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Abstract
Although there is considerable research on stretches and strengthening exercises that could help
improve function, pain, strength, and flexibility associated with the symptoms of patellofemoral
pain, more research on how beneficial stretching and strengthening is compared to just stretching
is needed. The purpose of this study was to determine the effectiveness of stretching and
strengthening as compared to just stretching alone on flexibility, strength, function, and pain in
participants with at least 50% of the symptoms and predispositions associated with
patellofemoral pain. The design consisted of a control group that completed basic stretching,
while the treatment group received stretching and strengthening exercises. Participants were
individually evaluated before the study and at the conclusion of the study. Participants’
evaluations involved basic manipulation to check for abnormalities, measure of flexibility,
measure of strength through an estimated one repetition maximum, a visual analogue scale to
measure pain level, and Lysholm knee rating to determine functionality. Seven participants
completed the study, three in the treatment group and four in the control group. Nonparametric
tests and effect size calculations revealed no statistically significant differences between the
flexibility, strength, function, and pain level of the control and treatment group at the end of the
study. All participants did realize non-significant increases in functionality and a decrease in
pain, but the causes of the improvements cannot be seen as a direct result of the treatment
received during the study. Over half the participants had at least a 10% decrease in symptoms
associated with Patellofemoral Pain Syndrome from the initial evaluation to the final evaluation.
All but one participant had over a 5% decrease in symptoms.
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Chapter 1
Introduction
Patellofemoral Pain Syndrome (PFPS), also known as runner’s knee, most often occurs
between the ages of 15 and 30 and is the most common diagnosis for patients who have knee
pain (Beutler, et al. 2010). PFPS is considered runner’s knee because most patients who develop
the injury are runners, and the injury makes up roughly 16 to 25 percent of all injuries that occur
in runners (Clement, et al. 2002). Those who suffer from PFPS usually have pain behind,
underneath, or around the patella. Most patients describe the injury as stiffness of the knee, an
achy pain that gets worse when walking up/down stairs, sitting for prolonged periods of time,
squatting, or running (Burton, et al. 2007).
A few factors that predispose a person to have PFPS are overuse, trauma, and anatomic
factors (Burton, et al., 2007). Anatomic risk factors include lower extremity misalignment, such
as an increased Quadriceps angle (Q angle), pes planus, or subtalar pronation. Other
predispositions include muscle dysfunction, patellar hypermobility, poor flexibility in the
quadriceps, hamstrings, or iliotibial band (IT band), previous surgery, tight lateral structures,
footwear, or training errors. Women are said to be 1.5 times more likely to suffer from PFPS
which is likely caused by their increased Q angle as compared to men and the lack of lower
extremity strength they may have. (Beutler, et al., 2010).
The basic treatment for PFPS includes PRICE (protection, rest, ice, compression, and
elevation), stretching, and strengthening. These non-operative forms of treatment have had great
success in decreasing the symptoms associated with PFPS. The goal of stretching is to improve
flexibility of the hip flexors, quadriceps, gastrocnemius, hamstrings, IT Band, and vastus
lateralis. When the hamstrings are tight, the knee is slightly flexed during the activities an athlete

5

is performing, which causes extra work to be done by the quadriceps. This occurrence can
increase the reaction force on the patellofemoral joint. IT band tightness causes an increase in the
lateral force to be applied to the patella during flexion. Quadriceps tightness appears to make
people more susceptible to developing the symptoms that correlate with PFPS (McDermott &
Waryasz, 2008).
In regards to strengthening, the hamstrings in athletes with PFPS have an 81% strength
deficiency at 60 degrees per second and 73% deficiency at 240 degrees per second. When the
iliopsoas muscle is weak, or the hip flexor muscle, the pelvis becomes less stabilized and begins
to tilt anteriorly causing the femur to internally rotate. In turn, this causes the Q angle to increase
as this is a major cause of PFPS. One study focused on improving hip flexion, adduction, and
abduction strength in patients led to normal Ober Test and Thomas test results in 93% of those
who were properly treated for PFPS. When the quadriceps is weak, the patella tends to laterally
displace. The result of this is that the vastus medialis (VMO) cannot properly support medial
patellar stability (McDermott & Waryasz, 2008).
If pain associated with PFPS occurs longer than four months, a person is less likely to
have a full recovery and be pain-free. With a chronic, long history of PFPS, a more aggressive
and active rehabilitation process should be taken (Blønd & Hansen, 1998). More research on the
effectiveness of stretching and strengthening of Patellofemoral Pain Syndrome is needed. Not
many studies have been done comparing the effects of strictly just stretching to stretching and
strengthening. Given these two options for treatment, it would be beneficial to know which is
most effective and how much more effective.
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Statement of Problem
The purpose of the study was to investigate the effectiveness of stretching versus
stretching and strengthening on PFPS in participants who have moderate to severe PFPS. Relief
of PFPS would be indicated by a reduction of pain based on the visual analogue scale, increased
strength, increased flexibility, increased functionality, and a decrease or elimination of 10% of
the symptoms of PFPS (Buckingham, et.al., 1983).

Research Hypothesis
Participants in the stretching and strengthening group will see at least a 10% reduction in
pain, increased functionality of the knee, and strength as compared to those in the control group.
Participants in the treatment group will also see at least a 10% decrease in the symptoms
associated with PFPS than those in the stretching alone group.
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Chapter 2
Literature Review
PFPS
PFPS is an overuse injury that can result from training errors, inappropriate surface or
terrain, biomechanical lower extremity malalignment, and inappropriate footwear. Clement and
colleagues (2002) found that the knee is the most common site of injury with 42.1% of all
injuries seen at a primary care sports medicine facility. Of these knee injuries, 46% of them are
due to PFPS. Roughly 16 to 25 percent of all injuries in runners are PFPS (Clement, et al., 2002,
as cited in Burton, et al., 2007).
Risk Factors
Training Errors. Training errors that can put athletes at risk for developing PFPS
include lack of specific strength and flexibility (Clement, et al., 2002). This can include muscle
dysfunction, such as the vastus medialis obliquus (VMO) not being strong enough to stabilize the
patella. Poor quadriceps flexibility, iliotibial (IT) band tightness, hamstring tightness, and tight
lateral constraints can also put a person at risk for developing PFPS (Burton, et al., 2007;
Cannon, et al., 2000, as cited in McDermott & Waryasz, 2008). The amount of time an athlete
spends stretching can affect multiple symptoms of PFPS (Cannon, et al., 2000). Quadriceps
musculature may also be a factor in PFPS, and measuring the circumference bilaterally can
determine if there is asymmetry between sides (McDermott & Waryasz, 2008). According to
Clement and colleagues (2002), an athlete who increases their weekly mileage by too high of an
interval can be at risk, as are purely recreational runners.
Environmental. Running on inappropriate surfaces or terrains can cause injury in
athletes (Clement, et al., 2002). Always running on concrete or slanted surfaces can cause trauma
and muscle imbalance (Burton, et al., 2007). In addition, the amount of miles put on running
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shoes can be a factor. For runners, shoes should be changed after 300-400 miles (Cannon, et al.,
2000). After that point, the tread and support of the shoe can be worn down and offer little
protection while running on hard surfaces. Athletes with flat feet, or pes planus, in which the
arch has never formed or has fallen over time, and those with subtalar pronation can suffer from
knee pain associated with PFPS (Burton, et al., 2007, Cannon, et al., 2000).
Characteristics. Some studies have shown that athletes with a higher Quadriceps (Q)
angle are more likely to suffer from PFPS, but others have shown no difference between Q angle
of injured and uninjured athletes (Cannon, et al., 2000; as cited in McDermott & Waryasz, 2008).
Clement and colleagues found that women usually have a higher Q angle than men and therefore,
PFPS is more prevalent in women as compared to men (62% to 32%). Age can also have a factor
in developing PFPS. Those under the age of 34 years old are more likely to develop PFPS
(Clement, et al., 2002). Patellar hypermobility, in which the patella can move over two quadrants
from normal position, is an indication of PFPS. Observing patellar movement during flexion and
extension can detect hypermobility and if there is a “J sign,” malalignment can be determined. If
an inverted “J sign” is seen, that indicates tightness in lateral retinaculum and VMO dysfunction
(Burton, et al., 2007, as cited in McDermott & Waryasz, 2008).
Diagnosis
History. Diagnosis of PFPS should begin with a thorough history of previous injuries an
athlete has suffered. Previous injuries, surgeries, or trauma should be considered. The history of
where the pain is occurring and when it is occurring is very significant. PFPS pain is usually
described as behind, underneath, or around the patella. This pain, sometimes described as a
stiffness or achy pain, usually occurs while climbing/descending stairs, going up/down hills,
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getting up after sitting for long periods of time, during squatting, and after running (Burton, et
al., 2007).
Physical Examination. After a thorough history is collected from the patient/athlete, a
physical examination should be completed, starting from the ground up. How long the patient
has head the shoes, where the shoes are worn down, and the type of shoe should be considered.
An evaluation of the gait is effective to evaluate for subtalar pronation. From there, the evaluator
should check for a lateral patellar track while the athlete is either lying down and told to flex
their quadriceps, or when the athlete stands from a single leg squat. Further testing on the patella
includes patellar glide, patellar tilt, and patellar grind test. Positive results for any of these tests
will demonstrate PFPS (Burton, et al., 2007, as cited in McDermott & Waryasz, 2008).
Furthermore, quadriceps strength and flexibility should be evaluated, as well as IT band tightness
and the Q angle of the athlete (Burton, et al., 2007). An athlete’s Q angle can be measured by
locating the imaginary line formed from the Anterior Superior Iliac Spine (ASIS) and the center
of the patella, and the angle in which that line intersects with the imaginary line formed that is
connected between the center of the patella and with the middle of the anterior tuberosity. A Q
angle in excess of 20 degrees or more can put an athlete at risk for PFPS (McDermott &
Waryasz, 2008).
Specific Tests. The Ely test can evaluate decreased quadriceps flexibility, while the Ober
test can evaluate IT band tightness. The Ely test consists of the athlete lying prone while the
evaluator flexes their knee. If knee flexion causes athlete’s hip on the same side to rise, rectus
femoris is deemed to be tight. The Ober test is where the athlete is sidelying, with their bottom
knee bent and top leg bent as well. While in this position, the evaluator holds their pelvis in place
and slowly abducts and extends the hip. Pain with adduction and inability to adduct past midline
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demonstrates a positive test for IT band tightness. The Thomas test can be done to evaluate poor
hip flexor flexibility, and the Trendelenburg test can be used to evaluate weak hip abductors. The
Thomas test is done while the athlete is supine. The patient is lying down and pulls their knee to
their chest to flex the hip as much as possible. If the other hip begins to flex, they have a tight
iliopsoas. The Trendelenburg test is done while the patient is standing on one leg. If there is a
noticeable drop in pelvis on the opposite side from the injured leg, hip instability or weak hip
abductors are the cause (McDermott & Waryasz, 2008). One last test that can be done to
diagnose an athlete with PFPS is the altered VMO/VL (vastus lateralis) response time test. This
test involves the evaluator having hands on both muscle bellies of the VMO and the VL while
the knee is in extension. Next, the athlete will flex their quadriceps and the evaluator will feel for
a time difference in the firing of the two muscles.
Treatment
Rest. Two major steps that can be taken to treat PFPS in patients and athletes. These two
steps include reducing mileage or cessation of certain exercises that bring on pain. Cross training
can relieve pressure on the knees and allow an athlete to maintain aerobic fitness while not
irritating the injury. Cross training activities can include biking, swimming, or using an elliptical.
Ice is often a beneficial tool to use after activity to reduce the symptoms associated with PFPS
(Burton, et al., 2007).
Physical Therapy. Physical therapy can be an effective form of therapy if rest itself is
not working. Physical therapy can increase the flexibility of the quadriceps through various
stretches, and strengthen the muscles that are weak. Through further evaluation, the specific
weakness or tightness can be found and assessed (Burton, et al., 2007). Major muscles and
muscle areas that should be stretched based on diagnosis can include: IT Band, hamstrings,
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quadriceps, hip adductors, hip abductors, hip external rotators, hip internal rotators,
gastrocnemius/soleus, and hip flexors (McDermott & Waryasz, 2008).
Stretches. (Refer to #4 of the Appendix) The Thomas test stretch is similar to the Thomas
test. This stretch is a variation of the hip flexor stretch mentioned in the fourth form of the
appendix. The Thomas test stretch and the basic hip flexor stretch both target the hip flexor
muscles, including the iliopsoas. For the Thomas test, the patient is lying on their back on the
edge of the table. The patient then grabs one knee while the evaluator pushes down on the other
knee. The basic hip flexor stretch has the patient kneel on the ground and lunge forward with one
foot. To get a more intense stretch, the patient can hold the arm up opposite of the foot that is
forward and lean forward.
The prone quadriceps stretch involves the patient in a lying down prone position. The
patient will connect a strap around their foot or on their ankle and pull on the strap from behind
their head. This stretch is designed to loosen up the quadriceps muscles such as the rectus
femoris, vastus medialis, and vastus lateralis.
The adductor stretch involves the patient adducting their leg perpendicular to the way
they are facing and resting their foot on a surface high enough to feel a stretch. This could be a
chair or table. Once the patient has the inside of their ankle propped up on a surface, the patient
should lean into the side they are stretching. The adductor muscles this stretch helps with are the
adductor brevis, the adductor longus, and the adductor magnus. Further adductor stretches
include having one knee bent, while the other leg goes straight out to the side. Then the athlete
will lean onto the bent knee side to increase the stretch. The butterfly stretch can also be used, as
well as bringing the leg out to the side with the help of a band (McDermott & Waryasz, 2008).
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There are two variations of hamstring stretches. One hamstring stretch involves the
patient standing facing a surface that they can prop their heel on. Once the patient has their heel
propped on a table or stable surface, they want to keep their back straight and lean forward at the
hips. The other hamstring stretch involves the patient lying supine on a table or floor. While
lying supine, the patient will reach their hands behind their knee and straighten their leg until
they can feel a stretch. The hamstring muscles these stretches help loosen up are the
semitendinosus, semimembranosus, and the biceps femoris.
Gastrocnemius stretches include lying supine using a band, on a slant board, or against a
wall. The supine hamstring stretch involves the patient having both legs straight, one on the
ground while the other is being pulled up towards them using the band. It is very important that
both legs stay straight for this stretch. The gastrocnemius and soleus muscles are both muscles in
the calf area that can benefit from these stretches (McDermott & Waryasz, 2008).
Three IT Band stretches include the four point IT band stretch which consists of four
steps. The athlete is on their side and bends their top knee forward, grabs heel and brings it to
their glutes, then the athlete lifts their knee straight to the ceiling and as far back as possible.
Next, the athlete drops their knee straight down to the floor and put their other ankle/foot on top
to stretch. The second IT band stretch is a simple lying down IT band stretch using a strap to
bring the leg across the body for a stretch. The third IT band stretch is the C stretch which
involves the patient standing and they place one leg behind the other and lean toward the front
leg (McDermott & Waryasz, 2008).
The piriformis stretch and figure four stretch can be used to stretch the hip internal and
external rotators. The piriformis stretch involves the patient lying down on their back with both
knees bent. The athlete will then cross one leg over the other and grab the bottom leg from
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behind their knee to increase the stretch. The figure four stretch is relatively the same, but instead
of pulling your leg toward you, you push your outside knee farther away. Another stretch
includes the athlete bending their knee in front of their body and straightening their back leg.
Once in that position, the athlete can lean forward onto the bent leg. This same stretch can be
done with the patient bending their knee and resting their knee and ankle on a table. With their
ankle and knee on the table, the patient can lean forward at the hips to increase the intensity of
the stretch. The piriformis, gluteus maximus, and gluteus medius are all muscles that can benefit
from these stretches.
All the stretches previously mentioned are most beneficial when completed three times
for thirty seconds each. Holding the stretch more than thirty seconds will not provide any
substantial difference as compared to just holding the stretch for thirty seconds (McDermott &
Waryasz, 2008).
Strengthening. (Refer to #5 of Appendix) Strengthening exercises should be used to
isolate each muscle or muscle area that is weak. To strengthen multiple leg muscles, single leg
raises can be done in all four directions. Single leg raises start with the patient lying on their back
with one knee bent and the other fully extended. It is important to have the opposite side knee
bent to keep pressure off the lumbar spine. The patient must raise their leg while keeping it in
full extension to the level of their knee on the other side. This form of straight leg raises works
the hip flexors, quadriceps, and hamstrings. Next, the patient will lie on their side with their
bottom knee bent and their top leg fully extended. They will bring their leg up keeping it in line
with the rest of their body. This works on the abductor muscles. The next position for straight leg
raises is with the patient lying prone. While lying prone, the patient will lift their leg straight up
from the hip without lifting their stomach off the table. This exercise strengthens the muscles that
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help with hip extension. Next, the participants will be on their side again and have their bottom
leg extended fully, and their top leg bent over the extended leg. While in this position, the
participants will lift their bottom leg straight up keeping in line with their upper body. This
exercise helps strengthen the hip adductors.
Another technique for strengthening hip abductors/adductors is using thera-band
resistance. For adductors, the participants will stand far from the band with the band on the inner
leg’s ankle. The athlete will then bring the inner leg to the outer leg. For abductor exercises, the
leg without the thera-band will be on the inside and the outer leg will have the band. The
participant will then bring the outer leg even farther from midline and bring it back in and repeat.
To strengthen the quadriceps, short arch quads and long arch quads exercises should be
utilized. Short arch quad involves the patient lying down with a foam roller under their knee and
a weight cuff around their ankle. The patient will then lift their leg by extending their knee fully.
Long arch quad is performed the same way, but instead of using the foam roller, the patient is
sitting with their legs off of a chair or table. Lastly, single leg raises on all four sides is vital for
strengthening. These can be done with a weight cuff and to really isolate and work the VMO and
VL, the participant should do one set with the foot rotated inward and one set with the foot
rotated outward. In addition, seated leg extensions can be used to strengthen the quadriceps.
These are done on a machine that starts with the knee flexed and the objective is to fully extend
the knee against the resistance (McDermott & Waryasz, 2008).
To strengthen the hamstrings, seated hamstring curls or hamstring curls using a stability
ball can be done. Seated hamstring curls simply involve a machine that starts with the knee in
extension and the objective is to flex the knee to at least 90 degrees. Hamstring curls can also be
done on a machine that requires the patient to be lying in a prone position. Again, the patient
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starts with knees fully extended and attempt to flex the knee to at least 90 degrees or if able to,
hit the gluteus with the resistance bar.
The next exercise strengthens the hips and the gluteus muscles. The fire hydrant exercise
can be done side lying or on all fours. Both start with the knee bent and lifting the leg out to the
side and up so the knee and ankle are parallel to the back. A similar strengthening exercise is hip
circles. Hip circles begin with the participant lying on one side with both legs fully extended.
Keeping both legs extended, the participant will raise the top leg and do small circles in the air
with that leg.
Two forms of step ups help strengthen the lower body. These are lateral step ups and
forward step ups. Lateral step ups start in a standing position next to a box or stair. The
participant will step onto the stair with the leg closest to the box and push up so the knee is fully
extended. The same idea applies to forward step ups but instead of stepping up to the side, the
step up is done to the front.
The last strengthening exercise is the reverse lunge. The reverse lunge stands in a normal
standing position and the participant will step backward into a lunge position, dropping the knee
as close to the ground as possible without touching the ground. Next, the participant will step
back forward to bring both feet together.
These strengthening exercises should be completed in three sets of ten repetitions for a
total of thirty. The exercises should be completed on both sides, not just the injured side.
Therefore, to see the best results, sixty total repetitions will be completed, thirty on each leg
(McDermott & Waryasz, 2008).
Other Treatments. There are four other treatment techniques that are widely used for
PFPS. These are analgesics, bracing, patellar taping, and foot orthotics. Analgesics, for example,
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non-steroidal anti-inflammatory drugs (NSAIDs) are particularly used for patients who suffer
from pain during daily activities and whose symptoms are not affected by ice. Bracing, sleeves,
and straps can provide relief from some of the symptoms associated with PFPS. Patellar taping
can improve alignment, decreasing patellar tracking and increasing quadriceps function. Foot
orthotics can help for lower extremity malalignment, such as pes planus and subtalar pronation
(Burton, et al., 2007).
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Chapter 3
Methods
Participants
Participants (n = 7, 4 women, 3 men) from Hamline University’s cross country, soccer,
and track and field team volunteered through informed consent. These athletes had to qualify for
the study by demonstrating 50% of the symptoms and predispositions associated with PFPS, as
described by Dynamic Medicine (McDermott & Waryasz, 2008). Each one was individually
evaluated to find out what symptoms of PFPS they might have or if they have PFPS at all. To do
this, the flexibility of their quadriceps, hamstrings, and IT band were evaluated. Also, the
strength of their hamstrings, hip musculature, and quadriceps were measured. Lastly, each
person’s Q angle, patellar tilt, and shoes were evaluated as well. All activities and evaluations
were overseen by a certified athletic trainer from Hamline University. The proposal for this
research study was submitted to the Hamline Institutional Review Board (IRB) for review and
was approved before the study began. This proposal included the purpose of the investigation
and the procedures, anticipated risk and benefits, and the steps taken to protect the participants. I
received informed consent from all participants involved in the study that included an overview
of the project, the risks and benefits, confidentiality, the participants’ rights, and my contact
information.

Instrumentation
Two questionnaires were administered during the first and last session to observe changes
in pain and functionality due to PFPS. The Visual Analogue Scale indicates pain level of PFPS
and has a high test-retest reliability (ICC=0.97, 95% CI = 0.96 to 0.98) and no significant
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differences between groups of subjects was observed in previous studies (P = 0.3-0.5) (Bijur, et
al., 2001, Buckingham, et al., 1983). The Visual Analogue Scale was administered at the first
and last session of the investigation in order to detect changes in pain associated with PFPS over
the course of study. Participants also completed a Visual Analogue Scale after each session to
determine the effect of stretching and strengthening on the daily pain level associated with PFPS.
The Lysholm Knee Rating System was also administered to participants at the beginning
and end of the study to investigate functionality of the knee. The rating system has acceptable
test-retest reliability (r = 0.91, p < 0.05) and internal consistency (Cronbach’s α = 0.65) (Briggs,
et al., 2004).
An indirectly estimated 1 RM was determined for each participant at the beginning and
end of the study to investigate leg muscle strength and strength progression over the course of
the study. The test-retest correlation is high (r = 0.98) and has a test-retest variation between 5%
and 15% (Elkins, et al., 1950). An indirectly estimated 1 RM is done by having the participants
pick a weight that is difficult for them. This weight should allow the participants to do more than
one repetition but not more than ten. If more than ten repetitions are done, the test has to be redone after five minutes of rest. An indirectly estimated 1 RM was taken for the participants while
they did single leg hamstring curls and single leg, leg presses. Once the number of repetitions
was recorded that they actually did and the weight, those two pieces of data were used to
determine an estimated one repetition maximum.
A goniometer was used at the beginning and end of the study to investigate the range of
motion of the joints of the participants. Range of motion obtained by the goniometer showed
very little variation between sessions (p<0.05). The intraclass correlation coefficient is relatively
high in all instances (r = 0.80 and above) (Clapper & Wolf, 1988). The goniometer was used
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during the study to measure each participant’s hamstring flexibility. It was taken while the
participants were lying supine and had a band to stretch their hamstrings as far as they can while
keeping both knees fully extended. The baseline side of the goniometer was lined up with the
participant’s leg that was down on the examination table and the moving arm was lined up with
the leg that was lifted in the air. The hip was used as the axis.

Design
Baseline Measurements
The study was done with a control group that received basic stretching and the main
treatment group that received the same basic stretching and rehabilitation exercises to strengthen
weak leg muscles. Participants were assigned to groups balanced by sport and gender.
Baseline measurements and observations were taken at the first session, recording
flexibility, strength, and any abnormalities. Predispositions for PFPS were evaluated, including if
the participants history, for example, if they had any trauma or surgeries. A physical examination
was done on each participant. The amount of time the athlete was in the shoe was recorded, the
type of shoe, and where the shoe was worn. A gait evaluation was done to check for pes planus
or flat feet, subtalar pronation, and subtalar supination. Q angle measurements were done. The Q
angle is the angle between the line formed from the Anterior Superior Iliac Spine (ASIS) to the
middle of the patella, and the line from the middle of the patella to the middle of the tibial
tuberosity. A Q angle of more than 15 degrees demonstrated that the participant is more at risk
for PFPS.
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J Test
The “J sign” test was administered to asses for lateral patellar tracking. To
complete this test on the participants, the participant was lying supine and was asked to
flex the quadriceps while I paid close attention to look for lateral movement of the patella
during flexion. Positive results to this test showed that the participant had tightness of the
lateral retinaculum and VMO dysfunction (Burton, et al., 2007, as cited in McDermott &
Waryasz, 2008).

Patellar Tilt and Patellar Grind Test
The patellar tilt and patellar grind test were also performed on all participants.
The patellar tilt test checks to see if any lateral lift can be seen during direct
manipulation. If I could not lift or “tilt” the patella, it showed a positive test and
demonstrated the participants had tight lateral muscles. The patellar grind test involved
me placing my hand above the patella and forcing it down towards the participant’s feet.
While holding the patella down, I asked the participant to flex his or her quadriceps. Pain
or a loud grinding during this test demonstrated that the participant may have PFPS.

Ely Test
The Ely test was done to evaluate each participant for any decreased quadriceps
flexibility. This test was done by having the participant lie prone on the examination
table. As the participant was lying prone, I stabilized the ankle and flexed the knee as far
as possible until knee flexion caused an activation of the hip flexors on the same side. If
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the participant was not able to flex the knee to the point where the foot is able to reach
the gluteus, that participant was deemed to have tight quadriceps.

Ober Test
The Ober test was done to evaluate for IT band tightness. The participants start on
their side, with their bottom knee bent and the top leg bent as well. While in this position,
I stabilized the participants’ pelvis in place and slowly abducted and extended the hip.
Pain with adduction and inability to adduct past midline demonstrated a positive test for
IT band tightness.

Thomas Test
A supine Thomas test was done to evaluate for poor hip flexor flexibility. The
participants were told to lie down and pull their knee to their chest. If the other hip began
to flex or if their other knee could not go below the level of the table, they had tight hip
flexors or specifically a tight iliopsoas.

Trendelenberg Test
The Trendelenburg test was done while the participants were standing on one leg.
The examiner had the participant locate the ASIS bony prominence on both sides and
then adjust from a normal standing position to standing on one foot. If there was a
noticeable drop in pelvis on the opposite side from the injured leg, hip instability or weak
hip abductors were the cause (McDermott & Waryasz, 2008).
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VMO/VL Response Time Test
The last test that was done to diagnose an athlete with PFPS was the VMO/VL
response time test. This test involved me placing my hands on both muscle bellies of the
VMO and the VL while the knee was in extension. Next, I told the participants to flex
their quadriceps and I felt for any difference in the firing time of the two muscles.

After baseline measurements and evaluations were done, the participants were split into
groups based on gender and sport. Once the participants were divided into the control and
experimental group, a second session was held to introduce stretching to the control group and
stretching with strengthening exercises to the experimental group.

Control Group Treatment
The control group completed hamstring, calf, quadriceps, and IT band stretches three
times a week for four weeks. Each stretch was completed on both sides, holding each side for
thirty seconds for at least three repetitions. The thirty second stretch time and number of
repetitions was chosen because thirty seconds is the amount of time necessary to show any
benefit from the stretch but any longer than that will not result in a greater benefit. The hip flexor
stretch completed by the control groups was a basic hip flexor stretch where the participant
kneels on the ground and steps forward with one foot (McDermott & Waryasz, 2008).
In addition to quadriceps stretches, the control group completed adductor stretches. The
control group was given multiple ways to complete this stretch. The first way is where the
participants are standing with their side to an examination table. The participants then raise their
leg directly to the side or perpendicular from the way they are facing, and rest the inside of their
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foot on the table. Once their foot is on the table, they were instructed to lean toward the table to
increase the intensity of the stretch. The butterfly is also an effective stretch which involves the
participants sitting and bringing the bottom of their feet together in front of them. To add to the
intensity of the stretch, they were advised to push their knees down further with their hands.
These adductor stretches contribute to the flexibility of the adductor brevis, adductor longus, and
the adductor magnus (McDermott & Waryasz, 2008).
The control group was given two ways to complete a hamstring stretch, one basic form
and a dynamic form. The basic involves the participants facing an examination table and they
place their heel on the table with both knees fully extended. Once in this position, they lean from
the hips toward the table while keeping their back as straight as possible. The other form of the
stretch is simply lying supine on the table and holding the back of their knee. After they are in
this position, they lift their foot to fully extend the knee as far as they can and hold the stretch.
Two IT Band stretches were given to the control group. These stretches include the side
lying IT band stretch and the C stretch for the IT band. The side lying IT band stretch was
completed by the participants while lying on their side and with the help of a band, they pulled
their top leg back as far as possible and put their other foot on top of their opposite knee. The
other form of IT band stretch, the C stretch is done while standing. This stretch had the
participants put one foot behind the other and lean toward the front leg.
The last stretch the control group was given was a gluteus stretch. This stretch was
completed with the participant standing facing an examination table. The participants then placed
their lower leg on the table, with the outside of the ankle on the table. Once in this position, the
participants leaned forward from the hips to deepen the stretch.
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Experimental Group Treatment
The experimental group completed the same stretches mentioned above, as well as
quadriceps, hamstring, and hip strengthening exercises. Each strengthening exercise was done in
three sets of ten repetitions on both sides. The first strengthening exercise was straight leg raises
in all four planes. The first was lying supine with one knee bent and the other fully extended. The
participants then lifted their other leg up to the level of their bent knee. This direction helps
strengthen the quadriceps and the hamstrings. The next two forms were completed lying on their
side. To work the abductors, the bottom leg was bent behind them or was straight while they rose
the top leg upward while still in line with their upper body. In the same side lying position, the
bottom leg is kept straight, while the other leg is bent over top. In this position, the participants
raised their bottom leg upward. This exercise works the adductors. The last form of straight leg
raises the experimental group completed was lying prone. While lying prone, the participants
lifted their leg with knee fully extended. During this form of the exercise, the participants had to
be careful not to roll their body and to only lift their leg, not their stomach off the table. This
form of the exercise was designed to strengthen the hip extension muscles. In order to strengthen
the vastus medialis (VMO) and vastus lateralis (VL) the participants were advised to complete an
extra set of the supine straight leg raises with their foot held in a turned in position and then in a
foot turned out position.
The experimental group also completed exercises to strengthen their quadriceps. These
exercises are called quad sets. There are two forms of quad sets, short arch quads and long arch
quads. Short arch quads involved participants sitting or lying supine with a foam roller under
their knee. Beginning with their knee flexed, they had to fully extend their knee. Long arch
quads are similar but instead of doing them with a foam roller, the participants just sat at the
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edge of a table or chair and extended their knee fully from the flexed position (McDermott &
Waryasz, 2008).
Hamstring curls were done one of two ways by the participants. The form I gave them
(See #4 of Appendix) had a seated hamstring curl but the machine at Hamline University is not
the same as the machine provided in the picture. Participants completed the exercise lying prone
in the hamstring curl machine. They began with their knee fully extended and flexed their knee
as far as possible, to the glutes was most ideal. If participants did not have access to the gym
each time they completed their exercises, they were advised to use a stability ball. The
participants for this type of hamstring curl were lying supine with their knees fully extended and
their feet on the ball. Using their hamstrings and core, they pulled the ball toward them, flexing
their knees and keeping their hips in line with their knees the entire time.
To further strengthen the hips and gluteus, the fire hydrant exercise was completed by the
experimental group. The exercise was completed lying on their side. The top knee starts bent out
in front of them and then they abducted their hip until their leg was in line with their body. They
were advised to keep their knee bent at a 90 degree angle throughout the completion of the
exercise. Hip circles were also done to strengthen the same muscle groups. Hip circles were
completed side lying as well. Once in this position, the participants raised their upper leg slightly
and moved their leg around in small circles in both directions.
Both lateral and front step ups were given to the experimental group. These involved the
participants standing either to the side or behind a box or stair. The participants then stepped up
onto the box or stair with one leg and fully extended their knee on that leg. After full extensions,
they returned to the starting position and repeated the steps.
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The last exercise performed by the participants was a reverse lunge. The participants for
this exercise started in a standing position with feet shoulder length apart. Next, they stepped
backward into a lunge position, getting their knee as close to the ground as possible without
touching the ground. Then the participants returned to the starting position and repeated the steps
(McDermott & Waryasz, 2008).
After four weeks of the treatment, the third session consisted of assessing final
measurements to compare to the initial baseline measurements. These measurements followed
the identical testing protocal done at the beginning of the study.

Data Analysis
At the first session, participants were given the Lysholm knee rating system, the visual
analogue scale, and were evaluated on strength and flexibility. The last session consisted of
taking the same measurements as done previously to see if any change has occurred. Participants
were evaluated on their pain level using the visual analogue scale and Lysholm knee rating
system (Buckingham, et al., 1983). Pain level and symptoms each participant had were analyzed
to determine if stretching alone or stretching and strengthening together helps more to decrease
the pain and symptoms of PFPS. To assess whether the 10% improvement criteria of my
hypothesis had been achieved, pre-post percentage improvements were calculated for
experimental and control participants for each measure. Similarly, percentage differences
between the experimental and control groups were also calculated. Additionally, the data was
analyzed using an independent sample t-test, a paired t-test, and nonparametric tests, including
the Wilcoxon and Wilcoxon signed rank test. Effect sizes for each measure were also calculated.
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Chapter 4
Results
Percentage of Symptoms (Table 1a)
Participant

Initial Score

Final Score

Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7

9
9
8
11
9
7
9

7
7
6
10
8
5
9

Control Group
Participant 1
Participant 4
Participant 6
Participant 7

% Change
22.22
9.09
28.57
0

Group Average
15

Treatment Group
Participant 2
Participant 3
Participant 5

% Change
22.22
25
11.11

Group Average
19.44

Difference % Change
2
2
2
1
1
2
0

22.22
22.22
25
9.09
11.11
28.57
0

Difference in Averages
4.47

An average decrease in symptoms related to PFPS of 19% was shown in the treatment
group that completed both stretching and strengthening exercises. Participants in the control
group only saw an average 15% decrease in symptoms associated with PFPS. There is not a 10%
difference between the decrease of symptoms in the control group as compared to the decrease of
symptoms in the treatment group (See Table 1a).
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Percentage Change in Hamstring Flexibility (Table 1b)
Hamstring Flexibility
Participant
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Control Group Average % Change
Treatment Group Average % Change
Difference % Change

Initial Score Final Score Difference % Change
84.5
112.5
28
33.14
127.5
104
-23.5
-18.43
85.5
96.5
11
12.87
84.5
92
7.5
8.88
79
74.5
-4.5
-5.70
77.5
80.5
3
3.87
68.5
81
12.5
18.25
16.03
-3.75
19.79

The control group had an average increase in flexibility of 16.03%, while the
experimental group had a 3.75% decrease in flexibility and this could be a result of the strength
training or practice for their sport (See Table 1b).

Percentage Change in Hamstring Curl Strength (Table 1c)
Hamstring Curl Strength
Participant
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Control Group Average % Change
Treatment Group Average % Change
Difference % Change

Initial Score Final Score Difference % Change
35.5
43
7.5
21.13
44.5
40
-4.5
-10.11
49
61
12
24.49
62
103
41
66.13
71
97.5
26.5
37.32
25
33.5
8.5
34.00
96.5
106
9.5
9.84
32.78
17.23
15.54

The control group also saw an average 32.78% increase in hamstring strength as
compared to the experimental group which only saw a 17.23% average increase in hamstring
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strength. This could be explained through increased soreness as a result of the extra strength
training they were doing or because of other outside factors (See Table 1c).

Percentage Change in Leg Press (Quadriceps) Strength (Table 1d)
Leg Press (Quadriceps) Strength
Participant
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Control Group Average % Change
Treatment Group Average % Change
Difference % Change

Initial Score Final Score Difference % Change
37.5
121
83.5
222.67
122
111
-11
-9.02
85
111.5
26.5
31.18
135
320
185
137.04
228.5
240
11.5
5.03
32
37.5
5.5
17.19
315.5
229
-86.5
-27.42
87.37
9.06
78.30

Furthermore, the control group saw a 87.37% average increase in quadriceps strength,
while the experimental group only saw a 9.06% increase in quadriceps strength measured by a
single leg, leg press. One factor that became an issue for strength is that some athletes were no
longer in their sport and so they lost some strength as a result from that, while others began more
intense training that resulted in muscle soreness (See Table 1d).
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Percentage Change in Knee Function (Table 1e)
Function
Participant
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Control Group Average % Change
Treatment Group Average % Change
Difference % Change

Initial Score Final Score Difference % Change
70.5
81
10.5
14.89
74
90
16
21.62
69
80
11
15.94
75.5
89
13.5
17.88
62.5
95
32.5
52.00
70
91
21
30.00
61
65
4
6.56
17.33
29.85
-12.52

Although the experimental group did not see any significant increase in strength as
compared to the control group, they did see a greater increase in function and greater decrease in
pain. The control group had a 17.33% increase in function as measured by the Lysholm knee
rating system, while the experimental group saw an average 29.85% increase in functionality of
the knee. This is over a 10% difference between the average changes in the control group as
compared to the experimental group (See Table 1e).

Percentage Change in Pain Level (Table 1f)
Pain Level
Participant
Participant 1
Participant 2
Participant 3
Participant 4
Participant 5
Participant 6
Participant 7
Control Group Average % Change
Treatment Group Average % Change
Difference % Change

Initial Score Final Score Difference % Change
33.5
13.4
20.1
60.00
19
12
7
36.84
46.5
7
39.5
84.95
21
20.8
0.2
0.95
74
9
65
87.84
35
5.9
29.1
83.14
54
33.7
20.3
37.59
45.42
69.88
24.45
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The control group also saw an average 69.88% decrease in pain, while the experimental
group saw a 45.42% decrease in pain as measured using the visual analogue scale. The
difference between the groups in regards to change in pain level is 24.45%. This is much larger
than 10%. Additionally, each participant in the study showed an increase in function and a
decrease in pain (See Table 1f).
Nonparametric tests, including the Wilcoxon and the Wilcoxon signed rank test were
done on both the stretching and the stretching and strengthening groups. This test was done to
analyze the pre-post measures. These tests did not show any statistically significant results (See
Tables 2a-2d).
Hamstring Curl Strength Tests (Table 2a)

Wilcoxon Signed
Rank Test

Wilcoxon Signed
Rank Test
V=27
alternative
hypothesis:
true location is not
equal to 0
Wilcoxon Rank Sum
Test
W=6
alternative
hypothesis:
true location shift is
not equal to 0

Leg Press Strength Tests (Table 2b)

p-value =
0.03125

V=20
alternative
hypothesis:
true location is not
equal to 0

p-value =
0.375

Wilcoxon Rank
Sum Test

p-value = 1

W=5
alternative
hypothesis:
true location shift is
not equal to 0

p-value =
0.8571
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Function Tests (Table 2c)
Wilcoxon Signed
Rank Test
V=28
alternative
hypothesis:
true location is not
equal to 0

Wilcoxon Signed
Rank Test
p-value =
0.01563

Wilcoxon Rank Sum
Test
W=9
alternative
hypothesis:
true location shift is
not equal to 0

Pain Tests (Table 2d)

p-value =
0.4

V=0
alternative
hypothesis:
true location is not
equal to 0

p-value =
0.01563

Wilcoxon Rank
Sum Test
W=3
p-value = 0.4
alternative
hypothesis:
true location shift
is not equal to 0

A single sample t-test and two sample t test of the two groups were done as well without
any significant results. In addition, an average decrease in symptoms percentage was calculated
based on each group’s baseline percentage of PFPS symptoms and final percentage of PFPS
symptoms (See Tables 3a-3d).
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Hamstring Curl Strength T-Tests (Tables 3a)
One Sample t-test
t=2.5577

df=6

p-value = 0.04304
alternative
hypothesis:
true mean is not
equal to 0
95 percent
confidence interval:
0.6220306
28.0923
sample estimates:
mean of x
14.35714

Two Sample t-test
t=-0.4374
p-value = 0.6817
alternative hypothesis:

df = 4.583

true difference in means
is not equal to 0
95 percent confidence
interval:
-37.26397
sample estimates:

mean in group Both
11.3333

26.68063
mean in
group
Stretching
16.625

Leg Press Strength T-Tests (Tables 3b)
One Sample t-test
t=0.9567
df=6
p-value = 0.3757
alternative
hypothesis:
true mean in not
equal to 0
95 percent
confidence interval:
-47.73508
109.0208
sample estimates:
mean of x
30.64286

Two Sample t-test
t=-0.6453
p-value = 0.5619
alternative hypothesis:
true difference in means
is not equal to 0
95 percent confidence
interval:
-217.8978
sample estimates:
mean in group Both
9

df=3.212

142.1478
mean in group
Stretching
46.875
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Function T-Tests (Tables 3c)
One Sample t-test
t = 4.4878
df = 6
p-value = 0.004157
alternative hypothesis:
true mean is not equal
to 0
95 percent confidence
interval:
7.048914
23.95109
sample estimates:
mean of x
15.5

Two Sample t-test
t=1.026
p-value = 0.3767
alternative hypothesis:
true difference in means
is not equal to 0
95 percent confidence
interval:
-15.24425
sample estimates:
mean in group Both
19.83333

df = 3.169

30.41091
mean in group
Stretching
12.25

Pain Level T-Tests (Tables 3d)
One Sample t-test
t=-3.1668
p-value = 0.0194
alternative hypothesis:
true mean is not equal
to 0
95 percent confidence
interval:
-45.912602
sample estimates:
mean of x
-25.9

df=6

-5.8874

Two Sample t-test
t=-1.1069
p-value = 0.3622
alternative hypothesis:
true difference in means
is not equal to 0.
95 percent confidence
interval:
-82.99201
sample estimates:
mean in group Both
-37.2

df=2.536

43.44201
mean in group
Stretching
-17.425

In order to analyze the results to show any benefit or side effects of the study, I calculated
the mean improvement of flexibility, strength, function, and pain level for both the control
(stretching) group and the experimental (stretching and strengthening) group. Using these
numbers and their standard deviations, I was able to calculate the effect size, which is a measure
that shows the magnitude of the difference between two groups. A small effect size is 0.20, a
medium effect size is 0.50, and a large effect size is 0.80 (Hopkins). I used the effect size to
compare the experimental and control measures, and calculated effect size differences with
confidence intervals (See Table 3a).
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Table 3a

Discussion
Based on the results of the table above, we can see that the results of the study are not
statistically significant. Even the effect sizes that are medium to large are not meaningful
because the confidence interval for effect size contains zero. This evidence is further supported
by the fact that the p-values are all over 0.05. A p-value of less than or equal to 0.05 would
support the fact that there was a considerable effect from the treatment. However, the p-values I
obtained were far from that.
Participant 1, a soccer player in the control group, saw a significant increase in hamstring
flexibility, 28 degrees. Her hamstring strength increased by an average of 7.5 lbs, while her
quadriceps strength increased by an average of 83.5 lbs. There was a 10.5% increase in function
based on her Lysholm knee rating system responses and a decrease of 20.1% on her visual
analogue scale. This athlete was out of season for most of the study and could have seen

36

improvements as a result of ceasing intense activities. Participant 1 saw a 13% decrease of
symptoms from the initial evaluation to the final evaluation (See #9-10 in appendix).
Participant 2, a track runner and hurdler in the experimental group, saw a 23.5 degree
decrease in hamstring flexibility, an average 4.5 lb. decrease in hamstring strength, an average
decrease of 11 lbs. in quadriceps strength, a 16% increase in function and 7% decrease in pain.
This athlete was in season the entire portion of the study and had hurdle exercises before I was
able to do her final evaluation. However, this athlete is required to lift for track and the combined
strengthening could have caused soreness and a decrease in flexibility. Participant 2 saw a 13%
decrease of symptoms from the initial evaluation to the final evaluation (See #9-10 in appendix).
Participant 3, a soccer player and track athlete in the experimental group, saw an 11
degree increase in hamstring flexibility, a 12 lb. increase in hamstring strength, a 26.5 lb.
increase in quadriceps strength, an 11% increase in function, and a 39.6% decrease in pain. This
athlete demonstrated opposite results from participant 2. This athlete had an increase in training
after the study began and it showed to be beneficial even though she was doing two forms of
strengthening as well. Participant 3 saw a 13% decrease of symptoms from the initial evaluation
to the final evaluation (See #9-10 in appendix).
Participant 4, a soccer player in the control group, saw a 7.5 degree increase in hamstring
flexibility, 41 lb. increase in hamstring strength, a 185 lb. increase in quadriceps strength, 13.5%
increase in function, and a 0.2% decrease in pain. This athlete ended his athletic season directly
before the study began and did more lifting after his athletic season was over. This explains the
significant increase in strength even though he was just in the control group. Participant 4 saw a
6% decrease of symptoms from the initial evaluation to the final evaluation (See #9-10 in
appendix).
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Participant 5, a soccer player in the experimental group, saw a 4.5 degree decrease in
hamstring flexibility, a 26.5 lb. increase in hamstring strength, an 11.5 lb. increase in quadriceps
strength, 32.5% increase in function, and a 65% decrease in pain. This athlete’s season was the
same season as Participant 4 and had similar results in strength. His large decrease in pain could
be a result of the season ending. Participant 5 saw a 7% decrease of symptoms from the initial
evaluation to the final evaluation (See #9-10 in appendix).
Participant 6, a track athlete in the control group, saw a 3 degree increase in hamstring
flexibility, an 8.5 lb. increase in hamstring strength, 5.5 lb. increase in quadriceps, 21% increase
in function, and 29.1% decrease in pain. She is a track athlete who was in season at the time of
the study and could have had an increase in function and decrease in pain as her strength
increased throughout training. Participant 6 saw a 14% decrease of symptoms from the initial
evaluation to the final evaluation (See #9-10 in appendix).
Participant 7, a soccer player in the control group, saw a 12.5 degree increase in
hamstring flexibility, a 9.5 lb. increase in hamstring strength, an 86.5 lb. decrease in quadriceps
strength, a 4% increase in function, and 20.3% decrease in pain. This athlete was sore at the time
of his final evaluation which can explain the large decrease in quadriceps strength. The
flexibility of this participant was the worst out of all the participants and he really seemed to
benefit from being in the control group and completing stretches (See #6-8 of the appendix).
Participant 7 saw a 0% decrease of symptoms from the initial evaluation to the final evaluation
(See #9-10 in appendix).
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Chapter 5
Summary
The primary purpose of this investigation was to determine the effect of stretching and
strengthening on athletes that suffer from the symptoms of patellofemoral pain. Improvement
was based on flexibility, strength, function, and pain level of the knee.
Seven subjects completed an initial evaluation to determine if they could be suffering
from patellofemoral pain. These subjects qualified for the study by having 50% of the symptoms
or predispositions to patellofemoral pain. In addition to showing that they qualified for the study,
the initial evaluations provided a baseline measurement for flexibility, strength, Lysholm knee
rating for functionality of the knee, and visual analogue scale for pain level. They were split into
groups and given stretching or stretching and strengthening. The control group completed
stretches while the experimental group completed stretching and strengthening. These subjects
were told to complete these exercises at least three times a week for four weeks. After four
weeks the subjects were given the Lysholm knee rating and visual analogue scale to fill out and
were put through a final evaluation to compare to the initial evaluation that was done before they
started the treatment. All initial and final evaluation data were saved for statistical analysis.
Statistical analysis of data revealed no statistically significant difference between
stretching alone and stretching with strengthening on runner’s knee. It did show a slight nonsignificant difference in means between the groups, which allowed us to analyze the numerical
data in the form of effect size. The data does not show a meaningful difference between the
control and the treatment group. We cannot conclude that the treatment was beneficial to the
subjects. Unfortunately, the power of the test was very low because of the small sample size.
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However, participants in the experimental group did experience at least a 10% threshold for
improvement in function and pain level compared to the control group.
Conclusions
Within the limitations of this study, the following conclusion can be drawn:
1. Data does not support any statistically significant difference in stretching as compared to
stretching and strengthening for the treatment of patellofemoral pain in regards to
flexibility, strength, function, or pain.
2. Data shows non-statistically significant improvement of at least 10% higher in the
experimental group in function and pain as compared to the control group.
3. More research, with a much larger sample size, needs to be done on this subject in order
to prove what the relationship is between stretching and stretching with strengthening.
Originally the study began with over a dozen participants, but by the time the research
study began, some subjects no longer had knee pain and some subjects did not qualify for
the study. Participants did not qualify for the study because they did not show at least
50% of the symptoms and predispositions of PFPS so I could not conclude their knee
pain was associated with PFPS or another knee injury.

Recommendations
My first recommendation for further research on this topic is for future investigators to
conduct the research with a larger sample size. I would also recommend, if possible, for the
investigators to conduct meetings to complete the stretches and strengthening with the subjects
three times a week. This would be beneficial to the research study because it would ensure that
the subjects are completing the exercises and it would ensure that the participants are completing
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the stretches or strengthening exercises properly. If they are not being done properly, no benefit
could come from the exercise or the participants could injury themselves further.
Additional future research would benefit from: following the procedure of the current
study using a larger sample size, performing weekly measurements, and expanding the study for
a longer period of time to allow for further improvement. In addition, the results of the study will
be more accurate if measurements were done at the same time of day and without much physical
activity prior to taking the measurements. Various results may be skewed because my subjects
had weight lifting that morning for off season training or they just finished practice, however, it
was hard to work around the complicated schedules of college athletes.

Limitations
During this research study, I came across multiple limitations. These limitations included
the time constraints and time of year of the study. I started my started relatively close to
Christmas break and I could not ensure the participant would complete the exercises during
break. Therefore, I limited the time frame to four weeks. Also, if I had a longer time frame to
complete the study, such as a whole year, instead of just one semester, I would be able to really
observe a change in the participants’ strength, function, pain, and flexibility that could show how
beneficial the treatment was or was not.
Further limitations I had involved equipment. It would have been more accurate to
measure the difference in firing of the VMO and VL with machines rather than with my hands
and making my best judgment. With a machine, I could more accurately demonstrate if there is a
difference in firing or if they fire at relatively the same time.
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A large limitation of this study was access to enough runners to study just distance
runners and the way PFPS impacted them. If I was at a much larger university, perhaps there
would be a larger cross country and track team to study. This way I could study just one type of
sport and those highly involved in running. If there was easy access to other college athletes that
could be evaluated for PFPS, that would have allowed the study to have a larger sample size.
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2. Visual Analogue Scale
3. Lysholm Knee Rating System
4. Stretches
5. Strengthening Exercises
Appendix II – Measurements and Test Results
6. Changes in Flexibility
7. Changes in Strength
8. Changes in Function and Pain
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Consent Form
This study investigates Patellofemoral Pain Syndrome. Few studies have researched the benefits
of strengthening and stretching as compared to stretching alone. The present investigation will
attempt to relieve the pain and symptoms associated with PFPS through stretching and
strengthening. Each participant will be individually evaluated for leg muscle tightness, strength,
shoe type, and patellar tilt. Participants will be asked to fill out a questionnaire after each session.
PFPS pain and symptom relief is a possible benefit from this study. Risks include aggravation of
PFPS. Please know that you are free to withdraw from this study at any time without penalty. All
information will remain confidential. If you have any questions regarding this study please
contact Heather Hollinger at hhollinger01@hamline.edu.

I have read the above information and give my consent to participate in this study.

__________________________
Signature

_________________________

______________

Print Name

Date
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47

48

49

50

51

Flexibility
R Hamstring

L Hamstring Average

Change in Flexibility
Participant 1 Final
Participant 1 Initial

115
78

110
91

112.5
84.5
28

Participant 2 Final
Participant 2 Initial

99
126

109
129

104
127.5
-23.5

Participant 3 Final
Participant 3 Initial

100
82

93
89

96.5
85.5
11

Participant 4 Final
Participant 4 Initial

92
81

92
88

92
84.5
7.5

Participant 5 Final
Participant 5 Initial

77
80

72
78

74.5
79
-4.5

Participant 6 Final
Participant 6 Initial

77
77

84
78

80.5
77.5
3

Participant 7 Final
Participant 7 Initial

78
70

84
67

81
68.5
12.5
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Changes in Strength
Participant 1 Final
Participant 1 Initial

R 1RM
L 1RM
Hamstring Hamstring Average
curl
curl
42
44
43
36
35
35.5
7.5

R 1RM
L 1RM
Average
Leg Press Leg Press
122
36

120
39

121
37.5
83.5

Participant 2 Final
Participant 2 Initial

39
45

41
44

40
44.5
-4.5

124
128

98
116

111
122
-11

Participant 3 Final
Participant 3 Initial

62
48

60
50

61
49
12

120
96

103
74

111.5
85
26.5

Participant 4 Final
Participant 4 Initial

103
78

103
46

103
62
41

307
138

333
132

320
135
185

Participant 5 Final
Participant 5 Initial

102
73

93
69

97.5
71
26.5

236
221

244
236

240
228.5
11.5

Participant 6 Final
Participant 6 Initial

34
25

33
25

33.5
25
8.5

38
32

37
32

37.5
32
5.5

Participant 7 Final
Participant 7 Initial

105
103

107
90

106
96.5
9.5

229
321

229
310

229
315.5
-86.5
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Function

Participant 1 Final
Participant 1 Initial

81
70.5
10.5

Pain
Visual
Analogue
Scale
13.40%
33.50%
20.10%

Participant 2 Final
Participant 2 Initial

90
74
16

12%
19%
7%

Participant 3 Final
Participant 3 Initial

80
69
11

7%
46.50%
39.600%

Participant 4 Final
Participant 4 Initial

89
75.5
13.5

20.80%
21%
0.20%

Participant 5 Final
Participant 5 Initial

95
62.5
32.5

9%
74%
65%

Participant 6 Final
Participant 6 Initial

91
70
21

5.90%
35%
29.10%

Participant 7 Final
Participant 7 Initial

65
61
4

33.70%
54%
20.30%

Lysholm
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Subject
Treatment
Participant 1 Stretching (Control)
Participant 4
Stretching
Participant 6
Stretching
Participant 7
Stretching
Participant 2 Both (Experimental)
Participant 3
Both
Participant 5
Both

Flexibility
28
7.5
3
12.5
-23.5
11
-4.5

12.75

-5.66667

Subject
Treatment
Participant 1 Stretching (Control)
Participant 4
Stretching
Participant 6
Stretching
Participant 7
Stretching
Participant 2 Both (Experimental)
Participant 3
Both
Participant 5
Both

Strength 2: Quads
83.5
185
5.5
-86.5
46.875
-11
26.5
11.5
9

Subject
Treatment
Participant 1 Stretching (Control)
Participant 4
Stretching
Participant 6
Stretching
Participant 7
Stretching
Participant 2 Both (Experimental)
Participant 3
Both
Participant 5
Both

Decrease
Pain
20.1
0.2
29.1
20.3
7
39.6
65

17.425

37.2

Strength 1: Hamstring
7.5
41
8.5
9.5
16.625
-4.5
12
26.5
11.33333

Increase
Function
10.5
13.5
21
4
16
11
32.5

12.25

19.83333

