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It is a prospective study done among the outpatients visiting the 
orthopedic department, Velammal Medical College Hospital & 
Research Institute, Madurai, Tamil Nadu, India. The study period 
is between 1st October 2020 and 1st January 2021. The study 
population is patients who present to the department with 
nontraumatic knee pain. The study proceeded after obtaining 
approval from our Institutional Ethical Committee. Also, all the 
participants involved in the study signed written consent.

Screening of all the patients is done by the principal investigator 
(senior consultant in orthopedics), and diagnosis is made after a 
thorough clinical and radiological examination. Patients included in 
this study were suffering from grade I and grade II OA, according to 

in t r o d u c t i o n

Osteoarthritis is the most common musculoskeletal disorder in 
the elderly population all over the world. A new study in India 
reported a prevalence of 32.6% in the provincial and 60.3% in the 
metropolitan population.1 It is documented as the 10th leading 
cause of nonfatal burden in a study conducted in 2009. The most 
commonly diagnosed OA in the outpatient department is primary 
OA, where there is no underlying factor as compared to secondary 
OA. The most common problem faced in this era is “the sedentary 
lifestyle,” which is the driving factor for OA in the near future. It 
is evident from various studies that lower extremity strength is 
one of the important factors in knee shock absorbing capacity 
during day-to-day activities. A study conducted in India in 2016 
documented that people leading a sedentary lifestyle were affected 
by around 36.8%, while people with physically active were affected 
by only around 26%.2 It has been documented that the normal 
hamstring: quadriceps ratio of >0.6 is protective in individuals 
from developing OA by sharing the total load given to the joint.3,4 
So, it is essential to include quadriceps-strengthening exercises 
along with pharmacological methods. The Osteoarthritis Research 
Society International recommends non-pharmacological methods 
and exercise programs for the treatment of knee OA.5 As there are 
various forms of exercise, we have chosen the isometric exercise 
because of its nature to cause less inflammation, pressure, and 
bone destruction, and it can be easily learned by the patient and 
executed at home without supervision. This study investigates 
whether quadriceps strengthening improves pain, joint stability, 
and QOL in OA patients.
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ab s t r ac t
Introduction: Osteoarthritis (OA) is the most common musculoskeletal disorder among the elderly population. Quadriceps muscle weakness is 
one of the biological factors that may contribute to knee pain. There was only limited evidence that higher quadriceps strength may improve 
knee pain. This study investigates whether quadriceps strengthening improves pain, joint stability, and quality of life (QOL) in OA patients.
Materials and methodology: Prospective study was done among the outpatients visiting the orthopedic department, Velammal Medical College 
Hospital & Research Institute, Madurai, Tamil Nadu, India. The study period is between 1st October 2020 and 1st January 2021. We had 340 OA 
knee patients in the age-group <65 years who met the inclusion criteria as the study participants. Patients were randomly assigned to two 
groups A and B by card method. Group A is the case group, and group B is the control group. The patients allocated in the case group underwent 
isometric exercise (isometric hip adduction, isometric quadriceps exercise, and straight leg raise exercise) along with pharmacotherapy and 
lifestyle modification advices. The control group only had pharmacotherapy and lifestyle modification advices. The Knee Injury and Osteoarthritis 
Outcome Scale (KOOS) scale was used to measure the outcome.
Results: Unpaired t-test was used to compare between two groups, reduction in pain intensity (0.001**), improvement in QOL (0.001**), and 
improvement in joint stability (0.001**) in the isometric exercise group at the end of the 8th week were significantly greater than those of the 
control group (p < 0.05).
Conclusion: The 8-week isometric quadriceps exercise program showed beneficial effects on pain, QOL, and joint stability in patients with OA 
of the knee.
Keywords: Isometric quadriceps exercise, Knee Injury and Osteoarthritis Outcome Scale, Knee pain, Osteoarthritis, Quadriceps.
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greater improvement in their pain by the end of the 6th week (80.40 
+ 1.290) and 8th week (85.43 + 1.237). From Table 2, as the pain scale 
improved, the case group improved symptomatically. The activities 
of daily living (ADL), as per Table 3 cases, did show an improvement 
in carrying out their daily activity without any limitation at the end 
of the 6th and by the 8th week when compared to the control.

the American College of Rheumatology and grade III or less on the 
Kellgren–Lawrence scale. The follow-up period is 2 months. Patients 
excluded from the study are patients with inflammatory arthritis, 
posttraumatic arthritis, patients with deformity, and patients with 
a meniscal tear. We had 340 OA knee patients in the age-group 
<65 years who met the inclusion criteria as the study participants. 
Patients were randomly assigned to two groups A and B by card 
method. Group A is the case group, and group B is the control group.

Patients in the case group received isometric exercise along 
with pharmacotherapy and lifestyle advices. All exercises, including 
isometric hip adduction, isometric quadriceps exercise, and straight 
leg raising exercise, were performed in sets of 10 repetitions: one 
set of all exercises was performed twice a day for the 1st week, 
which will be progressed weekly until three sets twice a day by 
the end of 5th week.

Isometric quadriceps exercise (Fig. 1): patients were asked to lay 
in a recumbent position. A moved-up towel was put underneath the 
knee. They were asked to contract their thigh muscles as much as 
they could to fix their knee and hold the contraction for 5 seconds. 
Straight leg raising exercise (Fig. 2): patients were made to lay in a 
supine position. They were instructed not to bend the knee prior 
to the lifting phase of the exercise. Then they were instructed to 
lift the leg up to 10 cm above the plinth and hold the contraction 
during the lifting phase for 10 seconds. Isometric hip adduction 
exercise (Fig. 3): patients lay in a supine position. A small pillow 
was put between the knees. They were instructed to perform this 
exercise by pressing the pillow between the knees and to maintain 
the adduction with contraction for 5 seconds.

The control group only received pharmacotherapy and lifestyle 
advices without any intervention. The patients from the control 
group were asked to come for follow-up at baseline, weeks 2, 4, 6, 
and 8 (end of the trial) to measure the dependent variables (pain 
intensity, joint stability, and QOL) using the KOOS.

The KOOS assesses patient pain (nine items), other symptoms 
(seven items), function in daily living (17 items), function in sport and 
recreation (five items), and knee-related QOL (four items). A score 
of 0 indicates very bad symptoms, while a score of 100 indicates 
no knee symptoms. The KOOS is a patient-detailed joint-explicit 
score, which might be helpful for evaluating changes in knee 
pathology over the long run, with or without treatment.6 Statistical 
analysis was carried out using Statistical Package for the Social 
Sciences (SPSS) 23.0 version and MS Excel. Unpaired t-test was used 
to compare case and control groups with respect to numerical 
scores. About 5% level of significance was considered statistically 
significant.

re s u lts

A total of 340 patients were assessed. Twelve patients lost the 
follow-up, and we had 328 patients for analysis, with 164 subjects 
in each group.

di s c u s s i o n

Quadriceps muscle weakness is one of the biological factors that 
may contribute to knee pain. There was only limited evidence that 
higher quadriceps strength may improve knee pain. The objective 
of this study was to evaluate whether isometric quadriceps exercise 
has a beneficial effect on patients with knee OA. Table 1 implies 
that group A presenting with a pain score (13.80 + 0.901) after 
incorporating quadriceps-strengthening exercise, started to see 

Fig. 1: Isometric quadriceps exercise

Fig. 2: Straight leg raising exercise

Fig. 3: Isometric hip abduction exercise 
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had confidence in carrying out their daily activities as they had 
better knee stability when compared to week 0. The results of this 
study demonstrated that isometric quadriceps exercise brought 
significant improvements in all the parameters after the 8-week 
training program.

The results of the present study showed that the 8 weeks 
period of intervention brought about a significant reduction 
in knee pain (0.001**) and improvement in function in the case 
group at the 8th week. The significant reduction in pain and 
improvement in function in the case group may be attributed to 
improved quadriceps strength and therefore increased stability of 
the knee joint. The study conducted by Messier et al. concluded 

Quality of life was found to be improving in group A as the 
pain decreased and with improved knee stability when compared 
to group B as per Table 4. Case and control group patients’ pain, 
symptoms, ADL, and QOL scores are statistically different at various 
time periods. As we interpret from the above data observed from 
the patients with knee OA, initially, patients came with severe pain 
with limitation of their daily activities, but when we introduced our 
intervention (pharmacotherapy and exercise) to patients, we saw 
improvement in their 2nd week with their pain, but at this time 
they were not so confident about carrying out their daily activities 
with confidence, but as of weeks 6 and 8, when patients came for 
review, they were symptomatically better with negligible pain and 

Table 1: Comparing pain on both case and control groups 

Sl. no. Study variables pain

KOOS scale

p-valueCase Control

1 0 weeks 13.80 + 0.901 14.00 + 0.0 0.005
2 2 weeks 46.91 + 0.289 19.00 + 0.0 0.001**
3 4 weeks 66.19 + 2.005 33.00 + 0.0 0.001**
4 6 weeks 80.40 + 1.290 50.00 + 0.0 0.001**

5 8 weeks 85.43 + 1.237 56.00 + 0.00 0.001**

**Denotes that p-value <0.001 is statistically significant 

Table 2: Comparing symptoms on both case and control groups 

Sl. no. Study variables symptoms

KOOS scale

p-valueCase Control

1 0 weeks 10.64 + 0.767 11.00 + 0.0 0.001**
2 2 weeks 45.65 + 0.765 11.00 + 0.0 0.001**
3 4 weeks 53.54 + 1.145 21.00 + 0.00 0.001**
4 6 weeks 63.73 + 0.857 21.00 + 0.00 0.001**

5 8 weeks 67.62 + 0.880 43.00 + 0.00 0.001**

**Denotes that p-value <0.001 is statistically significant 

Table 3: Comparing ADL on both case and control groups 

Sl. no. Study variables ADL

KOOS scale

p-valueCase Control

1 0 weeks 21.65 + 0.862 21.00 + 0.00 0.001**
2 2 weeks 48.73 + 0.608 22.00 + 0.00 0.001**
3 4 weeks 48.72 + 0.614 40.00 + 0.00 0.001**
4 6 weeks 56.82 + 0.572 40.00 + 0.00 0.001**

5 8 weeks 80.63 + 0.879 49.00 + 0.00 0.001**

**Denotes that p-value <0.001 is statistically significant

Table 4: Comparing QOL on both case and control groups 

Sl. no. Study variables QOL

KOOS scale

p-valueCase Control

1 0 weeks 0.00 + 0.00 0.00 + 0.00

2 2 weeks 50.00 + 0.00 0.00 + 0.00 0.001**
3 4 weeks 50.00 + 0.00 25.00 + 0.00 0.001**
4 6 weeks 56.00 + 0.00 25.00 + 0.00 0.001**

5 8 weeks 68.47 + 0.00 50.00 + 0.00 0.001**

**Denotes that p-value <0.001 is statistically significant



Effect of Isometric Exercises in Patients with Osteoarthritis Knee

Journal of Orthopedics and Joint Surgery, Volume 00 Issue 00 (xxxx 2022)4

or c i d

Ahamed Mohamed Rayeez  https://orcid.org/0000-0001-8705-376X

re f e r e n c e s
1. Sharma MK, Swami HM, Bhatia V, et  al. An epidemiological 

study of correlates of osteo-arthritis in geriatric population 
of UT Chandigarh. Indian J Community Med 2007;32(1):77–78. 
DOI: 10.4103/0970-0218.53414

2. Lee J, Chang RW, Ehrlich-Jones L, et  al. Sedentary behavior and 
physical function: objective evidence from the osteoarthritis 
initiative. Arthritis Care Res (Hoboken) 2015;67(3):366–373. 
DOI: 10.1002/acr.22432

3. Hurley MV. The role of muscle weakness in the pathogenesis of 
osteoarthritis. Rheum Dis Clin North Am 1999;25(2):283–298. 
DOI: 10.1016/s0889-857x(05)70068-5

4. Segal NA, Torner JC, Felson D, et al. Effect of thigh strength on incident 
radiographic and symptomatic knee osteoarthritis in a longitudinal 
cohort. Arthritis Rheum 2009;61(9):1210–1217. DOI: 10.1002/art.24541

5. Zhang W, Moskowitz RW, Nuki G, et  al. OARSI recommendations 
for the management of hip and knee osteoarthritis, part II: OARSI 
evidence-based, expert consensus guidelines. Osteoarthritis 
Cartilage 2008;16(2):137–162. DOI: 1016/j.joca.2007.12.013

6. Roos EM, Roos H, Lohmander LS et al. Knee Injury and Osteoarthritis 
Outcome Score (KOOS)—development of a self-administered 
outcome measure. J Orthop Sports Phys Ther 1998;28(2):88–96. 
DOI: 10.2519/jospt.1998.28.2.88

7. Messier SP, Legault C, Loeser RF, et  al. Does high weight loss 
in older adults with knee osteoarthritis affect bone-on-bone 
joint loads and muscle forces during walking? Osteoarthritis 
Cartilage 2011;19(3):272–280. DOI: 10.1016/j.joca.2010.11.010

8. Ettinger WH Jr, Burns R, Messier SP, et  al. A randomized trial 
comparing aerobic exercise and resistance exercise with a health 
education program in older adults with knee osteoarthritis. The 
Fitness Arthritis and Seniors Trial (FAST). JAMA 1997;277(1):25–31. 
DOI: 10.1001/jama.1997.03540250033028

9. Deyle GD, Henderson NE, Matekel RL, et al. Effectiveness of manual 
physical therapy and exercise in osteoarthritis of the knee. A 
randomized, controlled trial. Ann Intern Med 2000;132(3):173–181. 
DOI: 10.7326/0003-4819-132-3-200002010-00002

10. Falconer J, Hayes KW, Chang RW. Effect of ultrasound on mobility in 
osteoarthritis of the knee. A randomized clinical trial. Arthritis Care 
Res 1992;5(1):29–35. DOI: 10.1002/art.1790050108

11. Fisher NM, Gresham G, Pendergast DR. Effects of a quantitative 
progressive rehabilitation program applied unilaterally to the 
osteoarthritic knee. Arch Phys Med Rehabil 1993;74(12):1319–1326. 
DOI: 10.1016/0003-9993(93)90087-q

that there was no correlation between quadriceps strengthening 
and improvement in pain and joint stability.7 Whereas the findings 
are consistent with the findings of previous investigators who 
have reported that exercise can reduce pain and increase the 
functional abilities of OA patients. The Fitness Arthritis and 
Seniors Trial8 reported a modest 8–10% improvement in pain and 
function scores as a result of 18 months of aerobic or resistance 
exercise among their sample of knee OA patients. Further, Deyle 
et al.,9 Falconer et al.,10 and Fisher et al.11 found the same positive 
effects of exercise programs on pain and function. In the present 
study, the reduction in pain and disability in the case group may 
be attributed to increased quadriceps muscle strength and, 
thereby, improved stability, which leads to a reduction of pain 
and stability and QOL.

Limitations of the Study 
Close monitoring of the cases and control was not possible 
in our study, which may change the outcome. Other factors 
like squatting, sitting cross legs, and climbing stairs up and 
down which are not taken into account in this study. The study 
population consists mostly of urban patients, which can have an 
impact on the result.

Strength of Study 
Single-center study and all the study participants were screened 
by a single primary investigator.

Future
We also suggest a further, more advanced study to pinpoint the 
exact time at which these changes happen exactly and what is 
the minimal amount of exercise required to elicit this response 
which will be easy for us to motivate patients to do their exercise 
consistently.

co n c lu s i o n

From the study conducted, we are able to conclude that quadriceps 
strengthening is tied up with a better prognosis in patients with 
moderate OA knee.
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