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Abstract The purpose of this study was to compare the effect of quadriceps isometric exercises along with hip abductors isometric 
exercises as integrated exercise with quadriceps exercises in reducing pain, disability in medial knee osteoarthritis. The Total 
of 54 patients (both male and female) were recruited in this study but on the basis of inclusion and exclusion criteria, only 32 
were included in this study. Womac index was opted as outcome measures to collect the data of pain, disability and functional 
limitation. Participants were randomly assigned to integrated exercise group; (n = 16) (mean age 52) who performed exercises 
[Quadriceps isometric along with hip abductor isometric exercises] and quadriceps isometric exercises group (n = 16) (mean 
age 49) performed for 3 weeks. 32patients were analyzed and the effect of integrated exercises [Quadriceps isometric along 
with hip abductor isometric exercises] showed a  statistically significant difference in pain, disability and functional limitation 
(p < 0.000). Total duration to collect the pre and post data of pain, disability and functional limitation was 3 weeks. 3 weeks 
of exercise protocol was effective in both groups in terms of reducing pain and disability but integrated exercises were found to 
be more effective than quadriceps exercise in improving the pain, disability and functional limitation over the time at the level 
of significance.
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Introduction
Osteoarthritis is a bone and joint degenerative disorder that affects the large peripheral joints such as hip and 

knee joints in the human body. It is a chronic degenerative joint disease with progressive destruction of articular 
cartilage and decreases in the synovial fluid that lubricates those joints (Dieppe & Lohmander, 2005). Knee 
osteoarthritis is a degenerative arthritis occurs in the intra-articular and extra-articular surface of the knee joint. 
It progresses slowly with usual sign and symptoms being pain and limitation of the range of motion of the knee joint. 
Age is a one of the strongest risk factors for OA of all joints (Xiao et al., 2019).

The increase in the prevalence and incidence of osteoarthritis with age is probably a consequence 
of cumulative exposure to various risk factors and biologic changes that occur with aging that may make a joint less 
able to cope with adversity, such as cartilage thinning, weak muscle strength, poor proprioception, and oxidative 
damage (Mayoral Rojals, 2021). As a person ages, the water content of their cartilage decrease, thus weakening 
it and making it less resilient and more susceptible to degradation (Wittenauer et al., 2013). There are strong 
indications that genetic inheritance is a factor, as up to 60% of all osteoarthritis cases are through to results from 
genetic factor(Spector & MacGregor, 2004). The latest evidence to date indicates that half of the risk of developing 
osteoarthritis of the hand and hip (approximately 25% for the knee) can be attributed to genetic factors (Allen et al., 
2022).

During examination, slight thickening is often found on palpation; it is mainly a bony thickening caused by the 
marginal osteophytes (Serban et al., 2016). Movements are impaired slightly or markedly according to the degree 
of arthritis; in the larger joints movement is accompanied by palpable or audible repetition of a rather coarse type 
(Rossi et al., 2020). Fixed deformity is often found in the hip, and sometimes in the knee and in other joints (Bhan 
et al., 2008). The radiological feature of osteoarthritis knee are the joint space narrowing, and sclerotic margins 
and osteophytes formation at the margin of the joint, with the slight flattening of the condyles (Ahmad et al., 2009). 
Magnetic resonance imaging can demonstrate early cartilage changes (Jazrawi et al., 2011). Arthroscopy can 
reveal early fissuring and surface erosion of the cartilage (Hattori et al., 2005).

Physiotherapy consists of major two approaches: electrotherapy and exercise therapy. In electrotherapy, there 
are various physical agents or modalities which help in reducing pain, swelling or associated symptoms related to 
the injury (Hanks et al., 2015). On the other hand, there are various forms of exercise such as strengthening exercise 
progressive resisted exercise isometric and isotonic exercise which help in building the muscle strength and 
mobility of the joint. They also help in building the independence level of the patients (Hanratty et al., 2012)strength, 
function, and quality of life. Data were summarized qualitatively using a best evidence synthesis. Treatment effect 
size and variance of individual studies were used to give an overall summary effect and data were converted to 
standardized mean difference with 95% confidence intervals (standardized mean difference (SMD. This study was 
conducted to evaluate the comparative effect of integrated exercises [Quadriceps isometric along with hip abductor 
isometric exercises] and quadriceps isometric exercises program on pain and disability in patients with medial knee 
osteoarthritis. 

Materials and Methods
This study was conducted after approval from research committee of Swami Vivekanand Subharti University, 

Meerut, Uttar Pradesh, India. This is a simple pre and post experimental design study. The purpose and procedure 
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of the study were explained in detail and consent form was taken from each participant and participants were free 
to withdraw any time without giving any reason. The participants were selected according to the inclusion and 
exclusion criteria and divided into 2 groups – Integrated exercises group (Group-A) and Isometric exercises group 
(Group B). 

Selection criteria
Out of 54, 32 participants took part in this study, including 7 male and 25 females. The participants were 

randomly allocated into 2 groups i.e. group A (n = 16) and the group B (n = 16) respectively as explained in the 
flowchart of Figure 1. Patients having a complaint of knee pain at medial aspect with age group between 45–65 years 
who referred from Orthopedic OPD of Subharti hospital were included in this study. The stage of knee osteoarthritis 
was determined by X-ray. Patients having a history of recent injury of the knee joint, bone and joint tumor, bone 
tuberculosis, severe knee pain due to trauma, infection, fracture and no history of any kind of medication for pain 
were excluded from selection criteria. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Enrollment 

Assessed for Eligibility 
(n = 54) 

Excluded (n = 22) 

 Not meeting inclusion criteria  (n = 12) 
 Refused to participate (n = 6) 
 Other Reasons (n = 4) 

Participated (n = 32) 

Allocated to Group A (n = 16) 

Integrated Exercises 

Quadriceps Isometric along with hip abductor 
isomeric Exercises 

Allocated to Group B (n = 16) 

Only Quadriceps isometric exercises 

Dropouts = Nil 

Analysis 

Figure 1. Methodology adopted in this study

Outcome Measure

WOMAC Scale
Pain, disability and function were assessed by the WOMAC(Western Ontario and McMaster Universities 

Arthritis Index) scale including all three subscales (measured by a Likert version and the possible range of scores 
is 0 = none to 4 = extreme) were used to determine the degree of functionality of the knee (Riddle & Perera, 2020).
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Intervention
Based on the patient assessment, the treatment for both groups  involved applying a  moist heat pack to 

the knee joint for 15–20 minutes in order to reduce muscle spasms and pain, while improving tissue extensibility. 
Group A  received sessions of integrated exercises program; quadriceps isometrics exercise along with hip 
abductor isometric exercises for six days in a week for three weeks. Group B received sessions of only quadriceps 
isometrics exercise with for six days in a week for three weeks. Initially according to the patient’s condition the 
number of repetitions of exercises may be less or decreased but upgraded or increased later on. After 3 weeks 
post intervention of quadriceps and hip abductor strength and knee pain and functions were re-evaluated. Pre- and 
post- intervention data was analyzed for any statistical significance.

Data Analysis
First of all, baseline characteristics i.e. age, height, BMI and body mass of all patients were analyzed. 

Outcome measures: pain, disability, functions and muscle strength were analyzed for statistical significance. 
SPSS version 22.0 was utilized to analyze the data. The mean change of WOMAC score at baseline and after 3rd 
week of intervention within the groups was compared. Assessment for the significant difference at predetermined 
significant level between pre-and post WOMAC score of both groups was done by Paired t-tests.  P value was set 
at ≤ 0.05 level. 

Results
Overall compliance of subjects to the integrated exercise program was 100% as optional session was 

arranged if a subject could make any of the sessions and also there were no dropouts during the study. There were 
no significant differences between groups for age, body mass, height, and BMI at baseline (P < 0.05) in Table-1. 
Assessments were done at baseline and after 3 weeks of interventions, and the results presented in Table 2 and 3. 
There were only a few reports regarding muscle soreness in the first week of exercises.

Table 1. Characteristics of patients with knee osteoarthritis in both groups

Groups Age (year) Height (cm) Body Mass (kg)
Body Mass 
Index (kg/m2)

Group A 52 162 71 27.05
Group B 49 158 68 27.23

Table 2. Pre and post WOMAC score of group A 

Variable Pre-score (1st Day) Post-score (20th Day)
t-value p-value

WOMAC Domain Mean S.D Mean S.D
Joint Pain 12.3 4.3 5.1 3.4 4.698 0.000
Joint Stiffness 5.4 1.9 3.1 1.6 3.703 0.000
Functional 
Limitation

41.7 5.4 26.3 11.7 4.780 0.000
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Table 3. Pre and Post WOMAC score of group B 

Variable Pre-score (1st Day) Post-score (20th Day)
t-value p-value

WOMAC Domain Mean S.D Mean S.D
Joint Pain 11.3 3.1 8.3 3.9 2.408 0.022
Joint Stiffness 5.4 1.8 3.9 1.6 2.491 0.018
Functional 
Limitation

39.7 6.9 30.6 13.1 2.458 0.019

Pain and Disability

Group-A
The mean comparison within the group at different time points is shown in Table 2. The effect of integrated 

exercise level illustrated that there was a statistically significant difference between baseline data and after 3 weeks 
of data of WOMAC. On the basis of mean difference, WOMAC sore at baseline with calculated value i.e. joint 
pain (12.3), joint stiffness (5.4) and functional limitation (41.7) significantly improved after performing the integrated 
exercise for 3 weeks and reported as WOMAC score with joint pain (5.1), joint stiffness (3.1) and function limitation 
(26.3). Paired t-test of treatment at baseline and after 3rd week was performed and the result of within group 
comparisons indicated that quadriceps isometrics exercise along with hip abductor isometric exercises compared 
at baseline to 3rd week (P < 0.05) of intervention was statistically significant. 

Group-B
The mean comparison with in the group at different time points is shown in Table 3. The effect of quadriceps 

isometric exercise level illustrated that there was a difference between times between baseline data and after 3 
weeks of data of WOMAC. On the basis of mean difference, WOMAC sore at baseline with calculated value i.e. joint 
pain (11.3), joint stiffness (5.4) and functional limitation (39.7) significantly improved after performing the integrated 
exercise for 3 weeks and reported as WOMAC score with joint pain (8.3), joint stiffness (3.9) and function limitation 
(30.6). Paired t-test of treatment at baseline and after 3rd week was performed and the result of within group 
comparisons indicated that quadriceps isometrics exercise along with hip abductor isometric exercises compared at 
baseline to 3rd  week (P > 0.05) of intervention was not statistically significant as compared to group-A who received 
integrated exercises for 3 weeks.

Discussion
The purpose of this study was to find out the combined effects of quadriceps isometric exercise with hip 

abductor isometric exercise as integrated exercises approach in subjects with medial osteoarthritis of the knee. 
Effects of quadriceps isometric exercises were studied and revealed the effectiveness in reduction of pain 
and improvement in functions (Suzuki et al., 2019). Hip strengthening exercise can be added with quadriceps 
strengthening exercises for improving pain and quality of life in knee osteoarthritis as supplementary content over 
the quadriceps exercises alone if it is found to be more effective (Xie et al., 2018). Hip abductor muscles exercises 
along with quadriceps isometric exercise were of interest as integrated exercises for medial knee osteoarthritis. 
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Significant improvement in pain, disability and functional limitation was displayed following integrated exercises 
at baseline and after 3 weeks compared to quadriceps isometric exercises. Our findings agree with previous 
literature; however, it is the first exploratory study to analyze the effect of integrated exercise protocol in medial 
knee osteoarthritis. A significant decrease in pain, disability and functional limitation following integrated exercises 
were delivered for medial knee osteoarthritis both, over the period of 3 weeks compared to baseline. The results 
of our study are consistent with previous work over the 6 weeks of intervention (Shah Sohil Yunusbhai, 2023; 
Aalaa et al., 2020). Findings have implications on the clinical decision process of physiotherapists in the context 
of standard exercise protocol applications pitch side and the resultant or lasting effects on pain, disability and 
functional limitation in knee osteoarthritis. Physiotherapists should however consider the outcome measures that 
can impact multiple factors of response to exercises and the context of their application. The current study reflects 
the necessity of research required in the topic of optimizing integrated exercises application and the impacts on pain 
and disability that support the functional improvement.

Data of WOMAC index for measuring pain, disability and functional limitation of the subjects of both groups 
for pre and post interventional study expressed in terms of mean and S.D shown in table 2 and 3. Within the group 
pre and post values were assessed by paired t-test in both the groups which has mentioned in table 2 and 3. 
In both groups, p-value was significant i.e., p < 0.05 with WOMAC, score; joint pain (0.0000), joint stiffness (0.0000) 
and functional limitation (0.0000). The 3 weeks protocol quadriceps isometric exercise with hip abductor isometric 
exercise and quadriceps isometric exercise alone showed significance in both group  in terms of decreasing pain 
and disability but group A, quadriceps isometric exercise with hip abductor isometric exercise showed statistically 
more significant difference in  decreasing pain and disability. 

A study was conducted on the role of quadriceps exercise in osteoarthritis of knee joint. In their study total 
number of 100 subject aged of 40–65 years suffering with mild to moderate O.A  of knee joint were enrolled. 
Subjects were equally divided into two groups. Group 1 & 2; group 1 received drug therapy and group 2 received 
physiotherapy alone with drug therapy in the form of quadriceps exercise. The patients were assessed often two 
weeks of protocol. This study shows that group 2 who received drug therapy along with quadriceps strengthening 
exercise had significant improvement in order to decrease pain and increase ROM and function (Ansari & Asimuddin, 
2014).

Another study was conducted on the effect of the exercise of lower limb strengthening as treatment for knee 
osteoarthritis. Total 88 participants with painful radio-graphically affirmed medial compartment knee osteoarthritis 
and section enrolled form the network and were randomly assessed to a hip strengthening or control group utilizing 
concealed allocation stratified by disease severity. The hip strengthening group performed to strengthen the hip 
abductor and adductor muscles at home 5 times per week for 12 weeks and the control group was requested to 
continue with their usual care.

Blinded follow up assessment was conducted at 12 weeks after randomization. This study showed that the hip 
strengthening exercise was significantly effective on knee loads and symptoms in people with medial compartment 
knee osteoarthritis and has the potential to slow the disease progression (Uthman et al., 2013)two hip, 14 mixed. 
As the authors expected in this study, the result supported the previous studies that examined the different exercise 
program concerning reduction of pain and disability in knee osteoarthritis.

It is worth noting that different studies have linked in reduction in pain and disability to an increase function to 
mobility in the patients with knee osteoarthritis. This was likely due to the intrinsic factors associated with ageing, 
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such as degenerative processes in musculoskeletal systems that lead to muscle weakness and limit the mobility 
of knee joint. Hence also in this study an improvement in muscle strength as well as functions was observed which 
can support the previously published studies.

Conclusion
Integrated exercises for quadriceps and hip abductor muscles have a significant effect on pain and disability 

of the elderly population with medial knee osteoarthritis. After 3 weeks of integrated exercise protocol, there has 
been a significant improvement on pain and disability as well as functional limitation. This result showed that even 
short-term integrated exercise protocol can be effective in the elderly population to improve their function via 
reducing the pain and disability. Integrated exercises were found to be more effective than quadriceps exercise in 
improving the data of joint pain, joint stiffness and functional limitation over the time at the 5% level of significance.
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