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Abstract 

Introduction. Patellofemoral pain is a common condition that results in anterior knee pain and frequently affects a wide range of the population, from 

adolescents to older adults. The etiology of patellofemoral pain is multifactorial and usually results in peripatellar or retropatellar pain. The purpose of 

this study is to determine whether a correlation exists between the strength of the posterolateral hip musculature and the severity of pain or level of 

function experienced by individuals with patellofemoral pain. 

 

Methods. The participants rated pain and functional levels with the Numeric Pain Rating Scale and the Lower Extremity Functional Scale, respectively. 

The strength of the participants’ posterolateral hip musculature was assessed with a handheld dynamometer. This study used a quantitative, cross-

sectional, correlational design to determine the nature of the correlations between these variables. 

 

Results. A total of 30 participants met the inclusion criteria and participated in the study. Posterolateral hip strength and pain severity ratings were 

found to be significantly negatively correlated at the .05 level, r (28) = -.375, p=.041. Posterolateral hip strength and the participants' level of function 

were significantly positively correlated at the .01 level, r (28) = .541, p = .002. Pain severity ratings and the participants' level of function were also 

significantly negatively correlated at the .001 level, r (28) = - .526, p = .003. 

 

Discussion. Due to the multifactorial nature of PFP, the most evidence-based treatment approach is a thorough assessment followed by the development 

and implementation of an individualized, comprehensive treatment plan. Based on the findings of the study, however, weakness of the posterolateral 

hip musculature may indeed be present in a significant percentage of individuals with PFP.  
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Introduction 

Patellofemoral pain (PFP) is one of the most common orthopedic 

problems involving the knee, especially in more active individuals 

from adolescents to older adults (Hott et al., 2019). Patellofemoral 

pain is thought to result from a combination of biomechanical, 

anatomical, psychological, and behavioral factors. Common 

aggravating activities include squatting, running, jumping, and 

ascending or descending stairs. According to Hott et al. (2019), 

the primary complaint in individuals with PFP is retropatellar or 

peripatellar pain that is increased with activities, such as 

squatting, that increase pressure at the patellofemoral joint (PFJ). 

Peripatellar tenderness is also commonly present. Common 

terminology used synonymously with PFP includes PFP 

syndrome, anterior knee pain, runner's knee, or chondromalacia 

patella. Diagnosing someone with PFP requires a thorough 

clinical examination, but there is no conclusive special test to 

clinically diagnose PFP (Crossley et al., 2016).  

According to Capin and Snyder-Mackler (2018), the annual 

incidence of PFP is reported to be 23% in the general population, 

with increased incidence in females compared to males. 

Individuals with PFP typically reported persistent symptoms, and 

57% reported poor outcomes 5 to 8 years after being initially 

diagnosed. Ramskov et al. (2015) reported that PFP has poor long-

term outcomes and that between 71% and 91% of individuals have 

chronic symptoms up to 20 years following onset. Therefore, the 

recommended goal should be to provide optimal care and 

individualized rehabilitation protocols based on the specific needs 

of the patient, as there may be subgroups of patients that would 

benefit from varied treatment approaches (Capin & Snyder-

Mackler, 2018; Earl-Boehm et al., 2018).  

Despite significant research attempting to identify the causative 

factors of PFP, the underlying etiology remains a mystery (Bolgla 

et al., 2018). According to Souza and Powers (2009), the concept 

of hip weakness contributing to the development of PFP has 

gained traction more recently, with an increasing number of 

studies investigating this mechanism. The authors reported that 

dysfunction in the PFJ could be caused by influences from 

proximal in the kinetic chain, especially the hip. Weakness in the 

hip abductors and external rotators could lead to abnormal 

mechanics in the PFJ due to a lack of control of femoral adduction 

and internal rotation in a closed chain activity, such as squatting 

or descending stairs. Conversely, in a recent prospective study 

conducted to determine factors predictive of PFP development, 

Herbst et al. (2015) found that adolescent female athletes with 

greater hip abduction strength were more likely to develop PFP. 

Furthermore, Crossley et al. (2016) reported in the 2016 

Consensus Statement on PFP that the likelihood of weakness from 

the hip leading to the development of PFP remained unknown. 

The purpose of this study is to determine whether there is a 

correlation between the strength of the posterolateral hip 

musculature and the severity of pain or level of function 

experienced by individuals with PFP. 

Methods 

Research Design 

This study used a quantitative, cross-sectional, correlational 

design. Participants for this study were from the southeastern 

United States. The participants were assessed, and data was 

collected in a university laboratory or physical therapy clinic 

environment.  

Sampling and Population 

Study participants were recruited from the local community via 

flyers placed in high-traffic locations at local community colleges, 

universities, gyms, and healthcare facilities. Participants were 

also recruited from referrals from local healthcare providers, 

including physicians and physical therapists. The inclusion and 

exclusion criteria were determined to reduce the likelihood of 

other variables presenting as anterior knee pain. The inclusion 

criteria were (a) 18-45 years old; (b) history of unilateral or 

bilateral peripatellar or retropatellar pain for at least 1 month; (c) 

pain with three or more of the following: prolonged sitting, 

ascending or descending stairs or inclines, squatting, running, 

hopping, jumping, or palpation of patellar borders. The exclusion 

criteria were (a) other musculoskeletal hip or knee conditions, 

including iliotibial band syndrome, patellar tendonitis, ligament 

injuries, Osgood-Schlatter or Sinding Larsen Johansson 

Syndrome, acetabular labrum tear, or fracture of the hip or knee 

within the previous two years; (b) systemic or neurological 

conditions that could cause pain or weakness of the hip or knee; 

(c) pregnancy. Participants that volunteered from the community 

without a referral from a medical provider were screened for 

inclusion by an experienced, licensed physical therapist other than 

the principal investigator (PI). 

The PI performed a power analysis and determined that the 

minimum sample size needed for this study was 30 participants. 

Sampling was conducted via a sample of convenience. 

Participation in this study was strictly voluntary, and no coercion 

took place. The PI obtained Institutional Review Board approval 

and provided informed consent to the participants in a written 

format. Written permission from the medical or physical therapy 

clinics to perform data collection was also obtained. 

Outcome Measurements 

Participants completed forms and questionnaires that included an 

informed consent form, pain ratings using the Numeric Pain 

Rating Scale (NPRS), and the current level of function using the 

Lower Extremity Functional Scale (LEFS). The NPRS is an 11-

point scale with zero corresponding to no pain and 10 

corresponding to the worst pain imaginable. The NPRS is a 

reliable and valid assessment of pain for individuals with PFP 
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(Piva et al., 2009). The PI collected the participants' worst pain 

ratings. The LEFS is a questionnaire of self-reported functional 

ability for individuals with lower extremity injuries (Binkley et 

al., 1999). Scores range from zero to 80, with 80 being the highest 

functional level. The LEFS has been shown to be valid and 

reliable for individuals with knee injuries (Watson et al., 2005). 

The PI performed all of the data collection, including the strength 

testing for all participants in a university laboratory or physical 

therapy clinic setting. 

A Health-o-meter® digital scale was used to measure the 

participants' weight. Posterolateral hip strength was measured 

using a microFET® 2 handheld dynamometer (Hoggan Scientific, 

LLC., Salt Lake City, UT, USA) with the Hip Stability Test 

(HipSIT), which was shown to be valid and reliable for assessing 

posterolateral hip strength (Almeida et al., 2017). The HipSIT was 

chosen based on previously reported findings that the clam 

exercise produced the most electromyographic activation of the 

gluteal complex in relation to the tensor fascia lata (Almeida et 

al., 2017; Selkowitz et al., 2013). The microFET® 2 handheld 

dynamometer records strength measurements in 0.1-pound 

increments to improve accuracy. Handheld dynamometers have 

been shown to have excellent reliability and validity compared to 

isokinetic dynamometers, which are considered the gold standard 

(Mentiplay et al., 2015). Participants were guided through the 

appropriate movement pattern for the HipSIT. Then the PI applied 

manual resistance with the dynamometer without using a strap 

(Appendix A). A three-trial average of posterolateral hip strength 

was taken for each lower extremity with a 30-second rest break 

between trials. The average of the three trials was converted to a 

percentage of bodyweight specific to the individual participant. 

These measurements were taken bilaterally since the PI was 

blinded to which limb was involved until after data collection was 

completed. Once the involved limb was determined, only the data 

for the involved limb were analyzed for a correlation to pain 

severity ratings and the level of function of the participant. 

Data Gathering Procedure 

The PI obtained a signed informed consent form and instructed 

the participant to fill out the various questionnaires, including the 

NPRS (Appendix B), LEFS (Appendix C), and demographic data 

such as name, age, gender, duration of symptoms, and designation 

of involved lower extremity. For the NPRS, the worst pain rating 

was used for data analysis. If PFP was present bilaterally, the most 

symptomatic limb was designated as the involved lower 

extremity. Participants placed the completed forms in an envelope 

so that the PI was blinded to the information until the completion 

of the data collection. Upon completing the questionnaires, the 

participant's weight was recorded. Next, strength measurements 

of the posterolateral hip musculature were taken bilaterally using 

a handheld dynamometer with the participant lying on a standard 

plinth. Verbal instructions were given before the initiation of 

strength testing to ensure participant understanding, and verbal 

encouragement was provided during testing to ensure maximal 

effort was given. A three-trial average was calculated and 

recorded for each lower extremity and converted to a percentage 

of bodyweight specific to the individual participant. Statistical 

analysis was performed using SPSS. A Pearson's correlation 

coefficient (r) was used to determine the nature of the relationship 

between posterolateral hip strength and pain and posterolateral 

hip strength and the level of the participant's function. 

Results 

Ultimately, 30 participants met the inclusion criteria and 

participated in the study. Eighty percent of the participants were 

female (n = 24), while 20% of the participants were male (n = 6). 

The mean age of the participants was 24.6 years, with a range of 

18-43 years (SD = 6.2). The involved limbs consisted of 53.3% 

left limbs (n = 16) and 46.7% right limbs (n = 14). When analyzed 

by gender, females had left limbs as the involved limb 54.2% of 

the time (n = 13) and right limbs as the involved limb 45.8% of 

the time (n = 11). Males had the left limb as the involved limb 

50% of the time (n = 3) and the right limb as the involved limb 

50% of the time (n = 3). The mean bodyweight of the participants 

was 165.5 pounds, with a range of 102 pounds to 319.4 pounds 

(SD = 47.8). When analyzed by gender, the mean bodyweight of 

the female participants was 154 pounds, with a range of 102-216.8 

pounds and a standard deviation of 32.2 pounds. The mean 

bodyweight of the male participants was 211.4 pounds, with a 

range of 127.4-319.4 pounds and a standard deviation of 73 

pounds. Table 1 displays the demographic characteristics of the 

participants, and Table 2 lists the involved limbs of the 

participants 

 

Table 1. Demographic Characteristics (N = 30) 

Variable n % 

Gender 

Male 

Female 

 

6 

24 

 

20.00 

80.00 

Age 

18-24 

25-31 

32-38 

39-43 

 

20 

6 

2 

2 

 

66.67 

20.00 

6.67 

6.67 

Note: Mean age = 24.6 years old (SD = 6.2) 

 

Table 2. Involved Limbs (N = 30) 

Variable n % 

Involved limb 

Right 

Left 

 

14 

16 

 

46.70 

53.30 

Involved limb (Male) 

Right 

Left 

 

3 

3 

 

50.00 

50.00 

Involved limb (Female) 

Right 

Left 

 

11 

13 

 

45.80 

54.20 
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Table 3 contains the strength test in pounds of the involved limb, 

the bodyweight of the participant, and the percentage of 

bodyweight of the strength test results. The participants provided 

a pain rating indicating the worst pain level experienced using the 

NPRS. Table 4 contains the participants' worst pain ratings and 

LEFS scores converted to a percentage of function. 

 
Table 3. Posterolateral Hip Strength (N = 30) 

Participant 

Code 

Strength (lbs.) BW (lbs.) Strength as 

% BW 

1 62.2 118.8 52.4 

2 111.4 192.6 57.8 

3 63.4 119.4 53.1 

4 62.9 133.4 47.2 

5 73.5 177 41.5 

6 71.5 145.6 49.1 

7 44.5 104.4 42.6 

8 56 127.4 44 

9 136.8 319.4 42.8 

10 39.3 145.2 27.1 

11 87.5 184.2 47.5 

12 67.7 161.4 42 

13 43.4 102 42.6 

14 93.3 153.4 60.8 

15 86.6 190.2 45.5 

16 45.4 129.4 35.1 

17 69.1 143.2 48.3 

18 62.8 150.2 41.8 

19 69.4 165.6 41.9 

20 84.5 212 39.9 

21 54.5 144.8 37.6 

22 86.9 216.8 40.1 

23 108.7 223.4 48.7 

24 77.4 118.6 65.3 

25 76.7 177.8 43.1 

26 78.8 142.6 55.3 

27 87.3 201.2 43.4 

28 46.5 167.4 27.8 

29 91.7 263.2 34.8 

30 63.6 133.6 47.6 

Legend: Bodyweight (BW) 
Note: Average % BW strength = 44.9 (SD = 8.5) 
 

Table 4. Pain Ratings and Function Scores (N = 30) 

Participant 

Code 

Pain Rating 

(0-10) 

LEFS (% of 

Function) 

1 7 56 

2 7 90 

3 7 94 

4 10 53 

5 5 83 

6 8 85 

7 9 60 

8 6 80 

9 8 29 

10 8 46 

Table 4. Pain Ratings and Function Scores (N = 30) 

Participant 

Code 

Pain Rating 

(0-10) 

LEFS (% of 

Function) 

11 8 68 

12 8 93 

13 7 53 

14 3 94 

15 8 34 

16 9 55 

17 5 91 

18 8 76 

19 9 55 

20 7 79 

21 7 64 

22 8 70 

23 6 76 

24 5 89 

25 8 65 

26 10 91 

27 4 99 

28 8 44 

29 9 61 

30 8 66 

Note: LEFS scores were converted to a percentage of function 

(score/80 x 100). Average pain rating = 7.3 (SD = 1.7); 
Average % of Function=70 (SD = 19) 
 
SPSS software was used to perform a Pearson's r to examine 

the nature of the correlation between posterolateral hip 

strength and pain severity ratings and between posterolateral 

hip strength and the level of function of the participants. 

Posterolateral hip strength and pain severity ratings were found 

to be significantly negatively correlated at the .05 level, r (28) 

= -.375, p=.041. Posterolateral hip strength and the 

participants' level of function were significantly positively 

correlated at the .01 level, r (28) = .541, p = .002. Pain severity 

ratings and the participants' level of function were also 

significantly negatively correlated at the .001 level, r (28) = -

.526, p = .003. Table 5 presents the findings of the statistical 

analysis. 

 

Table 5. Correlations (N=30) 

Variables Pearson 

Correlation 

Significance 

(2-tailed) 

Hip strength & pain rating -.375 .041 

Hip strength & level of function .541 .002 

Pain ratings & level of function -.526 .003 

 
Data analysis revealed the majority of study participants were 

females between 18 and 31 years old, and the involved limbs 

had nearly equal representation of right and left among all 

participants. However, regardless of age, gender, or involved 

limb, there was a significant negative correlation between 

posterolateral hip strength and pain severity ratings and a 

significant positive correlation between posterolateral hip 

strength and the level of function of the participants. 
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Discussion 

Patellofemoral pain is often thought to develop from abnormal 

patellar tracking, but until recently, the focus has been on 

controlling the patella itself and not the underlying femur (Tyler 

et al., 2006). If there is a lack of strength or neuromuscular control 

in the posterolateral hip musculature, the femur could be allowed 

to move into excessive adduction and internal rotation, which 

leads to an increase in dynamic knee valgus during closed chain 

activities, such as squatting. As more research has been done in 

recent years, the concept of correcting the biomechanics at the 

knee by strengthening the hip has gained traction (Bolgla et al., 

2008; Mascal et al., 2003; Robinson & Nee, 2007; Souza & 

Powers, 2009; Tyler et al., 2006; Villafane et al., 2019). However, 

most current research on the etiology of PFP points to the 

multifactorial nature of the potential causes of the condition and 

that no single underlying cause has been identified. The two most 

recent consensus statements by the leading experts on PFP 

concluded that the likelihood of hip weakness leading to the 

development of PFP remains unknown and that uncertainty still 

exists as to the best exercise interventions for PFP (Bolgla et al., 

2018; Collins et al., 2018; Crossley et al., 2016). 

Previous studies have examined hip and knee strength in a group 

of individuals with PFP compared to a healthy control group and 

how these factors influence lower extremity biomechanics 

(Almeida et al., 2017; Baellow et al., 2020; Ferriera et al., 2019; 

Hoglund et al., 2018). However, to the knowledge of the PI, no 

study has attempted to correlate the amount of posterolateral hip 

strength expressed as a percentage of body weight with the 

severity of pain or the level of function in a group of individuals 

with PFP. This study helps fill the gap in the literature by utilizing 

a cross-sectional study design to examine the nature of the 

relationship between these variables. Participants were not asked 

about exercise routines or physical activity levels at the time of 

the study. Some of the participants could have previously been to 

formal physical therapy for rehabilitation of PFP and actively 

continuing a home exercise program that included hip 

strengthening exercises, while others may have been sedentary. 

However, because of this study's design, this information would 

not affect inclusion in the study. Instead of comparing to a healthy 

control group, this study utilized a single data collection to 

determine whether higher or lower levels of posterolateral hip 

strength were correlated with higher or lower pain ratings and 

functional levels within a group of individuals with PFP at a given 

moment in time.  

The results of this study showed a significant negative correlation 

between posterolateral hip strength and pain severity ratings in 

individuals with PFP. For the participants in this study, findings 

indicated that higher strength levels in the posterolateral hip 

musculature were significantly correlated with lower pain severity 

ratings, and lower strength levels in the posterolateral hip 

musculature were significantly correlated with higher pain 

severity ratings. This study's results also showed a significant 

positive correlation between posterolateral hip strength and the 

level of function in individuals with PFP. Higher strength levels 

in the posterolateral hip musculature were significantly correlated 

with higher levels of function, and lower strength levels in the 

posterolateral hip musculature were significantly correlated with 

lower levels of function. Pain severity ratings and functional 

levels were also significantly positively correlated, in that, 

participants with better pain ratings had better functional levels. 

Study participants that reported higher pain severity ratings also 

reported lower levels of function, and those that reported lower 

pain severity ratings also reported higher levels of function. This 

finding suggests that the participants provided truthful subjective 

information when reporting pain ratings on the NPRS and 

functional information on the LEFS, as it would be expected to 

see lower functional levels in those with more pain and higher 

functional levels in those with less pain. This finding also supports 

previous researchers' findings that the LEFS and NPRS are 

effective subjective tools to identify pain and functional level in 

individuals with PFP (Piva et al., 2009; Watson et al., 2005).  

This study provides evidence to support the need for assessing the 

entire kinetic chain, beyond just the knee, for patients with PFP. 

Although this study's results cannot be seen as proving that hip 

weakness causes PFP, a significant negative correlation between 

posterolateral hip strength and pain severity in adults with PFP 

was found. Additionally, a significant positive correlation was 

found between posterolateral hip strength and the participants' 

level of function. This research adds to the literature to help 

physical therapists with clinical decision-making when assessing 

and treating people with PFP.  

There were no conflicts of interest to report in this study. A 

limitation of this study was the cross-sectional design. A one-time 

data collection was convenient, but limited the impact of the 

findings because despite significant correlations being found, 

causation could not be inferred. The possibility that posterolateral 

hip weakness results from having PFP must also be considered. 

Likewise, correlating higher posterolateral hip strength with those 

with less pain and higher functional levels could be coincidental. 

Another potential limitation was the limited age range of the 

majority of participants. Since the minimum age for inclusion in 

this study was 18, adolescents were not included despite the 

relatively common occurrence of PFP in the adolescent 

population (Hott et al., 2019). Additionally, while the target 

population was adults between 18 and 45 years old, over 86% of 

the participants were in the lower half of the targeted age range, 

potentially limiting the generalizability of the findings to the 

entire target population.  

Future research should consider a prospective form of this study, 

in which baseline posterolateral hip strength assessments are 

performed in asymptomatic individuals, such as a group of 

athletes on a sports team prior to the beginning of the season. The 

athletes could be followed through the season and monitored for 

the development of PFP. Future researchers should attempt to 

identify a cutoff, such as a certain percentage of bodyweight for 

posterolateral hip strength, that could predict those that would or 

would not develop PFP. If these cutoffs could be successfully 

identified, coaches could have preseason goals for each athlete's 

posterolateral hip strength to aid in the prevention of developing 

PFP. Future researchers could then explore ways to generalize 

those findings to the general population. Additionally, expanding 

the target population to include the adolescent population would 

be beneficial, as PFP is also common in those younger than 18 
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(Hott et al., 2019). Future research should also continue 

attempting to identify subgroups of people that present with PFP. 

If subgroups could be accurately identified, the treatment process 

could be individualized accordingly, potentially leading to more 

efficient care and better outcomes for patients with PFP. 

 

Conclusion 

In a previous study by Baellow et al. (2020), the researchers 

examined a group of individuals with PFP and compared hip and 

knee strength with a healthy control group. The average pain 

rating for the PFP group was 4.4, and the minimum pain rating to 

be included in the study was three out of 10 on a VAS. The authors 

did not find a significant difference in strength but stated that 

could have been because the subjects had relatively low pain 

ratings. The authors stated that more significant strength 

differences might have been found if pain ratings had been higher. 

The current study by the PI helps fill this gap in the literature, as 

the participants had an average pain rating of 7.3 on a zero to 10 

scale. This study also supported the findings of Baellow et al. 

because lower pain ratings were correlated with higher amounts 

of strength in the posterolateral hip musculature and vice versa. 

While the results of this study cannot prove causation, a logical 

assumption would be to surmise that someone with PFP could 

decrease pain and improve function by increasing strength in the 

posterolateral hip musculature. However, other researchers have 

used hip strengthening as an intervention in individuals with PFP 

with mixed results across the literature. In some studies, 

strengthening the hip musculature, or improving hip 

neuromuscular control, was effective at treating PFP (Earl-Boehm 

et al., 2018; Emamvirdi et al., 2019; Ferber et al., 2015; Sahin et 

al., 2016; Villafane et al., 2019). However, in other studies, hip 

strengthening was no more effective than knee strengthening, 

stretching, or in some cases, free physical activity (Hott et al., 

2019; Saad et al., 2018). The participants in these studies were 

randomly placed into specific intervention groups without 

considering the individual deficits that each participant may have 

had, such as weakness of other muscle groups, or lack of 

flexibility. Hott et al. (2019) acknowledged this and stated that if 

the intervention groups had been selected based on the specific 

needs of each participant, the outcomes might have been different. 

Therefore, in clinical practice, when treating someone with PFP, 

the recommendation is to perform a thorough assessment of the 

entire limb and look for any deficits that may contribute to the 

development of PFP.  

Patellofemoral pain has a multifactorial etiology; therefore, the 

most evidence-based treatment approach seems to be a thorough 

assessment of the individual patient followed by developing and 

implementing an individualized, comprehensive treatment plan 

(Willy et al., 2019). The study findings suggest, however, that 

weakness of the posterolateral hip musculature may be present in 

a significant percentage of individuals with PFP. The PI 

recognizes that no specific deficits should be assumed, and every 

patient should be examined thoroughly. Physical therapists must 

have an open mind and a good understanding of biomechanics to 

effectively identify deficits in the lower extremity kinetic chain 

that could lead to the development of PFP in a given patient. 

Physical therapists should also consider the potential combination 

of anatomical, psychological, and behavioral factors that could 

also contribute to the development of PFP. With an 

individualized, thorough assessment leading to a specific, unique 

treatment plan for each patient, physical therapists can more 

effectively treat patients with PFP and decrease the likelihood of 

chronic pain and poor outcomes often associated with this 

condition. 
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Appendix A 
 

Photos of Dynamometer and HipSIT Technique 

 

    

 
Figure 1. microFET® 2 handheld dynamometer 

 

 

  
 

Figure 2. Hip Stability Test (HipSIT) 
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 Appendix B 
 

Numeric Pain Rating Scale 
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Appendix C 
 

Lower Extremity Functional Scale 
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