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ABSTRACT
Neuromuscular, Dynamic Postural Control and Pain Responses to a Therapeutic
Patellofemoral Taping Technique
Baumgarten JE†, Vairo GL†, DeBellis NM†, Bosha PJ§, Millard RL§, McBrier NM†:
Athletic Training Research Laboratory, Department of Kinesiology†, Department of
Orthopaedics and Rehabilitation§, The Pennsylvania State University, University Park,
PA
Context: Evidence has suggested patellofemoral joint taping to be an effective
intervention for decreasing pain and improving dynamic postural control in
patellofemoral pain patients (PFPS). Investigators have hypothesized that quadriceps
neuromuscular facilitation plays a significant role in these outcomes. However, the exact
biophysical mechanisms explaining this phenomenon are unknown. Objective: To
profile quadriceps neuromuscular activity, dynamic postural control and pain responses
following a therapeutic patellofemoral taping technique in PFD patients. It was
hypothesized taping would decrease pain, increase quadriceps neuromuscular activity and
improve dynamic postural control. Design: Pretest-posttest control group true
experimental design. Setting: Controlled laboratory environment. Patients or Other
Participants: 20 (twelve men, eight women) patients diagnosed with acute PFD by an
orthopaedic sports medicine physician (age = 21.9 ± 4.0 years, height = 171.5 ± 10.1 cm,
mass = 67.4 ± 8.7 kg, BMI = 22.9 ± 1.5, Kujala Score = 80.32 ± 9.31) and 20 (twelve
men, eight women) healthy matched controls (age = 21.5 ± 2.7 years, height = 171.4 ±
10.7 cm, mass = 69.0 ± 11.7 kg, BMI = 23.3 ± 1.7) volunteered for this research study.
No participants to either group presented with a history of previous lower extremity
injury. Interventions: The independent variable was a therapeutic patellofemoral taping
technique (medial patellar glide). We measured surface electromyography (SEMG) of the
vastus medialis and vastus lateralis while participants performed a single-leg anterior
reach balance task. Patient pain was also recorded using a standard visual analog scale.
One-tail dependent and independent t-tests were computed to analyze within patient and
between participant differences. Comparisons were made for the following conditions:
patient involved to uninvolved knee; patient involved pre-tape to involved post-taped
knee; patient involved post-taped to healthy matched control knee. Main Outcome
Measures: Pre and post-tape measures were recorded for patients. A 48-hour rest period
separated pre and post-tape testing conditions. Testing the involved and uninvolved knees
of patients was randomized to control for an order effect. Healthy control participants
performed one testing session. Surface electromyography was analyzed for 3 s,
normalized to maximal volitional isometric contraction (MVIC), averaged for each
condition and expressed as a %MVIC. Averaged maximum reach distances for the
single-leg anterior reach balance task were normalized to the non-stance leg-length
(%MAXD). Results: Patients had a reduction in pain with the post-tape (0.50 ± 0.77 cm)
compared to pre-tape (1.51 ± 1.88 cm) conditions (P = 0.005). However, there were no
significant differences in quadriceps neuromuscular activity. Significant differences were
found between uninvolved (85.34 ± 6.33) and involved (72.32 ± 4.15) conditions (P
=0.049) and involved pre-tape (83.37 ± 5.22) and involved post-tape (85.78 ± 6.70)
conditions (P = 0.042) performing a dynamic postural control task. Conclusion: Our
i

findings indicate that patellofemoral taping reduces pain in acute PFD patients and
improves dynamic postural control but does not facilitate quadriceps activity. Given the
results of this experiment, further research is necessary to determine efficacy of this
treatment in acute PFD patients to improve dynamic postural control. Word Count: 476
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CHAPTER 1: INTRODUCTION
Patellofemoral pain syndrome (PFPS) is the most common condition of the knee
and is most prevalent in the athletic and elderly populationa.1-4 It presents itself with
anterior knee pain or retropatellar pain that becomes aggravated by such activities as
squatting, running and stair climbing.2,5 While the exact etiology of PFPS is unknown,
factors such as vastus medialis oblique (VMO) weakness or inhibition, having an
excessive Q angle and increased subtalar pronation may lead to lateral tracking of the
patella which has been hypothesized as the main cause.4-9
Nonoperative treatment includes strengthening and stretching protocols of the
lower extremity muscles, ultrasound, bracing and taping techniques and activity
modification.1,5,7,10 Jenny McConnell first introduced a protocol in the 1980’s that
incorporated stretching, VMO strengthening and closed chain exercises with the addition
of a patellofemoral taping technique.11 Because lateral tracking of the patella has been
proposed as a significant contributor to PFPS, McConnell developed a technique that
aimed to pull the patella medially back into the trochlear of the femur.11 The goal was to
prevent lateral tracking and decrease pain while increasing function. Although
radiographic studies have confirmed that the technique does not actually alter patellar
positioning, it has been shown to significantly decreased pain in numerous different
studies.6,7,12-16
Physically active individuals suffering from severe PFPS commonly exhibit
decreased performance during activities due to pain and weakness or altered timing of the
quadriceps muscles.4,17 Taping of the patellofemoral joint has shown evidence in
facilitating neuromuscular control of the quadriceps by altering timing and amplitude of
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these muscles.8,17-19 Although previous investigators have studied the effects of
patellofemoral joint taping on quadriceps neuromuscular activity,2,4,8,12,17-19 assessment
while performing a dynamic postural control (DPC) task for patients with PFPS has been
limited. Postural control, which has been identified as a valid measure for evaluating
neuromuscular performance is instrumental for prevention and rehabilitation of injuries.20
Many tests have been developed to asses static postural control but few exists for DPC,
which entails maintaining a stable base of support while simultaneously performing a
task.20-22 The Star Excursion Balance test (SEBT) is a simple, yet valid test of DPC that
consists of 8 directional reaching tasks in which the participant must maintain their base
of support on one leg while reaching maximally in each of the 8 directions with the
opposite leg.20,22-24 Aminaka et al10 observed reach deficits in patients with PFPS while
performing the SEBT that significantly improved following taping of the patellofemoral
joint. In addition, Aminaka et al10 observed a reduction in pain. Although the study
found improved performance of the SEBT when taped, the results were not attributed to
changes in hip and knee kinematics, warranting further research. Some clinicians have
hypothesized that a decrease in DPC seen with PFPS patients may be attributed to a
decrease in neuromuscular activity of the quadriceps muscles.2,8,12 Taping of the
patellofemoral joint may increase quadriceps neuromuscular activity by increasing
efficiency and neural recruitment of the muscles, thus explaining the increase in DPC
performance. The purpose of our study was to profile quadriceps neuromuscular activity,
DPC and pain responses following a therapeutic patellofemoral taping technique in PFPS
patients. It was hypothesized that taping would decrease pain, increase quadriceps
neuromuscular activity and increase dynamic postural control.
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CHAPTER 2: METHODS
Participants
Twenty unilateral PFPS patients (Height = 169.5 ± 10.8 cm, mass = 67.2 ± 10.8 kg, age =
21.9 ± 4.0) and 20 healthy matched controls (Height = 172.5 ± 12.4 cm, mass = 69.5 ±
14.4 kg, age = 21.5 ± 2.7) with no previous history of traumatic injury to the lower
extremity were used. Participants were recruited from The Pennsylvania State University
student population as well as surrounding schools and communities. Each potential
participant completed an informed consent, demographic questionnaire, and a general
health screen (Appendix A). All acute PFPS patients were also screened by a physician
and received a formal diagnosis. Patients who met all inclusion criteria and exclusion
criteria (Table 1) were enrolled in this study.
Table 1 Inclusion and Exclusion Criteria for Experimental
Inclusion: Must be able to answer “Yes” to these questions
1) Are you recreationally active (3 days per week for 30 min over past six months)
2) Are you between the ages of 16-25?
3) Have you been diagnosed with unilateral patellofemoral joint dysfunction by your
doctor within past six months?
4) Do you speak English?
As a general health screen, you must be able to answer NO to following questions
5) Have you followed formal rehabilitation program under supervision of a physical
therapist or athletic trainer?
6) Have you suffered from patellofemoral joint dysfunction for more than six months?
7) Do you have any further injuries to the involved knee (ligament sprains or tears,
meniscus tears)?
8) Have you sustained traumatic injury to the hip or ankle of the involved leg?
9) Have you sustained traumatic injury to opposite uninvolved leg?
10) Are you diabetic or suffer from peripheral neuropathy?
11) Have you sustained a concussion within the past six months?
Kujala Questionnaire Score
The PFPS patients completed the Kujala pain scale (Appendix A) on the first day of
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testing. The Kujala pain scale is a 13 question, multiple-choice form in which patients are
asked to rate their pain and functional ability performing such tasks as walking, running,
squatting and other activities of daily living (ADL), with each question having a different
point value based on what the patient circled.25 The scale ranges from 0-100, with more
severe patellofemoral cases having higher scores. Bennel et al26 found the kujala pain
scale to be a reliable measure in assessing functional limitations and pain during general
and aggravating activities.

Instrumentation
All testing and data collection was performed at the Athletic Training Research
Laboratory under the supervision of the lab coordinator (GLV). The Biopac MP100
system (Biopac Systems Inc, Santa Barbara, Calif) was used to record surface
electromyography (sEMG) of the five muscles and analyzed using AcqKnowledge
software version 3.9.1.The Biodex System 2 Isokinetic Dynamometer (Biodex Medical
Systems Inc, Shirley, NY) was utilized to record maximal voluntary isometric
contractions (MVIC). The SEBT was used as a measure of DPC for participants and was
constructed by layering four strips of tape at 45o angles from one another. In addition, a
10-cm visual analog scale (VAS) was implemented to assess perceived pain levels of
PFPS patients while performing the SEBT on the injured limb.

Star Excursion Balance Test
The SEBT is reliable and valid test for measuring DPC.22,24 The test entails 8 directional
reaching tasks layered at 45o angles from one another in which the participant must
maintain their center of gravity on one leg while reaching maximally in each of the 8
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directions with the opposite leg.20,22-24 Three trials are completed in each direction,
disregarding and repeating excursions if the participant loses their balance or shifts their
foot, steps down with their reach leg to regain balance, takes their hands off their hips or
does not touch the line.20,22-24
Procedures
After all appropriate consent forms were signed during the first session; anthropometric
measurements were taken including height, weight, BMI and leg length measures. Leg
length measures were recorded by having the participant lay supine to allow for clearing
of the hips, measuring from the anterior superior iliac spine to the middle of the medial
malleolus. Leg length was used to normalize the reach distances of the SEBT so
comparisons could be made between participants. Participants were then prepped before
electrode application by lightly shaving the contact area, abrading with an emery board
and cleaning with an alcohol prep pad. Electrodes were placed over the area of greatest
muscle bulk parallel to the fibers on both legs for the experimental and matched limb for
the control at the vastus medialis (VM) and vastus lateralis (VL). A reference electrode
was also placed over the tibial tuberosity. After epidermal prep and electrode placement
was completed, participants were asked to perform a 5-minute submaximal warm-up on a
treadmill, walking at approximately 1.2 m/s.
Testing limbs were randomized for the experimental by having the participant flip
a coin, denoting heads as the injured limb and tails as the uninjured limb. After
randomization, the leads were attached to the electrodes and MVIC’s were taken for each
of the muscles being recorded. For the quadriceps and hamstring muscles, the Biodex
was used to allow for a maximal contraction against a fixed arm during a six second
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window in which verbal encouragement was provided. Maximum volitional isometric
contractions (MVIC) for the gastrocnemius was recorded by having the patient perform a
calf raise under the same conditions. These normalized values were then averaged for
each condition and expressed as a %MVIC.
Patellofemoral pain syndrome (PFPS) participants performed the SEBT on both
the injured and non-injured limbs for intraparticipant and interparticipant comparisons
while matched controls only performed the SEBT on the matched limb. Participants were
asked to stand in the middle of the SEBT barefoot while foot placement markers were
recorded to allow for reliability among measures. Participants were instructed to reach as
far as possible, lightly touching the taped area with the non-stance leg while keeping
hands on their hips and minimizing transfer of body weight to the reach leg.20,22-24 Trials
were disregarded and repeated if participants lost their balance or shifted their foot, took
their hands off their hips, stepped down with their reach leg to regain balance or did not
touch the line.20,22-24 Testing included only the anterior portion of the SEBT which has
shown to provide the most quadriceps muscle activity.27 Participants were allotted four
practice trials to reduce the possibility of a learning curve with adequate rest provided
between trials and before testing.28 Once the four practice trials were completed,
participants were asked to perform three trials of the anterior reach direction of the
SEBT, allowing for 15 seconds rest between trials. During each trial, reach distances and
EMG activity were recorded over a three second time period. Maximum reach distance
(%MAXD) of the non-stance leg was calculated as reach distance (cm)/ leg length (cm)
x100 and expressed as a %. In addition, a VAS was provided to all patients after
performing the SEBT on the injured limb to assess perceived pain levels pre-intervention.
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A 48-hour window was provided between testing days for the patient group while only
one day of testing was needed for healthy matched controls because no intervention was
applied. On the second day of testing, PFPS patients were prepped and electrodes placed
on the injured limb only. In addition, a therapeutic patellofemoral taping technique
developed by McConnell11 was incorporated before participants began their warm-up on
the treadmill. The medial glide technique was performed by securing two strips of 15cm
Cover roll tape (BSN-JOBST, Inc, Charlotte, NC) to the skin and applying a strip of
Leukotape-P (BSN-JOBST, Inc, Charlotte, NC) from the lateral aspect of the knee to the
medial aspect, making sure to apply enough force to shift the patella medially.11 Testing
procedures were repeated recording reach distances, sEMG activity and VAS scores to
allow comparison to pre-test data.

Data Analysis
The independent variable was a therapeutic patellofemoral taping technique. Dependant
variables (%MAXD, EMG activity, VAS score) were analyzed calculating one-tail
dependent and independent t-tests for within patient differences and two-tail t-tests for
patient, control differences respectively. Comparisons were made for these conditions:
patient involved to uninvolved knee; patient involved pre-tape to involved post-taped
knee; patient involved post-tape to healthy matched control knee. Statistically significant
values were set at P ≤ 0.05.
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CHAPTER 3: RESULTS
Data from the patellofemoral patient group was labeled as involved pre-tape and involved
post-tape for the taping intervention. Testing for the non-injured leg of the patellofemoral
patients was labeled as uninvolved and testing for the healthy limb of the matched control
was labeled as matched.

Demographics
There were no statistically significant differences between control and experimental
demographics for all variables as shown in Table 2.

Table 2 Demographic data

Participants
Sex (male/female)
Age (years)
Height (cm)
Mass (kg)
BMI (kg/m2)
Leg Length (Inv)
Leg Length (uni)

PFPS Group
20
12/8
21.9 ± 4.0
171.5 ± 10.1
67.4 ± 8.7
22.9 ± 1.5
87.5 ± 5.7
87.9 ± 6.0

Control Group
20
12/8
21.5 ± 2.7
171.4 ± 10.7
69.0 ± 11.7
23.3 ± 1.7
87.8 ± 6.8
87.9 ± 6.8

P-Value

0.633
0.731
0.524
0.208
0.573
0.715

Values are means ± standard deviation

Pain Level
A significant VAS score comparison was noted for the pre-tape post-tape groups
(P=0.005). Data analysis revealed greater pain levels for the pre-tape (1.51 ± 1.88 cm)
compared to the post-tape condition (0.50 ± 0.77 cm) as shown in Figure 1.
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Figure 1 Pre-tape Post-tape comparison for VAS score

* Indicates significance between conditions (P ≤ 0.05)

Normalized Reach Distance (%MAXD)
There were significant results noted for normalized reach distances between uninvolved
and involved pre-tape conditions and involved pre-tape to involved post-tape conditions.
Data analysis revealed a significant reduction in reach distance (P= 0.049) for the
involved pre-tape leg (83.37 ± 5.22) compared to the uninvolved leg (85.34 ± 6.33). In
addition, the involved post-tape condition (85.78 ± 6.70) showed a significant increase in
reach distances (P= 0.042) compared to the involved pre-tape condition (83.37 ± 5.22).
This data is summarized in Table 3 and in Appendix D.
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Table 3 SEBT Reach distance and %MAXD data
Uninvolved
SEBT Assessment
74.10 ± 6.13
Reach Distance (cm)
85.34 ± 6.33
Reach Distance (%MAXD)

SEBT Assessment
Reach Distance (cm)
Reach Distance (%MAXD)

SEBT Assessment
Reach Distance (cm)
Reach Distance (%MAXD)

SEBT Assessment
Reach Distance (cm)
Reach Distance (%MAXD)

Involved Pre-Tape

P Value

72.32 ± 4.15
83.37 ± 5.22

0.044
*
0.049

Involved Pre-Tape

Involved Post-Tape

P Value

72.32 ± 4.15
83.37 ± 5.22

74.46 ± 6.35
85.78 ± 6.70

0.022
*
0.042

Involved Pre-Tape

Matched

P Value

72.32 ± 4.15
83.37 ± 5.22

74.19 ± 7.15
84.54 ± 4.62

0.172
0.241

Involved Post-Tape

Matched

P Value

74.46 ± 6.35
85.78 ± 6.70

74.19 ± 7.15
84.54 ± 4.62

0.453
0.262

Uninvolved
Involved Post-Tape
SEBT Assessment
74.10 ± 6.13
Reach Distance (cm)
74.46 ± 6.35
85.34 ± 6.33
Reach Distance (%MAXD)
85.78 ± 6.70
* denotes statistical significance (P ≤ 0.05) Values are means ± standard deviation

*

*

P Value
0.329
0.420

Time to Excursion
There were no significant differences noted in time to excursion between any groups as
displayed in Table 4. Overall mean time for all participants was 3.30 ± 0.15s.
Table 4 Time to Excursion Data
Time to Excursion (s)

Uninvolved
3.22 ± 0.88

Involved Pre-Tape
3.30 ± 1.07

P Value
0.331

Time to Excursion (s)

Involved Pre-Tape
3.30 ± 1.07

Involved Post-Tape
3.29 ± 0.72

P Value
0.44

Time to Excursion (s)

Involved Pre-Tape
3.30 ± 1.07

Matched
3.40 ± 0.84

P Value
0.586

Time to Excursion (s)

Involved Post-Tape
3.29 ± 0.72

Matched
3.40 ± 0.84

P Value
0.709

Uninvolved
Involved Post-Tape
Time to Excursion (s)
3.22 ± 0.88
3.29 ± 0.72
* denotes statistical significance (P ≤ 0.05) Values are means ± standard deviation

P Value
0.767
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SEMG Activity (%MVIC)
Data analysis revealed no significant differences in the amplitude of the VM and VL
muscles tested for both intraperson and interperson comparisons as shown in Table 5.
Both the VM and VL showed no improvement between involved pre-tape and involved
post-tape groups although it should be noted that %MVIC for the VL between the
involved post-tape and matched control and %MVIC for VM between uninvolved and
involved post-tape approached statistical significance.
Table 5 %MVIC Data of Quadriceps Muscles
Uninvolved
Neuromuscular Assessment
Vastus Medialis (%MVIC)
36.26 ± 16.52
Vastus Lateralis (%MVIC)
19.61± 6.32

Neuromuscular Assessment
Vastus Medialis (%MVIC)
Vastus Lateralis (%MVIC)

Neuromuscular Assessment
Vastus Medialis (%MVIC)
Vastus Lateralis (%MVIC)

Neuromuscular Assessment
Vastus Medialis (%MVIC)
Vastus Lateralis (%MVIC)

Neuromuscular Assessment
Vastus Medialis (%MVIC)
Vastus Lateralis (%MVIC)
Values are means ± standard deviation

Involved Pre-Tape

P Value

31.58 ± 17.86
18.53 ± 10.14

0.096
0.234

Involved Pre-Tape

Involved Post-Tape

P Value

31.58 ± 17.86
18.53 ± 10.14

30.37 ± 11.82
19.62 ± 7.79

0.616
0.273

Involved Pre-Tape

Matched

P Value

31.58 ± 17.86
18.53 ± 10.14

38.27 ± 11.82
14.86 ± 6.99

0.163
0.908

Involved Post-Tape

Matched

P Value

30.37 ± 11.82
19.62 ± 7.79

38.27 ± 11.82
14.86 ± 6.99

0.189
0.070

Uninvolved

Involved Post-Tape

P Value

36.26 ± 16.52
19.61± 6.32

30.37 ± 11.82
19.62 ± 7.79

0.063
0.498
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CHAPTER 4: DISCUSSION
Results from our study indicate that the patellofemoral taping technique was effective in
reducing pain and increasing DPC in PFPS patients as measured by the SEBT. The
increase in reach distance was not attributed to an increase in quadriceps neuromuscular
activity; therefore the increased performance was more likely due to the reduction in pain
due to the McConnell tape technique.

Pain Level
Our findings show a significant reduction in pain, as noted by the VAS score with the
application of a patellofemoral taping technique that is consistent with previous
studies.2,10-12,14-16,19,31 In addition, only one other study currently has examined a reduction
in pain with an improvement in DPC upon taping of the patellofemoral joint and is
consistent with that investigation.10 Reduction in pain seen with the tape may have
contributed to increased performance of the SEBT as patients may have been less hesitant
to perform the task and more likely to stress the joint and increase effort1. Previous
studies1,10,16,19 have shown an increase in functional task performance upon taping of the
patellofemoral joint and so it is be plausible to state that individuals suffering from PFPS
may benefit from improved functional performance and reduced pain upon taping of the
patellofemoral joint. There were no significant changes in muscle activity after taping so
changes in pain did not influence neuromuscular activity of the quadriceps during the
SEBT. Pain reduction in response to the taping technique may have been due in part to
neural inhibition from stimulation of skin mechanoreceptors in addition to the possibility
of a placebo effect although this was not examined in our study.10,13
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Normalized Reach distance (%MAXD)
Patellofemoral pain syndrome (PFPS) patients showed increased performance of the
SEBT post-tape compared to pre-tape for the injured limb. Our result showed that
%MAXD was significantly decreased in the pre-tape involved compared to the uninvolved
and post-tape involved conditions performing the anterior portion of the SEBT. This
cannot be attributed to an increase in quadriceps neuromuscular activity as no changes in
EMG activity were noted but may be due to an increased willingness of PFPS patients to
stress the joint as a result of a decrease in pain1. No significant differences were observed
between uninvolved, matched and involved post-tape conditions which would indicate the
tape improved DPC to similar levels of those seen in the uninjured limb and healthy
controls. A learning curve effect may have contributed to increased performance of the
SEBT pre-tape to post-tape testing but this was prevented in our study as practice trials
were incorporated as part of the data collection.

Time to Excursion
Although past studies have examined the influence of a patellofemoral taping technique
on DPC10, no previous researchers to our knowledge, have investigated the influence of
taping on time to excursion while performing the SEBT. No significant differences in time
to excursion were found among all comparisons including the pre-tape and post-tape
conditions. This may be due to the fact that no significant changes were noted in
quadriceps neuromuscular activity performing the task and so patients would not reach in
more or less time. Additionally, patients may develop a rhythm for excursion time during
practice trials that is unaffected by pain or tape. It is possible that participants could
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develop a timing sequence while learning how to perform the task that makes it easier for
the participant to demonstrate the movement properly. The sequence may become
comfortable for the participant to perform and thus result in no change in time to
excursion between all comparisons, although this has not been studied and further research
is warranted.

SEMG Activity
Analysis of EMG activity revealed no significant differences of the quadriceps %MVIC
for any comparisons performing the SEBT. Although previous studies have shown
quadriceps activity to be highest during the anterior portion of the SEBT in healthy
individuals,27 no differences were found between any conditions performing the task and
cannot be attributed to an increase in perform of the DPC task. Furthermore, this data is
consistent with past studies that have shown patellar taping does not increase amplitude of
the quadriceps muscles and may be attributed more to changes in the timing of the vasti
muscle group.19 Further research is warranted on the effects of taping on the timing of the
vasti muscle group while performing a dynamic postural control task. It should be noted
that %MAXD for the VL between the involved post-tape and matched control and
%MVIC for VM between uninvolved and involved post-tape conditions approached
statistical significance. Compensatory strategies of the VL due to inhibition of the VM
may account for increased activity of the VL to help stabilize the patellofemoral joint
while performing the SEBT. Radiographic studies have confirmed that taping does not
actually alter positioning of the patella13,20,30 and may be one reason why there is no
difference seen in %MVIC of the vasti muscles. In addition, previous investigators have
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hypothesized that stimulation of mechanoreceptors results in a reduction in pain and thus
an increase in DPC which does not influence muscle activity10,13.

Limitations
Based on the protocols of this study, there were some limitations that we did not
anticipate. First, only pre-tape and post tape conditions were assessed. Addition of a
placebo tape was not included to account for the possibility of a placebo effect of the
patellar taping although previous studies have shown no effect on patients with PFPS.10 In
addition, PFPS patients only received one strip of the medial glide technique. This may
not be fully beneficial to patients who have rotations or tilts of the patella that could
influence effectiveness of the tape.
Our study focused on acute PFPS patients but did not include individuals who
have chronic pain. Pain levels, DPC and neuromuscular activity results were similar to
those of previous studies but no research to our knowledge has compared these effects on
acute and chronic PFPS patients. It should also be noted that pain levels for individuals
suffering from PFPS were relatively low on the VAS and Kujala scores and may limit the
meaningfulness of our results.
Neuromuscular activity of only the VM and VL were assessed and so it may be
beneficial to include other lower extremity muscles and muscles of the trunk and hip as
well. Finally, personal motivation may have played a factor in collecting EMG and SEBT
data that could have influenced MVIC readings and reach distances.
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CHAPTER 5: CONCLUSION
In conclusion, this study showed the patellofemoral taping technique to be effective in
decreasing pain and improving DPC in patients with PFPS but not effective in improving
neuromuscular activity. Although PFPS patients saw a decrease in pain and improvement
in DPC, this cannot be attributed to an increase in neuromuscular activity and further
research is warranted on the efficacy of this treatment. However, it is plausible to
conclude that the patellofemoral taping technique is an effective and safe treatment
option to decrease pain and increase functional activity for patients with PFPS.
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LITERATURE REVIEW
One of the most common conditions seen in sports medicine today is
Patellofemoral pain syndrome (PFPS), commonly referred to as “anterior knee pain”.1,2
Although this chronic condition can have debilitating effects such as limited participation
or even extended removal from play, advances in medicine such as updated rehabilitation
protocols and patellofemoral taping techniques have helped athletes return to play
quicker. Recently reviewed literature suggests patellofemoral taping to be an effective
intervention in decreasing pain for participants with PFPS but contradictory in its effects
on muscle activity and dynamic postural control. The purpose of this paper is to evaluate
the effectiveness of a patellofemoral taping technique on pain, alignment, muscle activity
and function in patients with PFPS as well as assess the validity of the star excursion
balance test as a measure of dynamic postural control through a review of the current
literature available.
BACKGROUND
PATELLOFEMORAL PAIN SYNDROME
PFPS is the most common dysfunction of the knee and is prevalent throughout all
populations but is found most commonly in women, the athletic and elderly.1,2,3,4 It has
been diagnosed as “pain on the anterior aspect of the knee or behind the patella,” that
increases with stressful activities such as stair climbing, running and squatting.2,5 The
exact etiology of PFPS is unknown but many researchers propose that abnormal tracking
of the patella, most commonly in the lateral direction, may contribute significantly by
forcing the patella out of the trochlear groove in which it normally sits.4,6,7,8 Other causes
hypothesized include weakness or inhibition of the Vastus Medialis Oblique (VMO)
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which may increase lateral tracking of the patella and increased subtalar pronation which
in turn can affect higher structures in the kinetic chain including the knee and hip.
Tightness around the lateral structures of the knee can pull the patella laterally and an
excessive Q angle can increase patellofemoral joint reaction forces .5,9
Numerous interventions exist in the treatment of PFPS with nonoperative being
the most common method. Some examples include stretching, strengthening,
biofeedback, bracing, ultrasound and taping.1,7,10 McConnell developed a rehabilitation
protocol in the mid 1980’s incorporating VMO strengthening, stretching of the lateral
structures of the knee and closed chain exercises in addition to the introduction of a
patellar taping technique.11 Because lateral tracking of the patella is commonly
hypothesized as a cause of PFPS, McConnell proposed that the taping technique which
aims to pull the patella medially into the trochlear groove, would prevent the patella from
tracking laterally, thus reducing pain and increasing function.11 Since then, many studies
have been developed assessing its effectiveness on individuals with PFPS.
PFPS TAPING INFLUENCE ON PATELLA POSITIONING
Lateral tracking of the patella is common among individuals with PFPS and is
thought to act as a major contributor to the dysfunction.2,4,6,7,8,17 McConnell, in an effort
to correct this malalignment, developed a rehabilitation program including a taping
technique which acts to pull the patella medially into the trochlear grove of the femur.11
This is accomplished by applying cover roll to protect the skin and using one to two strips
of leukotape starting on the lateral side of the patella and pulling medially, as shown in
figure 1. Whether this technique actually alters patella positioning is the
question of much recent research.
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The most exact method of
determining any alterations in
patellar positioning is to use
radiographic images. In 1993,
Bockrath et al13 conducted a study
to determine the effects of
patellar taping on pain and
patella positioning. Twelve

Figure 1 Patella before and after Patellar medial glide technique29

participants with PFPS were asked to
perform an isometric quadriceps contraction while x-rays were taken, as well as perform
a step-down task with and without tape. Although taping significantly reduced pain levels
in each participant, the researchers concluded that this was not due to an alteration in
positioning as the x-rays showed no difference between tape and no tape.
In a similar study, Larsen et al6 took 20 healthy males and had three x-rays taken: one
before taping, one right after taping, and one after strenuous exercise to the taped knee.
Results showed the taping to be effective in moving the patella medially but only right
after taping, as the glide lost its effect during exercise. It was also noted that during the
exercise task, the controls who were without tape had a lateral shift of the patella not
found when done the same way with the experimental group, This led researchers to
conclude that taping may prevent a lateral shift during exercise but a larger sample size
with symptomatic patients would be necessary to validate this. Worrell et al9 wanted to
look at patella positioning from taping as well as bracing using Magnetic Resonance
Imaging (MRI) as a means to measure positioning. The researchers recruited 12
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participants with PFPS to take static MRI’s at 8 different knee flexion angles, with each
also acting as a control. Data revealed no positional difference at any angle for both the
bracing and taping except at 10o of knee flexion. This refuted previous research that
indicated the patella effectively glides medially in a static position using tape. In a more
recent study, Pfeiffer et al30 wanted to look at patellar positioning before and after
exercise using a patellar taping technique in healthy individuals. 18 healthy women were
recruited for this study and asked to take 4 MRI images at different knee flexion angles in
3 conditions: no tape, with a patellar taping and with the taping after exercise. Not unlike
other studies, the researchers found a significant glide of the patella for all 4 knee flexion
angles in a static position but not after exercise. This led to the conclusion that while a
patellar taping is not effective in pulling the patella medially during intense exercise, it
may have a functional role in a less strenuous rehabilitation setting.
Gigante et al7 conducted a similar study using Computed Tomography on female
participants with PFPS. Each of the 16 participants was asked to relax and contract their
quadriceps muscles before and after being taped while images were taken. Results from
this study indicated that taping had little effect on patellar positioning and is not
recommended to correct patellar incongruence. It is evident that data is inconsistent at
this point on whether patellar positioning can be altered and more research is needed.
PFPS TAPING INFLUENCE ON PAIN AND FUNCTION
While many of the studies on the effects of patellar taping warrant further
research, it is clear that it significantly reduces pain in most individuals and though it has
been the topic of much recent research, the answer as to why still has yet to be found.
McConnell, who first introduced patellar taping, was the to first asses the technique and
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reported a 92% success rate with patients with PFPS.11 A few years later, Gerrard14
conducted another study on the effects of taping on pain and reported an even better
success rate at 96%, although this also included an exercise regiment and effects could
not be attributed solely to the taping. In a randomized study, Kowall et al15 wanted to
compare McConnell’s rehabilitation program with traditional methods. Twenty-five
patients were split into two groups, one with physical therapy and the other with therapy
and a patellar taping. Although both groups saw a significant decrease in pain, the taping
group saw no difference from traditional therapy and led the researchers to believe it
added no additional benefit. On the contrary, Whittingham et al16 found different results
performing a similar study. Thirty participants with PFPS were randomized into three
groups: patellar taping combined with exercise, placebo taping combined with exercise
and exercise alone. Each participant was asked to perform their exercises everyday for a
4-week period marking his or her Visual Analog Scale (VAS) scores before and after
each session. Results showed the patellar taping combined with exercise VAS scores to
be significantly lower than both the placebo tape with exercise and exercise alone groups
so this showed the taping to be more effective in decreasing pain than just exercise and
placebo tape with exercise. Salsich et al2 found a 92.6% average reduction in pain after
application to 10 patients with PFPS during a study looking at knee kinetics and
kinematics. Other studies including VAS scores found similar results such as Ng et al,12
who established a statistically significant difference in pain after being taped and Cowan
et al19 reported a large decrease in pain after being taped for individuals performing a stair
stepping task. Aminaka et al10 also not only found a decrease in pain for participants with
PFPS who were taped while performing the SEBT but an increase in performance during
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the trials as well. Because of the variability in response to patellar taping for patients with
PFPS, Lesher et al31 developed a study to create a clinical prediction rule for individuals
with PFPS who benefit from taping. Each of the 50 participants was screened for PFPS
and asked to perform 3 functional activities before tape and after tape, rating their pain
each tine. It was found that tibial varum greater than 5o and a positive patellar tilt test
increased the probability of successful pain reduction from 53% to 83% of individuals
and gives new insight into successful subgroups also the participants were not
randomized and more data is needed It is clearly evident that while much research must
still be conducted on the mechanisms of patellar taping, it does decrease pain during
static, dynamic and functional tasks.
PFPS TAPING INFLUENCE ON MUSCLE ACTIVATION
Weakness of the musculature surrounding the knee is common among individuals
with PFPS. It has been observed that altered timing of the VMO and Vastus lateralis (VL)
muscles may contribute as well, but this has not been fully established.4, 12 Some
researchers hypothesize that taping the patellofemoral joint will help to correct the timing
of the vasti muscles and improve function during stressful activities due to pain reduction
and increased proprioceptive feedback.12
A study was conducted using 10 healthy females who were asked to perform a
step-down task with and without tape. Herrington et al8 wanted to evaluate the effects of
taping on normal, healthy individuals. The researchers found that taping created a change
in performance that included a decrease in VMO and VL activity, indicating that taping
does alter muscle activation. This is important because if taping decreases activation in
healthy people, it may help to correct altered timing with those who have PFPS.
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Cowan et al18, wanting to study the tapes affect on patients suffering with PFPS,
conducted a study in which the onset of EMG activity for the VMO and VL were
measured during a stair-stepping task. Twenty-two participants, 10 experimental and 12
controls, were asked to perform the task under three conditions: no tape, placebo tape and
therapeutic tape. The researchers found that the onset of the VL occurred before the
VMO in symptomatic patients without tape while VMO activation was initiated earlier
than the VL in the control group. Activation of the VMO occurred before the VL
concentrically and simultaneously eccentrically in symptomatic patients with application
of the therapeutic tape, which is consistent with the data for non-symptomatic controls
who did not have PFPS. The researchers concluded that the therapeutic tape successfully
altered the timing of the vasti muscles and recommend its use for rehabilitation.
Gilleard et al17 performed a similar study focusing on the effects of taping on the
onset of VMO and VL activity during a stepping task for individuals with PFPS.
Fourteen females with PFPS were asked to walk up and down stairs with and without
application of tape to the affected extremity. Results showed that there was no difference
in the onset of activity for the VMO and VL without tape during the step-up and stepdown task. With the participants taped, data revealed that VMO activity occurred earlier
during both the step-up and step-down task while VL activity occurred earlier during the
step-down task. This data agrees with what Cowan et al18 found and further supports the
claim.
Although these studies contain adequate evidence to support the use of taping to
alter muscle activation, other research recently conducted refutes this. Bennell et al4
conducted a study determining the effects of patellar taping on vasti onset timing and
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kinematics in asymptomatic individuals with PFPS who have delayed VMO activation.
Twelve participants were asked to perform a stair and walking task with three conditions:
no tape, control tape and therapeutic tape. EMG activity was measured and results
showed that neither the control tape nor therapeutic tape had an effect on the onset timing
of the VMO and VL. This led the researchers to conclude that the effects seen with taping
were due to pain reduction and not an alteration in the timing of the vasti muscles.
Similarly, Ng et al12 studied the VMO to VL muscle activity ratio in 15 participants with
PFPS. Each participant was asked to perform a single leg semi-squat while EMG
recordings were taken. Results showed that while the taping significantly decreased pain
for the participants, the ratio of VMO to VL activity also significantly decreased. The
examiners concluded that a patellofemoral taping technique is not recommended in
combination with VMO strengthening during rehabilitation because it was shown to
actually make the vasti muscles less efficient. These results were similar to those in the
previous study in that improvements seen in performance were due to pain reduction and
not an increase in vasti activity in participants with PFPS.
In a more recent study, Cowan et al19 looked at the effects of a patellofemoral
taping technique taping on the amplitude of VMO and VL EMG activity in participants
with and without PFPS. Ten participants with PFPS and 12 controls were asked to
perform a stair stepping task under 3 conditions: no tape, therapeutic tape and placebo
tape. Results showed inconsistent readings for the magnitude of vasti activity in
participants with PFPS. The researchers concluded that changes in pain levels might be
due to timing of the contractions and not an increase in amplitude.
It is evident that conflicting data exists on the influence of patellofemoral taping
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technique on muscle activation. Cowan et al18 and Gilleard et al17 found evidence to
support the use of tape to alter the timing of the vasti muscles but Bennett et al4 and Ng et
al12 found no such effects. Additionally, Cowan et al19 looked at the amplitude of
contractions but this study was the only of its kind found. More research needs to be
conducted before one can make a definitive conclusion on these effects.
PFPS TAPING INFLUENCE ON KINETICS, KINEMATICS AND PROPRIOCEPTION
PFPS is commonly activity induced during stressful movements such as climbing
stairs and squatting.2, 5, 32 As such, many patients develop compensatory gait strategies to
decrease patellofemoral joint reaction forces at the knee, thus alleviating pain.2, 33 It has
also been found that patients with PFPS have decreased knee flexion during the stance
phase of gait and an overall decrease in walking velocity.2 Some researchers hypothesize
that taping the patellofemoral joint will correct kinematic problems and allow for
functional activity by decreasing pain and increasing knee extensor moment.
Salsich et al2 conducted a study looking at the effects of patellar taping on knee
EMG activity, kinetics and kinematics. Ten participants with PFPS were asked to
perform a stair stepping task under taping and no taping conditions while EMG activity,
lower extremity kinematics and ground reaction forces were measured. Results showed
increases in cadence, knee extensor moment and knee flexion angles but no change in
EMG activity in the vastus lateralis. The researchers concluded that the recorded
reduction in pain seen by the participants was due to changes in the gait characteristics
noted while taped. In a more recent study, Aminaka et al10 evaluated the effects of
patellar taping on lower extremity kinematics and dynamic postural control. Twenty
experimental and 20 matched controls between the ages of 18 and 29 were asked to
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perform a dynamic postural control task while taped, measuring kinematics at the hip and
knee. Contrary to previous studies, Aminaka found no significant differences in angles at
the hip and knee between the experimental and control groups and led the researchers to
conclude that further research is warranted. The increased performance during dynamic
activities was due to pain reduction and not changes in hip and knee kinematics. Hip and
knee kinematics were not altered mostly likely due to the fact that patellar taping does not
change patellar positioning and thus will not change angles at the hip and knee.
In the mid 1990’s, Werner et al33 measured EMG and torque activity during
maximal concentric and eccentric contractions for knee extensor and flexor muscles.
Forty-eight patients (28 females, 20 males) with PFPS were asked to perform knee
extension and flexion movements on a dynamometer with no tape, medially taped and
laterally taped. Results from this study showed that individuals with normal patella
positioning responded negatively to both the medial and lateral tapings, decreasing in
torque for both flexion and extension. On the contrary, participants with a laterally
shifted patella responded favorably to the medial taping, increasing knee extensor torque
both concentrically and eccentrically. Surprisingly enough, participants with a medially
shifted patella responded most favorably to the lateral taping, increasing knee extensor
torque and EMG activity as well. This data is consistent with other studies that suggest
the tape increases performance with those who are symptomatic with a shifted patella but
may not be beneficial to those suffering who have normal patella positioning. It would be
recommended that practitioners screen athletes for abnormal patellar positioning before
applying the tape.
Ernst et al1 examined the effects of patellar taping on knee extensor moment and
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power during a stair task and vertical jump. Fourteen women with PFPS were asked to
perform three lateral step-ups and five vertical jumps under four conditions: therapeutic
tape, no tape, placebo tape and with the uninvolved knee. The examiners used a motion
analysis system and force plate to record data. A greater knee extensor moment and
increase in power were found with the therapeutic tape but no differences in vertical jump
height were noted. The researchers concluded that taping resulted in a greater knee
extensor moment and improved power as compared to no tape due to a reduction in pain
and more willingness from the participant to stress the joint, which suggests the tape
allows improved performance for athletes who suffer from PFPS.
Taking a different approach, Powers et al32 conducted a study in which stride
characteristics and joint motion were recorded in participants with PFPS with and without
the application of a patellofemoral taping technique. Fifteen females, with an age range
of 14-41, were included in this study that suffered from PFPS and had readily producible
symptoms with activities such as stair climbing, squatting and running. Cameras and
reflective markers were used at six anatomical locations to record joint motion and a
stride analyzer was used to calculate different stride characteristics. Each participant
performed four trials, two with tape and two without, that included ascending and
descending stairs and a ramp, walking at a fast pace and walking at a self-determined
pace. The researchers found that the taping technique had no effect on gait velocity or
cadence; however stride length did improve during ramp ascension with application of
the tape. Analysis of joint motion revealed an increase in loading of the knee during
flexion, which the researchers concluded was due to an increased willingness of patients
to load the joint because of a decrease in pain. This is important because a reduction in
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pain and increased willingness to load the joint may allow athletes to return to play
quicker and perform at a higher level than without the tape.
Proprioception, as stated by Callaghan et al34 is, “the acquisition of stimuli from
the conscious and unconscious processes in the sensorimotor system,” and has been
found to play a larger role in preventing acute injury than even pain.34,35 While
contradictory data exists on whether deficits in proprioception exist for patients with
PFPS, Callaghan et al34,35 conducted two studies looking to see if a patellar taping
technique could influence these deficits. In one study, Callaghan et al34 took 52 healthy
participants (27 women, 25 men) and had each perform 3 different proprioceptive tests on
an isokinetic machine. Results showed no differences between the tape and no tape for
each of the 3 proprioceptive tests although Callaghan et al found that those healthy
individuals with poor proprioception did improve with the application of the patellar tape,
thus confirming that the tape may help improve proprioception in individuals that have a
deficit. This may be due in part to the tactile stimuli from the tape in addition to a
decrease in pain as seen with most other individuals. In a more recent study, Callaghan et
al35 studied the effects of taping on proprioception in those with PFPS. Thirty-two
patients with PFPS who served as experimental and controls were tested for joint position
sense using a dynamometer with tape and no tape, similar to the study presented earlier.
Results showed taping the patella had no influence on joint position sense for patients
with PFPS, but when analyzed further, those with poor proprioception did show
improvement from the tape. It was then concluded that most patients with PFPS would
not improve proprioception with a patellar taping technique but those with poor
proprioception may benefit from the tape. Patients with good proprioception did not
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benefit from tape because those with good cutaneous stimuli obtain little benefit from
additional stimuli and may actually inhibit performance. Additionally, those who have
normal proprioception do not need additional help, while any stimuli such as tape can
help an individual with poor proprioception, especially for injury prevention purposes.
Although it is unclear whether patellofemoral taping influences muscle activity
and timing, kinematics or proprioception, it is well documented that taping does decrease
pain in patients with PFPS, which in turn can increase functional performance. Imaging
studies have shown that taping does not actually alter positioning of the patella and so
more research is warranted to understand the mechanisms behind the reduction in pain.
STAR EXCURSION BALANCE TEST
Postural control has been instrumental in assessing neuromuscular performance
for prevention and rehabilitation of injuries.20 Postural control can be described as static
which involves maintaining a solitary position with little movement and dynamic which
entails maintaining a stable base of support while simultaneously performing a task.20,21
Strategies at the hip, knee and ankle help to maintain postural control and can become
easily unstable when coordinated movements and joint position are not sensed or
executed correctly.36 Consequently, because these deficits can lead to serious injury, it
has become of paramount importance to detect any weaknesses to prevent injuries and
return to play quicker.
Static postural control is easily measured through stabilometry, which uses
devices such as force plates to detect individuals center-of-pressure, giving an accurate
assessment of balance.22The modified Romberg’s test, used to frequently assess
concussions, is another example of a measure of static postural control and can be used in
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conjunction with a force plate or as a more cost effective method of measurement.20
Measuring static postural control is an important aspect of injury prevention and recovery
but because of its low sensitivity, has led clinicians to utilize dynamic postural control
much more.36 While dynamic postural control may be a more exact method of detecting
neuromuscular deficiencies and is essential for everyday activities such as running and
walking, few measures exist today and most protocols have been developed for the
pediatric and elderly populations.22,23
The Star Excursion Balance Test (SEBT) or anterior reach test is a simple yet
effective method of measuring dynamic postural control that has been gaining popularity
in the field. It consists of a series of 8 directional reaching tasks in which the participant
must maintain their base of support on one leg while reaching maximally in each of the 8
directions with the opposite leg as shown in Figure 2. 20, 22-24

Figure 2: Left and Right leg view of 8 directions of SEBT36

The tasks are a good measure of not only postural control but range of motion,
proprioception and strength.24 Kinzey et al22 wanted to assess the reliability of the SEBT
in evaluating dynamic postural for healthy individuals. Twenty healthy subjects were
asked to perform 5 trials of 4 reach directions (anteromedial, anterolateral, posteromedial
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and posterolateral) on two separate occasions. Results led the researchers to conclude that
the SEBT may not be an effective measure of dynamic postural control due to variance in
reliability and validity between testing procedures. It was also recommended that practice
trials be incorporated before evaluation to account for a learning period but because only
four distances were included and a smaller sample size used, more research should be
conducted. In an effort to clarify any variance, Hertel et al23 examined the intratester and
intertester reliability during the SEBT. In their study, 16 healthy participants were asked
to perform two different bouts of each of the 8 SEBT’s on two different days with two
different examiners. Unlike the previous study, Hertel observed good estimates of
intratester and intertester reliability (0.78 - 0.96 on day 1 and 0.82 - 0.96 on day 2 for
intratester reliability and 0.35 - 0.84 on day 1 and 0.81 - 0.93 on day 2 for intertester
reliability) but that practice trials must be incorporated before actual data is recorded to
ensure reliability. Based on the results the researchers recommend 6 practice trials to
allow for adequate learning curves. In a more recent study, Robinson and Gribble28 found
only 4 practice trials were necessary for most reach directions, allowing for quicker data
collection and less hassle for participants. In addition, Gribble et al21 conducted a study to
assess the influences of time-of-day on both static and dynamic postural control and
found that while further research is warranted on static postural control, dynamic postural
control received optimal results in the morning and should be tested at that time. This was
concluded to be so because optimal levels of strength, concentration and neuromuscular
control were found in the morning. Circadian rhythms were also included to affect
dynamic postural control as well as less fatigue factors in the morning.
Because neuromuscular control deficits are modifiable unlike many structural

34

malalignments, it is important to understand their relationship to injuries.37 Gribble and
Hertel20 conducted a study to examine the impact of foot type, leg length, range of
motion and height on excursion distances while performing the SEBT. Thirty healthy and
active participants were asked to perform 3 trials of the SEBT in each of the 8 directions
on both the right and left legs after age, height, mass, leg length, hip external rotation,
internal rotation and ankle dorsiflexion measurements were taken for each participant to
determine any correlating factors. The researchers found that while foot type and range of
motion had no effect on excursion distances, a significant difference was noted for leg
length and height leading the researchers to conclude that trials should be normalized to
each individual’s leg length for more accurate assessment. In a more recent study, Plisky
et a37 wanted to determine if the SEBT would correlate with lower extremity injury. In
this large study, 235 high school basketball players had their limb lengths measured and
were asked to perform the anterior, posteromedial and posterolateral directions of the
SEBT before the beginning of the season. Any injuries sustained and time lost to players
during the season were tracked by the athletic health care system daily injury report,
which was updated by certified athletic trainers and coaches. Results after the season
indicated that players with a right or left reach distance greater than 4cm were 25 times
more likely to sustain injury. In addition, girls with reach distances less than 94% of their
limb length were 6.5 times more likely to incur injury. The examiners found the 3
components of the SEBT to be reliable in predicting future injury and recommend it be
incorporated into preparticipation physicals.
The SEBT is a measure of dynamic postural control and as such, utilizes the
musculature surrounding the knee. Earl and Hertel27 wanted to measure the activity of six
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muscles attaching at the knee during the SEBT in all 8 directions to differentiate what
muscles were active during each component. The participants performed 5 trials in all
directions while surface electromyography (EMG) activity was recorded at the VMO,
VL, medial hamstring (MH), anterior tibialis (AT), gastrocnemius and biceps femoris
(BF). Data collected showed a significant difference between muscles during excursions
except for the gastrocnemius. The VMO and VL were found to have the most activity
during the anterior excursions while the MH and BF fired stronger during the posterior
directions. It was then concluded that different directions recruited different muscles
more actively and could play a critical role in rehabilitation. Because dynamic postural
control is an important aspect of rehabilitation and injury prevention, it would be
important to incorporate more posterior testing with hamstring injures and anterior
portions for quadriceps pathology.

PATELLAR TAPING AND THE STAR EXCURSION BALANCE TEST
While much of the research on patellar taping is still in question, it has been found
to greatly reduce pain in individuals with PFPS. Its influence on kinetics, kinematics and
function at the knee has been contradictory and little research has been done on its effect
on dynamic postural control. Aminaka et al10 conducted a recent study to look at hip and
knee kinematics, perceived pain levels and reach distances for participants with PFPS
while receiving a patellar taping during the SEBT. Twenty participants with PFPS and 20
matched controls were asked to perform 3 trials of the anterior direction of the SEBT
with tape and without tape for both limbs while hip and knee sagittal kinematics were
taken. Results revealed a reduction in pain levels between tape and no tape for
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participants with PFPS and an improvement in reach distances between tape and no tape
but no difference between hip and knee kinematics for all groups. It was then concluded
that while the tape provided pain relief and increased reach distances during the SEBT,
the mechanisms behind this are unknown and further research is warranted.

CONCLUSION
It is evident that much more research is necessary on patellar taping. While recent
studies hold promise for the future, the mechanisms of its success in alleviating pain and
improving function are still unknown. Data on muscle activation is inconsistent and there
is no evidence to suggest taping affects hip and knee kinetics and kinematics. McConnell
first developed this taping technique to pull the patella medially back into the groove but
radiographic studies show that this is not the case and is not the reasoning for pain relief.
Few studies exist on the impact of patellar taping for patients with PFPS on
dynamic postural control. Aminka et al10 recently looked at patellar taping and its effect
on reach distances during the SEBT. Results showed the taping to significantly improve
reach distances and reduce pain. While the results were significant, the mechanisms of
pain relief and improved function could not be established and the authors recommended
further investigation focusing on neuromuscular effects due to patellar taping during the
SEBT. Earl et al34 looked at muscle activation during the SEBT for healthy adults but no
research has been conducted measuring activity of participants with PFPS during taping.
As such, the focus of this thesis will be looking at the effects of a patellar taping
technique on neuromuscular knee performance while executing dynamic tasks.
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APPENDIX A
Demographic Questionnaire
Subject: _________________________

Height (cm): ______________________

Weight (kg): ______________________

Leg Length (cm)
Involved Leg: _______________________

Uninvolved Leg: _____________________

Leg Dominance:

R

L
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Title of Project:

Effects of a Patellofemoral Taping Technique
on Knee Neuromuscular Performance

Principal Investigator:

Giampietro L Vairo, MS, ATC

Advisor:

Nicole M McBrier, PhD, ATC

Other Investigator(s):

Philip J Bosha, MD, Roberta L Millard, MD

Research Assistant(s):

Jeremy E Baumgarten and Nicholas M DeBellis

Screening Checklist:

Patellofemoral Joint Dysfunction Patients

Participant Identification Number:

_________________________________________

As a general health screen, you must be able to answer ‘YES’ to the following questions.
1.

Are you recreationally active (defined as individuals engaging in physical activity at least three
days per week for 30 minutes over the past six-months)?
Yes
No

2.

Are you between 16 to 35 years old?

3.

Have you been diagnosed with unilateral patellofemoral joint dysfunction by your doctor within
the past six months?
Yes
No

4.

Do you speak English?

Yes

Yes

No

No

As a general health screen, you must be able to answer ‘NO’ to the following questions.
5.

Have you followed a formal rehabilitation program under supervision of a physical therapist or
athletic trainer?
Yes
No

6.

Have you suffered from patellofemoral joint dysfunction for more than six months?
No

7.

Do you have any further injuries to the involved knee (ligament sprains or tears, meniscus tears)?
Yes
No

8.

Have you sustained traumatic injury to the hip or ankle of the involved leg?

Yes

9.

Have you sustained traumatic injury to the opposite uninvolved leg?

No

10. Are you diabetic or suffer from peripheral neuropathy?

Yes

Yes

No

11. Have you sustained a concussion within the past six months? Yes

No

Yes

No
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Title of Project:

Effects of a Patellofemoral Taping Technique
on Knee Neuromuscular Performance

Principal Investigator:

Giampietro L Vairo, MS, ATC

Advisor:

Nicole M McBrier, PhD, ATC

Other Investigator(s):

Philip J Bosha, MD, Roberta L Millard, MD

Research Assistant(s):

Jeremy E Baumgarten and Nicholas M DeBellis

Screening Checklist:

Control Participants

Participant Identification Number:

_________________________________________

As a general health screen, you must be able to answer ‘YES’ to the following questions.
12. Are you recreationally active (defined as individuals engaging in physical activity at least three
days per week for 30 minutes over the past six-months)?
Yes
No
13. Are you between 16 to 35 years old?
14. Do you speak English?

Yes

Yes

No

No

As a general health screen, you must be able to answer ‘NO’ to the following questions.
15. Have you sustained traumatic injury to any joint on either of your legs? Yes
16. Are you diabetic or suffer from peripheral neuropathy?

Yes

No

17. Have you sustained a concussion within the past six months? Yes

No

No
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Participant Code: ___________

Date: _________

Procedure: ________________

Tape/ No Tape
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APPENDIX B

Electrode Placement and Fixation

Figure 1 Quadriceps and Reference Electrode

Figure 3 Gastrocnemius and Hamstring

Figure 2 Electrode Fixation of Quads

Figure 4 Fixation of Hamstrings and Gastrocnemius
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MVIC

Figure 5 MVIC of Gastrocnemius

Figure 6 MVIC of Quadriceps

Figure 7 MVIC of Hamstrings
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Star Excursion Balance Test

Figure 7 Marking of excursion

Figure 8 SEBT Anterior direction
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Patellofemoral Taping Technique

Figure 9 Patellofemoral taping technique
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APPENDIX C
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