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Abstract

Introduction

Background: Patellofemoral Pain Syndrome (PFPS) is
the most prevalent orthopedic condition among physically
active adolescents and young adults. PFPS is reported to be
between 15% and 25% in young adults. Women are affected
about more than twice as often as men.

PATELLOFEMORAL Pain Syndrome (PFPS)
is a diffuse pain at the front of the knee or peripatellar pain, which is exacerbated by activities that
load the patellofemoral joint [1] . It is the most
prevalent orthopedic condition among physically
active adolescents and young adults also contributing up to estimated 30% to 40% of all sports
medicine visits. Patellar malalignment and abnormal patellar tracking are considering the main
causes of PFPS [2,3] . Pain is most prominent when
ascending or descending stairs, squatting, or sitting
for prolonged periods with the knees flexed [4,5] .
Women are affected about more than twice as often
as men [6] .

Aim of Study: Investigate the effect of Kinesiology taping,
McConnell taping and Open knee brace beside the routine
physical therapy in treatment of Patellofemoral pain syndrome
(PFPS).
Material and Methods: Forty-eight patients (19 males,
29 Females) with unilateral PFPS randomly assigned equally
into McConnell tape (MT) group, Kinesiology tape (KT)
group, and Open knee brace group (KB). All subjects received
interferential therapy, patellar mobilization, quadricepsstrengthening exercise and stretching exercise beside MT or
KT or KB. The patients were evaluated by electrogoniometer
for knee flexion active range of motion (FAROM), Kujula
questionnaire for functional activities and Visual Analogue
Scale (VAS) for pain assessment. The evaluation was applied
before, after 3 weeks and after 6 weeks of intervention.
Results: There was no significant difference between the
three groups in VAS, Kujula score and FAROM after three
weeks of intervention (p>0.05). After six weeks of intervention,
there was a statistical significance in VAS and in Kujula score
for MT group (p<0.05). However, there was no statistically
significant difference in FAROM between three groups. There
was a statistically significant improvement in VAS, Kujula
score and FAROM after three weeks as well as after six weeks
of intervention in all groups (p<0.0001).
Conclusion: Adding MT, KT or KB to physical therapy
program might be effective in treatment patellofemoral pain,
MT was more effective in improving pain and Kujula score,
but not for FAROM, than other modalities.
Key Words: Patellofemoral pain syndrome – McConnell tape
– Kinesiology tape – Open knee brace.
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Several risk factors contributing to PFPS development; including quadriceps muscle weakness,
patellar lateral retinaculum tightness, abnormal
vastus medialis oblique (VMO)/vastus lateralis
(VL) reflex timing, lower extremity anatomical
anomalies, and altered hip/lower extremity kinematics [7] . Conservative methods are often used in
the treatment of PFPS. However, there is no agreement on the most optimal treatment approach. The
conservative treatment include physiotherapy modalities [8] , strengthening exercises [9] , stretching
exercises [10] for the muscles around the knee,
patellar brace [11] , patellar taping [12] , and feet
orthotics [13] .
Applying Kinesio taping to PFPS patients significantly reduces pain and increases muscle flexibility when compared with the control groups [14] .
The pain relief caused by facilitation of quadriceps
muscle contraction. The increased muscle strength
can provide dynamic patellar stability to maintain
normal patellar tracking, thus reducing pain [15] .
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However, some studies found that Kinesio tape
has not effect or there was not significance difference between kinesio tape and other types of tapes
or modalities [16,17] .
The principle of McConnell taping is to restrict
abnormal patella tracking, thus reducing joint
friction and oppression of the injured tissue [18] .
The clinical evidence for the success of this intervention is still unclear. An insufficient number of
randomized controlled trials, inconsistency of tape
application techniques and variance in measurement
the outcome variables limit the strength of clinical
studies evidence [19] .
Patellar bracing is commonly used in the management of PFPS. The primary goal of bracing is
to centralize the patella within the trochlear groove,
thus improving alignment and tracking [20] . It
decreased both lateral tilt and translation of the
patella during dynamic loading [21] . There is low
evidence from heterogeneous trials using different
types of knee orthoses (knee brace, sleeve and
strap) that using a knee orthosis did not reduce
knee pain or improve knee function in adults who
were also performing an exercise programmed for
treating PFPS [22] .
The purpose of this study was to investigate
the effect of adding Kinesio taping, McConnell
taping, or open knee brace to the routine physical
therapy program on functional activities, knee
flexion active range of motion, and pain intensity
for treatment of PFPS.
Material and Methods
Study design:
The study was A quasi-Experimental trial. Participants were recruited from Outpatient Physical
Therapy Department of Hospitals of Ministry of
Health and clinics of Health Insurance Organization. The clinical application of the study and the
physical assessment of participants were conducted
in the period between January 2019 and July 2019.
Participants were invited to join the study and
signed the written consent form prior to participation. The study was approved by the Ethical Committee for Human Research (Reference number
P.T. REC/012/002136). The study was registered
at Pan African Clinical Trials Registry (PACTR)
with a registration number PACTR2019105
10244005.
Participants:
Forty-eight Subjects (19 males, 29 Females)
were participated in this study. Their age ranged

from 20 to 40 years old. All Patients were diagnosed
with PFPS and referred to physical therapy by an
orthopedist or general practitioner. The inclusion
criteria were the age from 20 and 40 years, the
body
mass index (BMI) ranged between 23-31Kg/
2
m , the patients were diagnosed and referred by
orthopedist as patellofemoral syndrome, the diagnosis were confirmed by knee X-ray three views
(anterior-posterior, Axial, sagittal view) or knee
MRI, and unilateral anterior knee pain. The exclusion criteria were meniscal injury, osteoarthritis
of Knee joint, previous patellar dislocation or
subluxation, previous fractures with or without
internal fixation in the knee region, any previous
knee surgery, patellar tendon pathology, any lower
limb deformities changing the global alignment,
or referred pain from the spine. Participants were
assigned randomly into three equal groups, McConnell tape Group (MT), Kinesiology tape Group
(KT), and Open knee brace Group (KB).
Sample size and randomization:
A priori sample size has been calculated by Gpower 3.1.9.2 [F tests- MANOVA: Repeated measures, within-between interaction], with effect size
equals 0.4 [15] , alpha error probability was 0.05,
and the power was 80%. The supposed sample size
was 40 subjects and the number increased by 15%
to be forty-six to consider the drop out. Forty-eight
patients were divided randomly into three equal
groups using a computer-generated block randomization with block size equal 4 and concealed allocation was done by the use of sealed opaque envelopes. All patients will sign a consent form before
starting the study.
Outcome measurements:
All outcome measures were evaluated before
starting the study, after 3 weeks and at the end of
the study after 6 weeks. The assessor was blinded
about the type of treatment.
Visual Analogue Scale (VAS) was used for
determination of pain intensity. Subjects were
instructed to rate their pain on a scale from 0100mm with zero defined as no pain at all and
100mm defined as “the worst possible pain” [23] .
The Kujala Scale is a 13-item knee-specific
self-report questionnaire. It documents response
to six activities thought to be associated specifically
with anterior knee pain syndrome (walking, running, jumping, climbing stairs, squatting, and sitting
for prolonged periods with knees bent), as well as
symptoms such as limp, inability to weight bear
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through the affected limb, swelling, abnormal
patellar movement, muscle atrophy and limitation
of knee flexion. The maximum score is 100 and
lower scores indicate greater pain/disability [24] .
The Flexion Active Range of Motion (FAROM)
was measured by the electrogoniometer. The electreogoniometer placed on the lateral aspect of the
knee and its fulcrum on the tibiofemoral joint and
fitted to the knee by elastic straps. The assessment
of ROM was in form of flexion arc where the
starting of ROM of flexion from extreme active
extension point, the patient can do it (zero point),
to extreme active flexion point (reading measuring)
without pain [25,26] .
Intervention:
All patients in the 3 groups did stretching exercises, strengthening exercises, Patellar mobilization [16] , and interferential current therapy [27,28]
as described in Table (1). In the KT group, application of a 2-inch width I strip of kinesio tape split
to a Y was used proximal to the superior patellar
border. With the patient in a supine with knee fully
extended position, the strip was applied starting
approximately 10cm below the anterior superior
iliac spine (origin of rectus femoris) with an I base
at zero tension as in Fig. (2A). An I strip was
applied to the VMO (at an approximately 50-55 °
angle to the femur's long axis), its base starting at
zero tension, and then lined to the patella at 50%
tension [29] as in Fig. (2B). In MT group, taping
was started at the mid lateral border, brought across
the face of the patella, and secured to the medial
border of the medial hamstring tendons while the
patella was pulled in a medial direction. The medial
soft tissues were brought over the medial femoral
condyle toward the patella to obtain a more secure
fixation as in Fig. (2C) [30] . Knee brace provided
an external medially directed force, which may
counteract lateral patella mal tracking. The patient
wore it from long sitting and the knee were in
extension. The patients fit the hole of brace on the
patella boundaries. The patients wore the brace all
day and remove it at sleeping as in Fig. (2D).
Statistical analysis:
Demographic data were conducted using mean
and standard deviation. The Visual Analogue Scale
(VAS), Kujula Questionnaire and Flexion Active
Range of Motion (FAROM) for three groups conducted using mean and standard deviation. Twoway mixed model MANOVA, with the time within
subject factor, were done to determine any differences between the mean change scores of each
group regarding visual analogue scale, Kujula

questionnaire and FAROM. The F-value was used
based on Wilks' lambda. The alpha level was set
at α =0.05. Univariate ANOVAs (2-way mixed
model) were performed with Bonferroni adjusted
p-values to protect against the possibility of type
I error.
Results
The participants flow throughout the study is
shown in Fig. (1). The bio-demographic and clinical
characteristics data of all patients at the baseline
for the three groups are given in Table (2). The
results showed no statistically significant differences between groups regarding age, weight, height,
body mass index, VAS, Kujula questionnaire and
FAROM (p>0.05).
Repeated measures multivariate analysis was
conducted to assess the difference between patients
in the McConnell tape group, kinesio tape group
and Open Knee Brace group patients in the amount
of change in their scores on the three outcome
measures. No significant multivariate effects were
found for the main effects of group, Wilks A=0.88,
F (6 , 86) =0.9, p=0.5, η 2=0.06. However, there were
significant multivariate effects for time, Wilks
A=0.03, F (6 , 40) =208.37, p<0.0001, η 2 = 0.97, and
the interaction between group and time, Wilks
A=0.26, F (12, 80) =6.42, p<0.0001, η 2 = 0.49. Univariate test reveal that significant change for VAS
F (4, 90) =5.08, p=0.001, η 2=0.18 and for Kujula
score F (4 , 90) =28.54, p<0.001, η 2=0.55 but, no
significant change for FAROM F (4, 90) = 2 . 79 ,
p=0.07, η 2=0.11.
Between-group comparison: There was no significant difference between the three groups in
VAS, Kujula score and FAROM before as well as
after three weeks of intervention ( p>0.05) as shown
in Tables (2,3). After six weeks of intervention,
there was a significant decrease in VAS score and
significant increase in Kujula score for MT group
compared with other groups ( p<0.05), but there
was no statistically significant difference in
FAROM between the groups as shown in Table
(3).

Within-group comparison: There was a statistically significant improvement in VAS, Kujula
score and FAROM after three weeks as well as
after six weeks of intervention compared with that
at the baseline in all groups (p<0.0001) as in Table
(4).

1892

Comparison between Effect of MT, KT & Open Knee Brace in Treatment of Patellofemoral Pain
Table (1): The Physical Therapy intervention details which were used in the study.
Description

Intervention
Stretching exercises

- (8-10 sets of 10 seconds hold): Quadriceps muscle stretches, Hamstring muscle
stretching, Gastrocnemius muscle stretching, tract stretching while standing.

Strengthening exercises

- Quadriceps muscle isometric contraction in sitting 8-10 sets of 5 seconds hold of
weak muscles (VMO muscle) around the patella to promote active medial stability
and involve patella wearing during patella wearing, Terminal knee extension (030) in sitting 3 sets of 10 repetitions, Isometric hip abduction in sitting 8-10 sets
of 5 seconds hold, Straight leg extension in sitting (3 sets of 10 reps), Straight leg
extension with bridge exercise (3 sets of 10 reps)and dorsiflexed ankle (3 sets of
10 steps).

Patellar mobilization

- Subject was instructed to lie down in half lying position and his/her knees extended
then medial and lateral glide of the patella will be applied.

Interferential current

- Carrier frequency 4000Hz, beat frequency 100Hz, Quadripolar technique applied,
duration 20 min.

Table (2): Baseline demographic and clinical characteristics of subjects (N = 48).
MT group
n=16

Characteristics

KT group
n=16

KB group
n=16

F-value

p-value

Age (years)
Weight (Kg)
Height (cm)
BMI (Kg/m 2)
VAS score pre
Kujula score Pre
FAROM (° ) pre

30.12±6.05
74.13 ± 10.2
164.31 ± 8.0
27.39± 2.3
74.4±9.6
65.5±6.59
95.25±6.04

31.19±7.04
75.18± 10.19
162.81 ±9.17
28.23 ± 1.78
70.6± 10.6
71.38±8.45
96.56±6.65

9.87±6.26
76.33± 11.09
163 ±9.08
28.85± 1.34
73.1 ± 13
70.56± 8.01
98.25±5.13

0.19
0.18
0.14
2.51
4.6
2.72
1.01

0.83
0.84
0.87
0.092
6.3
0.77
0.37

Gender:
Male n (%)
Female n (%)

6 (37.5%)
10 (62.5%)

7 (43.75%)
9 (56.25%)

6 (37.5%)
10 (62.5%)

X 2=0.17

0.91

Affected Side:
Right n (%)
Left n (%)

7 (44%)
9 (56%)

10 (63%)
6 (37%)

10 (63%)
6 (37%)

X 2=1.52

0.46

MT
KT
KB
BMI

: McConnell Tape.
: Kinesiotape.
: Open Knee Brace.
: Body mass index.

VAS: Visual analogue scale.
FAROM: Flexion active range of motion.
Data are mean ± SD, except gender which are count and %.
p-value <0.05 indicates statistical significance.

Table (3): Pairwise comparison between three groups for Outcome Data of VAS, Kujula score and FAROM after 3 weeks and
post treatment.
MT versus KT

MT versus KB

KT versus KB

Partial Eta

Characteristics
MD (95% CI)

p-value

MD (95% CI)

p-value

VAS:
3 weeks
6 weeks

–3.7 (-14.6, 7.1)
–10.6 (-20.2,- 1.1)

0.99
0.025

–9.3 (-20.2, 14.4)
–11.3 (-20.8,- 1.7)

0.11
0.016

Kujula:
3 weeks
6 weeks

–1.31 (-7.5, 4.9)
6.37 (0.91, 11.84)

0.99
0.017

1.3 (-4.9,7.5)
8.19(2.72,13.66)

FAROM (deg.):
3 weeks
6 weeks

1.31 (-4.97,7.6 )
3.38 (-1.31,8.07)

0.99
0.24

–0.31 (-6.6,5.97)
4.5(-0.19,9.19)

VAS: Visual Analogue Scale.
FAROM: Flexion Active Range of Motion.
Deg.: Degrees.
p : Probability value.

MD (95% CI)

p-value

Square

–5.6 (-16.4,5.2)
–0.6 (-10.2, 8.9)

0.61
0.99

0.09
0.19

0.99
0.002

2.63 (-3.6,8.8)
1.81 (-3.66,7.28)

0.89
0.99

0.02
0.25

0.99
0.06

–1.62 (-7.91,4.66)
1.13 (-3.57,5.82)

0.99
0.99

0.01
0.12

CI : Confidence interval.
MD: Mean Difference.
p-Value <0.05 indicates statistical significance.
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Table (4): Comparison between pre and post treatment Outcome Data for VAS, Kujula score and FAROM all groups.
Group MT (n=16)

Group KT (n=16)

Group KB (n=16)

Characteristics
VAS:
Change from baseline
to 3 weeks
Change from baseline
to 6 weeks
Kujula:
Change from baseline
to 3 weeks
Change from baseline
to 6 weeks
Flex (deg.):
Change from baseline
to 3 weeks
Change from baseline
to 6 weeks

MD (95% CI)

p-value

MD (95% CI)

p-value

MD (95% CI)

p-value

–25 (-31.5,-18.5)

<0.0001

–17.5 (-24,-11)

<0.0001

–14.4 (-20.9,-7.9)

<0.0001

–41.2 (-48,-34.5)

<0.0001

–26.9 (-33.6,-20.1)

<0.0001

–28.8 (-35.5,-22)

<0.0001

10.13 (7.66,12.59)

<0.0001

5.56 (3.1,8.03)

<0.0001

3.75 (1.28,6.22)

0.001

24.13 (21.52,26.73)

<0.0001

11.88 (9.27,14.48)

<0.0001

10.88 (8.27,13.48)

<0.0001

16.25 (11.96,20.54)

<0.0001

13.63 (9.34,17.91)

<0.0001

13.56 (9.28,17.85)

<0.0001

29.69 (25.26,34.11)

<0.0001

25 (20.58,29.43)

<0.0001

22.19 (17.76,26.61)

<0.0001

VAS: Visual Analogue Scale; FAROM: Flexion Active Range of Motion; Deg.: Degrees; p : Probability value; CI: Confidence interval;
MD: Mean Difference; p-Value <0.05 indicates statistical significance.

Assessed for eligibility (n=67)
Excluded (n=19)
- Did not meet inclusion criteria (n=11)
- Declined to participant (n=5)
- Other reasons (n=3)

Enrollment
Randomization (n=48)
Allocation

KB and exercises group:
- Received allocated intervention
(n=16)
- Din not receive the allocated
intervention (n=0)

KT and exercises group:
- Received allocated intervention
(n=16)
- Din not receive the allocated
intervention (n=0)

MT and exercises group:
- Received allocated intervention
(n=16)
- Din not receive the allocated
intervention (n=0)

Follow-up after 3 weeks of intervention

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

Follow-up after 6 weeks of intervention

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

- Lost to follow-up after treatment
(n=0)
- Discontinue the intervention (n=0)

Analysis

Analyzed (n=16)
Excluded from analysis (n=0)

Analyzed (n=16)
Excluded from analysis (n=0)

Analyzed (n=16)
Excluded from analysis (n=0)

Fig. (1): Flow diagram showing the progress of subjects at each stage of the clinical trial.
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(A)

(B)

(C)

(D)

Fig. (2): (A,B): Kinesiology tape application. (C) McConnell Application. (D) Open Knee Brace.

Discussion
The purpose of the study was to investigate the
effect of MT, KT and KB beside physical therapy
on the PFPS. The results showing improving in
VAS score, Kujula score and FAROM for three
groups. There was a significant decrease in VAS
score and significant increase in Kujula score for
MT group compared with other groups (p<0.05),
but there was no statistically significant difference
in FAROM between the groups. No significance
differences were found between KT and KB groups
for all outcome measurements.
The McConnell taping technique utilizes a rigid
and highly adhesive tape that is structurally supportive and, when applied, it has been suggested
to alter lateral tilt, lateral displacement, and patella
Alta [31] . McConnell taping has medial glide technique that is proposed to have three effects: Patellar

glide, patellar tilt, and patellar rotation [32,33] .
McConnell taping enhanced the efficiency and
activation of vastus medial obliques [34] and decrease activity of vastus lateralis [35] . It also facilitated the force generated from quadriceps in both
concentric and eccentric contractions [36] .
McConnell taping had significant effect on
knee proprioception and stimulate cutaneous mechanoreceptors therefore allowing more sensory
signals to be carried to central nervous system for
more integration [37-39] decreasing patellofemoral
joint reaction force [40] . These mechanisms explain
how MT works to treat the patients with PFPS.
McConnell taping was used successfully in treatment of PFPS [41,42] . Whittingham et al. [43] found
decreasing in pain level and improving in functional
activities after four weeks of combination of patellar
taping and exercises.
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Begum and his colleagues used MT with Exercises for females with PFPS there was decreasing
in pain score, improving in functional activities
and increasing Knee flexion Rom of Motion [44] .
Callaghan and Selfe assessed the taping effect on
pain and function in PFPS. They found no statistically or clinically significant difference between
taping and non-taping in pain at the end of the
treatment programs. The data of outcomes measuring functional activities gave contradictory results
[45] . Leibbrandt and Louw concluded that the evidence was insufficient to justify routine use of the
MT technique in the treatment of anterior knee
pain [46] .
Ho et al., evaluated the effect of MT and KT
on patellofemoral joint alignment and contact area
in weight bearing activities by using MRI. The
results did not reveal any significant effect for MT
or KT in medial patellar correction or patellar tilt
angle. The pain reduced after KT application than
MT application [47] . These results opposed the
results of current study which demonstrated superiority MT on KB in VAS and opposed the theory
that MT providing medial correction for patellar
position. This study using MRI evaluation but the
sample size was small and all subjects were females
which make a bias and make the results exclusive
to the females.
Kinesio tape was had statistically significance
in immediate pain improving and single leg hop
function in patients with PFPS when compared
with sham application [48] . Campolo compared
between the effect of MT and KT on functional
activities in anterior knee pain [18] . Kumar also
compared the immediate effect of MT and KT on
functional activities in PFPS [49] . Both studies
founded that KT significant decrease the pain
during functional activities but there was no significant difference with comparing to McConnell
tape. The results disagree with the results of current
study which provide MT had a significant effect
in pain and functions than KT. The contradiction
may be due to both studies examined the efficacy
of taps during functional activities without any
treatment program for a specific period of time.
Kuru conducted a comparative study between
KT and electro stimulation beside strengthening
and stretching exercises for 6 weeks. The results
showed decreasing pain, improving functional
activities and increasing range of motion but there
was not significant difference between the two
modalities [17] .
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Draper et al have demonstrated by MRI evaluation that the knee brace applies a medially directed
force on the patella can reduce patellar lateralization
and tilt in women with PFPS significantly better
than a bandage [50] . Powers et al., conducted a
study for orthosis that applied a medially directed
force on the patella in PFPS patients and there was
decreasing in pain level and increased activation
of the quadriceps [51] .
Arazpour et al., conducted a study for The effect
of patellofemoral bracing on walking in individuals
with patellofemoral pain syndrome KB eight hours
daily resulted in decreased pain on VAS after six
weeks, increase Knee flexion angle, speed of walking and step length in patients with PFPS and the
subjects did not received physical therapy beside
KB [52] . Van Linschoten et al., observed at rest
and with activity the pain was decreased and improving in functional activity after 3 months in the
patients who using brace and had greater improvement than non-braced patients [53] . Knee brace
decreasing VAS and improving Kujula score in
PFPS patients than on braced patients [54] .
Power et al., evaluated the Influence of Patellofemoral Bracing on Pain, Knee Extensor Torque
and gait function in Females with Patellofemoral
pain. There was not significant difference in pain,
torque and gait function in immediate effect of
patello femoral bracing. These results disagree
with the current study in pain and in functions
(gait) may be due to the design of the study (crosssectional study), Small sample size (16 subjects)
and wide age range (14-46y) [55] .
Victor et al., evaluate the Effectiveness of
patellar bracing for treatment of patellofemoral
pain syndrome they found that adding KB to the
home exercises did not improve the symptoms of
PFPS in short time. The study using pain score
evaluation related to sport activities not functional
activities of daily living. KB protocol was not clear
how long was wearied per day which may interfere
with the efficiency of KB in the treatment [56] .
Limitations:
Limitations of the current study included that
there was not control group with routine physical
therapy Therefore, the findings of the current study
need to be examined with control group for comparison and demonstration the clinical effect of
taping techniques and knee brace. The study also
limited by small sample size so it is recommended
further study with larger sample size. The relative
short period of the study without long term follow
up consider a limitation for the current study.
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Further studies need to increase the period of
treatment with follow-up for detecting the clinical
efficiency and long term effect for taping techniques
and knee brace.

12- WARDEN S.J., HINMAN R.S., WATSON M.A.Jr., AVIN
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Patellar taping and bracing for the treatment of chronic
knee pain: A systematic review and meta-analysis. Arthritis
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Conclusion:
Adding MT, KT or KB to physical therapy
program might be more effective in reducing patellofemoral pain, improving Kujula score and
increase knee FAROM. The use of MT was more
effective in improving pain intensity and Kujula
score, but not for FAROM, than the KT and KB.

13- BOLGLA L.A. and BOLING M.C.: An update for the
conservative management of patellofemoral pain syndrome: A systematic review of the literature from 2000
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