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Summary

Objective: The quadriceps muscle group plays an important role in
patellar stabilization. This study was designed to investigate the effect
of a quadriceps exercise program along with a patellar brace in reducing
pain and increasing function in patello-femoral pain syndrome (PFPS)
patients.

Materials and Methods: A total of 86 patients with PFPS were included
in this study. Patients were randomized into two groups: Group 1(n=45)
received a home based exercise program only; group 2 (n=41) received
the same home based exercise program along with a patellar brace.
The duration of the intervention was six weeks. At the end of the
therapy patients were evaluated for pain and functional capacity. Pain
was assessed using the visual analogue scale (VAS) and the Western
Ontario McMaster Osteoarthritis Index (WOMAC) Pain Scale. Functional
capacity was evaluated by using the WOMAC Functional Capacity Index
and the Fulkerson-Shea Patellofemoral Evaluation Score (FSPES).
Results: After the program, there were statistically significant decreases
in the VAS and WOMAC pain scale for both group 1and 2 (p<0.001). Also,
statistically significant increases were observed in the WOMAC functional
capacity index and the FSPES for both groups (p<0.001). There were no
statistical differences among parameters between two groups (p>0.05).
Conclusion: Addition of patellofemoral brace to the home exercise
program didn't provide statistically significant differences in decreasing
pain and increasing the functional capacity in patients with PFPS. Turk
J Phys Med Rehab 2010;56:100-4.
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Ozet

Amag: Patellanin stabilizasyonunda kuadriseps kas grubu énemli rol
oynar. Bu calismada patellofemoral agri sendromu (PFAS) olan hasta-
larda ev egzersiz programi ile ev egzersiz programina patellar breys
eklemenin agri ve fonksiyonel kapasite lzerine etkisini arastirmak
amaclandi.

Gereg ve Yontem: Calismaya PFAS olan 86 hasta dahil edildi. Hastalar
iki gruba randomize edildi. Grup 1 (n=45) hastalara yalniz ev egzersiz
programi, grup 2 (n=41) hastalara ev egzersiz programina ilave patel-
lar breys verildi. Hastalar alti hafta boyunca tedaviye alindi. Tedavi
sonunda agri ve fonksiyonel kapasite dizeyleri degerlendirildi. Agri;
gorsel anolog skala (GAS) ve Western Ontario McMaster Osteoartrit
(WOMAC) Agri indeksi ile dederlendirildi. Fonksiyonel kapasite ise
WOMAC ve Fulkerson-Shea Patellofemoral Degerlendirme Skoru
(FSPDS) ile degerlendirildi.

Bulgular: Tedavi sonrasli, Grup 1 ve 2'de GAS ve WOMAC agri skorunda
istatistiksel anlamli azalma gozlendi (p<0,001). Ayni zamanda her iki
grupta WOMAC fonksiyonel indeks ve FSPDS'unda istatistiksel anlamli
artis gozlendi (p<0,001). Gruplar arasinda dederlendirme parametreleri
acisindan istatistiksel anlamh fark yoktu.

Sonug: PFAS olan hastalarda ev egzersiz programina patellar breys
ekleme, yalniz ev egzersiz programina gére agri ve fonksiyonel kapa-
site Uzerinde istatistiksel anlamli bir diizelme gdstermedi. Tiirk Fiz Tip
Rehab Derg 2010,56:100-4.

Anahtar Kelimeler: Patellofemoral adri, egzersiz, patellar breys,
fonksiyonel kapasite
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Introduction

Patellofemoral pain syndrome (PFPS) is one of the most
common disorders of the knee and is affecting an estimated
7-40% of adolescents and younger adults. The incidence of
patellofemoral (PF) pain is higher in females than in males (1,2).
In PFPS, the clinical symptoms are diffuse peripatellar and
retropatellar localized pain with prolonged knee flexion and
crepitation during weight-bearing activities such as squatting,
running or going up and down stairs. Despite the uncertain
etiology, the predisposing factors in PF pain include articular
cartilage damage from acute trauma, the presence of patella
alta, increased Q angle, femoral anteversion, iliotibial band
length, overuse, excessive weight, and prolonged synovitis (1-4).
Pain due to functional deficits may be a result of the medial
guadriceps insufficiency, inflexibility of the lateral retinaculum,
shortening of the hamstrings and gastrocnemius muscles and
imbalances between the hip internal-external rotators and the
guadriceps-hamstrings, respectively. In the chronic phase, the
aim is to achieve maximum strength for the hip stabilizers,
adductor magnus and vastus medialis obliquus (VMO) (1,5,6).

The treatment goals are to reduce pain, prevent muscle
atrophy and improve functional capacity, but no general
consensus exists on the treatment approach (6). Conservative
treatment methods include nonsteroidal anti-inflammatory
drugs, bracing, taping, physical therapy, and strengthening and
stretching exercises. Currently, exercise programs have been
used mostly in the treatment of PFPS as a non-operative
technigue. Strengthening the extensor mechanism plays an
important role in stabilizing the patella (2,7). Most patients
prefer home-based exercise program prescribed by a therapist,
because it is easy, useful and there is no need for additional
equipment. A Cochrane review summarized the evidence for
treatment efficacy in reducing pain and improving functional
capacity in patients with PFPS (8). The other commonly
preferred non-operative treatment choice is patellar bracing,
which is assumed to improve the knee alignment and tracking
due to centralization of the patella, increased temperature, and
neurosensory feedback. Nevertheless, the exact mechanism is
still unclear (3,9). The results of some clinical studies suggest
that patellar bracing and exercise program may be successful in
the treatment for reducing pain and increasing functional
capacity. However, some investigators have described no
clinical evidence to support the use of patellar bracing alone or
patellar bracing along with exercise program for the treatment
of PFPS (5,9-14).

This study was planned to reveal whether patellar bracing is
of benefit in reducing pain and increasing functional capacity
in patients with PFPS.

Materials and Methods

The clinical trial was carried out in the Department of
Physical Medicine and Rehabilitation and in the Department
of Orthopedics and Traumatology. Patients with PFPS were
diagnosed by a physiatrist and orthopedic surgeon. A total of
86 patients (72 female, 14 males; aged 17-80 years), who had
anterior or retropatellar knee pain when walking up and down
stairs, squatting, kneeling or prolonged sitting for at least four
weeks were enrolled in this study. In addition, they should have
pain in at least two of the following physical tests: patellar
compression test, in which pressure is applied over the patella
while the knee is fully extended, Clarke's test (physician places

his/her hand over the patient’'s patella, presses gently
downwards, wants from the patient to contract the quadriceps
muscle and the test is positive if pain occurs, which indicates
PF problems), patellar apprehension test (the physician
should be aware that patients with a history of subluxation or
dislocation of the patella might feel very uncomfortable at this
point and try to stop the physician from completing the test)
and palpation of the posterior medial-lateral borders of the
patella. Hypermobility (which is generally accepted risk factor
for patellar dislocation and finally for instability), measurement
of Q angle and patellar tilt test were also applied. All patients
underwent weight-bearing anteroposterior telemetric X-ray
evaluation and tangential knee radiography in 30 and 45
degrees of flexion. Patellar subluxation (which was demonstrated
by measuring the lateral PF angle), subchondral sclerosis and
presence of degenerative changes were determined from these
radiographs. All subjects were diagnosed as having PFPS based
on history, physical examination, and radiological evaluation
(4,512). Patients with tibiofemoral compartment osteoarthritis,
knee effusion, inflammatory joint pathology, infection, previous
knee arthroplasty, lower extremity fracture history and severe
cardiovascular diseases were excluded from the study.

After the physical examination, full blood count, erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP) and
biochemical markers were evaluated in order to determine the
presence of other systemic inflammatory diseases.

The study design was a prospective, single-blinded
randomized controlled trial. After clinical and radiological
evaluation, the patients were randomly allocated into either a
home-based exercise program (group 1, n=45) or home-based
exercise program with patellar bracing (group 2, n=41).
Randomization was made according to the consecutive
admissions of the patients to the outpatient clinic. Before the
therapy, the patients were evaluated by a physician, who also
assessed the posttreatment outcomes. The physician was
blinded to the treatment program. Only the physiotherapist
who applied the therapy was aware of the procedure. The
duration of the intervention was six weeks.

Intervention

Group 1received a home-based exercise therapy including a
standardized protocol developed by a physiotherapist and
consisting of isometric and isotonic programs for quadriceps
muscles. The exercises were noted on a workout paper and
given to the patients. Each exercise was performed for one set
of no fewer than ten repetitions, five times per week for six
weeks. The program is given in appendix 1.

Group 2 received the same home-based exercise program
along with a patellar brace. The brace was a neoprene knee cuff
with a patellar cutout (Altex Patellar knee support AL-2285C). It
has special supportive material to pull the patella medially
(Figure 1). The brace was applied throughout the day and
removed during sleep.

During this program, patients were called every two weeks
to monitor their compliance.

Outcome Parameters

Primary outcome parameters were pain and functional
capacity. Pain was assessed using the visual analog scale (VAS)
and the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scale (15). VAS scores range
between 0-10 cm (O indicating no pain, 10-severe pain). The
WOMAC pain scale was scored using a 4-point Likert scale (0-4,
higher scores indicating more pain). Functional capacity was
assessed using the WOMAC functional capacity index and the
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Fulkerson-Shea Patellofemoral Evaluation (FSPE). The WOMAC
functional capacity index was also assessed using 4-point Likert
scale. The FSPE includes 7 separate items (each item has
subgroups with different scores and the total score ranges from
0-100) (16).

Assessment parameters were measured before and after
the exercise program (6 weeks).

Before treatment, all patients were informed about the trial
and they gave written informed consent.

Statistical Analysis

The means and standard deviations were given as
descriptive statistics. For determining the difference before and
after treatment for all groups, the nonparametric Wilcoxon test
was used. In order to compare the difference between the
groups, the Mann-Whitney U test was applied. All analyses were
completed using the software program SPSS 11.0 for Windows.

Results

The demographic and clinical features of all patients are
shown in table 1. The results of full blood count, ESR, CRP, and
biochemical markers were within normal ranges for both
groups.

All patients completed the regular exercise program.
They did not report any adverse events caused by the exercise
program or the brace at the end of the therapy (Figure 2).

Pain

After the therapy program, there were statistically
significant decreases in both the VAS and the WOMAC
pain scales in all patients (p<0.001). However, there were no
significant differences between the two groups (p>0.05).

Functional Capacity

We found statistically significant improvements in the
WOMAC functional capacity index scores for all the patients
(p <0.001). Also there were increases in the FSPES scores for
both groups (p<0.001). However, the differences between the
groups were not statistically significant (p>0.05).

The results of the pain and functional capacity scores for
both groups are shown in Tables 2, 3, and 4.

Discussion

PFPS is the most common cause of anterior knee pain
and is used synonymously with chondromalacia patellae, PF
chondritis and PF arthralgia (17). Female patients suffer
more often from PFPS due to the increased anatomic femoral
anteversion, which results in an increased Q angle (18).
Measurement of the standing Q angle is an objective and
specific physical finding for PFPS and it is accepted that its
value should be less than 15 degrees. Studies have shown that
increment of Q angle increases the pressure on the lateral
patellar facet, leading to lateral patellar tracking and possible
subluxation (19,20). Our study supports this conclusion as we

observed an increased Q angle in all patients, except eight in
group 2.

There is no consensus on the management of chronic PFPS.
In the acute phase, most patients respond to medical
treatment, such as nonsteroidal anti-inflammatory drugs, which
provide considerable pain relief. However, in the chronic phase,
the vicious circle of pain, atrophy and instability should be
prevented (21). Therefore, alternative treatment modalities are
the key points. These include: patellar taping, bracing, physical
therapy modalities and especially individualized quadriceps
exercise programs (22,23). Nevertheless, the most effective
single therapy modalities have not been shown (1).

It is well known that an imbalance between the VMO and
vastus lateralis (VL) may cause of PFPS. VMO is an important
stabilizer of the PF joint and prevents lateral movement of the
patella (24). Imbalance between these two muscles can lead to
subluxation, and lateral patellar retinacular tightness can result
in tilt of the patella. An isokinetic exercise training program was
found to be effective in treating loss of extensor strength in
PFPS, and it correlates with functional capacity (25). Isokinetic
systems are expensive and may not be cost-effective. Various
studies have reported the efficacy of conventional exercise
programs in PFPS (8,26). Syme's study showed the
effectiveness of both general quadriceps strengthening and

| PFPS patients (n=86 )
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Figure 2. Flow diagram showing of patients through the clinical study.

Table 1. Demographic and clinical features of patello-femoral pain
patients.

Figure 1. Patellar brace.

Group 1(n=45) Group 2 (n=41)
Age (year) 41+9.3 (20-59) 42.2+15.3(17-80)
Gender (F/M) 37/8 35/6
BMI (kg/m2) 26.5+4.5 (19-38) | 27.4+6.9 (18-41)
Disease duration (month) 18.2+13.2 (1-72) 24.2+13.6 (1-80)
History of trauma(n) 4 5
History of sports (n) 7 4
Patellar compression test (n) 26 29
Clarke's test (n) 19 9
Patellar apprehension test (n) 36 20
Patellar tilt test (n) 20 14
Patellar subluxation (n) 6 4
Hypermobility (n) 5 2
Q angle (degree) 18.6x2.4 (15-24) | 14.9+3.5 (10-26)
Group 1: Home-based exercise program, Group 2: Home-based exercise with
patellar bracing, F: Female, M: Male, BMI: Body Mass Index.
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VMO specific training for pain relief and increasing functional
capacity in PFPS patients. Both exercise programs can be
beneficial for pain relief, providing a balance between VMO and
VL. There was no difference between the approaches (5).
Another trial compared the effectiveness of a six-week
rehabilitation program consisting of strengthening the
guadriceps and hip abductor musculature for reducing pain and
increasing functional capacity. They reported that this exercise
program was effective (10). In a randomized controlled trial
carried out by Tyler et al. (27) it was concluded that exercise
therapy resulted in significantly greater pain reduction and
improvements in hip flexion strength combined with iliotibial
band and iliopsoas flexibility. Dursun et al. (28) applied an
electromyographic biofeedback treatment and compared it

Table 2. The results (meanzstandard deviation) of group 1and statistical
comparison at baseline and after 6 weeks.

Group 1(n=45)

Pre-treatment Post-treatment | p*
VAS 71£1.4 37+2.2 0.000
WOMAC Pain 8.3+3.3 4.4+39 0.000
WOMAC Func. 25.0+11.2 10.6+10.0 0.000
FSPE 64.3+12.5 70.4+£149 0.000

Group 1: Home-based exercise program, VAS: Visual Analog Scale, WOMAC: Western
Ontario and McMaster Universities Osteoarthritis Index, Func: Functional Index,
FSPE: Fulkerson-Shea Patellofemoral Evaluation, * Wilcoxon test.

Table 3. The results (means+standard deviation) of group 2 and statistical
comparison of the pre-treatment and post-treatment evaluations.

Group 1(n=45)

Pre-treatment Post-treatment p*
VAS 6.4+2.6 3.2+29 0.000
WOMAC Pain 7334 3.8+3.2 0.000
WOMAC Func. 23.8+15.2 1.5£12.0 0.000
FSPE 63.2+18.5 75.8+18.2 0.000

Group 2: Home-based exercise with patellar bracing, VAS: Visual Analog Scale,
WOMAC: Western Ontario and McMaster Universities Osteoarthritis Index, Func:
Functional Index, FSPE: Fulkerson-Shea Patellofemoral Evaluation, * Wilcoxon test.

Table 4. The results (meanzstandard deviation) and statistical comparison
of the pre-treatment and post-treatment evaluations between the groups.

Group1(n=45) | Group 2 (n=41) | p*

VAS

Pre-treatment 7114 6.4+2.6 0.240

Post-treatment 3722 3.2x29 0.222
WOMAC Pain

Pre-treatment 8.3+3.3 73x34 0152

Post-treatment 4.4+39 3.8+£3.2 0.670
WOMAC Func.

Pre-treatment 25.0=11.2 23.8+15.2 0.449

Post-treatment 10.6+10.0 1.5+12.0 0941
FSPE

Pre-treatment 64.312.5 63.2+18.5 0.640

Post-treatment 704149 75.8+18.2 0.078
Group 1: Home-based exercise program, Group 2: Home-based exercise with patellar
bracing, VAS: Visual Analog Scale, WOMAC: Western Ontario and McMaster
Universities Osteoarthritis Index, Func: Functional Index, FSPE: Fulkerson-Shea
Patellofemoral Evaluation, * Mann-Whitney U test.

with an exercise training program. They found an improvement
in both pain and functional capacity, but no difference was
observed between the two treatment modalities. The aim of the
exercise program in this study was to reduce pain and increase
functional capacity. For this purpose, pain was assessed
using VAS and WOMAC pain scales. Functional capacity was
evaluated by the WOMAC functional capacity index and
the FSPES. In our study, we observed an improvement in both
functional capacity and pain severity at the end of the sixth
week in home exercise group. PF exercise program may be
prescribed as a part of a rehabilitation program.

Although it is believed that PF joint stress is associated with
PF pain, the effects of use of braces remain controversial. In his
review, Grelsamer divided braces into two categories: passive
and active (29). The passive brace kept the patella centered,
while the active braces pulled the patella medially during knee
flexion. Therefore, the passive braces were more effective in
patients with patella alta and with no tilt. Simple bracing was
found to provide pain relief by stabilizing the patella (30). In
another study, the vacuumic brace in PFPS was found to be
more effective in reducing pain and improving functional
status and was able to create a joint distraction (4). Some other
investigators noted that a brace should allow the free
movement of the patella via a patellar cutout, and prolonged
use should be avoided because of the risk of quadriceps
atrophy (31,32). According to the above-mentioned classification,
our brace was a passive brace. Some other studies suggest an
improvement in knee pain after patellar bracing and
recommend using the patellar bracing in conjunction with a
knee rehabilitation program (11,12). Powers et al. (9) investigated
the effect of bracing on PF joint stress during free and fast
walking. They observed increases in PF contact area and joint
reaction force, which resulted in decreased joint stress that was
related to pain relief. Muhle et al. (33) using kinematic magnetic
resonance imaging, analyzed patellar tracking patterns and
found no statistically significant differences with the patellar
realignment brace. The treatment of PFPS using the patellar
brace was assessed by Timm et al. The treatment groups in this
study were patellar bracing and control groups. Significant
improvements were found in pain and functional capacity in all
groups (13). Lun et al (12). investigated the effectiveness of
patellar bracing in PFPS. They applied home exercise program
alone, or with either patellar bracing or a knee sleeve over 12
weeks. They found an improvement in pain and functional
capacity in all treatment groups. No difference was shown
between bracing with home exercise and home exercise
program. Another trial compared the effectiveness of home
exercise program alone with this of home exercise program
along with a patellar brace for pain relief during a three-week
follow-up period. In addition, an improvement in pain
was found, but no difference was observed between the two
treatment modalities (14). In our study, we didn't find any
additional benefit of using a brace in treating PFPS. As it is
well known that there are various subgroups of PFPS, this
result may be due to the fact that we did not distinguish
between those subgroups.

In our study, we found no statistically significant differences
in all outcome measures between the home-based exercise
program and home-based exercise program along with a
patellar brace groups of PFPS patients. However, there were
improvements in pain and functional capacity in both groups.
As various non-surgical treatment programs showed efficacy
on pain relief and functional capacity in PFPS, still there is no
therapy program accepted as a standard. Therefore, high-quality
trials are necessary to confirm our results.

One limitation of this study was the absence of a control
group of PFPS patients who received only patellar bracing,
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which would allow us to compare the effectiveness of patellar
bracing alone. The other limitations were sample sizes small
and short follow-up duration.

As a conclusion, the treatment of PFPS is controversial. Our
study supports the contention that in the absence of the need
for surgery, exercise therapy, especially for the VMO
and quadriceps muscles, either alone or with a patellar
brace, seems to be effective for pain relief and for improving
functional capacity.

Apendix 1.

1. Isometric quadriceps exercise:

a. The patient lies on the floor with a towel under the knee
and the leg extended. The patient contracts the quadriceps by
pushing against the towel.

b. The patient sits on the edge of a chair with a pillow
between the legs. The patient pushes up against the pillow,
creating tension in the muscles but allowing no movement.

c. Isometric straight leg exercise: The patient lies supine,
slowly contracts the thigh muscles and dorsiflexes the
foot, then lifts the foot up 10 cm from the surface holding this
position for 5 seconds.

2. Short-arc leg exercise: The patient lies in supine position
with a pillow supporting the knee in 20 degrees of flexion. From
this position, the leg is extended and held in this position for 5
seconds. Once this becomes easy, weight may be added to the
ankle. This exercise is also done in standing position, moving
from O to 30 degrees of knee flexion.

3. VMO strengthening and stretching exercises:

a. The patient lies supine and bends the hip and knee of one
leg. The other leg is extended and spread aside with the toe
pointing out. Then the extended leq is raised over the flexed
leg. The patient holds this position for 5 seconds. Weight may
be added as strength increases.

b. The exercise above is also performed in both supine and
standing positions using rubber or theraband tubing.

c. The patient stands with legs spread, one leg straight,
toes pointing straight ahead, and the other leg bent at the knee
with the toes at a 45 degree angle. The patient then leans
forward on the knee in 30-45 degrees and holds this position
for 5 seconds. Once completed, this exercise is performed with
the other leg.
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