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Effect of multi‑component exercises 
program on pain‑related gait 
adaptations among individuals with 
osteoarthritis of the knee joint
Prachiti Bhore, Sandeep Shinde

Abstract:
BACKGROUND: Osteoarthritis of the knee causes pain and gait disturbances, as well as a distinct 
gait pattern. Patients with knee OA have decreased range of motion (ROM) and increased ground 
reaction force. OA reduces stride length and walking speed.
OBJECTIVES: To determine the effect of a multi‑component exercise program on pain‑related 
gait adaptations among individuals with osteoarthritis of the knee joint and to compare the effect 
of multi‑component exercises with traditional exercises on pain‑related gait adaptations among 
individuals with osteoarthritis of the knee joint.
MATERIALS AND METHODS: This was an experimental study done between 120 patients having 
knee OA, of both genders, and between the age group of 50–65 years. These individuals were 
residents of the city of Karad and they were randomly divided into group A (conventional/traditional) 
and group B (experimental). A pretest assessment was done and the treatment was given for 6 weeks. 
The later posttest assessment was done and further statistical tests like paired and unpaired t tests 
were used.
RESULTS: Among the 120 subjects with OA knee, the age group of 60–65 years (44%) was found 
to be commonly affected. Thirty‑nine were males (32.5%) and 81 were females (67.5%). Fifty‑eight 
subjects (48%) were found to be commonly overweight. Thirty‑two subjects (27%) had Genu Valgum 
deformity, and 88 subjects (73%) had Genu Varum deformity at the knee joint. The Pvalue within 
both group A and group B was found to be statistically significant for the entire outcome measures 
used for assessment. The pretest vs post test values of the WOMAC scale for patients with knee 
OA within both groups were found to be extremely significant (P < 0.0001). As for the MMT score 
in these patients, the Knee Flexors of Group A were not significant for right side (P = 0.7088) as 
well as for left side (P = 0.083) and in Group B they were extremely significant (P < 0.0001) for both 
sides. For the ROM scores within both groups, Knee Flexion of Group A for both sides was found to 
be extremely significant (P < 0.0001) for both sides. And for the pretest vs posttest values of within 
the groups’gait parameters among these patients with OA knees, for cadence both groups B were 
found to be extremely significant (P < 0.0001). The stride length for Group A was found to be very 
significant (P = 0.0060) and for Group B it was (P < 0.0001).Also, the P values of the various outcome 
measures between both groups were found to have statistical significance of their own.
CONCLUSION: Effect of Multi‑Component Exercise Program on Pain‑Related Gait Adaptations 
Among Individuals with Osteoarthritis of the Knee joint was found to be significant in pain reduction, 
improving strength, range of motion, and the gait parameters such as an increase in cadence, stride 
length, step length and decrease in the step width.
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Introduction

The World Health Organization (WHO) in the year 
2022 based on the Best Evidence of Rehabilitation 

has strongly recommended for people with knee and hip 
osteoarthritis focus more on the “core area of treatment”, 
which mainly includes patient education, exercise 
training (muscle strength, joint proprioception, posture 
correction, Balance, and gait control) and mainly they 
have highly suggested targeting on weight reduction if 
the individual is overweight or obese. Nowadays due 
to digitalization, the world has become more sedentary 
and activity levels have decreased. In individuals who 
are in their early fifties, sedentary behavior both due to 
work and leisure time can contribute to the degenerative 
factor seen with aging. As their age progresses due to 
a lack of low limb activity and this kind of sedentary 
behavior the muscles supporting these weight‑bearing 
joints (mainly—the hip and knee) are weakened, which 
in turn overloads the joint surfaces causing them to wear 
more. This increases the pain and inflammation which 
is experienced by the individual while joint mobility or 
in weight‑bearing activities like walking. These changes 
can cause variations or “Pain‑Related Gait Patterns” to 
which these individuals eventually adapt and it affects 
the Biomechanical Chain of the Body (spine, hips, knees, 
ankle, and foot complex).

Arthritis is a general term for joint inflammation.[1] 

Osteoarthritis (OA) is the most common type of degenerative 
disorder.[2] It is a type of joint disease caused by the 
breakdown of joint cartilage and underlying bone.[3] It is 
estimated that more than 10% of the world’s population 
over the age of 60 suffers from joint pain caused by 
osteoarthritis.[4] Osteoarthritis is the second most 
common rheumatologic problem and the most common 
joint disease in India, with a prevalence ranging from 
22 to 39%.[4,5]

Pain is the most common reason OA patients seek 
treatment, and it is the endpoint for all approved 
treatments. The pathogenic significance of OA knee pain 
is unknown. Despite the fact that exercise is the most 
commonly recommended treatment,[2] pharmacological 
pain treatment is still commonly prescribed for pain 
management. Although clinically beneficial, pain 
reduction or elimination may disrupt the protective 
motor system response to nociception and may hurt 
OA, particularly in mechanically mediated knee and hip 
OA. Initial evidence suggests a link between mechanical 
loading at the knee joint and structural and symptomatic 
severity, as well as a possible role for mechanics in 
structural and symptomatic progression.[6]

Pain plays an important physiologic role in that it 
interferes with or stimulates the motor system even 

though protects tissue from a perceived or actual threat 
of damage. The joint capsule, synovial lining, ligaments, 
menisci, periosteum, and subchondral bone all contain 
nociceptive nerve fibers.[7]

Osteoarthritis is the most common joint disorder 
and is strongly linked to aging.[8] Knee OA causes 
pain and gait disturbances, as well as a distinct gait 
pattern.[7,9] Patients with knee OA have decreased 
range of motion (ROM) and increased ground reaction 
force.[7,9] OA reduces stride length and walking speed.[10] 
Patients try to alleviate pain by reducing the impact 
on their knees.[11] Patients with knee OA have a higher 
knee adduction moment (KAM), which is a marker of 
medial joint loading and a known risk factor for arthritis 
progression.[12–14] Such gait changes in knee OA can have 
an impact on adjacent weight‑bearing joints, such as the 
hip and ankle joints.[15–17]

Conservative treatments, such as education, regular 
and moderate exercise, and physical conditioning, as 
well as aid devices and joint protection strategies, have 
been advocated for elderly people with knee OA.[18] 
Exercise protocol and the walking program can improve 
the quality of life of elderly people with knee OA.[19] In 
older individuals with poor lower limb performance, it 
is reasonable to believe that obesity and the alterations 
in the lumbar spine can affect the gait pattern more 
than in younger individuals. Increased body mass may 
increase the risk of damage with increased forces across 
weight‑bearing joints, injury to the joint surfaces and 
articular cartilage overloading is believed to contribute 
to the development of medial compartment knee OA. 
The medial compartment is affected 10 times more 
often than the lateral compartment, which is likely due 
to greater medial compartment loading during gait as 
the forces on the joint surfaces are maximized. Despite 
various significant interests and efforts to improve 
pain management and to develop novel targets, there 
has been very limited success regarding the pain 
management. None have mentioned any adaptive gait 
patterns associated with OA knee to accommodate the 
pain. Masking the pain may also lead to changes in 
the magnitude or pattern of loading at the painful site. 
Although clinically beneficial, reduction or removal 
of pain may interrupt the protective motor system 
response to nociception and may have a negative 
consequence in OA, in particular for knee joints, 
which are mechanically mediated, which in turn will 
lead to overloading of the joint and gradually both 
structural and symptomatic progression will accelerate 
eventually. The link between knee OA pain and gait 
changes is still unclear, and a better understanding 
of this link could advance disease treatment and 
prevention. Hence, this study was done to determine 
the Effect of a Multi‑Component Exercise Program on 
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Pain‑Related Gait Adaptations among individuals with 
Osteoarthritis of the knee joint.

Materials and Methods

Study design: Experimental Study of Pre‑ and Post‑Design.

Study participants and sampling: A total of 120 patients 
diagnosed with osteoarthritis (OA) of the knee, both 
male and female, within the age group of 50 to 65 years, 
with grade 1 and 3 OA knees were selected for this 
study. The majority of patients were residents of 
Karad, Maharashtra. The purpose of the study and the 
role of patients were clearly explained to the patients 
before starting the actual study. The objectives were 
to determine the effect of a multi‑component exercise 
program on pain‑related gait adaptations among 
individuals with osteoarthritis of the knee joint and to 
compare the effect of multi‑component exercises with 
traditional exercises on pain‑related gait adaptations 
among individuals with osteoarthritis of the knee joint.

Outcome measures
1) Western Ontario and McMaster’s Universities 

Osteoarthritis Index (WOMAC): The WOMAC is a 
self‑assessed disease‑specific measure for patients 
with OA of the knee and hip, comprising 24 items 
in three dimensions: pain, function, and stiffness. 
Can be used in the evaluation of patients with OA 
treated conservatively. Its inter‑rater and intra‑rater 
reliability was found to be 0.91 and 0.81, respectively, 
with satisfactory ICC.

2) Manual muscle testing: MMT is the most commonly 
used method for documenting impairments in muscle 
strength. The examiner in the application of force to 
the subject’s resistance evaluates the muscle groups 
being studied as subjectively “weak” or “strong” on 
a five‑point scale.

3) Range of motion: Knee ROM is commonly used as 
an outcome measure in clinical trials of people with 
knee OA. Goniometry is a reliable and valid method 
of measuring knee ROM, as well as a convenient 
and accessible outcome measure in clinical trials and 
physiotherapy practice.

4) Gait analysis: The gait parameters such as cadence, 
stride length, step length, and step width of the 
individuals were recorded. Cadence is the number 
of steps in a minute, stride length is the distance 
between the heel of a foot while the heel strike to 
the next heel strike of the same foot, step length is 
the distance between the heels of both feet, and step 
width is both feet when both feet are on the ground.

Procedure: After the approval from the Institutional 
Ethics Committee of KIMSDU, Individuals were 
approached and selected based on the inclusion and 

exclusion criteria. The procedure was explained and 
written informed consent was taken from those willing 
to participate. Demographic information of the subjects 
was taken. The individuals haveexplained the purpose of 
the study. Also, they were informed about the procedure. 
The 120 individuals were randomly allotted toboth 
groups, i.e., 60 in each group. A pretest assessment was 
done using the WOMAC scale, MMT, ROM, and gait 
analysis. Then, the protocol was implemented as per the 
groups. The experimental group program consisted of 
30 sessions for both groups, with each session of 45 to 
60 min, which was performed. The intervention program 
consisted of 30 sessions, with the sessions performed five 
times per week for 6 weeks. The later post test assessment 
was done by using the same outcome measures as 
mentioned above. Data were recorded for both groups 
and the values were compared to test the hypothesis and 
level of significance among both groups.

For Group A—Conventional Group (CG), the treatment 
protocol included electrotherapy modalities like the hot 
moist pack for a period of 10 to 15 min, interferential 
therapy (4 VP) for 15 min, and ultrasonic therapy (0.8–
1.2 W/cm2) for 7 min. These patients were also given 
active ROM exercises and progressive resistance 
exercises simultaneously.

For Group B—Multi‑Component Exercise Program or the 
Experimental Group (EG), the treatment protocol began 
with a warm‑up session of 10 min. The conditioning 
session was for45 to 60 min, of moderate intensity, and 
three sets of 10 repetitions. It included core strengthening 
exercises such as abdominal draw‑in maneuver exercise, 
pelvic bridging exercise, and isometric back exercise. 
Isometric to isotonic lower limb strengthening exercise 
for quadriceps, hamstrings, and adductors muscles. For 
proprioception, balance half squats and lunges, leg press, 
modified Romberg exercise, and balance board exercises 
were included. At the initial stage of gait training, the 
patients were taught about the phases of gait and asked 
to perform walking on heels and toes, forward walking, 
backward walking, side walking, and stair climbing. At 
the end, cool down session was taken for 10 mins.

Statistical analysis
120 patients with OA knee

Randomly allocated

Group A-Control group (n = 60)

Unpaired t test—Between the groups

Paired t test—Within the groups

Group B—Experimental group (n = 60)

Paired t test—Within the groups

Statistical analysis was done manually and by using the 
statistics software’s SPSS version 16.0. Paired t test was 
used for statistical analysis of pre‑ and post‑intervention 
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within the group. Unpaired t test was used for statistical 
analysis of pre‑ and post‑intervention between the 
groups.The ethical code number was 028/2021–2022 
which was given by the Institutional Ethics Committee.

Results

Among the 120 subjects with OA knee, the age group 
of 60–65 years (44%) was found to be commonly 
affected. Thirty‑nine were males (32.5%) and 81 were 
females (67.5%).Fifty‑eight subjects (48%) were found 
to be commonly overweight. Out of these120 subjects, 
32 subjects (27%) had Genu Valgum deformity and 88 
subjects (73%) had Genu Varum deformity at the knee 
joint [Table 1].

The comparison of the mean values of the WOMAC 
scale for patients with knee OA, within and between 
both the groups was found to be statistically 
significant (P < 0.0001). [Table 2]

The comparison of the mean values of MMT scores 
within the groups for patients with knee OA, for 
Knee Flexors of Group A, was not significant for the 
right side (P = 0.7088) and for the left side (P = 0.083) 
and Group B was extremely significant (P < 0.0001) 
for both the right and left sides. For Knee Extensors, 
Group A was significant (P = 0.013) for the right side 
and (P = 0.019) for the left side and Group B is extremely 
significant (P < 0.0001) for both sides. The mean values 

between the group of MMT for right and left Knee 
Flexors were found to be extremely significant. For the 
right knee extensor, it was very significant (P = 0.0019) 
and for the left knee extensor, it was found to be 
significant (P = 0.0267) [Table 3].

The comparison of mean values of ROM score 
within the groups for patients with OA knees, 
Knee Flexion of Group A for both sides was found 
to be extremely significant (P < 0.0001) and for 
Group B also both sides were found to be extremely 
significant (P < 0.0001). For Knee Extensors ofGroup A 
wasextremely significant (P = 0.0007) for the right 
side and (P = 0.0008) for the left side and Group B is 
extremely significant (P < 0.0001) for both sides. The 
posttest mean values between the groups of ROM 
for Right and left Knee Flexion which was found 
to be very significant (P = 0.0069) and (P = 0.0022), 
respectively. For right and left knee extension, it was 
significant (P = 0.0161) and (P = 0.0497), respectively 
[Table 4].

The pretest vs posttest mean values of gait parameters 
for patients with OA knees, for cadence of both Groups A 
and B were found to be extremely significant (P < 0.0001). 
The stride length for Group A was found to be very 
significant (P = 0.0060), and for Group B, it is extremely 
significant (P < 0.0001). Step lengths for Group A 
and Group B were both very significant (P = 0.0042) 
and (0.0052), respectively. Step width for both 
Group A and Group B were found to be extremely 
significant (P < 0.0001). The post test mean values 
between both groups ofgait parameters, cadence was 
found to be significant (P = 0.0208), stride length was 
found to be extremely significant (P < 0.0001), step length 
was very significant (P = 0.0012), and step width was 
found to be very significant (P = 0.0037) [Table 5].

Discussion

This study “Effect of Multi‑Component Exercise Program 
On Pain‑Related Gait Adaptations Among Individuals 
With Osteoarthritis Of The Knee Joint” was conducted 
to see the effect of multi‑component exercises on pain, 
strength, range of motion, and the various gait parameters 
on pain‑related gait adaptations among individuals with 
osteoarthritis of knee joint. It was conducted among 
subjects with bilateral osteoarthritis (OA) between the 
age group of 50 to 65 years of age and with grade 1 to 
3 of OA knee according to the Kellgren and Lawrence 
classification. Osteoarthritis commonly affects middle 
age to the elderly population.

The sample size consisted of 120 subjects (males n = 39, 
females = 81). Between 50 to 65 years old, with a mean 
age of 57.69 ± 7.7 and a mean BMI of 29.2 ± 6.4.

Table 1: Demographic Details
Demographic details No. of individuals Percentage
Age

50‑55 yrs 46 38
55‑60 yrs 22 18
60‑65 yrs 52 44

Gender
Male 39 32.5
Female 81 67.5
Normal 41 34

BMI
Overweight 58 48
Obese 1 17 14
Obese 2 04 4

Deformity
Genu Valgum 32 27
Genu Varum 88 73

Table 2: Comparison of mean scores of WOMAC 
within and between both the groups
WOMAC Pretest Posttest P Inference
Group A 63.01+7.9 58.3+9.4 <0.0001 Extremely significant
Group B 65.6+8.4 42.9+14.09 <0.0001 Extremely significant
Inference Not 

significant
Extremely 
significant



Bhore and Shinde: Effect of multi-component exercises program on pain-related gait adaptations in OA knee 

Journal of Education and Health Promotion | Volume 12 | April 2023 5

Table 3: Comparison of mean scores of MMT within and between both the groups
Right Knee Flexors

MMT Pretest Posttest P Inference
Right Knee Flexors

Group A 3.18+0.39 3.17+0.38 0.7088 Not significant
Group B 3.20+0.40 4.033+0.88 <0.0001 Extremely significant
Inference Not significant Extremely significant

Left Knee Flexors
Group A 3.03+0.18 3.08+0.28 0.083 Not significant
Group B 3.05+0.22 3.6+0.74 <0.0001 Extremely significant
Inference Not significant Extremely significant

Right Knee Extensors
Group A 3+0.00 3.1+0.30 0.013 Significant
Group B 3.03+0.18 3.5+0.59 <0.0001 Extremely significant
Inference Not significant Very significant

Right Knee Extensors
Group A 3.07+0.25 3.22+0.49 0.019 Significant
Group B 3.12+0.32 3.62+0.85 <0.0001 Extremely significant
Inference Not significant Significant

Table 4: Comparison of mean scores of ROM within and between both the groups
ROM Pretest Posttest P Inference
Right Knee Flexion

Group A 112.07+13.5 112.95+12.98 <0.0001 Extremely significant
Group B 110.72+14.43 118.87+12.07 <0.0001 Extremely significant
Inference Not significant Very significant

Left Knee Flexion
Group A 106.78+11.06 108.27+11.06 <0.0001 Extremely significant
Group B 106.6+11.21 114.58+9.9 <0.0001 Extremely significant
Inference Not significant Very significant

Right Knee Extension
Group A 107.28+11.68 114.15+11.30 0.0007 Extremely significant
Group B 106.85+11.93 109.02+11.6 0.0008 Extremely significant
Inference Not significant Significant

Left Knee Extension
Group A 102.18+10.57 103.80+10.49 <0.0001 Extremely significant
Group B 102.10+10.69 107.32+10.69 <0.0001 Extremely significant
Inference Not significant Significant

Table 5: Comparison of mean scores of gait parameters within and between both the groups
Gait Pretest Posttest P Inference
Cadence

Group A 65.77±17.13 67.22±17 <0.0001 (ES) Extremely significant
Group B 60.07±12.47 72.85±13.74 <0.0001 (ES) Extremely significant
Inference Not significant Significant

Stride Length
Group A 64.03±2.56 63.15±3.24 0.0060 (VS) Verysignificant
Group B 64.03±2.56 70.83±2.56 <0.0001 (ES) Extremely significant
Inference Not significant Extremely significant

Step Length
Group A 17.58±1.58 16.73±2.59 0.0042 (VS) Verysignificant
Group B 17.73±2.11 18.35±2.56 0.0052 (VS) Verysignificant
Inference Not significant Very significant

Step Width
Group A 7.88±2.88 6.98±2.34 <0.0001 (ES) Extremely significant
Group B 8.15±2.05 5.72±2.001 <0.0001 (ES) Extremely significant
Inference Not significant Very significant
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According to Venkatachalam et al., the radiologic features 
of knee osteoarthritis (OA) were very common in adults: 
13% of women aged 45 to 65 years old (an incidence of 
three percent per year).[20] Wallace et al. mentioned in 
their study that the right knee is more commonly affected 
in men aged 60 to 64 than the left knee, whereas the right 
and left knees are nearly equally affected in women.[21]

Physiotherapists are professionals who provide 
prescribed physical therapy. Their role is to 
assess, rehab, and educate patients using various 
techniques (massage, drainage, physiotherapy, 
ROM, muscle strengthening, exercise retraining, and 
proprioceptive rehabilitation).[22]Katherine Boyer has 
mentioned in her review that, treating the pain in OA 
knee can give relief for some duration but a long‑term 
basis can cause joint overloading, leading to progression 
of the degenerative changes and increase in its severity.[6]

This study showed that there were considerable changes 
in Group B with reduced pain, improved strength, range 
of motion, and gait parameters such as cadence, stride 
length, step length, and a decrease in the step width as 
compared to Group A at the end of week 6. Improving 
these pain‑related adaptations can help the individual to 
ambulate independently and also improve their quality 
of life. In a study, there was a significant improvement in 
physical function, reduction in pain, and decreasing OA 
symptom severity. There were significant improvements 
in physical function.[23] Thus, they stated that exercise 
protocol and walking program have a positive effect on 
the quality of life of elderly individuals with knee OA.[23]

While some studies found that obesity causes slower 
velocity,[24‑26] decreased cadence,[27‑29] decreased stride 
length and single support time,[25‑27,30] decreased swing 
time,[30,31] increased stance time,[27‑29] and increased 
double support time,[27,29] others failed to find differences 
in velocity,[25,27–29] cadence,[29‑31] step length,[29,30] stride 
length,[31] stance time,[31]and single. However, most 
papers[25,32] report increased step width.

This study used conventional method of treatment 
which included the application of electrotherapeutic 
modalities (Shortwave Diathermy or Hot Moist Pack, 
Ultrasound, Interferential Therapy), active range of 
motion exercises, and progressive resistance exercises, 
which were found to be statistically significant but not 
more than compared to the other Group B.

In this study, we used the multi‑component exercises 
for OA knee for Group B, as it not only focuses on 
treating just the knee joint but also on correcting other 
factors other affect the knees. These factors can be due 
to muscular weakness or muscular imbalances, faulty 
biomechanics, and joint overloading while walking at 

the spine, hips, and ankle joints that may eventually 
affect the knees. This exercise program helped in 
correcting the biomechanical chain and posture of the 
lower extremities.

The multi‑component exercise program was found 
to have a positive effect in reducing pain, as we 
used isometric exercises for the muscles of the knee 
joint (quadriceps, hamstrings, and adductors group of 
muscles) and muscles of the core (abdominals, lower 
back group of muscles), it showed to reduce pain as these 
exercises activatethe muscles and found to have an effect 
on the Golgi tendon reflex in which while contracting 
the muscle, the sensory nerve carries the impulses to 
the excitatory synapse, then the inhibitory synapse is 
activated due to the inhibitory interneuron, and then, 
this impulse is carried to the muscle back via the motor 
nerve while the muscle relaxes.

It was found to have a positive effect in increasing the 
strength asthe progressive resistance exercises were 
implemented in accordance to 25%, 50%, 75%, and 100% 
effort of 1 repetition maximum (1 RM) in supine, side 
lying, and later in bedside sitting positions as the pain 
was reduced simultaneously. For core strengthening, 
abdominal drawing in maneuver and pelvic bridging 
exercises were used.

The range of motion (ROM) was found to be increased as 
the pain reduced and strength increased which were the 
main contributing factors in affecting the available range 
of ROM. In the initial stages of the treatment, the subjects 
were asked to perform all the active ROM exercises in the 
non‑painful ranges to avoid exaggeration of respective 
muscle working due each active ROM exercise for the 
hip, knee, and ankle joints.

The multi‑component exercise program also had a 
positive impact on balance and coordination which 
is necessary while walking. It was corrected by the 
joint proprioceptive training of the knee joint mainly 
including exercises like half squats, half lunges, one‑leg 
standing, etc., Initially, all of these exercises were taught 
with one hand holding the edge of the chair as support or 
with the assistance of the therapist later we progressed 
without support.

The gait parameters were also found to have improved 
in these individuals with OA knees. The gait training 
was taught by breaking down various components 
of the gait cycle. They mainly included, toe standing, 
heel standing, toe standing, marching, and normal 
walking with the implementation of heel strike, toe 
off, mid‑stance, heel off, and toe‑off phase correction. 
Later, we progressed to side walking and stair‑climbing 
activities.
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Hence, this study showed that multi‑component exercise 
program had a clinically beneficial impact on pain, 
range of motion, strength, and various gait parameters 
in individuals with osteoarthritis of the knee joint. And 
results were found statistically significant for pain, range 
of motion, strength, and gait parameters in Group B, 
i.e., the experimental group. Thus, this study accepts 
the alternate hypothesis, i.e., there is a significant effect 
of multi‑component exercise program on pain‑related 
gait adaptations among individuals with osteoarthritis 
of knee joint.

Suggestions
1) More profound outcomes such as postural analysis 

for the spine can be used.
2) Study could be done with large sample size.
3) Intervention can be planned in graded format for 

further progression with more follow‑ups.

Conclusion

As clinical guidelines recommend exercise, education, 
self‑management, and healthy weight maintenance 
in individuals with OA knee in India as well as many 
other nations. Hence, the effect of a multi‑component 
exercise program on pain‑related gait adaptations 
among individuals with osteoarthritis of the knee joint 
was found to be significant in pain reduction, improving 
strength, range of motion, and the gait parameters such 
as increase in cadence, stride length, step length and 
decrease in the step width.

WHO—World Health Organization, OA—Osteoarthritis, 
NSAIDS—Non‑steroidal anti‑inflammatory drugs, CG—
Control group, EG—Experimental group, WOMAC—
Western Ontario and McMaster Universities Arthritis 
Index, MMT—Manual Muscle Testing, ROM—Range 
of Motion, BMI—Body Mass Index.
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