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Patellar taping increases vastus medialis oblique activity
in the presence of patellofemoral pain
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Abstract

A common rehabilitation strategy for patellofemoral pain syndrome (PFPS), which lacks scientific evidence, includes pulling
the patella medially with tape to reduce pain and increase the vastus medialis oblique (VMO) muscle activity. The purpose of this
study was to examine the effect of various patellar taping procedures on force production, EMG activity of the VMO and vastus
lateralis (VL) muscles, and perceived pain experienced by 30 women (27.3 & 1.53 years), half diagnosed with PFPS. The perceived
pain, force, and EMG of the VMO and VL, were recorded while subjects performed maximal isokinetic leg presses at 30° /s for
each of the following patellar taping conditions: no tape (control), no glide (placebo), medial and lateral glide (experimental). The
medial and placebo procedures significantly (P< 0.01) reduced perceived pain (70-80%) in PFPS subjects. Although patellar tap-
ing did not influence leg press force (P> 0.05), it increased the VMO activity and decreased the VL activity in PFPS subjects but
had the opposite effect in healthy subjects. The findings suggest that taping the patella medially can contribute positively to PFPS
rehabilitation. Because the medial glide and placebo taping conditions had similar effects, it is proposed that the benefits of patel-
lar taping are not due to a change in patellar position but rather due to enhanced support of the patellofemoral ligaments and/or
pain modulation via cutaneous stimulation.
© 2003 Elsevier Ltd. All rights reserved.
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1. Introduction angle to the long axis of the femur on the medial side
of the patella [15]. The functional importance of the
VMO, therefore, is to dynamically stabilize the patella
on the medial side and prevent lateral deviation and
rotation of the patella caused by the lateral pull of the
larger vastus lateralis (VL) muscle [16,28].

A common rehabilitation strategy to alleviate patel-

The major complaint of individuals with patellofe-
moral pain syndrome (PFPS) is anterior knee pain or
pain behind the patella (retropatellar pain) and is
experienced usually during running, squatting, and
stair climbing [22,31,35]. The occurrence of patellofe-

moral pain is two to three times more prevalent in
women compared with men [27]. Numerous biomecha-
nical characteristics of the lower body such as
decreased joint flexibility, large quadriceps angle (Q-
angle), and increased subtalar joint pronation have
been proposed to explain its onset [9,13]. Nonetheless,
the leading etiological factor is a decline in the acti-
vation of the vastus medialis oblique (VMO) muscle
[22,31]. Anatomically, the VMO attaches at a 40-55°
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lofemoral pain and improve patellar tracking within
the trochlea of the patellofemoral joint includes taping
of the patella, stretching of tight lateral structures, cor-
rection of lower body biomechanics, and selective
quadriceps exercises to increase the activity of the
VMO [8,9]. The use of tape became popular following
McConnell’s original publication [28], which proposed
that pulling the patella medially with tape (medial
glide) will correct the patella position, stretch the tight
lateral structures, increase the activity of the VMO
muscle, decrease pain and thus allow the patient to
begin strengthening exercises of the quadriceps.
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Since McConnell’s proposition [28], a number of stu-
dies examined whether external means such as tape or
braces can correct the patella position. Patellar taping
appears to significantly reduce perceived pain levels,
however, this reduction in pain is associated with mini-
mal [25,32,36] or no change in patellar position [6].
Similarly, numerous patellar braces reduce pain with
minimal or no change in patellar position [8,30].

Accumulating evidence, therefore, suggests that the
success of taping (and bracing) to reduce pain may not
be due to altering the patellar position but rather due
to a neurophysiological factor. For example, taping the
patella in a medial or lateral glide compared with no
taping increased the VMO activity during a knee exten-
sion task in patients with PFPS [34]. The onset of the
VMO activity in a stepping task, furthermore, appears
to be faster than that of the VL when the patella was
pulled medially with tape [7,14].

The effectiveness of patellar taping on the VMO
activity of individuals suffering from PFPS is unclear.
Support for the use of patellar taping to alter the
activity of the VMO muscle comes from either not
well-controlled studies using single-joint tasks [35] or
directly from McConnell’s research group [7,15,29]. To
date, no study has systematically examined the effects
of taping the patella in various directions on the mag-
nitude of VMO activity and perceived pain, especially
during a velocity controlled multi-joint movement [9].

The purpose of this investigation was to determine
whether patellar taping could alter the isokinetic leg
press force production, EMG activity of the VMO and
VL muscles, and perceived pain experienced by women
with and without patellofemoral pain.

2. Methods
2.1. Subjects

Thirty young active women (27.3 4+ 1.53 years) vol-
unteered for this study. Fifteen of the participants were
diagnosed by the same physician with unilateral PFPS
and had current symptoms, which included only pain
behind the patella (retropatellar pain) that increased
during activities. The subjects with PFPS also reported
that they were unable to run for more than 5 min and
have never received any kind of treatment prior to the
study. Patients with patellar tendonitis or other
anterior knee pain symptoms were excluded. The other
15 women had neither history of previous knee pathol-
ogy nor any current knee injuries (Table 1). Subjects
provided written informed consent prior to partici-
pation in the study. The institutional review board for
research at the University of Illinois approved the pro-
cedures used in this study.

Table 1
Anthropometric measurements for healthy women and women with
patellofemoral pain (symptomatic and asymptomatic knees)

PFPS group Healthy group
Symptomatic Asymptomatic Healthy (n= 30)
(n=15) (n=15)
Age (years) 26.3+1.53 28.4+1.52
Height (m) 1.66 £0.02 1.65+1.04
Mass (kg) 60.8 £1.36 61.3+1.12
Supine Q-angle (°)  21.9+1.37  22.8+1.23 21.8+1.01
Hamstrings 66.7 £2.50 63.2+2.74 73.9+1.33
flexibility (*)
Gastrocnemius 16.6 +1.35 15.1£1.31 16.3£0.77
flexibility (*)
Soleus flexibility (°)  19.94+1.30  20.54+0.95 19.1 £ 1.01
Rearfoot 5.33+£0.71 4.41+0.77 4.03+£0.47
pronation ()
Rearfoot 0.13+0.13 0.27 £0.27 0.07 £0.07

supination (°)

2.2. Experimental setup

All subjects laid supine on the isokinetic dynam-
ometer’s (KIN-COM) flat bench and positioned the
tested limb on the dynamometer’s arm (Fig. 1). The
upper body was restrained with velcro straps. All trials
started with the knee and hip joints flexed at 90°, and
each participant extended the knee to 0° (full knee
extension). The hip extension range of motion (ROM)
was approximately half of the knee joint ROM and
varied slightly among subjects. Therefore, to maintain
an isokinetic knee extension at 30°/s, the speed of the
dynamometer’s arm was adjusted based on the knee
ROM (see Fig. 1 for details).

2.3. Mechanical and electrical recording

The angular displacement of the knee joint was
detected with an electronic goniometer made of two
aluminum arms 20 cm long and a 1-turn potentiometer
(positioned at the knee axis of rotation). Force pro-
duction at a near constant velocity during a leg press
movement was detected with a KIN-COM 500H
(Chattanooga, TN) isokinetic dynamometer. The sam-
pling frequency for the electronic goniometer and force
was 100 Hz. The KIN-COM 500H is a reliable way to
assess force isokinetically not only during knee exten-
sion [2] but also during leg press movements [26].

The muscle activation (EMG) of the VMO and VL
muscles (both legs) was measured with Beckman 4 mm
silver-silver chloride surface electrodes. A bipolar elec-
trode configuration was used for both muscles and was
referred to another electrode that was placed over non-
contracting tissue (bony surface of the tibia 3 cm below
the tibial tuberosity). For the VMO, the electrodes
were placed 4 cm superior and medial to the superior—
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medial border of the patella, whereas for the VL the
electrodes were placed 10 cm superior to the lateral epi-
condyle of the femur. The area where the recording
electrodes were placed was shaved, lightly abraded, and
cleaned with alcohol. The EMG signals were amplified
(x1000) using an isolated bioamplifier (S-series, Coul-
bourn, USA), filtered (10-1000 Hz) using an adjustable
bandpass filter (S-series, Coulbourn, USA), and sam-
pled at 1000 Hz (12-bit analog to digital converter).

START

Hip and knee
extension
range of motion

Knee
extension
range of motion

Isokinetic
dynamometer’s
actuator

Velcro straps

FINISH

FIGURE 1

Output from the bioamplifiers was processed using
Coulbourn contour following integrators (S-series,
Coulbourn, USA) with a time constant of 50 ms. Tek-
tronic oscilloscopes were used to monitor signals dur-
ing data collection. The amplitude of the signal was
computed as the average rectified EMG (AEMG) of
two trials from nine different angle bins (90-80°, 80—
70°, 70-60°, 60-50°, 50-40°, 40-30°, 30-20°, 20-10°,
and 10-0°). All data were normalized to maximum
AEMG values obtained when the knee was not taped
(control condition). This procedure allowed for com-
parisons to be made between the two groups of sub-
jects. The EMG signal was collected, stored, displayed
and analyzed on a personal computer using custom
made software.

2.4. Patellar taping

For the patellar taping, a Leukotape 1.5 in. high
adhesive tape (Belersdorf Inc. Norwalk, CT) designed
specifically for the treatment of PFPS was used. For all
taping procedures (Fig. 2), two 8-in. long strips of the
Leukotape were used. For the medial glide, the first
strip of tape originated at the fibular head and was
pulled over the lower half of the patella with a medial
force terminating at the pes anserinus. The second strip
of tape originated from the same point and terminated
on the pes anserinus but was taped 0.75 in. higher. For
the lateral glide, the same procedure was followed but
the origin was the pes anserinus and the termination
point was the fibular head. The force was applied lat-
erally. For the no glide procedure, the pes anserinus
and fibular head served as the two endpoints for the
tape. The tape was applied using both hands at the
same time with no direction given to the patella. All
forces applied in either direction were equal to the
maximum stretch allowed by the Leukotape high
adhesive tape. For all taping procedures, the tape was
applied directly on the skin and no adherent spray was
used. The author of the study performed the taping
procedures to all subjects.

l

Fig. 1. Subject positioning on the isokinetic dynamometer to per-
form leg press movements. The hip and knee joint started the move-
ment flexed at 90°, however, only the knee joint extended to 0° (full
extension). To calculate the appropriate velocity for the dynam-
ometer’s arm and achieve a near constant velocity for the knee joint
at 30°/s, the ROM of the arm produced by the leg press (hip and
knee extension of the subject) was divided by 3 s. For example, if a
subject moved the dynamometer’s arm 81° during the leg press move-
ment, the isokinetic velocity was set at 27° /s. Therefore, the knee
ROM (90°) was accomplished within 3 s or at an isokinetic velocity
of 30°/s. The ROM for the hip joint was approximately half of that
of the knee and varied slightly among subjects (45 + 2.3°), as a result,
the isokinetic velocity for the hip joint was slower compared with
that of the knee (~15°/s).
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Fig. 2. The placebo (A), and two experimental taping procedures (B
and C). For the control condition, no tape was applied, whereas for
the placebo (A) procedure tape was applied, but no direction was
given to the tape. For one of the experimental procedures, the direc-
tion of the tape produced a medial pull on the patella (medial glide;
B), whereas the other experimental procedure produced a lateral pull
on the patella (lateral glide; C). See Methods for more details.

2.5. Anthropometric measurements

The height and weight of all subjects were measured
first. For the measurement of the Q-angle, the parti-
cipants lay supine on a table with the lower extremity
relaxed. Marks were placed on the anterior superior
iliac spine and tibial tuberosity. A goniometer with
long arms was used. The axis of rotation of the goni-
ometer was placed over the knee joint, one arm was
aligned with the tibial tuberosity (leg) and the other
with the anterior superior iliac spine (thigh). Q-angle
was defined as the angle (medial side) between the
thigh and the leg.

For the hamstring flexibility measurement, the parti-
cipants lay supine on a table with the lower extremity
relaxed. The tester moved the thigh into 90° of hip flex-

ion with the knee joint relaxed. The participants were
asked to raise their lower leg as slowly as possible to
form a straight line with the thigh. When they could
not produce any more movement, one arm of the goni-
ometer was aligned with the head of the femur and the
other with the fibula. For the gastrocnemius and soleus
flexibility measurement, the participants also lay supine
on a table. To determine the gastrocnemius (bi-articu-
lar muscle that crosses the knee joint) flexibility, the
subjects were asked to dorsiflex their foot as much as
possible while the knee was kept extended. For the
soleus (uni-articular muscle that does not cross the
knee joint) flexibility measurement, however, prior to
the dorsiflexion, the tester moved the thigh into 90° of
hip flexion and held the lower leg at a 90° angle with
the thigh. In both measurements, when subjects could
not produce any more dorsiflexion movement, one arm
of the goniometer was aligned with the 5th metatarsal
and the other with the fibula.

For the rearfoot position (pronation/supination)
measurement, the subjects stood on a board that was
placed on the examining table. Marks were placed on
the mid calcaneus and mid achilles tendon, and were
joined by a straight line that connected the two marks.
One arm of the goniometer was placed parallel to the
ground and the other was placed along the line. The
angle formed —90 was the pronation or supination
angle.

2.6. Experimental protocol

Each subject attended one testing session. Immedi-
ately prior to data collection, subjects were given a
written summary and verbal information regarding
testing procedures. After the subjects signed the con-
sent form, they also filled out a knee injury history
questionnaire. Prior to the leg press task and EMG
setup, the anthropometric measurements mentioned
previously were taken.

All leg press trials started with the knee and hip joint
flexed at 90°, and the subject extended the knee to 0°
(full knee extension) at an isokinetic velocity of 30°/s.
Pilot testing suggested that this slow to moderate velo-
city was the best for a controlled leg press movement
on the isokinetic dynamometer. Faster movements eas-
ily changed the leg position and slower movements
were not functionally representative. Subjects were
given warm-up trials at 30°/s until they felt comfort-
able to produce a maximum trial (all participants per-
formed less than 10 trials). All warm-up trials were
submaximal efforts and served as a warm-up and accli-
matization period with the isokinetic dynamometer. To
assess perceived pain after every trial, each subject
rated her level of comfort with a modified McGill ana-
log pain questionnaire. The McGill pain questionnaire
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has been used extensively in the past and has shown to
be reliable [11,12].

After the acclimatization period and a rest period of
5 min, each subject performed two maximum isokinetic
trials at 30°/s. Leg press movements were recorded for
5 s (most contractions ended close to 3 s because of the
specified isokinetic velocity of 30° /s for the knee joint).
The control (no tape), placebo (no glide), and two
experimental conditions (medial and lateral glide) were
tested in random order. The order for testing each leg
(left or right) was counterbalanced.

2.7. Statistical analysis

The dependent variables included the force produced
during the isokinetic leg presses, the AEMG of the
VMO and VL muscles, perceived pain, and various
anthropometric characteristics of the subjects. The
independent variables in this study were the knee status
of the subjects (healthy, asymptomatic, and sympto-
matic), the patellar taping procedures (no tape, no
glide, medial glide, and lateral glide) and knee angle
(90-80°, 80-70°, 70-60°, 60-50°, 50-40°, 40-30°, 30—
20°, 20-10°, and 10-0°). All statistical analyses were
performed using SPSS 9.0 statistical package (SPSS
Inc., Chicago, IL).

Two basic sets of analyses were performed. First, com-
parisons were made between the knees of subjects with
current unilateral PFPS (PFPS group) to identify whe-
ther significant differences existed among the sympto-
matic and asymptomatic knees (knee status). The second
analysis was a between subject comparison of the PFPS
group (asymptomatic and symptomatic knees grouped
together) and the Healthy group (the left and right knees
grouped together). These analyses were performed
using a mixed three-factor ANOVA (2 knee statusx
4 taping procedures x 9 knee angles), with repeated
measures on taping procedures and knee angles. A
paired ¢-test was used to identify any differences in the
anthropometric characteristics between the symptomatic
and asymptomatic knees within the PFPS group;
whereas, an independent #-test was used to examine any
differences in the anthropometric characteristics between
the PFPS and Healthy groups. The alpha level for all
statistical tests was set at 0.05 and independent r-tests
were used to locate differences between the Healthy and
PFPS groups when ANOVAs yielded significant interac-
tions. When multiple comparisons were used, the
Bonferroni correction was employed within a family of
comparisons. Data in tables and figures are expressed as
mean + SEM.

3. Results
3.1. Symptomatic and asymptomatic knee differences

The anthropometric characteristics for the sympto-
matic and asymptomatic knees within the PFPS group
are in Table 1. Paired t-tests between the symptomatic
and asymptomatic knee revealed that only hamstring
flexibility approached significant differences (¢= 2.06,
P=10.058). All other anthropometric characteristics
and flexibility measurements were not significantly dif-
ferent (P> 0.05).

As expected, performance with the symptomatic
knee induced significantly greater levels of pain
(P< 0.01) (Fig. 3). Taping the patella, furthermore, sig-
nificantly reduced pain with all experimental proce-
dures. The medial and no glide taping procedures
resulted in the greatest decrease in pain compared with
the no tape procedure (P< 0.01). Although the medial
glide taping produced the lowest mean pain level, it
was not significantly different from the no glide taping
procedure (P> 0.05). The lateral glide also decreased
pain; however, this decrease in pain was not significant
compared with the pain experienced without any tape
(P=0.06).

Force production and muscle activation levels were
similar (P> 0.05) between the symptomatic and asymp-
tomatic knee in subjects with PFPS (Table 2).
Although the amount of pain reported by the subjects
was greater while using the symptomatic knee, because
the physical characteristics (Table 1) and motor per-
formance measurements (force and AEMG) were not

—e— Symptomatic knees
1.8 - —O0— Healthy or asymptomatic knees

1.6 -
14 -
1.2 -
1.0 -
0.8 -
0.6 -
0.4 -
0.2 -
0.0 - ° o

Perceived Pain (0-5)

No tape No glide Medial glide Lateral glide

Taping procedures

Fig. 3. Perceived pain for the symptomatic knees varied as a func-
tion of taping procedure, whereas the asymptomatic and healthy
knees experienced no pain. The lowest perceived pain was experi-
enced with the medial glide but it was not significantly different from
the placebo procedure (no glide). The lateral glide also decreased per-
ceived pain, however, this reduction in pain was not significant when
compared with the pain experienced with no tape (control condition).
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Table 2
Peak leg press force (=SEM) for healthy women and women with
patellofemoral pain (symptomatic and asymptomatic knees)

PFPS group Healthy group
Symptomatic ~ Asymptomatic Healthy
(n=15) (n=15) (n=30)
No tape (N) 8144 +2064 844242383  742.6+35.1
Placebo (N) 791.5+207.3 782.7+1659  792.1+332
Medial glide (N) 831.6 £227.9 7519+ 1834  751.1 +41.7
Lateral glide (N) 846.1 £220.6  802.1 £214.8  743.1+37.3

Note: Peak leg press force occurred consistently at 50-40° knee
flexion angle.

significantly different, all 30 knees were grouped
together to form the PFPS group and were compared
against the 30 healthy knees from the Healthy group.

3.2. Healthy and PFPS group differences

The only anthropometric characteristic that was sig-
nificantly different between healthy women and women
with PFPS was hamstring flexibility (P< 0.05)
(Table 1). Healthy women were 8.9° more flexible than
women with patellofemoral pain. Similar to the results
comparing the symptomatic and asymptomatic knee,
perceived pain was greater in women with PFPS due to
pain experienced with the symptomatic knee.

The two groups produced similar force levels and the
tape did not significantly influence force production
(F(1, 58) =0.14; P> 0.1) (Table 2). However, there
was a significant angle effect on the amount of force

No tape

—
A,

1s 1s

Medial glide

4 mV

Fig. 4. Example of the effects of medial glide on VMO EMG. The
top row represents the interference EMG during the two taping con-
ditions from a subject suffering from PFPS, whereas the bottom row
represents the averaged (time constant of 50 ms) and rectified EMG.

produced (F(8, 464) =25.5; P< 0.01). The greatest
forces occurred at the 45° knee flexion angle and the
lowest forces at 5° or close to full extension.

The overall activation of the VMO was higher for
the PFPS group compared with the Healthy group
(F(1, 58) =18.4; P< 0.01); whereas the activation of
the VL was not different between the two groups
(F(1, 58) =.18; P> 0.05). As expected, the AEMG
varied significantly with knee flexion angle for both
vasti muscles (VMO: F(8, 464) =340.1, VL:
F(8, 464) = 300; P< 0.01). The most important find-
ing was that the effect of taping varied as a function of
knee angle differently for the two groups (VMO:
F(24, 1392) =24, VL: F(24, 1392) =2.1; P<0.01)
(Figs. 4 and 5). When tape was applied to women with
patellofemoral pain (PFPS), with the exception of the
85° angle, the activity of the VMO increased across all
angles. In contrast, when tape was applied to the heal-
thy women, the activity of the VMO decreased. For

A —e— No tape

120 - —o— No glide

—v— Medial glide

100 - —v— Lateral Glide
S g -
S
w 60 -
<
Q 40|
>

20

0

B 120 -

100 -
S
(O]
=
Ll
<
o
=
>

0 . , , : ,
0 20 40 60 80 100

Knee flexion angle (degrees)

Fig. 5. The AEMG of the VMO for the control (no tape), placebo
(no glide), and two experimental taping procedures (medial and lat-
eral glide) as a function of knee flexion angle (0° is full extension) for
the PFPS (A) and Healthy (B) groups. Any form of taping increased
the VMO activity in the PFPS group, particularly at knee flexion
angles ranging from 25° to 55°; whereas, taping decreased the VMO
activity in the healthy group.
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A —e— No Tape
100 - —o— No glide
—v— Medial glide
—v— Lateral glide
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Fig. 6. The AEMG of the VL for the control (no tape), placebo (no
glide), and two experimental taping procedures (medial and lateral
glide) as a function of knee flexion angle (0° is full extension) for the
PFPS (A) and Healthy (B) groups. Taping did not influence the VL
activity in the PFPS group, whereas the two experimental procedures
increased the VL activity in the healthy group, particularly at knee
flexion angles ranging from 15° to 55°.

the PFPS group, all taping procedures consistently
produced greater VMO activity in the range of 25-55°.
For the healthy subjects, the no tape procedure had the
highest VMO activity from 75° to 5° angles.

The activity of the VL with variation in knee flexion
angle was influenced differently for healthy women and
women with PFPS (P< 0.01) (Fig. 6). Taping the
patella of women with PFPS had a non-significant
effect on the activity of the VL during the first 50° of
motion; however, between 45° and 25°, the medial and
lateral glide decreased the activity of the VL compared
with the no glide and control condition. In contrast,
taping the patella of healthy women with a medial or
lateral glide increased the activity of the VL from 5° to
45° of ROM. In the last 45° of ROM, however, the
differences between taping procedures were non-signifi-
cant (P> 0.05).

4. Discussion

The aim of this experiment was to investigate the
effect of different patellar taping procedures on the
activity of the VMO and VL muscles, force production,
and perceived pain experienced by healthy women and
women with current symptoms of PFPS. The results of
the present study provided two original and clinically
significant findings. First, patellar taping differentially
effected the activity of the vasti muscles for healthy
women and women with PFPS. Specifically, in women
with PFPS, application of tape in any direction
increased the activity of the VMO and decreased the
activity of the VL. In contrast, in healthy women, the
activity of the VMO decreased and the activity of the
VL increased. Second, patellofemoral pain declined
equally with the placebo and medial glide procedures,
which indirectly (patellar position not measured) sug-
gests that pain modulation with tape may not be due
to changes in the patellar position.

4.1. Anthropometric measurements and force production

Several anthropometric characteristics, such as an
increased Q-angle, tightness of the hamstrings, and
internal rotation of the femur caused by an excessive
pronation at the feet [31] can alter the position of the
femur in relation to the tibia and eventually alter the
tracking of the patella. Findings of this study suggest
that only hamstring flexibility was different between
healthy women and women with PFPS (healthy women
were 8.9° more flexible). Hamstring tightness can alter
tracking of the patella into the trochlea by externally
rotating the shank and moving the tibial tuberosity lat-
erally, which is the quadriceps tendon attachment. This
will alter the Q-angle, which may be different during
weight bearing and dynamic conditions (measured
statically in this study). In addition, tightness of the
hamstring can increase coactivation of the agonist and
antagonist muscles crossing the knee joint during
extension and alter motor performance [21].

Force production between healthy individuals and
individuals with PFPS has been examined previously
[19], however, no study has examined the effect of
patellar taping on leg press force production. In con-
trast to knee extension movements, this laboratory task
resembles multi-joint movements of daily life while
velocity is controlled. Findings of this study indicated
that there were no significant differences in force pro-
duction between the asymptomatic and symptomatic
knees or between the PFPS and Healthy groups. These
findings support and extend previous results observed
during knee extension movements [19]. Patellar taping
procedures, furthermore, had no effect on the concen-
tric force production, which is similar to previous find-
ings during knee extension movements [34].
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There are at least two explanations why force pro-
duction did not differ between the Healthy and PFPS
group and as to why force did not change with taping.
First, the leg press is a multi-joint movement where
several muscles in addition to the quadriceps muscles
influence hip and knee extension. Taping the patella,
which is a soft tissue joint in the dynamic chain of the
lower extremity, may, therefore, have only a small
influence on force production. Second, the major differ-
ences in force production between healthy individuals
and individuals with PFPS were found during eccentric
contractions of the quadriceps [3,19,34] and not during
concentric contractions. Further studies are needed to
identify whether force production is significantly influ-
enced in patients with PFPS at faster concentric velo-
cities and during weight bearing activities.

4.2. Patellar taping and activation of the vasti muscles

The VMO is the dynamic medial stabilizer of the
patella and is considered functionally important in
aligning the patella within the trochlea of the patellofe-
moral joint. Therefore, numerous studies have exam-
ined different exercises [10,18,20,23,24] and external
means (tape or braces) [7,9,14,28,34] to decrease pain
and increase the activity of the VMO in patients with
PFPS. The findings of this study suggest that appli-
cation of tape on the patella, independent of direction
(including the placebo), decreased pain, increased the
activity of the VMO, and decreased the activity of the
VL in individuals suffering from PFPS. In contrast,
patellar taping decreased the activity of the VMO and
increased the activity of the VL in healthy individuals.

One possible explanation for the increased VMO and
decreased VL activity with patellar taping in indivi-
duals suffering from PFPS is additional support to the
medial ligaments of the patellofemoral joint. There is
evidence that patients with PFPS compared with heal-
thy individuals have greater injuries to medial liga-
ments around the knee joint [5]. The retinacula and the
patellar ligament, two structures of the extensor mech-
anism, are important in balancing the patella to appro-
priately glide within the trochlear groove of the
patellofemoral joint [4,5]. Injuries to the retinaculum or
the medial structures of the knee will interrupt the con-
nection between the patella and its guiding and con-
trolling structures [4,5]. It is possible that patellar
taping (especially with the medial glide) provided the
needed mechanical support to the medial ligaments of
the patellofemoral joint. Another possible explanation
is that tape blocked the transmission of nociceptive
information to the spinal cord via cutaneous stimu-
lation [29]. For example, tape could have stimulated
large sensory fibers at the skin (mostly on the medial
side) and blocked the transmission of painful infor-
mation from injured proprioceptors and ligaments in

patients with PFPS [5]. Therefore, patellar taping
decreased pain in women with PFPS either by support-
ing injured medial ligaments, by cutaneous stimulation,
or by a combination of the two mechanisms. This
reduction in pain, furthermore, could allow an individ-
ual suffering from PFPS to appropriately activate the
VMO muscle and consequently achieve appropriate
patellar tracking.

In contrast to the PFPS group, patellar taping
decreased the VMO and increased the VL activation in
healthy women. Healthy knees are believed to have the
appropriate balance between the medial and lateral
components (ligaments and muscles) that assist the
patella to glide within the trochlear groove of the patel-
lofemoral joint. If indeed patellar taping assists the
medial components of the patellofemoral joint (e.g.
ligamentous support), then the strategy utilized by the
nervous system to activate the quadriceps muscles may
be different for healthy compared with injured knees.
Specifically, when a healthy knee is taped, the nervous
system may lessen the activation of the VMO (medial
dynamic component enhanced with tape) and increase
the activation of the VL muscle (lateral dynamic
component) to maintain the well-balanced gliding of
the patella.

4.3. Direction of patellar taping and pain

The original proposition by McConnell [28] sug-
gested that pulling the patella medially with tape
decreased pain experienced by patients suffering from
PFPS, increased VMO activity, and allowed them to
perform functional exercises. Subsequent studies
[6,7,9,14] supported the reduction in pain with the
medial glide but failed to consistently show scientific
evidence that patellar taping increases the VMO
activity. Although the actual McConnell taping tech-
nique was not used in this study, our results partially
support her hypothesis [28]. For example, we found
that when pulling the patella medially with tape in
women suffering from PFPS, patellofemoral pain
decreased dramatically (86%) and the VMO activity
increased significantly (~10-20%). Interestingly, all tap-
ing procedures including the lateral glide decreased
patellofemoral pain (20-80%) and increased VMO
activity (10-20%). The similar decreases in pain and
increases in VMO activity between the placebo and
medial glide taping procedure indirectly refute the
proposition that taping alters patella position (actual
patellar position was not measured in this study). This
finding, furthermore, provides support to previous stu-
dies, which indicated that the reduction in patellofe-
moral pain was not associated with changes in patella
position [6,25,36].

Independent of the underlying physiological mechan-
isms, the finding that partial (compared with McCon-
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nell’s technique) patellar taping reduces pain up to 80%
during multi-joint movements has tremendous clinical
significance to the treatment of individuals suffering
from PFPS. It provides novel scientific evidence that
patellar taping will aid patients with PFPS to perform
functional strengthening exercises of the quadriceps
muscles. Furthermore, patellar taping increased the
VMO activity in subjects with PFPS at knee flexion
angles of 20-50°, which are commonly used during
various forms of locomotion [1,17,33]. In addition to
modulating pain, patellar taping would contribute to
the rehabilitation of PFPS by increasing the activity of
the VMO, the dynamic medial stabilizer of the patella,
and thus improve the patellar gliding in the trochlear
groove.

In summary, the present study demonstrated that
during a multi-joint movement patellar taping
decreased pain, increased the activity of the VMO mus-
cle, and decreased the activity of the VL muscle in indi-
viduals suffering from PFPS. Although this finding
supports McConnell’s original hypothesis [29], because
the experimental and placebo taping conditions
increased VMO activity and decreased pain similarly, it
indirectly refutes the proposition that functional knee
improvements are due to a change in the patellar pos-
ition. It is proposed that patellar taping, especially in a
medial glide, may contribute positively to the rehabili-
tation of individuals suffering from PFPS possibly due
to an enhanced support of the medial ligaments of the
patellofemoral joint and/or by modulating pain via
cutaneous stimulation.
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