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Abstract Abstract 
Background: The patellofemoral joint, known for its incongruence, is susceptible to dysfunction due to 
abnormal pathomechanics, especially with increased body mass causing excessive stress on knee 
cartilage, leading to degeneration and dysfunction. Dysfunction results in pain, limited range of motion, 
and diminished quality of life. 

Objectives:: To determine the effect of aquatic exercises on patellofemoral joint dysfunction in middle-
aged obese women and to compare the effect of aquatic exercises with land-based exercises on 
patellofemoral joint dysfunction in middle-aged obese women. 

Methods:: In this experimental study, 100 subjects with patellofemoral joint dysfunction were separated 
into group A (Land-based exercises) and group B (Aquatic exercises). Pre-test and post-test evaluations 
were conducted over an 6-weeks treatment period using paired t test. 

Results: Statistical analysis revealed an extremely significant improvement in both group A and group B, 
indicating the effectiveness of both exercise interventions. Paired t test was used for interpretation of 
results. There was statistically significant difference in pre and post values in both the groups , having 
more improvement in group B than group A in the terms of pain, range of motion, and patellofemoral joint 
evaluation scale. 

Conclusion:: The study concludes that subjects engaging in aquatic exercises demonstrated significant 
improvements, highlighting the efficacy of this intervention. 
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Effect of aquatic exercises on patellofemoral joint
dysfunction in middle-aged women with obesity
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Abstract

Background: The patellofemoral joint, known for its incongruence, is susceptible to dysfunction caused by
abnormal pathomechanics, particularly with increased body mass causing excessive stress on knee cartilage,
leading to degeneration and dysfunction. Dysfunction results in pain, limited range of motion, and diminished
quality of life.
Objectives: This study aimed to determine the effect of aquatic exercises on patellofemoral joint dysfunction
in middle-aged women with obesity and compare the effect of aquatic exercises with land-based exercises on
patellofemoral joint dysfunction in middle-aged women with obesity.
Methods: In this experimental study, 100 patients with patellofemoral joint dysfunction were divided into
groups (land-based exercises) and group (aquatic exercises) B. Pre- and post-test evaluations were conducted
in a 6-week treatment period using the paired t-test.
Results: Statistical analysis revealed an extremely significant improvement in both groups, indicating the
effectiveness of both exercise interventions. Significant differences in pre- and post-test values were found
in both groups, having more improvements in pain, range of motion, and patellofemoral joint evaluation scale
in group B than in group A.
Conclusion: Participants engaging in aquatic exercises demonstrated significant improvements, highlighting
the efficacy of this intervention.

Keywords: Aquatic exercises, pain, patellofemoral joint evaluation scale, range of motion.

Aquatic exercises utilize water as a medium for
therapeutic purposes, demonstrating advantages
across various rehabilitation contexts. Facilitated by
water, aquatic exercises, including joint mobilization,
strengthening, stretching, balance and gait training, and
endurance training. These exercises aim to enhance
the effectiveness of manual techniques, initiate
resistance training, facilitate range-of-motion (ROM)
exercises, afford patients three-dimensional
accessibility, etc. Furthermore, aquatic exercises
contribute to reducing the risk of injury or reinjury
during rehabilitation. In addition, they contribute to
patient relaxation.(1)

The distinctive characteristics of water and
immersion significantly influence the administration of
therapeutic exercise. In an aquatic setting, surface
tension, buoyancy, hydrostatic pressure, and viscosity
directly affect the body. The counterforce to gravity,
known as buoyancy, reduces the gravitational force
on the body, providing a sense of weightlessness and
relieving joints from loading. This makes it easier for
individuals to engage in active movements. When an
individual moves a limb against the buoyancy force,
resistance is felt, which contributes to muscle
strengthening.(1)

Hydrostatic pressure refers to the force exerted
by water on a submerged object, and it is directly
proportional to the water depth. Patients find it easier
to participate in exercises when they are in proximity
to the water’s surface because of the connection
between pressure and depth. Viscosity is the
resistance to flow in liquids caused by intermolecular
friction; as the velocity of movement increases, so
does resistance. Water flow also increases resistance
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in a larger surface area. Surface tension is another
water property, where an extremity experiences less
function when submerged than when moving through
the water’s surface. Water has a higher heat
conductivity than air, and velocity enhances heat
transfer. Moving through water results in quicker
cooling than being submerged at rest.(1)

The patellofemoral joint is incongruent. It is formed
by the articulation of the posterior patella and distal
femur. Enhancing the extensor torque by 30.0% at
the extremity of the ROM is crucial in the functioning
of the knees, particularly considering that
patellofemoral joint may experience forces equivalent
to two or three times the body weight during daily
activities.(2) Increased femoral anteversion, increased
external tibial torsion, and enhanced genu valgus lead
to increases in the Q angle, which results in the
alteration of the knee biomechanics and therefore in
the patellofemoral joint.(3) Many factors, such as obesity,
menopause, hormonal imbalances, comorbidities,
unhealthy lifestyle, and irregular diet, can contribute
to dysfunction. Patellofemoral joint dysfunction has
been linked to several physiological, psychological, and
physical factors. Specifically, this condition
compromises muscle strength and ROM. Furthermore,
a higher body mass index (BMI) is a clinical sign of
patellofemoral joint dysfunction.(2, 4)

Obesity is a chronic and multifactorial condition
defined by excess calories in the body. (5) Recently,
the proportion of women who are overweight,
particularly in developing nations, is increasing, posing
an increased risk of patellofemoral dysfunction. This
heightened risk is attributed to the potential effect of
high body mass and related metabolic factors, which
may amplify the mechanical requirements and impose
excessive stress on the articular cartilage of the knee.
Consequently, this can lead to degenerative alterations
and additional dysfunction. (2, 4) Obesity is the second
most common cause of osteoarthritis (OA),
degenerative joint disease, disability, and dysfunc-
tion.(2, 4, 6)

Pain in the retropatellar area, along the patellar
tendon, or at the subpatellar fat pads is among
impairments that may be linked to patellofemoral joint
dysfunction. Patellar crepitus, knee swelling, or locking
occurs. Altered alignment of the lower extremities,
more specifically increased internal rotation, hip
adduction, and dynamic knee valgus during weight-
bearing activities such as squatting, jumping, and
climbing stairs, and weakness of the external rotator,

extensor, and hip abductor muscles are also reported.
The musculoskeletal health of women is becoming

a threat to their health at the midline and beyond. A
decline in bone mineral density, resulting from
decreased bone mass, is referred to as osteoporosis,
a condition that is widespread among postmenopausal
women. Another condition is sarcopenia, which is the
age-related loss of muscle mass and function.
Sarcopenia is prevalent in women aged 50 years. OA
is a joint inflammation that develops slowly and can
be brought on by cartilage deterioration. Current data
present that estrogen deficiency during menopause
can lead to the deterioration of cartilage. Cartilage
degeneration, synovial inflammation, and capsule
thickening result in joint deformity and stiffness.(7, 8)

Only a few studies have focused on middle-aged
women with obesity and patellofemoral joint
dysfunction. Most studies have focused on younger
or older populations. In addition, no standardized
aquatic exercise programs have been established for
individuals with patellofemoral joint dysfunction.
Studies may differ by the type, intensity, duration, and
frequency of aquatic exercises. Thus, more studies
may be needed to understand the underlying
mechanisms of how aquatic exercises affect the
patellofemoral joint in this population. This study aimed
to determine the effect of aquatic exercises on
patellofemoral joint dysfunction in middle-aged women
with obesity and compare the effect of aquatic
exercises with land-based exercises on patellofemoral
joint dysfunction in this population.

Materials and methods

A randomized controlled trial was conducted at Krishna
College of Physiotherapy, Karad, involving 100
participants randomly assigned into two groups. The
randomization was designed by a computerized
numerical randomization using SPSS version 26.0.
Then, participants were divided into group A
undergoing land-based exercises and group B engaging
in aquatic exercises (Figure 1). Participants were
randomly chosen according to the inclusion and
exclusion criteria, and they provided written informed
consent after a detailed explanation of the entire
procedure.

During screening, participants underwent detailed
musculoskeletal evaluation. Female patients
with clinically diagnosed patellofemoral joint
dysfunction aged 40–55 years who were obese
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(BMI 30–40 kg/m2) and experienced anterior or
posterior knee pain, reduced ROM, increased Q angle,
or deformities were included. Conversely, women
aged <40 years, with a BMI <30 kg/m2, recent
fractures, skin infections, hydrophobia, neurological
or respiratory disorders, and ataxia were excluded.

The study was approved by the Institutional Ethical
Committee of Krishna Vishwa Vidyapeeth (KVVDU,
no. 057/2023-2024).

Outcome measures
The numerical pain rating scale (NPRS) was employed
to evaluate pain intensity (PI), requiring patients to
choose a number on a scale of 0–10 to indicate the
severity of their pain. According to Alghadir AH,
et al., the test–retest reliability of the NPRS was high,
with an intraclass correlation coefficient of 0.991.(9)

The hip, knee, and ankle joint ROMs were assessed
using a universal goniometer. The initial position
involved women lying in a relaxed supine position on
the plinth. Hip movements such as flexion, extension,
abduction, adduction, and medial and lateral rotation,
as well as knee movements including flexion and

extension, were assessed. Ankle movements,
encompassing dorsiflexion, plantarflexion, inversion,
and eversion, were also examined.

The patellofemoral joint evaluation scale was used
to assess the functional status of the participants. The
questionnaire involves multiple-choice questions related
to knee pain during activities such as stair climbing,
swelling, sensations of giving way, crepitation, and
utilization of assistive devices. Higher scores on the
scale indicate favorable outcomes and lower levels
of pain. The scores ranged from 0 to 100; 90–100
points indicated excellent results; 80–89 points, good
outcomes; 60–79 points, fair results; and <60 points,
poor results.(10)

Treatment protocol
The methodology and purpose of the study were
explained to all participants before they consented to
the study. In this study, 100 middle-aged women who
were obese received the treatment for 6 weeks with
three sessions per week. One session took 30 min.
The participants were divided into two groups having
50 participants each. Group A executed land-based

Figure 1. Consort flowchart.
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exercises, whereas group B performed aquatic
exercises. The temperature of the hydrotherapy pool
ranged from 26°C to 36°C, and the depth of the
hydrotherapy pool was up to the hip joint level. The

hydrotherapy pool was 123  long, 53  wide, and 63
deep. Exercises were done under the guidance of an
aquatic exercise therapist (Table 1).

Table 1. Treatment protocol for patellofemoral joint dysfunction.

    Repetitions/      Repetitions/                 Repetitions/
Exercises     holds × sets      holds × sets                 holds × sets

    (week 1 and 2)      (week 3 and 4)                 (week 5 and 6)

Warm-up     10 × 1      10 × 1                  10 × 1
hip rotations, twisting
knee circling
forward, backward, sideway walking
jog in place

Hip, knee, and ankle joint free     10 × 1      10 × 1                  10 × 1
range of motion exercises      (Done underwater)       (Performed on                   (Performed on

      the water’s surface)                  the water’s surface)

Hamstring, quadriceps, VMO,     10 × 1      10 × 2                  10 × 3
adductors, and abductors
strengthening using theraband/
weightcuff
Minisquats at 30º - 40º     3-sec hold × 10      3-sec hold × 10                  5-sec hold × 10

    times      times                  times
     (hold the ball                  (hold the ball
     between knees)                  between knees)

Lunges     10 × 1      10 × 2                  10 × 3
Toe raise 10 × 1      10 × 2                  10 × 3
Heel raise     10 × 1      10 × 2                  10 × 3
Step up and step down     10 × 1      10 × 2                  10 × 3
Hamstring curls     10 × 1      10 × 2                  10 × 3

Cool down
Stretching
(Quadriceps and Hamstring
muscle static stretching were given.)
Breathing exercises

Table 2. Pain assessment.

Pre - intervention Post - intervention P - value
Rest
    Group A 6.0 ± 0.8 1.8 ± 1.0 < 0.0001
    Group B 6.1 ± 0.8 1.2 ± 0.8 < 0.0001
Activity
    Group A 7.8 ± 0.9 3.0 ± 0.9 < 0.0001
    Group B 7.7 ± 0.9 2.4 ± 0.8 < 0.0001
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Statistical analysis
Manual analysis and software analysis by SPSS
version 26.0 were performed. Numerical data are
presented as means ± standard deviations, and the
paired t-test was used to analyze pre- and post-
intervention data within the group. Continuous
variables were tested for normality. The repeated-
measure analysis was performed for both scores to
evaluate significant changes occurring over time. A
significance level of P < 0.0001 was chosen for all
analyses.

Results
Regarding demographic data, 20.0% of the women
were 40–45 years, 50.0% were 46–50 years, and
30.0% were 51–55 years. The participants were
further divided based on obesity grades, in which
40.0%, 50.0%, and 10.0% had grade 1, 2, and 3 obesity,
respectively. In addition, comorbidities were
considered, including hypertension (32.0%), diabetes
(33.0%), and both hypertension and diabetes (10.0%),
and 25.0% had no morbidities. In terms of quadriceps
angles, 35.0% of the women exhibited angles >18°,
whereas the remaining 58.0% had quadriceps angles
< 18° and 7.0% had normal quadriceps angle.

Interpretation
For the within-group analysis, a paired t-test was
employed to assess the significance of the intragroup
comparison. The results indicated an extremely
significant difference for both groups A and B,
presenting notable changes within each group. This
observation indicates a significant reduction in pain
after the intervention (Table 2).

Interpretation
A paired t-test was used for the statistical assessment
of intragroup comparisons, indicating an extremely
significant difference in hip flexion, extension,
abduction, adduction, medial rotation, lateral rotation,
knee flexion, extension, and ankle dorsiflexion,
plantarflexion, inversion, and eversion for groups A
and B (Table 3). This finding indicates that after the
intervention, the joint ROM increased.

Interpretation
In Table 4, groups A and B initially exhibited poor
results on the patellofemoral joint evaluation scale
before the intervention. After the intervention, group

A displayed good results, were group B demonstrated
excellent results. The intragroup comparison, assessed
through a paired t-test, revealed an extremely
significant difference between groups A and B. This
means that both groups had enhanced scores in the
patellofemoral joint evaluation scale after the
intervention.

Discussion

Primarily, this study aimed to explore the effect of
aquatic exercises on patellofemoral joint dysfunction
in middle-aged women with obesity and compare this
effect with those of land-based exercises. A total of
100 middle-aged women, meeting the study criteria,
were enlisted for the research. After participant
selection, they received detailed information about the
study and provided written consent. The participants
were then divided into group A, who executed land-
based exercises, and group B, who were engaged in
aquatic exercises. Pre- and post-test assessments
were conducted, and the treatment spanned 6 weeks.
The evaluation focused on pain levels, ROM, and
patellofemoral joint evaluation scale.

In 2013, Gao HL, et al. examined 743 women
aged 35–64 years who experienced regular knee
discomfort. The study showed a notable rise in the
incidence of joint stiffness and knee discomfort as
age progressed. Furthermore, the authors identified a
positive correlation between a higher BMI and
increased incidence of joint stiffness and knee
discomfort. The study concluded the significance of
age, BMI, and menopause.(11)

Patellofemoral joint dysfunction can be caused
by biomechanical factors or physiological factors such
as obesity. Obesity is a recognized factor contributing
to increased stress on the patellofemoral joint, leading
to wear and tear of the articular cartilage. According
to a widely accepted theory, the etiology of
patellofemoral joint dysfunction is associated with joint
pain. People experiencing patellofemoral joint
problems often endure pain in the course of their daily
activities. Some studies have also demonstrated an
association between patellofemoral joint dysfunction
and pain in the region behind the kneecap. Individuals
with patellofemoral problems may experience pain
when engaging in activities such as ascending or
descending stairs, stepping up and down, prolonged
sitting, squatting, and rising from a chair.
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Pre-intervention Post-intervention P - value

Hip flexion
    Group A 65.0 ± 21.6 95.7 ± 19.3 < 0.0001

Group B 67.6 ± 16.2 109.6 ± 13.1 < 0.0001
Hip extension

Group A 13.2 ± 2.5 19.9 ± 2.3 < 0.0001
Group B 12.3 ± 2.2 22.0 ± 1.6 < 0.0001

Hip abduction
Group A 32.8 ± 4.8 42.7 ± 4.9 < 0.0001
Group B 32.2 ± 4.2 47.3 ± 2.8 < 0.0001

Hip adduction
Group A 18.4 ± 2.1 21.6 ± 1.6 < 0.0001
Group B 17.4 ± 2.2 23.3 ± 0.8 < 0.0001

Hip medial rotation
Group A 28.6 ± 2.8 36.4 ± 3.6 < 0.0001
Group B 28.0 ± 2.7 38.8 ± 1.8 < 0.0001

Hip lateral rotation
Group A 29.0 ± 3.2 38.0 ± 2.6 < 0.0001
Group B 28.4 ± 2.6 41.4 ± 2.0 < 0.0001

Knee flexion
Group A 121.7 ± 3.5 131.1 ± 2.7 < 0.0001
Group B 123.2 ± 2.8 132.6 ± 2.5 < 0.0001

Knee extension
Group A 6.0 ± 2.9 1.8 ± 1.3 < 0.0001
Group B 5.6 ± 2.4 0.4 ± 0.8 < 0.0001

Ankle dorsiflexion
Group A 11.5 ± 1.4 14.7 ± 0.9 < 0.0001
Group B 10.9 ± 1.3 16.3 ± 1.1 < 0.0001

Ankle plantarflexion
Group A 40.9 ± 4.2 47.2 ± 3.9 < 0.0001
Group B 41.5 ± 2.1 49.0 ± 2.0 < 0.0001

Ankle inversion
Group A 25.3 ± 3.8 30.4 ± 1.2 < 0.0001
Group B 25.4 ± 3.0 31.8 ± 0.9 < 0.0001

Ankle eversion
Group A 11.0 ± 1.4 15.1 ± 0.9 < 0.0001
Group B 11.2 ± 1.5 15.1 ± 1.5 < 0.0001

Table 3. Range of motion.

Pre-intervention Post-intervention P - value

Group A 56.0 ± 7.7 87.2 ± 3.5 < 0.0001
Group B 58.1 ± 12.8 91.6 ± 5.1 < 0.0001

Table 4. Patellofemoral joint evaluation scale.
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According to Smith BE, et al. patellofemoral pain
(PFP) is a prevalent form of knee pain. Knee pain
stands as the second most frequently encountered
condition. PFP is characterized as a nontraumatic pain,
manifesting as a general discomfort in the front of the
knee during activities that put a load on the joint, such
as running, squatting, and going up or down stairs.(12)

Şahin M, et al. reported that exercises targeting
hip and knee strengthening prove more effective in
alleviating pain and enhancing functional status. The
research included 55 young female patients who were
diagnosed with PFP syndrome. The patients
underwent a total of 30 supervised clinic sessions over
6 weeks, during which they were randomly assigned
to either knee-only or hip-and-knee exercise
programs. Evaluations were conducted before therapy,
after 6 weeks of supervised exercises, and following
6 weeks of at-home exercises. Outcome measures
included subjective and objective function, pain levels,
and muscle strength. The study recommended the
integration of supplementary hip-strengthening
exercises for individuals with PFP syndrome as an
effective approach to reduce pain and improve
functional status.(13)

Da Silva Boitrago MV, et al. examined the effect
of properioceptive exercises and strengthening on pain
and functionality in women with PFP syndrome. The
study analyzed two experimental groups: the exercise
group performed various lower limb activities with
proprioceptive exercises in addition and the guidance
group attended a 60-min session on the information
and knowledge regarding PFPS. The study stated that
compared with the guidance group, the exercise group
resulted in better effects on patients with PFPS and
was more effective. (14)

Adegoke Bo, et al. examinedy 29 patients
diagnosed with knee OA, who were randomly
allocated to either the open kinetic chain exercises or
closed kinetic chain exercises. PI, functional score
(FS), active ROM (AROM), and knee passive ROM
(PROM) were assessed using the visual analog scale,
functional index questionnaire, and a half-circle
universal goniometer at baseline and at weeks 4 and
8. The results indicated the lack of significant
differences between the two groups at any stage of
the study for any of the four outcomes. However, a
significant time effect was observed for all measures:
PI consistently decreased over time, whereas the FS,
AROM, and PROM significantly increased. (15)

In the study by Dias JM, et al. 73 women aged
 65 years were randomly divided into hydrotherapy
and control groups for 6 weeks. The hydrotherapy
group demonstrated improvements in pain
management and strengths of the knee flexor and
extensor.(16) Maddocks S, et al. aimed to assess the
effect of a 4-week hydrotherapy program on pain
evaluation. This study involved 18 individuals with
persistent knee pain, which was noticeably reduced
after the 4-week hydrotherapy program.(17)

Bhore P and Shinde S examined the effect of
multicomponent exercise program on pain-related gait
adaptations among individuals with knee joint OA. The
control group received electrotherapy modalities and
AROM exercises. The experimental group received
warmup, conditioning, cool-down session, and gait
training with various types of exercises. In addition,
the experimental group showed significant
improvement in patients with knee OA.(18)

In one study that was performed on running
performance in marathon runners, the experimental
group performed aquatic training, whereas the control
group performed swimming with no special exercises.
They found that aquatic therapy was found to be
effective in reducing pain and increasing ROM. The
experimental group showed significant improvement
in reducing pain and improving speed in marathon
runners.(19)

Janhavi S, Shinde S examined the effect of the
lower limb proximal to distal muscle imbalance
correction on functional pes planus deformity in young
adults. In relation to the patellofemoral joint
dysfunction, malalignment in the spine or foot complex
can increase patellofemoral joint reaction forces,
which ultimately increase the load on the joint.
Hydrotherapy involves both the proximal and distal
joints, which will help reduce the load on the joint and
help to reduce pain.(20)

This study observed a notable reduction in pain
after the intervention, as assessed using a NPRS. The
results suggested that as strength levels increased and
pain levels decreased, the ROM is simultaneously
enhanced. According to the patellofemoral joint
evaluation scale, before treatment, both groups had
poor scale scores, with group A achieving a good score
post-intervention, whereas group B attained an
excellent score. In conclusion, the results indicate a
significant enhancement in participants who engaged
in aquatic exercises.
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The study presents its clinical effect as the
treatment protocol is given with the help of aquatic
therapy. In routine practice, patients performed land-
based exercises. The use of aquatic therapy may help
patients recover at a faster rate than usual. This study
involves only women because of one most important
factor, which is menopause. Obesity is prevalent
among postmenopausal women. In addition, one
research study mentioned that patellofemoral joint
dysfunction is observed more in women than in men.

This study has limitations, such as the relatively
small sample size and limited geographic scope, which
could affect the generalizability of the results. Thus,
subsequent research should consider these factors
when interpreting and applying the findings. Further
academic exploration of this study is necessary, and
opportunities exist for expanding the population under
investigation. Both male and elderly populations must
be considered, utilizing diverse outcome measures, and
incorporating additional geographical regions for more
comprehensive investigations.

Conclusion

The comparative analysis between aquatic and land-
based exercises indicates that they both resulted in
significant improvements; however, aquatic exercises
demonstrated superior effects. These findings
confirmed the incorporation of aquatic exercises as a
valuable therapeutic strategy, contributing to holistic
improvements in musculoskeletal well-being. It
underscores the capacity of aquatic interventions to
enhance the overall quality of life of individuals with
patellofemoral joint dysfunction.
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