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INTRODUCTION

Knee osteoarthritis is an inflammatory joint disease that af-
fects the cartilage between bones thereby causing joint pain 
and stiffness, resulting in muscle weakness, periarticular 
muscle atrophy, tenderness and swelling. Majorly affects 
large weight bearing joints such as hips and knee.1 Knee OA 
is divided into primary OA which is result of age and sec-
ondary OA which is result of disease or injury leading to 
joint degeneration.1 There are alterations of the tensile, com-
pressive, shear properties and hydraulic permeability of the 

cartilage, thus increased stiffness of the subchondral bone.2 
Osteoarthritis is the second most common rheumatologic 
problem affecting joints with a prevalence of 22% to 39% 
in India.3 The prevalence of osteoarthritis increases with age. 
Nearly, 45% of women over the age of 65 years have symp-
toms while radiological evidence is found in 70% of those 
over 65 years.4

Knee osteoarthrosis (KOA) is generally associated with a 
dysfunction of the quadriceps muscle which mainly con-
tributes to changes in motor performance.5,6 The quadriceps 
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ABSTRACT
Introduction: The functional dysfunction in osteoarthritis knee is caused by pain and quadriceps muscle weakness. Physiother-
apy treatment includes isometric and isotonic exercises for improving joint range of motion and muscle strength of quadriceps 
muscle. Biofeedback can be combined with these exercises to enhance the awareness about the extent of work done by the 
muscle. 
Aim: The aim of the study was to compare the efficacy of quadriceps sets with biofeedback and modified quadriceps sets with 
biofeedback along with ultrasound in reduction of pain and active extension lag in knee osteoarthritis.
Methodology: A Total number of 30 participants were divided into group A and B, 15 each group according to inclusion and 
exclusion criteria using simple random sampling. Group A received quadriceps sets exercises with biofeedback and group B re-
ceived modified quadriceps sets with biofeedback. Both groups also received pulsed ultrasound prior to exercise.  The outcome 
measures were pain and extensor lag, which were assessed at baseline and after 2 weeks of treatment protocol.
Results: Both the groups showed improvement but between group analysis showed significant reduction of pain (mean 1.53 
right side and mean 1.73 left side, p<.0001) and active extension lag (mean 5.33 right side and mean 6.06 left side, p<.0001) 
bilaterally in group B who had received modified quadriceps sets with biofeedback when compared with group A. 
Conclusion: Modified quadriceps sets with biofeedback were more effective than quadriceps sets with biofeedback along with 
ultrasound in reduction of pain and active extension lag in knee osteoarthritis patients.
Key Words: Active extension lag, Biofeedback, Modified Quadriceps sets, Osteoarthritis Knee, Ultrasound, Stiffness
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muscle is also responsible for knee joint stabilization and it’s 
persistent weakness decreases the protective force generated 
at the knee joint. Sensorimotor dysfunction of the quadri-
ceps muscle is related with knee osteoarthritis progression.5 

Muscular inhibition and muscular atrophy may cause reduce 
force generating capability of quadriceps muscle in knee os-
teoarthritis.7

Quadriceps lag or active extension lag is a condition when 
patient cannot actively extend knee fully using muscle con-
traction, but can be passively extended by the therapist.8 This 
would mean that the quadriceps muscle is weak or inhibited, 
or may be that there  are  some adhesions present causing pain 
and inhibition.9  Exercise is recognized as an essential com-
ponent of the long-term management of OA.10Isometric con-
tractions produce low articular pressure and are well tolerated 
by OA patients with swollen, painful joints. These exercises 
can improve muscle strength and endurance. They prepare the 
joints  for  more  dynamic  movements  and  are, therefore,  
typical  starting  point  for most strengthening programs.11  
VMO originates from the medial intramuscular septum, ad-
ductor longus and majority of fibers arising from the tendon of 
the adductor  magnus.12  Based on anatomical findings, VMO 
activation can be more selectively obtained by simultaneous 
activation of the knee extensor muscles and the hip adductor 
muscles.13 Also the lowermost fibers of VMO attach to the an-
teromedial aspect of tibia through the medial extensor aponeu-
rosis and may resist external rotation of tibia thus VMO can be 
recruited through active medial rotation of tibia.14 VMO and 
VL (Vastus Lateralis) have been shown to be active throughout 
the full range of knee extension, with VMO: VL  EMG pro-
portion value ranging from 1 to 1.2 in healthy participants.15 

Hodge and Rechardson in their study added hip adduction to 
an isometric knee extension, in both weight bearing and non 
weight bearing conditions. They found a greater increase in 
VMO activity compared with VL activity.16 Judi Laprade Et Al 
compared five commonly used isometric exercises i.e. knee 
extension,  hip adduction, hip adduction with knee extension, 
medial tibial rotation and knee extension and they concluded 
that VMO:VL proportion was highest when medial rotation 
and knee extension were resisted at the same time.17 Some re-
search suggests that hip adduction might be useful in promot-
ing a greater VMO/VL ratio18 while other research apparently 
does not agree.19 Also, some studies18,20 failed to standardize 
the hip adduction force.

With consideration of the above mentioned, the purpose of 
this study was to compare the efficacy of modified quadriceps 
sets with biofeedback and quadriceps sets with biofeedback in 
reducing pain and active extension lag in osteoarthritic knee.

 METHODOLOGY

A comparative experimental design was chosen for this study. 
Ethical clearance was taken from the Institutional Ethical 

Committee of Maharashtra Institute of Physiotherapy, Latur 
before conducting the study (Approval No: IEC/2021/SR-
3/2021). Total 30 participants were recruited from the col-
lege OPD. Both males and females aged 50 and above, X ray 
showing osteophytes and joint space narrowing (grade II and 
III), who were having bilateral knee pain since 6 months, dif-
ficulty in cross leg sitting and stair climbing and with active 
extension lag were included in the study. Participants who 
had recent knee surgery, neurological, psychological and 
cardiac, vascular and sensory disorders were excluded from 
the study.  The aim, objectives and method of the study were 
explained to the participants in detail before obtaining writ-
ten informed consent. The outcome measures assessed were 
pain by NPRS which is valid and reliable and extensively 
used for knee OA (ICC = 0.95) 21 and active extension lag by 
universal goniometer which is valid and reliable and exten-
sively used for measuring ROM in knee OA (ICC=0.99)22 at 
baseline and after 2 weeks. For active extension lag measure-
ment, the participants were positioned in high sitting, lean-
ing 45 degrees backwards to minimize any resistance from 
hamstring during procedure. Participants were then asked to 
extend knee actively and active extension lag is measured 
with goniometer.

The participants were randomly divided into groups A and 
group B of 15 participants each by an independent collabora-
tor by using coin method. Group A received quadriceps sets 
with biofeedback and Group B received modified quadriceps 
sets with biofeedback. The treatment protocol was followed 
for 2 weeks. After first 3 days of treatment, one day rest was 
given and again treatment was given for another two days 
and one day rest avoid the exertion to the patient. The same 
treatment protocol was followed for the 2nd week. 

Group A received quadriceps sets with biofeedback in which 
the participants were asked to sit on the couch with the knee 
flexed to few degrees. Place an inflated sphygmomanom-
eter cuff below the distal end of femur. Then the participants 
were asked to push his/her knees back and tighten the front 
thigh muscle. They were instructed to maximally activate 
their thigh muscles in order to straighten their knee without 
letting the foot to clear the floor and hold the isometric 
contraction for 10 seconds.23 Participant maintained the rise 
in the mercury level of sphygmomanometer during isometric 
contraction served as biofeedback.

Group B received modified quadriceps sets with biofeedback 
in which the participants were asked to sit on the plinth with 
the knees flexed to few degrees. Two inflated Sphygmoma-
nometer cuff were used. One was placed in between the 
thighs. Second was placed below the distal end of the femur. 
Firstly the therapist instructs the participants to press on the 
cuff from both thighs and then were asked to activate their 
thigh muscles in order to straighten their knee by pressing on 
the inflated cuff below distal femur without letting the foot 
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to clear the floor and hold this isometric contraction for-
10seconds.23 Participant maintained the rise in the mercury 
level during isometric contraction in both the sphygmoma-
nometer served as biofeedback. 

Both the groups received 3 sets of 15 repetitions.

Participants of both the groups also received pulsed ultra-
sound prior to exercise with a frequency of 1MHz, power-
2W/cm2 with a pulsed mode duty cycle-1:4.24

STATISTICAL ANALYSIS

The data is analyzed using unpaired t-test and paired t-test. 
Descriptive statistical data was presented in the form of mean 
+/- standard deviation and difference percentage were calcu-
lated and presented. Unpaired t test was performed to as-
sess the statistical significant difference between the groups 
for the pain and active extension lag. Paired T test was per-
formed to assess the statistical difference within the group 
for the pain and ROM and active extension lag. p-value < 
0.05 were considered significant. Confidence interval was 
95%.

RESULTS

Group A
The mean value and SD of Pretest and posttest of NPRS right 
side were 6.40 ± 0.99 and 3.33 ± 0.82 respectively. The mean 
value and SD of Pretest and posttest of NPRS left side were 
6.27 ± 1.03 and 3.93 ± 0.70 respectively. The mean value and 
SD of Pretest and posttest of active extension lag right side 
were 16.80 ± 1.74 and 7.73 ± 1.28.  The mean value and SD 
of Pretest and posttest of active extension lag left side were 
17.07 ± 1.16 and 8.07 ± 1.10 and p-value was <0.0001 for all 
the outcome measures, these values suggest there was a sig-
nificant reduction in pain and active extension lag in group A 
at 2 weeks as shown in table 1 and figure 1.

Group B
The mean value and SD of Pretest and posttest of NPRS right 
side were 6.53 ± 0.92 and 1.53 ± 0.74 respectively. The mean 
value and SD of Pretest and posttest of NPRS left side were 
6.33 ± 0.90 and 1.73 ± 0.70 respectively. The mean value 
and SD of Pretest and posttest of active extension lag right 
side were 17.07 ± 1.87 and 5.33 ± 0.90.  The mean value 
and SD of Pretest and posttest of active extension lag left 
side were 16.67 ± 1.1.63 and 6.07 ± 1.22 and p-value was 
<0.0001 for all the outcome measures, these values suggest 
there was a significant reduction in pain and active extension 
lag in group B at 2 weeks as shown in table 2 and figure 2.

Comparison of group A and group B at 2 weeks.
The mean value and SD of posttest comparison of NPRS 
right side between group A and B were 3.33 ± 1.81 and 1.53 
± 0.74 respectively. The mean value and SD of posttest com-
parison of NPRS left side between group A and B were 3.93 
± 0.70 and 1.73 ± 0.70 respectively. The mean value and SD 
of posttest comparison of active extension lag right side be-
tween group A and B were 7.73 ± 1.27 and 5.33 ± 0.89 re-
spectively. The mean value and SD of posttest comparison 
of active extension lag left side between group A and B were 
8.06 ± 1.09 and 6.06± 1.22 respectively and p-value was 
<0.0001 for all the outcome measures, these values suggest 
there was a greater reduction in pain and active extension lag 
in group B at 2 weeks when compared to group A as shown 
in table 3 and figure 3. 

DISCUSSION

The results of the present study showed that modified 
quadriceps sets with biofeedback were more effective 
clinically in reducing active extension lag and pain when 
compared to the group who received only quadriceps set 
with biofeedback.  Brownstein et al, 1985 suggested that 
when knee extensors and hip adductors were simultane-
ously activated, might provide the VMO with more force 
of Quadriceps. VMO muscle originates in part from fas-
cia overlying adductor magnus muscle.25 Exercising larger 
muscle first may generate tension within it and thereby 
VMO muscle has mechanical advantage in reducing lateral 
shearing .Relative activity of VMO and VL during knee ex-
tension has been conducted, which reported proportionally 
greater VMO activity during maximal hip adduction with 
knee extension exercises in both weight bearing and non 
weight bearing condition.26  VMO oblique portion of vas-
tus medialis muscle function primarily as an active medial 
stabilizer of the patella27  and primarily function in final 
20 degree of extension.  Training this muscle increases the 
strength in VMO and increases support and stabilization of 
patella. Quadriceps isometrics and Quadriceps isometrics 
with biofeedback also showed decrease in extensor lag.28 

A study reported that subjects having stronger Quadriceps 
strength showed a reduction in knee pain and better func-
tional activity as compared with those with least strength.29 
Strong muscle stabilize the joint in proper alignment, at-
tenuate shocks that are transmitted to the joint and decrease 
effect of impact by spreading the forces over greater area. A 
study reported that sustained isometric contractions can im-
prove muscle strength and static endurance.30 So it may be 
concluded that improvement in quadriceps muscle strength 
reduced active extension lag and pain. In the present study 
group B who received modified isometric exercises with 
biofeedback showed better improvement in pain and ac-
tive extension lag may be due to neurological reorganiza-
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tion which has increased motor unit recruitment and muscle 
strength.31

In the present study pulsed ultrasound with intensity of 
2w/cm2 with duty cycle 1:4 was applied to the patient and 
showed reduction in NPRS. Ultra sound reduces pain in 
knee OA when applied over tender point around the knee 
joint prior to exercise by increasing blood flow to the mus-
cle in spasm and causes muscle relaxation.32 In a systematic 
review it was concluded that the exercise is beneficial for 
pain and functional problems in patients with osteoarthritis 
of the knee.33 A study by Sinha et al concluded that modified 
Quadriceps sets with biofeedback showed clinically more 
improvement in reducing pain and extensor lag in patients 
with knee osteoarthritis.34 Our study supports the study by 
Shukla et al which reported that modified quadriceps sets 
with biofeedback were better than the quadriceps sets and 
quadriceps sets with biofeedback in improvement of exten-
sor lag in osteoarthric knee patients.35

STUDY LIMITATIONS

Our study has few limitations: 

1.	 Due to lack of follow-up, long term effects of the pro-
tocol was not established. 

2.	 Quadriceps strength was not measured. 

CONCLUSION

This study showed that there was significant reduction in 
pain and active extension lag in both the groups but when 
we compared the two groups it was found that the group B 
showed more improvement clinically than group A. So this 
study concludes that modified quadriceps sets with biofeed-
back along with ultrasound were better in reducing pain and 
active extension lag than quadriceps sets with biofeedback 
along with ultrasound in osteoarthritic knee patients.
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Table 1: Pre-post comparison of outcome measures within group A (Quadriceps sets with biofeedback).
Mean SD t- Test P Value Inference

Pre NPRS (Right) 6.40 0.99
12.35 < 0.0001 Extremely significant.Post NPRS (Right) 3.33 0.82

Pre NPRS (Left) 6.27 1.03
14.64 < 0.0001

Extremely significant.

Post NPRS (Left) 3.93 0.70

Pre Active extension lag 
(Right)

16.80 1.74
20.53

< 0.0001 Extremely significant.

Post Active extension lag 
(Right)

7.73 1.28

Pre Active extension lag 
(Left)

17.07 1.16

26.62

<0.0001

Extremely significant.  Post Active extension lag 
(Left)

8.07 1.10
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Figure 1: Pre-post comparison of outcome measures within group A (Quadriceps sets with biofeedback).

Table 2: Pre-post comparison of outcome measures within group B (Modified Quadriceps set with biofeed-
back).

Mean SD t- Test P Value Inference

Pre NPRS (Right) 6.53 0.92
20.91 < 0.0001 Extremely significant.Post NPRS (Right) 1.53 0.74

Pre NPRS (Left) 6.33 0.90
19.57 < 0.0001

Extremely significant.

Post NPRS (Left) 1.73 0.70

Pre Active extension lag (Right 
side)

17.07 1.87
20.78 < 0.0001

Extremely significant.

Post Active extension lag (Right 
side)

5.33 0.90

Pre Active extension lag (Left 
side)

16.67 1.63

17.21 < 0.0001 Extremely significant.Post Active extension lag (Left 
Side)

6.07 1.22

Figure 2: Pre-post comparison of outcome measures within group B (Modified Quadriceps sets with biofeedback).
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Table 3: Post-post comparison of outcome measures between group A and B at the end of 2 weeks.
Mean SD t- Test P Value Inference

Post NPRS A (Right) 3.33 0.81

6.35 0.0001
Extremely statistically 
significant

Post NPRS B (Right) 1.53 0.74

Post NPRS A (Left) 3.93 0.70

8.60 0.0001

Extremely statistically 
significantPost NPRS B (Left) 1.73 0.70

Post Active extension lag A 
(Right)

7.73 1.27

5.99 0.0001

Extremely statistically 
significant

Post Active extension lag B 
(Right)

5.33 0.89

Post Active extension lag A 
(Left) 8.06 1.09

4.73 0.0001 Extremely statistically 
significant

 Post Active extension lag B 
(Left)

6.06 1.22

Figure 3: Post-post comparison of outcome measures between group A and B.


