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Background:
Patellofemoral pain syndrome is a common disorder of the knee with multifactorial aetiology. Multimodal
treatment, including exercise therapy, has been shown to be effective in the treatment of patellofemoral pain,
although some patients continue to experience pain and dysfunction despite treatment. To address this, recent
research has started to investigate the lumbo‐pelvic and hip girdle in patellofemoral pain.
Purpose:
The aim of this systematic review was to investigate the effectiveness of proximal exercises, compared with knee
exercises, for patients with patellofemoral pain, in improving pain and function.
Methods:
A computer‐based search (population: patients with patellofemoral pain, intervention: proximal [hip or lumbo‐
pelvic] exercises, comparator: knee exercises, outcome: self‐reported pain and/or functional questionnaire) was
undertaken. Medline, Embase, CINAHL, SportsDiscus, Cochrane Library and PEDro were searched for studies
published between January 2011 and January 2013. The included studies were appraised independently using the
McMaster Critical Review Form for Quantitative Studies. Data was extracted for the exercise prescription and
applicable outcome measures, and a descriptive analysis undertaken.
Results:
Eight studies (three randomized controlled trials, one clinical controlled trial, three cohort studies and one case
series) of moderate to high methodological quality met the inclusion criteria. Proximal exercise programs showed
a consistent reduction of pain and function in the treatment of patellofemoral pain. Knee exercise programs had
variable outcomes.
Conclusion:
Proximal interventions provide relief of pain and improved function in the short and long term and therefore
physical therapists should consider using proximal interventions for treatment of patellofemoral pain.
Level of Evidence:
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Patellofemoral pain syndrome (PFPS) is a common disorder of the knee. Prevalence is estimated to be between
eight and 40%, with a higher incidence in females.1,2 PFPS routinely affects adolescents, young adults, and the
athletic population.2–5 Sufferers generally present to sports physicians and physical therapists with peri‐patellar
pain aggravated by activities stressing the patellofemoral joint, such as squatting, prolonged sitting, stair
climbing and running.6 The exact aetiology remains unknown but factors contributing to PFPS are thought to
include: proximal and distal muscle imbalance and weakness, overuse, soft tissue tightness and poor lower limb
alignment, such as increased Q angle and poor foot biomechanics.6,7
Conservative management is the first choice for treatment, with options including: exercise, patella taping and
bracing, foot orthoses, manual therapy, electrotherapy, biofeedback and pharmacology.7,8 There is strong
evidence for the efficacy for a multimodal physiotherapy approach targeting distal and proximal influences as
compared with placebo in the short term.8 Exercise is also effective although the research into the efficacy of the
remaining conservative treatments is equivocal and requires further investigation.8 Surgical options such as
arthroscopy for chondroplasty, meniscal repair, and lateral release have been used in the past, but recent studies
have reported no additional benefit of surgery compared with conservative treatment.9,10
Exercise therapy has consistently been found to be effective in reducing pain in patients with PFPS, with
programs traditionally focussing on improving quadriceps strength and vastus medialis obliquus function.7,8,11
Despite the success of conservative treatment in many cases, some patients continue to experience pain and
dysfunction, making PFPS a challenging condition to treat.7,8,12 As such, researchers have recently investigated
the influence of the proximal musculature, including the hip girdle and lumbo‐pelvic region.13,14 Hip muscle
weakness and reduced dynamic postural stability have been reported in the literature as potential contributors to
abnormal patellofemoral joint kinematics.13–16 As a result there has been a recent shift towards including
proximal exercises in the management of PFPS in order to decrease the load on the patellofemoral joint and
normalize the kinematics.13,15
Two recent systematic reviews have investigated the efficacy of conservative treatment options, including
exercise, on pain levels in the treatment of PFPS.7,8 Collins et al8 conducted a high quality review and concluded
that multimodal physical therapy, addressing the entire lower limb and proximal regions, reduced pain in PFPS.
They reported that the effectiveness of knee exercise programs was not improved with the addition of proximal
exercises, or other interventions. In addition, they identified that core stability deficits had not been investigated
in the literature. In a moderate quality review, Bolgla et al7 reported reduced pain with hip exercises for PFPS but
these interventions combined knee exercises and/or manual therapy, potentially confounding the results. They
reported that quadriceps exercises (open or closed kinetic chain) alone significantly reduced pain levels in most
instances. Bolgla et al7 identified the need to investigate the effect of isolated hip strengthening for treatment of
PFPS, and to investigate treatment efficacy in different patient groups. Harvie et al17 systematically reviewed the
required prescription parameters for effective exercise programs for PFPS, but did not differentiate on the area of
the body being exercised. There is no available recent review of functional outcomes after exercise therapy.
Considering the recent therapeutic interest in proximal interventions for PFPS, this systematic review builds on
the current evidence base for exercise and addresses the need for further high quality research into the effects of
proximal‐based exercise programs in the treatment of PFPS. The aim of this systematic review was to investigate
the effectiveness of proximal exercises, compared with knee exercises, for patients with PFPS, in improving pain
and function.

METHODS
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Study design
This systematic review was guided by the PRISMA statement.18 All prospective, experimental studies were
considered if they included pain and/or functional outcome measures after proximal or knee exercise‐based
interventions in subjects with PFPS.
Types of Participants
Studies were considered if they involved adults or adolescents (as defined by individual studies) with a clinical
diagnosis of PFPS, consistent with the inclusion criteria of previous systematic reviews on this condition.11,17
Accurate diagnosis of PFPS remains unclear,19 and as such the diagnostic criteria of recent reviews and research
in the area guided this review. Studies were included if participants reported insidious onset of anterior or
retropatellar knee pain during any of the following activities: climbing stairs, hopping, running, squatting,
kneeling or prolonged sitting. Studies on subjects reporting recent knee surgery, trauma or co‐existing knee
pathologies (e.g., osteoarthritis, meniscal tears) were excluded.
Intervention
Experimental studies were included if any arm of the study involved an exercise program principally targeting
proximal musculature of the lumbar, pelvic, and hip regions. This could incorporate strengthening, stabilizing, or
stretching exercises.
Comparator
Studies were included if any arm of the study involved an exercise program principally targeting the knee joint,
particularly the quadriceps. This could incorporate strengthening, stabilizing, or stretching exercises. No co‐
intervention (e.g. electrotherapy, taping) was permitted for either intervention or comparator.
Outcome Measures
Studies were included if they reported on functional outcome questionnaires for the knee and/or self‐reported
pain post intervention and for any length of follow up. Crossley et al20 have reported that the Kujala Anterior
Knee Pain Scale (AKPS) when combined with the visual analogue scale (VAS) are reliable, valid and responsive
in patients with PFPS. However, various pain and functional measures have been reported in recent literature
thus it was decided to include all available outcome measures for this systematic review.
Data Sources and Search Strategy
A computer‐based search strategy was undertaken using the following databases: Medline, Embase, CINAHL,
SportsDiscus, Cochrane Library and PEDro up until 28 January 2013. The keywords for the PICO (population,
intervention, comparator, outcomes) search strategy are detailed in Table 1. Studies published between January
2011 and January 2013, in English and available in full text were considered. The full search strategy can be
obtained from the authors. The most recent review on exercise for PFPS7 reported effectiveness of both proximal
and knee exercises but recommended future research should compare them. Their search concluded on 31
December 2010 and therefore the literature was searched after this date. Additional references relevant to this
search were selected from the reference lists of included studies and recent systematic reviews on exercise and
PFPS.7,8,17,21 Google Scholar was examined for grey literature not found with conventional database searching.
Table 1.
Search strategy ‐ PICO defi nitions and keywords utilized.

Each investigator participated in every step of the review. After establishing the protocol collaboratively, the
reviewers searched the databases independently before comparing their search results for accuracy. Titles,

abstracts and, where necessary, full texts were screened for eligibility. Decisions as to which studies to include
for appraisal were made together.
Critical appraisal of included studies
The McMaster Critical Review Form for Quantitative Studies22 was used to determine methodological quality of
included studies, by assessing bias within studies. McMaster utilizes 16 elements to appraise all types of
experimental designs. Responses were marked as yes (one point), no or not addressed (zero points) or not
applicable. The study design and associated NHMRC level of evidence23 were also reported.
As this review compared exercise interventions, the authors established nine additional criteria that each study
should describe for comprehensive interventions related to exercise: 1) reproducible description, 2) repetitions
and sets, 3) frequency, 4) program duration, 5) initial instruction by qualified practitioner, 6) level of supervision,
7) review of technique during program (if not supervised), 8) progression of program, and 9) modification for
pain during exercises. The reviewers conducted the critical appraisal of included studies independently and there
were no disagreements on appraisal scoring.
Data extraction and analysis
The data extraction and analysis were performed collaboratively. In addition to the data extracted with the
exercise appraisal (described above), the following were sought: sample characteristics (size, age, gender, and
activity profile), outcome measures used, results at baseline, post intervention and any reported follow‐up periods
and mean differences from baseline (including statistical significance). If studies were found to be missing
critical data for analysis, attempts would be made to contact the authors for further details.
Given the heterogeneity in previous reviews and the authors’ clinical experience, it was anticipated there would
be no homogeneity between studies and therefore we planned to analyse the data qualitatively. To enable
comparison between studies, average percentage change from baseline was calculated (where possible) for
significant findings in each study. This was defined as: the difference between the mean baseline and post‐
test/follow up scores divided by the mean baseline score and expressed as a percentage. The mean percentage
change and standard deviation for each group was then calculated. Effect sizes were calculated if appropriate data
was available.

RESULTS
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Search Strategy
The search strategy produced eight relevant articles, with nine intervention arms, which met the inclusion criteria
(Figure 1). All trials were from peer‐reviewed journals, seven were experimental studies and one reported on
follow up data.24 Only Fukuda et al24 were contacted by the authors in regards to absent post‐intervention data
for their study. They advised that post‐intervention data were not collected as they had reported on this in a
previous publication on a different group of subjects.25 The reviewers chose to include this study, despite it not
technically being an experimental trial, as they felt the follow‐up data would provide useful information. No
experimental protocols were identified that had not progressed to published trials.
Figure 1.
PRISMA diagram.

Methodological Quality
All included articles scored moderate to high on the McMaster critical appraisal tool (Table 2). The NHMRC
level of evidence was variable, with three randomised controlled trials (RCT) (level II), one clinical controlled
trial (CCT) (level III‐1), three cohort studies (level III‐2), and one case series (level IV). Only two articles met all

of the McMaster criteria. Five did not justify their choice of sample size. Reporting of the reliability and validity
of outcome measures and dropouts was inconsistent. Contamination and cointervention were not addressed in
three studies. Blinding of the therapist and subjects was not reported, but with exercise interventions it is difficult
to do this. There was consensus between the reviewers on the appraisal results at the initial discussion.
Table 2.
Methodological quality of studies using the McMaster Critical Review
Form.22
The critical appraisal of the exercise intervention is presented in Table 3. Items were generally well reported and
three studies met all desired criteria. In the remaining studies the effect of pain on program modification was not
documented. Eapen and colleagues26 did not clearly report progression of the exercises. All but one study
reported appropriate repetition parameters in line with the recommendations of Harvie et al,17 however the
frequency and duration of the exercise programs were variable and generally less than recommended for PFPS
exercise. In particular, only one study carried out exercises daily,27 and four out of the eight intervention periods
were of less than the recommended six weeks.
Table 3.
Appraisal of the description of the exercise intervention.

The Interventions
A summary of the nine intervention arms for the component studies is provided in Table 4.
Table 4.
Description of main aspects of included studies.

Proximal exercises
Four studies reported on a proximal exercise intervention arm, predominantly targeting the hip muscles in single
joint movements with either elastic band or weighted resistance.27–30 Hip abduction was prescribed in all studies
and only Earl et al29 included lumbo‐pelvic exercises, such as quadruped and plank exercises, as outlined in
Table 4. Stretching was prescribed in two studies. All four studies reported significantly reduced pain on the VAS
after the exercise program (= 3.67±1.96 or 65.1±22.9% reduction).27–30 Three studies reported significant
improvements in function using varying outcome measures (= 37.5±37%).28–30 Khayambashi et al30 reported
pain was reduced at a 6 month follow up.
Knee exercises
Five studies reported on a knee exercise intervention,24,26,28,31,32 predominantly focused on open kinetic chain
quadriceps exercises. Fukuda et al24 also included calf raises, knee flexion and squat. Stretching of the lower
limb was included in two studies. Mason32 reported a significant reduction in pain on 75% of assessed activities,
although initial pain levels were much lower than the other studies. Three out of four studies found a significant
reduction in pain post intervention ( = 36.8±26.95%).26,31,32 Three studies reported on functional outcomes, all
with significant improvement post intervention (= 20.5±12.2%).26,28,31 Fukuda et al24 reported reduced pain at
3 months (going upstairs only) and at 6 months (going upstairs and downstairs) only. The only improvement at
12 months was in the Lower Extremity Functional Scale score.
Proximal exercises compared to knee exercises

Only one study directly compared the effect of proximal exercises to knee exercises.28 It was reported that the
proximal exercise group had significantly greater improvement in pain at four weeks compared with the knee
exercises group, but functional outcome was the same. Data were not available to calculate effect size. Fukuda et
al24 compared knee only exercises to a combined program of knee and proximal exercises, finding a significant
difference between groups (favouring the combined program) for all outcome measures at three, six and twelve
months. Statistical comparisons could not be completed between studies due to heterogeneity. A summary of the
effectiveness of the exercise programs is presented in Table 5.
Table 5.
Summary of the effect of exercise for PFPS.

Summary
This systematic review found eight experimental studies of moderate to high methodological quality
investigating the effect of proximal or knee exercise interventions (nine intervention arms) on pain and/or
function in patients with PFPS. All of the proximal exercise programs improved pain and function, while 80% of
the knee interventions reduced pain, and 75% improved function.

DISCUSSION
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Previous systematic reviews have supported the effectiveness of exercise in reducing pain levels for PFPS.7,8,11
However, this is the first systematic review that directly compares the effectiveness of proximal exercises to knee
exercises for patients with PFPS, with respect to pain and functional outcomes. Proximal exercise interventions
consistently improved short and long term functional and pain outcomes with greater improvements than the
knee exercise interventions.
This systematic review included a range of experimental study designs with moderate to high methodological
quality using the McMaster tool.22 However this critical appraisal instrument does not include items for
reporting on random allocation, blinding or sample heterogeneity. Of note, Khayambashi et al30 used alternate
allocation of subjects to groups. Random allocation would have been simple to implement and would have
increased the strength of the body of evidence. The samples were small in all the intervention arms of interest (n
< 30) and justification of sample size was only evident in three studies, potentially reducing the power and
increasing risk of a type II error.33 The studies also looked at different patient groups: runners, active and
sedentary (and not described in two studies),28,32 possibly affecting external validity and the ability to compare
between studies. Additionally, the mean age within studies varied and the age of subjects in Mason et al32 was
considerably older than the other studies.
Generally the interventions of the component studies targeted only the proximal or knee region and were easily
classified to either group. However, some protocols included exercises that used muscles in both regions, such as
a squat which activates quadriceps, hamstrings, gastrocnemius and gluteus maximus.34 The gluteal muscles were
stretched during the warm up by Chiu et al31 however no prescription was provided and thus it was agreed this
was a minor part of the intervention. In these cases, the reviewers used their clinical experience to classify the
interventions based upon the area which the majority of the exercises targeted.
The study by Fukuda et al24 did not report on the results immediately post intervention (6 weeks), only after 3, 6
and 12 months. This study was retained in the review because it was the only knee exercise intervention to report
long‐term outcomes, providing valuable information for clinicians.
The proximal exercise interventions described in the studies consistently indicated positive effects, despite
variations in the: duration of the program, types of exercises included and prescription parameters. Long term
reduction of pain was evident,30 but this was reported on in only one study. There was only one study that
directly compared proximal exercises to knee exercises, but long term follow up results were not useful as the

authors used a combined intervention after the initial four week program.28 Variable knee exercise interventions
were conducted with inconsistent results. The two studies with lowest methodological quality reported positive
outcomes with knee interventions of short duration,31,32 suggesting more caution be used when interpreting their
findings because of the possibility of Type 1 errors.
Consistent with the results of previous systematic reviews, nearly all exercise interventions resulted in clinical
improvements in pain and function in patients with PFPS, however it appears there are more consistent and
greater improvements with proximal interventions. This may be because these exercises improve proximal and
distal alignment and reduce load on the patellofemoral joint.13,15 This is relevant in easily irritated PFPS, where
increasing the load on the patellofemoral joint initially could increase symptoms such as pain and swelling. In
this case, starting with proximal exercises could be of more benefit and may not produce adverse effects.
Conversely, the 75–80% improvement in function and pain with knee exercises alone provides a viable treatment
option for patients whom may be unable to complete proximal exercises, for example due to hip, pelvic or
lumbar pain. Given the multifactorial nature of PFPS,6,7 it is unlikely that a single intervention would result in
full recovery nor that an experienced clinician would use proximal or knee exercises in isolation when treating a
patient. However, the results of this systematic review support consideration of proximal interventions when
treating patients with PFPS.
Most of the exercises described in the effective proximal exercise programs could be easily implemented in most
clinical practices and conducted by patients at home using simple equipment such as ankle weights and elastic
band resistance. Conversely, effective knee programs may have utilized isokinetic dynamometry and gym
equipment, limiting accessibility and increasing the cost to access such equipment. The two knee programs that
did not require specialised equipment had variable results.28,32
The interventions were generally well described, allowing reproducibility in the clinical situation. The current
recommendation for effective exercise in PFPS is: daily exercise of two‐four sets of ten or more repetitions, for
six or more weeks.17 Unfortunately, this was most likely published after the commencement of research in the
included studies, resulting in the use of variable parameters of exercise prescription. More than half the studies
included interventions of less than the recommended duration.17 This is particularly evident in the knee
interventions where 80% of the studies used an intervention of one to four weeks only. The final knee
intervention was eight weeks. This could explain why the results were variable within this arm of the study. As
no follow‐up was conducted by Eapen et al26 (two weeks) or Mason et al32 (one week), it is unknown if the
reported improvements would have been sustained with a six week intervention. Only Ferber et al27 conducted
daily exercise as recommended.
In 2004, Crossley et al20 recommended that, combined, the VAS and AKPS/Kujala are the most reliable outcome
measures in patients with PFPS. Only one study29 adhered to these recommendations and there was
inconsistency in the outcome measures used in the remaining studies. In this review, an attempt was made to
quantify the size of the improvement for each intervention arm using percentage change from baseline; however
due to the heterogeneity of outcome measures this suggests trends only and may not provide a valid comparison.
It would have been ideal to limit the inclusion criteria of this study to RCTs in order to improve the level of
evidence. However, given the narrow publication date range and lack of high level evidence for this topic, the
search justifiably included all study designs. It is also unknown if there are any relevant studies currently under
review and if any have been rejected for publication. Limiting the search to English language may be a source of
bias. Despite these factors, this systematic review is a synthesis of the available new evidence on the topic and is
able to provide useful information to clinicians and researchers.
This review highlights the need for more high quality, experimental research (RCT/CCT) directly comparing:
proximal, knee and combined proximal and knee exercises, with larger sample sizes. Subject activity levels
should be reported along with short and long term outcomes, using the recommended reliable and valid outcome
measures (VAS and AKPS).20 Adolescents are affected by PFPS,3 but no studies looked at interventions
specifically within this age group. Females have been extensively included in recent research on PFPS. Males

have not been studied in isolation in recent literature, and given they have been found to have different proximal
mechanics to females with PFPS16 they may respond differently to proximal interventions.

CONCLUSION
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The findings of this systematic review are consistent with previous evidence reporting effectiveness of exercise
for PFPS. In particular, there is consistent moderate to high quality evidence (three RCT, one CCT, three cohort
studies, and one case series) that proximal interventions provide relief of pain and improved function in the short
term, whereas the knee programs have variable effectiveness. Physical therapists should consider using proximal
interventions for early stage treatment for PFPS.
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