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Abstract
AIM: To determine if the addition of hip-strengthening exercises decreases pain and improves function in patients with patellofemoral pain syndrome. 

[bookmark: OLE_LINK543][bookmark: OLE_LINK544]METHODS: The authors completed a systematic review searching eight databases (i.e., PubMed, Cochrane, CINHAL, MEDLINE, SportsDiscus, EMBASE, APTA Hooked on Evidence, and PEDro).  Two independent reviewers screened and excluded studies if they did not meet the following inclusion criteria: subjects had a primary diagnosis of patellofemoral pain syndrome (PFPS), intervention group included hip-strengthening exercises, control group included a traditional physical therapy intervention, study included outcome measures of pain and/or function, study used a randomized controlled trial design, PEDro score was ≥ 7, and study was published in a peer-reviewed journal. Primary outcome measures were subjective scales of pain and function. These measures were converted to standardized mean difference (ES), and a random-effects model was used to calculate the overall ES. 

RESULTS: Two hundred eighty-three studies were screened for inclusion in our meta-analysis.  Nine studies were deemed suitable for data extraction and analysis.  A total of 426 subjects were used in the nine studies. Overall, there was a significant positive effect of hip-strengthening exercises on measures of pain and function in subjects with PFPS (ES = 0.94, P = 0.00004). None of the individual studies had a negative ES, with study ES ranging from 0.35 to 2.59.  Because of the high degree of between-study variance (I2 = 76%; Q = 34.0, P < 0.001), subgroup meta-analyses and meta-regressions were performed. None of the potential moderator variables that were investigated (e.g., outcome type, hip region targeted, duration of treatment) could explain a significant amount of the between-study variance in ES (P ≥ 0.23).  

CONCLUSION: Overall, the addition of hip-strengthening exercises to traditional physical therapy produced greater improvements in measures of pain and function. 
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Core tip: The most effective treatment to improve pain and function in patellofemoral pain syndrome is uncertain. We performed a systematic review and meta-analysis to determine if the addition of hip-strengthening exercises to traditional physical therapy interventions could effectively reduce pain and increase function in patients with patellofemoral pain syndrome. Our analysis indicates that the addition of hip-strengthening exercises provides a significant and relatively large additional reduction in pain and increase in function.
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INTRODUCTION
Patellofemoral pain syndrome (PFPS), is a prevalent lower-extremity disorder. PFPS can account for over 10% of physician office visits in an orthopedic setting, and account for 25%-40% of patients with knee pain and/or injury[1-4]. Women are twice as likely to be affected compared to men[3,5-7]. The etiology of PFPS has historically been attributed to abnormal tracking of the patella resulting from abnormal muscle forces, either weakness or tightness, and/or biomechanical factors (e.g., Q angle, shallow trochlear groove) that alter the normal compressive and shear forces at the patellofemoral joint[1-8]. Lateral tracking of the patella can occur with an excessive Q angle at the knee, which is a measure of the angle of pull of the knee extensors in relation to the patellar tendon[2-3,8]. However, there is no consensus on PFPS’s etiology. 
Factors proximal to the patellofemoral joint are emerging as possible significant contributors to the cause of PFPS. There is a recent focus on the role of the hip abductor muscles in controlling the genu valgum angle at the knee during dynamic activity, finding that weakness of the hip abductors leads to an increased adduction/genu valgum moment with activity[8-10]. Weakness of the hip external rotators and extensors may also contribute to increased adduction and internal rotation of the lower leg with activity, thereby increasing biomechanical forces of shear and compression at the patellofemoral joint[10]. 
Traditional physical therapy interventions have focused on knee extensor strengthening, as well as bracing, taping, and modalities in treating patients with PFPS[2]. Often times, interventions focused strictly at the knee joint and knee extensors are not successful at decreasing a patient’s pain complaint[2]. With the recent interest in the role of the proximal hip joint musculature contributing to PFPS, the objective of this study was to determine, utilizing a systematic review and meta-analysis, if the addition of hip-strengthening exercises to a traditional physical therapy intervention reduces pain and improves function in patients with PFPS more so than the traditional physical therapy intervention alone.

MATERIALS AND METHODS
Systematic review
We reviewed the research literature to identify studies that examined the effects of hip-strengthening exercises on pain and functional limitations in patients with PFPS. Our literature search began September 2013 and continued through October 2014. Databases including PubMed, Cochrane, CINHAL, MEDLINE, SportsDiscus, EMBASE, APTA Hooked on Evidence, and PEDro were searched electronically. The search terms included: “patellofemoral AND hip strength*” and MeSH terms (patellofemoral pain syndrome/rehabilitation AND hip) OR (patellofemoral pain syndrome/therapy AND hip).

Study inclusion and exclusion criteria: Two independent reviewers screened and excluded studies if they did not meet the following inclusion criteria: (1) study utilized subjects with a principal medical diagnosis of patellofemoral pain syndrome; (2) study included a treatment group performing hip-strengthening exercises in combination with or without a traditional physical therapy intervention; (3) study included a control group performing a traditional physical therapy intervention; (4) study named the muscles or muscle region targeted with exercises performed; (5) study measured pain or function as outcomes; (6) studies were randomized controlled trials and had a PEDro score greater than or equal to 7[11]; and (7) study was published in a peer-reviewed journal.

Selection of studies:  Two hundred eighty-three studies were identified through the database searches and review of article reference lists. Of those, 126 studies were eliminated as duplicates among the different databases. Then, 135 studies were excluded on the basis of the title and/or review of the abstract. Twenty-two studies were fully evaluated via a careful review of the full text. On the basis of the inclusion and exclusion criteria, 13 studies were excluded leaving a total of nine studies to be included in the meta-analysis[12-20] (Figure 1).
Data extraction: For the meta-analysis, pain and function as reported by the numeric pain rating scale (NPRS), pain visual analog scale (VAS), Kujala anterior knee pain scale (AKPS), lower extremity functional scale (LEFS), and Womac pain rating scale data were extracted in the form of means, standard deviations, and sample sizes for the intervention (i.e., group employing hip-strengthening exercises) and control groups. The number of sessions, region of hip targeted, total duration of treatment sessions, time for follow-up assessments, and subject descriptive measures were also extracted from the studies.  The region of the hip targeted with exercise was extracted from the studies, and categorized as posterolateral if the exercises were isolated to the posterolateral hip muscles or general if the exercises involved the major thigh and muscles that cross the hip joint.  The time for follow-up was extracted from the studies and categorized as immediate follow-up if outcome assessments were done when the intervention ceased or as long-term for any assessment performed 3 or more months after the intervention ceased. Exercise intensity was extracted for all studies but was not found to be usable because of the variability among studies in how intensity was expressed or because it varied within and between sessions in some studies but not in others.

Meta-analysis
The extracted pain and functional measures data were converted to a standard format, i.e., standardized mean difference, which will be referred to as an effect size (ES) from this point on. Meta-analyses were run using the random-effects model that accounts for true between-study variation in effects as well as random error within each study. A random-effects model was employed for this analysis because the nine studies used dissimilar experimental designs and/or procedures[21]. Between-study variance was assessed using the Q value and I2. Because substantial between-study variance was detected, we sought to determine the role that different experimental factors might have in explaining this variance. These factors can be treated as potential moderator variables. Meta-regressions (using a methods of moment model) or subgroup meta-analyses were used to probe the following potential moderator variables: region of hip targeted during the hip exercises, number of exercise sessions, duration in weeks of exercise intervention, control group type, outcome type, and time of follow-up. Subgroup meta-analyses and meta-regressions were used for analysis of categorical and continuous variables, respectively. In studies with more than one experimental factor level being evaluated (e.g., a study using both pain and function outcomes in the subgroup meta-analysis evaluating the effect of outcome type), an ES was calculated for each level and was treated as if it originated from an independent study.
Meta-analyses were conducted using Comprehensive Meta-Analysis software (version 2.2; Biostat Inc., Englewood, NJ). An  level of 0.05 was used in all analyses.  Effect sizes of 0.2, 0.5, and 0.8 were considered to be small, moderate and large respectively[22]. The possible effect of publication bias on the meta-analysis was assessed by visual assessment of a funnel plot and using Duval and Tweedie’s trim and fill correction. 

RESULTS
Description of included studies
In total, nine studies were included in the meta-analysis examining the effect of hip-strengthening exercises on pain and function in persons with PFPS. The characteristics of these studies are summarized in Table 1. All nine studies were published in peer-reviewed journals and used a randomized controlled trial design. Subjects were randomly assigned to the two groups, i.e., one receiving a traditional intervention and one receiving traditional intervention plus hip exercises. Therapy providers were not blinded to which group they were assigned to. Assessors administering the outcome assessments (i.e., Pain VAS, NPRS, LEFS, and Kujala AKPS) were blinded to the groups that the subjects were assigned to; however, subjects completed these questionnaires and were aware of the group they were assigned to. All but one study included measures of both pain and function; the one study included only a measure of pain[18]. Seven of the studies measured outcomes immediately after completing the intervention [12, 14-19], while two studies did not make assessments of pain and function until at least three months post intervention[13,20]. Dolak et al[12] made a follow-up assessment at 1 and 2 months post intervention; however, this data was not included in the analysis because the exercise regimen changed after post-treatment and did not meet our inclusion criteria. Witvrouw et al[20] made a follow-up assessment at 5 years post intervention; however, these data were not included in the analysis because baseline measures were not available for the subjects who reported for the 5-year follow-up and subjects were inconsistent in adhering to their exercise regimen during this period. Six studies specified hip exercises as targeting the posterolateral musculature of the hip, such as hip abduction, hip lateral rotation and hip extension[12-14,16-18], while three studies’ hip exercises were considered general to the hip musculature[15,19,20]. A total of 426 subjects were used in the nine studies. Subject gender in the studies was generally a mixture of men and women but one study used men only[15] and three studies used women only [12-14]. The duration of intervention varied among studies from 4 to 12 wk, with total number of treatment sessions ranging from 12 to 84.

Meta-analysis on pain and function outcomes
When combining all outcome types and times for follow-up, meta-analysis of all nine studies yielded a statistically significant and large effect size (ES = 0.94, P = 0.00004), indicating that patients with PFPS performing hip exercises in addition to traditional physical therapy interventions reported less pain and increased function than control subjects receiving traditional interventions (Figure 2). None of the individual studies had a negative ES, with the standardized mean difference ranging from 0.35 to 2.59. No one study was found to dominate the calculation of the overall ES. Fukuda et al[13]  2012 had the single largest effect on the overall ES but even if it was removed from the analysis, the overall ES was still moderate-to-large and statistically significant (ES = 0.67, P = 0.000001). Publication bias also did not appear to affect the overall ES. We did not observe any overt asymmetry in the funnel plot of standard error versus study ES. Furthermore, when the Duval and Tweedie’s trim and fill adjustment was applied to correct for potential publication bias, no studies were trimmed and thus the procedure made no adjustment to the overall ES.
The two assessments of variation in ES among the studies indicate that the variation is both large (I2 = 76%) and statistically significant (Q = 34.0, df = 8, P < 0.001). Because of this variability, subgroup meta-analyses and meta-regressions were used to probe possible roles for six experimental factors that might help to explain ES variation among the nine studies. Table 2 summarizes the findings of those analyses. None of the experimental factors were able to significantly account for any ES variation. Subgroup analysis of outcome type, time of follow-up, control group type, and hip region targeted with exercise indicated that these variables could not explain a significant amount of the between-study ES variation (P ≥ 0.23).  Using meta-regression, it was determined that exercise duration in number of weeks and the total number of treatment sessions also could not explain a significant amount of the between-study ES variation (P  0.38).

DISCUSSION
The main finding of this study is that in persons diagnosed with patellofemoral pain syndrome the addition of hip-strengthening exercises to traditional physical therapy produced greater improvements in measures of pain and function than traditional therapy alone. Given this finding, developing a targeted program to strengthen both the hip and knee musculature as opposed to alternatives such as strengthening only the knee extensors may lead to fewer number of physical therapy and doctor visits and overall quicker recovery times. Interestingly, the number of exercise sessions and/or number of weeks of exercise intervention did not appear to affect the variation between studies in the effectiveness of the hip-strengthening exercises. 
There are several potential limitations of our systematic review and meta-analysis, as well as some methodological concerns with the underlying studies themselves. One possible limitation of our systematic review was publication bias. Publication bias occurs when published research is systematically unrepresentative of the total population of studies[21]. Studies with non-significant and/or negative findings are less likely to be published, and this may influence the overall ES in a meta-analysis that is based largely on published studies. Publication bias was assessed in our review by examination of the funnel plot. Additionally, the Duval and Tweedie’s trim and fill adjustment was applied but there was no correction to the overall ES. But because of the relatively few studies, the sensitivity of these analyses could be lacking. Furthermore, we did not rigorously examine the grey literature for unpublished studies.
A second potential limitation of our analysis was the inability to explain the substantial between-study variance in ES. Subgroup analyses and meta-regressions did not identify any experimental factors that could help explain this variance. Many of these analyses probably did not have adequate statistical power because of the limited number of studies in the review and because some subgroups had as few as three studies in them.  We tried to assess the ability of gender to explain the between-study variance in ES but could not run a subgroup analysis on gender because there was only one study that used only male subjects. Another concern of the systematic review and meta-analysis is that the exercises performed in each study were categorized by the region of the thigh the exercises targeted (i.e., knee extensors, general hip, posterolateral hip) versus listing each specific exercise performed. Thus, we were not able to assess how the performance of specific exercises might explain the between-study variance in ES and enable us to hypothesize a particular exercise to be more effective in reducing pain and improving function in patellofemoral pain syndrome.  We also were not able to assess if the exercise intensity for the interventions might explain the between-study variance in ES.  .
A third potential limitation of our analysis is the inability to completely blind the subjects and therapy providers within the individual studies.  All studies are randomized control trials with random assignment of subjects to groups.  Subjects that have basic knowledge of anatomy and exercise would likely be aware of which group they were assigned to. While assessors administering the outcome assessment tools (i.e., Pain VAS, NPRS, LEFS, and Kujala AKPS) were blinded to subject group assignment, the subjects themselves completed the outcome tools which consists of questionnaires. Whether an assessor is blinded or not should not affect how a subject completes these forms.
This study’s findings provide justification for future research. All study ES including the overall ES were positive, suggesting that despite the large variation in experimental design among studies, the addition of hip strengthening to traditional physical therapy interventions is beneficial in reducing pain and function in patellofemoral pain syndrome when compared to traditional knee-focused interventions alone. Future research examining whether hip-strengthening exercises are equally effective in men and women is important to know, especially when considering that women are more frequently diagnosed with patellofemoral pain syndrome. It would also be helpful, with a larger number of studies, to be able to identify individual hip exercises that are more beneficial than others in decreasing pain and improving function.

COMMENTS
Background
Patellofemoral pain syndrome (PFPS), is a common disorder of the knee.  There is no consensus on the etiology of PFPS, however there is an emerging focus on the contribution of proximal structures, i.e., the hip, on PFPS. Traditional therapeutic exercises performed to address PFPS focus on strengthening the knee extensor muscles.

Research frontiers
Interventions targeting the more proximal segment, the hip, in treating PFPS are becoming more of a focus in rehabilitation than targeting the knee extensor muscles alone.

Innovations and breakthroughs
Previous systematic reviews that looked at PFPS only performed review of the literature.  The present study included more high quality studies and performed a meta-analysis to quantitatively assess the effect of hip exercises on PFPS compared to traditional interventions.

Applications
The present study suggests that the addition of hip strengthening exercises to traditional therapy improves pain and function in patients with PFPS. 

Terminology
Patellofemoral pain syndrome is a diagnosis characterized by anterior knee pain surrounding the patella.  

Peer-review
The authors present a well written manuscript with a sound conclusion.
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Figure 1 Flow diagram of the number of studies identified, the number excluded and the reasons for exclusions, and the final number of studies included in the systematic review and meta-analysis.
Pooled studies from initial search of electronic databases (n = 283)
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Duplicates excluded (n = 126)
Studies excluded on basis of titles or abstracts not meeting the inclusion criteria (n = 135)
Studies not meeting the inclusion criteria (n = 13)
Unable to extract data (n = 0)
Final included studies (n = 9)
Total studies considered for data extraction (n = 9)
Potentially relevant studies for full text evaluation (n = 22)
Pooled studies after exclusion of duplicates (n = 157)

Figure 2 Forest plot of effect sizes from studies that assessed the effect of hip strengthening exercises on pain and function in patients with patellofemoral pain syndrome.  A square represents the effect size for a given study with the size of the square being proportional to the weighting of that study in the meta-analysis. A horizontal line indicates the 95%CI for an effect.  Studies are arranged from lowest to highest effect size.  The diamond at the bottom represents the overall effect size calculated using a random-effects model.  The width of the diamond represents the 95% CI for the overall effect size.
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Table 1 Characteristics of the nine studies examining the effects of hip strengthening exercises on pain and function in patients with patellofemoral pain syndrome

	Ref.
	Subject information
	Subject mean age (min-max)
	Hip region targeted 
	Outcome measured
	Time to follow-up (mo)
	Number of exercise sessions
	Exercise duration (wk)
	PEDro quality score (0-11)

	Dolak et al[12]
	33 women
	25.5
(16-35)
	Posterolateral
	Pain VAS and LEFS
	0, 11, 21
	12
	4
	7

	Fukuda et al[14]
	41 women
	25
(20-40)
	Posterolateral
	NPRS, Kujala AKPS, LEFS
	0
	12
	4
	9

	Fukuda et al[13]
	49 women
	22.5
(20-40)
	Posterolateral
	NPRS, Kujala AKPS, LEFS
	3, 6, 12
	12
	4
	9

	Herrington et al[15]
	30 men
	26.9
(18-35)
	General
	Pain VAS, Kujala AKPS
	0
	18
	6
	9

	Ismail et al[16]
	32 (9 men, 23 women)
	21
(18-30)
	Posterolateral
	Pain VAS, Kujala AKPS
	0
	18
	6
	8

	Khayambashi et al[17]
	36 (18 men, 18 women)
	27.8
(12-44)
	Posterolateral
	Pain VAS, Womac
	0, 6
	24
	8
	7

	Nakagawa et al[18]
	14 (4 men, 10 women)
	23.6
(17-40)
	Posterolateral
	Pain VAS
	0
	30
	6
	10

	van Linschoten et al[19]
	131 (47 men, 84 women)
	24
(14-40)
	General
	Pain VAS, Kujala AKPS
	0, 9
	84
	12
	7

	Witvrouw et al[20]
	60 (20 men, 40 women)
	20.3
(14-33)
	General
	Pain VAS, Kujala AKPS
	3, 601
	15
	5
	8


1Data for this time point not included in analysis due to lack of baseline data matched to subjects in that time to follow-up and/or a change in the intervention regimen that did not meet our criteria. VAS: Visual analog scale; NPRS: Numeric pain rating scale; LEFS: Lower extremity functional scale; AKPS: Anterior knee pain scale.

Table 2 Summary of subgroup meta-analyses and meta-regression analyses examining potential moderator variables that might explain the variation in effect size among studies

	Moderator variable
	Comparison (or slope for continuous variables)
	P value

	Outcome type
	Function (n = 8, ES=0.92) vs Pain (n = 9, ES = 0.95)
	0.95

	Time of follow-up
	[bookmark: OLE_LINK547][bookmark: OLE_LINK548]Immediate (n = 7, ES=0.79) vs Long term (n = 4, ES = 1.111)
	0.44

	Control group type
	Knee extensor strengthening only (n = 6, ES = 1.15) vs Knee extensor strengthening plus other (n = 3, ES = 0.56)
	0.24

	Hip region targeted with exercise
	General hip (n = 3, ES = 0.60) vs Posterolateral hip (n = 6, ES = 1.13)
	0.23

	Number of exercise sessions
	-0.009/session
	0.38

	Number of weeks of exercise
	-0.066/wk
	0.48


ES: Effect size.
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