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Abstract

Background: Patellofemoral pain syndrome (PFPS) is
one of the most common knee disorders generally
causing knee pain in active youth, particularly in
runners. The main symptom of this complication is a
gradual-onset vague pain in the anterior region of
the knee and the posterior surface of the patella. In
the current study, we aimed to assess the knee pain
improvement following hip extensor and external
rotator muscles’ strengthening exercises.

Methods: This randomized case-control clinical trial was
conducted on 40 patients diagnosed with PFPS. The
study group participated in the therapeutic
strengthening exercise program for 8 weeks. The knee
pain at rest, on running, stairs climbing, and during
Scott exercise was measured at the beginning of the
study and after completing the strengthening exercise.
Results: A total of 54 individuals were enrolled, out

of which 14 were excluded due to insufficient patient
data. The remaining 40 patients (all men) with the
mean age of 26 + 2 years were divided into two
groups of 20 patients. The mean of the pain scores at
the beginning of the study was 8.6 + 0.8 and 8.2 £ 0.5
in the study group and the control group,
respectively. The mean of pain scores decreased
significantly to 6.0 £ 0.7 in the study group (P < 0.01).
We had significant pain improvement on running,
stairs climbing, and during Scott exercise following
the strengthening exercise (P < 0.01).

Conclusion: Therapists can recommend this
strengthening training program not only for
the treatment of PFPS, but also for other
knee disorders.
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Therapeutic Exercise in Patellofemoral Pain Syndrome

Introduction

Patellofemoral pain syndrome (PFPS) is one
of the most common knee disorders,
accounting for about 25% of all knee referrals
in sports medicine and orthopedic clinics. In
physiotherapy  clinics, 10%  of all
musculoskeletal ~disorders (MSDs) and
20-40 percent of knee disorders are related to
the PFPS.-¢ PFPS is also referred to as
anterior, chondromalacia patella, or
patellofemoral knee pain.” This syndrome
affects mostly young and active people and is
often associated with overuse of the knees.8-10
Unlike other functional disorders of the knee
such as ligament injury that is associated
with an acute onset, PFPS pain usually
develops gradually.!® The main symptom of
this complication is a vague and diffused
pain in the anterior region of the knee and
the posterior surface of the patella. The main
mechanism of the pain is unknown and it can
be exacerbated during activities such as
climbing, staggering, squatting, kneeling, and
jumping.12-14

Although it has been described that one out
of four people in the community suffers from
PFPS, the incidence of PFPS has been reported
between 7% and 15%, and it is more common
among young people and women.#1517 Six
percent of patients with PFPS experience the
disorder at the age of 10 to 35 years, and half
of them become unable to perform certain
physical activities by the age of 29.1819

Although PFPS is the most common knee
joint disorder, there are numerous ambiguities
about the cause, pathology, and treatment of
the disorder, so much so that it is referred to
as the “orthopedic black hole”.1220 The exact
etiology of PFPS is unclear and may be caused
by neurological, genetic, neuromuscular, or
biomechanical problems in the lower
extremities. This syndrome may be caused by
the combination of internal and external
factors.#21-27 There are many assumptions
about the causes of the PFPS pain including
muscle imbalance in quadriceps, hamstring,
tensor fasciae latae (TFL), gluteus medius,
vastus medialis, vastus lateralis, increased Q-

angle, shortness of hamstring and quadriceps
muscles, shortness and stiffness of external
retinaculum, malalighment, overuse of the
knee, and cartilage damage.#232 Several
studies have shown reduced flexibility in
quadriceps, hamstring, gastrocnemius,
iliotibial band, and tensor fasciae in patients
with PFPS.7.1014

Many patients with PFPS respond well to
the current conservative and non-surgical
interventions such as  physiotherapy,
exercise, patellar taping, biofeedback,
nonsteroidal anti-inflammatory medications,
acupuncture, laser therapy, and
intramuscular and articular injection.253334
Quadriceps muscles’ training is the most
common and the gold standard treatment of
PFPS. Furthermore, studies have shown that
conservative treatments may be consistent or
superior to surgical treatment.?>3% Previous
studies support the effectiveness of training
and stretching in the treatment of PFPS,40-43
but the methods of strengthening the hip
extensor and external rotator have not been
well studied.!¢4* In the current study, we aim
to assess the efficacy of strengthening on the
knee pain and function in patients with PFPS.

Methods

This randomized case-control clinical trial was
conducted on all the patients diagnosed with
PFPS at Imam Reza Hospital, Tehran, Iran, in
2014-2015. After receiving the study approval
by Institutional Review Board (IRB) at the AJA
University of Medical Sciences, Tehran, and
obtaining  informed consent from all
participants, eligible patients were assigned to
either the study or the control groups. Patients’
tiles were reviewed for pertinent demographic
and clinical data and the outcomes.

Inclusion criteria: All 20 to 40 years old
individuals with a 6-month history of
gradual-onset pain in the anterior region of
the knee and the posterior surface of the
patella in at least two of the following
positions were included: kneeling, squatting,
running, jumping, and climbing up and
down the stairs with either positive
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Waldron’s test> or positive Clarke sign.#
None of the enrolled individuals had
experienced knee trauma.

Exclusion criteria: All individuals with
history of knee trauma including patella
dislocation, ligament laceration, meniscus and
joint capsule damage, history of lumbar disc
herniation, lower extremities surgeries, any
musculoskeletal discomfort causing dizziness
and presenting sustained swollen knee during
the past year, and any pain in the hip and
ankles were excluded from the clinical trial.

All eligible individuals were entered the
study up to one week after measuring weight,
height, and pain severity at the first
measurement  session. The  secondary
measurement (post-test) was performed up to
one week after the completion of the
therapeutic exercises. The second measurement
session was similar to the initial measurement
session. All exercise techniques were based on
Therapeutic ~ Exercise:  Foundations and
Techniques by Kisner and Colby.#

The study group participated in the
therapeutic strengthening exercise program
which involved exercises to strengthen the
hip extensor and external rotator muscles for
8 weeks (twice a day, 3 sessions per week,
every other day to allow time for recovery).
The training sessions were supervised by a
trainer to ensure that the individuals
performed the exercises correctly. The
participants in the training group attended at
least 22 out of the 24 training sessions and
could not be absent in two consecutive
training sessions, otherwise they would be
excluded from the study process. It should be
noted that the control group, beside daily
activities, was not allowed to perform any
specific lower extremities’ training during the

Table 1. Demographic characteristics of the study and control groups, before and following the strengthening exercises

8 weeks. Meanwhile, patients in both groups
were asked to not take any analgesics to
reduce knee pain during the study.

To assess the pain improvement, Visual
Analogue Scale (VAS) forms were completed
at the two measurement sessions. The
standard scale form developed by Grabiner
et al.# in 1994, was applied to measure the
functional knee disability. This questionnaire
is specifically designed for patients with
patellofemoral articular disorders to assess
the cognitive influences on the perception of
pain and functional knee restrictions in
relation to the patellofemoral joint disorder
during daily activities. The questionnaire has
13 questions, with a total score of 100. A score
of 100 indicates maximum knee efficiency
and a score of 0 indicates maximum
disability. Validity of this questionnaire has
been confirmed and its reliability is 96%.45

Data analysis was completed using SPSS
software (version 20, IBM Corporation,
Armonk, NY, USA). For each measured
variable, descriptive values were expressed as
the mean and standard deviation (SD).
Analysis of quantitative variables was
performed using  t-test, paired t-test,
Kolmogorov-Smirnov test (K-S test), and
analysis of covariance (ANCOVA). Categorical
variables were compared using the chi-square
test. Reported P-values were 2-tailed and
P < 0.05 was considered statistically significant.

Results

A total of 54 individuals were enrolled, out of
which 14 were excluded due to insufficient
patient data. The remaining 40 patients (all
men) with the mean age of 26 + 2 years and
other basic demographic data were divided
into 2 groups of 20 men (Table 1).

y
Age (year) (mean + SD) 26.0+ 3.0 29.0+2.0 0.11
Height (cm) (mean * SD) 169.0+ 5.0 171.0+ 4.0 0.84
Weight (kg) (mean * SD) 70.0+3.0 72020 71.0+3.0 70.0+8.0 0.91
Duration of disease (month) (mean + SD) 6.2+2.3 56+3.1 0.54

SD: Standard deviation
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Table 2. Comparison of the mean scores of the knee pain and functions in both study and control groups, before and
following strengthening exercises

Variables Study group Control group
Beginning Beginning
of the study Week 8 of the study Week 8
(Mean+SD) (Mean*=SD) (Mean £ SD) (Mean = SD)
Knee pain at rest 8.6+0.8 6.0+0.7 8.2+0.5 8.0+0.6 <0.01
Knee function over running 59.0+ 9.0 82.0+£120 64.0+5.0 65.0 £ 3.0 <0.01
Knee function over Scott exercise 61.0+7.0 86.0+8.0 59.0+8.0 57.0+6.0 <0.01
Knee function over stair climbing 55.0 £ 8.0 84.0+9.0 58.0 + 10.0 62.0 £ 8.0 <0.01
SD: Standard deviation
The mean of the pain scores at the 9 m Study group ~ Control group
beginning of the study was 8.6 + 0.8 and 80
8.2 + 0.5 in the study and the control groups, 70
respectively. Scores decreased to 6.0 + 0.7 in 60
the study group, while there was no change 50
in the control group (P < 0.01) (Table 2) 40
(Figure 1). 30
20
10 m Study group Control group 10
Z ° Beginning of the study Week 8
7 Figure 2. Comparison of the mean scores of knee pain
on running before and after strengthening exercises in
6 the study and control groups
5
4 The mean of the pain scores on stairs
3 climbing at the beginning of the study was
2 55 + 8 and 58 *+ 10 in the study and the
1 control groups, respectively. The knee
0 function over Scott exercise improved to 84 +

Brginning of the study Week 8 9 in the study group, while there was no

significant change in the control group

Figure 1. Comparison of the mean scores of knee pain (P <0. 01) (Table 2) (Figure 3).

at rest before and after strengthening exercises in the
study and control groups

100 u Study group Control group

There was a significant pain improvement
on running, stairs climbing, and during Scott 80
exercise after 8 weeks of strengthening
exercises for hip extensor and external rotator
muscles (P < 0.01) (Table 2).

The mean of the pain scores on running at
the beginning of the study was 59 £ 9 and 20
64 + 5 in the study and the control groups,
respectively. The knee function over running
improved to 82 + 12 in the study group, while
there was no change in the control group
(P <0.01) (Table 2) (Figure 2).

60

Beginning of the study Week 8

Figure 3. Comparison of the mean scores of knee pain
on stair climbing before and after strengthening
exercises in the study and control groups
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The mean of the pain scores during Scott
exercise at the beginning of the study was
61 £ 7 and 59 # 8 in the study and the control
groups, respectively. The knee function over
Scott exercise improved to 86 * 8 in the study
group, while there was no significant change
in the control group (P < 0.01) (Table 2)
(Figure 4).

100 m Study group  ~ Control group
80
60
40
20
0
Beginning of the study Week 8

Figure 4. Comparison of the mean scores of knee pain
during Scott exercise before and after strengthening
exercises in the study and control groups

Discussion

PFPS is one of the most common knee
complaints. Imposing great medical expenses,
this syndrome can have a negative effect on
daily or athletic activities and lead to absence
from workplace if not treated properly.

In general, failure in diagnosis and timely
treatment of PFPS may lead an individual to
seek invasive options like surgery,3? in that
case postoperative complications may lead to
further =~ movement limitations.  Early
conservative treatments should be the basis
for PFPS treatment to prevent the
abovementioned problems.

According to previous studies, two
different  methods  of  strengthening
quadriceps muscles have been demonstrated:
therapeutic ~ exercises  and  electrical
stimulation. ~ Although  both treatment
methods reduce pain and improve the knee
function, therapeutic exercises are usually
preferred to electrical stimulation as
therapeutic exercise can increase the range of
motions in the knee, which is not observed in
the quadriceps amplification by electrical

stimulation.” Our results demonstrated that
hip extensor and external rotator muscles’
strengthening exercises had a significant
effect on pain improvement in patients
suffering from PFPS as well (P < 0.01). These
results are consistent with the previous
studies.+249

The muscles involved in the movements of
external hip rotators are the piriformis,
superior  gemellus, inferior = gemellus,
obturator internus, obturator externus, and
quadratus femoris. The muscles involved in
hip joint extension movements are gluteus
maximus, adductor magnus (hamstring
portion), biceps femoris, semimembranosus,
and semitendinosus. Bolgla et al. in 2008
reported that hip external rotators in women
treated with physiotherapy were 30% weaker
compared to a control group.®® Moreover,
Ireland et al. in 2003 reported that the
isometric strengthening exercises of the
abductor and external rotator muscles in a
group with post-traumatic stress disorder
(PTSD) were 26% and 36% lower than a
healthy group.## Other previous studies
confirmed the improvement of quadriceps
muscle and daily activity functions after
therapeutic exercises such as isokinetic, static,
eccentric, and isometric training.4251.52 In the
current study, we assessed the effect of
strengthening exercises of the hip extensor
and external rotator muscles on the pain and
function improvement in patients with PFPS.

The Q-angle formed by the vector for the
combined pull of the quadriceps femoris
muscle and the patellar tendon, is important
because of the lateral pull it exerts on the
patella. Heegaard et al. observed that an
increased Q-angle and knee flexion could
increase the amount of contact force in the
external compartment of the patellofemoral
joint.53 Besier et al. reported that the contact
force was higher on the lateral surface of the
knee compared to the inner side by
measuring the rate of patellofemoral joint
contact force during Scott's activity at 0 to
60 degrees* In the current study, we
assessed the effect of strengthening exercises
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of the hip extensor and external rotator
muscles on the pain during Scott's activity.
The results showed that Scott activity scores
before and after the strengthening exercises
were significantly different (P < 0.01).

Leetun et al. examined gender differences
in relation to central muscle strength and
lower extremity disorders in 60 male and
79 female athletes. They found that women
showed significantly weaker hip extensor
and external rotator muscles, leading to
lower extremities and wrist disorders.
Women also showed less endurance in the
trunk muscles compared to men.5> Overall,
there are fewer studies on the PFPS in men
and most studies have been conducted on
women.* In the current study, all individuals
were men and our results confirm that the
strengthening exercises can be recommended
for all patients as a preventive method,
particularly in soldiers and military personnel.
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