013) found that active patients experienced
less pain after surgery (14), although some
studies have not reported such a relationship
between pain reduction and exercise activities
(15, 16). Minns Lowe et al. (2007) also
investigated the effects of postoperative
exercise in knee replacement patients and found
no significant effects on walking or quality of life,
although knee range of motion significantly
improved compared to the control group (17).
On the other hand, based on the results of
Ghiami Rad et al. (1400), hydrotherapy can be
used as a beneficial method for rehabilitating
elderly women after knee replacement (18). The
results of Catalin et al. (2019)
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showed that patients who underwent knee
replacement surgery and aquatic exercise had
higher scores in the range of motion index
compared to those who performed land-based
exercises (19). Zhuo et al. (2021) also found that
patients with knee replacement who used
hydrotherapy experienced greater improvement
in muscle strength compared to walking speed
(20).

Persistent functional deficits and muscle
impairments after knee replacement may be
partly attributed to the lack of appropriate
rehabilitation and exercise programs post-
surgery. Currently, there is no universally
accepted rehabilitation protocol for patients
after knee replacement, and rehabilitation
methods are often specific to an institution or
surgeon. Recent evidence suggests that the type
of postoperative rehabilitation affects short- and
long-term functional outcomes. The effect of
hydrotherapy and land-based exercises on
strength, balance, range of motion, and pain
reduction in elderly individuals with a history of
knee replacement remains unclear for achieving
positive outcomes. This is because previous
yielded conflicting
Additionally, it is unclear which intervention is
better for improving strength, balance, range of
motion, and pain reduction in elderly women
with a history of bilateral knee replacement, as
there is significant variability in the parameters
evaluated. Further research is needed to identify
optimal stimulation targets for strength, balance,
range of motion, and pain reduction in
hydrotherapy @ and  land-based
interventions. Therefore, this study aims to
address the question: Does eight weeks of
hydrotherapy and land-based exercise affect
strength, balance, range of motion, and pain

studies have results.

exercise

reduction in elderly women with a history of
both knee replacement?

Methods

The present study is applied research with a
quasi-experimental design, conducted as a pre-
test/post-test study. The statistical population
consisted of all elderly women with a history of
both knee replacement in Tehran (Tehranpars
Hospital). The sample size for the current study
was determined based on previous research
results, with a significance level of 5% (Type I
error) and a statistical power of 95% (Type II
error), using Medcalc 18.2.1 software (10
participants per group). Inclusion criteria
included: elderly women with a history of
bilateral knee replacement, aged 55 to 65 years,
female gender, no other problems or surgeries in
the lower limbs except knee replacement that
would limit function, no cognitive impairment,
no planned surgeries during the study period, no
postoperative complications such as
hemarthrosis, infection, fracture, or wound
disorder, and willingness to participate in the
study. Exclusion criteria included the occurrence
of deep vein thrombosis, any issues during the
exercise program, lack of willingness to continue
cooperation, and absence from more than three
exercise sessions. Before the study began, all
necessary coordination with the pool for
conducting tests and exercises was completed.
All eligible participants submitted written
consent forms and relevant questionnaires one
week before the study began and expressed their
readiness to start the exercise interventions. An
orientation session was held with the researcher
to familiarize participants with the study
procedure, the schedule for the protocol, and
other explanations. Height and weight were
measured and recorded using a Seca scale and
stadiometer. Then, strength, balance, range of
motion, and pain
conducted. Participants were then divided into

reduction tests were

three groups: control, land-based exercise, and
aquatic exercise.
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The experimental groups performed the
exercises for eight weeks. After the exercise
program, post-tests were conducted on the

participants.
Stic Balance Assessment
(Stabilometer)
r = £
Isometric Strength Dynamometer Knee Flexion (ROM) Knee Extention (ROM)
(Hamstring Strength)
Measurement Tools the Visual Analog Scale (VAS) was used, which is

a 10-point scale (where 0 indicates no pain and
10 indicates the worst imaginable pain) (Figure
1) (22).

To measure balance, the Biodex Balance System
SD (manufactured by Biodex, USA) was used.
This device was employed to calculate dynamic
balance on 12 stability levels and to analyze
static balance on a fixed platform. To minimize
errors, the device was calibrated before and after
each measurement (21). For strength
measurement, an isometric leg strength
dynamometer (model BL250 A1, manufactured
in Iran) was used to assess isometric strength
(both training and testing). To measure static
range of motion, a digital goniometer made in
Germany was used. Additionally, to evaluate pain
levels
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Exercise Protocol (Land and Water)

The exercise protocol in this study consisted of
eight weeks of hydrotherapy and land-based
exercises, conducted under the supervision of a
trainer and researcher. The hydrotherapy
exercises were performed in a therapeutic pool
with water temperature set between 31-32°C.
Participants engaged in three sessions per week,
with each session including 5 minutes of warm-
up, 50 minutes of exercise (performed in various
sets with rest intervals between sets, and the
training load increased alternately each week),
and 5 minutes of cool-down. Land-based
exercises were conducted on the poolside in a
safe area covered with 2.5 cm thick tatami mats
(23).

Statistical Analysis

The Shapiro-Wilk test was used to determine the
normality of the data distribution. Then, a one-
way analysis of variance (ANOVA) and Tukey's
post hoc test were used to compare the groups.
Calculations were performed using SPSS
software (version 26), and the significance level
for the tests was set at p < 0.05.
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Results
Table 1 presents the descriptive results of the research variables across the different groups.
Table 1: Descriptive Results of Research Variables Across Groups
Variable Hydrotherapy Hydrotherapy Land-Based | Land-Based Control Control
(Pre-test) (Post-test) Exercise Exercise (Pre- (Post-
(Pre-test) (Post-test) test) test)
Strength 16.69 + 1.32 21.36 + 1.43 16.44 + 1.08 21.09 + 1.10 16.74+0.92 | 16.64+1.14
Flexion 99.40 + 2.83 116.20 £ 2.48 101.00 + 2.30 116.50 + 1.35 99.40 £2.36 | 99.90 +2.99
Extension 5.82 +0.39 1.31£0.18 5.92 £ 0.45 1.39£0.13 5.77+0.18 4.08+0.25
Static 0.74  0.04 0.44 + 0.04 0.75 + 0.04 0.45 + 0.03 0.72 + 0.02 0.71  0.02
Balance
Dynamic 1.80 £ 0.03 1.26 £ 0.07 1.80 £ 0.04 1.26 £ 0.08 1.80 £ 0.00 1.80 £ 0.01
Balance
Pain 6.50 £ 1.26 2.90 £1.10 6.10 £1.10 3.10 £ 1.10 6.10 £ 1.10 6.30 £ 1.05
Intensity
Statistical Findings

The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on strength in
elderly women with a history of both knee
replacement (p = 0.001). Tukey's post hoc test
revealed a significant difference between the
hydrotherapy group and the land-based exercise
group compared to the control group (p =0.001),
but there was no significant difference between
the two experimental groups (p = 0.995).
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Figure 1. Changes in Strength in Elderly Women with a History of Both Knee Replacement Across Different Study Groups

Results of Statistical Analysis
The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on knee flexion
in elderly women with a history of both knee
replacement (p = 0.001). Tukey's post hoc test
revealed a significant difference between the
hydrotherapy group and the land-based exercise
group compared to the control group (p =0.001).
However, there was no significant difference
between the two experimental groups (p =
0.385).
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Figure 2. Changes in Strength in Elderly Women with a History of Both Knee Replacement Across
Different Studv Groups

Results of Statistical Analysis
The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on knee
extension in elderly women with a history of
both knee replacement (p = 0.001). Tukey's post
hoc test revealed a significant difference
between the hydrotherapy group and the land-
based exercise group compared to the control
group (p = 0.001). However, there was no
significant difference between the two
experimental groups (p = 0.992).
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Figure 3. Changes in Knee Extension in Elderly Women with a History of Both Knee Replacement Across Different
Study Groups

Results of Statistical Analysis
The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on static balance
in elderly women with a history of both knee
replacement (p = 0.001). Tukey's post hoc test
revealed a significant difference between the
hydrotherapy group and the land-based exercise
group compared to the control group (p = 0.001).
However, there was no significant difference
between the two experimental groups (p =
0.858).
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Figure 4. Changes in Static Balance in Elderly Women with a History of Both Knee Replacement Across Different
Study Groups

Results of Statistical Analysis
The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on dynamic
balance in elderly women with a history of both
knee replacement (p = 0.001). Tukey's post hoc
test revealed a significant difference between the
hydrotherapy group and the land-based exercise
group compared to the control group (p =0.001).
However, there was no significant difference
between the two experimental groups (p =
0.996).
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Figure 5. Changes in Dynamic Balance in Elderly Women with a History of Both Knee Replacement Across Different
Study Groups

Results of Statistical Analysis
The results of the one-way ANOVA showed that
eight weeks of hydrotherapy and land-based
exercises had a significant effect on pain intensity
in elderly women with a history of both knee
replacement (p = 0.001). Tukey's post hoc test
revealed a significant difference between the
hydrotherapy group and the land-based exercise
group compared to the control group (p = 0.001).
However, there was no significant difference
between the two experimental groups (p =

0.169).
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Figure 6. Changes in Pain Intensity in Elderly Women with a History of Both Knee Replacement Across Different
Study Groups
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Discussion

The results of the present study indicate that eight
weeks of hydrotherapy and land-based exercises
led to improvements in strength, balance, range of
motion, and pain reduction in elderly women with
a history of both knee replacement. These findings
are consistent with the results of studies by Tilp et
al. (2023), Moaref Khanli et al. (1399), Yousefian et
al. (1392), Rak et al. (2022), and Ghiami Rad et al.
(1400) (11, 12, 18, 24, 25). Additionally, the
findings align with those of Zhuo et al. (2021), who
conducted a review study on hydrotherapy
interventions for patients with knee replacement
and found that individuals who used hydrotherapy
experienced significant improvements in muscle
strength (20).

With aging, especially after the age of 60, muscle
strength and size tend to decline. However,
through exercise, elderly individuals can
significantly enhance their muscle strength and

with no significant difference observed between
the two methods in terms of strength
improvement.

Based on the findings of this study, it seems that
hydrotherapy and land-based exercises can be
useful methods for rehabilitating range of motion
(flexion and extension) in elderly women after
knee replacement. The
rehabilitation after knee replacement are early
restoration of range of motion (ROM) and patient

primary goals of

mobility. Range of motion is a key indicator of
successful knee replacement and is directly
related to function (28). Adequate knee flexion of
90-120 degrees is necessary for daily activities
such as transitioning from sitting to standing and
climbing stairs (29).

When elderly individuals lose their balance, the
recovery process often differs from that of
younger adults' endurance. These improvements
are associated with an increase in muscle cross-
sectional area and the number of muscle fibers.
Furthermore, post-knee replacement functional
largely attributed to the
recovery of the knee extensor mechanism.

improvement is

Following knee replacement, weakness in the
quadriceps and hamstring muscles can persist
for up to two years, leading to difficulties in daily
activities such as climbing stairs or walking (26).
However, achieving postoperative improvement
in the quadriceps and hamstring muscles can be
multifactorial. Factors such as age, body mass
index (BMI), and the type of exercise may play a
role (27). Although muscle size and strength tend
to decline with aging, appropriate exercise can
slow or even reverse this process. It appears that
both exercise protocols (hydrotherapy and land-
based) can be used successfully to restore knee
strength after total knee arthroplasty (TKA),

However, limitations of the study include the
small sample size in each group, which prevents
a more detailed analysis of factors such as
gender, age, type of surgery, or time since
surgery. Additionally, the rehabilitation period
was limited to eight weeks due to existing
constraints, and the results may differ for shorter
or longer rehabilitation periods in other
These limitations should be
in future studies. Furthermore,

countries.
considered
muscle recruitment and hypertrophy around the
knee were not measured, and it is suggested that
similar studies be conducted on women with
these indicators
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The negative impact of pain on rehabilitation
delays and disrupts the recovery of function,
muscle strength, and return to normal activities.
Additionally, pain after TKR, compared to THR,
takes longer to improve and return to activity,
lasting about 50 days. Therefore, pain control in
knee arthroplasty is more important than in hip
arthroplasty due to its impact on improving
range of motion and muscle strength.

The results of our study are inconsistent with the
findings of Zaghloul et al. (2020) and Catalin et al.
(2019), where the experimental and control
groups reported similar pain intensity scores
after total knee replacement and intervention
periods (19, 36). Differences in participants
(healthy individuals vs. TKR patients), muscles
trained (quadriceps vs. ankle extensors),
unilateral training, duration and repetition of
training (3 weeks vs. several months), and the
intensity and type of contraction (concentric,
eccentric, isometric) during training may
contribute to observable differences in
outcomes.

Although further research is needed on the
effects of hydrotherapy and land-based exercises
on strength, balance, range of motion, and pain
reduction in elderly women with a history of
both knee replacement, the results of this study
suggest that both hydrotherapy and land-based
exercises can be beneficial in improving these
indicators. Therefore, it is recommended that
physicians, physiotherapists, and sports science
specialists use both types of exercises to improve
strength, balance, range of motion, and pain
reduction in elderly individuals with a history of
bilateral knee replacement. This study included
objective measurements to evaluate the effects of
hydrotherapy and land-based exercises. Another
strength of this study is its direct application in a
rehabilitation setting.

and is less effective. One difference in this age
group is the timing of muscle activation. When a
person standing upright loses balance and begins
to lean backward, the recovery process typically
involves activating the ankle flexors followed by
the knee extensors. However, some elderly
individuals exhibit a reversed muscle activation
pattern in their attempt to regain balance (31).

Knee pain and quadriceps weakness are
associated with increased postural sway. Studies
show that patients undergoing knee replacement
often experience significant deficits in balance
control and proprioceptive acuity, often due to a
lack of confidence (32). It is expected that the
incidence of falls as a clinical outcome of knee
replacement will decrease with reduced pain,
satisfactory function, and improved
proprioception during the postoperative period
(33). In contrast, some studies have shown that
sacrificing the anterior cruciate ligament leads to
proprioceptive/balance deficits after knee
replacement, thereby increasing the risk of falls
(34). However, few studies have examined the
clinical outcomes related to changes in trunk
position and static and dynamic balance issues in
the early postoperative period after knee
replacement (30).

In fact, more than 50% of patients undergoing
this surgery report severe and significant
postoperative pain, with total knee replacement
(TKR) patients experiencing more pain than total
hip replacement (THR) patients. Some reasons
for persistent postoperative pain include
infection, improper mechanical
function, sympathetic pain syndromes, nerve
entrapment, and  musculoskeletal pain.
Hoffman's algorithm, which investigates the
causes of pain after total knee replacement, lists
musculoskeletal or extra-articular pain as the
tenth skeletal cause of pain (35).

component
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Conclusion

In summary, the results of this study
demonstrate that eight weeks of hydrotherapy
and land-based exercises are effective in
improving strength, balance, range of motion,
and pain reduction in elderly women with a
history of both knee replacement. Both
interventions can be specifically recommended
for patients with a history of bilateral knee
replacement. However, further research on
these exercises is needed.
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