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Abstract
The effects of knee and hip exercises on the pain severity and occurrence in
patellofemoral joint pain (PFP) patients over various time intervals were analyzed to determine
whether or not there is a correlation between various exercise treatments and quicker reductions
in PFP symptoms. Papers included in this systematic review reported patient pain levels when
patients participated in a hip and knee exercise therapy program and a knee-only exercise therapy
program. Pain reports were examined, and results of the data analysis indicate lower pain levels
among the combined exercise group compared to the knee-only group, as well as decreased pain
in a shorter amount of time. Considering these findings, performing the combination of hip and
knee exercises may be more beneficial to injury recovery than performing knee exercise only.

Keywords: patellofemoral joint pain syndrome, prevention, exercise, exercise therapy

Introduction
Patellofemoral joint pain (PFP) is described as any type of peripatellar (behind the
kneecap) or retropatellar (around the kneecap) pain unrelated to trauma (Smith et al., 2018). It
comprises about 25-40% of all knee problems seen in sports injury clinics, making it one of the
primary knee injuries in humans (Witvrouw et al., 2014).
While the source of the injury is unknown due to its multifactorial nature, knee
abnormalities in which there is deviation in the location of the patella can cause PFP. As cited by
Okonnen (2015), researchers Wiburg and Baumgartl identified six types of patella
configurations, with types I and II being most stable and least likely to cause pain. As the patella
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shifts away from the middle of the knee, as seen in types III, II/III, IV, and “Jägerhut,” the knee
becomes more unstable, causing knee pain (Figure 1).

Figure 1. Unstable configurations of the patella (Okkonen, 2015). Instability in the knee joint is
caused by the patella shifting away from the midline of the knee, and this leads to PFP.

The injury can also be caused by overuse and repetitive strain put on the patella. PFP
symptoms arise and worsen when performing activities that aggravate the knee joint. Such
activities often include the following: running/jogging, hopping/jumping, stair ambulation, rising
from sitting after prolonged amounts of time, or squatting. These activities induce stress on the
knee because the knee repeatedly absorbs the body’s shock and faces increased impact forces
(Mølgaard et al., 2018; Halabchi, Abolhasani, Mirshahi & Alizadeh, 2017; Crossley et al., 2016;
Okonnen, 2015).
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Terminology
Throughout the literature, PFP has been given various terms. Some authors refer to it as
patellofemoral pain syndrome, patellofemoral arthralgia, patellalgia, lateral patellar compression
syndrome, chondromalacia patellae, anterior knee pain/syndrome, or “runner’s knee” (Halabchi
et al., 2017). However, in 2016, the Fourth International Patellofemoral Pain Research Retreat
recommended PFP as the preferred term (Crossley, et al., 2016). While this term applies to those
affected under the age of forty, in people over forty, the injury is referred to as “patellofemoral
osteoarthritis” (van Middelkoop, van der Heijden & Bierma-Zeinstra, 2017).

Risk Factors
PFP can affect people of various ages and activity levels. The injury typically affects
adolescents, active adults, professional athletes, and military recruits, but it can also affect less
active people (Smith et al., 2018; Hart, Barton, Khan, Riel & Crossley, 2017). Certain intrinsic
factors, which deal with anthropometrics (factors within the body), and extrinsic factors (factors
outside the body) determine which groups are most likely to be affected.
Intrinsic factors affecting PFP include age, gender, and body shape. Although PFP affects
all ages under forty, adolescents and young adults are more susceptible to this injury because of
their increased participation in activities that involve running, jumping, and pivoting (Halabchi et
al., 2017). While both sexes are affected by PFP, women specifically are more likely to develop
the injury. In fact, 33% of knee injuries in female athletes and 18% of knee injuries in male
athletes are identified as PFP (Halabchi et al., 2017). One potential reason females are more
likely to suffer from this injury is due to their body shape and the pathomechanics of their
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q-angle, or quadriceps angle. The angle is formed by tracing a line from the anterior superior
iliac spine (the anterior part of the hip) to the patellar tendon (Figure 2) (Tsakoniti, Stoupis &
Athanasopoulos, 2008; Okonnen, 2015). Women tend to have a greater q-angles, as they
typically have wider hips, and as a result, they are more likely to have valgus, or “knock” knee,
in which the knee caves inward and pain occurs (Figure 3) (Okonnen, 2015; Nguyen, Boling,
Levine & Shultz, 2009).
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Pain may also be caused by hip weakness because hip weakness triggers pelvic (or hip)
drop, resulting in the knee shifting towards the body. This leads to internal rotation of the femur
and tibia and more stress being placed on the patella (Figure 4) (Okonnen, 2015).
Other misalignments in the body can provoke PFP. The inward rotation, or
overpronation, of the ankle, for example, may cause the patella to shift and knee pain to arise
(Figure 4) (Okonnen, 2015; Barton, Lack, Hemmings, Tufail & Morrissey, 2015).

Figure 4. Image detailing the multifactorial conditions causing PFP. Intrinsic causes regarding
body shape include: 1) pelvic drop, 2) internal femoral rotation, 3) knee valgus, 4) internal tibial
rotation, and 5) overpronation of the foot. When there is a pelvic drop or overpronation, the
knee caves inwards towards the body as a result of internal rotation of the femur and tibia
(Okkonen, 2015).
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Extrinsic factors affecting PFP include activity level. People who tend to be more active
and participate in sports involving the lower extremities—typically comprised of six main
regions: the pelvis, thigh, knee, lower leg, ankle, and foot (Howard, et al., 2014)— are more
likely to suffer from this injury because of the stress they place on their knees (Halabchi et al.,
2017; Bonanno, Murley, Munteanu, Landorf & Menz, 2017).

Common Effects on Humans
PFP affects those diagnosed with it and those who are affiliated with the affected.
Individuals affected suffer not only from mass amounts of pain, but also from difficulty of
treatments and increased risk for other health issues including cardiovascular disease, diabetes,
osteoporosis, osteoarthritis, and ACL injury (Collins et al., 2013; Halabchi et al., 2017). Other
people are indirectly affected by the implications of the injury. Rathleff and Vicenzino (2016)
indicated that people with PFP reported having a lower quality of life than people without it and
are more depressed, hostile, stressed, aggressive, and anxious. In addition, people with the injury
were more susceptible to pain catastrophizing, which may make it harder for people to cooperate
with them. The injury may also lead to absence in the workplace, resulting in lower productivity
(Smith et al., 2018). There is a need for PFP management to improve because of these
implications, and as a result of PFP’s complex nature, it is extremely challenging to treat and can
affect the patient for up to twenty years (Collins et al., 2013).
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Symptom Management
The main treatment method for this injury today is exercise therapy or muscle
strengthening. This method may be accompanied by the use of external aids, such as orthotics or
taping and has been proven to effectively reduce pain and support long-term recovery (Rathleff
& Vincenzo, 2016; van der Heijden et al., 2015).
The earliest study of PFP was done in 1979 by researchers Dehaven, Dolan and Mayer,
who analyzed one hundred diagnosed athletes and their body’s response to a controlled pain
management program, and since then, it has been widely studied. Throughout the years, studies
have examined PFP patients under various interventions to determine what interventions are
most effective in improving PFP conditions. Many researchers have compared the recovery of
patients with PFP who went through exercise therapy and those who had no exercise intervention
(Clark et al., 2000; Abrahams et al., 2003; Taylor et al., 2003; Loudon et al., 2004; Lun et al.,
2005; Herrington et al, 2007; Song et al., 2009; Van Linschoten et al., 2009; Fukuda et al., 2010;
and Moyano et al., 2013). These studies together suggest that undergoing exercise therapy is
more effective than no exercise intervention because it decreases overall pain and pain severity,
and increases functionality and recovery. This conclusion was determined by measuring pain
over various intervals of time ranging from weeks to years.
Further research has been done to study the effects of exercising certain areas and muscle
groups in the lower extremity. The most studied area is the knee, as the majority of research on
the relationship between exercise therapy and PFP pain has been on the effects of knee/quadricep
exercises. However, research has also analyzed the outcomes of hip exercises on PFP. The data
collected regarding these two types of exercises were compared in published systematic reviews
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to see which most effectively decreased symptoms of PFP, and findings suggested hip exercises
were more favorable than knee/quadricep exercises, and the combination of hip and knee
exercise were more effective in decreasing pain and increasing functionality (van der Heijden et
al., 2015; Nascimento, Teixeira-Salmela, Souza & Resende, 2018).
Throughout the literature, researchers have also studied the effects of exercising muscle
groups outside of the lower extremity. Chevidikunnan et al. (2016) examined the result of core
area exercises on PFP. This was in response to work by Chuter and Janse de Jonge (2012),
which indicated that knee pain is often caused by core instability. Chevidikunnan et al. analyzed
the patients’ pain and ability to balance after intervention and found that performing core
exercises decreased PFP pain intensity and significantly improved balance. To contribute further
to this line of research, Ferber et al. (2015) compared the effects of combining hip and core
exercises to knee exercises on the intensity and occurrence of PFP pain and found that the
combination of exercises resulted in a similar decrease in the amount of patient pain and increase
in functionality and strength. The hip and core protocol group, however, experienced significant
decreases in pain by the third week of the exercise program, while the knee group felt pain
reduction by the fourth week, suggesting that the combination of hip and core exercise reduced
pain faster.
Researchers have also examined the effects of external aids, such as orthotics or
kinesiology tape, to manage PFP symptoms. Collins et al. (2013) analyzed the correlation
between length of exercise therapy and pain with and without shoe inserts and orthoses. Results
showed the use of foot orthoses and inserts do not consistently reduce pain among patients, as
some patients experienced worsening pain, while others felt improvements. Similarly, Mølgaard
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et al. (2018) researched the outcomes of foot exercises and foot orthoses on PFP pain. Findings
from this study suggested that foot intervention helps decrease pain. However, this study
included only PFP patients with excessive calcaneal inversion, a foot condition occurring in only
a small percentage of individuals. Therefore, this study has limited generalizability. Bracing and
taping are other methods being implemented in PFP prevention and treatment, but they are
inconsistent in reducing pain and improving performance among patients (Smith, Drew, Meek &
Clark, 2015; Aytar et al., 2011).
Despite these methods of treatment, people often still fail to fully recover. According to
Collins et al. (2013), who studied the relationship between those affected with PFP and their
recovery rates with various treatment methods, 55% of patients have an unfavorable recovery
after three months and 40% have an unfavorable recovery after one year. Unfavorable recovery
meant patients felt moderate to no improvement in pain levels and function, while favorable
recovery was characterized by patients feeling completely or strongly recovered, or having
marked improvement in pain and function.
Finding an effective way to manage PFP is necessary due to the high occurrence and
implications of the injury. There is a need to identify new methods or improve current methods
to prevent PFP because it is painful and may prevent people from completing everyday tasks,
such as walking up stairs or participating in activities they enjoy, such as sports. Studies show
that 74% of PFP patients are limited in their movement and may have to quit athletics
(Chevidikunnan et al., 2016; Halabchi et al., 2017).
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Purpose
The purpose of this study is to identify the most effective exercise therapy treatment
method. Exercises are a favorable treatment method because they are free to perform and
accessible to all. In addition, current literature suggests they are more effective in invariably
reducing pain than external aids. To date, there are no systematic reviews analyzing the recovery
times of PFP. This study attempts to identify which exercise therapy treatments result in the
quickest and longest-lasting reduction of pain, making this research unique. This paper will
compare the effectiveness of hip and knee versus knee-only exercise protocols and determine
whether one group consistently experiences reductions in pain sooner than another.

Research Question
This study will consider several questions developed after reviewing the P. I. C. O.
format, a format used to develop specific research questions. Each question following this format
addresses the: population involved (P), intervention/treatment on the patient (I), comparative
intervention (C), and potential outcome of the interventions (O) (Kung et al., 2010). The
questions used for this study include the following: Does the combination of hip and knee
exercises simultaneously decrease pain severity among patients? Does the combination of hip
and knee exercise result in accelerated recovery for PFP patients compared to knee-only
exercise?
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Alternative Hypothesis
Considering exercise protocols that include the hip—hip and core or just hip—have been
demonstrated to help alleviate PFP pain more effectively than knee exercises alone, hip exercise
is hypothesized to consistently help quicken the recovery rates of PFP and lower overall pain
suffered. Therefore, a combination of hip and knee exercises concurrently will reduce pain and
speed up the recovery process in PFP patients more than will knee exercises, alone.

Null Hypothesis
A combination of hip and knee exercises is no better at reducing pain and speeding up the
recovery process in PFP patients than knee exercises, alone.

Methods
Data Sources
Google Scholar, Elsevier, PUBMED-NCBI, ResearchGate, ScienceDirect, Wiley
Interstate Journals, SAGE Publications, PLOS, etc. was searched to gather studies analyzing the
effects of hip and knee exercise therapy treatments on patients with PFP. Keywords, such as
“patellofemoral joint pain syndrome,” “patellofemoral joint pain syndrome prevention,”
“patellofemoral joint pain exercise,” “patellofemoral joint pain exercise therapy,” etc. were used
to collect relevant articles. Additional literature was collected by searching the reference sections
of articles already gathered.
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Inclusion and Exclusion Criteria
All papers used in this analysis were current, full-text clinical trials. Papers were
excluded if they were not published within ten years from 2018 in order to keep information as
pertinent as possible. In addition, papers were not included in the study if they were systematic
reviews, meta-analyses, or study protocols.
Papers were also excluded from this study if patient pain was not measured using the
visual analog scale (VAS). The VAS, first introduced in 1921 by Hayes and Patterson, is an
instrument used for clinical and research purposes that can measure pain among people when
they perform activities or are at rest (Marsh-Richard, Hatzis, Mathias, Venditti & Dougherty,
2009). The scale resembles a ruler, as it is a horizontal line which patients mark their pain levels
on. Clinicians or researchers then measure where the patients marked their pain to be, allowing
them to know how intense the pain patients are experiencing is. This measurement can either be
calculated using a pencil, paper, and ruler or through digital programs, and the length of the scale
varies, as it can range from a few centimeters to five inches (Marsh-Richard et al., 2009).
However, in this study, authors of all papers measuring pain with the VAS used a 10-centimeter
scale.

Figure 5. Image of the 10 cm visual analogue scale (VAS). Patients mark their pain level at
a given time, and this mark is measured in cm or mm to determine the VAS score,
depending on the evaluator (Crellin et al., 2017).
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This paper only analyzes the results of trials using the VAS because the VAS was the
most commonly used scale throughout the gathered articles. Papers using the VAS would
provide the most data, thus allowing for comparisons and trends to be identified. The VAS also
provides accurate results, as its test-retest reliability ranges from r=0.62–0.91 (Hawker, Mian,
Kendzerska & French, 2011). Papers were also excluded if VAS scores did not represent the
patient’s worst pain throughout daily life and instead, measured pain after patients performed
various activities or exercises.
Furthermore, this study was limited to examining studies comparing the effects of hip and
knee to knee-only exercise among PFP patients. Papers were excluded if they did not have both a
hip and knee and knee-only exercise group in order to obtain pain data from the same groups of
people. This allowed for more reliable and unbiased data because all of the reported pain in the
study were gathered from the same group of patients, meaning the results of the overall study
were based on the same pain spectrum.
The final exclusion factor considered in this study was the use of braces, orthotics, or
taping. Neither of the groups was taped or used orthotics or braces.

Data Extraction
The research design, number of patients, patient characteristics, exercise protocols, and
patients’ pain levels after the exercises after a certain duration of time were recorded and
examined for each study included in this paper.
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Statistical Analysis
The patient pain in both hip and knee (combination) and knee-only exercise groups for
each gathered study was compared to determine whether or not one exercise protocol was
significantly more effective than another. One-tailed, paired sample t-tests were run using
Microsoft Excel’s Data Analysis Toolpak to calculate the significance of the pain reduction
between the two groups. This analysis contributes to previous research because no systematic
review analyzed this significance using t-tests.
The VAS scores from studies analyzing pain during the same intervals of time were then
grouped and averaged in order to reveal what the general relationship between pain levels and
length of treatment was. This was used to hypothesize how long each treatment group would take
to experience no pain. Another t-test was conducted to determine the validity of these findings.
In all t-tests, p-values ≤ .05 were considered to be significant, meaning if a p-value was ≤
.05, the null hypothesis was rejected.

Quality
The credibility of the included papers was measured by the Physiotherapy Evidence
Database (PEDro) scale, which was accessed by visiting www.pedro.org.au. The PEDro scale
measures the internal validity, or “believability,” and statistical validity of a paper by scoring ten
items: 1) random allocation, 2) concealed allocation, 3) baseline comparability, 4) blind subjects,
5) blind therapists, 6) blind assessors, 7) adequate follow-up, 8) intention-to-treat analysis, 9)
between-group comparisons, and 10) point-estimates and variability. The paper gets one point
for each item included, thus the highest score for each paper is ten. The more points the paper
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includes, the less risk of bias it is considered to have. The average score of all papers included in
the database is 5.1 ± 1.6, and scores ≥ six suggest papers are “moderate to high quality”
(Physiotherapy Evidence Database, 2018).
The PEDro scale has been utilized by many researchers publishing systematic reviews
(e.g., Nascimento et al., 2018). The oldest article recorded was in 1929, but it is still used today,
suggesting it is a valid scale to measure the quality of papers.
In this study, the titles of each article included were searched on the site, and the PEDro
scores corresponding to each paper was recorded.

Results
Study Selection
The search results from provided over sixteen thousand studies on PFP, and after
screening each study’s title and abstract, sixteen were identified eligible for this study, and nine
were used. Strict inclusion criteria resulted in a large number of excluded studies.
Out of the total results, only sixteen studies were clinical trials comparing pain between
both combination and knee-only exercise groups, making them eligible for the study. From those
articles, two were excluded due to pain not being measured by the VAS. These studies were done
by Fukuda et al. (2010) and Fukuda et al. (2012) who reported pain using the Numeric Pain
Rating Scale. Three were excluded because they were published before 2008 (Avraham et al.,
2007; Lun et al., 2005; Clark et al., 2000). Furthermore, one study analyzed pain levels after
patients performed specific activities, rather than analyzing pain levels overall, therefore it was
not included in the review (Sahin et al., 2016).
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Figure 6. Diagram of the flow of studies throughout data collection.

Quality of Studies
The PEDro scores of the trials ranged from four to eight out of ten. The average score of
the studies was six (Table 1).
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Table 1. PEDro score results of each study. “Y” indicates that the study included the factor
being looked at, and a blank box means the study did not. A higher score suggests the study is
less biased and more reliable.

Study
Bolgla et al
(2016)
de Marche
Baldon et al
(2014)
Dolak et al
(2011)

Design 1

2

Y

3

4

Y

5

6

7

Y

8

9

10

Total

Y

Y

Y

6

Y

Y

5

Y

Y

Y

6

Y

Y

Y

6

Y

Y

Y

8

Y

Y

5

Y

6

Y

Y

4

Y

Y

8

RCT

Y

Y

Y

RCT

Y

Y

Y

RCT

Ferber et al
(2015)

RCT

Ismail et al
(2013)

RCT

Y

Y

Y

Y

Y

Y

Khayambashi
et al (2014) CT

Y

Nakagawa et
al (2008)
RCT

Y

Razeghi et al
(2010)
RCT

Y

Song et al
(2009)

Y

Y

Y

Y
Y

Y

Y
Y

Y

Y

Y
Y

Y

Y

Y

Y

RCT

Abbreviations: RCT: randomized clinical trial; CT: controlled trial; Y: yes
Factors considered in scoring: 1- Random Allocation; 2- Concealed Allocation; 3- Baseline
Comparability; 4- Blind Subjects; 5- Blind Therapists; 6- Blind Assessors; 7- Adequate
Follow-up; 8- Intention-to-Treat Analysis; 9- Between-group Comparisons; 10- Point-Estimates
and Variability
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Characteristics of Included Trails
All studies examined populations with PFP, specifically. Each study recognized the
occurrence of PFP as anterior or retropatellar pain in the knee when or after performing common
movements associated with the injury, such as kneeling, squats, jumps, running, and getting up
after prolonged sitting. Participants in all studies had no pain due to traumatic injuries. Patients
were excluded if they had meniscal or ligament tears, ligament laxity, patellar dislocation or
subluxation, or history of knee surgery. Other excluded participants may have had tenderness in
their pes anserinus or patellar tendons, or iliotibial band, hip or lumbar pain, pes planus or cavus,
uneven leg lengths or misaligned lower limbs, history of a knee effusion, rheumatoid arthritis,
knee plica, Osgood–Schlatter disease, Sinding–Larsen–Johansson syndrome, or Hoffa’s
syndrome. Furthermore, some researchers excluded patients if they were pregnant, used steroidal
or nonsteroidal medication or injections, or went to physical therapy within a certain time before
the study was conducted.

Participants
Six-hundred fifteen participants were involved across all papers, with four hundred and
two being female (65.37%), one hundred and eighty-one being male (29.43%), and thirty-two
participants being unspecified in gender (5.20%). Five hundred fifteen participants were active
(83.74), sixty-eight were sedentary (11.06%), and thirty-two had unidentified activity levels
(5.20%). Participants ranged from sixteen to forty years of age, and the average age of
participants was 26.71.
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Table 2. Characteristics of participants in the included trials.

Study
Bolgla et al (2016)

Number of Gender
Participants Breakdown

Participants
per Group

Age Range;
Average Age Activity
(years)
Level

185

124 F, 61 M

CG: 105
KG: 80

18-35; 29.35 active

31 F

31 F
CG: 15
KG: 16

27 F

CG: 14
KG: 13

133 F, 66 M

CG: 111
KG: 88

16 F, 16 F

CG: 16
KG: 16

18 F, 18 M

CG: 18
KG: 18

10 F, 4 M

CG: 7
KG: 7

n/a

CG: 16
KG: 16

43 F, 16 M

CG: 29
KG: 30

de Marche Baldon et
al (2014)
31
Dolak et al (2011)
Ferber et al (2015)
Ismail et al (2013)
Khayambashi et al
(2014)
Nakagawa et al
(2008)

27
199
32
36
14

Razeghi et al (2010) 32
Song et al (2009)

59

18-30; 22 ± 3 active
16-35; 26 ± 6 n/a
n/a; 29 ± 7

active

18-30; 21 ± 3 n/a
n/a; 28 ± 7

sedentary

17-40; 23.6 ±
5.9
n/a
18-30; 23 ± 3 sedentary
n/a; 39.4

n/a

Abbreviations: F: females; M: males; CG: hip and knee (combination) treatment group; KG:
knee-only treatment group

Exercise Protocols
All papers included data detailing patient pain among those undergoing hip and knee
exercises and knee-only exercise. Hip and knee exercises were characterized by any exercise
done to target the hip muscle. Hip abduction and hip external rotation were the most common hip
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exercises prescribed to patients in this group (n=7). Knee exercises were characterized by any
exercise that targets the knee only. This included more quadricep-focused exercise, such as
squats (n=4), straight leg raises (n=3), etc.

Table 3. Summarized exercise protocols for the combination and knee-only treatment groups in
each study.

Study

Type of Exercise
Program
Combination
(frequency/week) Treatment Group

Exercises
Both
Knee-only
Groups
Treatment Group Perform

- quadriceps setting
supervised (≤3),
- KE
home (as many
- hip abduction
- SL and DL squats
sessions needed to - hip ER/IR
- TKE
reach a total of 6 - SL and DL balance - lunge
Bolgla et al (2016) days/week)
- hip extension
- step-downs
n/a

de Marche Baldon
et al (2014)
supervised (3)

- core training
- trunk extension
- hip abduction
- hip extension
- clamshell
- pelvic drop
- hip lateral rotation
- SL deadlift
- SL squat
- forward lunge
- knee flexion

- quadriceps, lateral
retinaculum,
hamstrings, soleus,
gastrocnemius, and
IT band S
- SLR
- leg press
- wall squat
- KE
- step-ups/downs
- SL balance
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-hamstring,
quadriceps,
triceps surae
S
- SL balance
- wall slides
- step-downs
- SL and DL
calf raises
- SL
mini-squats
- SL balance
- lunges

- quadriceps sets
supervised (≤3),
- KE
home (as many
- hip abduction
- SL and DL squats
sessions needed to - hip ER/IR
- TKE
reach a total of 6 - SL and DL balance - lunge
Ferber et al (2015) days/week)
- hip extension
- step-downs
n/a

Ismail et al (2013) supervised (3)

- hip abduction
- hip ER

n/a

-hamstring,
gastrocnemi
us,
quadriceps,
IT band S
- wall squat
-step-downs
- TKE
- 5-minute
warm-up/co
ol-down
walk

Khayambashi et al
(2014)
supervised (3)

- hip abduction
- hip ER

- KE
- sit to stand

Nakagawa et al
(2008)

- core training
- hip abduction
- pelvic drop
- forward lunge w
resistance to target
hip muscles

- hamstring,
quadriceps, calf, IT
band S
- patellar
mobilization
- quadriceps setting n/a

supervised (1),
home (4-5)
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- SLR
- mini squat
- wall slides
- step-ups/downs
- lunges
- SL balance
- walking/running

Razeghi et al
(2010)

Song et al (2009)

n/a

n/a

- resistive exercises
for the hip muscles
(not specified in
study)
- KE
- mini squat
- SL leg press w
resistance to target
hip muscles

- quadriceps
exercise (not
specified in study) n/a

- SL leg press

-quadriceps,
hamstring,
IT band, calf
muscle S

** Type of exercise was noted as “supervised” or “home.” “Supervised” exercise meant that
patients were supervised by a physical therapist, athletic trainer, or investigator, while “home”
exercise meant patients were assigned by physical therapists to follow a home exercise program.
Abbreviations: S: stretch; SL: single leg; DL: double leg; ER: external rotation; IR: internal
rotation; KE: knee extension; IT: iliotibial TKE: terminal knee extension; SLR: straight leg raise

Pain Outcomes
Patient pain was measured at different time intervals within trials. Researchers
investigated pain after 4 weeks of intervention (n=2), 6 weeks (n=4), 8 weeks (n=3), and 2
months (n=1). After the interventions were completed, some researchers recorded patient pain
after 3 months (n=2) and 6 months (n=1). There was a significant difference in the pain reduction
between the combination and knee-only group (p=.03).
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Table 4. Reported patient pain between trials (mean ± SD). All pain was measured by the visual
analog scale (VAS). Initial and during-treatment pain was measured, and the significance of the
reductions of pain at the end of all treatments combined was calculated. Values recorded in this
table were rounded to two decimal places.
Average VAS Scores

Study

Combination
Time When Pain Treatment
Measured
Group

Bolgla et al
(2016)

baseline:
6 wk:

5.20 ± 1.70
2.47 ± 2.26

5.00 ± 1.62
2.54 ± 2.26

de Marche
Baldon et al
(2014)

baseline:
2 mos:
3 mos follow up:

6.60 ± 1.10
1.40 ± 1.40
0.90 ± 1.50

6.10 ± 1.80
3.10 ± 3.20
2.50 ± 2.70

Dolak et al
(2011)

baseline:
4 wk:
8 wk:
3 mos follow up:

4.60 ± 2.50
2.40 ± 2.00
2.40 ± 2.80
2.10 ± 2.50

4.20 ± 2.30
4.10 ± 2.50
2.60 ± 2.00
2.40 ± 2.30

Ferber et al
(2015)

baseline:
6 wk:

5.12 ± 1.66
1.96 ± 1.92

4.96 ± 1.66
1.99 ± 2.05

Ismail et al
(2013)

baseline:
6 wk:

5.30 ± 1.60
2.00 ± 1.10

4.50 ± 1.80
2.30 ± 1.10

Khayambashi
et al (2014)

baseline:
8 wk:
6 mos follow up:

7.63 ± 1.79
2.11 ± 1.60
2.00 ± 1.97

6.91 ± 1.94
3.27 ± 2.19
4.00 ± 2.44

Nakagawa et
al (2008)

baseline:
6 wk:

5.00 ± 2.10
1.40 ± 1.30

5.50 ± 1.50
3.40 ± 1.90

Razhegi et al
(2010)

baseline:
4 wk:

6.68 ± 1.62
3.37 ± 1.50

6.31 ± 1.25
4.81 ± 1.79

Song et al
(2009)

baseline:
8 wk:

4.80 ± 2.26
2.62 ± 2.51

4.85 ± 2.49
2.26 ± 2.20

Abbreviations: wk: weeks; mos: months

Knee-only
Treatment Group Total p-value

p=.03
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When all VAS scores were averaged, throughout treatment, both groups overall
experienced decreases in pain. However, the combination treatment group experienced greater
decreases in pain and accelerated recovery. Although the combination treatment group initially
reported having more pain than the knee-only treatment group (approximately 5.66 level pain
compared to 5.37), as the exercise intervention continued, the combination treatment group’s
reported pain decreased more in less time. After four weeks of treatment, the combination
treatment group reported their pain level to be approximately 2.89, while the knee-only treatment
group reported theirs to be 4.46. At six weeks, pain between the combination and knee-only
treatment group was around 1.96 and 2.56; at eight weeks, 2.38 and 2.77; and at two months
(8.69 weeks), 1.40 and 3.10, respectively (Table 5).
The data points were plotted in a scatter plot, and a best-fit regression line was drawn for
each group’s pain trends to reveal the slope and R-squared value for each line. The combination
treatment group line’s slope was -.4435, and its R-squared value was .8759. The knee-only
treatment group had a slope of -.3095 and R-squared value of .7984 (Figure 7).
After running a paired t-test to determine the significance of the overall pain reductions
between groups, the p-value was calculated. There was a significant difference in the pain
reductions between the combination treatment group and knee-only treatment group (p=.05)
(Table 6).
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Table 5. Reported average patient pain measured by the visual analog scale (VAS) when patients
undergo hip and knee or knee-only exercise after 0, 4, 6 and 8 weeks, and 2 months. Values are
measured in centimeters and in a 10 cm scale. Higher scores indicate more pain when
completing tasks. Values recorded in this table were rounded to two decimal places.
Average VAS Scores
Time (weeks) When Pain is

Combination Treatment

Knee-Only Treatment

Measured

Group

Group

0

5.66

5.37

4

2.89

4.46

6

1.96

2.56

8

2.38

2.77

8.69

1.40

3.10
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Figure 7.  Average pain severity (measured by the visual analog scale, VAS) of PFP patients
throughout various exercise interventions after 0, 4, 6 and 8 weeks, and 2 months.
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Table 6.  t-test results for average pain severity of PFP patients throughout various exercise
interventions after 0, 4, 6 and 8 weeks, and 2 months.
t-test: Paired Two Sample for Means

Combination Treatment Group

Knee-Only Treatment Group

Mean

2.855611111

3.6495

Variance

2.753506266

1.47142625

Observations

5

5

Pearson Correlation

0.875738381

Hypothesized Mean
Difference

0

df

4

t Stat

-2.122567927

P(T<=t) one-tail

0.050524736

t Critical one-tail

2.131846786

P(T<=t) two-tail

0.101049472

t Critical two-tail

2.776445105

Subsequent to gathering data from the collected articles, it was noted that some papers
included data on patient pain after the exercise protocols to examine whether or not pain returned
to one group quicker than another. This supplementary information was included in this review,
addressing another gap in the research. No systematic review has been seen to examine the
trends of pain post-intervention. The times when pain levels were recorded post-treatment was
three months after an eight-week intervention program (21.04 weeks), three months after a
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two-month program (21.73 weeks), and six months after an eight-week program (34.07 weeks).
As the papers indicated, three months after eight weeks of treatment, PFP pain levels were 2.10
and 2.40; three months after the two-month program, pain levels were .90 and 2.50, and six
months after the eight-week program, pain levels were 2.00 and 4.00 for the combination
treatment group and knee-only treatment group, respectively (Table 7).
After plotting the data points for the combination treatment group and the knee-only
group onto a scatter plot and drawing a line of best fit for each group, the slopes and R-squared
values for each trendline were calculated. The combination treatment group line had a slope of
.1222 and R-squared of .99992. The knee-only group line’s slope was .0355, and its R-squared
value was .15262 (Figure 8).
The t-test results for this data suggested there was no significant difference in the changes
in pain (p=0.06) (Table 8).
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Table 7. Reported average patient pain measured by the VAS after patients complete hip and
knee or knee-only exercise protocols. Pain is recorded at 21.04 weeks (indicating a 3 month
follow up after 8 weeks of exercise intervention as done in some studies), 21.73 weeks (3 months
after 2 months of intervention), and 34.07 weeks (6 months after 8 weeks of intervention). Values
are measured in centimeters and in a 10 cm scale. Higher scores indicate more pain when
completing tasks. Values recorded in this table were rounded to two decimal places.
Average VAS Scores
Number of Weeks After Beginning Combination Treatment

Knee-Only Treatment

of Treatment

Group

Group
21.04

2.10

2.40

21.73

0.90

2.50

34.07

2.00

4.00
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Figure 8.  Average pain severity (measured in VAS) among patients at their follow-up
appointment (weeks), as called for in three studies.
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Table 8. t-test results for average pain severity (measured in VAS) among patients at their
follow-up appointment (weeks).
t-test: Paired Two Sample for Means

Combination Treatment Group

Knee-Only Treatment
Group

Mean

1.666666667

2.966666667

Variance

0.443333333

0.803333333

Observations

3

3

Pearson Correlation

0.382609923

Hypothesized Mean Difference

0

df

2

t Stat

-2.53332223

P(T<=t) one-tail

0.063420679

t Critical one-tail

2.91998558

P(T<=t) two-tail

0.126841357

t Critical two-tail

4.30265273

Discussion
When comparing the combination and knee-only group pain, it is clear that patients
experience less pain, on average, when undergoing hip and knee exercise therapy, as shown in
Table 1. As shown in Figure 3, patients in both groups experienced pain reductions after 0, 4, 6
and 8 weeks, and 2 months. The combination group reported greater reductions in pain after the
times studied compared to the knee group, however, indicating that the combination of hip and
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knee exercises simultaneously more effectively decreases pain severity than knee exercises
alone. According to the trendline equations for hip and knee exercise (y=-0.4435x+5.2231) and
knee-only exercise (y=-0.3095x+5.3018), pain is projected to completely diminish at 11.777
weeks and 13.577 weeks respectively, supporting the hypothesis that the combination of
exercises relieves pain sooner than knee-only exercise. This is a likely prediction considering the
R-squared values for both groups are close to one. Because of the close R-squared values, the
data points lie close to the best-fit regression line, suggesting the line is fairly accurate and can
be used to predict values. Furthermore, pain severity levels and overall pain decreases as exercise
therapy continues among both groups, meaning that although exercise therapy may not result in
instant decreases in PFP pain, exercise ultimately reduces pain.
As shown in Table 2, patients who performed hip exercises in conjunction with knee
exercises reported lower follow-up pain scores in all three included trials— three months
post-eight-week intervention, three months post-two-month intervention, and six months
post-eight-week intervention— suggesting hip and knee exercise allows for longer-lasting PFP
pain reduction. Three months after the eight-week exercise treatment, patients in the combination
group experienced, on average, 2.10-level pain, while those in the knee group felt 2.40-level
pain. Similarly, three months after the two-month treatment, the combination group reported
their pain level to be 0.90, while the knee reported pain to be at 2.50, and six months after
eight-weeks of intervention, combination exercise patients reported 2.00-level pain, while their
knee group counterparts felt 4.00-level pain. The reported pain levels in both groups, however,
increased over time. The trendline equations for the combination treatment group
(y=.0355x+0.7579) and the knee-only treatment group (y=.1222x-.1644) indicate that PFP pain
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after hip and knee exercise will come back slower than after knee-only exercise, but the overall
findings suggest that once pain levels lower as a result of exercise among PFP patients, the pain
will return. A likely cause for this is fewer muscle groups working to support the lower extremity
and help treat malalignment in the body, making the patella more likely to shift. Another likely
cause for pain returning at the post-treatment follow-ups is muscle atrophy/degeneration
occurring among the exercised muscles, as a result of the muscles no longer being used. The
muscles may get weaker because they are not regularly trained, decreasing stability among the
lower extremity, ultimately causing PFP. These suggestions and findings also provide insight
into why pain decreased during exercise intervention.

Sources of Error
Sources of error in this study include the unreliability of certain trials, lack of focus on
the trials’ populations, and lack of trials. Even though the mean PEDro score of the included
trials was six out of ten, some papers received a score of four, meaning they were below
moderate quality and may have presented bias. Furthermore, participant characteristics were
gathered to examine what types of people were most affected by PFP, but no statistical tests were
done comparing pain between genders or age, and the average VAS scores in Table 5 and Table
7 were not weighted averages, resulting in potentially less accurate data. Additionally, there was
a small number of trials included in the study, and of the nine included trials, only three reported
follow-up pain.
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Conclusion
This systematic review provides evidence supporting the hypothesis proposed in this
study that the combination of hip and knee exercise speeds up PFP pain reduction. The p-values
gathered from the t-tests suggest that performing hip and knee exercise when treating PFP is
more favorable than performing knee exercise alone because patients feel less intense pain, and
their pain is alleviated sooner. In addition, this review indicates that discontinuing exercise
intervention results in pain returning, but pain is predicted to return slower after performing hip
and knee exercise compared to performing knee-only exercise.

Further Work
To further contribute to this study, research analyzing the specific durations of knee and
hip versus knee-only exercise therapy could be conducted. PFP pain occurrence and severity is
measured at various time intervals in the current literature, depending on the researcher
conducting the study. Some researchers measure pain over a span of a short duration of time,
such as weeks, while others measure it over a longer duration of time, such as months or years.
More reliable information could be gathered by conducting studies that analyze PFP pain over
the same intervals of time.
Furthermore, comparisons of the effects of hip-only and knee-only exercise on PFP pain
should be conducted on the same population because it would more accurately indicate how
effective hip exercise alone is. Current research has been done on each group individually, but no
research has compared the intervention’s effects on the same sample. Comparing the results of
hip-only and knee-only exercise with the current research would not be as accurate as having a
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comparison done within the same population of people because there are variances in people’s
age, activity levels, etc. making people report pain differently. With the same population, pain
tolerance and the causes of PFP pain would be most similar. As a result of this research, one
type of exercise—hip or knee— could be suggested to be more effective at reducing pain and
speeding up PFP recovery than another.
Further examining the effects of exercise on other muscle groups, such as the
abdominals, and combinations of different muscle groups would expand this study by providing
more evidence supporting or refuting the idea that different combinations of exercises are
superior to performing one type of exercise to minimize PFP pain. This would help researchers
determine what types and combinations of exercises most effectively decrease pain and what
types of exercise, if any, have zero or negative effect on pain.
Analyzing the effects of various treatment durations for the same exercise group would
also be valuable to enhancing this study because it could provide information on how long the
effects of the treatments last. As suggested by PFP pain increasing post-treatment in Table 7,
exercise may have to be performed consistently in order for PFP symptoms to be effectively
treated. Research must be done to identify whether or not prolonged exercise programs will help
keep pain levels down for an extended period of time compared to shorter programs. This
research would help provide information regarding the rate at which pain returns after treatment
and determine if pain will always return no matter how long the treatment lasts.
If the research proposed above were to be conducted, it would also be valuable to
investigate the muscle atrophy rates of the quadriceps and hip muscles in PFP patients. Data
showing how fast each muscle group atrophies will provide information that can increase the
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understanding of why the combination group in this study was predicted to have pain come back
slower than the knee-only group. If data regarding the atrophy rates were collected and the
results showed that hip muscles take longer to weaken than knee/quadricep muscles, there would
be one possible explanation for why pain returned slower to the combination exercise group.

Acknowledgments
I would like to thank physical therapist Rebecca Guinn for supporting me in conducting
this research, Dr. Jared Sinn for helping me develop my research question and providing expert
advice on the topic, Dr. Karen Givvin for editing my paper and helping me with my data
collection, and Dr. Zin Htway for help with my data collection and statistical analyses. Lastly, I
would like to thank Michelle Magnusson and Dr. Nikki Malhotra for their time, guidance,
support, and effort in helping me manage my time and develop my project.

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

38

References
Abrahams, S., Guilliford, D., Korkia, P. & Prince, J. (2003). The influence of leg positioning in
exercise programmes for patellofemoral joint pain. Journal of Orthopaedic Medicine,
25(3), 107–113.
https://doi.org/10.1080/1355297X.2003.11736207
Alba-Martín, P., Gallego-Izquierdo, T., Plaza-Manzano, G., Romero-Franco, N., Núñez-Nagy, S.
& Pecos-Martín, D. (2015). Effectiveness of therapeutic physical exercise in the
treatment of patellofemoral pain syndrome: A systematic review. Journal of Physical
Therapy Science, 27(7), 2387–2390.
http://doi.org/10.1589/jpts.27.2387
Avraham, F., Aviv, S., Ya'akobi, P., Faran, H. Fisher, Z., Goldman, Y., Neeman, G. & Carmeli,
E.
(2007). The efficacy of treatment of different intervention programs for patellofemoral
pain syndrome - a single blinded randomized clinical trial. Pilot study. The Scientific
World Journal, 7, 1256-1262.
doi: 10.1100/tsw.2007.167
Aytar, A., Ozunlu, N., Surenkok, O., Baltacı, G., Oztop, P. & Karatas, M. (2011). Initial effects
of kinesio® taping in patients with patellofemoral pain syndrome: A randomized,
double-blind study. Isokinetics and Exercise Science, 19(2), 135-142.
doi: 10.3233/IES-2011-0413
Barton, C. J., Lack, S., Hemmings, S., Tufail, S. & Morrissey, D. (2015). The ‘Best Practice
Guide to Conservative Management of Patellofemoral Pain’: incorporating level 1

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

39

evidence with expert clinical reasoning. British Journal of Sports Medicine, 49(14),
923-934.
doi: 10.1136/bjsports-2014-093637
Blønd, L. & Hansen, L. (1998). Patellofemoral pain syndrome in athletes: A 5.7-year
retrospective follow-up study of 250 athletes. Acta Orthopaedica Belgica, 64(4),
393-400. Retrieved from:
http://www.actaorthopaedica.be/acta/download/1998-4/9922542.pdf
Bolgla, L. A., Earl-Boehm, J., Emery, C., Hamstra-Wright, K. & Ferber, R. (2016). Pain,
function, and strength outcomes for males and females with patellofemoral pain who
participate in either a hip/core or knee-based rehabilitation program. International
Journal of Sports Physical Therapy, 11(6), 926–935.
https://www.ncbi.nlm.nih.gov/pubmed/27904794
Boling, M., Padua, D., Marshall, S., Guskiewicz, K., Pyne, S. & Beutler, A. (2010). Gender
differences in the incidence and prevalence of patellofemoral pain syndrome.
Scandinavian Journal of Medicine & Science in Sports, 20(5), 725–730.
http://doi.org/10.1111/j.1600-0838.2009.00996.x
Bonanno, D. R., Murley, G. S., Munteanu, S. E., Landorf, K. B. & Menz, H. B. (2017).
Effectiveness of foot orthoses for the prevention of lower limb overuse injuries in naval
recruits: A randomised controlled trial. British Journal of Sports Medicine, 52(5),
298-302.
doi: 10.1136/bjsports-2017-098273

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

40

Chevidikunnan, M. F., Al Saif, A., Gaowgzeh, R. A. & Mamdouh, K. A. (2016). Effectiveness
of core muscle strengthening for improving pain and dynamic balance among female
patients with patellofemoral pain syndrome. Journal of Physical Therapy Science, 28(5),
1518–1523.
doi: 10.1589/jpts.28.1518
Chuter, V. H. & Janse de Jonge, X. A. (2012). Proximal and distal contributions to lower
extremity injury: A review of the literature. Gait Posture 36(1), 7-15.
doi:10.1016/j.gaitpost.2012.02.001
Clark, D., Downing, N., Mitchell, J., Coulson, L., Syzpryt, E. & Doherty, M. (2000).
Physiotherapy for anterior knee pain: a randomised controlled trial. Annals of the
Rheumatic Diseases, 59(9), 700–704.
doi: 10.1136/ard.59.9.700
Collins, N. J., Bierma-Zeinstra, S. M., Crossley, K. M., van Linschoten, R. L., Vicenzino, B. &
van Middelkoop, M. (2013). Prognostic factors for patellofemoral pain: a multicentre
observational analysis. British Journal of Sports Medicine, 47(4), 227-233.
doi: 10.1136/bjsports-2012-091696
Crellin, D. J., Harrison, D., Hutchinson, A., Schuster, T., Santamaria, N. & Babl, F. E. (2017).
Procedural pain scale evaluation (PROPoSE) study: Protocol for an evaluation of the
psychometric properties of behavioural pain scales for the assessment of procedural pain
in infants and children aged 6–42 months. BMJ Open, 7(9), 1-12.
doi:10.1136/ bmjopen-2017-016225

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

41

Crossley, K. M., Stefanik, J. J., Selfe, J., Collins, N. J., Davis, I. S., Powers, C. M., McConnell,
J., Vicenzino, B., Bazett-Jones, D. M., Esculier, J., Morrissey, D. & Callaghan, M. J.
(2016). 2016 Patellofemoral pain consensus statement from the 4th International
Patellofemoral Pain Research Retreat, Manchester. Part 1: Terminology, definitions,
clinical examination, natural history, patellofemoral osteoarthritis and patient-reported
outcome measures. British Journal of Sports Medicine, 50(14), 839–843.
doi: 10.1136/bjsports-2016-096384
Daoud, A. I., Geissler, G. J., Wang, F., Saretsky, J., Daoud, Y. A. & Lieberman, D. E. (2012).
Foot strike and injury rates in endurance runners: a retrospective study. Med Sci Sports
Exerc, 44(7), 1325-1334. Retrieved from
https://scholar.harvard.edu/files/dlieberman/files/2012b.pdf
de Marche Baldon, R., Serrao, F., Silva, R. & Piva, S. (2014). Effects of functional stabilization
training on pain, function, and lower extremity biomechanics in females with
patellofemoral pain: A randomized clinical trial. Journal of Orthopaedic & Sports
Physical Therapy, 44(4), 240-A8.
doi: 10.2519/jospt.2014.4940
Dehaven, K. E., Dolan, W. A. & Mayer, P. J. (1979). Chondromalacia patellae in athletes.
Clinical presentation and conservative management. The American Journal of Sports
Medicine, 7(1), 5-11.
doi: 10.1177/036354657900700102
Dolak, K. L., Silkman, C., McKeon, J. M., Hosey, R. G., Latterman, C. & Uhl, T. L. (2011). Hip
strengthening prior to functional exercises reduces pain sooner than quadriceps

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

42

strengthening in females with patellofemoral pain syndrome: A randomized clinical trial.
Journal of Orthopaedic and Sports Physical Therapy, 41(8), 560-570.
doi: 10.2519/jospt.2011.3499
Ferber, R., Bolgla, L., Earl-Boehm, J. E., Emery, C. & Hamstra-Wright, K. (2015).
Strengthening of the hip and core versus knee muscles for the treatment of patellofemoral
pain: A multicenter randomized controlled trial. Journal of Athletic Training, 50(4),
366–377. doi: 10.4085/1062-6050-49.3.70
Fokkema, T., de Vos, R. J., van Ochten, J. M., Verhaar, J. A., Davis, I. S., Bindels, P. J.,
Bierma-Zeinstra, S. M. & van Middelkoop, M. (2017). Preventing running-related
injuries using evidence-based online advice: the design of a randomised-controlled trial.
BMJ open sport & exercise medicine, 3(1), n.p. Retrieved from
http://dx.doi.org/10.1136/bmjsem-2017-000265
Fukuda, T. Y., Rossetto, F. M, Magalhães, E., Bryk, F. F., Lucareli, P. R. & Carvalho, N. A.
(2010). Short-term effects of hip abductors and lateral rotators strengthening in females
with patellofemoral pain syndrome: A randomized controlled clinical trial. Journal of
Orthopaedic & Sports Physical Therapy, 40(11), 736–742.
doi: 10.2519/jospt.2010.3246
Fukuda, T. Y., Melo, W. P., Zaffalon, B. M., Rossetto, F. M. Magalhães, E., Bryk, F. F. &
Martin, R. T. (2012). Hip posterolateral musculature strengthening in sedentary women
with patellofemoral pain syndrome: a randomized controlled clinical trial with 1-year
follow-up. Journal of Orthopaedic & Sports Physical Therapy, 42(10), 823–830.
doi: 10.2519/jospt.2012.4184

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

43

Giles, L. S., Webster, K. E., McClelland, J. A. & Cook, J. (2013). Does quadriceps atrophy exist
in individuals with patellofemoral pain? A systematic literature review with
meta-analysis. The Journal of Orthopaedic and Sports Physical Therapy, 43(11),
766-776.
doi: 10.2519/jospt.2013.4833
Halabchi, F., Abolhasani, M., Mirshahi, M. & Alizadeh, Z. (2017). Patellofemoral pain in
athletes: clinical perspectives. Open Access Journal of Sports Medicine, 8, 189–203.
http://doi.org/10.2147/OAJSM.S127359
Hart, H. F., Barton, C. J., Khan, K. M., Riel, H. & Crossley, K. M. (2017). Is body mass index
associated with patellofemoral pain and patellofemoral osteoarthritis? A systematic
review and meta-regression and analysis. British Journal of Sports Medicine, 51(10),
781-790.
doi: 10.1136/bjsports-2016-096768
Harvie, D., O’Leary, T. & Kumar, S. (2011). A systematic review of randomized controlled trials
on exercise parameters in the treatment of patellofemoral pain: What works? Journal of
Multidisciplinary Healthcare, 4, 383–392.
http://doi.org/10.2147/JMDH.S24595
Hawker, G. A., Mian, S., Kendzerska, T. & French, M. (2011). Measures of adult pain. Arthritis
Care and Research, 63(S11), S240–S252.
doi:10.1002/acr.20543

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

44

Herrington, L. & Al-Sherhi, A. (2007). A controlled trial of weight-bearing versus
non-weight-bearing exercises for patellofemoral pain. Journal of Orthopaedic & Sports
Physical Therapy, 37(4), 155-160.
doi: 10.2519/jospt.2007.2433
Hott, A., Liavaag, S., Juel, N. G. & Brox, J. I. (2015). Study protocol: A randomised controlled
trial comparing the long term effects of isolated hip strengthening, quadriceps-based
training and free physical activity for patellofemoral pain syndrome (anterior knee pain).
BMC Musculoskeletal Disorders, 16, 40.
http://doi.org/10.1186/s12891-015-0493-6
Howard, K., March, D., Ikram, H., Lorentsen, J. & Howard, J. (2014). Lower extremity pain.
Handbook of Musculoskeletal Pain and Disability Disorders in the Workplace, 81-99.
Retrieved from
https://doi.org/10.1007/978-1-4939-0612-3_5
Ismail, M. M., Gamaleldein, M. H. & Hassa, K. A. (2013). Closed kinetic chain exercises with or
without additional hip strengthening exercises in management of patellofemoral pain
syndrome: A randomized controlled trial. European Journal of Physical and
Rehabilitation Medicine, 49(5), 687-698.
Retrieved from: https://www.ncbi.nlm.nih.gov/pubmed/23820880
Khayambashi, K., Fallah, A., Movahedi, A., Bagwell, J. & Powers, C. (2014). Posterolateral hip
muscle strengthening versus quadriceps strengthening for patellofemoral pain: A
comparative control trial. Archives of Physical Medicine and Rehabilitation, 95(5),
900-907

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

45

doi: 10.1016/j.apmr.2013.12.022
Kulmala, J. P., Janne, A., Pasanen, K. & Parkkari, J. (2013). Forefoot strikers exhibit lower
running-induced knee loading than rearfoot strikers. American College of Sports
Medicine, 45(12), 2306-2313.
doi: 10.1249/MSS.0b013e31829efcf7
Kung, J., Chiappelli, F., Cajulis, O. O., Avezova, R., Kossan, G., Chew, L. & Maida, C. A.
(2010). From systematic reviews to clinical recommendations for evidence-based health
care: Validation of revised assessment of multiple systematic reviews (R-AMSTAR) for
grading of clinical relevance. The Open Dentistry Journal, 4, 84–91.
http://doi.org/10.2174/1874210601004020084
Loudon, J. D., Gajewski, B., Goist-Foley, H. L. & Loudon, K. L. (2004). The effectiveness of
exercise in treating patellofemoral-pain syndrome. Journal of Sport Rehabilitation, 13(4),
323-342.
Retrieved from: https://journals.humankinetics.com/doi/abs/10.1123/jsr.13.4.323
Lun, V. M., Wiley, J. P., Meeuwisse, W. H. & Yanagawa, T. L. (2005). Effectiveness of patellar
bracing for treatment of patellofemoral pain syndrome. Clinical Journal of Sport
Medicine, 15(4), 235-240.
doi: 10.1097/01.jsm.0000171258.16941.13
Manske, R. C. & Davies, G. J. (2016). Examination of the patellofemoral joint. International
Journal of Sports Physical Therapy, 11(6), 831–853.
Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5095938/

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

46

Marsh-Richard, D. M., Hatzis, E. S., Mathias, C. W., Venditti, N. & Dougherty, D. M. (2009).
Adaptive visual analog scales (AVAS): A modifiable software program for the creation,
administration, and scoring of visual analog scales. Behavior Research Methods, 41(1),
99–106.
http://doi.org/10.3758/BRM.41.1.99
Meira, E. P. & Brumitt, J. (2011). Influence of the hip on patients with patellofemoral pain
syndrome: A systematic review. Sports Health, 3(5), 455–465.
http://doi.org/10.1177/1941738111415006
Mercer, J. A. & Horsch, S. (2015). Heel–toe running: A new look at the influence of foot strike
pattern on impact force. Journal of Exercise Science and Fitness 13(1), 29-34. Retrieved
from
https://www.sciencedirect.com/science/article/pii/S1728869X15000027
Mølgaard, C. M., Rathleff, M. S., Andreasen, J., Christensen. M., Lundbye-Christensen, S.,
Simonsen, O. & Kaalund, S. (2018). Foot exercises and foot orthoses are more effective
than knee focused exercises in individuals with patellofemoral pain. Journal of Science
and Medicine in Sport, 21(1), 10–15.
doi: 10.1016/j.jsams.2017.05.019
Morelli, K., Carrelli, M., Nunez, M., Smith, C. A. & Warren, G. L. (2015). Addition of hip
exercises to treatment of patellofemoral pain syndrome: A meta-analysis. World Journal
of Meta-Analysis, 3(2), 118-124.
doi: 10.13105/wjma.v3.i2.118

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

47

Moyano, F. R., Valenza, M. C., Martin, L. M., Caballero, Y. C., Gonzalez-Jiminez, E. & Demet,
G. FV. (2012). Effectiveness of different exercises and stretching physiotherapy on pain
and movement in patellofemoral pain syndrome: A randomized controlled trial. Clinical
Rehabilitation, 27(5), 409-417.
doi: 10.1177/0269215512459277
Nakagawa, T. H., Muniz, T. B., de Marche Baldon, R., Maciel, C. D., de Menezes Reiff, R. B. &
Serrão, F. V. (2008). The effect of additional strengthening of hip abductor and lateral
rotator muscles in patellofemoral pain syndrome: A randomized controlled pilot study.
Clinical Rehabilitation, 22(12), 1051-1060.
doi: 10.1177/0269215508095357
Nascimento, L. R., Teixeira-Salmela, L. F., Souza, R. B. & Resende, R. A. (2018). Hip and knee
strengthening is more effective than knee strengthening alone for reducing pain and
improving activity in individuals with patellofemoral pain: A systematic review with
meta-analysis. Journal of Orthopaedic & Sports Physical Therapy, 48(1), 19-31
doi: 10.2519/jospt.2018.7365
Natri, A., Kannus, P. & Järvinen, M. (1998). Which factors predict the long-term outcome in
chronic patellofemoral pain syndrome? A 7-yr prospective follow-up study. Medicine
and Science in Sports and Exercise, 30(11), 1572-1577. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/9813868
Nguyen, A.-D., Boling, M. C., Levine, B. & Shultz, S. J. (2009). Relationships between lower
extremity alignment and the quadriceps angle. Clinical Journal of Sport Medicine :

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

48

Official Journal of the Canadian Academy of Sport Medicine, 19(3), 201–206.
http://doi.org/10.1097/JSM.0b013e3181a38fb1
Nimon, G., Murray, D., Sandow, M. & Goodfellow, J. (1998). Natural history of anterior knee
pain: A 14- to 20-year follow-up of nonoperative management. Journal of Pediatric
Orthopaedics, 18(1), 118–122. Retrieved from:
https://www.ncbi.nlm.nih.gov/pubmed/9449112?access_num=9449112&link_type=MED
&dopt=Abstract
Okonnen, I. (2015). Factors related to excessive patellofemoral loading in rearfoot running.
Retrieved from: Google Scholar
Peters, J. S. J. & Tyson, N. L. (2013). Proximal exercises are effective in treating patellofemoral
pain syndrome: A systematic review. International Journal of Sports Physical Therapy,
8(5), 689–700. Retrieved from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3811739/pdf/ijspt-10-689.pdf
Petersen, W., Rembitzki, I. & Liebau, C. (2017). Patellofemoral pain in athletes. Open Access
Journal of Sports Medicine, 2017(8), 143–154.
http://doi.org/10.2147/OAJSM.S133406
Physiotherapy Evidence Database (2018).
Rathleff, M. S. & Vincenzino, B. (2016). Patellofemoral joint pain. International Association for
the Study of Pain. Retrieved from:
https://www.apsoc.org.au/PDF/GYAP/2016_GYAP/Fact_Sheet_21_Patellofemoral_Joint
_Pain.pdf

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

49

Razeghi, M., Etemadi, Y., Taghizadeh, S. & Ghaem, H. (2010). Could hip and knee muscle
strengthening alter the pain intensity in patellofemoral pain syndrome? Iranian Red
Crescent Medical Journal, 12(2), 104-110. Retrieved from:
https://www.researchgate.net/publication/41389565
Şahin, M., Ayhan, F. F., Borman, C. & Atasoy, H. (2016). The effect of hip and knee exercises
on pain, function, and strength in patients with patellofemoral pain syndrome: A
randomized controlled trial. Turkish Journal of Medical Sciences, 46(2), 265-277.
doi: 10.3906/sag-1409-66
Santos, T. R. T., Oliveira, B. A., Ocarino, J. M., Holt, K. G. & Fonseca, S. T. (2015).
Effectiveness of hip muscle strengthening in patellofemoral pain syndrome patients: A
systematic review. Brazilian Journal of Physical Therapy, 19(3), 167–176.
http://doi.org/10.1590/bjpt-rbf.2014.0089
Smith, B. E., Moffatt, F., Hendrick, P., Bateman, M., Rathleff, M. S., Selfe, J., Smith, T. O. &
Logan, P. (2018). The experience of living with patellofemoral pain—loss, confusion and
fear-avoidance: A UK qualitative study. British Journal of Sports Medicine, 8(1), n.p.
doi: 10.1136/bmjopen-2017-018624
Smith, B. E., Selfe, J., Thacker, D., Hendrick, P., Bateman, M., Moffatt, F., Rathleff, M. S.,
Smith, T. O. & Logan, P. (2018). Incidence and prevalence of patellofemoral pain: A
systematic review and meta-analysis. PLoS One, 13(1), 1-18.
doi: 10.1371/journal.pone.0190892
Smith, T. O., Drew, B. T., Meek, T. H. & Clark, A. B. (2015). Knee orthoses for treating
patellofemoral pain syndrome. The Cochrane Database for Systematic Reviews, (12), n.p.

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

50

doi: 10.1002/14651858.CD010513.pub2
Song, C.Y., Lin, Y. F., Wei, T. C., Lin, D. H., Yen, T. Y. & Jan, M. H. (2009). Surplus value of
hip adduction in leg-press exercise in patients with patellofemoral pain syndrome: A
randomized controlled trial. Physical Therapy, 89(5), 409-418.
doi: 10.2522/ptj.20080195
Taylor, K. E. & Brantingham, J. W. (2003). An investigation into the effect of exercise combined
with patella mobilization/manipulation in the treatment of patellofemoral pain syndrome:
A randomized, assessor-blinded, controlled clinical pilot trial. European Journal of
Chiropractic, 51(1), 5-17.
Retrieved from: https://search.pedro.org.au/search-results/record-detail/23124
Tsakoniti, A. E., Stoupis, C. A. & Athanasopoulos, S. I. (2008). Quadriceps cross-sectional area
changes in young healthy men with different magnitude of Q angle. Journal of Applied
Physiology, 105(3), 800-804.
https://doi.org/10.1152/japplphysiol.00961.2007
Tyler, T. F., Nicholas, S. J., Mullaney, M. J. & McHugh, M. P. (2006). The role of hip muscle
function in the treatment of patellofemoral pain syndrome. The American Journal of
Sports Medicine, 34(4), 630-636.
https://doi.org/10.1177/0363546505281808
van der Heijden, R. A., Lankhorst, N. E., van Linschoten, R., Bierma-Zeinstra, S. M. & van
Middelkoop, M. (2015). Exercise for treating patellofemoral pain syndrome. Cochrane
Database of Systematic Reviews, 2015(1), n.p.
doi: 10.1002/14651858

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

51

Van Gent, R. N., Siem, D., van Middelkoop, M., van Os, A. G., Bierma-Zeinstra, S. M. A. &
Koes, B. W. (2007). Incidence and determinants of lower extremity running injuries in
long distance runners: a systematic review. British Journal of Sports Medicine, 41(8),
469–480.
http://doi.org/10.1136/bjsm.2006.033548
Van Linschoten, R., Van Middelkoop, M., Berger, M. Y., Heintjes, E. M., Verhaar, J. A.,
Willemsen, S. P., Koes, B. W. & Bierma-Zeinstra, S. M. (2009). Supervised exercise
therapy versus usual care for patellofemoral pain syndrome: An open label randomised
controlled trial. BMJ: British Medical Journal, 339(7728), 1010-1013.
https://doi.org/10.1136/bmj.b4074
van Middelkoop, M., van der Heijden, R. A. & Bierma-Zeinstra. (2017). Characteristics and
outcome of patellofemoral pain in adolescents: Do they differ from adults? Journal of
Orthopaedic & Sports Physical Therapy, 47(10), 801-805.
doi: 10.2519/jospt.2017.7326
Willy, R. W., Manal, K. T., Witvrouw, E. E. & Davis, I. S. (2012). Are mechanics different
between male and female runners with patellofemoral pain? Medicine and Science in
Sports and Exercise, 44(11), 2165–2171.
http://doi.org/10.1249/MSS.0b013e3182629215
Witvrouw, E., Callaghan, M. J., Stefanik, J. J., Noehren, B., Bazett-Jones, D. M., Willson, J. D.,
Earl-Boehm, J. E., Davis, I. S., Powers, C. M., McConnell, J. & Crossley, K. M. (2014).
Patellofemoral pain: Consensus statement from the 3rd International Patellofemoral Pain.
British Journal of Sports Medicine, 48(6), 411-414.

HIP AND KNEE EXERCISES ON PATELLOFEMORAL JOINT PAIN RECOVERY

Witvrouw, E., Danneels, L., Van Tiggelen, D., Willems, T. M. & Cambier, D. (2004). Open
versus closed kinetic chain exercises in patellofemoral pain: A 5-year prospective
randomized study. The American Journal of Sports Medicine, 32(5), 1122-1130.
doi: 10.1177/0363546503262187

52

