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EFFECTIVENESS OF ISOTONIC EXERCISES 
ON QUADRICEPS - HAMSTRING STRENGTH 

RATIO IN OSTEOARTHRITIC FEMALES

ABSTRACT
OBJECTIVE
To evaluate the Q/H strength ratio, before and after the isotonic exercises.

The Quasi experimental design was selected in this study. 50 female patients 
with knee osteoarthritis and disturbed Quadriceps – Hamstring (Q/H) ratio were 
assessed through Visual Analog Scale (VAS), Range Of Motion, Kellgren-Law-
rence Scale and Repetition Maximum (RM). All of the patients were assessed at 
1st visit, and then 15 sessions of isotonic exercises were given. They were exam-
ined again at 15th day to assess the effects of isotonic exercises on Q/H ratio.

There was a significant difference in Q/H ratio before and after isotonic exercis-
es. The average Q/H ratio before an exercise was less (0.8712 ± 0.1174) as 
compared to the ratio taken after exercises (0.9832 ± 0.1127). The P-value was 
less than 0.05 that was significant. The strength of quadriceps and hamstring 
muscles were increased, hence reduced the intensity of pain.

The isotonic exercises were found to be effective for strengthening of quadri-
ceps and hamstring muscles. There was a significant increase in Q/H ratio after 
isotonic exercises, with improvement in pain and ROM.  This may improve their 
daily functional activities. 
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MATERIAL AND METHODS

RESULTS

CONCLUSIONS

INTRODUCTION

Osteoarthritis (OA) is a progressive disorder that affects 
the joint capsule, cartilage, synovia and subchondral 
bone1. In osteoarthritis of knee, narrowing of joint space 
occur due to destruction or degeneration of articular 
cartilage, bony sclerosis, sharpening of articular margins, 
intra-articular structures, marginal lipping, bony cyst and 
osteophytic changes with the progression of this condi-
tion2. Osteoarthritis is a degenerative disease and 
depends on many etiological factors. It is related to 
repetitive movements, repetitive mechanical loads and 
age. The etiological factors are separated into three 
sub-groups; sex, body mass and anatomy3. 

Knee joint, thigh and leg muscles work together, that can 
assess by variety of techniques, such as visual observa-
tion, range of motion and Q/H ratio4. Production of 
tension in the knee joint muscle, termed as its strength; 
and in knee osteoarthritis, quadriceps muscle is more 
prone to be affected5-9. Approximately 60% of the popu-
lation are affected by Osteoarthritis, having the age more 
than 50 years10,11. The patients commonly presented with 
pain, inflammation, decreased range of motion, joint 
stiffness, muscular weakness, especially in quadriceps (Q) 
and hamstring (H) muscles in case of knee OA. Osteoar-
thritis also alters the joint proprioception, which affects the 
gait pattern of an individual12-14.

In osteoarthritis, decreased muscular strength causes the 
progressive loss of function and joint integrity. Due to this, 
individuals have problem in stair climbing, walking, rising 
up from chair and also have restriction of knee range of 
motion13. In osteoarthritis, gait changes may also 
observed due to misalignment of the limb and instabilities 
of the structures related to that particular area. That 
patient present with limping gait, sometimes that limping 
is due to pain rather than any misalignment of the limb, 
and is more common in early stage of osteoarthritis. 
During walking and joint movement, crepitus can be 
heard or felt, due to the degeneration of the articular 
surfaces. Those surfaces become irregular15. 

Knee complex consists of Tibiofemoral (TF), Patellofemoral 
(PF) and Tibiofibular joints. Osteoarthritis affects all of these 
in relation to the severity. The severity of osteoarthritis of 
the knee can be classified according to the Kellgren-  
Lawrence scale. This scale consists of five degrees16: 
 0    No osteoarthritis
 1    Doubtful osteoarthritis 
 2    Minimal osteoarthritis
 3    Moderate osteoarthritis
 4    Severe osteoarthritis 
Knee joint stability depends on its internal and external 
forces with sufficient magnitude. The ability of the quadri-
ceps muscle is to provide dynamic stability to the knee 
joint and absorbs forces which act on it8.
Osteoarthritis affects the joint, both biochemically and 
biomechanically. The osteoarthritic changes cannot be 
stopped by any medicine or other, but it can be delayed 
through physical activities and rehabilitation program. 
The proper and effective rehabilitation program is more 
important to delay or slow the process of knee osteoar-
thritis. Osteoarthritis of knee reduces the strength of 
quadriceps and hamstring muscles as well as reduces the 
sensorimotor function of the lower limb, proprioception of 
the knee joint and hence also affects the gait pattern of 
an individual17–23. 

For the maintenance of good posture and the control of 
movement, during walking and during loading response 
on musculoskeletal system, the muscle strength plays a 

key role. The muscle produces tension for the                  
maintenance of posture and balance24. 

Osteoarthritis of knee affects the strength of muscle or 
group of muscles. Strength is defined as the ability of 
muscle to develop tension in a muscle or group of 
muscles during the maximum effort, either dynamically or 
statically. Muscle strength is a complex phenomenon and 
difficult to characterized, as it is affected by many factors 
including age, gender, and cross sectional area, types or 
contraction of muscle. Muscle is the contractile part of 
the musculoskeletal system of the body and plays a most 
important role for maintaining the joint structure and 
function. Any weakness or injury in the muscle of the knee, 
mostly in quadriceps femoris muscle, causes the knee 
joint pain2.  In osteoarthritis, the flexor- extensor ratio or 
Quadriceps-Hamstring ratio may be disturbed. That ratio 
depends on the age of an individual, gender, measuring 
equipment, tested population, testing position, angular 
velocity of the joint and the type of the activity in which 
the persons are involved4.

The cross-sectional area of the extensor of the knee joint is 
double of the cross-sectional area of the knee flexor and 
knee extensors also have longer force arm distance as 
compared to the flexors of the knee joint. Flexors and 
extensors of the knee joint work together in a rhythmic 
pattern to produce functional activities related to the 
knee joint movement. Therefore, it is very important to 
maintain the strength ratio of both of those muscles. 
Normally, the quadriceps– hamstring ratio is 2:1 and this 
flexor-extensor ratio of the knee may vary between 0.4 
and 0.925-27. Muscle adapts with the environmental 
changes and training. It is very important for the               
performance of targeted or purposeful movement of the 
body or a specific body part in respect to the environ-
ment. Muscle helps to perform very fine movement for 
fine activities2.

Study Design
The quasi experimental design was used for this study, to 
evaluate the effects of exercises on Q/H ratio, before and 
after treatment.

Sample Size 
50 patients were included in this study with knee                  
osteoarthritis and disturbed Q/H ratio. 

Study Duration
The duration of this study was seven months. 

Inclusion Criteria
)HPDOHV�ZLWK�WKH�DJH�EHWZHHQ����DQG����\HDUV��%0,�������
knee osteoarthritis, disturbed Q/H ratio, Kellgren-  
Lawrence scale less than 3, with or without osteoporosis 
and hypertension were included in this study.

Exclusion Criteria
Females having morning stiffness for more than 30 
minutes, inflammatory arthritis, any deformity, any bone 
pathology, traumatic injuries, any evidence of                 
malignancy, infection on the skin over knee joints were 
excluded from this study. 

Outcome Measures
In this study, we measured the strength of quadriceps and 
hamstring muscles through Repetition Maximum (RM) 
and hence the Q/H ratio was calculated.

Instruments
Metal weights of 2kg, 3kg and 4kg, weighing machine 

METHODOLOGY
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In patients with left knee osteoarthritis, left knee AROM of 
flexion (130o) was less than PROM (140o), AROM of exten-
sion shows that they had limited terminal extension by 
10.71o and their PROM was 0o. ROM of all patients at Day 
1 is shown in Table 3.

The average range of motion of all patients was assessed 
again at day 15, after receiving 15 sessions of exercises. In 
patients with bilateral knee osteoarthritis, right knee 
AROM of flexion was 139.7o, while PROM was 140o, AROM 
and PROM of extension was 0o. Among them, left knee 
AROM flexion was 139.7o, its PROM was 140o, AROM and 
PROM of extension was 0o.

In patients with right knee osteoarthritis, right knee AROM 
and PROM of flexion were 140o, while, AROM and PROM 
of extension were 00. Whereas, same values of AROM and 
PROM of left knee were obtained in patients with left knee 
OA.

These results show that ROM of all patients was improved 
at day 15 (shown in Table 4).

The average muscle grading of quadriceps and 
hamstring muscles were examined at day 1 and day 15, 
as shown in table 5.  In patients with bilateral knee             
osteoarthritis, when assessed right knee, the muscle 
grading of quadriceps and hamstring muscles at day 1 
were less as compared to day 15. Among them, left knee 
muscle strength of quadriceps and hamstring were also 
improved at day 15.

In patients with right or left knee osteoarthritis, the muscle 
grading of quadriceps and hamstring muscles showed 
improved strength after isotonic exercises at day 15.
 

Pain assessment was done on day 1 and 15, by using VAS 
scale. 0 on VAS was equivalent to ‘No Pain’. 1-2 on VAS 
scale was considered as mild pain, while   3-6 and 7-10 as 
moderate pain and severe pain respectively. Results 
show that pain of patients was improved after treatment. 
Patients with severe pain at day 1 were 14 and at day 15 
no patient had severe pain. Whereas number of patients 
having no pain, were increased from 3 to 32 (shown in 
table 6).

were used.

Procedure
a. Isotonic Exercises 
Visual Analog Scale (VAS), Range of Motion (ROM) and 
muscle strength were assessed at day 1. Then, 15 sessions 
(6 sessions in a week) of isotonic exercises were given to 
them. It consisted of isotonic quadriceps exercise, straight 
leg raise, short arc, hamstring strengthening and wall sets. 
10 repetitions of every exercise were performed initially by 
the patients. Later, it was progressed to 15-20 repetitions. 
Home plan of these exercises as performed in clinic, was 
given for 3 times per day. Patients were educated to 
modify their daily activities to reduce the intensity of pain. 
They were examined again at day 15 to assess the effects 
of these isotonic exercises on Q/H ratio.

b. Hamstring Muscle Strength Testing
The hamstring strength was tested with the patients in a 
prone lying position. Their feet hanging over the edge of 
the couch and a towel roll was placed under the knees to 
prevent compression of the patella between the femur 
and the couch. According to the patient tolerance, a 
weight was selected and strapped around the ankle of 
the patient who was then instructed to flex her knee 
against the resistance offered by the load. Each patient 
lifts the weight within their limits of pain and muscle 
fatigue. That weight should be noted and kept constant 
for that patient, to check the strength of muscle before 
and after the isotonic exercises. The number of times the 
patient lifts that load through full range of motion (from 
knee extension to knee flexion) before getting fatigue, 
was recorded as the equivalent repetition maximum (RM) 
of the load.

c. Quadriceps Femoris Strength Testing
The isotonic quadriceps strength was determined with the 
patient in a high sitting position with back support. The 
load should be selected according to the patient 
tolerance. The metal weight was attached to the ankle, 
and the patient was instructed to lift the load from 90o 
knee flexion to full knee extension. Each patient lifts the 
weight within their pain limits and muscle fatigue. That 
magnitude of weight was noted and kept constant for 
that patient, to check the strength of muscle before and 
after the isotonic exercises. The number of times the 
patient lifted the load before getting fatigue, from 90o 
flexion to full extension, was recorded as the  equivalent 
repetition maximum (RM) of the load.

d. Calculation
i. Isotonic Hamstring and Quadriceps Strength
The RM for the hamstrings and quadriceps of each 
patient was estimated by using the formula2:

Repetition Maximum      =         RM
Percentage Equivalent    100%

The above calculated RM values were taken as the 
isotonic quadriceps (Q) and hamstring (H) strength values 
for every patient. 
ii. Isotonic Q/H Strength Ratio
The isotonic Q/H strength ratio was calculated through 
following formula2:

Q/H ratio   =     Isotonic Q strength value
           Isotonic H strength value

The general information of the patients including gender, 
age, marital status and occupation are shown in Table 1.              
50 females were included in this study with the mean age 
of 56 years. Among them, 96% were married, 4% were 
single, 92% were house wives and 8% were working 
women.

The patients came with the presenting complains of the 
bilateral, unilateral right or left knees. The presence of 
osteoarthritis in Tibiofemoral (TF) and Patellofemoral (PF) 
of that knee was examined by the x-ray. With complain in 
right knee, there were 18% patients with TF osteoarthritis 
and 11.6% patients with PF osteoarthritis. With complain in 
left knee, there were 17.1% patients with TF osteoarthritis 
and 12.2% patients with PF osteoarthritis. With complain in   
bilateral knees, there were 67% patients with TF                    
osteoarthritis and 55% patients with PF osteoarthritis. 
Distribution of OA is shown in Table 2.

The Average Range of Motion (ROM) of all patients was 
assessed at day 1. Among patients with bilateral knee 
osteoarthritis, right knee Active ROM (AROM) of flexion 
(125.75o) was less as compared to Passive ROM (PROM) 
of 138.3o. AROM of extension shows that they had limited 
terminal extension by 10.15o and their PROM was 0o. 
While, left knee AROM of flexion (126.1o) was less than 
PROM (138.79o). AROM of extension shows that they had 
limited terminal extension by 10.15o and their PROM was 
0o.

In patients with right knee osteoarthritis, right knee AROM 
of flexion (130o) was less as compared to PROM (140o), 
AROM of extension shows that they had limited terminal 
extension by 10o and their PROM was 0o.

RESULT

Table 1:  General Information  

Age 
(years)  

Mean ±  SD 
56.6 ± 7.38 

Marital Status  n (%) 

Single 2 (4.0) 

Married 48 (96.0) 

Occupation n (%) 

House wife 46 (92.0) 

Working Women 4 (8.0) 

 
Table 2:  Distribution of OA  

Knee TF 
n (%) 

PF 
n (%) 

Right 8 (18.0) 5 (11.6) 

Left 7 (17.1) 5 (12.2) 

Bilateral  29 (67.0) 24 (55.0) 

Table 3:    Range of Motion at Day 1 

 RIGHT KNEE LEFT KNEE 

 AROM PROM AROM PROM 
Knee OA Flexion Extension Flexion Extension Flexion Extension Flexion Extension 

Bilateral  125.75 
± 7.81 

10.3 
± 1.21 

138.3 
± 4.45 

0.00 
±0.00 

126.1 
± 8.17 

10.15 
± 0.87 

138.79 
± 4.15 

0.00 
± 0.00 

Right 130.00 
± 0.00 

10.00 
± 0.00 

140.0 
± 0.00 

0.00 
± 0.00 - - - - 

Left - - - - 130.00 
± 5.77 

10.71    
± 1.89 

140.0  
± 0.00 

0.00     
 ± 0.00 

* Mean ± SD  in degrees 

Table 4:    Range of Motion at Day 15 

 RIGHT KNEE LEFT KNEE 

 AROM PROM AROM PROM 

Knee OA Flexion Extension Flexion Extension Flexion Extension Flexion Extension 

Bilateral  139.7 
± 1.74 

0.00 
± 0.00 

140.00 
±.00 

0.00 
± 0.00 

139.7 
± 1.74 

0.00 
± 0.00 

140.00 
± 0.00 

0.00 
± 0.00 

Right 140.00 
± 0.00 

0.00 
± 0.00 

140.00 
± 0.00 

0.00 
± 0.00 - - - - 

Left - - - - 140.00  
± 0.00 

0.00    
± 0.00 

140.00 
± 0.00 

0.00      
± 0.00 

* Mean ± SD  in degrees 

Table 5:  Muscle Grading 

Assessment Patients with 
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e Quadriceps      
Day 1 3.02 ± 

0.174 
3.20 ± 
0.42 - 

Day 15 4.03 ± 
0.174 

4.20 ± 
0.42 - 

Hamstring 
Day 1 3.02 ± 

0.174 
3.20 ± 
0.42 - 

Day 15 4.03 ± 
0.174 

4.20 ± 
0.42 - 

Le
ft 

kn
ee

 Quadriceps 
Day 1 3.03 ± 

0.174  
3.00 ± 
0.00 

Day 15 4.03 ± 
0.174  

4.00 ± 
0.00 

Hamstring 
Day 1 3.03 ± 

0.174  
3.00 ± 
0.00 

Day 15 4.03 ± 
0.174  

4.00 ± 
0.00 

* Mean ± SD   
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The paired T test for Q/H ratio before exercises at day 1 
(0.87) was less as compared to the T test for Q/H ratio after 
exercises at day 15  and after exercises at day 15 (0.98). 
The P- value was less than 0.05, which was significant. This 
Q/H ratio is shown in table 7.

In this study we assessed the strengths of quadriceps and 
hamstring muscles in knee osteoarthritis by using              
Repetition Maximum (RM) method and we found more 
strength in quadriceps muscle as compared to hamstring 
muscle. Other studies also found lower strength of 
hamstring muscle groups, while quadriceps weakness is 
also a great risk factor for the progression of osteoarthritis. 
Those studies measured muscle strength by Isotonic RM or 
10 RM method and kendall scale1,2. A study showed that 
knee osteoarthritic individuals had 30% - 50% lower 
muscular strength and endurance as compared to the 
individuals without osteoarthritis1.

The function of quadriceps and hamstring muscles is very 
important in performance of knee. Both of them worked 
with co-activation. At a time, one muscle acts                 
concentrically and the other eccentrically3. This study 
focused on isotonic exercises for muscle strengthening. 
Previous studies also worked with different exercise 
programs and machines for the strengthening of flexor 
and extensor muscle groups. A study used eccentric 
strengthening program twice a week for 6 weeks6. Other 
study used moderate exercise program, including isoton-
ic and isometric exercises and Medx machine for the 
strengthening of quadriceps and hamstring muscle 
groups30. 

Isotonic strengthening exercises has great role to reduce 
the pain intensity and improve the daily functional activi-
ties of knee osteoarthritic patients. Previous study showed 
that strengthening exercises of hamstring and quadriceps 
muscles enhances the functional activities like walking, 
daily living of the patient with knee osteoarthritis, reduces 
the pain and improves the muscle strength, muscle 
endurance and joint proprioception29. 

This study results shows that isotonic exercises improve the 
Q/H ratio by improving muscle strength. Pain intensity of 
the patients was improved. With improvement of pain, 

ROM and muscle strength, the patients will be able to 
perform their activities of daily living with ease, which 
improve their quality of life. 

Through strengthening exercises with dietary modification 
we can slow the rate of disease progression and improves 
the functional activities and daily living of an individual.

The age and weight of an individual are the risk factor for 
the occurrence of osteoarthritis and muscular weakness. 
As the age, weight or body mass increase, the quadri-
ceps – hamstring ratio will necessarily be decreased. It is 
not possible that with the increasing body mass, the 
muscle strength also increases7. 

Increased body weight of patients can put more 
compressive stress on their knee joints. Therefore, body 
weight also play role in development of OA in aged 
individuals. That can also limit their daily activities and 
increase pain; as a result muscle strength decreases. This 
factor might be present in patients of our study, that 
decreased their muscle strength and hence Q/H ratio. 
Q/H ratio is important for stability of knee joint 28. The Q/H 
ratio is approximately 2:1 in healthy individuals but in 
osteoarthritis this ratio becomes decreased28. 

The result of this study shows that, muscle strengths are 
improved after isotonic exercises and hence improved 
the Q/H ratio. This is confirmed by the P- value (less than 
0.05) which is significant, for the Q/H ratio before and 
after isotonic exercises. 

In our study, we found the significant increased in Q/H 
ratio after giving the isotonic exercises. The result of our 
study was similar to the previous study, that is, in                  
osteoarthritis Q/H ratio decreased to normal and through 
isotonic strengthening exercises can lead the significant 
difference in that ratio29. In osteoarthritis the hamstring 
muscle is affected more than the quadriceps muscle due 
to that the strengthening of hamstring are more important 
than quadriceps to improve the Q/H ratio29.

There was a significant difference in Q/H ratio before and 
after the isotonic exercises. The isotonic exercises play a 
key role in the strengthening of quadriceps and hamstring 
muscles. 

Table 6 :  Pain Assessment 

Pain Day 1 
n (%) 

Day 15 
n (%) 

No  0 (0) 32 (64) 
Mild 3 (6) 10 (20) 

Moderate 33 (66) 8 (16) 
Severe 14 (28) 0 (0) 

 

Table 7:   Paired T test for Q/H Ratio  

Assessed at (Mean ± SD) 

Day 1 0.8712 ± 0.1174 

Day 15  0.9832 ± 0.1127 

*P- value  < 0.05  
 DISCUSSION

CONCLUSION
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