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ABSTRACT

Background: Agility and Perturbation training have been advocated to improve pain, balance and
functional abilities in subjects with osteoarthritis of knee but effect of same on Patellofemoral pain
have not been explored in studies. The above techniques would be helpful along with standard
rehabilitation programs in reducing dynamic knee instability or improving dynamic stability upon
return to high level physical activity and have an additive effect of reducing pain in OA knee.
Objective: The purpose of the study is to find the effect of Agility and Perturbation training on
improvement of pain, balance and functional abilities in subject with Patellofemoral Pain Syndrome.
Method: A randomized controlled study with 40 individuals has been taken with patellofemoral pain
syndrome. 20 subjects have been selected for control group and 20 subjects for study group. Outcome
measures includes Kujala function scale, Y balance test and Numeric pain rating scale were measured
before and immediately after the treatment.

Results: Analysis using Mann Whitney U Test and Independent t between the groups found that when
pre intervention means of NPRS, Composite score YBT and Kujala Score were compared there is a
statistically significant difference between the groups. When post intervention means of NPRS and
Kujala score were compared between the groups there is no statistically significant difference between
the groups. When post intervention means of Composite score YBT were compared there is a
statically significant difference.

Conclusion: The present study concludes that Agility and Perturbation training shown significant
improvement of pain, function and balance in subject with Patellofemoral Pain Syndrome.

Key Words: Patellofemoral Pain Syndrome, Kujala function Scale, Y balance test.

INTRODUCTION
Patellofemoral  pain  syndrome

flexed for prolonged periods of time. The
prevalence of this problem is high because it

(PFPS) is an overuse injury characterized by
aching pain in the peripatellar area that is
exacerbated by physical activities such as
climbing stairs, squatting, jumping, and
running and/or by sitting with the knees

can occur in patients with a wide range of
physical activity levels.! The function of the
PF joint can be characterized by a
load/frequency distribution that defines a
range of painless loading that is compatible
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with homeostasis of the joint tissues. If too
little or excessive loading is placed across
the joint, loss of tissue homeostasis can
occur resulting in pain and other
dysfunctions. The goal of operative and
nonoperative treatment is therefore to
restore the homeostasis of the PF joint. This
can be achieved in the first place by a load
restriction within the patient’s reduced
envelope of function. This ‘overuse’ of the
PF joint (with loss of homeostasis as a
consequence) can be the result of a variety
of reasons.*

PFPS development is probably
multifactorial with  various functional
disorders of the lower extremity. > Several
risk factors have been proposed as possible
parameters involved in pathogenesis of
PFPS. These risk factors are classified as
intrinsic or extrinsic risk factors.

Extrinsic risk factors are related to
factors outside human body, such as the
type of sports activity, environmental
conditions, and the surface and equipment
used. Intrinsic risk factors relate more to
individual characteristics. Some of these
intrinsic risk factors are modifiable and may
be addressed in the management of this
disorder in clinical setting. Some modifiable
risk factors play a role in the development
and persistence of PFPS, including
quadriceps weakness, specifically in vastus
medialis obliquus (VMO), tightness of
hamstring, tightness of iliopsoas, tightness
of iliotibial band, tightness of gastrosoleus,
hip muscles  dysfunction, especially
abductors and external rotators, foot over
pronation, generalized joint laxity, limb
length discrepancy, patellar malalignment
and patellar hypermobility. °

Proprioceptive information from the
active (muscular) and passive
(osseous/ligamentous) systems contributes
to the overall neuromuscular control of
patellar  tracking. Specifically, vastus
medialis oblique (VMO) is believed to assist
in maintaining patella position by applying a
medial force vector to counteract the lateral
pull of the larger vastus lateralis (VL). The
onset of VMO activation relative to the VL

is commonly delayed in individuals with
PFPS during stair ascent and descent, in
contrast to healthy controls where
concurrent onset of the contraction of VMO
and VL is the norm. *° However, functional
movement depends not only on the
acquisition of stimuli from peripheral
mechanoreceptors in joints, muscles, and
deep tissues but also on the regulation of
this motion via agonist-antagonist muscle
activation by the central nervous system. *?

Due to lack of proprioception inputs
in subjects with PFPS are prone for loss of
balance and affect their overall function. 3
Proprioceptive rehabilitation decreases the
incidence of injury or improves the results
of treatment. Proprioceptive deficiency has
been shown to cause abnormal stress
accumulation in the surrounding tissue by
obstructing the movements and
consequently contributes to the occurrence
of further problems in the joint. ** Limited
studies exist investigating the
proprioception in patellofemoral disorders.
Edin thought that alteration of the tensile
forces in the surrounding tissue might cause
abnormal joint position sense. Jensen et al
showed the decreased thresholds for tactile
and cold senses in patients with PFPS.
Maker et al and Hazneci et al found
deteriorated proprioception in patients with
PFPS, however Kramer et al found no
change in proprioceptive level. ** Poor
proprioceptive status can be enhanced by a
simple patellar taping technique. Clinicians
using patellar taping need not apply a
complex technique to achieve an
improvement in proprioception. Healthy
subjects with poor proprioception may be at
enhanced risk for PFPS. As with other knee
conditions, applying an external appliance
such as tape may reduce the risk of injury
by enhancing proprioception.

Agility is to include whole-body
change of direction as well as rapid
movement and direction change of limbs. It
requires quick reflexes, coordination,
balance, speed, and correct response to the
changing situations. Agility testing is
generally confined to tests of physical
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components such as change of direction
speed, or cognitive components such as
anticipation and pattern recognition. *® The
agility training techniques included side
stepping,  braiding  (lateral  stepping
combined with forward and backward
crossover steps), front crossover steps
during forward ambulation, back crossover
steps during backward ambulation, shuttle
walking (forward and backward walking to
and from designated markers), and a drill
requiring multiple changes in direction in
which the therapist provided hand signals at
random to prompt the individual to change
direction (forward and backward, right and
left lateral steps, diagonally backward and
forward) during walking. *’ PFPS patients
do not have normal control of lower limb
movements and exhibit  deficient
neuromuscular parameters. It is also known
that abnormalities of lower limb movement
patterns during weight-bearing activities can
directly affect referred pain.

Balance training has been defined as
exercise designed to focus on postural
awareness and equilibrium maintenance
without changing the base of support and
has been incorporated into a variety of
training programs. There is a general
consensus in the scientific community that
balance training can improve postural
stability, or the ability to maintain an
upright posture under dynamic conditions,
in a population with lower extremity injury
such as an ACL tear. However, this has not
been verified in  populations  with
mechanically stable knees. ** A perturbation
is any sudden changes in conditions that
displace the body posture away from
equilibrium. The perturbation can be
sensory and mechanical. © A sensory
perturbation might be caused by altering of
visual input, this might occur when a
person’s eyes are covered unexpectedly.
Mechanical perturbation is displacements
that involve direct changes in the
relationship of centre of mass (COM) to the
base of support (BOS). These displacements
may be caused by movements of either body
segments or the entire body. 2

Perturbation training includes single
leg stance or use of roller boards simple
exercise progressed to complex helps
protect the joint from painful loads and
helps to restore the muscle power and
ligament and damaged tissues around joint,
lower extremity through coordination. %* In
order to analyze the pain among the
patient’s  complaints, the use of
questionnaires for anterior knee pain has
been used to monitor changes in patient’s
conditions and evaluate the effectiveness of
treatment. Kujala can be an important tool
in the attempt to characterize the symptoms
involving the presence of PFPS, scoring
which activities require greater stress from
the individual and to his patellofemoral joint
and assign them to functional assessment. %

The Kujala AKPS is a 13-item
screening instrument designed to assess
patellofemoral pain in adolescents and
young adults, with a variable ordinal
response format. The Kujala AKPS, is a
well-recognized and highly respected
instrument used within the fields of
orthopedics and sports medicine. 2* The
items assessed in the questionnaire are
patellar subluxation, claudication, pain,
walking, climbing stairs and prolonged
sitting with the knees flexed. It has a score
from 0 to 100 points, where 100 means
without pain and/or functional limitations
and 0 means constant pain and various
functional limitations. Categorized within
each item are weighted and responses are
summed to provide an overall index in
which 100 represent “no disability” and 0
represent “maximum disability”. Increase of
at least 8-10 points on the Kujala scale
represents improvements in the subject’s
perceived pain during functional activity. %

The numeric pain scale (NPS), a
type of numeric rating scale used to measure
pain severity, uses whole numbers. This
format uses a discontinuous and segmented
scale; thus, whole numbers are reported.
The most common styles include a
horizontal bar or line format. The line or bar
is marked with whole numbers from 0 to 10,
however some scales may use different
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ranges such as 0 to 5.The patient is asked to
mark on the scale to rate their pain and then
the number is recorded. The length of the
line is not essential for this scale. *°

Y Balance Test-YBT is a dynamic
balance test. The YBT is essentially an
instrumented version of the components of
the SEBT, and it was developed to improve
measurement  repeatability and  to
standardize the performance of the test. The
YBT incorporates reaching in 3 directions
(anterior, posteromedial, and posterolateral)
with the unsupported lower limb while in a
single-limb stance on a centralized stance
platform. In sports players, the YBT can be
used for injury prediction and performance
discrimination. The benefits of the YBT are
that it has a standard protocol and high
inter-rater  (0.991.00) and intrarater
(0.850.91) reliabilities. However, there was
no previous study demonstrating the
reliability of the YBT in middle-aged and
older females. Nevertheless, the YBT can be
used to test and train simultaneously, which
is beneficial for the development of
rehabilitation and training programs.

The relationship  between the
strength of the lower limb muscles and
balance may be important for both the
identification of older adults with an
increased risk of falling and the
development of fall-preventive training
programs. Despite evidence demonstrating
the importance of prevention of falling in
older females, the relationship between the
strength of the lower limbs and balance is
not fully understood. ¥ Individuals with
anterior left/right asymmetries greater than
4 cm on the YBT were 2.5 times more likely
to sustain a lower extremity injury. %

Need of the study

Agility and perturbation exercises
training are designed to challenge
neuromuscular system helps to maintain
balance and improve activities of daily
living function. Agility and perturbation
training techniques would be helpful along
with standard rehabilitation programs in
reducing dynamic knee instability or

improving dynamic stability upon return to
high level physical activity and have an
additive effect of reducing pain in OA knee
22 But the effect of this training is not
known on patellofemoral pain syndrome.
The individuals with PFPS expose to
activities that challenge the knee to
potentially load during therapy may help
them learn to deal with these loads when
encountered in regular daily activity.
Therefore there is a need to know the effect
of agility and perturbation exercises on pain,
balance and functional abilities in subjects
with PFPS.

Hence, the purpose of the study is to
find the effect of agility and perturbation
training on improvement of pain, balance
and functional abilities in subjects with
patellofemoral pain syndrome.

Research Question

Does agility and perturbation
training will improve pain, balance and
functional abilities in subjects with
Patellofemoral Pain Syndrome?

AIMS AND OBJECTIVE OF THE
STUDY

Aim: The aim of the study is to determine
the effect of Agility and Perturbation
training on improvement of pain, balance
and functional abilities in subject with
Patellofemoral Pain Syndrome

Objective: To find the effect of Agility and
Perturbation training on improvement of
pain, balance and functional abilities in
subject with Patellofemoral Pain Syndrome.

HYPOTHESIS
Null hypothesis
There will be no significant effect of

Agility and Perturbation training on
improvement of pain, balance and
functional abilities in  subject with

Patellofemoral Pain Syndrome.

Alternative hypothesis

There will be a significant effect of
Agility and Perturbation training on
improvement of pain, balance and
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functional abilities in  subject with
Patellofemoral Pain Syndrome.

METHODOLOGY
Study design:

Randomized controlled study design
with two groups: study group and control
group.

Study subjects:

Subjects with Patellofemoral Pain
Syndrome.

Sample size:

Study was done on total of 40
subjects. 20 in each group.
(n=40)

Sampling Method:

Simple Random sampling method.
Study Duration:

4 weeks of interventions.

Sample Selection:

Inclusion Criteria:

e Clinical signs of patellofemoral pain

syndrome such as retro patellar pain,

crepitation, and pain with patellar

grinding.

Subjects with age of 20 to 40 years.

Both male and female subjects.

BMI 23.3-+ 3.7

Pain more than 6 months.

Presence of pain on step down from a 25

cm step or double leg squat.

e Sitting with knee bent greater than 15
minute.

e Pain more than 3 cm on NPRS scale.

e Individual with anterior left /right
asymmetries greater than 4 cm on Y
balance test.

Exclusion Criteria

e History of Ligament and meniscal
injury.

e History of lower limb fractures.

History of Post surgical condition of

lower limb.

Problem with vision.

Osteoarthritis of knee.

History of Patellar subluxation.

Osteoporosis.

e Signs of nerve root compression.
e History of systemic, connective tissue or
neurologic disorders.

Materials used:

Marker

Measuring tape

Wobble board

Foam roller

Kujala score sheet

Y balance score sheet
Numeric pain rating scale

NookrwnE

Procedure:

As the study includes human
subjects, ethical clearance was obtained
before the commencement of the study.
Subject who met the inclusion criteria was
informed about the study and a written
consent was taken. Subjects are randomly
allocated and assigned to study group and
control group. Study group were treated
with agility and perturbation training with
quadriceps sets. 3 sessions per week for 4
weeks.

Procedure of intervention for study
group:
Agility training

Agility is  rapid  whole-body
movement with change of velocity or
direction in response to a stimulus. Agility
training includes side stepping, braiding
activities, and front and back crossover
steps during forward ambulation, shuttle
walking, multiple changes in direction
during walking on therapist command.
1) Side stepping: Subject steps sideways,
moving right to left approximately distance
10-20 feet, repeating 2 times in each
direction for total 4 minutes.
Progression: The width of steps and the
speed of steps had been progressed every 1-
2 sessions. The activity was initiated on a
level surface and progressed to side stepping
over low obstacles when subject perform
side stepping on level surface without
difficulty.
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2) Braiding activities: subjects combine
front and back crossover steps while moving
laterally. During each activity subject was
moving right to left and then left to right
approximately 10-20 feet repeating 2 times
in each direction for total 4 times.
Progression:  Exercise progressed by
increasing the width of steps and speed of
steps every 1-2 sessions.

3) Front and back cross over steps during
forward ambulation: Subject crosses one
leg in front of other, alternating legs with
each step, while walking forward
approximately 10-20 feet. The subject then
walked backward to start position while
crossing one leg behind the other,
alternating legs with each step.

Progression: Progression of exercise was
done by two repetitions. Begin with tandem
cross over steps and progress to full
crossover steps when the  subject
performance improved. The width of steps
and the speed of steps were progressed
every 1-2 sessions.

4) Shuttle walking: Plastic pylon markers
were placed at distance of 5, 10, 15 feet.
Subjects were asked to walk forward to first
marker, then returns to start by walking
backward. Subjects walked to 10 feet
marker, then returns to 5 feet marker by
walking backward. The subjects walked to
15 feet marker, returns to 10 feet marker by
walking backward, then finishes by walking
to 15 feet marker.

Progression: The activity was progressed
by increasing width of steps and the speed
of steps every 1-2 sessions.

5) Multiple changes in direction during
walking on therapist command: Therapist
directed the subjects to either walk forward,
backward, sideways or diagonal by asking
the subjects with hand signals. Changes in

direction will be cued randomly by
therapist.
Progression: Duration of exercise is

approximately 30 seconds.

Perturbation training

Perturbation training includes single
leg stance or use of roller boards.
1) Double leg foam balance activity:
Subjects was stood on a soft foam surface
with both feet on the ground. Therapist
attempted to perturb patient balance in
random fashion.
Progression: Duration of exercise is
approximately 30 seconds. Difficulty was
progressed as the subject improves by
progression to ball catching with therapist
perturbed subjects balance while standing
on foam and progress to single leg support if
tolerated without knee pain swelling and
buckling.

2) Tilt board balance training: Subjects
was stood on the tilt board with both feet on
the board. The therapist perturbed the tilt
board forward and backward and side to
side directions for approximately 30
seconds.

Progression: The difficulty of the activity
was progressed by adding ball catching
during perturbation and progress to single
leg support perturbation if the subjects
tolerate single leg weight bearing without
knee pain, swelling, buckling.

3) Roller board: Subjects was stood with
one limb on a stationary platform and other
on roller board. Therapist was perturbed
roller board in multiple directions, at
random and subjects attempts to resist
perturbations. The activity lasts for 30
seconds. The activity was repeated by
changing the limbs on platform and roller
board.

Progression: The activity may begin with
subjects in the semi seated position, with hip
resting on the plinth if the subject has
difficulty doing activity in full standing. It
was progressed to full standing position if
the subject was able to tolerate this position
without pain.
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Figure 1: Material used

Figure 2: Subject performing Side stepping

Figure3: Subject performing Braiding activity

Figure 4: Roller board training

Conventional exercises

Conventional exercises were given
for 3 sessions per week for 4 weeks. It
includes semi squat, quadriceps isometric,
terminal knee extension with elastic band,
terminal knee extension in supine position,

Figure 5: Tilt board balance training

and adductor squeeze in crook

(squeeze the ball).

lying

1) Semi squat with hip adduction and
internal rotation:

The subject stood with his back
supported on the wall with the feet

International Journal of Health Sciences and Research (www.ijhsr.org) 210
Vol.11; Issue: 7; July 2021



Kalpana et.al. Effect of agility and perturbation training on pain, balance and functional ability in subjects with

patellofemoral pain syndrome.

approximately 1 foot away from the wall.
Therapist directed the subject to lower his
trunk on the wall with hip adduction and
internal rotation and hold the position for
10seconds, then return back to the standing
position. (3 x 15 repetitions; 10-second
hold)

2) Quadriceps isometric in supine
position:

The subject was positioned in the
long sitting with knee extended. Therapist
instructed the subject to isometrically
contract the quadriceps as vigorously as
possible without reproducing pain. The
subject is instructed to hold the position for
10 seconds. (3 x 15 repetitions; 10-second
hold)

3) Terminal knee extension with elastic
band:

The subject was stood with feet
shoulder width apart, facing towards the
plinth and one end of the theraband attached
around the knee and another to the plinth
leg. The subject was asked to bend the knee
to 300 and then straighten the leg to full
extension against the resistance of band for
10 seconds, then return to starting position.
(3 x 15 repetitions; 10-second hold)

g

g

e — -
Figure 7: Quadriceps isometric

s
2 - _if -
s,

4) Terminal knee extension in supine
position:

Patient was positioned in the supine,
keep towel under the knee, subject was
asked to raise the leg while pressing the
towel down and hold the position for
10seconds. (3 x 15 repetitions; 10-second
hold)

5) Adductor squeezes in crook lying
(squeeze the ball):

Subject was positioned in supine
with knee and hip flexed, ask the subjects to
hold the ball in between the knees. Therapist
directed the subjects to press the ball as
much as possible and hold the position for
10 seconds; subject could relax and return to
the starting position. (3 x 15 repetitions; 10-
second hold).

[~ SO - . . .
Figure 6: Semi squat with hip adduction and internal rotation

n

Figure 8: Terminal extension in supine
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Figure 9: Subject performing terminal knee extension.

Figurel0: Subject performing Adductor squeeze

Procedure for Control group:
Conventional exercises:

Conventional exercises were given
for 3 sessions per week for 4 weeks. It
includes semi squat, quadriceps isometric,
terminal knee extension with elastic band,
terminal knee extension in supine position,
and adductor squeeze in crook lying
(squeeze the ball).

Outcome measures

All the subjects were assessed for
outcome measures, where pain  was
measured using “Numeric pain rating
scale”, function ability was measured using
“Kujala scale” questionnaire and balance
was measured using “Y balance test” before
and after 4 weeks of the intervention.

Y balance test

The Y-Balance Test (YBT) assesses
the balance by challenging his postural
control system in 3 (anterior, posteromedial,
and posterolateral) of the 8 SEBT (star
excursion balance test) directions and has
been advocated as a method for assessing
dynamic  balance (requires  strength,
flexibility and proprioception).

Each subject had performed 6
practice trials to minimize the influence of a
learning effect. The order of the practice
trials was right anterior reach (6trials), left
anterior reach (6trials), right posteromedial
reach (6trials), left posteromedial reach
(6trials), right posteromedial reach (6trials)
and left posterolateral reach (6trials).

The formal testing trials were
performed in the same order as the practice
trials, with 3 trials performed in each
direction. In each trail, the participants were
instructed to reach as far as they could by
using their reach foot while keeping their
reach foot in contact with the reach
indicator, and then return to the starting
point while they maintained their balance on
the stance limb.

The maximum reach distance was
recorded to the nearest 0.5 cm in each reach
trial. The maximum reach distance of the 3
formal trials in each direction was used for
the analysis. The Y balance score was
calculated by dividing the sum of the
maximum reach distance in the anterior (A),
posteromedial (PM), and posterolateral (PL)
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directions by 3 times the limb length (LL) of
the individual, then multiplied by 100.
{[(A+PM + PL)/ (LL x 3)] x 100}.

Individuals with anterior left/right
asymmetries greater than 4 cm on the YBT
will be 2.5 times more likely to sustain a
lower extremity injury.

Y balance test has good interrater
test—retest reliability for both the maximal
and average of 3 reaches. The measurement
error will be minimized and interrater test—
retest reliability improved when the mean of
3 reach trials will used. *°

Figure 11: Subject performing Y balance test-Anterior Reach

Kujala scale

Anterior knee pain scale is
frequently referred as Kujala scale. It’s a 13-
item questionnaire including different items
on pain related to function and activities.
The items assessed in the questionnaire are
patellar subluxation, claudication, pain,
walking, climbing stairs and prolonged
sitting with the knees flexed. It has a score
from 0 to 100 points, where 100 means
without pain and/or functional limitations
and 0 means constant pain and various
functional limitations. Categorized within
each item are weighted and responses are
summed to provide an overall index in
which 100 represent “no disability” and 0
represent  “maximum  disability”. An
increase of at least 8-10 points on the Kujala
scale represents improvements in the
subject’s 5perceived pain during functional
activity. 2

The four scoring formats of the
Kujala scale were found to have high
internal consistency (coef =0.83 to 0.91),
equivalence across the short and long forms
(r=0.98), acceptable standard errors of
measurement (0.82 to 3.00), and moderate
to high criterion related validity. The Kujala
AKPS is a valid and reliable measure of
anterior knee pain and appropriate for use as
an epidemiologic screening tool. 2*

Numeric pain rating scale

The NPRS is a segmented numeric
version of the visual analog scale (VAS) in
which a respondent selects a whole number
(0-10 integers) that best reflects the
intensity of their pain. The common format
is a horizontal bar or line. An 11-point
numeric scale (NRS 11) with O representing
one pain extreme (e.g., “no pain”) and 10
representing the other pain extreme (e.g.,
“pain as bad as you can imagine” and
“worst pain imaginable”).

The patient is asked to make three
pain ratings corresponding to current, best
and worst pain experienced over past 24
hours. The average of three ratings is used
to represent the patient’s level of pain over
the previous 2 hours.

0: No pain

1-3: Mild pain
4-6: Moderate pain
7-10: Severe pain

The NPRS is a reliable and valid
measure of pain intensity. >’

Data analysis
Statistical Methods:

Descriptive statistical analysis has
been carried out in the present study. Out
Come measurements are measured for pain
using “Numeric pain rating scale”,
functional ability using “Kujala scale” and
balance wusing “Y Dbalance test” and
presented as mean + SD. Significance is
assessed at 5 % level of significance with p
value 0.05 less than this is considered as
statistically significant difference.
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Statistical tests:

e Pearson Chi-Square test and has been
used to analyze the significant of basic
characteristic of gender, age and side
distribution of the subjects studied.

e Paired ‘t> test as a parametric and
Wilcoxon signed rank test as a non-
parametric test have been used to
analysis the variables pre to post with
calculation of percentage of change.

e Independent ‘t’ test as a parametric and
Mann Whitney U test as a non-
parametric test have been used to
compare the means of variables between
groups with calculation of percentage of
difference between the means.

Statistical software:

The Statistical software namely
SPSS 16.0 (originally, Statistical Package
for the Social Sciences, later modified to
read Statistical Product and Service
Solutions was released in its first version in
1968 after being developed by Norman H.
Nie, Dale H. Bent and C. Hadlai Hull. It is
now officially named "IBM SPSS Statistics"
in its version 20.0) , Stata 8.0, MedCalc
9.0.1 and Systatl1.0 were used for the
analysis of the data and Microsoft word and
Excel have been used to generate graphs,
tables etc. (Other software are PASW
Statistics IBM SPSS Statistics)

Interpretation of Significance p value:

e A p-value is calculated to assess whether
trial results are likely to have occurred
simply through chance (assuming that
there is no real difference between after
treatment and before, and assuming, of
course, that the study was well
conducted).

e The p-value is the probability that we
would observe effects as big as those
seen in the study if there was really no
difference between the treatments. If p is
small, the findings are unlikely to have
arisen by chance and we reject the idea
that there is no difference between the
two treatments (we reject the null
hypothesis). If p is large, the observed

difference is plausibly a chance finding
and we do not reject the idea that there
is no difference between the treatments.
Note that we do not reject the idea, but
we do not accept it either: we are simply
unable to say one way or another until
other factors have been considered.

But what do we mean by a ‘small’ p-
value (one small enough to cause us to
reject the idea that there was really no
difference)? By convention, p-values of
less than 0.05 are considered ‘small’.
That is, if p is less than 0.05 there is a
less than one in 20 chance that a
difference as big as that seen in the
study could have arisen by chance if
there was really no true difference. With
p-values this small (or smaller) we say
that the results from the trial are
statistically significant (unlikely to have
arisen by chance). Smaller p-values (say
p<0.01) are sometimes called ‘highly
significant’ because they indicate that
the observed difference would happen
less than once in a hundred times if there
was really no true difference.

e Non-significance does not mean ‘no
effect’. Small studies will often report
non-significance even when there are
important, real effects which a large
study would have detected.

e Statistical  significance  does  not
necessarily mean that the effect is real:
by chance alone about one in 20
significant findings will be spurious.

e Statistically significant does not
necessarily mean clinically important. It
is the size of the effect that determines
the importance, not the presence of
statistical significance.

Interpretation of confidence interval:

e A confidence interval calculated for a
measure of treatment effect shows the
range within which the true treatment
effect is likely to lie (subject to a
number of assumptions).

e Confidence intervals are preferable to p-
values, as they tell us the range of
possible effect sizes compatible with the
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data. P-values simply provide a cut-off
beyond which we assert that the findings
are  ‘statistically  significant’  (by
convention, this is p<0.05).

e A confidence interval that embraces the
value of no difference between
treatments indicates that the treatment
under investigation is not significantly
different from the control.

e Confidence intervals aid interpretation
of clinical trial data by putting upper and
lower bounds on the likely size of any
true effect.

e Bias must be assessed before confidence
intervals can be interpreted. Even very
large samples and very narrow
confidence intervals can mislead if they
come from biased studies.

Interpretation of Effect size:
Effect size for difference between
means. Effect size is used to measure the

RESULTS

magnitude of a treatment effect. The used
effect size estimate is Cohen's d. Cohen's d
is computed by dividing the mean difference
between groups by the pooled standard
deviation.

Cohen’s Benchmarks
eJacob Cohen (1988) proposed general definitions for
interpreting effect size estimates:

Cohen'sd R
Small +0.20 0.10
Medium +0.50 0.30
Large +0.8 and above 0.50

Accordingly, an effect size of 0.0
indicates that the treatment mean is located
at the 50th percentile of the control group
distribution; an effect size of 0.8 would
place the treatment group mean at the 79th
percentile of the control group; and an effect
size of 1.7 means that the mean of the
treated group is positioned at about the 95th
percentile of the control group.

Table 1: Basic Characteristics of the subjects studied

Basic Characteristics of the subjects studied

Study Group

Control Group

Number of subjects studied (n)

20

20

Between the groups Significance

p=0.158 (NS)

Age in years (Meanz SD) 26.25+ 5.07 (21-37) | 23.05+ 2.58 (20-29)
Duration in month 14.85+ 7.92 (6-36) 11.45+ 6.29 (6-36) p=0.637 (NS)
BMI 22.69+ 2.41 (20-26.2) | 22.99+2.70 (19-27) p=0.396 (NS)
Gender Males 04 20% 04 20% -
Females 16 80% 16 80%
Side Right 13 65% 8 40%
Left 7 35% 12 60%
The above table shows that in study 30 N OStudy Group
Group there were 20 subjects with mean age i 26.25 | mconmorGroup
26.25 years and there were 04 males and 16 BN 23.05
females were included in the study. In 1
. . 20 N
Control Group there were 20 subjects with
mean age 23.05 years and there were 04 15+~ |
males and 16 females were included in the
study. There is no significant difference in 10
mean ages between the groups. s b—
0

Agein years
Graph 1: Age Distribution of the subjects studied

The above graph shows that that in
study Group there were 20 subjects with
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mean age 26.25 years and in Control Group
there were 20 subjects with mean age 23.05

years

DOFemale

EMale

Graph 2: Gender distribution of the subjects in Study Group

The above graph shows that 80 % of
females and 20% of males were studied in

B Female

E Male |

Graph 3: Gender distribution of the subjects Control Group

The above graph shows that 80% of
females and 20% of males were studied in
control Group.

study Group.
Table 2: Analysis of NPRS, YBT and Kujala score within Study Group (Pre to post test analysis)
Pre Post Percentage Z value tvalue 95%Confidence
intervention intervention change ( Non parametric | (parametric interval of the
(Mean+SD) (Mean+SD) significance)® significance)® difference
min-max min-max Lower Upper
Study Group
NPRS 5.90+.718 1.80+.616 -69.49% -4.030 28.617
5-7) (1-3) P <0.000%* P <0.000%* 3.800 4.400
Composite 79.35+ 6.50 83.79+ 5.94 5.38% -3.921 -15.305
score YBT- (67-92) (72 - 96) P <0.000** P <0.000** -5.053 -3.838
RIGHT
Composite 80.86+ 6.97 86.01+ 1.41 6.36% -3.920 -13.606
score YBT- (68 - 95) (75 -97) P <0.000** P <0.000** -5.947 -4.361
LEFT
Kujala score 74.15+ 5.09 88.15+ 2.39 18.88% -3.929 -14.505
(65- 84) (84 - 93) P <0.000%* P <0.000%* -16020 | -11.980

** Statistically Significant difference p<0.05; NS- Not significant; a. Wilcoxon Signed Ranks Test, b. Paired t test

The above table shows that in study group there is a statistically significant change in
means of NPRS, Composite score YBT- right and left and Kujala score when means were
analyzed from pre intervention to post intervention within the groups with p<0.000 with
positive percentage of change showing that there is increase in the post means following
intervention and with negative percentage showing there is decreasing in post means.

Table 3: Analysis of NPRS, YBT and Kujala score within Control Group (Pre to post test analysis)

Pre Post Percentage Z value t value 95% Confidence
intervention | intervention change (Non parametric (parametric interval of the
(Mean£SD) | (Mean+SD) significance)? significance)® difference
min-max min-max Lower Upper
Control Group
NPRS 4.95+0.75 2.15+0.98 -56.57% -4.117 16.310
(4- 6) (1-5) P <0.000%* P <0.000%* 2441 3.159
Composite score 89.40+ 5.62 93.07+ 5.66 4.10% -3.920 -18.083 -1.096 3.047
YBT- RIGHT (74-96) (77-99) P <0.000** P <0.000** ) )
Composite score | 88.93+ 6.34 92.85+6.15 4.40% -3.920 -12.206 4588 -3.044
YBT-LEFT (71-95) (74-99) P <0.000** P <0.000** ) )
Kujala score 77.85+ 4.08 88.48+ 3.10 13.65% -3.925 -13.926
(72-84) | (82-95) P <0.000** P <0.000%* -12.59 | -9.304
** Statistically Significant difference p<0.05; NS- Not significant; a. Wilcoxon Signed Ranks Test, b. Paired t test
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The above table shows that in control group there is a statistically significant change
in means of NPRS, Composite score YBT- right and left and Kujala score when means were
analyzed from pre intervention to post intervention within the groups with p<0.000 with
positive percentage of change showing that there is increase in the post means following
intervention and with negative percentage showing there is decreasing in post means.

| OFre B Fost |

215.00

10

=N}

=

th

Means of NPRS

(=T = B PN Y

Study Group Control Group

Graph- 4: Analysis of NPRS within study and control Groups (Pre to post test analysis)

The above graph shows that in both groups there is a statistically significant change in
means of NPRS score when means were analyzed from pre intervention to post intervention
within the groups with p<0.000.

| OFre B Fost |

100

Composite score YBT
th
o

Composite score YBT- RIGHT Composite score YBT- LEFT

Graph- 5: Analysis of Composite score YBT within study Group (Pre to post test analysis)

The above graph shows that in study groups there is a statistically significant change
in means of NPRS score when means were analyzed from pre intervention to post
intervention within the groups with p<0.000.

International Journal of Health Sciences and Research (www.ijhsr.org) 217
Vol.11; Issue: 7; July 2021



Kalpana et.al. Effect of agility and perturbation training on pain, balance and functional ability in subjects with
patellofemoral pain syndrome.

100
90
80
70
60

40
30
20
10

0

Composite score YBT

OFre

BEPost

P
P
P
|

1
|
|
|
P

88.93

JL.6D

Composite score YBT- RIGHE omp osite score YBT- LEFT

Graph- 6: Analysis of Composite score YBT within control Group (Pre to post test analysis)

The above graph shows that in control groups there is a statistically significant change
in means of NPRS score when means were analyzed from pre intervention to post
intervention within the groups with p<0.000.

Means of Kujala score

OFre

BEPost

VT

Study

88.15

Group

91.30

Control Group

Graph- 7: Analysis of Kujala Score within Groups (Pre to post test analysis)

Table 4: Comparison of means of NPRS and Kujala score between Groups (PRE AND POST TEST COMPARISION)

Study Control Group | Percentage of | Z value® (Non | t value 95% Confidence
Group (Mean+SD) difference parametric) (parametric interval of the
(Mean+SD) min-max significance)? difference
min-max Lower Upper
PRE
NPRS 5.90+.718 1.80+.616 -1.06% Z=-3.382 4.065 0.477 1.423
(5-7) (1-3) P <0.001** P <0.000**
Composite score 79.35+ 6.50 | 83.79+5.94 (72 5.43% Z=-4.085 -5.230 -13.947 -6.163
YBT- RIGHT (67-92) - 96) P <0.000** P <0.000**
Composite score 80.86+ 6.97 86.01+ 1.41 6.17% Z=-3.517 -3.829 -12.342 -3.805
YBT-LEFT (68 - 95) (75 - 97) P <0.000** P <0.000**
Kujala score 74.15+5.09 77.85+4.08 4.86% Z=-2.133 -2.536 -6.654 -.746
(65- 84) (72- 84) P <0.033** P <0.015**
POST
NPRS 1.80+.616 2.15+0.98 17.94% Z=-1.129 -1.345 -0.877 0.177
(1-3) (1-5) P =0.259 (NS) P = 0.187(NS)
Composite score 83.79+5.94 | 93.07+5.66 (77 10.49% Z=-4.004 -5.053 -12.999 -5.563
YBT- RIGHT (72 - 96) - 99) P <0.000** P <0.000**
Composite score 86.01+ 1.41 92.85+ 6.15 7.64% Z=-3.381 -3.466 -10.828 -2.843
YBT-LEFT (75 - 97) (74 - 99) P <0.000** P <0.001**
Kujala score 88.15+ 2.39 88.48+ 3.10 0.373% Z=-916 -742 -2.424 1.124
(84-93) (82-95) P=0.360 (NS) P =0.463 (NS)

** Statistically Significant difference p<0.05; NS- Not significant

a. Independent t test b. Mann-Whitney Test
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The above graph shows that in both
Groups there is a statistically significant
change in means of Kujala score when
means were analyzed from pre intervention
to post intervention within the groups with
p<0.000.

The above table shows that when pre
intervention means of NPRS, Composite
score YBT and Kujala Score were compared

there is a statistically significant difference
between the groups. When post intervention
means of NPRS and Kujala score were
compared between the groups there is no
statistically significant difference between
the groups. When post intervention means
of Composite score YBT were compared
there is a statically significant difference.

| OStudy Group BEControl Group

10 ~

5.90

Means of NPRS
th &
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/
/
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Post

Graph- 8: Analysis of NPRS between study and control Groups (Pre to pre and post to post test analysis)

The above graph shows that in both groups there is a statistically significant change in
means of NPRS score when pre intervention means were analyzed between the groups with
p<0.000. Whereas there is no statistically significant difference in post intervention between

the groups.
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Graph- 9: Analysis of Composite score YBT between the Groups (Pre to post test analysis)

The above graph shows that between the groups analysis found that there is a
statistically significant difference in means of right and left YBT score when means were

analyzed between the groups with p<0.000.
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Graph- 10: Analysis of Kujala Score between the Groups (Pre to post test analysis)

The above graph shows that in both
groups there is a statistically significant
change in means of Kujala score when pre
intervention means were analyzed between
the groups with p<0.000. Whereas there is
no statistically significant difference in post
intervention between the groups.

DISCUSSION

In the present study it is found that
following 4 weeks of intervention of agility,
perturbation with conventional exercises

there is a statistically  significant
improvement in pain measured using
NPRS, balance measured using of

Composite score YBT- right and left, and
function measured using Kujala score in
subjects with patellofemoral pain syndrome.
It is also found that there is a statistically
significant improvement in pain, balance,
and function ability in subjects who
received conventional exercises. When post
intervention means of NPRS and Kujala
score were compared between the groups
there is no statistically significant difference
between the groups. When post intervention
means of Composite score YBT were
compared there is a statically significant
difference. There is a statistical greater
improvement shown in study group.

Study group

There is a statistically significant
improvement in pain in both the groups by
means of NPRS when means were analyzed

from pre intervention to post intervention
within the groups.

Quadriceps strengthening plays an
important role in the management of
patellofemoral pain syndrome. Aim of the
exercises is to improve patellar tracking,
decrease retinacular strain, and decrease
patellofemoral joint stress. Laura kookier et
al., conducted a study on “Effects of
Physical Therapist-Guided Quadriceps-
Strengthening Exercises’” for the Treatment
of Patellofemoral Pain Syndrome and he
found that quadriceps strengthening
exercises can reduce patellofemoral pain. *

In addition to the exercises Agility
and Perturbation also plays an important
role in management of patellofemoral pain
syndrome. The intent of agility and
perturbation training activities is to expose
people to activities that challenge knee
stability and balance in a controlled manner
during rehabilitation, a strategy that may
allow them to develop motor skills adequate
to protect the knee from potentially harmful
loads during functional activities. *

During open chain exercises, the
amount of quadriceps muscle force required
to extend the knee progressively increases
as the knee moves from 90 to full knee
extension. As well, the patellofemoral joint
contact area diminishes as the knee extends,
thereby increasing patellofemoral joint
stress. By contrast, during closed chain
exercises the quadriceps muscle force is
minimal at full knee extension and
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therefore, patellofemoral joint stresses are
reduced. °

Several authors discussed possible
explanations for the effectiveness of
exercise programs in relieving pain in
patients with PFPS. Most studies associated
the increase in functional muscle strength,
altered sensorimotor behavior, and the
restoration of patella alignment with a
reduction of stress on the patellofemoral
joint. The improvements of motor control
motion and patellofemoral joint
performance appear to be important factors
in the management of patellofemoral pain
syndrome.

There is a statistically significant
improvement of function in both the groups.
The Kujala PFPS scale assesses the pain,
function and limitation of joint motion.
Robinson et al. found mean values to be
69.7 in patients and did not record control
groups’ values. Crossley et al., noted that
improvement of patients’ Kujala scores in
the treatment group was more likely than in
the placebo group. In the current study
scores increases in both the group. We
found better Kujala score in study group
with the mean value of 88.15+ 2.39 after
treatment and before treatment mean value
was 74.15+ 5.09.

Agility and perturbation training
helps patients to develop motor skills
adequate to protect their knees from
potentially harmful loads while increasing
their physical performance capabilities. *°

This result indicates that exercise
decrease pain and increase function in
patients suffering from PFPS. However, the
magnitude of effect for the improvements in
pain and function in patients receiving
exercise therapy were considerably higher
and represent a favorable treatment for
patients suffering from PFPS.

G Kelley Fitzgerald et al., found that
rehabilitation with agility and perturbation
training program may assist the patient in
returning to higher levels of physical
activity with less pain and instability
following rehabilitation. Hayri Baran
Yosmaoglu et al., conclude functional

movement depends not only on the
acquisition of stimuli from peripheral
mechanoreceptors in joints, muscles, and
deep tissues but also on the regulation of
this motion via agonist—antagonist muscle
activation by the central nervous system. In
addition to strength, accurate motor control
requires multimodal central nervous system
activation associated with merging afferent
information and central representation. 2
There is a statistically significant
improvement of balance in both the groups.
In the study group there is a significant
improvement in balance due to agility and
perturbation training.

Devrimakeski et al., found in their
study that proprioceptive quality decreased
in PFPS. Proprioceptive changes should also
be considered in the etiology of the disorder
besides the mechanical and biochemical
factors. The presence of proprioceptive
deficiency in PFPS may be due to abnormal
forces at the surrounding tissues which
already go along with the disorder may
deteriorate the proprioception by affecting
the motor control. Pain and inflammation
may also contribute to proprioceptive
deficiency.

The dynamic stability of the body, or
any specific joint such as the knee, is
contingent on neuromuscular control of the
displacement of all contributing body
segments during movement. According to
Zazulak et al. (2007), a deficit of
neuromuscular control in the trunk can
compromise the dynamic stability of the
knee and lead to joint damage. Therefore,
neuromuscular training, involving
proprioceptive  exercises  related to
disturbance and the correction of body
sway, are indicated. '® Although there is
limited understanding of the neuromuscular
control mechanisms that play a role in
maintaining knee stability. Johansson and
Sjo’lander have suggested that stimulation
of mechanoreceptors in joint structures
increases gamma motor activity in a manner
that may increase the sensitivity of muscle
spindles in muscles associated with the
joint. This increased sensitivity of the
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muscle spindles may result in a higher state
of “readiness” of muscles to respond to
perturbing forces applied to the joint, which
may, in turn, improve joint stability.

The afferent mechanism in this
response appears to respond to moderate
levels of force and theoretically could be
activated during perturbations that occur
during functional activity. The implication
for treatment may be that applying
potentially destabilizing forces to the knee
during treatment may enhance
neuromuscular responses to destabilizing
forces that may be encountered during
function. Nichols proposed a “force-
feedback”  hypothesis, explained the
coordinated response from muscles to
perturbing forces applied to a joint. When a
perturbing force is applied to a joint,
muscles that would resist the perturbation
are stretched and become activated to resist
the perturbation. Simultaneously, there is a
reflex inhibitory influence on muscles that
would have a tendency to pull in the same
direction as the perturbation. The inhibitory
influence reduces, but does not entirely
eliminate, the unwanted stretch reflex from
muscles antagonistic to those that would
resist the perturbing force. The net result is
a coordinated co activation of extremity
muscles affected by the perturbation to
stiffen the joint and maintain stability. “°

Control group

Similarly there is improvement in
control group improvement would be due to
strengthening exercise. Cynthia la bella
concluded in her study that exercises helps
to improve proprioception and
proprioceptive input contributes to the
neuromuscular control of patellar tracking. °

Comparison between both groups

In this study when pre intervention
means of NPRS, Composite score YBT and
Kujala Score were compared there is a
statistically significant difference between
the groups. When post intervention means
of NPRS and Kujala score were compared
between the groups there is no statistically

significant difference between the groups.
When post intervention means of Composite
score YBT were compared there is a
statically significant difference.

Exercise  programs based on
strengthening the quadriceps have been
shown to decrease pain and improve motor
Ignction and lower limb movement patterns.

Based on the analysis, this study
found that there is a significant difference in
composite YBT score between the groups.

LIMITATIONS OF THE STUDY:

1. The study was conducted on small
samples.

2. It’s difficult to determine the long-term
effect on outcome measures as
intervention was done only for four
weeks.

3. Pain, balance and functional ability were
measured but affect on muscle strength,
co-ordination, were not measured.

4. The factors that references on pain and
functional ability such as lifestyle
activities, obesity, severity of PFP,
duration of PFP were not considered.

CONCLUSION

The present study concluded that
four weeks Agility and Perturbation training
along with conventional exercises and
conventional  exercises  both  shown
significant effect on improvement of pain,
balance and functional abilities in subject
with patellofemoral pain syndrome. When
the effect of improvement obtained
following agility and perturbation with
conventional exercises shows significant
different in balance improvement compared
to conventional exercises but there is no
difference in improvement of pain and
functional ability.

Hence agility and perturbation
training found to have effect on
improvement of balance compared to

conventional exercises.

It is recommended clinically that to
consider Agility and Perturbation training
shows improvement in pain, balance and
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functional abilities in  subject with
Patellofemoral pain syndrome.

Recommendation For Future Research

1. Further Study should be conducted on
large sample to see affect.

2. It’s recommended to increase the
Intervention time to get the long term
affect.

3. Further study needed to find the effect
of agility and perturbation on
improvement of strength, agility, co-
ordination are needed.

SUMMARY

Agility and Perturbation both have
been affirmed to show improvement of pain,
balance and functional abilities in subject
with Patellofemoral pain syndrome. The
purpose of the study is to find effect of

agility and perturbation training on
improvement of pain, balance and
functional abilities in  subject with

Patellofemoral pain syndrome.

A Randomized experimental study
design, 40 individuals with patellofemoral
pain was selected. 20 subjects in study
group and 20 subjects in control group.
NPRS, YBT, Kujala scale were measured
before and after the treatment.

Analysis using Mann Whitney ‘U’
Test and Independent ‘t> test found that
when pre intervention means of NPRS,
Composite score YBT and Kujala Score
were compared there is a statistically
significant difference between the groups.
When post intervention means of NPRS and
Kujala score were compared between the
groups there is no statistically significant
difference between the groups. When post
intervention means of Composite score
YBT were compared there is a statically
significant difference.
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