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INTRODUCTION

Anterior knee pain is known as knee pain caused by the ab-
errant motion of the patella in the trochlear groove, which 
results from biomechanical and/or physical changes within 
the patellofemoral joint. 1   There is a strong correlation be-
tween pronated foot and reduced MLA therefore anterior 
knee pain can be prevented by maintaining the integrity of 
the arch.

Many studies suggest the use of weight-bearing as well as 
non–weight-bearing quadriceps exercises in the rehabilita-
tion programme of anterior knee pain.2

Thus the purpose of this study is to compare the effects of 
quadriceps exercises versus short foot exercises on pain 
and navicular drop in patients with anterior knee pain.

METHOD

After the approval from ethics committee of the institute, 
subjects having knee pain were screened, 60 subjects 
meeting the inclusion criteria as having anterior knee 
pain for at least past 3 months and reported pain in 2 or 
more daily activities like ascending and descending stairs, 
squatting, kneeling, jumping and long sitting. pain on pal-
pation of the medial and/or lateral facet of the patella and 
Navicular drop test more than or equal to 15mm. patients 
with any knee pathology, recent injury of lower limb and 
on any other treatment for anterior knee pain were ex-
cluded.

All the subjects were asked to fill a consent form after a 
thorough explanation of the testing procedure, protocol and 
training and their doubts and queries were cleared.
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Subjects were then randomly allocated by chit method in two 
groups namely- Group A and Group B.

The measurements of the variables i.e. the Visual analogue 
scale, Navicular drop test and KOS-ADL Scale were taken 
at the beginning and after 6 weeks of intervention for both 
the groups.

Outcome measures
Visual Analogue Scale: The pain severity was documented 
using the visual analogue scale (VAS). Test-retest reliability 
is 0.77 and the Validity of it is 0.76 3

Navicular Drop test: Navicular drop can be used to measure 
the amount of pronation of foot 

The ICC validity value for Navicular drop is 0.745 and intra- 
and inter-rater reliability is 0.76- and 0.84 4

KOS-ADL the Knee Outcome Survey-Activities of Daily 
Living scale (KOS-ADL) is an instrument that helps to de-
termine the functional ability and disability of the patient.

Validity is 0.89 and Test-retest reliability is 0.94.5

Intervention
Both the groups received the intervention for six sessions per 
week for 6 weeks.

Ultrasound of 1 MHz with intensity of 1W/cm2, continuous 
mode was given around the anterior knee to both the groups 
for 6 mins during the first week of the treatment. 6

Subjects in the Group A were given the short Foot exercises. 7, 8 

Subjects in Group B were given Quadriceps exercises.9, 10

Table 1: Exercise Protocol for Group A

Weeks Exercise Sets

1st Week Toe curl exercises without 
resistance
Short foot exercises in 
non
weight bearing 

25-30 reps * 3 sets
25-30 reps * 3 sets

2nd& 3rd Week Toe curl exercises with 
resistance
Short foot exercises in 
weight bearing 

25-30 reps * 3 sets
25-30 reps * 3 sets

4th -6th Week Toe curl exercises with 
resistance
Short foot exercises in 
weight bearing 
heel raises

25-30 reps * 3 sets
25-30 reps * 3 sets
10 reps * 3 sets

Table 2: Exercise Protocol for Group B
Weeks Exercise Sets

1st Week Quadriceps set in pain 
free positions 
Dynamic quads 

10 reps * 3 sets
10 reps * 3 sets

2nd& 3rdWeek Multiple angle isomet-
rics for Quadriceps in 
pain free range 
Dynamic quads

10 reps *10 sec 
hold * 3 sets
10 reps *10 sec 
hold * 3 sets

4th - 6th Week Dynamic quads
Wall Squats
Step down

10 reps *10 sec 
hold * 3 sets
10 reps * 3 sets
10 reps 

Statistical analysis and results
Statistical analyses were carried out using the Statistical soft-
ware R studio version 3.6.2. Microsoft word and Excel were 
used to generate graphs, tables etc.

Results of continuous measurements were presented on 
Mean ± SD. Level of significance was fixed at p=0.05 and 
any value less than or equal to 0.05 was considered to be 
statistically significant.

Within group comparison of visual analogue scale, navicular 
drop test and knee outcome survey questionnaire was done 
using Wilcoxon Signed Rank Test, while between group 
comparison was done using the unpaired t test.

Figure 1

Figure 2
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Figure 3: Gender distribution in Group A.

Figure 4: Gender distribution in Group B.

Table 3: Intragroup Comparison of VAS Score, Na-
vicular drop, KOS-ADL Score before and after inter-
vention of Foot exercise using Wilcoxon Signed Rank 
Test (Group A)
Variable Time 

Interval 
Mean Std Dev. p-value

VAS SCORE Pre 5.333 0.95893 *7.06E-07

 Post 1.033 0.96431

NAVICULAR drop Pre 16.9 0.80301 *6.95E-07

 Post 14.73 0.82768

KOS-ADL Pre 85.51 7.18992 8*.87E-07

 Post 93.02 4.23044

*p value <0.05

The above table shows pre and post intervention difference 
in Group A. As p-value is < 0.05 for all the three variables, 
it indicates that the VAS Score and Navicular drop have re-
duced significantly, while KOS.ADLS score has increased 
significantly after the treatment.

Table 4: Intragroup Comparison of VAS Score, Na-
vicular Drop, KOS.ADLS Score before and after in-
tervention of Knee exercise using Wilcoxon Signed 
Rank Test (Group B)
Variable Time 

Interval 
Mean Std Dev p-value

VAS SCORE Pre 5.33333 1.06134 *6.93E-07

 Post 0.16667 0.37905

NAVICULAR Pre 16.5 0.73108 *0.000213

 Post 15.9667 0.80872

KOS-ADL Pre 79.97 9.54283 *9.09E-07

 Post 95.09 3.68897

*pvalue <0.05

The above table shows that p-value < 0.05 for all the three 
variables in Group B, it indicates that the VAS Score and Na-
vicular drop have reduced significantly, while KOS.ADLS 
score has increased significantly after the treatment in Group 
B.

Table 5: Comparison of VAS Score, Navicular Drop 
and KOS-ADL Score between both the groups.
Variable Group Mean dif-

ference
Std Dev p-value

VAS SCORE Foot Exercise 4.3 1.05536 *0.001668

 Knee Exercise 5.167 0.94989

NAVICULAR Foot Exercise 2.16667 0.91287 *9.51E-09

 Knee Exercise 0.53333 0.62881

KOS-ADL Foot Exercise -7.5033 5.15896 *0.001093

 Knee Exercise -15.12 8.88328
*p value <0.05

The above table shows the intergroup comparison of group 
A and B. This shows that Knee Exercises given to Group B 
was more effective in reducing pain and improving function 
as seen in the VAS Score and KOS-ADL Scale. While foot 
exercises given to Group A was more effective in improving 
the Navicular Height. 

DISCUSSION

This study aimed to compare the effects of quadriceps exer-
cises versus foot exercises on pain and navicular drop in pa-
tients with anterior knee pain. Both group showed improve-
ment in measures after 6 weeks of intervention.

The statistical significance was also due to the healing ef-
fects of ultrasound. One of the main effect of ultrasound 
is acoustic streaming which enhances the flow of particles 
from one side of a cell membrane to the other, increasing the 
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cell permeability which enhances healing and  reduces pain 
and inflammation. 6

According to table 3 there was statistical significant im-
provement in VAS, Navicular drop and KOS-ADL score in 
subjects of Group A.

Exercises like the short foot exercises and toe-curl exercises 
have shown to improve the strength of intrinsic foot muscles 
which may help in controlling the excessive pronation at the 
subtalar joint position during the weight bearing by main-
taining the inner arch. This may be useful in reducing pain in 
PFPS by correcting the malalignment and the biomechanics 
that were altered due to pronated foot. 2

Strengthening of intrinsic foot muscles (IFM) by giving 
short foot exercises increases their activation while walking, 
which works like an elastic spring to support and maintain 
the MLA. 

It is therefore suggested that effective neuromuscular control 
of the intrinsic foot muscle is important so as to stabilize the 
tarsal and metatarsal bones and also to control the pronation 
of foot. This fine tune control is required for static as well as 
dynamic control of the MLA during the gait cycle. 11

Previous study also describes the treatment of anterior knee 
pain by controlling foot movements, which reduces the pro-
nation in the stance phase of gait, thus reducing internal tib-
ial rotation and improving lower limb biomechanics. Thus 
the foot exercise were helpful in controlling the pronation 
of foot and hence correct the mechanics of lower extremity 
and was effective in reducing pain in subjects with anterior 
knee pain6.

According to Table 4 and there was significant changes seen 
in VAS score, Navicular drop and KOS-ADL Score in sub-
jects of Group B as well.

One of the major contributors to anterior knee pain is Mus-
cle dysfunction due to improper firing pattern and quadri-
ceps weakness. Alteration in the contact area and pressure 
distribution is associated with increase in the strength which 
relieves the excessive stresses over the sensitive areas and 
helps in relieving pain. This may be due to changes in the 
muscle because of strength training, which further reduces 
the future tissue damage. 9

Similar study was done by another author who suggests that  
reduction in lateral tracking of patella during postural load-
ing and dynamic actions is important to improve functions, 
which is achieved by resistance training of VMO 14 When the 
mechanics at the knee is corrected by correcting the patel-
lar tracking with the help of quadriceps muscles activation, 
weight bearing throughout the lower extremity improves and 
the pronation at the foot is also reduced.

In a study by Danny M . Pincivero the recruitment efficiency 
from 10-90 degrees was more for Vastus lateralis, Vastus 

medialis was  from 70-90 degrees and that of Quadriceps 
femoris is greatest at 90 degrees .12

Thus the quadriceps exercise helps in controlling the patel-
lar tracking and is helpful in reducing pain in subjects with 
anterior knee pain.

When the results of both the groups were compared it was 
seen that foot exercises that were given to group A was more 
effective in improving the navicular drop in the subjects as 
seen in table 5.

MLA is supported by many structures like plantar calcaneo-
navicular ligament, extrinsic foot muscles such as tibialis 
posterior, intrinsic foot muscles (IFM) and plantar fascia. the 
main function of the MLA is to act as a shock absorber and 
distribution of the forces during walking. 13 

Janda and VaVrova found that Short Foot exercise helped in 
strengthening intrinsic muscles of the foot which increased 
the inner arch of the foot, thereby shortening the longitudinal 
arch.14 Also in a study by Kyoung A Chunga, the navicular 
drop showed a significant decrease of 5.47 mm in the group 
that were given Short foot exercises and 3.93 mm in the Toe 
curl exercises15

When summarizing the findings of this study, it can be seen 
that both Short Foot Exercise and Toe Curl Exercise can be 
used in intrinsic foot muscle training and a significant im-
provement can be seen in navicular drop in subjects who 
have been given both these exercises and there was more 
improvement in Navicular drop in subjects of group A.

Also in table 5, it is evident that there was more significant 
improvement in VAS score and KOS ADL score in Group B 
that were given quadriceps exercises.

Quadriceps exercises increases knee muscle strength, which 
reduces the mechanical stress in the joint, in turn reducing 
pain and improved functions in subjects with anterior knee 
pain. Also the strengthening lead to a better motor control 
which helps in correcting the malposition of patella and im-
proves the biomechanics of the lower limb during the func-
tional activities.

Many authors have studied the association  between in-
creasing strength, reduction in pain and improvement in 
function.16,17 This is supported by another author who found 
the strong correlation between restoring quadriceps muscle 
strength to improve the function in patients with anterior 
knee pain.18

Most of the weight bearing activities like walking, stair 
climbing, squatting, etc. are affected because of anterior 
knee pain which requires the action of quadriceps muscles, 
thus improving the strength helps in improving the functions 
of the individuals having anterior knee pain.19,20
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Hence a better result in Visual Analogue scale and KOS-ADL 
scale was seen in Group B in which the subjects were given 
Quadriceps exercises as the improvement in the strength of 
quadriceps lead to improvement in the pain and function of 
the subjects with anterior knee pain.

Limitations
Hip musculature tightness and strength was not taken into 
consideration which can alter the biomechanical alignment 
of the lower limb and cause anterior knee pain.

Implications
Treatment programs for patients with anterior knee pain 
should incorporate strengthening of the foot muscles as well.

CONCLUSION

Both foot exercise and knee exercise are effective on pain, 
Navicular drop and KOS-ADL score in subjects with anteri-
or knee pain. But a better result in Navicular drop was found 
in subjects given foot exercises while more improvement 
was seen in VAS and KOS-ADL score in subjects that were 
given knee exercises.
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