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Evaluation of Traditional Exercises versus
Continuous Passive Motion and
Cryotherapy in Knee Osteoarthritis:

An Interventional Study
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ABSTRACT

Introduction: Osteoarthritis (OA) is acommon degenerative joint
disease and the second most frequent rheumatologic condition
in India, affecting approximately 39% of the population, with a
higher prevalence among women. The knee is a major site for
OA, which impacts mobility and quality of life.

Aim: The study aims to assess the efficacy of two treatment
protocols for knee OA; Traditional exercises versus Continous
Passive Motion (CPM) and cryotherapy.

Materials and Methods: The study was an interventional study.
The total duration of the study is one month from Feb 2023 to
March 2023. The study included female participants aged 40
to 60 years, all diagnosed with primary OA of the knee. Total
sample size was 30 (each Group 15). The present experimental
study involved 30 female patients aged 40-60 years with
primary knee OA. They were divided into two groups: group
A received Continuous Passive Motion (CPM) combined with
cryotherapy, and group B received conventional therapy. Each
patient underwent a 20-30 minute treatment session once daily
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for four weeks. Pain and function were assessed using the
Visual Analog Scale (VAS) and Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC) scales. Statistical
analysis was conducted using paired and independent t-tests
with significance set at p<0.05.

Results: Both treatment groups showed significant
improvements in mobility and pain reduction by the end of the
study. However, group A, which received perturbation training,
demonstrated a higher degree of pain reduction with a VAS
score of 1.20+0.414 compared to group B’s score of 1.93+0.798.
Statistical analysis indicated that this difference was significant,
with group A experiencing greater pain relief than group B at a
significance level of p<0.05.

Conclusion: The findings suggest that while both treatment
protocols are effective for managing knee OA symptoms,
CPM and cryotherapy offer a greater benefit in reducing pain
compared to traditional exercises. This highlights the potential of
perturbation training as a valuable addition to OA management
strategies.
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INTRODUCTION

The OA is the most common form of arthritis globally, a
degenerative joint disease caused by the breakdown of cartilage
and underlying bone [1,2]. It results from various, disorders that
lead to structural and functional failure of synovial joints, and it
is primarily considered a disease of articular cartilage [3]. OA
significantly reduces both the quality and quantity of life and is the
fourth leading cause of disability worldwide [4]. It is classified into
two types: primary and secondary OA, with prevalence increasing
with age. Below the age of 50, men are more often affected, while
women are more affected in older populations. By 2017, over 300
million people worldwide suffered from OA, and in Australia, 21%
of people over 45 are affected, with 35% prevalence among those
aged 80 and older [5]

Ageing populations and rising obesity rates are predicted to increase
the number of people with symptomatic knee OA [6]. Knee OA affects
the medial, lateral, and patellofemoral joints, three compartments
of the knee joint. It normally develops gradually over ten to fifteen
years and interferes with day-to-day activity [7]. When the spine is
affected, symptoms might include joint swelling, decreased range
of motion, and, in rare situations, paralysis or numbness [8]. Unlike
other forms of arthritis that affect internal organs, this condition
mostly affects joints, such as the fingers, thumbs, knees, hips, neck,
and lower back. Age, prior knee injuries, obesity {higher Body Mass
Index (BMI)}, joint malalignment, instability, and repetitive motions
like heavy lifting and frequent kneeling are risk factors for knee OA.

Running and football are two sports that raise the risk because
of the frequent injuries that result in ligament tears and cartilage
abnormalities [9].

Degeneration of the articular cartilage is the cause of primary knee
OA; while secondary OA results from known causes like injury.
Articular cartilage consists of collagen, proteoglycans, chondrocytes,
and water, and maintains a balance between degradation and
synthesis [10]. In OA, this balance is disrupted by overexpression
of degradative enzymes called Matrix Metalloproteinases (MMPs),
leading to the loss of collagen and proteoglycans, and cartilage
breakdown [11].

Cryotherapy, commonly known as ice therapy, is widely used for
muscle and joint pain relief due to its effectiveness, low cost, and
convenience. In OA, cryotherapy reduces inflammation by cooling
the tissues, which promotes natural healing and reduces joint
pain. It also enhances blood flow and helps flush toxins from the
joints, offering whole-body relief [12]. Though more research is
needed, studies indicate that cryotherapy effectively reduces pain
and improves symptoms in arthritis patients, depending on the
duration, method, and temperature used. The physiological effects
include reduced local temperature, decreased metabolism, and
initial vasoconstriction followed by alternating vasoconstriction and
vasodilation [13].

CPM therapy involves a machine that moves the joint for the patient,
most often used after knee surgeries. The device moves the joint
through a set range of motion, aiding in recovery by preventing
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stiffness caused by inflammation [14]. CPM therapy progresses
through stages of healing, including bleeding, swelling, tissue
formation, and fibrosis, helping restore joint function [15].

Conventional physiotherapy for OA involves joint mobilisation,
strengthening, and stretching exercises [16]. Key muscle groups
affected in knee OA include the quadriceps, hamstrings, and
hip muscles [17]. Strengthening these muscles, particularly the
quadriceps, helps improve both physical function and performance.
Exercises such as straight leg raises, knee extensions, and knee
flexions are commonly used [18].

The primary objective of the study was to determine the effectiveness
of CPM combined with cryotherapy in reducing pain in female
patients with primary knee OA. The secondary objective of the
study was to evaluate the improvement in functional outcomes and
range of motion following the intervention in these patients.

MATERIALS AND METHODS

The present study was an interventional study. The total duration of
the study is one month from Feb 2023 to March 2023. The study
was carried out in the Outpatient Physiotherapy Department of
ACS Medical College and Hospital, Velappanchavadi, Tamil Nadu,
India, as a pre and post-test comparison. This study received
ethical clearance from the Institutional Review Board with Approval
Number 47/a/PHYSIO/IRB/2023-2024. Written informed consent
was obtained from all participants before enrollment.

The present comparative researchlooks at the systematic relationship
between dependent variables, such CPM with cryotherapy and
traditional workouts, and independent variables, like walking pace
and quality of life in patients with OA in the knee.

Sample size calculation: The sample size was estimated using the
formula for comparing two independent means:

n = {(Z,,+Z)*x(c1?+c2%)}/(A?

Based on previous studies reporting an effect size of approximately
0.8 in pain reduction for similar interventions the calculation yielded
an estimated sample size of 15 participants per group [19]. To
account for potential dropouts and ensure sufficient statistical
power, the total sample size was set at 30 participants.

Inclusion criteria:

e Primary OA;

e Grade 2 and 3;

e Females only;

e Age group 40-60;

Exclusion criteria:

e Trauma;

e Grade 1 and 4;

e High blood pressure;

e  Physiotherapy treatment for last six months;

e Patients walking with assisted devices.

The block randomisation sample approach was used to pick a total
of 15 participants using generated by software random allocation
software (version 1.0 Sahei 2004). Both the research assistant
gathering the data and the patients were blinded to the particular
effects of the treatments and exercises they were doing. They
were also blinded to the group assignments the participants had
to complete. We acquired informed consent from each individual.
They were split into two groups: group B (15 subjects) underwent
traditional exercise therapy, while group A (15 individuals) got CPM
combined with cryotherapy.

Patients use the VAS to mark the intensity of their pain on a
continuous line. A self-administered questionnaire called the Western

Ontario and McMaster Universities Arthritis Index (WOMAC) is
used that evaluates hip and knee OA based on pain, stiffness, and
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physical function. It asks about discomfort while engaging in tasks
like walking, ascending steps and daily functions, with scores that
range across different severity levels. The WOMAC scale, though
primarily designed for hip and knee OA, is also used for other
arthritis conditions.

Study Procedure

Data on the quality of life of individuals with Grade Il and lll knee OA
was collected using WOMAC questionnaires and the VAS. Several
scale tests were performed after treatments employing CPM
combined with cryotherapy and conventional exercise regimens.
The commonly used WOMAC was utilised to rate pain on five
items, stiffness on two items, and physical function on seventeen
items in patients with hip or knee OA. The unidimensional VAS was
employed to monitor the evolution of patients’ pain and to compare
the intensity of their suffering. In addition, participants were asked
to walk a short distance while recording their pace in meters as part
of the 10-meter walking test, a straightforward activity that gauges
walking speed.

The WOMAC was used to assess pain, stiffness, and physical
function in patients with hip or knee OA, comprising five items for
pain, two for stiffness, and 17 for physical function. Each item is
typically rated on a Likert scale (O = none to 4 = extreme), with
higher total scores indicating more severe symptoms and disability
(Bellamy N et al., 1988) [19]. Pain intensity was also evaluated using
the VAS, a unidimensional tool that involves marking a point on a
10-cm line- ranging from “no pain” (0) to “worst imaginable pain”
(10)- with higher scores reflecting greater pain (Huskisson, 1974)
[20]. Furthermore, the 10-meter walking test was conducted to
measure walking speed and overall mobility; patients were timed
while walking 10 meters, and the resulting speed in meters per
second (m/s) served as an indicator of functional mobility, where
higher speeds denote better mobility and lower speeds suggest
increased functional impairment (Bohannon, 1997) [21].

Using block randomisation sample technique, thirty subjects were
split into two groups of fifteen individuals each. In accordance with
the eligibility and criteria for exclusion, every subject underwent
screening. Every person gave their informed consent, and the study
only included them if they agreed to participate. Prior to starting
treatment, a pretest assessment of pain severity utilising the VAS
was carried out as in [Table/Fig-1].

35 subjects fulfilled the inclusion
criteria

2 Subjects were not willing to | | 3 Subjects discontinued the
participate. | | study

| 30 subjects were selected. |

Pre intervention assessment.

E'

Group A Group B
Continous passive motion with Traditional exercises for
Cryotherapy Twenty minutes a day for four

Twenty minutes a day for four

3 weeks, each session.
weeks, each session.

A

| Post intervention assessment. |

[Table/Fig-1]: Study flow chart

Exercise protocol:

Group A will receive Cryotherapy, continuous passive motions
Group B will receive Cryotherapy, conventional exercises.
Group A: Cryotherapy, continuous passive motions.
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Group A

Cryotherapy: The patient is made to lie in the supine lying position
and part of the affected knee is exposed. The ice packs are taken
in hand/wet towels. Then the subjects applied with an ice pack over
the medial/anterior and lateral/posterior part of the affected knee.
Most subjects complaint that their pain was mostly in the medial
region of the knee. The time duration of ice application is 10 minutes
all subjects were generally advised that they should feel comfortable
coolness then followed by exercise intervention [22]. This has been
performed for one session per day five days per week for five weeks.
Duration was 15 minutes [Table/Fig-2].

[Table/Fig-2]: Cryotherapy with continuous passive motion.
Position of the patient: lying position

Treatment procedure: The therapist should remain by the patient’s
side while they lie down on the couch. Place CPM machine against
the patient headboard or a heavy object. This will prevent it from
moving while you use it. Plug in the machine. Use the CPM machine
for knee place the patient’s leg so that the middle of the knee rest
where the CPM machine bends and the bottom of foot is against
the foot pad. The knee flexion and extension are done by the
machine were the arch starts at O degree to 10 degree; it increases
progressively by 10 degrees until total range of motion 0 degree to
90 degree was reached. This has been performed for one session
per day five days per week for four weeks. Duration was 15 minutes
as in [Table/Fig-3].

[Table/Fig-3]: Continuous Passive Motion (CPM).

Group B

Straight leg raise: The person being treated is made to lie supine
and instructed to perform the exercise by bending their left knee
while keeping the remaining feet on the floor and supporting their
upper body with their elbows. The right leg should be kept straight
with the toe pointed up for the patient. Lift the left leg and tense the
thigh muscle (30 to 45 degrees according to the pain tolerance). For
ten seconds, hold the position. Lower the leg gradually to the floor
while maintaining the thigh muscles taut. Caress and lift once again.
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Three sets of ten repetitions should be performed like this. After per
set, switch legs [283]. This exercise is performed three repetitions as
in [Table/Fig-4].

[Table/Fig-4]: Straight leg raise.

Pillow squeeze: By strengthening the inner of the legs, this
exercise aids with knee support. With both knees bent, the person
being treated is made to lie supine. The therapist places the pillow
between the knees. The patient is instructed to use their knees to
squeeze the pillow. The patient is instructed to maintain it for ten
seconds before relaxing. Two sets of three repetitions should be
conducted. After every set, switch legs as in [Table/Fig-5] [24].

[Table/Fig-5]: Pillow squeeze exercise.

Heel raise: Make the patient to stand with the support, ensure
that the patient feet are hip distance apart and toe facing forward.
Ask the patient to lift their heel for 10seconds and this should be
repeated for three times as in [Table/Fig-6] [25].

Pelvic bridging: Place the patient on their back in a supine position,
feet flat on the floor, and knees fully extended toward the buttocks.
Next, instruct the patient to raise their hip as high as they can off
the ground and toward the ceiling or sky. This exercise is performed
3 repetitions. One session per day for five days per week for four
weeks as in [Table/Fig-7].

Quadriceps isometric exercise: Make the patient to lie in the
supine position, place a towel or a pillow under their knee and ask
the patient to press the towel as much as they can, repeat this for
three repetitions for 10 seconds as in [Table/Fig-8] [26].

All these exercises were performed for 20 minutes for one session
per day for five days per week for four weeks.
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[Table/Fig-6]: Heel raise exercise.

[Table/Fig-7]: Plevic bridging exercise.

3
I

[Table/Fig-8]: Quadriceps isometric exercise.

STATISTICAL ANALYSIS

Inferential as well as descriptive statistics were used to arrange and
analyse the data that had been gathered. The Statistical Package
for Social Sciences (SPSS) version 24 was used to evaluate all
parameters. A 95% confidence interval was applied to all analyses,
and a significance level of less than 0.05 was set. The data were
found to be distributed normally for each of the dependent variables
with a p-value in excess of 0.05, according to the results of the
Shapiro-Wilk test, which was performed to evaluate data normality.
Parametric tests were therefore applied. To examine the statistical
distinctions between the groups, a separate t-test (Student t-test)
was utilised, while a paired t-test was utilised to ascertain statistical
differences within the groups.
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RESULTS

This table demonstrates that, at p>0.05, there is no discernible differ-
ence between group A and group B’s pretest results [Table/Fig-9].

Group A Group B
Test Mean SD Mean SD t-test | df | Significance
Preliminary
exam (Before | 2.86 | 0.833 | 3.06 | 0.798 | -0.671 | 28 0.508*
Exercises)
Post-test 120 | 0.414 193 | 0.798 | -3.15 | 28 0.004**

[Table/Fig-9]: Comparison of VAS scores in the pre and post-test periods for
group A and B.

Not significant (*) and significant (**) are indicated by p<0.05.
The average, Standard deviation (SD), t-test, extent of freedom (df), and p-value for Groups A and
B in the pre and post-tests are displayed in the above table.

The table above demonstrates that there is a statistically significant
difference between group A and group B’s post-test values at
p<0.05. This table demonstrates that, at p>0.05, there is no
discernible difference between group A and group B’s pretest
results [Table/Fig-10]. A statistically significant difference in following
test values between group A and group B at p<0.05 is displayed in
the above table. This table demonstrates that, at p>0.05, there is
no discernible difference between group A and group B'’s pretest
results [Table/Fig-11].

Group A Group B
Examine Mean SD Mean SD t-test | Df | Significance
Pretest 5366 | 252 | 54.53 | 4.96 | -0.602 | 28 0.552*
Post-test 4493 | 6.30 | 50.66 | 5.60 -2.63 | 28 0.014*

[Table/Fig-10]: Comparison of the WOMAC score in the pre and post-test periods
for group A and B.

Not significant (*) and significant (**) are indicated by p<0.05.
The mean, SD, t-test, degree of freedom (df), and p-value for Groups A and B in the pre and
post-tests are displayed in the above table.

Group A Group B
Examine Mean SD Mean SD t-test | Df | Significance
Pre-examine | 105.40 | 6.11 103.53 | 6.86 0.786 | 28 0.438*

Post-test 0.00048**

[Table/Fig-11]: Comparison of groups A and B’s walking speed results in the pre
and post-test.

Not significant (*) and significant (**) are indicated by p<0.05.

The average, SD, t-test, dimension of freedom (df), and p-value for Groups A and B in the pre
and post-tests are displayed in the above table.

The table above demonstrates that there is a statistically significant
difference between group A and group B'’s post-test values at
p<0.05. Within group A and B, the mean, SD, t-value, and p-value
are displayed in the above table between the pre and post-test
results [Table/Fig-12].

Before examination | After examination
Groups Mean SD Mean SD t-test | Significance
1.156x10°
Group A 2.86 0.833 1.20 0.414 8.91 (0<0.001)*
5.99x10™®
Group B 3.06 0.798 1.93 0.798 12.47 (6<0.001)

[Table/Fig-12]: Association of VAS score among pretest and post-test in groups A

and B.
(**: Significant, p<0.05).

Between group A and group B, there is a statistically significant
distinction (p<0.05) between the pre and post-test scores.
Within Group A and B, the mean, SD, t-value, and p-value are
displayed in the above table between the pre and post-test results
[Table/Fig-13].

Between group A and group B, there is a difference of statistical
significance (p<0.05) between the pre and post-test scores. Within
group A and B, the mean, SD, t-value, and p-value are displayed
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in the above table between the pre and post-test results [Table/Fig-
14]. Both group A and group B, there is a difference of statistical
significance (p<0.05) between the pre and post-test scores.

Pretest After-test
Groups Mean SD Mean SD t-test | Significance
1.73x10°
Group A 53.66 2.52 44.93 6.30 6.02 (0<0.001)
0.00025
Group B 54.53 4.96 50.66 5.60 4.20 (0<0.001)

[Table/Fig-13]: Difference of the Womac score between the pretest and post-test

periods among group A and B.
(**: Significant, p<0.05).

Prior assessment | After assessment
Groups Mean sSD Mean SD t-test | Significance
.97x1071°
Group A 105.40 6.11 116.93 7.44 -9.37 (0<0.001)
1.74x107"°
Group B 103.53 6.86 106.86 6.45 -15.81 (0<0.001)

[Table/Fig-14]: Difference of the Walking Speed test score among the preliminary

test and after the test for group A and B.
(**: Significant, p<0.05).

DISCUSSION

The overall goal of the investigation was to determine whether CPM
combined with cryotherapy can effectively relieve the discomfort
of OA in the knees. From the results, it can be concluded that
CPM with cryotherapy is more effective than traditional exercises
for pain reduction, walking speed, steadiness, and autonomous
functioning in individuals with knee OA. The incidence of OA has
been increasing globally, representing up to 2% of all working-age
adults internationally in 2019. Additionally, OA was the 15" most
prevalent cause of years lived with disability globally between 1990
and 2019 [27].

OA is a primary contributor to impairment in older adults. A study
concluded that when applied early, with high flexion at first and
quick advancement, CPM improves knee function for up to six
months following Total Knee Arthroplasty (TKA) [28]. Another study
demonstrated that while CPM does not significantly impact the
improvement of clinical parameters, it has a noteworthy positive
impact on subjective evaluations of pain intensity, joint stiffness, and
functional capacity [29].

To our knowledge, no studies have specifically investigated the
use of CPM in patients with OA of the knee, as CPM is primarily
indicated for post-replacement surgeries. This research gap is
addressed in the present study. Despite providing only passive
movement, CPM offers beneficial effects, such as reducing joint
rigidity and expanding the range of motion. The current study first
introduced the biological theory of CPM, demonstrating its role
in enhancing cartilage growth and healing in animal models [30].
Subsequent research confirmed CPM'’s positive impact on various
injuries in both animals and humans.

CPM was first introduced for clinical use following TKA [31].
Their rationale was based on Salter’s findings, suggesting that
CPM improves the healing of collagen tissue by enhancing fibre
orientation, preventing cross-linking, and improving mobility
restoration [32]. The current study found a statistically significant
difference in post-test values between group A and group B at
p<0.05, comparing the VAS scores. The post-test mean value of
3.06 < 1.98 suggests that CPM with cryotherapy is more effective.
Similarly, WOMAC scores showed no pretest differences between
group A and group B (p>0.05), but the post-test mean value of 54.53
> 50.56 indicated greater significance for group A. Walking speed
tests also revealed no significant pretest differences (p>0.05), but
post-test results suggested that group A exhibited more significant
improvements.
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The beneficial effects of CPM can be attributed to its ability to
enhance knee flexion, promote blood circulation, and improve
mobility [33]. Research demonstrated that CPM in a sitting position
has beneficial effects on joint movement, supporting the findings of
the present study [34]. Although some studies focused on patients
undergoing knee replacement surgery, their results reinforce the
positive impact of CPM.

Cryotherapy is a well-established method for treating injuries and
reducing inflammation. Research concluded that cryotherapy
can be recommended as a complementary therapy for knee OA,
improving balance, motor coordination, and reducing inflammatory
markers [35]. Another study found that localised ice cryotherapy
lowers inflammatory mediators like IL-6, IL-1B, and VEGF synovial
proteins, possibly through NF-kB and PG-E2-dependent pathways
[36]. Additionally, it was found that cryotherapy significantly reduces
pain and enhances quality of life in knee OA patients [37].

group B, which performed traditional exercises, also demonstrated
significant post-test improvements, likely due to exercise-induced
analgesia, which reduces pain and subsequently enhances
the range of motion and functional activities. According to a
study combining various exercise programs leads to significant
improvements in knee OA management [38]. Hence, this study
concluded that CPM along with cryotherapy gives beneficial effects
such as increases joint range of motion, reduces joint stiffness in
patients with OA knee.

Limitation(s)

Despite the positive findings, this study has certain limitations. The
sample size was relatively small, which may limit the generalisability
of the results to a larger population. The study duration was only
four weeks, and long-term effects of CPM with cryotherapy on
knee OA were not assessed. Additionally, factors such as patient
adherence to therapy, variations in individual pain tolerance,
and differences in baseline physical activity levels could have
influenced the outcomes. The study did not account for other
potential interventions like medication use, lifestyle modifications,
or dietary factors that could impact knee OA management. Future
research with a larger sample size, longer follow-up periods, and
a more comprehensive assessment of functional outcomes is
recommended to strengthen the findings. Confounding factors of
the study were variations in participants’ age and severity of OA
could affect treatment outcomes, as older individuals or those with
advanced OA may respond differently. Individual variations in pain
tolerance and perception could lead to differences in reported pain
relief on the VAS and WOMAC scales. Differences in participants’
pre-study physical activity and fitness levels could impact their
responsiveness to therapy.

CONCLUSION(S)

The study aimed to compare the effectiveness of conventional
therapy and a combination of CPM, cryotherapy, and perturbation
training in patients with moderate knee OA. The objectives were
to evaluate the impact of CPM with cryotherapy on reducing
knee stiffness, assess improvements in joint range of motion, and
compare pain relief and functional mobility outcomes between
conventional therapy and CPM with cryotherapy using VAS and
WOMAC scales. According to the results, it has been concluded that
CPM with cryotherapy is more successful in reducing stiffness and
improving joint range of motion compared to conventional therapy
alone after four weeks of treatment. The combination of CPM with
cryotherapy demonstrated significant improvements in post-test
results, showing superior effectiveness in enhancing mobility and
reducing discomfort. The findings suggest that integrating CPM,
cryotherapy, and perturbation training can be a more beneficial
approach for managing knee OA, leading to better joint function
and pain reduction.

Journal of Clinical and Diagnostic Research. 2025 Nov, Vol-19(11): YC10-YC15



www.jcdr.net

REFERENCES

[l
[2]

[31
[4]
[5]
[6]
[71

(8]
[9]

[10]
[11]
[12]
na

[14]

[15]

[16]

[17]

[18]

[19]

Felson DT, Lawrence RC, Dieppe PA, et al. Osteoarthritis: New insights. Part 1:
The disease and its risk factors. Ann Intern Med. 2000;133(8):635-46.
Lawrence RC, Felson DT, Helmick CG, Arnold LM, Choi H, Deyo RA, et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in the
United States. Arthritis Rheum. 2008;58(1):26-35.

Zhang Y, Jordan JM. Epidemiology of osteoarthritis. Clin Geriatr Med.
2010;26(3):355-69.

Bijlsma JW, Berenbaum F, Lafeber FP. Osteoarthritis: An update with relevance
for clinical practice. Lancet. 2011;377(9783):2115-26.

Hunter DJ, Bierma-Zeinstra S. Osteoarthritis. Lancet. 2019;393(10182):1745-59.
MohammedSadiq HA, Rasool MT. Effectiveness of home-based conventional
exercise and cryotherapy on daily living activities in patients with knee osteoarthritis:
A randomized controlled clinical trial. Medicine. 2023;102(18):e33678.

Angst F, Aeschlimann A, Stucki G. Smallest detectable and minimal clinically
important differences of the German WOMAC in knee and hip osteoarthritis. J
Rheumatol. 2001;28(10):2638-44.

Huskisson EC. Measurement of pain. Lancet. 1974;304(7889):1127-31.

Price DD, McGrath PA, Rafii A, Buckingham B. The validation of visual analogue
scales as ratio scale measures for chronic and experimental pain. Pain.
1983;17(1):45-56.

Williamson A, Hoggart B. Pain: A review of three commonly used pain rating
scales. J Clin Nurs. 2005;14(7):798-804.

Bohannon RW. Comfortable and maximum walking speed of adults aged 20-79
years: Reference values and determinants. Age Ageing. 1997;26(1):15-19.

Fritz S, Lusardi M. White paper: “Walking speed: The sixth vital sign.” J Geriatr
Phys Ther. 2009;32(2):02-05.

Graham JE, Ostir GV, Kuo YF, Fisher SR, Ottenbacher KJ. The effect of speed and
distance on measurement of gait speed. J Geriatr Phys Ther. 2008;31(1):02-06.
Jones CJ, Rikli RE, Beam WC. A 30-second chair-stand test as a measure of
lower body strength in community-residing older adults. Res Q Exerc Sport.
1999;70(2):113-19.

American College of Rheumatology. Recommendations for the medical
management of osteoarthritis of the hip and knee. Arthritis Rheum.
2000;43(9):1905-15.

Zhang W, Moskowitz RW, Nuki G, Abramson S, Altman RD, Arden N, et al.
OARSI recommendations for the management of hip and knee osteoarthritis,
Part Il: OARSI evidence-based, expert consensus guidelines. Osteoarthritis
Cartilage. 2008;16(2):137-62.

Murray CJ, Atkinson C, Bhalla K, Birbeck G, Burstein R, Chou D, et al. The state
of US health, 1990-2010: Burden of diseases, injuries, and risk factors. JAMA.
2013;310(6),591-608.

Desmeules F, Lavigne M, Belzile E. Does continuous passive motion promote
recovery after total knee arthroplasty? A systematic review. J Orthop Sports Phys
Ther. 2008;38(11):708-20.

Bellamy N, Buchanan WW, Goldsmith CH, Campbell J, Stitt LW. Validation study
of WOMAC: A health status instrument for measuring clinically important patient-
relevant outcomes to antirheumatic drug therapy in patients with osteoarthritis of
the hip or knee. J Rheumatol. 1988;15(12):1833-40.

K Kirupa et al., Comparing Traditional Exerercise CPM, Cryotherapy in Knee OA

[20]

[21]

[22]
[23]

[24]

[28]
[26]
[27]

[28]

[29]

[30]

[31]
[32]
[33]

[34]
[35]

[36]

[37]

[38]

Shamekh A, Alizadeh M, Nejadghaderi SA, Sullman MJM, Kaufman JS, Collins
GS, et al. The Burden of Osteoarthritis in the Middle East and North Africa Region
From 1990 to 2019. Front Med (Lausanne). 2022;9:881391.

Warden SJ, Fagerson TL. Neuromuscular training for preventing anterior cruciate
ligament injuries in young athletes: A review of current evidence. J Sports Med.
2009;41(9):695-702.

Naughton GA, Culhane KM, Ward RE. Cryotherapy in the management of sport
injuries: A review. J Sports Sci Med. 2013;12(3):404-11.

Lwanga SK, Lemeshow S. Sample size determination in health studies: A
practical manual. Geneva: World Health Organization; 1991.

Biau DJ, Kernéis S, Porcher R. Statistics in brief: The importance of sample size
in the planning and interpretation of medical research. Clin Orthop Relat Res.
2008;466(9):2282-88.

Kapoor A, Kapoor A. Osteoarthritis and total knee replacement. Indian J Orthop.
2008;42(3):237-45.

Johnson VL, Hunter DJ. The epidemiology of osteoarthritis. Best Pract Res Clin
Rheumatol. 2014;28(1):05-15.

Felson DT. Clinical practice. Osteoarthritis of the knee. N Engl J Med.
2006;354(8):841-48.

Dobson F, Hinman RS, Roos EM, Abbott JH, Stratford P, Davis AM, et al.
OARSI recommended performance-based tests to assess physical function
in people diagnosed with hip or knee osteoarthritis. Osteoarthritis Cartilage.
2013;21(8):1042-51.

Engstrom G, de Verdier MG, Rollof J, et al. C-reactive protein, metabolic
syndrome and incidence of severe hip and knee osteoarthritis: A population-
based cohort study. Osteoarthritis and Cartilage. 2009;17(2):168-73.

McAlindon TE, Bannuru RR, Sullivan M, et al. OARSI guidelines for the non-
surgical management of knee osteoarthritis. Osteoarthritis and Cartilage.
2014;22(3):363-88.

Demoulin C, Vanderthommen M. Cryotherapy in rheumatic diseases. Joint Bone
Spine. 2012;79(2):117-18.

Nordin M, Frankel VH. Basic Biomechanics of the Musculoskeletal System. 3rd
ed. Philadelphia: Lippincott; 2001.

Kisner C, Colby LA. Therapeutic Exercise: Foundations and Techniques. 6th ed.
Philadelphia: FA. Davis Company; 2012.

Magee DJ. Orthopedic Physical Assessment. 6th ed. St. Louis: Elsevier; 2014.
American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing
and Prescription. 10th ed. Philadelphia: Wolters Kluwer; 2018.

Hochberg MC, Altman RD, et al. American College of Rheumatology 2012
recommendations for the use of nonpharmacologic and pharmacologic
therapies in osteoarthritis of the hand, hip, and knee. Arthritis Care & Research.
2012;64(4):465-74.

Brosseau L, Taki J, Desjardins B, et al. The Ottawa Panel clinical practice
guidelines for the management of knee osteoarthritis. Part two: Strengthening
exercise programs. Clinical Rehabilitation. 2017;31(5):596-611.

Hinman RS, Bennell KL, Metcalf BR, Crossley KM. Physical therapy management
of knee osteoarthritis: A review of randomized controlled trials. Curr Opin
Rheumatol. 2005;17(5):558-64.

PARTICULARS OF CONTRIBUTORS:
Associate Professor, Faculty of Physiotherapy, Dr. M.G.R. Educational and Research Institute (Deemed to be University), Maduravoyal, Chennai, Tamil Nadu, India.
Lecturer, College of Physiotherapy, Sri Venkateswaraa University, Nallur, Chennai, India.
Associate Professor, Saveetha College of Physiotherapy, Saveetha Institute of Medical and Technical Sciences, Saveetha Nagar, Thandalam, Chennai, Tamil Nadu, India.
Internee, Faculty of Physiotherapy, Dr. M.G.R. Educational and Research Institute (Deemed to be University), Maduravoyal, Chennai, Tamil Nadu, India.

Undergraduate Student, Faculty of Physiotherapy, Dr. M.G.R. Educational and Research Institute (Deemed to be University), Maduravoyal, Chennai, Tamil Nadu, India.
Undergraduate Student, Faculty of Physiotherapy, Dr. M.G.R. Educational and Research Institute (Deemed to be University), Maduravoyal, Chennai, Tamil Nadu, India.
Undergraduate Student, Faculty of Physiotherapy, Dr. M.G.R. Educational and Research Institute (Deemed to be University), Maduravoyal. Chennai, Tamil Nadu, India.

Noo s =

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:

K Kirupa,

Associate Professor, Faculty of Physiotherapy, Dr. M.G.R. Educational and
Research Institute (Deemed to be University), Maduravoyal, Chennai-600095,
Tamil Nadu, India.

E-

mail: kirupa.physio@drmgrdu.ac.in

AUTHOR DECLARATION:

Financial or Other Competing Interests: None
Was Ethics Committee Approval obtained for this study? Yes
Was informed consent obtained from the subjects involved in the study? Yes

For any images presented appropriate consent has been obtained from the subjects.

Journal of Clinical and Diagnostic Research. 2025 Nov, Vol-19(11): YC10-YC15

PLAGIARISM CHECKING METHODS: lan*etall

ETYMOLOGY: Author Origin

e Plagiarism X-checker: Nov 07, 2024

* Manual Googling: Jun 12, 2025

EMENDATIONS: 7

e iThenticate Software: Jun 14, 2025 (7%)

Yes

Date of Submission: Nov 06, 2024
Date of Peer Review: Feb 08, 2025
Date of Acceptance: Jun 16, 2025

Date of Publishing: Nov 01, 2025



